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C-to-U editing and site-directed RNA editing for the correction of 
genetic mutations

Luyen Thi Vu, Toshifumi Tsukahara*

School of Materials Science, Japan Advanced Institute of Science and Technology (JAIST), Nomi City, Ishikawa, Japan.

1. Introduction

Cytidine to uridine (C-to-U) RNA editing is a post-
transcriptional process that modifies one or more 
cytidine (C) nucleotides to uridine (U) nucleotides 
in transcript sequences,  without changing the 
corresponding genomic sequences. C-to-U RNA editing 
involves various mechanisms and functions; the process 
can create start or stop codon and can alter encoded 
amino acids and splice site choices (1). C-to-U RNA 
editing was first reported in vertebrates for the mRNA 
encoding apolipoprotein B (apoB). The mechanism 

of apoB editing was later shown to involve hydrolytic 
deamination at the C4 position of the cytidine (2,3). 
This conversion requires cis-acting elements (tripartite 
regulatory sequences) surrounding the edited cytidine 
and trans-acting elements (a multiprotein complex 
known as the editosome), which includes a catalytic 
cytidine deaminase and multiple auxiliary proteins 
(1). C-to-U RNA editing has also been reported in 
mitochondria and chloroplasts in higher plants (4). 
C-to-U RNA editing is conserved among species of 
flowering plants and usually occurs within regions 
of highly conserved amino acid sequences of 
mitochondrial proteins (5).  
 C-to-U editing and adenosine to inosine (A-to-I) 
editing are two distinct types of substitutional RNA 
editing in mammals. Because substitutional RNA editing 
has powerful potential to recode point mutations, many 
studies have focused on manipulating and mimicking 
RNA editing; a therapeutic RNA editing approach was 
first proposed and applied in 1995. The goal of this 

Summary Cytidine to uridine (C-to-U) editing is one type of substitutional RNA editing. It occurs 
in both mammals and plants. The molecular mechanism of C-to-U editing involves the 
hydrolytic deamination of a cytosine to a uracil base. C-to-U editing is mediated by RNA-
specific cytidine deaminases and several complementation factors, which have not been 
completely identified. Here, we review recent findings related to the regulation and 
enzymatic basis of C-to-U RNA editing. More importantly, when C-to-U editing occurs 
in coding regions, it has the power to reprogram genetic information on the RNA level, 
therefore it has great potential for applications in transcript repair (diseases related to 
thymidine to cytidine (T>C) or adenosine to guanosine (A>G) point mutations). If it is 
possible to manipulate or mimic C-to-U editing, T>C or A>G genetic mutation-related 
diseases could be treated. Enzymatic and non-enzymatic site-directed RNA editing are 
two different approaches for mimicking C-to-U editing. For enzymatic site-directed RNA 
editing, C-to-U editing has not yet been successfully performed, and in theory, adenosine 
to inosine (A-to-I) editing involves the same strategy as C-to-U editing. Therefore, in 
this review, for applications in transcript repair, we will provide a detailed overview of 
enzymatic site-directed RNA editing, with a focus on A-to-I editing and non-enzymatic site-
directed C-to-U editing.
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approach is to correct mutated RNA sequences in order 
to treat genetic diseases caused by point mutations. 
Subsequently, several other studies have improved 
and developed this method, termed enzymatic site-
directed RNA editing. This innovative approach could 
potentially be applied for treating human diseases such 
as some neurological disorders by repairing adenosine 
or cytidine mutations in mRNA without changing the 
endogenous level of the mRNA target. Enzymatic site-
directed RNA editing includes not only C-to-U editing 
but also A-to-I editing. While enzymatic site-directed 
A-to-I RNA editing was successfully performed both in 
vitro and in cells, enzymatic site-directed C-to-U RNA 
editing has not yet been reported. Theoretically, both of 
these editing approaches employ the same strategy and 
the RNA editing machinery requires two main factors: 
complementary RNA sequences that can specifically 
bind to targeted sequences (guide RNA) and the editing 
enzyme that performs deamination. Moreover, non-
enzymatic site-directed C-to-U editing was recently 
reported and has prompted great interest because it does 
not require the restrictive conditions dictated by site-
directed enzymatic RNA editing. Therefore, the present 
review focuses on enzymatic site-directed A-to-I RNA 
editing and non-enzymatic site-directed C-to-U RNA 
editing for correcting genetic diseases.

2. C-to-U RNA editing in mammals

Although various types of RNA editing occur in 
mammalian cells, deamination of adenosine to inosine 
(A-to-I) or cytidine to uridine (C-to-U) are the two 
major types of RNA editing (6,7). A-to-I deamination 
has been observed at hundreds of thousands of sites 
and mostly occurs in non-coding and intronic regions, 
especially in targets containing Alu repeat sequences 
(8,9). When A-to-I editing occurs in coding regions, it 
has most commonly been associated with the recoding 
of brain proteins (10). C-to-U RNA editing is less 
prevalent than A-to-I RNA editing in humans (7). 
The few identified physiological C-to-U RNA editing 
targets include apolipoprotein B (apoB) pre-mRNA 
in intestinal cells and several recently validated, but 
uncharacterized mRNA targets; in an early study, 32 
previously unknown APOBEC1 (apoB editing catalytic 
subunit 1) editing sites in the 3' untranslated regions 
(3' UTRs) of diverse mRNA transcripts were identified 
and validated (11). In addition, 56 novel editing sites 
in 54 intestinal mRNAs and 22 novel sites in 17 liver 
mRNAs in AU-rich segments of the 3' UTRs were also 
identified (12). Recently, 410 C-to-U RNA editing 
events across 275 transcripts were also found in bone 
marrow-derived macrophages, and nearly all (97%) 
of these C-to-U events were detected in the 3' UTRs 
(13). C-to-U RNA editing of apoB pre-mRNA occurs 
at nucleotides 6666 and 6802 in the nucleus (14,15). 
The C6666U editing event changes a glutamine codon 

(CAA) to an in-frame translational stop codon (UAA). 
Thus, C6666-unedited apoB RNA generates a full-
length ApoB100 protein, whereas C6666U-edited apoB 
RNA yields a truncated ApoB48 protein (48% of the 
full-length ApoB100 protein). ApoB100 is synthesized 
in the liver, whereas ApoB48 is generated in the small 
intestine. The tissue-specificity of apoB RNA editing 
in humans is due to the tissue-specific expression of 
apoB editing catalytic subunit 1 (APOBEC1), which 
is expressed solely in the small intestine. APOBEC-1 
enzyme is a member of the cytidine deaminase (CDA) 
family that act on monomeric nucleoside and nucleotide 
substrates, and has ability to carry out the deamination 
from cytidine (C) to uridine (U) in pre-mRNA target. 
Both ApoB48 and ApoB100 proteins play important 
roles in regulation lipid metabolism (14). The C6802U 
editing event changes a threonine codon (ACA) to an 
isoleucine (AUA). The C6802U editing event occurs 
together with the C6666U editing event; therefore, 
C6802U is detected in the mRNA but is not expressed 
in the truncated ApoB48 protein (15).
 C-to-U RNA editing is dependent on cis-acting 
elements, as well as on the stoichiometric regulation 
of trans-acting factors within the macromolecular 
enzyme complex (editosome) responsible for targeted 
deamination. The cis-acting elements consist of 50 
nucleotides (nt) flanking the edited cytidine containing 
a tripartite regulatory motif (the mooring sequence), 
which includes an 11-nt motif (UGAUCAGUAUA) 
located in an AU-rich sequence downstream of the 
edited base; these cis-acting elements combining with 
trans-acting factors are necessary and sufficient to carry 
out C-to-U RNA editing in vitro (16-20). The mooring 
sequence located at the 3' of the edited cytidine is 
combined with a 5' efficiency sequence to adopt a 
stable secondary structure that enhances specificity 
(18,19). The core of the C-to-U editing editosome 
includes at least three proteins: APOBEC1 and two 
requisite cofactors, APOBEC1-complementation factor 
(ACF) and RNA-binding-motif-protein 47 (RBM47) 
(21). APOBEC1 is a member of the APOBEC family 
of RNA-specific cytidine deaminases. Similar to other 
members of the cytidine deaminase family, APOBEC1 
contains a zinc-dependent deaminase domain important 
for cytidine deamination (22). APOBEC-1 forms 
homodimers in which specific amino acids within the 
APOBEC1 catalytic domain are bound to AU-rich 
sequences in the vicinity of the apoB pre-mRNA. This 
binding is weak and insufficient for mRNA association 
in vitro (23); therefore, the ACF cofactor (known as 
A1CF), a putative RNA-binding protein (RBP), is 
required. This cofactor binds the mooring sequence with 
high affinity and together with APOBEC1 forms the 
minimal editosome in in vitro experiments (21). ACF is 
a member of the Elav/HelN1/HuR family and contains 
multiple repeats of a single-stranded RNA-recognition 
motif (RRM). N- and C-terminal sequences flanking the 
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of plants) with guide RNA (complementary RNA 
sequence that specifically binds to target sequences) 
to replace the mammalian APOBEC1 enzyme in 
applications for human therapy. This approach would 
open up numerous applications in C-to-U editing if it 
is successfully developed. We therefore discuss C-to-U 
editing in plants, not only as a comparison with the 
process occurring in mammals, but also as an expected 
correlation. There are two main types of RNA editing 
occurring in plants: C-to-U RNA editing and, less 
frequently, U-to-C RNA editing. C-to-U RNA editing 
takes place in plant plastids and mitochondria (29-32). 
Both organelles contain their own circular genomes, 
which encode genes responsible for photosynthesis and 
respiration, respectively.
 The circular genomes of plastids in higher plants are 
120-130 kb nucleotides in size; it is estimated that 20-
30 cytidines are converted to uridines, suggesting that 
the average editing frequency is approximately 0.02% 
in the plastid genome (33). Few mRNAs in plastids do 
not contain either start or stop codons; therefore, C-to-U 
editing enables the expression of functional proteins by 
generating start or stop codons and modifying amino 
acid sequences (34-36). In plastids, C-to-U RNA editing 
occurs in mRNAs but not in other RNA types, including 
transfer RNA (tRNA) and ribosome RNA (rRNA).
 The average editing frequency in plant mitochondria 
is much higher than in plastid C-to-U RNA editing; for 
example, the total size of the mitochondrial genome 
in Arabidopsis thaliana (A. thaliana) is approximately 
367 kb, with only 30 kb consisting of genes encoding 
the subunits of respiratory chain complexes (37). 
However, 441 C-to-U RNA editing events have been 
identified in mitochondrial open reading frames (38). 
In contrast with plant plastids, C-to-U RNA editing of 
plant mitochondria occurs in both mRNA and tRNA, 
but not in rRNA. In mitochondria, C-to-U editing 
events occur in coding regions and less frequently in 
introns and other untranslated regions. These events 
restore and correct open reading frames to enable gene 
expression in plant mitochondria. Without C-to-U RNA 
editing, several respiratory chain proteins would not 
be produced and no functional mitochondria could be 
assembled and maintained in plant cells. In addition, 
C-to-U editing events in mitochondrial tRNAs are 
essential for restoring important base-pairings to correct 
the folding and processing of tRNA precursors (39,40).
 C-to-U RNA editing in plants involves various 
corresponding editing machineries and mechanisms. 
Moreover, it is clear that cis-elements adjacent to the 
editing sites are necessary to ensure C-to-U editing 
specificity. Many studies have shown that, in contrast 
with mammalian cis-elements, the major cis-acting 
recognition elements in plants are located in the 5' 
flanking region upstream of the editing sites, while the 
3' flanking region makes a relatively small contribution 
to C-to-U RNA editing efficiency. Cis-elements are 

multiple RRMs in ACF are necessary for its interaction 
with the APOBEC1 enzyme (24). Interestingly, while 
ACF knockout mice (ACF‒/‒ mutant mice) die early 
during gestation, editing efficiency is increased in 
ACF+/‒ mutant mice, which is inconsistent with the fact 
that ACF is required for editosome activity in vitro. 
Although there is much biological evidence for ACF 
and APOBEC1-mediated C-to-U deaminase activity 
in vitro, there is as of yet no clear evidence that ACF 
is genetically required for apoB RNA editing in vivo. 
Thus, the role of ACF in the complex in vivo remains 
to be elucidated (25). Recently, a novel RBP (RBM47) 
was identified as another cofactor that is essential for 
C-to-U RNA editing in vivo (26). RBM47 can interact 
with APOBEC1 and ACF in the holoenzyme of the 
editosome and function with APOBEC1 in editing 
apoB transcripts. However, the functional consequences 
of the interaction between ACF and RBM47 in vivo 
remain unclear. Moreover, RBM47 can also substitute 
for ACF in the enzyme complex performing C-to-U 
RNA editing in vitro. Rbm47gt/gt mutant mice, which 
harbor a gene-trap mutant allele expressing β-geo 
instead of Rbm47, does not have detectable Rbm47 
mRNA or RBM47 protein expression or Rbm47 
activity and in the small intestines of these mice, the 
C-to-U RNA editing of apoB and four other C-to-U 
RNA editing targets (Sult1d1- Sulfotransferase 1 
family member D1, Serinc1- Serine Incorporator 1, 
Casp6- Caspase 6 and 2010106E10Rik- RIKEN cDNA 
2010106E10) was significantly reduced even though 
their expression levels were not changed. Therefore, 
RBM47 plays a critical role in C-to-U RNA editing and 
is a component of the editosome (26).
 Interestingly, APOBEC3A (A3A), another member 
of the cytidine deaminase family that is structurally 
related to APOBEC1 and is expressed primarily in 
myeloid cells, including monocytes and macrophages, 
has been identified as a novel C-to-U RNA editing 
enzyme (27,28). A3A functions in the inhibition of 
retrotransposons and several viruses including HIV-
1 (human immunodeficiency virus type 1), HTLV1 
(human T-cell lymphotropic virus type 1), HPV (human 
papillomavirus), parvovirus, and hepatitis B. The 
transcripts of hundreds of genes, including implicated 
viral pathogenesis, Alzheimer's disease, peripheral 
blood monocytes exposed to hypoxia and/or interferons, 
and M1 (proinflammatory) macrophage differentiation, 
undergo site-specific C-to-U RNA editing (27,28).

3. C-to-U RNA editing in plants

In addition to mammals, C-to-U RNA editing also 
takes place in plants. Although essential differences 
are known between C-to-U editing in mammals and 
C-to-U editing in plants, it may be technically possible 
to modify or combine components of the plant RNA-
editing apparatus (especially the cytidine deaminase 
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required for C-to-U RNA editing in both plastids and 
mitochondria (41-45). In general, an upstream sequence 
of <20 nucleotides, and in some cases a downstream 
sequence of <10 nucleotides, suffice as cis-elements 
for RNA editing (46). Some components of trans-
acting factors bind to cis-elements at the essential 
5' flanking upstream region and, subsequently, the 
specific downstream cytidine is recognized and targeted 
as an editing site. Next, the RNA editing machinery is 
recruited to the editing site and enzymatic modification 
occurs, changing the targeted C to U.
 Several pentatricopeptide repeat (PPR) motif-
containing proteins have been identified as one part 
of the trans-acting factors required for C-to-U RNA 
editing in both chloroplasts and mitochondria. These 
PPR proteins have been characterized as site-specific 
recognition factors for a number of targeted cytidines 
that bind directly to cis-elements. PPR proteins consist 
of tandem arrays of degenerate 35-amino-acid repeats 
(the PPR motifs), which can vary in number from 2 to 30 
(47-49). The PPR family can be divided into the P and 
PLS subfamilies, based on the PPR motif structure (50). 
The PPR family includes many members; approximately 
450 family members exist in Arabidopsis including 
approximately 250 and 200 P and PLS subfamily 
members, respectively (51). Members of the P subfamily 
contain a simple array of PPR motifs (P), whereas those 
of the PLS subfamily contain an array of triplets namely, 
long (L) and short (S) PPR-like motifs and canonical 
PPR motifs (P). Members of the PLS subfamily can 
be further divided into the PLS, E/E+ (Extended), and 
DYW (Aspartate-tyrosine-tryptophan) classes according 
to the different C-terminal domains (50,52). Members 
of the PLS subfamily has been reported as trans-acting 
RNA editing factors in plants, whereas P subfamily 
members are associated with the RNA maturation 
process including the translational machinery. The PPR 
motif contains two anti-parallel α-helices that interact 
with each other to generate a helix-turn-helix motif; a 
series of helix-turn-helix motifs is then combined into 
a super-helix that has a specific central groove. This 
central groove controls protein binding to specific cis-
acting element(s) on the targeted RNA with one PPR 
motif binding one nucleotide (47,51). Arabidopsis 
species contain approximately 650 C-to-U RNA editing 
sites in two organelles. These sites are recognized by 
~200 members of the PLS subfamily, although it is 
possible that a single trans-acting factor could recognize 
more than two sites on average. For example, CRR22 
(Chlororespiratory reduction22) and SOL2 recognize at 
least three cis-acting sites in the plastid and at least six 
sites in mitochondria, respectively (53,54).
 To date, it has been unclear how a single PPR 
protein recognizes multiple target sequences; however, 
recently, other accessory proteins such as RNA-editing 
factor-interacting protein (RIP, also known as multiple 
sites organellar RNA editing factors, or MORFs) (55-

58) and organelle RNA recognition motif factors 
(ORRMs) (56,59) in the RNA editing apparatus have 
been identified. The MORF/RIP family in Arabidopsis 
includes 10 members. Of these, MORF2/RIP2 and 
MORF9/RIP9 have been reported in plastids, whereas 
MORF8/RIP1 has been identified in both plastids and 
mitochondria. RIP10 is encoded by a pseudogene, and 
the remaining family members have been reported 
to function in mitochondria. MORF proteins play an 
important role in C-to-U RNA editing, supporting an 
ordered spatial connection between PPR and other 
proteins. Another potential function of MORF proteins 
may contribute to site-specificity of the editing enzyme 
to the targeted C and may be associated with their 
ability to bind metal ions, such as cobalt (55). ORRMs 
contain an RRM at the C-terminus. The ORRM family 
has four major members. ORRM1 is a plastid editing 
factor, whereas ORRM2, ORRM3, and ORRM4 have 
been identified as mitochondrial RNA editing factors. 
The functions of ORRM proteins are unclear; however, 
they may play a similar role to the MORF factors. The 
interaction between PPR proteins and other trans-acting 
factors requires further investigation (59,60).
 The mechanism of C-to-U substitution editing in 
plastids and mitochondria is predicted to be very similar 
to that of apoB mRNA editing, and an APOBEC-1-
like cytidine deaminase enzyme may be involved 
in this process. At least eight cytidine deaminases 
have been identified in A. thaliana. One of these, A. 
thaliana cytidine deaminase 1 (At-CDA-1) has been 
characterized; however, this protein has no affinity 
for RNA and cannot perform RNA editing (61). These 
findings led to the hypothesis that a yet unidentified 
nuclear encoded protein may be exported to these 
organelles; to date, the components of the plant RNA 
editing apparatus are not fully understood.

4. Enzymatic site-directed A-to-I RNA editing

Therapeutic RNA editing or site-directed RNA 
editing is an approach that corrects mutated mRNA 
sequences in order to treat genetic diseases caused 
by point mutations (62). Using mRNA vs. DNA as a 
gene therapy target is advantageous because targeted 
mRNA will be replenished after treatment; thus, the 
applied changes are not maintained or passed on to 
the next generation as would occur by targeting DNA. 
Moreover, mRNA-targeted therapy does not alter the 
physiological level of the endogenous mRNA (63). 
The site-directed RNA editing machinery requires two 
main factors: a guide RNA component that specifically 
recognizes the sequence to be edited and another RNA 
editing enzyme component that performs the modifying 
activity (62). RNA editing is naturally prevalent in 
mammals; when it occurs in coding regions, it results 
in single amino acid substitutions, and when it occurs 
in noncoding regions, it leads to changes in RNA 
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processing. Thus, if RNA editing could be targeted to a 
user-defined mRNA site, it would have great potential 
for the treatment of genetic diseases related to point 
mutations (64). Site-directed RNA editing includes 
site-directed C-to-U editing and A-to-I editing. Several 
site-directed RNA editing studies have been conducted 
recently; and all of which have successfully performed 
for manipulating site-directed A-to-I transitions (63,64). 
C-to-U-transition editing has only been hypothetically 
reviewed. With further refinement of the technology, 
site-specific C-to-U editing may potentially be 
accomplished with similar strategies of enzymatic 
editing. Therefore, in this section, site-directed A-to-I 
editing will be described and explained in more detail.
 A-to-I RNA editing converts adenosine (A) to 
inosine (I), which is read as guanosine (G); thus, this 
conversion effectively results in a change from A to G. 
When A-to-I editing occurs in an mRNA open reading 
frame, it can recode 12 of the 20 canonical amino 
acids into a substitute codon, or a start or stop codon 
(65). Well-known examples of transcripts that undergo 
A-to-I editing include the calcium-gated glutamate 
receptor (GluR-B) and the 5-hydroxytryptamine 2C 
receptor (5HT2c) (66). During RNA editing, the base 
conversions occur by hydrolytic deamination catalyzed 
by adenosine deaminase acting on RNA (ADAR) 
enzymes (65,67). Members of the ADAR family 
can perform A-to-I RNA editing without additional 
cofactors in vitro (68). ADAR enzyme family includes 
three members (ADAR1, ADAR2, and ADAR3), which 
are highly conserved in mammalian cells. The A-to-I 
editing enzymatic activity of ADAR1 and ADAR2 
has been demonstrated, whereas that of ADAR3 has 
not. ADAR enzymes consist of distinct domains 
that perform different functions. A catalytic domain 
containing conserved amino acid residues is situated 
at the C-terminus. This catalytic domain catalyzes the 
hydrolytic deamination of A to I. One-to-three repeats 
of the highly conserved dsRNA-binding domain 
(dsRBD) (approximately 65 amino acids) that bind(s) 
both perfect and imperfect RNA duplexes are found at 
the N-terminus (6).
 An early therapeutic RNA editing study involved 
the design and synthesis of a synthetic complementary 
RNA oligonucleotide to direct the correction of a 
premature stop codon mutation in dystrophin RNA. 
The complementary RNA oligonucleotide was first 
inserted into the reaction. This complementary RNA 
oligonucleotide hybridizes perfectly with the targeted 
sequences that contain a premature stop codon and 
the hybrid activates the endogenous ADAR enzyme in 
nuclear extracts or in Xenopus embryos. Subsequently, 
the premature UAG stop codon is corrected to a UGG 
codon (Trp) both in vitro and in Xenopus embryos. 
Importantly, only complementary RNA oligonucleotide 
was used in the study, and the endogenously expressed 
enzymes were induced to nonspecifically edit the 

region (62).
 To obtain specific site-directed RNA editing, the 
dsRBDs of human ADAR1 (hADAR1) or human 
ADAR2 (hADAR2) were replaced with an antisense 
RNA oligonucleotide-guide RNA turning them into 
guide RNA-dependent enzymes. The antisense RNA 
oligonucleotide has an important function in guiding 
the catalytic activity to a specific position on the 
mRNA and forming the secondary structure required 
for the highly efficient and selective editing of the 
single targeted adenosine. An RNA-binding protein 
that could be genetically encoded is required to link 
the hADAR deaminase domain and an antisense guide 
RNA oligonucleotide. The linkage between the hADAR 
deaminase domain and the RNA-binding protein, and 
the interaction between the antisense guide RNA and 
the RNA-binding protein should be small so that they 
do not interfere with the function of the deaminase 
domain or the guide RNA. Moreover, high-affinity 
binding is required to drive the editing process in the 
complex cellular environment (63). To date, only a few 
studies have been conducted to examine site-directed 
enzymatic RNA editing.
 In one study, the deaminase domain of hADAR 
was coupled with the guide RNA by using an in vitro 
reaction. The covalent attachment between human O6-
alkylguanine-DNA-alkyltransferase (AGT) or SNAP-
tag and O6-benzylguanine (BG) was used to couple 
the deaminase domain of hADAR and the guide RNA. 
The SNAP-tag is a small protein, which is suitable for 
direct covalent interactions with BG, resulting in the 
formation of a stable bond. The guide RNA-dependent 
deaminase was generated by substituting the N-terminal 
dsRBD with a SNAP-tag. The gene sequence encoding 
the hADAR1 deaminase domain was combined with 
a sequence encoding a SNAP-tag in a single vector, 
resulting in the expression of a fusion consisting of 
the hADAR1 deaminase domain fused to a SNAP-tag. 
Next, synthesis of the BG-guide RNA was conducted 
by solid-phase peptide synthesis. The vector containing 
the hADAR1 deaminase domain SNAP-tag fusion 
and the BG-guide RNA were transfected into cells 
to generate a guide RNA-deaminase conjugate. The 
hADAR1 deaminase domain and guide RNA were 
assembled by a rapid and specific single covalent bond 
between the SNAP-tag and BG moiety (Figure 1). After 
the guide RNA-deaminase conjugate was generated, it 
rapidly carried out site-directed specific RNA editing 
of the target mRNA, and the results showed the 
subsequent repair of a premature stop codon (UAG) 
into a tryptophan codon (UIG) in a fluorescent reporter 
gene, both in vitro and in human cells (293T) (69). 
Recently, the BG moiety was chemically masked using 
a light-sensitive 6-nitropiperonyloxymethyl (Npom) 
protection group, resulting in Npom-protected O6-
benzylguanine (Npom-BG). The Npom group has 
two regioisomers (N7 and N9); both N7Npom-BG 
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and N9Npom-BG efficiently decayed to release BG 
when irradiated with 365-nm light using a common 
ultraviolet (UV) light table. Because the repair reaction 
(enzymatic site-directed A-to-I RNA editing) was 
dependent on the covalent attachment of guide RNA to 
the ADAR enzyme, the duration, location, and dosage 
of the editing reaction could be precisely controlled by 
triggering the assembly of the covalent RNA-protein 
conjugate (70).
 In another study, the catalytic domain of hADAR2 
was linked with antisense guide RNA using a naturally 
occurring binding reaction; λ-phage N protein-boxB (λN 
peptide-boxB) was used to generate a linkage between 
the hADAR2 deaminase domain and the guide RNA. 
The λN peptide consists of 22 amino acids, which were 
fused to the hADAR2 deaminase domain (DD), and 
the 17-nucleotide boxB containing a hairpin structure 
was combined with the guide RNA. The sequences that 
encode the hADAR2 deaminase domain were combined 
with the sequences encoding the λN peptide in a single 
vector, resulting in expression of the λN-DD fusion 
protein. Next, the boxB sequences were linked with the 
guide RNA sequence in another vector. Both vectors 
were transcribed using an in vitro transcription kits. 
Then, the synthesized RNAs were directly injected into 
cells and, following translation, the λN peptide rapidly 
bound to boxB with high affinity, thus generating a 
recombinant enzyme that could be directed efficiently 
and selectively to edit a single adenosine (Figure 2). In 
vitro assays have shown that this recombinant enzyme 
can successfully correct a premature termination 
codon in an mRNA encoding the cystic fibrosis 
transmembrane conductance regulator anion channel. 
Moreover, in Xenopus oocytes, the recombinant enzyme 
could also correct cystic fibrosis transmembrane 

conductance regulator mRNA, restore the full-length 
protein, and reestablish functional chloride currents 
across the plasma membrane; while in human cell lines 
it could correct a nonfunctional version of enhanced 
green fluorescent protein containing a premature 
termination codon (63).  
 Currently, site-directed enzymatic RNA editing is 
limited to mutations that can be corrected by recoding 
A-to-I; however, the same approach should be extended 
to cytidine deaminases that convert C-to-U. If artificial 
site-directed enzymatic C-to-U RNA editing could be 
successfully completed, this enzymatic site-directed 
RNA editing approach could be applied to a wide 
variety of codons.

5. Non-enzymatic site-directed C-to-U editing

Non-enzymatic site-directed editing has prompted great 
interest recently because this method does not require the 
restrictive conditions dictated by enzymatic site-directed 
RNA editing. Fujimoto et al. were the first to report the 
application of this method for artificial C-to-U DNA 
and RNA editing. Their method involved the design and 
synthesis of 5-carboxyvinyl deoxyuridine nucleoside 
(CVU)- and 3-cyanovinylcarbazole nucleoside (CNVK)-
modified oligodeoxynucleotides (ODNs) for artificial 
DNA and RNA editing (71,72) (Figure 3b and Figure 
4b). These modified ODNs were synthesized by standard 
phosphoramidite chemistry on a DNA synthesizer, with 
a post-modification procedure following ODN synthesis 
(71). In terms of the chemical structure, if deamination 
removes the amino group of cytidine (C) at the fourth 
position in the pyrimidine ring to form a ketone group, 
cytidine (C) converts to uridine (U).
 These modified ODNs are covalently bound to 

Figure 1. Schematic of experimental design. The catalytic 
domain of the human ADAR1 was fused with the C-terminus 
of a SNAP-tag. Next, the BG-modified gRNA was reacted 
with SNAP-deaminase to form guide RNA (gRNA)-deaminase 
conjugates. Finally, the gRNA-dependent deaminase carried 
out site-specific A-to-I RNA editing of a target mRNA (64).

Figure 2. The overall strategy used for artificial site-
directed A-to-I RNA editing. A site-directed editase was 
generated by linking the hADAR2 deaminase domain with an 
antisense guide oligonucleotide through an interaction between 
the λ phage N protein and the boxB RNA hairpin. Following 
the generation of the recombinant editase, the guide RNA 
(gRNA)-dependent deaminase conducted site-specific A-to-I 
RNA editing of the target mRNA (63).
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the target DNA strand via a (2+2) photocycloaddition 
b e t w e e n  t h e  p h o t o r e a c t i v e  n u c l e o s i d e  a n d 
deoxycytidine at a specific position in the target DNA 
following UV irradiation at 366 nm. Next, the target 
cytidine undergoes photo-transition to uridine by 
heat-treatment; the target/ODN heteroduplex is UV-
irradiated at 312 nm leading to photosplitting and 
subsequent artificial editing with a C-to-U photo-
transition (71). The chemical mechanism underlying 
artificial RNA editing is not fully clear; however, it may 
utilize the same mechanism as artificial single-strand 
DNA editing. The developed photo-transition process 
also involves four main reactions. In the first step the 
modified ODNs and the target RNAs are hybridized; 
the hybridized modified ODNs and the target RNAs 
are then photo-crosslinked by UV irradiation at 366 
nm; next, deamination is achieved by heat treatment; 
and finally, the target RNAs and the modified ODNs 
are separated by photosplitting (71,72) (Figure 3a). 
The results of these studies demonstrated that non-
enzymatic site-directed RNA editing exhibits high 
efficiency, without any side reactions occurring with 
CVU- or CNVK-modified ODNs for many short single-
stranded DNA and RNA targets, such as microRNA 27a 
and 27b (71,72).
 Different modified ODNs have different deamination 
efficiencies and working conditions. CVU-modified ODNs 
function at both physiological temperature (37°C) and 
at non-physiological temperatures (high temperatures), 
while CNVK-modified ODNs function only at non-
physiological temperatures (high temperatures), and as 
with site-directed enzymatic RNA editing, mRNAs were 
used as targets because of the many advantages they 
afford compared with DNA targets, as previously shown. 
Therefore, in our study, we developed an applicable 
method for correcting genetic mutations such as Leigh 
syndrome in vitro and in other biological systems by 
using CVU-modified ODNs. As with previous methods, 
our phototherapy strategy involves the use of UVA 

radiation (366 nm) to photo-crosslink CVU-containing 
ODNs and cytosine to mRNA targets. The deamination 
reaction is carried out during a heat-treatment step 
that is crucial for facilitating the C-to-U substitution 
reaction. Finally, the cross-linked nucleotide is cleaved 
by photosplitting (UVB radiation; 312 nm) (Figure 
4a and Figure 5). UVB phototherapy is a commonly 
used treatment modality for psoriasis and other skin 
diseases. Although UVB has been associated with skin 
carcinogenesis, to date, no reports have demonstrated a 
correlation between UVB phototherapy and increased 
skin cancer risk. Therefore, UVB phototherapy was 
evaluated as a safe treatment modality (73).
 To investigate photochemical editing, we used 
the T8993C mitochondrial DNA mutation of a 
Leigh syndrome patient as our initial model. Leigh 
syndrome is estimated to occur in approximately 1 of 
40,000 live births. Leigh syndrome is a devastating, 
neurodegenerative disorder related to many types 
of point mutations; however, in 20% of patients, the 
disease is associated with the 8993T>C transversion in 
the mitochondrial DNA ATPase6 gene. The ATPase6 
gene encodes a protein involved in the assembly of a 
subunit of respiratory chain complex V. To restore the 
mutant sequence to the wild-type sequence, nucleotide 
8993 cytidine was converted into uridine in a Leigh 
syndrome patient. Single-strand (ss) DNA, either 72 or 
731 nucleotides in length, was first used as DNA targets 
to optimize the non-enzymatic site-directed RNA editing 

Figure 3. Schematic representation of an artificial C-to-U 
transition using CNVK modified ODNs. (a) Steps of an 
artificial C-to-U transition. (b) Chemical crosslinking between 
the CNVK photoreactive group and the targeted C in the target/
ODN heteroduplex (72).

Figure 4. Schematic representation of an artificial C-to-U 
transition using CVU-modified ODNs. (a) Steps of an artificial 
C-to-U transition. (b) Chemical crosslinking between the CVU 
photoreactive group and the targeted C in the target/ODN 
heteroduplex (71,73).
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reaction. Then, the full-length 823-nt RNA and total 
RNA were used. 
 Site-directed deamination was performed as 
described in Figure 5. Base substitution from C to 
U was confirmed by PCR followed by restriction 
fragment length polymorphism analysis. Mva I could 
cut the wild-type "CCTGG" sequence, but not the 
mutant "CCCGG" sequence. Our results demonstrated 
that successful sequence-specific photochemical 
base substitution was achieved with various targets, 
including synthetic single-stranded 72 nucleotide 
(ss72-nt), ss731-nt, RNA 823-nt, and total RNA from 
the patient's cells, as targets. Our results showed that 
approximately 10% of the full-length mRNA was 
targeted for in vitro deamination under physiological 
temperatures (74).
 Cells from the Leigh syndrome patient grew slowly 
and had difficulties taking up exogenous ODNs; 
therefore, blue fluorescent protein (BFP), a derivative 
of green fluorescent protein (GFP), was used as a new 
and more suitable model. BFP differs from GFP by 
a single nucleotide; therefore, the nt-199 conversion 
of cytidine to uridine transforms BFP to GFP. Site-
directed deamination was also performed as previously 
described. Briefly, the responsive CVU-modified ODNs 

were annealed to the mRNA BFP targets. The mutated 
cytidine was cross-linked with the responsive ODN 
by UV radiation (366 nm) and then received heat-
treatment. Finally, the cross-linked nucleotide is cleaved 
by the photosplitting operation (312 nm UV). A C-to-U 
photo-transition product (mRNA GFP) and CVU ODNs 
were separated after the site-directed deamination 
process (Figure 5). To confirm the base substitution, 
PCR-restriction fragment length polymorphism and 
spectrofluorometry were used. BtgI, a restriction enzyme 
that can digest "CCACGG" in the coding sequence 
of BFP, but not "CTACGG" in GFP, was suitable for 
assessing the BFP-to-GFP transition. Our results showed 
that site-directed photochemical base substitution was 
successfully achieved using synthetic single-stranded 
100 nucleotide (ss100-nt) and in vitro-synthesized 
full-length BFP mRNA targets. Approximately 10% 
efficiency for the C199U transition was exhibited 
under a physiological temperature (37°C). Although the 
efficiency was not high, this result constitutes a first step 
towards using non-enzymatic site-directed transition to 
restore mutated mRNAs (73).  
 The structure and sequence of CVU-modified ODNs 
are key features affecting the biological functions of 
ODNs. To investigate the relationship between the 
CVU- modified sequences and deamination efficiency, a 
series of ODNs, including 8 CVU-modified ODNs, was 
subjected to non-enzymatic site-directed C-to-U RNA 
editing. About structure, the CVU-modified ODNs contain 
three sections: the complementary section, the hairpin 
loop, and the 5ʹ-terminal photoresponsive nucleobase 
CVU. The complementary section plays an important role 
in anchoring and site-directing the ODNs to their target; 
the hairpin loop allows ODNs easy access to cells and 
increases stability. The 5ʹ-terminal photoresponsive 
nucleobase-CVU constitutes the photoreactive group. 
Because the 5ʹ-terminal photoresponsive nucleobase CVU 
was the same in all CVU-modified ODNs, optimization 
of the complementary section length and hairpin loop 
length could be manipulated to control deamination 
efficiency. First, to investigate the structure-deamination 
efficiency relationship, the length of the hairpin loop 
was fixed, and the length of the complementary region 
was changed. In this case, the deamination efficiency 
depended on the length of complementary region. The 
lengths of the hairpin structure were set at 7, 9, and 11 
nt, and the lengths of the complementary regions used 
ranged from 10 to 22 nt in length. Next, to evaluate the 
effects of the hairpin loop length on the deamination 
efficiency, the length of complementary region was 
fixed at 10 nt, and the lengths of hairpin structure 
used were set at 7, 9, and 11 nt. Photochemical base 
substitution was performed as described (Figure 5). 
Using a transition from the cytosine (C) of BFP gene 
to the uridine (U) of GFP gene at position 199 as a 
model, we were able to demonstrate that the structural 
sequence-dependent deamination efficiency was very 

Figure 5. Schematic representation of the four main 
reactions of the photo-transition process. First, hybridization 
occurs between the modified ODN and the target RNA. 
Second, photo-crosslinking between the interacting ODNs is 
achieved by UV irradiation at 366 nm. Third, heat treatment 
is performed to drive deamination. Fourth, the target RNA 
and modified ODN are separated by photosplitting (312 nm 
UV irradiation). Subsequently, artificial editing occurs with a 
C-to-U photo-transition (71,73).
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tight in vitro. The optimum length of the hairpin was 9 
nt, and the optimum length of complementary sequence 
was 15-17 nt (75) (Figure 6). 
 The advantage of non-enzymatic site-directed RNA 
editing is that the reaction can occur independently of 
conditions required for enzymatic activity; however, 
the disadvantage of this approach is low deamination 
efficiency. Further studies will be required to create 
other photoreactive groups to improve the deamination 
efficiency.

6. Conclusion

C-to-U RNA editing is an interesting biological 
phenomenon; however, to date its underlying enzymatic 
and complementary components are not  ful ly 
understood. Further studies are required to elucidate the 
components and mechanisms of C-to-U RNA editing 
in both mammals and plants because this process holds 
great potential for the correction of T>C or A>G genetic 
mutations. Although enzymatic site-directed C-to-U 
RNA editing has not yet to be successfully performed, 
in theory, it involves the same strategy already used 
successfully for enzymatic A-to-I site-directed RNA 
editing; thus, in the immediate future, enzymatic site-
directed C-to-U editing should be evaluated further 
in practical applications. In addition, non-enzymatic 
site-directed C-to-U RNA editing was successfully 
performed even though it has a lower deamination 
efficiency. The next steps for non-enzymatic site-
directed RNA editing involve the development of 
other modified ODNs to improve and increase the 
deamination efficiency at a physiological temperature. 
In the future, site-directed C-to-U RNA editing 

including, enzymatic C-to-U editing and non-enzymatic 
C-to-U editing, promises to effectively correct a variety 
of human diseases related to T>C or A>G genetic 
mutations.
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1. Introduction

The T-box family of transcription factors are highly 
conserved through evolution and based on phylogenetic 
analysis, the T-box gene family is divided into five 
subfamilies, namely Brachyury (T), T-brain (Tbr1), 
TBX1, TBX2, and TBX6 (1). Members of this family are 
defined by a unique DNA binding domain known as 
the T-box which in vitro, binds a partially palindromic 
sequence T(G/C)ACACCT AGGTGTGAAATT, known 
as the T-element, as well as single T-element half sites 
in multiple orientations (2). In vivo data have, however, 
revealed that the T-element binding site is highly variable 
and degenerate and there is evidence that T-box factors 
can also bind their target genes through co-factor binding 
sites (3,4). Members of the T-box family have well-
established roles in the development of vertebrate and 
invertebrate species where they are expressed in a wide 

array of tissues and their functions range from early 
cell-fate decisions to organogenesis (5). Their critical 
roles in development are evident by the number of 
human congenital developmental syndromes associated 
with mutations in T-box genes (6). In addition, there is 
overwhelming evidence implicating T-box factors in 
cancer biology where they behave as oncogenes and/or 
tumour suppressors (7).

2. TBX3

The T-box transcription factor, TBX3, is critical for 
development and has emerged as an important player in 
the oncogenic process. It is essential for the formation 
of, amongst other structures, the heart, limbs, mammary 
glands, teeth and genitalia and haploinsufficiency of the 
human TBX3 gene results in ulnar-mammary syndrome 
(UMS) which is characterised by malformations of 
these organs and body structures. On the other hand, 
the overexpression of TBX3 is a feature of a wide range 
of cancers and it has been implicated in several aspects 
of the oncogenic process ranging from the bypass of 
senescence to the inhibition of apoptosis, migration 
and invasion. However, little is known about the 
molecular basis for the role of TBX3 in development and 
oncogenesis because there is a paucity of information 
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regarding its upstream regulators, its target genes as 
well as the protein co-factors that it co-operates with to 
execute its functions.

2.1. TBX3 gene and protein structure

Tbx3 forms part of the Tbx2 subfamily of T-box 
factors, which comprise the closely related Tbx2, Tbx3, 
Tbx4, and Tbx5, all of which originated from a single 
ancestral gene (8). Based on the branch length of their 
phylogenetic tree, it is proposed that Tbx3 was duplicated 
by unequal crossing over events, giving rise to two 
gene clusters, namely Tbx2/Tbx3 and Tbx4/Tbx5. An 
additional duplication of this cluster gave rise to four 
separate genes, with Tbx2 and Tbx4 being situated on 
chromosome 17q23 and Tbx3 and Tbx5 on chromosome 
12q24 in humans (8-10). Due to the original duplication 
event, TBX3 is more closely related to TBX2 and in 
humans they share a 95% identity within their DNA 
binding domain and approximately 70% homology in 
their N-termini (11). 
 In humans, TBX3 maps to the reverse strand of 
chromosome 12 at position 12q23-24.1 and alternative 
splicing results in a number of transcript variants with 
TBX3 and TBX3+2a being the most extensively studied 
(9). Fan et al. showed that, while TBX3 and TBX3+2a are 
widely expressed in both mouse and human tissue, their 
expression ratio is species and tissue dependent (12). The 
human TBX3 coding region spans approximately 4.7 kb, 
contains 7 exons and encodes a 723 amino acid protein 
(Figure 1). Differential splicing of the second intron, 
however, results in the addition of the 2a exon, producing 
the TBX3+2a isoform with an additional 20 amino 
acids in the T-box domain (12,13). It is still unclear 
whether these variants have overlapping or distinct 
roles and whether the +2a insertion results in TBX3+2a 
regulating different target genes to TBX3. Indeed, 
Fan et al. reported that the isoforms were functionally 
distinct as, while the overexpression of TBX3 inhibited 
senescence in mouse embryonic fibroblasts (MEFs), 
the overexpression of TBX3+2a promoted this process 
(12). These functional differences were ascribed to the 
fact that TBX3, and not TBX3+2a, was able to bind to 
the consensus T-element in vitro. These findings were 
contradicted by Hoogaars et al. who showed that both 
isoforms bound the consensus T-element in in vitro 
binding assays, repressed the T-elements previously 
identified in the Natriuretic peptide A (Nppa) and 
p21WAF1 promoters, and interacted with the homeobox 
co-factor NK2 homeobox 5 (Nkx2.5) (14). In addition, 
using an in vivo transgenic mouse model they showed 
that TBX3 and TBX3+2a were capable of inhibiting 
heart chamber formation through repression of the 
cardiac chamber markers Nppa and Gap junction alpha-5 
(Gja5). Furthermore, a more recent study suggested that, 
while the overexpression of Tbx3 and Tbx3+2a inhibited 
Nanog promoter activity in pluripotent mouse embryonic 

stem cells (mESCs), only Tbx3+2a physically interacted 
with Nanog (15). Lastly, Kumar et al. highlighted a 
novel role for TBX3 in the regulation of RNA splicing 
and showed that both isoforms regulated this process (16). 
In summary, while more work is needed to clarify these 
conflicting findings, it seems likely that the expression 
pattern and roles of TBX3 and TBX3+2a may vary 
depending on the cellular context.
 The functional domains of the TBX3 protein (Figure 
1B) were mapped using a Gal4 binding domain fused 
to different regions of Tbx3 on a luciferase reporter 
driven by four proximal promoter Gal4 binding sites 
(17). Constructs expressing either the full length 
TBX3 protein or the 123-200 or 567-623 regions of 
the protein led to a repression of relative luciferase 
activity. This indicated that TBX3 was a transcriptional 
repressor and identified regions 567-623 and 123-200 as 
repression domains, which the authors called R1 and R2, 
respectively. Indeed, TBX3 was subsequently shown to 
transcriptionally repress p14ARF/p19ARF, p21WAF1, 
Nppa, E-cadherin, and phosphatase and tensin homolog 
(PTEN) (7). Furthermore, when R1 or R2 were fused to 
the VP16 (herpes simplex virus protein 16) activation 
domain and tested in similar experiments, R1 but not R2, 
was able to override the VP16 activation domain and 
to repress transcriptional activity (17). This led to the 
suggestion that R1 is the dominant repression domain. 
A putative activation domain at amino acids 423-500 
was also mapped and indeed TBX3 has been shown to 
activate Connexin43 (18) and Gata6 (19) which are both 
important in heart embryogenesis. Using electrophoretic 
mobility shift assays (EMSA) the DNA-binding region 
was found to be located in the N-terminus (position 
105-287 (REFSEQ: accession NM 005996.3)) and a 
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Figure 1. TBX3 gene and protein. Schematic diagram of (A) 
TBX3 gene including protein-coding sequences (filled boxes), 
introns (lines), untranslated sequences (white boxes), highly 
conserved T-box sequences (grey and red boxes) and exon 2a 
(red box) which is alternatively transcribed; and (B) TBX2 
protein showing repression domains R1 and R2 (red boxes), 
T-box (green boxes), activation domain (grey box), additional 
20 amino acids in TBX3+2a protein splice form (blue box). 
The number of amino acid residues is shown under each box 
(adapted from Bamshad et al. 1999).
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with its extensive expression pattern, TBX3 contributes 
to the formation of many tissues with its most well 
characterised roles being in heart, mammary gland 
and limb development (24). As mentioned earlier, 
haploinsufficiency of TBX3 causes the human autosomal 
dominant UMS which is characterised by a wide range 
of congenital abnormalities including malformations 
of the limbs, mammary gland aplasia, loss of areola 
and defects in the jaw, heart and genitalia (24). These 
abnormalities can also be observed in mouse models 
of UMS. For example, homozygous mice die in utero 
around embryonic day E12.5 due to heart abnormalities 
and embryos exhibit mammary gland aplasia and 
posterior limb abnormalities (25). Heterozygous mice 
exhibit minor aberrations of the external genitalia and 
have a significantly higher incidence of failed nipple and 
ductal tree development at E18.5 and adult virgins have 
aplasia of the first three pairs of mammary glands (25,26). 
It is important to note that there is a large number of 
tissues and organs where TBX3 is expressed but which 
are unaffected by UMS, suggesting that specific doses 
of TBX3 may be required for its functions in different 
tissues. This is in line with observations that the severity 
of the UMS phenotype correlates with the level of TBX3 
deficiency (24). It is also possible that other T-box 
factors, such as TBX2, could compensate for TBX3 in 
tissues and organs unaffected by UMS. 
 Consistent with the very early expression of Tbx3 in 
the inner cell mass of the blastocyst are numerous studies 
showing that TBX3/Tbx3 can promote both self-renewal 
and differentiation of embryonic stem cells (ESCs) 
which play important roles in maintaining homeostasis 
during embryonic development (27). The maintenance 
of ESC pluripotency involves orchestrated signalling 
pathways and transcriptional networks including the 
leukaemia inhibitory factor/signal transducer and 
activator of transcription (LIF/STAT) pathway, as well as 
the pluripotency and self-renewal transcription factors, 
octamer-binding transcription factor 4 (Oct4), Nanog 
and Sox2. Ivanova et al. showed that while Tbx3 levels 
were high in undifferentiated mouse ESC (mESC), they 
were significantly down-regulated in mESCs undergoing 
retinoic acid (RA) induced differentiation (28). They 
also demonstrated that high levels of Tbx3 could block 
differentiation into mesoderm, ectoderm, trophectoderm 
and neural crest cells. In support of these findings, Tbx3 
was shown to be sufficient to maintain self-renewal 
of mESCs downstream of LIF/STAT signalling (29). 
Interestingly, microRNA (miRNA)-137, which plays 
important roles in neural stem cell differentiation, 
was recently shown to directly repress Tbx3 levels by 
binding its 3' UTR in mESC (30). This repression was 
also shown to result in disruption of mESC self-renewal 
and accelerated differentiation in vitro. More recently, 
Cioffi et al. also showed that miR-93 represses Tbx3 
and thereby counteracts self-renewal in early adipocyte 
precursors (31).

nuclear localization signal (NLS) was found at residues 
292 to 297 (17). Bamshad et al. characterised mutations 
in 75 UMS sufferers, from 8 different families and 
reported that 50% of the mutations resided in the exons 
encoding the T-box domain and the other 50% occurred 
in downstream exons which encode the C-terminus (13). 
Together, these reports highlight the importance of the 
T-box DNA binding domain and C-terminal regions of 
TBX3. Further characterisation of the structure of the 
TBX3 protein and its interaction with DNA were shown 
by Coll et al. when they solved the crystal structure 
of the TBX3 DNA-binding domain (20). While they 
demonstrate that TBX3 binds the palindromic consensus 
T-box binding site as two independent monomers, it is 
predicted that TBX3 will bind its physiological targets as 
a single monomer. 
 As is the case with other T-box factors, it is speculated 
that post-translational modifications and interaction with 
co-factors may regulate TBX3 target gene specificity 
within different cellular contexts but these areas remain 
poorly understood (21). Indeed, in addition to repressing 
its known target genes through direct binding to a 
T-element it can also recruit histone deacetylase (HDAC) 
1, 2, 3 and 5 to epigenetically silence promoters and 
the details will be discussed under relevant sections of 
this review. Interestingly, mass spectrometry analysis 
performed in the Moon laboratory revealed that TBX3 
interacts with a number of RNA-binding and -splicing 
proteins which indicated novel roles for TBX3 (16,22). 
Furthermore, they showed that mutations in the TBX3 
NLS, representative of those seen in UMS, disrupt its 
interaction with its RNA-binding partners. They also 
reported that TBX3 binds its target RNAs through 
T-elements present within mRNA transcripts and could 
directly regulate the alternative splicing of Disks large 
homolog (3Dlg3) and Nuclear factor of kappa light 
polypeptide gene enhancer in B-cells 1 (Nfκb1). TBX3 
was also shown to facilitate the recruitment and docking 
of other RNA-binding proteins and splicing factors, such 
as the RNA helicase, DEAD box helicase 3 (DDX3), 
to T-element containing RNAs. Interestingly, the UMS 
mutations present within the C-terminal region of TBX3 
interfered with its RNA splicing functions. 
 The above findings demonstrate that TBX3 can 
regulate gene expression at multiple levels.

2.2. TBX3 in development and in stem cell biology

During mouse development Tbx3 is first expressed in the 
morula, then in the inner cell mass of the blastocyst and 
at the onset of gastrulation it localises to the proximal 
pole of the epiblast (23). It is subsequently found in 
distinct areas of the developing nervous system, musculo-
skeleton, eye, heart, kidney, lung, liver, pancreas and 
mammary gland (24). TBX3 is also widely expressed in 
a number of human foetal organs and tissues, including 
heart, lung, kidney, liver and spleen (13). Consistent 
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 Lu et al. also showed that Tbx3 overexpression in 
mESCs promotes differentiation into the extra-embryonic 
endoderm (ExEn) lineage through direct regulation of the 
ExEn regulator, Gata6 (19). Furthermore, they showed 
that Tbx3 knockdown during embryoid body formation 
prevented extra-embryonic endoderm differentiation but 
enhanced ectoderm and trophectoderm differentiation. In 
addition, Zhao et al. showed that the overexpression of 
either Tbx3 or Tbx3+2a in ESCs or induced pluripotent 
stem cells (iPSCs) could induce differentiation by 
inhibiting the transcriptional activity of Nanog (15). This 
was further demonstrated by studies showing that Tbx3 
is highly expressed in definitive endoderm progenitor 
cells and as mentioned earlier, complexes with the 
histone demethylase, JmjC domain-containing protein 3 
(Jmjd3), to transcriptionally activate Eomes and promote 
endoderm differentiation (32,33). Another mechanism 
by which Tbx3 promotes endoderm differentiation 
is through the canonical Wingless (Wnt) signalling 
pathway, where Tbx3 is a downstream effector of Wnt3a 
and promotes the induction of a primitive endoderm 
state, giving rise to visceral endoderm (34). Interestingly, 
Waghray et al. recently showed using expression studies 
and chromatin immunoprecipitation (ChIP) sequencing 
that Tbx3 directly represses Developmental pluripotency- 
associated protein 3 (Dppa3) at a region 1.7 kb upstream 
of its transcriptional start site and consequently induces 
differentiation of ESCs towards the mesoderm (35). 
In addition to this, they identified a Wnt/Tbx3/Dppa3 
signalling axis that regulates the balance between mESC 
self-renewal and differentiation, which may provide one 
possible explanation for how Tbx3 may either promote 
or inhibit differentiation.
 Tbx3 has also been implicated in the generation of 
mouse iPSCs by, in part, directly activating the Oct4 
promoter (36). In addition, Tbx3 was shown to improve 
the generation of porcine iPSCs when co-expressed with 
Oct4, Sox2, Kruppel-like factor 4 (Klf4) and c-Myc 
(36). Furthermore, iPSC formation increased when Tbx3 
expression was enhanced by Zinc finger protein of the 
cerebellum 3 (Zic3) (37). Ectopic overexpression of 
Tbx3 in the atria of the adult mouse heart was also shown 
to reprogramme mature differentiated atrial myocytes 
into a more naïve pacemaker phenotype by repressing 
genes required for the working myocardial function and 
stimulating genes required for pacemaker functions (38). 
ESCs and iPSC cells can sporadically enter a "two-cell-
like embryonic state" (2C-state) which is important for 
ESC potency (39). Dan et al. showed that in 2C mESCs, 
Tbx3 could activate the promoter activity of a 2-cell 
gene, zinc finger and SCAN domain-containing protein 
4 (Zscan4) and that ectopic overexpression of Tbx3 in 
these cells resulted in telomere lengthening and genomic 
stability (40).
 The role of TBX3 in promoting differentiation of 
human ESC (hESC) is somewhat different to that of 
mESCs, as it promotes neuroepithelial differentiation but 

not endoderm differentiation (41). This is possibly due 
to the different pluripotent states of hESC and mESCs, 
with mESCs being in a more naïve state (42). TBX3 
overexpression cell culture models showed that it could 
promote hESC proliferation by repressing p14ARF 
and NFκBIB, an inhibitor of the NF-kappaB (NF-κB) 
pathway (41). The knockdown of TBX3 on the other 
hand resulted in decreased expression of neuroepithelial 
and neuroectoderm markers paired box 6 (PAX6), LIM 
homeobox 2 (LHX2), forkhead box G1 (FOXG1), 
and retina and anterior neural fold homeobox (RAX). 
Taken together, these studies reveal important, context-
dependent roles for TBX3 in the maintenance, self-
renewal and differentiation of ESC populations.

2.3. TBX3 and cancer

TBX3 is overexpressed in a range of carcinomas (breast, 
pancreatic, melanoma, liver, gastric, lung, head and neck, 
ovarian and bladder) and sarcomas (chondrosarcoma, 
fibrosarcoma, liposarcoma, rhabdomyosarcoma and 
synovial sarcoma) (7,43,44). Importantly, there is 
substantial evidence that this overexpression contributes 
to the oncogenic process at multiple levels including 
the bypass of senescence and apoptosis as well as 
the promotion of proliferation, tumour formation and 
invasion (Figure 2). In addition, recent studies suggest 
that there are cancer contexts where TBX3 may also 
function as a tumour suppressor (Figure 2). Given the 
myriad of cancer processes that TBX3 impacts it is 
expected to co-operate with other oncogenic factors 
and to regulate several target genes. There is, however, 
limited information regarding these areas and nothing 
is known about what enables TBX3 to switch between 
tumour promoter and tumour suppressor.

2.3.1. TBX3 in senescence, apoptosis and proliferation

In response to endogenous or exogenous stress signals 
such as oncogenic stimuli, cells can undergo cell cycle 
arrests, senescence or apoptosis which protect against 
inappropriate cell division and/or survival. These 
processes serve as important barriers to cancer and are 
regulated at a molecular level by the p14ARF/p53/p21 
and p16INK4a/retinoblastoma protein (pRB) tumour 
suppressor pathways. The inhibition or bypass of these 
pathways are required for cancer initiation and progression 
as well as the development of anti-cancer drug resistance. 
 Senescence is an irreversible/permanent exit from 
the cell cycle and Tbx3 can bypass this process and 
consequently immortalise mouse embryonic fibroblasts 
(MEFs) and ST.HdhQ111 striatal cells through either 
directly binding or repressing a T- element in the 
initiator of p19ARF/p14ARF or by recruiting HDAC 1, 
2, 3 and 5 to epigenetically silence its promoter (7,45). 
A recent study by Kumar et al. demonstrated that TBX3 
can also bypass senescence by indirectly repressing 
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p16INK4a (22). Indeed, the authors show that Tbx3 
in complex with Coactivator of AP1 and Estrogen 
Receptor (CAPERα) represses the long non-coding 
RNA, Urothelial Cancer Associated 1 (UCA1) and this 
prevents the stabilization of p16INK4a mRNA (22). 
Furthermore, they showed that RAS-induced senescence 
of human foreskin fibroblasts resulted in dissociation of 
the CAPERα/TBX3 complex and a concomitant increase 
in UCA1 and p16INK4a expression. It would be worth 
investigating whether the CAPERα:TBX3 interaction 
and UCA1 repression is required for senescence bypass 
in TBX3 driven cancers.
 Apoptosis, a form of programmed cell death, plays 
an essential role in the maintenance of tissue homeostasis 
and negative regulation of this cellular process promotes 
malignant transformation and chemoresistance (46). 
There is evidence that TBX3 may contribute to 
oncogenesis and confer anti-cancer drug resistance by 
compromising the apoptotic pathway. Indeed, TBX3 
co-operated with the Myc oncogene to transform 
MEFs, where it promoted the bypass of Myc induced 
apoptosis through the downregulation of p19ARF and 
p53 levels (47). In addition, TBX3 has been shown to 
inhibit apoptosis in rat bladder hyperplastic epithelial 
cells and TBX3 knockdown increased apoptosis in rat 

bladder carcinoma cells (7). TBX3 was also linked 
to protecting cells against anoikis which is a form of 
apoptosis that occurs when anchorage dependent cells 
become detached from the surrounding extracellular 
matrix and its bypass is associated with epithelial 
mesenchymal transition (EMT). Indeed, head and neck 
squamous cell carcinoma (HNSCC) cells depleted of 
TBX3 underwent anoikis (7). The overexpression of 
TBX3 or TBX3+2a in kidney mesangial cells was also 
reported to result in the evasion of serum starvation-
triggered apoptosis (48). Furthermore, silencing Tbx3 in 
rat bladder carcinoma cells rendered the cells sensitive to 
doxorubicin-induced apoptosis and the overexpression 
of TBX3 was associated with a chemotherapy-resistant 
phenotype (49). Similar findings showed that knocking 
down TBX3 sensitized human colorectal carcinoma cells 
to doxorubicin via activating the p14ARF- p53 pathway 
(50). 
 A number of studies also support a role for TBX3 
in promoting cell cycle progression and proliferation 
through its ability to disrupt the p19ARF-p53-p21 
pathway. Indeed, TBX3 protein and mRNA levels peak 
in S-phase and chondrosarcoma cells in which TBX3 is 
depleted accumulate in S-phase with a corresponding 
increase in p19ARF, p53 and p21 levels (51). The 

Figure 2: Mechanisms by which TBX3 contributes to cancer. Left panel: TBX3 is overexpressed in numerous cancers where 
it promotes several aspects of the oncogenic process including the bypass of senescence, uncontrolled proliferation, migration, 
metastasis and drug resistance. In some cancers, the key oncogenic signalling pathways responsible for this overexpression have 
been identified (see cancer types in brackets and colour coding which match the appropriate oncogenic processes). Right panel: 
TBX3 also exhibits tumour suppressor activity. It is silenced by methylation in certain cancers and it retards proliferation, cell 
migration and tumour formation of fibrosarcomas. The factors upstream of TBX3 as well as the co-factors and target genes that 
mediate the tumour suppressor functions of TBX3 are yet to be elucidated.
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increased levels of TBX3 in S-phase were shown to 
occur transcriptionally through activation by c-Myc at 
E-box motifs located at -1210 and -701 bps and post-
translationally by cyclin A-CDK2 phosphorylation (51). 
Together these results suggest that TBX3 functions as a 
pro-proliferative factor, in part, by promoting transition 
into G2/M. TBX3 can also promote cell proliferation of 
mammary epithelial cells (MECs) by repressing 19ARF, 
which was accompanied by the down-regulation of 
p21 (52). Interestingly, in the same study similar 
responses were noted in p53-null MECs, indicating 
that the repressive effect of TBX3 on p21 occurred 
independently of p53. In line with this, depletion of 
Tbx3 inhibits proliferation of hepatic progenitor cells 
with a corresponding increase in p19ARF mRNA levels 
and Tbx3-/- mouse livers exhibit increased p19ARF and 
p21 levels although p53 levels remained unaffected 
(53). Importantly, TBX3 can promote cell proliferation 
by directly binding and repressing the p21 promoter 
via a consensus T-element which requires the T-box 
and R2 repression domains (14,54). It is interesting to 
note that TBX2 directly represses the p21 promoter 
through the same T-element (7). It would therefore be 
interesting to determine whether TBX2 and TBX3 have 
redundant pro-proliferative roles in repressing the p21 
promoter in cancers where they are both expressed or 
whether additional factors, such as post-translational 
modifications and/or the availability of co-factors, will 
determine which of the two T-box factors regulates p21. 
 TBX3 may also impinge on other cellular pathways 
to promote cell cycle progression and proliferation. For 
example, an inverse correlation between the mRNA 
and protein levels of TBX3 and the tumour suppressor 
PTEN was identified in HNSCC cells (55). PTEN is 
a negative regulator of the phosphoinositide 3-kinase/
Protein kinase B (PI3K/AKT) pathway and suppresses 
oncogenic processes such as proliferation, cell survival 
and migration (56). Importantly, TBX3 can directly 
repress PTEN by binding a 132 bp DNA region within 
its promoter (55). Interestingly, the authors found that 
this region of the PTEN promoter does not contain a 
T-element and thus speculated that TBX3 may repress 
PTEN by either interacting with transcriptional co-
repressors or by interfering with positive activators of 
PTEN. It would be interesting to determine the functional 
significance of PTEN repression by TBX3 especially on 
cell proliferation, survival and migration.
 TBX3 has also been shown to negatively regulate 
proliferation in support of cell migration, a phenomenon 
known as the proliferation/migration dichotomy 
(57,58). Knocking down TBX3 by shRNA inhibited 
migration and enhanced proliferation of breast cancer 
and melanoma cells which was accompanied by a 
decrease in the expression of p14ARF, p53 and p21 
(57). Furthermore, ectopic overexpression of TBX3 
in non-invasive WM1650 radial growth phase (RGP) 
melanoma cells and the upregulation of TBX3 by RA in 

vertical growth phase (VGP) melanoma cells reduced the 
proliferative capacity of the cells with the former being 
associated with an increase in migratory ability (58,59). 
It is important to note that Transforming growth factor-
beta (TGF-β) contributes to breast cancer progression 
by inhibiting cell proliferation and promoting migration 
and recent studies have shown that TBX3 is required for 
the anti-proliferative and pro-migratory effects of TGF-β 
in breast epithelial cells (60,61). The mechanism(s) 
that determines whether TBX3 functions as a pro-
proliferative or anti-proliferative factor is not known.

2.3.2. TBX3 in tumour formation, invasion and metastasis

TBX3 has also been shown to contribute to tumour 
formation, migration and invasion (Figure 2, left panel). 
Indeed, knockdown of TBX3 reduced anchorage-
independence of colon and hepatoma carcinoma cell 
lines and when these cells were engineered to express 
a Tbx3 mutant, they had significantly reduced ability 
to form tumours in nude mice (49). A study by Chen et 
al. showed that elevated TBX3 mRNA levels strongly 
correlated with metastasis in breast cancer and this was 
similarly observed by Fillmore et al. in (ER)-positive 
breast cancer tumours (62,63). Importantly, silencing 
TBX3 by shRNA inhibited in vitro tumour forming 
ability as well as migration of MCF7 breast cancer 
cells (57). Furthermore, Mowla et al. demonstrated that 
treatment of MCF7 cells with phorbol 12-myristate 
13-acetate (PMA) induced TBX3 expression which 
resulted in increased cell migration (64). Several 
lines of evidence suggest that TBX3 also plays an 
important role in the transition of non-malignant RGP 
melanoma to a malignant VGP melanoma. TBX3 levels 
increase specifically in VGP and metastatic melanoma 
cells and whereas ectopic overexpression of TBX3 
in RGP melanoma cells was sufficient to promote 
tumour forming ability and invasion, knockdown of 
TBX3 in VGP cells inhibited migration and tumour 
formation (57,58). The overexpression of TBX3 has 
also been positively linked to migration and invasion of 
pancreatic ductal adenocarcinoma (PDAC). Compared 
to normal adjacent and healthy donors, PDAC tissue 
samples had increased levels of TBX3 mRNA and 
stained positive for TBX3 protein (65). Furthermore, 
in vitro assays show that overexpression of TBX3 in 
Pan1 and BxPC3 pancreatic cell lines significantly 
enhanced their migratory ability and invasion potential 
and xenotransplantation experiments revealed that 
TBX3 overexpressing Pan1 and BxPC3 cells induced 
significantly larger tumours than their controls. It is 
interesting to note that the TBX3 overexpressing tumours 
expressed the angiogenesis associated markers FGF2 
and VEGFA which suggests that TBX3 may also be 
involved in angiogenesis in PDAC. More recently, TBX3 
was also linked to tumour formation and migration in 
several sarcoma subtypes. Ectopic overexpression of 
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TBX3 in chondrosarcoma cells enhanced their ability 
to form tumours in mice and knockdown of TBX3 
inhibited migration of chondrosarcoma, liposarcoma and 
rhabdomyosarcoma cells (44).
 Decreased expression of E-cadherin in several 
cancers including melanoma, breast, ovarian and non-
small cell lung carcinoma have been shown to be 
associated with tumour invasiveness, metastasis and 
poor patient prognosis (66). There is good evidence 
to suggest that a key mechanism by which TBX3 
promotes these oncogenic processes is through its ability 
to repress E-cadherin. A study by Rodriguez et al. 
showed that increased expression of TBX3 correlated 
with low levels of E-cadherin in metastatic melanoma 
tissue samples (67). The authors further established 
using melanoma cells that TBX3 directly binds and 
represses the E-cadherin promoter in vitro and in 
vivo through a half consensus T-element close to the 
transcription initiation site. This repression was shown 
to be physiologically relevant because when TBX3 
was silenced in metastatic melanoma cells, E-cadherin 
levels increased. Furthermore, TBX3 is transcriptionally 
indirectly upregulated by the oncoprotein BRAF V600E, 
which is constitutively activated in 50% of melanomas, 
and is a substrate and effector of AKT3, which is 
activated in ~70% of advanced stage melanomas where 
it plays a critical pro-invasive role (68,69). Importantly, 
TBX3 was shown to repress E-cadherin downstream of 
both these pathways to promote migration and invasion 
of melanoma cells. Interestingly, phosphorylation of 
TBX3 by AKT3 in melanoma enhanced its ability 
to repress E-cadherin and phosphorylation of TBX3 
by p38 in normal kidney cells decreased E-cadherin 
protein levels (70). This suggests that phosphorylation 
may play an important role in modulating TBX3 target 
gene regulation. Elevated levels of TBX3 were also 
shown to correlate with decreased E-cadherin levels 
in squamous carcinoma cells (71). In addition, work 
by Du et al. revealed that a PKC/TBX3/E-cadherin 
signalling cascade exists in human bladder cancer cells 
and that the regulation of E-cadherin by TBX3 occurs in 
a PKC-dependent manner (72). It is noteworthy that in 
sarcomas, the ability of TBX3 to promote migration was 
not due to E-cadherin repression. This suggests that the 
molecular mechanism(s) underlying the pro-migratory 
role of TBX3 in different cancers may be different and 
future studies identifying TBX3 target genes as well as 
signalling pathways that upregulate TBX3 would likely 
shed light on this.

2.3.3. TBX3 and cancer stem cells

Cancer stem cells (CSCs) are a biologically distinct 
subpopulation of tumour cells which have indefinite 
potential for self-renewal and they are thought to 
ultimately drive tumourigenesis. In addition, CSCs are 
often not targeted by traditional chemotherapeutic agents 

and are associated with drug-resistance and clinical 
relapse after remission (73). A study by Fillmore et 
al. revealed that the addition of oestrogen to a number 
of ERα-positive breast cancer cell lines resulted in 
a dramatic increase in the number of CSCs which 
required TBX3 (63). Importantly, the knockdown of 
TBX3 significantly reduced CSC numbers in a variety 
of breast cancer cell lines and abrogated their ability to 
form tumourspheres, a spherical formation reported to 
be generated by the proliferation of a single CSC. On the 
other hand, TBX3 overexpression resulted in a significant 
increase in CSC numbers, tumoursphere-forming ability 
and a more than 100-fold increase in tumour-seeding 
potential in vivo. A recent study by Perkhofer et al. also 
demonstrated that TBX3 overexpressing pancreatic 
cancer cells had increased sphere-forming ability and that 
TBX3 induced the CSC phenotype of primary pancreatic 
cancer cells by regulating NODAL/ACTIVIN signalling 
through an autocrine positive feedback loop (65). In 
light of this, it would be interesting to determine whether 
TBX3 impacts similarly on CSCs in other cancers and 
if this is an additional mechanism through which it 
contributes to cancer development and anti-cancer drug 
resistance.

2.3.4. The tumour suppressor role of TBX3

In contrast to the large body of work implicating 
TBX3 as an oncoprotein, there are also studies that 
have implicated it as a tumour suppressor (Figure 
2, right panel). Using microarray analyses, Lyng 
et al. demonstrated that TBX3 gene expression is 
downregulated in uterine cervical cancer samples, 
which strongly correlated with lymph node metastasis 
and reduced progression-free patient survival (74). 
Subsequent studies have also shown that TBX3 levels are 
epigenetically silenced by methylation in glioblastoma, 
gastric, bladder and prostate cancer (7). Yamashita et al. 
examined methylation-silenced genes in gastric cancer 
and revealed that the TBX3 promoter is methylated in at 
least one primary gastric cancer, but not normal gastric 
mucosa (75). TBX3 methylation was subsequently 
revealed to be associated with a significantly lowered 
survival rate in a cohort of glioblastoma patients (76). 
Following this, White-al Habeeb et al. demonstrated 
that TBX3 is differentially methylated in Gleason score 
(GS) 8 vs GS6 prostate cancer tumour samples, with 
increased methylation occurring in the more aggressive 
GS8 samples (77). Collectively these studies suggest 
that under certain circumstances TBX3 suppression 
may promote cancer progression. Furthermore, a study 
investigating the genome-wide methylation pattern of 
fresh-frozen bladder cancer tumour tissue revealed that 
TBX3 methylation is associated with the progression 
of non-muscle invasive human bladder tumours (Pta) 
to muscle-invasive tumours (MI) (78). The authors of 
this study also showed that TBX3 methylation was an 
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independent predictor of bladder cancer progression 
and that it correlated with reduced progression-free 
survival. In a follow-up study, the same group performed 
methylation analyses on formalin-fixed paraffin-
embedded tumour tissue from 192 patients with Pta, 
40% of whom experienced progression to MI (79). They 
demonstrated that patients with low TBX3 methylation 
experienced significantly increased progression-
free survival and that, within 10 years of follow-up 
time, TBX3 was an independent prognostic marker of 
progression risk. Interestingly, both studies revealed that 
methylation of the TBX3 homologue, TBX2, was also 
linked to tumour progression of bladder cancer (78,79).
 The above studies together suggested that TBX3 may 
function as a tumour suppressor and a comprehensive 
characterisation of the tumour suppressor role of TBX3 
was recently provided by Willmer et al. (44). The authors 
showed that the TBX3 protein is upregulated in a number 
of transformed fibroblast and fibrosarcoma cell lines and 
tissues. Using TBX3 overexpressing and knock down 
fibrosarcoma cell culture models they demonstrated that 
TBX3 discourages substrate- dependent and -independent 
cell proliferation, migration and tumour formation. 
Importantly, whereas the knockdown of TBX3 was able 
to significantly increase the in vivo tumour forming 
ability of fibrosarcoma cells in a mouse model, TBX3 
overexpressing cells formed smaller tumours in the same 
model. These results demonstrate that TBX3 behaves 
as a tumour suppressor in transformed fibroblast and 
fibrosarcoma cells, suggesting it may function as either 
oncoprotein or tumour suppressor depending on cellular 
context. It will be important to elucidate the molecular 
mechanism(s) that enables it to switch between these 
functions.

2.4. Signalling pathways that regulate TBX3 expression 
in cancer

Despite the catastrophic effects observed when TBX3 
expression is deregulated very little is still known about 
the signalling pathways that regulate TBX3 levels. In 
the last few years some developmental pathways, that 
are important in cancer, have been implicated and these 
will be discussed below and are indicated in Figure 2.

2.4.1. Wnt/β-catenin signalling pathway

The canonical Wnt/β-catenin pathway plays critical roles 
during embryogenesis and adult tissue homeostasis, 
where it regulates a number of key processes including 
proliferation, differentiation and cell fate determination 
(80). Aberrant activation of the Wnt/β-catenin pathway, 
often caused by constitutive activation of β-catenin, has 
been implicated in a number of cancers and Renard et 
al. have suggested that TBX3 is a direct target of this 
pathway in liver tumourigenesis (49). Using microarray 
analyses, they demonstrated that TBX3 is upregulated in 

mouse hepatocellular carcinoma (HCC) tumour samples 
carrying an active mutant form of β-catenin. In addition, 
the authors revealed a correlation of increased TBX3 
expression with a mutant active form of β-catenin in 
human and mouse HCC and human hepatoblastoma. 
Furthermore, they demonstrated that β-catenin, in 
complex with its co-activator Tcf, directly activated the 
TBX3 promoter through a Tcf-binding element, resulting 
in enhanced proliferation, tumour formation, as well 
as protection from doxorubicin-induced apoptosis. The 
authors concluded that TBX3 is a key mediator of the 
proliferation and survival activities of β-catenin in liver 
tumourigenesis.
 Following this, Lachenmayer et al. investigated the 
effect of the multi-kinase inhibitor Sorafenib, the only 
Food and Drug Administration (FDA) approved drug 
for HCC treatment, on the human HepG2 HCC cell line 
(81). They showed that Sorafenib inhibits β-catenin 
levels with a corresponding reduction in TBX3 mRNA 
levels. In addition, one of the oldest and best known 
Chinese herbal medicines, rhubarb root, is used to treat 
liver disease and exhibits anti-cancer properties through 
the induction of apoptosis in a number of cancers (82). 
Tsai et al. found that it also attenuates Wnt/β-catenin 
signalling in human HCC cells which was accompanied 
by decreased TBX3 protein levels (82).
 Interestingly, a study by Cavard et al. suggests that 
the regulation of TBX3 by the Wnt/β-catenin pathway 
may not be limited to liver cancer (83). They examined 
gene expression profiles in solid pseudopapillary 
pancreatic neoplasms where the Wnt/β-catenin pathway 
is aberrantly activated and demonstrated that TBX3 
mRNA is overexpressed. The interplay between Wnt 
signalling and TBX3 was also reported by Arendt et al., 
who showed that both Wnt and TBX3 could regulate 
proliferation of human breast progenitor cells and that 
TBX3 induced autocrine Wnt signalling in these cells, 
possibly via a feedback loop (84). 

2.4.2. Fibroblast growth factor (FGF) signalling pathway

FGF signalling has been shown to be important for the 
regulation of cell proliferation, survival, migration as 
well as differentiation, and deregulated FGF signalling 
is important for the pathogenesis of a number of cancers 
(85). It is well established that TBX3 regulates this 
signalling pathway during mammary gland development 
and it has also been suggested that TBX3 lies 
downstream of FGF (86). Fillmore et al. demonstrated 
that oestrogen and FGF signalling upregulated the 
expression of TBX3 in breast cancer (63). Treatment 
of ERα-positive breast cancer cell lines with oestrogen 
resulted in a substantial increase in secreted FGF9, which 
in turn resulted in significantly increased TBX3 mRNA 
and protein levels. Importantly, when cells were treated 
with oestrogen and an FGF9 inhibitor this was decreased, 
while treatment with both oestrogen and FGF9 resulted 
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in an even greater increase in TBX3 mRNA and protein 
expression. Similarly, when ERα-negative breast cancer 
cell lines were treated with FGF9, there was a marked 
increase in TBX3 protein, suggesting that this regulation 
is not specific to ERα-positive breast cancer. Taken 
together, these findings suggest that FGF signalling 
mediates the upregulation of TBX3 by oestrogen in 
breast cancer and, as mentioned previously, promotes the 
expansion of breast CSCs.

2.4.3. Protein kinase C (PKC) signalling pathway

The PKC family consists of phospholipid-dependent 
serine/threonine-specific protein kinases which mediate 
various cellular functions including proliferation, 
apoptosis and differentiation (87). The deregulation of 
PKC signalling has been implicated in cancer, including 
breast cancer where it promotes tumourigenesis by 
modulating cell proliferation, migration, apoptosis and 
survival (87). Many studies which have investigated the 
role of the PKC pathway have employed the phorbol 
ester 12-O-tetradecanoylphorbol-13-acetate (TPA, 
also called PMA) which activates PKC isoforms by 
translocating them to specific cellular compartments 
(87). Mowla et al. showed that in prostate epithelial 
and lung fibroblast cells, PMA, increased TBX3 
mRNA and protein in a PKC-dependent manner (64). 
Furthermore, they demonstrated that the activator 
protein-1 (AP-1) transcription factors, c-Jun and JunB, 
bound a degenerate PMA response element in the 
TBX3 promoter, mediating its upregulation. Finally, as 
mentioned previously, they showed that TBX3 mediated 
the pro-migratory effect of PMA in MCF7 breast cancer 
cells. The regulation of TBX3 by the PKC pathway 
has been further supported by Du et al. who showed 
that knocking down Phospholipase C epsilon (PLCε) 
in bladder cancer cell lines resulted in a corresponding 
inhibition of PKCα/β, which in turn reduced TBX3 
mRNA and protein levels (72). Importantly, they also 
demonstrated that in bladder cancer the repression of 
E-cadherin by PKCα/β signalling is mediated by TBX3.

2.4.4. Retinoic acid (RA) signalling pathway

All-trans RA, a metabolite of vitamin A (all-trans-retinol), 
plays an important role in embryo development, where 
it regulates gene transcription to modulate a number 
of biological processes, including cell proliferation, 
differentiation and apoptosis (88). Compromised 
RA signalling often occurs early in tumourigenesis, 
including in breast cancer (89). Initial studies provided 
a preliminary indication that TBX3 may be regulated by 
the RA pathway in the development of chick and mouse 
limbs (90,91). Ballim et al. confirmed this regulation 
during mouse limb development and expanded these 
findings to show that RA treatment of the ME1402 VGP 
melanoma cell line resulted in a substantial increase in 

TBX3 mRNA and protein, and a correlative decrease in 
proliferation (59). Furthermore, knockdown of TBX3 
expression by a shRNA approach significantly reduced 
the growth-inhibitory effect of RA. Finally, the authors 
demonstrated that RA transcriptionally activates TBX3 
through directly binding a degenerate RA response 
element half site at -87 bp. Together these results suggest 
that TBX3 partly mediates the RA-regulated inhibition of 
cell proliferation in the human melanoma cell line tested.

2.4.5. Transforming growth factor-beta 1 (TGF-β1) 
signalling pathway

The TGF-β growth factor cytokine family is composed 
of a large number of secreted polypeptides that 
activate cellular responses involved in development, 
homeostasis and the immune system (92). In addition, 
TGF-β1 signalling has been widely reported to have 
a dual role in the progression of cancer. While it acts 
as a tumour suppressor and inhibits cell proliferation 
during the early stages of carcinogenesis, it promotes 
migration and metastasis in the late stages of the 
disease (92). Similar to TBX3, TGF-β1 signalling is 
critical for the development of the mammary glands but 
also contributes to breast cancer progression through 
the inhibition of cell proliferation and promotion of 
migration (93). Importantly, Li et al. demonstrated that 
TGF-β1 treatment transcriptionally upregulated TBX3 
in breast epithelial and keratinocyte cells (61). They 
showed that JunB and Smad4 mediate this effect and 
directly bind to the TBX3 promoter at a degenerate Smad 
Binding Element (SBE). The authors also revealed that 
TBX3 mediated the anti-proliferative and pro-migratory 
effects of TGF-β1 in these cells. In a follow-up paper 
they demonstrated that this anti-proliferative function 
involves the ability of TBX3 to directly bind and repress 
the pro-proliferative factor TBX2 (60). Finally, they 
showed that the TGF-β1/TBX3/TBX2 axis resulted 
in the upregulation of p21WAF1, leading to cell cycle 
inhibition. Recent work by Wensing & Campos also 
showed that TGF-β1 treatment of immortalised human 
mesangial cells resulted in a substantial increase in TBX3 
and TBX3+2a mRNA which resulted in the evasion 
of serum starvation- triggered apoptosis (48). These 
findings suggest that TGF-β1 may upregulate TBX3 to 
simultaneously inhibit proliferation but bypass apoptosis. 
However, more work is needed to explore this further.

2.4.6. Phosphatidylinositol 3-kinase/Protein kinase B 
(PI3K/Akt) signalling pathway
 
PI3Ks constitute a lipid kinase family that activate the 
serine/threonine kinases, Akt1, Akt2 and Akt3. These 
highly homologous isoforms phosphorylate a plethora 
of substrates that are involved in the regulation of key 
cellular processes including cell proliferation, apoptosis, 
and migration (94). It is well established that constitutive 
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activation of Akt, through PI3K amplification or PTEN 
mutation, contributes to the oncogenic process and 
is associated with a poor prognosis and resistance to 
chemo- and radio-therapy (94). Indeed, Akt activation is 
one of the most frequent molecular alterations in cancers, 
including melanoma, gastric, pancreatic, breast, sarcoma 
and prostate cancer (95-98). While there are instances 
where the three Akt isoforms are able to compensate 
for each other, recent research show that their tissue 
expression patterns and functions are different (99,100). 
The PI3K/Akt pathway is activated in 70% of all 
melanoma cases and Peres et al. reported that TBX3 is a 
substrate and effector of this pathway in melanoma (69). 
Consistent with other reports, the authors demonstrated 
that Akt3 is the predominant isoform activated in a panel 
of human melanoma cell lines. Furthermore, Akt3 post-
translationally upregulated TBX3 expression through 
phosphorylation at S720 in ME1402 and MM200 VGP 
melanoma cells, which promoted protein stabilisation. 
Lastly, they demonstrated that TBX3 mediated the 
oncogenic activity of the PI3K/Akt pathway in these 
cells, as phosphorylation of TBX3 at this site resulted 
in increased nuclear localisation of TBX3 protein, 
repression of E-cadherin and promotion of migration and 
invasion.

3. Conclusion

The transcription factor TBX3 provides an important 
link between embryonic development and cancer. While 
mutations resulting in decreased levels of TBX3 lead to 
ulnar-mammary syndrome, increased levels of TBX3 
are linked to several epithelial derived cancers and a 
diverse subset of soft tissue and bone sarcomas. Indeed, 
TBX3 is a key driver of a number of cancer processes 
including proliferation, tumour formation, invasion 
and metastasis and it has therefore been proposed as 
an important novel molecular target for anti-cancer 
treatments. There is also evidence that in certain 
cellular contexts TBX3 may function as a brake to 
prevent tumour progression. However, there is still very 
little known about the molecular mechanisms regulating 
the tumour promoting and tumour suppressor functions 
of TBX3 and what enables it to switch between these 
two roles. This information has important implications 
for targeting TBX3 in anti-cancer drugs especially 
since directly targeting TBX3 is unlikely to be a 
viable option. This could involve the following three 
approaches either alone or in combination: targeting 
signalling pathways required for TBX3 overexpression; 
targeting the enzymatic activities of TBX3 co-factors; 
and targeting the enzymatic activity of genes that 
encode enzymes that are activated by TBX3.
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1. Introduction

Human papillomavirus (HPV) infection, one of the most 
common sexually transmitted diseases, is detectable 
at least once in the lifetime of most sexually active 
people (1). According to a study on a large sample in 
China, HPV positive rate was 21.7% by hybrid capture 
II test (HCII) and 15.7% by multiplex polymerase 
chain reaction fluorescence testing (MPFT) method (2). 
The virus can be divided into two categories: low-risk 
types and high-risk types. In most cases, low-risk HPV 

infections resolve spontaneously due to human immune 
defense, taking HPV type 1, 2, 3, and 4 as examples. In 
very few cases, the infection persists and causes warts, 
benign papilloma, precancerous lesions, and even cancer. 
High-risk types, HPV 16 and 18 included, are known 
as a definite biological carcinogen for cancers of the 
cervix, vulva, vagina, penis, anus, and oropharynx. HPV 
infection was associated with 4.8% of cancers in 2008 
globally, 86.9% of cases being cervical cancer (3). A 
recent study pointed out that HPV infection explained 
around 660,000 cases of cancer and 350 million genital 
warts (4). Genes E6 and E7 are the oncogenes of HPV, 
which modulate p53 and PDZ-domain proteins and target 
the retinoblastoma protein family (5). E6 and E7 proteins 
facilitate viral genome amplification in ways driving 
cell cycle entry, promoting basal cell proliferation, and 
causing neoplasia.
 There are three HPV vaccines available on the 
global market, all being safe and effective. Bivalent 
and quadrivalent vaccines provide protection against 

Summary Human papillomavirus (HPV) infections are common and generally harmless, but 
persistent infections can bring health problems like cancer and genital warts. For the 
uninfected group, HPV vaccines provide safe and effective protection, but they're type-
restricted and expensive. For those infected, so far there have been a handful of treatments 
for HPV-associated benign or malignant diseases, traditional Chinese medicine being one 
of them. This systematic review focuses on the application of traditional Chinese medicine 
in HPV infection and related diseases on the basis of clinical findings. Moreover it covers 
compositions and mechanisms based on in vitro laboratory methods and animal models. 
Traditional Chinese medicine improves clinical index in the treatment of cervical cancer 
and genital warts; the mechanisms behind the effectiveness might be the regulation of cell 
apoptosis, viral gene transcription and translation, cell signal transduction pathways, and 
immune function.
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nearly 70% of HPV-associated cervical precancerous 
and cancerous problems, while the nine-valent vaccine 
protects against 90% (6). But controversy remains 
when it comes to the high cost, incomplete protection, 
nontherapeutic activity and unknown co-factors that 
influence the efficacy of vaccines. Listed below are the 
current therapies for cervical intraepithelial neoplasia 
with HPV infections: i) antiviral drugs like cidofovir, 
ii) immunoenhancers like interferon and imiquimod, 
iii) cytotoxic agents like 5-flurouracil (5-FU), iv) 
photodynamic therapy (PDT), v) therapeutic vaccines, and 
vi) ablative or excisional treatment (7). However, these 
approaches are expensive and of limited efficacy with 
side effects and safety concerns, which greatly restricts 
their application. Thus, traditional Chinese medicine gains 
increasing popularity to cover their limitations.

2. Mechanisms

The potential role of traditional Chinese medicine for 
HPV related diseases has been demonstrated by in 
vitro and in vivo experiments, which take a step further 
in the exploration of the underlying mechanism of its 
active components. Presented below (Table 1) is a brief 
outline of some recent research on the pharmacology 
of common Chinese medicine, whose findings can be 

summarized as follows.

2.1. Induce apoptosis

In 1999, Zheng et al. carried out an in vitro study to 
examine the effect of arsenic trioxide (As2O3), a widely 
used ingredient in the practice of traditional Chinese 
medicine, on HPV 16 DNA-immortalized human 
cervical epithelial cells (HCE16/3 cell line). As2O3 was 
discovered to increase apoptosis of HCE16/3 cells at 
a low concentration, which might have a connection 
with viral oncogene suppression (8). Another study 
revealed that butein, isolated from the stem extract of 
Rhusverniciflua, exhibited an inhibitory effect on MCF-
7 human breast cancer cell line and human cervical 
carcinoma cell line HeLa. Butein treatment was found to 
reduce cell viability, induce apoptosis, and cause DNA 
damage compared with untreated cells (9).

2.2. Modulate gene transcription and protein synthesis

Pinellia extract fraction treatment notably decreased the 
mRNA expression and protein level of HPV E6 while 
increasing the mRNA and protein level of p53 in CaSki 
and HeLa cervical cancer cells. The down-regulation 
of HPV E6 gene expression and up-regulation of the 
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Table 1. The methodologies and findings of recent researches on Traditional Chinese Medicine for HPV infections

Component, Year

Arsenic trioxide (8), 1999

Yigan Kang (12), 2006

Baofukang (13), 2007

Pinellia extract fraction (10),
2012

Youdujing (15), 2012

Tanshinone IIA (11), 2015

Dehydrocostus lactone (16),
2015

Butein (9), 2016

Erhuang Powder (17), 2016

Material

HCE16/3 cells

HeLa cells, NOD-SCID 
mice

CaSki and H8 cells

CaSki and HeLa cells

Cervical tissue of HPV 
infected patients

CaSki, SiHa, HeLa, 
and C33a cells, athymic 
nude mice

HeLa and C33a cells

MCF-7 ,  HeLa,  and 
ME180 cells

Vaginal  lavage and 
cervical tissue of HPV 
infected CIN I patients

Methods

MTT assay, DNA-fragmentation assay, RT-
PCR, flow cytometry, western blot

MTT assay, intestinal alkaline phosphatase 
activity assay, reversion frequency assay,  
semi-quantitative RT-PCR, flow cytometry, 
western blot, tumorigenicity testing

MTT assay, flow cytometry, RT-PCR

RT-PCR, western blot

RT-PCR

MTT assay, DNA-binding dyes, flow 
cytometry, western blot, tumor xenograft, 
real-time PCR

MTT assay, flow cytometry, transwell 
analysis, western blot

MTT assay, DNA ladder assay, flow 
cytometry, alkaline comet assay

ELISA and immunohistochemistry assay

Abbreviations: HPV, human papillomavirus; MTT, 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide; RT-PCR, reverse transcription 
polymerase chain reaction; hTERT, human telomerase reverse transcriptase; Akt, protein kinase B; CIN, cervical intraepithelial neoplasia; ELISA, 
enzyme-linked immunosorbent assay; IFN, interferon.

Mechanism of action

Decrease intestinal alkaline phosphatase 
level, repress oncogenes, reactivate p53 and 
p21, increase apoptosis

Decrease intestinal alkaline phosphatase 
level, repress oncogenes, reactivate p53 and 
p21, increase apoptosis

Inhibit cell proliferation, arrest cell cycle, 
down-regulate oncogene expression, 
increase apoptosis

Down-regulate E6, up-regulate p53

Inhibit hTERT expression

Inhibit oncogene expression, arrest cell 
cycle, induce p53 and cause apoptosis

Inhibit cell proliferation, inhibit invasion, 
induce apoptosis, down-regulate phospho-
Akt

Reduce cell viability, increase apoptosis, 
cause DNA damage

Regulate Th1/Th2 balance, increase IFN-γ 
and T-bet
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an alternative for reasons of efficacy, safety, low cost, 
and so on. Basic laboratory research has demonstrated 
the multi-target effectiveness of traditional Chinese 
medicine for HPV related diseases. Presented below 
(Table 2) is a brief outline of application of traditional 
Chinese medicine in HPV related diseases on the basis of 
clinical findings.

3.1. Internal treatment

Traditional Chinese doctors have treated cervical diseases 
based on the symptoms and signs since a long time ago. 
According to the theory formed in practice, Rhizoma 
Atractylodis, Cortex Phellodendri, Semen Coicis, and 
Poria have a beneficial effect on spleen function and 
fluid metabolism; Radix Astragali and Radix Angelicae 
Sinensis are prescribed to enhance immunity; Faeces 
Trogopterpri, Flos Lonicerae, Herba Hedyotidis Diffusae, 
Herba Scutellariae Barbatae, and Herba Lobeliae 
Chinensis are heat-clearing and detoxifying herbs which 
are capable of relieving genital itching and pain.
 Modified Simiao Decoction, main components 
containing Radix Astragali 20 g, Rhizoma Atractylodis 15 
g, Cortex Phellodendri 15 g, Semen Coicis 30 g, Radix 
Angelicae Sinensis 15 g, Poria 15 g, Faeces Trogopterpri 
10 g, Flos Lonicerae 15 g, Herba Hedyotidis Diffusae 
30 g, Herba Scutellariae Barbatae 10 g, Herba Lobeliae 
Chinensis 10 g, Radix Glycyrrhizae 10 g, exhibited 
better improvement of clinical symptoms compared with 
the classic chinese medicine formulation Baofukang in 
patients with cervical HPV infection (18). In addition, 
Modified Simiao Decoction had greater performance of 
virus clearance and a higher level of IFN-α and tumor 
necrosis factor-α (TNF-α) which confirmed its antiviral 
and immune-regulatory effect (19).
 Yiqi Huashi Jiedu Decoction, composed of Radix 
Astragali 15 g, Poria 20 g, Rhizoma Atractylodis 
Macrocephalae 15 g, Cortex Phellodendri 10g, Rhizoma 
Cyrtomii 10 g, Fructus Amomi 10 g, Radix Angelicae 
Sinensis 10 g, Rhizoma Chuanxiong 10 g, Radix 
Gentianae 6g, Radix Glycyrrhizae 6 g, was another 
classic formulation that had the power of activating 
blood circulation, dissipating blood stasis, eliminating 
necrotic tissues, promoting granulation, dissipate heat, 
and enhancing diuresis. Adding Fructus Toosendan 
and Rhizoma Corydalis for patients with abdominal 
pain, Cortex Magnoliae Officinalis for poor appetite, 
Semen Euryales for leukorrhagia, and Yiqi Huashi Jiedu 
Decoction showed higher clinical healing rate, better 
virus clearance, and less recurrence than routine western 
medical treatment in patients with HPV infection and 
cervicitis (20).

3.2. External treatment

Evidence has been accumulating on topical Chinese 
medicine effecting HPV related cervical infection. 

p53 gene was thought to be critical to the anti-tumor 
effect of Pinellia extract fraction (10). In examination 
of HPV positive CaSki cells, the Tanshinone IIA, active 
component of Danshen (Salvia miltiorrhiza), was proven 
to repress the expression of viral oncogenes like E6 and 
E7 genes, reactivate p53 gene, and modulate proteins 
like E6AP ubiquitin-protein ligase (E6AP), E2F1, and 
retinoblastoma protein (pRb). This research revealed 
that the apoptotic effect of Tanshinone IIA was p53-
mediated with Bax, Bcl2, and caspase-3 involved (11). In 
another experiment with Yigan Kang, it was discovered 
that Yigan Kang down-regulated E6 and E7 oncogenes 
while up-regulating p53 and p21 expression in the HeLa 
cervical cancer line (12). Studies of the Baofukang 
suppository reported reduction of HPV E6 and E7 
mRNA along with inhibition of cell proliferation in the 
H8 immortalized cervical epithelial cell line, and the 
CaSki and SiHa cervical cancer cell lines (13,14). Highly 
expressed in most malignant tumors, human telomerase 
reverse transcriptase (hTERT) was detected to be down-
regulated and deactivated after Youdujing treatment (15).

2.3. Regulate cell signal transduction pathways

As one of the traditional Chinese medicines for a broad 
range of diseases, dehydrocostus lactone could inhibit 
proliferation and invasion of HeLa (HPV 18 positive) 
and C33a (HPV negative) human cervical cancer cell 
lines associated with a reduced level of phospho-protein 
kinase B (Akt) phosphorylation in a time- or dose- 
dependent manner. These inhibitions were particularly 
enhanced combined with specific phosphatidylinositide 
3-kinase (PI3K)/Akt inhibitors, which suggested that 
dehydrocostus lactone might give play to the anti-tumor 
role via the PI3K/Akt pathway (16).

2.4. Boost immunity

Tumor genesis is closely linked with immune function 
of the human body. Immunocompromised hosts are at 
a higher risk for developing HPV related diseases or 
malignancies. The anti-tumor activity relies mainly on 
cell immunity, where Th1 cells play an important role. 
In the study of the clinical effect of Erhuang Powder in 
HPV-infected cervical intraepithelial neoplasia (CIN) I 
patients, it was found that the level of interferon-γ (IFN-γ) 
in vaginal lavage was significantly higher after treatment 
accompanied by increased expression of T-bet in the 
cervical tissue, which indicated the regulation of Th1/
Th2 balance and improvement of the cervical immune 
microenvironment (17).

3. Traditional Chinese Medicine

Since there have not been any clinically recommended 
pharmacological therapies for HPV related health 
problems, traditional Chinese medicine continues to be 
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As one of the representative drugs for external use, 
Baofukang suppository was reported to have a higher 
cure rate and effectivity in a test group evaluated by 
gynecological examination, hybrid capture II test (HCII) 
and liquid based cytology (LCT). Rhizoma Curcumae 
and Borneolum are the main contents of Baofukang 
suppository. After a 3-month medication, it showed 
a 38% HPV negative rate and a 37% relative light 
units/cutoff (RLU/CO) ratio improvement rate (21). 
Comparison of Baofukang and IFN-α2b indicated that 
Baofukang reached a higher HPV negative rate and 
CIN I reversal rate (22). Radix Sophorae Flavescentis 
ointment is known as a heat-clearing and damp-drying 
drug whose antitumor and antivirus function has been 
gradually recognized in the application of hepatic and 
gastric carcinoma. Clinical study proved that it had 
a 36% viral conversion rate which was remarkably 
higher than the spontaneous regression rate of the blank 
control group (23). Zhimiling suppository (ZMLS) 
intravaginal suppository, ingredients including Cortex 
Phellodendri, Radix Sophorae Flavescentis, Catechu, 
and Borneolum, had a 93.6% efficacy rate versus 93.5% 
for the IFN-α2a treatment (24). It emphasized a similar 
clinical remission result for ZMLS which is more cost-
effective. Verified by clinical trials, external application 
of realgar, 1 g each time every 3 days in the cervical 
surface of patients tested with HPV infection and CIN I 
pathological changes, yielded a 53% HPV negative rate 
and 50% CIN I reversal rate. (25). Paiteling, composed 
of Herba Hedyotidis Diffusae, Folium Isatidis, Fructus 
Cnidii, and Fructus Bruceae, had a cytotoxic effect for 
repressing proliferation of cancer cells and damaging 
the HPV pathogen which took effect in CIN I/II patients 
(26). Zibai gel, the active ingredient being Radix 
Arnebiae, Rhizoma Curcumae, Cortex Phellodendri, 
Flos Lonicerae, and Radix Sophorae Flavescentis, 
was found to reduce viral load, effectively relieve 
symptoms, and improve cytological and pathological 
results for cervical infected patients (27). Apart from 
the clinical effectiveness of Youdujing cream in cervical 
infected patients from etiological, cytological, and 
pathological levels (28), it was a popular choice for 
condyloma acuminatum as well. The active components 
of Youdujing include Fructus Bruceae, Rhizoma 
Curcumae, Raidx Arnebiae, and so on. To investigate the 
therapeutic effect of Youdujing in genital lesions, in vitro 
experiments were conducted showing the inhibition of 
HPV-DNA amplification (29,30).
 As another form of traditional Chinese medicine, 
acupuncture is useful in treating a variety of dermatologic 
disorders, human papillomavirus warts included. As the 
research work goes further and becomes more detailed, 
increased importance has been attached to the neuro-
immuno-modulation role of acupuncture in pathogenesis 
of dermatological HPV infections (31). There was a case 
report about the long-term therapy of traditional Chinese 
acupuncture clearing away a giant HPV wart that an HIV 

infected patient developed when cryotherapy failed (32).

3.3. Internal and external treatment

Various combinations of internal and external medicine, 
focusing on both the local lesion and whole body, have 
been used to treat HPV infection. Modern pharmacology 
of traditional Chinese medicine has demonstrated the 
power of those herbs. For instance, Folium Isatidis, 
Radix Isatidis, and Herba Portulacae are able to clear 
heat-toxin and eliminate dampness; Semen Persicae, 
Flos Carthami, and Rhizoma Cyperi can promote blood 
circulation and dissipate stasis; Concha Margaritifera, 
Concha Ostreae, and Spica Prunellae are capable of 
removing lumps and warts; Radix Astragali, Rhizoma 
Atractylodis Macrocephalae, and Poria strengthen 
the spleen and stomach; and Fructus Lycii, Radix 
Polygoni Multiflori, and Radix Rehmanniae are 
beneficial to the liver and kidney. Oral administration 
and fumigation of Chinese medicine has proven to have 
clinical value (33). Compared with pure external use of 
Chinese medicine or IFN-α, the combined use of oral 
decoction and topical powder received better clinical 
effects assessed by symptoms and signs in line with 
the decline of viral load (34). A decoction containing 
Poria 30 g, Rhizoma Dioscoreae Hypoglaucae 15 g, 
Radix Achyranthis Bidentatae 12 g, Semen Coicis 30 g, 
Radix Stephaniae Tetrandrae 10 g, Fructus Forsythiae 
12 g, Radix Angelicae Dahuricae 10 g, Rhizoma 
Atractylodis Macrocephalae 10 g, Herba Violae 15 g, 
Cortex Phellodendri 12 g, Radix Glycyrrhizae 6 g, with 
Herba Hedyotidis Diffusae, Herba Patriniae, and Herba 
Portulacae for patients with excessive heat and toxin, 
Flos Carthami and Semen Persicae for genital drying, 
Fructus Kochiae and Cortex Dictamni for genital itching, 
exhibited significant improvement of cervicitis combined 
with intraviginal Baofukang suppository (35). According 
to the study, the associative action of internal treatment 
and external intervention yielded a notably higher level 
of IgG, IgA, and IgM (36).

3.4. Integrated medicine

Although western medicine is scientifically sound for 
treating HPV related health conditions and widely 
acknowledged for its fast onset, Chinese medicine has 
been well accepted due to its rich philosophical content. 
Integrated medicine complements each other. Ezhuyou-
N-CWS, a combination of Nocardia rubra cell wall 
skeleton (N-CWS) and Chinese medicine Ezhuyou, 
which brought the potent adjuvant and antitumor 
activities of N-CWS to the broad spectrum of the 
anti-microorganism effect of Ezhuyou, inhibited the 
proliferation of HeLa cells in vitro and exhibited effective 
results in patients with cervical HPV infection (37). In 
patients with vaginal intraepithelial neoplasia and HPV 
infections after a cervical cancer operation, CO2 laser 
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combined with Baofukang suppository showed a superior 
curative effect compared to pure laser treatment (38). 
Both, retrospective and prospective studies confirmed 
the better clinical effect of microwave therapy combined 
with Baofukang in chronic HPV infected patients (39,40). 
The application of electrocauterization and Baofukang 
was also reported to have a better therapeutic effect (41). 
A clinical trial showed that the HPV negative rate was 
92.8% in cervical infected patients after the combined 
use of Baofukang and IFN, higher than 61% in the 
IFN group and 59.1% in the Baofukang group (42). 
Moreover, further research pointed out this combination 
could regulate immune function measured by TNF-α and 
interleukin-6 (IL-6) level (43). For cervical HPV infected 
patients, Jiawei Jianpi Decoction plus recombinant IFN-
α2b exhibited a higher effective rate and HPV negative 
rate and a lower symptoms score than the pure IFN 
group (44). Chinese medical intervention (Xunxi No.1) 
plus radiotherapy benefited cervical cancer patients, 
whose 5-year disease-free survival rate was higher 
and metastasis rate was much lower compared with a 
radiotherapy group (45). 

4. Conclusion

Persistent infections of human papillomavirus (HPV) 
bring various health problems. HPV vaccines provide 
type-restricted and expensive protection for uninfected 
groups. Perfect treatments for HPV-associated benign 
or malignant diseases are not available at the moment. 
Chinese medicine emphasizes integrity and has fewer 
side effects. This systematic review summarized the 
clinical findings and laboratory research with the theme 
of the application of traditional Chinese medicine in 
HPV infection and related diseases. It explored the 
composition and mechanisms of some most frequently 
used prescriptions. To conclude, traditional Chinese 
medicine improves clinical index in the treatment 
of cervical cancer and genital warts as a result of its 
regulation in cell apoptosis, viral gene expression, cell 
signal transduction pathways and body immune function.
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1. Introduction

The liver is a major target of human immunodeficiency 
virus (HIV) infection and a wide spectrum of liver 
disease can be seen in patients with HIV infection, 
ranging from steatosis, steatohepatitis, cirrhosis, 

non-cirrhotic portal hypertension and hepatocellular 
carcinoma (1). HIV infection adversely impacts on the 
progression of liver diseases. For example, HIV/hepatitis 
B virus (HBV) co-infected patients had significantly 
decreased rate of hepatitis B surface antigen (HBsAg) 
clearance and increased HBV replication than HBV 
monoinfected individuals (2-3), and HIV/hepatitis C 
virus (HCV) coinfected patients had lower rate of HCV 
viral suppression than HCV monoinfected controls (4). 
Consequently, progression to cirrhosis is more rapid in 
HIV-infected patients with chronic liver diseases (5-
6). End stage liver disease (ESLD) has become a major 
cause of mortality in HIV-infected individuals receiving 
antiretroviral therapy (ART), accounting for a greater 
proportion of deaths than cardiovascular disease or non-

Summary We assessed the factors that influenced improvement or progression in human 
immunodeficiency virus (HIV)-infected patients who were receiving combination antiretroviral 
therapy (cART). This was a retrospective cohort study of HIV-infected patients receiving 
cART in Taizhou, Zhejiang, China, 2009-2015. Liver fibrosis was assessed by Fibrosis-4 (FIB-
4) score. Improvement of liver fibrosis was defined as having > 30% decrease in FIB-4 from 
baseline, whereas progression of liver fibrosis was defined as having > 30% increase in FIB-4 
score from baseline. A total of 955 HIV-infected patients were included. Of these, 808 (84.6%) 
were HIV-monoinfection, 125 (13.1%) were HIV/hepatitis B virus (HBV) coinfection and 29 
(3.0%) were HIV/hepatitis C virus (HCV) coinfection. The median duration of treatment was 
15 months. After treatment, 37.1% participants had > 30% decreases in FIB-4 index, 14.8% 
had > 30% increases in FIB-4 index, while the remaining 48.2% had stabilized FIB-4 index. 
In multivariate analysis, improvement of liver fibrosis was negatively associated with an older 
age, but was positively associated with baseline FIB-4 index and > 30% increases in CD4 cell 
count after ART. Progression of liver fibrosis was positively associated with an older age, but 
was negatively associated with gender and HIV transmission mode (male homosexual vs. 
male heterosexual, female heterosexual vs. male heterosexual), and baseline FIB-4 index. Our 
findings indicate that improvement of liver fibrosis could be achieved by early initiation of 
ART through better CD4 cell recovery. Liver fibrosis and hepatotoxicity associated with ART 
should be monitored as early as possible and throughout till the end of treatment, with special 
attention to the elderly and heterosexual men.
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acquired immune deficiency syndrome (AIDS)-related 
cancers (7-8). 
 In China, common risk factors for liver disease 
such as alcohol use, HBV and HCV infections are more 
prevalent in HIV-infected patients than those without 
HIV infection (9-12). All-cause mortality was also higher 
in HIV-infected patients with HBV and/or HCV co-
infection(s) than in those with HIV only, although ART 
has generally increased life expectancy of HIV-infected 
patients (13). Nevertheless, little is known about the 
impact of ART on the development and progression of 
liver diseases among people living with HIV and AIDS 
(PLWHA) in China. In a recently published study, Li et 
al. examined progression of liver fibrosis among ART 
receiving HIV-infected patients, and found that ART was 
associated with reduction in liver fibrosis scores in the 
majority of HIV-hepatitis co-infected and HIV-mono-
infected Chinese participants (14). Unfortunately, this 
study had only a 48 weeks observation period and did 
not allow for long-term evaluation of progression of 
liver fibrosis among HIV patients with ART. Given that 
Chinese PLWHA are now living much longer owing to 
life-long ART and are at high risk of non-AIDS deaths 
particularly liver diseases (15-17), research to solicit 
long-term effects of ART on the development and the 
outcome of liver diseases especially liver fibrosis is 
urgently needed. 
 Liver biopsy is the gold standard technique for 
diagnosis of liver fibrosis, but it is an invasive procedure 
and does carry a small risk for complications (18). 
Thus, there is a need for a noninvasive method to assess 
liver fibrosis for monitoring liver disease progression 
and for pursuing epidemiological analysis. Fibrosis-4 
(FIB-4) index has been developed and validated as 
an inexpensive and accurate noninvasive marker for 
liver fibrosis in HIV-infected patients (19-21), and is 
increasingly used for studying hepatic fibrosis in HIV-
infected patients (14, 22-23).
 In this retrospective cohort study, we proposed to 
assess the long-term impact of ART on liver fibrosis 
measured by FIB-4 index among HIV-infected patients 
in a rural prefecture of Eastern China.

2. Materials and Methods

2.1. Study design and subject selection

This was a retrospective cohort study of HIV-infected 
patients receiving ART in Taizhou prefecture of Zhejiang 
province, Eastern China. To be eligible for the study, 
participants must fulfill the following selection criteria: i) 
were sexually infected with HIV, ii) started ART during 
January 2009 through December 2015, iii) aged ≥ 18 
years at ART initiation, iv) had CD4 cell count prior 
to ART initiation, and v) had available information of 
age, platelet (PLT) count, alanine transaminase (ALT) 
and aspartate transaminase (AST) levels for calculation 

of FIB-4 index at both ART initiation and at least one 
follow-up visit. 
 For all participants, the observation period was from 
the date of ART initiation (i.e. baseline) to December 
31, 2016. According to China National Guidelines for 
Free Antiretroviral Treatment for HIV/AIDS, the first 
line treatment regimen comprises 2 nucleotide reverse 
transcriptase inhibitors (NRTIs) plus 1 non- nucleotide 
reverse transcriptase inhibitors (NNRTI). Most 
commonly, the 2 NRTIs are either zidovudine (AZT) 
or stavudine (d4T, replaced by tenofovir disoproxil 
fumarate (TDF) since 2010) and either lamivudine (3TC) 
or didanosine (DDI) (stopped in 2008), and the 1 NNRTI 
is either nevirapine (NVP) or efavirenz (EFV). 
 This study was approved by the Institutional Review 
Board (IRB) of the Chinese National Center for AIDS/
STD Control and Prevention and the IRB of Fudan 
University, Shanghai, China.

2.2. Data collection

Demographical, epidemiological and clinical data 
were extracted from the China AIDS Comprehensive 
Response Information Management System (CRIMS) 
which is a unified web-based national information 
system. All eligible participants were tested for HBsAg 
and anti-HCV antibody (HCVAb) using enzyme linked 
immunoabsorbent assay (ELISA) (Kehua Biotechnology 
Co. Ltd., Shanghai, China). Patients with CD4 cell count 
decreased from baseline more than 30% were defined as 
being decreased in CD4 cell count and with increased 
from baseline higher than 30% were defined as increased 
in CD4+ (24).

2.3. Study outcomes

Liver fibrosis was determined by FIB-4 score, using 
Sterling's formula calculated as (age [years] × AST [IU/
L]) / (PLT count [109/L] × (ALT1/2[IU/L])) (19). FIB-
4 was ranked into 3 classes according to standard cut-
off values: < 1.45 for class 1 (no significant fibrosis); 
1.45-3.25 for class 2 (moderate fibrosis) and > 3.25 
for class 3 (severe fibrosis) (25). Improvement of liver 
fibrosis was defined as having > 30% decrease in FIB-4 
from baseline, whereas progression of liver fibrosis was 
defined as having > 30% increase in FIB-4 score from 
baseline (26-27).

2.4. Statistical analysis

All statistical analyses were performed using SPSS 
version 22.0. Bivariate statistical analyses were 
performed with the Chi-square test or Fisher's exact 
test for categorical variables, and Mann-Whitney U test 
or Kruskal-Wallis test for continuous variables. Two 
separate logistic regression analyses were performed to 
determine risk factors for improvement (> 30% decrease 
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3.1.1. Sociodemographic characteristics and CD4 cell 
count

A total of 955 HIV-infected patients participated in the 
study. Of them, 75.2% were male, 75.1% were married, 
69.2% were HIV-infected through heterosexual 
t ransmission and 30.8% through homosexual 
transmission. The median age of the study participants 
was 37.0 years, and the median CD4 cell count was 211 
cells/μL (Table 1). 

3.1.2. HBV and HCV coinfection

As shown in Table 1, 125 participants (13.1%) were 
seropositive for HBsAg and 29 (3.0%) were seropositive 
for HCVAb. Seven patients (0.7%) were seropositive 
for both HBsAg and HCVAb. The proportion of HIV 
monoinfection, HIV/HBV coinfection, HIV/HCV 

in FIB-4 index) or progression (> 30% increase in FIB-
4 index) of liver fibrosis after ART, respectively. For 
each of the two logistic regression models, independent 
variables were selected based on existing knowledge of 
potential causal relationships between risk factors and 
liver fibrosis. In this regard, variables of appropriate 
baseline and follow-up characteristics such as 
demographic variables, HIV transmission mode, HBV 
and HCV coinfection status, ART regimen and duration 
as well as CD4 cell count were subject to univariate 
logistic regression analysis and were included in the final 
multiple logistic regression models using the "forced 
entry" criteria for variable selection. A p-value < 0.05 
was chosen as the significance level.

3. Results

3.1. Baseline characteristics

Table 1. Baseline and follow-up characteristics of study participants by FIB-4 changes after ART

Characteristics

n
Baseline characteristics
Age (years)
     Median (IQR)
     18-24
     25-34
     35-44
     ≥ 45 
Gender
     Male
     Female
Marital status
     Unmarried
     Married
HIV transmission mode 
     Homosexual
     Heterosexual
CD4 count (cells/μL)
     Median (IQR)
HBV coinfection
     Yes
     No
HCV coinfection
     Yes
     No
FIB-4 Index
     Median (IQR)
     < 1.45
     1.45-3.25
      > 3.25 
Follow-up characteristics
ART regimen
     AZT+3TC+EFV/NVP
     TDF+3TC+EFV/NVP
Duration of ART (months)
     < 3
     3-12
     13-36
      > 36
CD4 change (last follow-up vs. baseline)
     Unchanged (within ± 30%)
     Increased > 30%
     Decreased > 30%

Total, N (%)*

955

37.0 (28.0-47.0)
131 (13.7)
263 (27.5)
268 (28.1)
293 (30.7)

718 (75.2)
237 (24.8)

238 (24.9)
717 (75.1)

294 (30.8)
661 (69.2)

211 (133-287)

125 (13.1)
830 (86.9)

  29 (3.0)
926 (97.0)

1.1 
(0.7-1.7)

640 (67.0)
255 (26.7)
  60 (6.3)

883 (92.5)
  72 (7.5)

220 (23.0)
232 (24.3)
279 (29.2)
224 (23.5)

303 (31.7)
609 (63.8)
  43 (4.5)

FIB-4 Unchanged
(within ± 30%), N (%)**

460

36.0 (28.0-48.0)
67 (51.2)
137 (52.1)
119 (44.4)
137 (46.8)

341 (47.5)
119 (50.2)

117 (49.2)
343 (47.8)

152 (51.7)
308 (46.6)

230 (150-303)

52 (41.6)
408 (49.2)

10 (34.5)
450 (48.6)

0.99 (0.7-1.5)
343 (53.6)
106 (41.6)
11 (18.3)

422 (47.8)
38 (52.8)

115 (52.3)
118 (50.9)
134 (48.0)
93 (41.5)

171 (56.4)
267 (43.8)
22 (51.2)

*The proportion was calculated in row; **The proportion was calculated in column; aChi-square test for categorical variables or Kruskal-Wallis 
test for continuous variables, as appropriate; IQR, interquartile range; 3TC, lamivudine; TDF, tenofovir.

FIB-4 Decreased
> 30%, N (%)**

354

39.0 (29.0-47.0)
48 (36.6)
87 (33.1)
109 (40.7)
110 (37.5)

261 (36.4)
93 (39.2)

81 (34.0)
273 (38.1)

105 (35.7)
249 (37.7)

194 (125-271)

53 (42.4)
301 (36.3)

14 (48.3)
340 (36.7)

1.4 (0.99-2.3)
181 (28.3)
125 (49.0)
48 (80.0)

331 (37.5)
23 (31.9)

74 (33.6)
76 (32.8)
105 (37.6)
99 (44.2)

93 (30.7)
250 (41.1)
11 (25.3)

FIB-4 Increased
> 30%, N (%)**

141

37.0 (28.0-48.0)
16 (12.2)
39 (14.8)
40 (14.9)
46 (15.7)

116 (16.2)
25 (10.6)

40 (16.8)
101 (14.1)

37 (12.6)
104 (15.7)

212 (112-286)

20 (16.0)
121 (14.6)

5 (17.2)
136 (14.7)

0.8 (0.5-1.3)
116 (18.1)
24 (9.4)
1 (1.7)

130 (14.7)
11 (15.3)

31 (14.1)
38 (16.4)
40 (14.3)
32 (14.3)

39 (12.9)
92 (15.1)
10 (23.3)

pa

0.935
0.565

0.107

0.417

0.262

0.634

0.281

0.303

< 0.001
< 0.001

0.635

0.192

0.002
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coinfection and HIV/HBV/HCV coinfection was 84.6% 
(808/955), 12.4% (118/955), 2.3% (22/955) and 0.7% 
(7/955), respectively.

3.1.3. FIB-4 index or liver fibrosis

The prevalence of liver fibrosis, i.e., FIB-4 ≥ 1.45, 
was 33.0% (315/955) overall, 31.6% (255/808) for 
HIV monoinfections, 39% (46/118) for HIV/HBV 
coinfections, 45.5% (10/22) for HIV/HCV coinfections, 
and 57.1% (4/7) for HIV/HBV/HCV coinfections (Table 
1). The prevalence of liver fibrosis was significantly 
different by HBV and/or HCV coinfection status, with 
participants co-infected with HBV and/or HCV being 
more likely to be living with liver fibrosis (Fisher's 
exact test, p = 0.043). Furthermore, the proportion of 
participants with severe liver fibrosis, i.e., FIB-4 > 
3.25, was 6.3% (60/955) overall, 5.3% (43/808) for 
HIV monoinfections, 11.9% (14/118) for HIV/HBV 
coinfections, 9.1% (2/22) for HIV/HCV coinfections, 
and 14.3% (1/7) for HIV/HBV/HCV coinfections.

3.2. Antiretroviral therapy

As shown in Table 1, 92.5% of the participants were 
prescribed with AZT+3TC+EFV/NVP while the other 
7.5% were prescribed with TDF+3TC+EFV/NVP. 
The combination use of TDF+3TC, both of which are 
efficacious for HBV suppression, was more prevalent 
among HIV/HBV co-infected participants (15.2%, or 
19/125) than among HIV mono-infected participants 
(6.4%, or 53/830) (χ2 = 12.11, p < 0.001). About 23% 
of the participants had received ART for less than three 
months, whereas 52.7% had received ART for more than 
one year (Table 1).

3.3. Follow-up characteristics

3.3.1. CD4 cell count

After antiretroviral therapy, 63.8% of the participants 
had > 30% increases in CD4 cell count or CD4 cell 
recovery, whereas 4.5% had > 30% decreases in CD4 
cell count. CD4 cell count remained constant from the 
baseline to the last follow-up after ART among 31.7% 
of the participants (Table 1).

3.3.2. FIB-4 index or liver fibrosis

After antiretroviral therapy, 354 participants (37.1%) 
had > 30% decreases in FIB-4 index (i.e., improvement 
of liver fibrosis), 141 (14.8%) had > 30% increases in 
FIB-4 index (i.e., progression of liver fibrosis), while 
the remaining 460 participants (48.2%) had stabilized 
FIB-4 index. As shown in Table 1, The FIB-4 changing 
status after ART was significantly associated with the 
participant's baseline FIB-4 score but not significantly 

associated with other baseline characteristics. Participants 
with different CD4 cell count changing status also 
showed different FIB-4 changing status after ART, with 
a higher proportion of FIB-4 increase observed among 
those with decreased CD4 cell count (Table 1). 

3.4. Predictors for improvement of liver fibrosis after 
ART

According to univariate logistic regression analysis, 
improvement  of  l iver  f ibrosis  af ter  ART was 
significantly associated with baseline FIB-4 index, 
duration of ART and CD4 cell count changing status 
(Table 2). After adjusted for potential confounding 
effects of the other variables using multiple logistic 
regression model, improvement of liver fibrosis 
after ART was negatively associated with an older 
age (aOR≥45 vs. 18-24 = 0.42, 95% CI: 0.23-0.76), but 
was positively associated with baseline FIB-4 index 
(aOR1.45-3.25 vs. <1.45 = 3.53, 95% CI: 2.44-5.10; aOR>3.25 vs. 

<1.45 = 16.25, 95%CI: 7.93-33.29) and > 30% increases 
in CD4 cell count after ART (aORincreased>30% vs. unchanged = 
1.46, 95% CI: 1.05-2.04) (Table 2).
 
3.5. Predictors for progression of liver fibrosis after 
ART

According to univariate logistic regression analysis, 
progression of liver fibrosis after ART was significantly 
associated with gender and HIV transmission mode, 
and baseline FIB-4 index (Table 3). After adjusted for 
potential confounding effects of the other variables 
using multiple logistic regression model, progression of 
liver fibrosis after ART was positively associated with 
an older age (aOR≥45 vs. 18-24 = 2.62, 95% CI: 1.21-5.65), 
but was negatively associated with gender and HIV 
transmission mode (aORmale homosexual vs. male heterosexual = 0.50, 
95% CI: 0.32-0.80; aORfemale heterosexual vs. male heterosexual = 0.54, 
95% CI: 0.32-0.90), and baseline FIB-4 index (aOR1.45-

3.25 vs. <1.45 = 0.31, 95% CI: 0.19-0.53; aOR>3.25 vs. <1.45 = 
0.04, 95% CI: 0.01-0.34) (Table 3).

4. Discussion

This study, to the best of our knowledge, is the first 
community-based longitudinal cohort study to assess 
impact of ART on liver fibrosis among HIV-infected 
patients in Eastern China. We observed that one-third 
of the HIV-infected patients were living with liver 
fibrosis before ART and the majority of them had 
attenuated or stabilized liver fibrosis after ART. In a 
multicenter cross-sectional study of HIV-positive ART-
naïve patients across twelve provinces in China, the 
proportion of participants with liver fibrosis or FIB-
4 ≥ 1.45 was 26.2% (12). Recently, Ding et al reported 
that the prevalence of liver fibrosis was as high as 
42.5% among 3900 HIV-infected ART-naïve patients in 
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OR, odds ratio; CI, confidence interval.

Table 2. Logistic regression analyses of predictors for > 30% FIB-4 decrease or improvement of liver fibrosis after ART

Characteristics

Baseline characteristics
Age (years)
     18-24
     25-34
     35-44 
     ≥ 45
Marital status
     Unmarried
     Married
Gender and HIV transmission mode
     Male, heterosexual
     Male, homosexual
     Female, heterosexual
FIB-4 Index
     < 1.45
     1.45-3.25
     > 3.25 
HBV coinfection 
     No
     Yes
HCV coinfection
     No
     Yes
Follow-up characteristics
ART regimen
     AZT+3TC+EFV/NVP
     TDF+3TC+EFV/NVP
Duration of ART (months)
     < 3
     3-12
     13-36
     > 36
CD4 change (last follow-up vs baseline)
     Unchanged (within ± 30%)
     Increased > 30%
     Decreased > 30%

 Crude OR (95% CI)

1.00
0.86 (0.55-1.32)
1.18 (0.77-1.82)
1.04 (0.68-1.59)

1.00
1.19 (0.87-1.62)

1.00
0.95 (0.70-1.30)
1.10 (0.80-1.53)

1.00
2.43 (1.80-3.29)
10.1 (5.26-19.5)

1.00
1.29 (0.88-1.89)

1.00
1.61 (0.77-3.37)

1.00
0.78 (0.46-1.30)

1.00
0.96 (0.64-1.42)
1.19 (0.82-1.72)
1.56 (1.06-2.29)

1.00
1.57 (1.17-2.11)
0.78 (0.38-1.61)

p

0.483
0.439
0.859

0.263

0.767
0.533

< 0.001
< 0.001

0.186

0.208

0.350

0.842
0.355
0.022

0.002
0.495

Adjusted OR (95% CI)

1.00
0.83 (0.52-1.33)
0.74 (0.44-1.25)
0.42 (0.23-0.76)

1.00
1.09 (0.72-1.65)

1.00
1.26 (0.88-1.80)
1.16 (0.80-1.68)

1.00
3.53 (2.44-5.10)

16.25 (7.93-33.29)

1.00
1.12 (0.74-1.71)

1.00
1.37 (0.61-3.10)

1.00
0.74 (0.42-1.32)

1.00
0.95 (0.62-1.44)
1.11 (0.74-1.68)
1.29 (0.83-2.00)

1.00
1.46 (1.05-2.04)
0.75 (0.34-1.65)

p

0.431
0.258
0.004

0.681

0.214
0.441

< 0.001
< 0.001

0.595

0.444

0.314

0.799
0.608
0.257

0.024
0.480

Table 3. Logistic regression analyses of predictors for a > 30%FIB-4 increase or progression of liver fibrosis after ART

Characteristics

Baseline characteristics
Age (years)
     18-24
     25-34
     35-44 
     ≥ 45
Marital status
     Unmarried
     Married
Gender and HIV transmission mode
     Male, heterosexual
     Male, homosexual
     Female, heterosexual
FIB-4 Index
     < 1.45
     1.45-3.25
     > 3.25 
HBV coinfection 
     No
     Yes
HCV coinfection
     No
     Yes
Follow-up characteristics
ART regimen
     AZT+3TC+EFV/NVP
     TDF+3TC+EFV/NVP
Duration of ART (months)
     < 3
     3-12
     13-36
     > 36
CD4 change (last follow-up vs baseline)
     Unchanged (within ± 30%)
     Increased > 30%
     Decreased > 30%

 Crude OR (95% CI)

1.00
1.25 (0.67-2.33)
1.26 (0.67-2.34)
1.33 (0.72-2.46)

1.00
0.81 (0.54-1.21)

1.00
0.62 (0.41-0.95)
0.51 (0.31-0.83)

1.00
0.46 (0.29-0.74)
0.07 (0.01-0.55)

1.00
1.11 (0.66-1.86)

1.00
1.21 (0.45-3.22)

1.00
1.04 (0.53-2.03)

1.00
1.19 (0.71-1.99)
1.02 (0.61-1.69)
1.01 (0.59-1.73)

1.00
1.20 (0.80-1.80)
2.05 (0.93-4.48)

p

0.481
0.465
0.349

0.305

0.031
0.006

0.001
0.011

0.676

0.702

0.898

0.499
0.937
0.953

0.365
0.072

Adjusted OR (95% CI)

1.00
1.30 (0.67-2.50)
1.63 (0.79-3.35)
2.62 (1.21-5.65)

1.00
0.65 (0.39-1.10)

1.00
0.50 (0.32-0.80)
0.54 (0.32-0.90)

1.00
0.31 (0.19-0.53)
0.04 (0.01-0.34)

1.00
1.17 (0.68-2.03)

1.00
1.32 (0.47-3.71)

1.00
0.96 (0.47-1.97)

1.00
1.11 (0.65-1.91)
0.94 (0.54-1.61)
0.97 (0.54-1.74)

1.00
1.30 (0.84-2.01)
1.79 (0.78-4.10)

p

0.437
0.184
0.014

0.109

0.004
0.018

< 0.001
0.002

0.565

0.605

0.910

0.698
0.813
0.926

0.241
0.170

OR, odds ratio; CI, confidence interval.
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a rural prefecture of Yunnan province in Southwestern 
China (28). Obviously, these studies observed varied 
prevalence of liver fibrosis among HIV patients, 
which are mostly attributable to different sources and 
characteristics of the study participants. Nevertheless, all 
the aforementioned studies including the present study 
reported that liver fibrosis was more prevalent among 
patients with HBV and/or HCV coinfection than those 
with HIV monoinfection, which is also consistent with 
findings from other countries (22,29-31). 
 The existing literature extensively evaluates 
liver disease progression among HIV/HCV or HIV/
HBV coinfected patients receiving ART (27,32-
33), with only a few studies examining liver disease 
progression and potential risk factors among HIV-
monoinfected patients. In the present study, we found 
that a substantial proportion of HIV-infected patients, 
regardless of HBV and/or HCV coinfection status, had 
remarkable reduction or improvement of liver fibrosis 
after ART, further corroborating long-term benefits of 
ART on liver diseases in Chinese HIV patients (28). 
Such improvement of liver fibrosis was significantly 
associated with age, baseline FIB-4 score and post-
ART CD4 cell recovery. It is by definition that patients 
with higher baseline FIB-4 score had more chances to 
present a reduced FIB-4 score after ART while having 
less chances to present an increased FIB-4 score during 
the follow-up, as long as ART had beneficiary effects 
on liver fibrosis. In this study, HIV patients aged 
over 45 years were less likely to gain improvement 
of liver fibrosis than younger patients. This is not 
surprise given that the development of liver cirrhosis 
is generally a slow disease progression and takes over 
20-30 years. In fact, a study of HBV infected patients 
in China revealed that the protective effect of female 
gender against hepatic cirrhosis gradually lost with 
increasing age (34). Therefore, the less improvement 
of liver fibrosis among the elders underscores the 
importance of more closely monitoring and intervening 
liver disease progression in HIV-infected elderly 
people. Furthermore, the significant association 
between increased CD4 cell count and improved liver 
fibrosis after ART observed by the present study as 
well as studies in China and other countries further 
indicates the importance of promotion of CD4 cell 
recovery and maintenance of normal immune status 
through combination antiretroviral therapy (cART) for 
HIV patients (23,35). Since early initiation of cART 
remarkably improves CD4 cell recovery and generally 
slows down the disease progression (14,36-38), it is 
highly recommended that HIV-infected patients should 
get treated soonest possible after HIV diagnosis.
 On the other hand, about 14.8% of the HIV patients 
had development or progression of liver fibrosis 
during ART. In fact, rapid fibrosis development from 
ART as well as from the chronic HIV infection itself 
is of serious concern to HIV patients (28,39-41). The 

pathophysiology of liver fibrosis in patients with HIV 
is a multifactorial process whereby chronic immune 
activation and inflammation that are unable to be fully 
suppressed by ART promote production of liver fibrosis. 
In addition, mitochondrial toxicity, triggered by both 
ART and HIV, contributes to intrahepatic damage, which 
is even more severe in patients coinfected with viral 
hepatitis (42). 
 More progression of liver fibrosis was observed 
among the elders. As mentioned above, HIV patients 
suffered more and rapid progression in various chronic 
diseases including liver fibrosis as they are getting old. 
In the meantime, we also found that female gender 
was a protective predictor of liver fibrosis progression 
among treated HIV patients, especially compared with 
heterosexual men. This is consistent with observations 
among both HIV-infected and HIV-uninfected 
populations (34,43). Although this is most likely due to 
pathophysiological differences and differential responses 
to ART between males and females (44-46), the less 
exposure of female patients to behaviors that favorite 
liver disease progression such as smoking and drinking 
cannot be ruled out (10,47-48). Interestingly, we found 
that homosexual men or men who have sex with men 
(MSM) were less likely to encounter liver fibrosis 
progression than heterosexual men. The mechanisms are 
unknown and remain to be defined. 
 This study has a couple of limitations. First, 
misclassification of liver fibrosis is unavoidable when 
a noninvasive marker instead of liver biopsy was used 
to define liver fibrosis. However, the misclassification 
should be non-differential and in turn made the 
association estimates biased to be more conservative. 
Moreover, liver biopsy was not feasible in this large 
epidemiologic study. Second, life style data including 
alcohol use and physical exercise that have potential 
impacts on liver diseases were not collected in this 
study, further limiting our capacity to draw a powerful 
causal inference. 
 Despite the limitations, this large longitudinal 
study has several important clinical and public health 
implication. First, improvement of liver fibrosis is 
achievable among HIV patients with better CD4 
cell recovery which can be expectable through 
early initiation of ART. Second, liver fibrosis and 
hepatotoxicity associated with ART should be monitored 
as early as possible and throughout till the end of 
treatment, with special attention to the elderly and 
heterosexual men.
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1. Introduction

Opioid dependence is a worldwide health problem that 
leads to enormous economic, personal and public health 
consequences (1). The World Health Organization 
(WHO) statistics show that an estimated 69,000 people 
die from opioid overdose each year; an estimated 15 
million people suffer from opioid dependence, yet only 
10% of them are receiving effective treatments (2). 

Methadone is a safe, low-cost, convenient and effective 
substitute treatment drug for opioid dependence 
(3). Decades of experience have demonstrated that 
methadone maintenance treatment (MMT) is currently 
the most effective intervention measure for controlling 
opioid use and its related HIV transmission among 
opioid users (4-6). Meanwhile, MMT could improve 
stability for society (7) and help drug users recover 
their physical and social functions (8-10).
 China has the largest number of intravenous drug 
users (IDUs) in the world (11), and it is well recognized 
that the national epidemic of HIV originated and 
spread rapidly in this group by sharing needles (11). In 
response, the Chinese government introduced MMT 
in 2004 to control the rapid spread of both heroin use 
and HIV transmission (12,13). From 2006, MMT was 
quickly expanded from its original 8 clinics in 2004 to 

Summary This study examined the re-entry characteristics and related predictors among HIV-
infected methadone maintenance treatment (MMT) clients in Guangdong, China. Data 
on HIV-infected MMT clients was obtained from the clinic MMT registration system in 
Guangdong. Of the 653 participants, only 9.0% remained in the MMT program until the 
end of the study. For the drop-outs, 70.0% returned to MMT at least once by the end of the 
study. Re-entry was independently associated with marital status (ORnever married = 2.24, 95% 
CI: 1.02-4.93; ORmarried currently = 2.34, 95% CI: 1.05-5.22), being unemployed (OR = 1.92, 95% 
CI: 1.12-3.27), lower positive percentages of urine tests (OR<40% = 4.08, 95% CI: 2.21-7.54; 
OR40%-80% = 2.52, 95% CI: 1.39-4.56), higher maintenance doses (OR = 3.78, 95% CI: 2.21-
7.54) and poorer MMT attendance percentages (OR<20% = 282.02, 95% CI: 62.75-1268.11; 
OR20-49% = 20.75, 95% CI: 10.52-40.93; OR50-79% = 6.07, 95% CI: 3.44-10.73). A higher re-
entry frequency was independently associated with lower education level (ORjunior high school = 
0.49, 95% CI: 0.26-0.93), average drug use times less than twice (OR = 0.64, 95% CI: 0.41-
1.00), lower positive percentages of urine tests (OR = 0.39, 95% CI: 0.22-0.70) and poorer 
percentages of MMT attendance (OR<20% = 7.24, 95% CI: 2.99-17.55; OR20-49% = 14.30, 95% 
CI: 5.94-34.42; OR50-79% = 6.15, 95% CI: 2.55-14.85). Re-entry and repeated re-entry were 
prevalent among HIV-infected MMT clients in Guangdong, underscoring the urgent needs 
of tailored interventions and health education programs for this population.
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767 clinics covering 28 Chinese provinces as of April 
2015 (14,15). In the past decade, MMT has effectively 
reduced heroin use (14,16,17) and curbed the spread of 
HIV/AIDS among heroin addicts (17-19). According 
to official statistics, HIV incidence among clients has 
decreased from 0.95% in 2006 to 0.12% in 2014 since 
the implementation of the MMT program (15). As 
estimated, 15,000 new HIV infections among opioid 
addicts were prevented; consumption of heroin was 
reduced by 100 tons; and 65 billion Yuan (RMB) in 
heroin trade were avoided (15).
 Nonetheless, MMT in China faces many challenges, 
such as low coverage (14) and high drop-out rates (20). 
So far, retention has proven to be a valuable indicator 
of MMT effectiveness (21). High drop-out means 
many clients terminated the treatment before obtaining 
therapeutic benefits. However, repeated drop-out and 
re-entry remains prevalent among clients in MMT 
programs, often for multiple episodes (22,23). With 
the expansion of the MMT program and the increase 
of treatment accessibility, this phenomenon appears to 
have increased (23). HIV-infected drug users have been 
regarded as a ‘‘dual risk'' subgroup (24). They transmit 
HIV via either sharing needles or having unprotected 
sex with partners. A study has demonstrated that MMT 
not only decreased the frequency of drug use but also 
improved the health-related quality of life among HIV-
infected opioid addicts (25). Therefore, it becomes 
particularly important to strengthen MMT retention in 
this subgroup. Given that there are limited resources 
for drug treatment programs in China, it is imperative 
to know the re-entry characteristics of HIV-infected 
attendees to maximize the impact of MMT and tailor 
it to effectively target the population. Therefore, we 
used the data from 14 clinics in Guangdong to evaluate 
the re-entry and correlates among HIV-infected MMT 
clients.

2. Materials and Methods

2.1. Ethics approval

This study was approved by the Institutional Review 
Board (IRB) of the School of Public Health of Sun Yat-
sen University, Guangzhou, China (No: 2013-26).

2.2. Study site and participants

Fourteen MMT clinics located in 9 cities of Guangdong 
Province were chosen as the study site for this study. 
From July 2006 to December 2013, all registered HIV-
infected MMT clients in the unified MMT management 
system who met the Chinese Classification of Mental 
Disorders version 3 criteria for opioid dependence (26), 
were 18 years old or above, tested to be HIV-infected and 
able to provide written informed consent were included 
in this study.

2.3. Study procedure

At admission, a structured interview was developed 
to assess demographic characteristics, drug use 
history and sexual activity history. An interview was 
conducted by local clinic staff that had been trained in 
administration of the interview schedule. In China, to 
help insure security, clients were asked to attend the 
clinic daily once they have been enrolled in the program 
to take their methadone doses under the supervision 
of clinic staff, and the data on doses and date were 
routinely collected and stored in the national unified 
MMT management system. Urine morphine tests were 
performed on a random day each month. Participants 
were provided with no incentives.
 In China, each client has a unique MMT ID based 
on personal ID regardless of the re-entry times. The 
study period was defined as the duration between the 
first and the last methadone uptake date.

2.4. Measures

2.4.1. Methadone maintenance doses and attendance

The average daily maintenance dose during the study 
period was calculated according to the following 
formula:
 The average daily maintenance dose = total intake 
doses/total number of days taking methadone.
The percentage of MMT attendance during the study 
period was calculated according to the following 
formula:
 The percentage of MMT attendance = (total actual 
number of days taking methadone/total expected 
number of days taking methadone) ×100%.

2.4.2. Positive percentages of urine morphine tests

The percentage of urine morphine tests during the 
study period was calculated according to the following 
formula:
 The percentage of urine morphine tests = (total 
number of positive urine morphine test results/total 
number of testing times) ×100%. 
 According to the positive percentage distribution, it 
was classified as < 40%, 40-80% and > 80%.

2.4.3. Re-entry during the study period

In this study, "drop-out" was defined as a participant 
failing to continue MMT for 14 consecutive days 
(21,22), and the drop-outs included "loss-to-follow-
up" and "re-entry". Those drop-outs who did not return 
by the end of the study were classified into the "loss-
to-follow-up" group, while those who returned at least 
once by the end of the study were classified into the 
"re-entry" group.
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least 3 times per day; 97.7% abused heroin, and 98.6% 
abused drugs by injection. Among the IDUs, 58.7% 
shared intravenous needles to inject drugs. Only 12.4% 
reported never meeting drug users.
 As Table 1 summarizes, the positive percentage of 
urine morphine results that < 0%, 40-80% and > 80% 
were 29.0%, 32.6% and 38.4% respectively during the 
study period.

3.4. Average maintenance dose and attendance

Of the participants, only 39.4% received doses of more 
than 60 mg/day. Also, 20.1% participants' attendance 
rates were less than 20%, and only 35.8% over 80% 
(Table 1).

3.5. Re-entry during the study period

Only 9.0% (59 of 653) participants remained in the 
MMT during the study period. For the 594 drop-outs, 
70.0% (416 of 594) returned to MMT at least once by 
the end of the study (Table 1). Of the 416 participants 
who experienced re-entries, the re-entry frequencies of 
< 1, 1- and 2- times/year were 51.9%, 22.6% and 9.4% 
respectively; and 5.3% returned to MMT ≥ 5 times/
year (Table 2). The distribution of re-entry frequency at 
different entry years and institutions are listed in Table 3.
 After controlling for potential confounding variables, 
multivariate binary logistic regression analysis indicated 
that re-entry was independently associated with marital 
status, being unemployed, lower positive proportion 
of urine tests, higher maintenance doses and poorer 
percentages of MMT attendance (Table 4).
 Multivariate ordinal logistic regression analysis 
indicated that after controlling for potential confounding 
variables among the re-entries, a higher re-entry 
frequency was independently associated with lower 
education level, average drug use times less than twice, 
lower positive proportion of urine tests and poorer MMT 
attendance percentages (Table 5).

4. Discussion

Although MMT re-entry of general clients has 
previously been reported in China (22), to our 
knowledge, this is the first study to reveal the re-entry 
and re-entry frequency characteristics among HIV-
infected MMT clients. In the present analyses, we 
observed a high re-entry rate (70.0%) among HIV-
infected drug users, which was similar to that (two-
thirds) reported by Bell and colleagues (23). However, 
this was lower than the rate of 81.2% in whole MMT 
clients in our previous study (22). This may be due to the 
fact that the HIV-infected clients (1) have much higher 
mortality than general clients (27); and (2) have higher 
continued heroin use rate than general clients (according 
to our previous studies, the rates were 75% for all clients 

 For the "re-entry" group, the re-entry frequency 
was calculated based on the returned times over the 
study period, and it was classified as low (< once/year), 
moderate (1-2 times/year) and frequent (> twice/year) 
based on the distribution.

2.4.4. HIV and urine morphine tests

Anti-HIV antibody was screened using an enzyme-
linked immunosorbent assay (ELISA) technique 
(Beijing BGI-GBI BiotechCo., Ltd, Beijing, China). 
Any samples that screened HIV positive were 
confirmed using a Western blot assay (Abbott, MP 
Biomedicals, LLC, Singapore) by the local CDC 
(Centers for Disease Control). 
 Urine morphine was screened using a Morphine 
Diagnostic Kit (Colloidal Gold) technique (ABON 
Biopharm Co., Ltd, Hangzhou, China).

2.5. Statistical analysis

All analyses were performed in SPSS version 17.0 
for Windows (SPSS Inc., Chicago). Categorical 
variables were presented with percentages. Binary 
logistic regression analyses (including univariate and 
multivariate analyses) were performed to explore 
correlates of re-entry; and multivariate ordinal logistic 
regression analysis was conducted to explore correlates 
of higher frequency of re-entry. The criterion for 
statistical significance was p < 0.05.

3. Results

3.1. Study participants and demographic characteristics

Totally, there were 805 registered HIV-infected MMT 
clients between Jul. 2006 and Dec. 2013 in the unified 
MMT management system. Among them, 81.1% (653 
of 805) were eligible for this study.
 Among the 653 participants, 22.1% were older than 
40; 93.4% were males; 99.1% were ethnic Han, 53.1% 
were never married; 63.4% had received junior high 
school education; 64.2% were unemployed; only 23.7% 
had a harmonious family relationship; and 61.7% relied 
on their family or friends (Table 1).

3.2. Multiple sex partners at baseline

Among all participants, 17.3% had had sexual activity 
with multiple sex partners (Table 1).

3.3. Heroin use

Table 1 presents detailed information about opioid 
use at baseline among the study participants. Among 
the participants, only 21.4% had used drugs less than 
10 years; 64.8% participants used drugs on average at 
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Table 1. Characteristics of the participants

Characteristics

Age (years) 
    ≤ 30
    31-35
    36-40
    ≥ 41
Gender
    Male 
    Female 
Ethnic
    Han
    Others
Marital Status
    Single
    Married Currently 
    Others 
Education Level
    Elementary or lower
    Junior high school
    Senior high school or higher
Employed Status at Baseline 
    Unemployed
    Employed
Family Relationship at Baseline
    Harmonious 
    Inharmonious
Mainly Financial Sources at Baseline
    Family and Friends
    Others
Duration of Drug Abuse (years)
    ≤ 10
    11-15
    ≥ 16
Type of Drug Use at Baseline
    Heroin 
    Others
Drug administration method at Baseline
    Inhaled only
    Injected only
    Mixed (injected and inhaled)
Injected Drugs at Baseline
    Yes
    No
Shared Needles to Inject Drugs at Baseline
    Yes
    No
Average Times of Drug Use per Day at Baseline
    ≤ 2
    ≥ 3
Frequency of Meeting with Peer Users at Baseline
    none
    1-4/month
    1-6/week
    > 1/day
Multiple Sex Partners at Baseline
    Yes
    No
Positive Proportion of Urine Tests* (%)
    < 40
    40-80
    > 80
Average Maintenance Dose (ml/day) 
    ≥ 60
    < 60
Percentages of MMT Attendance (%)
    < 20
    20-
    50-
    ≥ 80%

Retain (n = 59)
No. (%)

  8 (13.6)
13 (22.0)
15 (25.4)
23 (39.0)

54 (91.5)
  5 (8.5)

59 (100.0)
  0 (0)

32 (54.2)
18 (30.5)
  9 (15.3)

11 (18.6)
39 (66.1)
  9 (15.3)

39 (66.1)
20 (33.9)

12 (20.3)
47 (79.7)

35 (59.3)
24 (40.7)

9 (15.3)
21 (35.6)
29 (49.2)

57 (96.6)
  2 (3.4)

  2 (3.4)
54 (91.5)
  3 (5.1)

58 (98.3)
  1 (1.7)

29 (50.0)
29 (50.0)

15 (25.4)
44 (74.6)

14 (23.7)
11 (18.6)
20 (33.9)
14 (23.7)

  5 (8.5)
54 (91.5)

32 (58.2)
13 (23.6)
10 (18.2)

37 (62.7)
22 (37.3)

  0 (0)
  0 (0)
  5 (8.5)
54 (91.5)

Re-entry (n = 416)
No. (%)

  83 (20.0)
127 (30.5)
133 (32.0)
  73 (17.5)

388 (93.3)
  28 (6.7)

412 (99.0)
  4 (1.0)

230 (55.3)
146 (35.1)
40 (9.6)

110 (26.4)
261 (62.7)
  45 (10.8)

273 (65.6)
143 (34.4)

  94 (22.6)
322 (77.4)

263 (63.2)
153 (36.8)

  88 (21.2)
179 (43.0)
149 (35.8)

408 (98.1)
    8 (1.9)

  18 (4.3)
387 (93.0)
  11 (2.6)

413 (99.3)
    3 (0.7)

248 (60.0)
165 (40.0)

154 (37.0)
262 (63.0)

  46 (11.1)
100 (24.0)
100 (24.0)
170 (40.9)

  79 (19.0)
337 (81.0)

111 (27.1)
146 (35.7)
152 (37.2)

176 (42.3)
240 (57.7)

129 (31.0)
121 (29.1)
101 (24.3)
  65 (15.6)

Non-re-entry (n = 178 )
No. (%)

  24 (13.5)
  53 (29.8)
  53 (29.8)
  48 (27.0)

168 (94.4)
  10 (5.6)

176 (98.9)
    2 (1.1)

  85 (47.8)
  67 (37.6)
  26 (14.6)

  49 (27.5)
114 (64.0)
  15 (8.4)

107 (60.1)
  71 (39.9)

  49 (27.5)
129 (72.5)

105 (59.0)
  73 (41.0)

  43 (24.2)
  68 (38.2)
  67 (37.6)

173 (97.2)
    5 (2.8)

  15 (8.4)
159 (89.3)
    4 (2.2)

173 (97.2)
    5 (2.8)

101 (58.4)
  72 (41.6)

  61 (34.3)
117 (65.7)

  21 (11.8)
  51 (28.7)
  47 (26.4)
  59 (33.1)

  29 (16.3)
149 (83.7)

  40 (23.8)
  47 (28.0)
  81 (48.2)

  44 (24.7)
134 (75.3)

    2 (1.1)
  20 (11.2)
  41 (23.0)
115 (64.6)

Total (n = 653)
No. (%)

115 (17.6)
193 (29.6)
201 (30.8)
144 (22.1)

610 (93.4)
  43 (6.6)

647 (99.1)
    6 (0.9)

347 (53.1)
231 (35.4)
  75 (11.5)

170 (26.0)
414 (63.4)
  69 (10.6)

419 (64.2)
234 (35.8)

155 (23.7)
498 (76.3)

403 (61.7)
250 (38.3)

140 (21.4)
268 (41.0)
245 (37.5)

638 (97.7)
  15 (2.3)

  35 (5.4)
600 (91.9)
  18 (2.8)

644 (98.6)
    9 (1.4)

378 (58.7)
266 (41.3)

230 (35.2)
423 (64.8)

  81 (12.4)
162 (24.8)
167 (25.6)
243 (37.2)

113 (17.3)
540 (82.7)

183 (29.0)
206 (32.6)
243 (38.4)

257 (39.4)
396 (60.6)

131 (20.1)
141 (21.6)
147 (22.5)
234 (35.8)

*: 21 participants had no urine test results.
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(28) and 98.4% for HIV-infected clients (unpublished) 
during the first 12 months after treatment initiation), 
and subsequent more likelihood of being incarcerated. 
Of course, the reasons for not re-entry become the next 
step, which needs to be solved urgently. In addition, we 
also found the re-entry frequency exceeded once per 
year among 48.1% clients. Given that repeated drop-
out and re-entry could not reach the expected treatment 
targets, tailored intervention measures are urgently 
needed for the study population.
 China has made impressive progress in the MMT 
program since 2004. The agencies that were tasked with 
the program's expansion have been confronted with 
many challenges (14). The major concern is retention. 
We found that marital status was associated with re-entry 
in our study. For many clients, marriage provides the 
primary form of social support. In China, those who were 
never married always lived with their parents and other 
members. The study suggested that being married and 
having a close relationship with a spouse were associated 
with better treatment outcomes over time (29). Therefore, 

family members and/or spouse potentially played a 
crucial role in encouraging re-entry (30). It is widely 
recognized that drug-abuse will cause a huge loss of 
both life and wealth. For the HIV-infected MMT clients, 
most of them had lost work capacity and had prolonged 
unemployment. Economic pressures might force 
them into re-entry MMT. Literature has demonstrated 
that a poor knowledge level often contributes to the 
misconceptions about MMT, which could be potential 
factors causing drop-out (31). Our study found that 
clients with lower education levels were associated with 
lower re-entry frequency. This probably is because those 
misconceptions lead to immature drop-outs and re-entries 
(31). Hence, interventions strengthening accurate MMT 
information propagation should be greatly warranted.
 Positive morphine urine results generally indicate 
heroin use by the clients within the last 2-3 days (32). 
Heroin use would decrease the retention rate among 
HIV-infected MMT clients (33). Concurrent heroin 
use was extremely prevalent among HIV-infected 
MMT clients, and our 12 month follow-up study has 

Table 2. Re-entry frequency among the re-entries during study period (n = 416)

Frequency (times/year)

< 1
1-
2-
3-
4-
≥ 5

Number (n)

216
  94
  39
  28
  17
  22

Percentage (%)

51.9
22.6
  9.4
  6.7
  4.1
  5.3

Table 3. Re-entry frequency at the different entrant year and institution (n = 416)

Variables

Year
2006
2007
2008
2009
2010
2011
2012
2013
Institution
No. 1
No. 2
No. 3
No.4
No. 5
No. 6
No. 7
No. 8
No. 9
No. 10
No. 11
No. 12
No. 13
No. 14

< 1 (n = 216)
No. (%)a

31 (64.6)
64 (65.3)
44 (53.7)
29 (54.7)
11 (34.4)
25 (44.6)
11 (35.5)
  1 (6.3)

17 (60.7)
  2 (40.0)
  2 (20.0)
  4 (40.0)
18 (62.1)
12 (40.0)
35 (48.6)
30 (63.8)
16 (57.1)
  6 (54.5)
29 (46.8)
12 (52.2)
10 (45.5)
23 (59.0)

1- (n = 94)
No. (%)a

14 (29.2)
16 (16.3)
19 (23.2)
11 (20.8)
11 (34.4)
16 (28.9)
  6 (19.4)
  1 (6.3)

  5 (17.9)
  2 (40.0)
  5 (50.0)
  1 (10.0)
  3 (10.3)
12 (40.0)
19 (26.4)
  6 (12.8)
  8 (28.6)
  3 (27.3)
14 (22.6)
  6 (26.1)
  4 (18.2)
  6 (15.4)

2- (n = 39)
No. (%)a

  2 (4.2)
10 (10.2)
  6 (7.3)
  4 (7.5)
  2 (6.3)
  7 (12.5)
  4 (12.9)
  4 (25.0)

  3 (10.7)
  0 (0)
  0 (0)
  2 (20.0)
  1 (3.4)
  1 (3.3)
  8 (11.1)
  4 (8.5)
  1 (3.6)
  0 (0)
  8 (12.9)
  4 (17.4)
  3 (13.6)
  4 (10.3)

3- (n = 28)
No. (%)a

  0 (0)
  3 (3.1)
  7 (8.)
  4 (7.5)
  2 (6.3)
  4 (7.1)
  2 (6.5)
  6 (37.5)

  0 (0)
  0 (0)
  2 (20.0)
  1 (10.0)
  2 (6.9)
  2 (6.7)
  3 (4.2)
  2 (4.3)
  2 (7.1)
  1 (9.1)
  7 (11.3)
  0 (0)
  3 (13.6)
  3 (7.7)

4- (n = 17)
No. (%)a

1 (2.1)
1 (1.0)
2 (2.4)
2 (3.8)
2 (6.3)
2 (3.6)
6 (19.4)
1 (6.3)

0 (0)
0 (0)
1 (10.0)
1 (10.0)
3 (10.3)
0 (0)
4 (5.6)
1 (2.1)
1 (3.6)
1 (9.1)
2 (3.2)
1 (4.3)
0 (0)
2 (5.1)

≥ 5 (n = 22)
No. (%)a

0 (0)
4 (4.1)
4 (4.9)
3 (5.7)
4 (12.5)
2 (3.6)
2 (6.5)
3 (18.8)

3 (10.7)
1 (20.0)
0 (0)
1 (10.0)
2 (6.9)
3 (10.0)
3 (4.2)
4 (8.5)
0 (0)
0 (0)
2 (3.2)
0 (0)
2 (9.1)
1 (2.6)

Total (n = 416)
No. (%)b

48 (11.5)
98 (23.6)
82 (19.7)
53 (12.7)
32 (7.7)
56 (13.5)
31 (7.5)
16 (3.8)

28 (6.7)
  5 (1.2)
10 (2.4)
10 (2.4)
29 (7.0)
30 (7.2)
72 (17.3)
47 (11.3)
28 (6.7)
11 (2.6)
62 (14.9)
23 (5.5)
22 (5.3)
39 (9.4)

a calculated by row, b calculated by column.
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shown the concurrent heroin use rate reached 98.4% 
(unpublished data). We found that clients with lower 
positive percentages of urine morphine tests have more 
likelihood to return to the MMT, yet have a lower 
frequency of re-entry. These components should be 

considered: i) after a period of treatment, addictive 
syndrome was clearly alleviated, so many clients might 
consider themselves recuperated enough to leave the 
program (34). However, not long after leaving MMT, 
they would experience the abstinence symptoms again 

Table 4. Correlates of re-entry among the drop-outs (n = 577)

Variables 

Age (years) 
    ≤ 30
    31-35
    36-40
    ≥ 41
Gender
    Male 
    Female 
Marital Status
    Single
    Married Currently 
    Others 
Education Level
    Elementary or lower
    Junior high school
    Senior high school or higher
Employed Status at Baseline 
    Unemployed 
    Employed
Family Relationship at Baseline
    Harmonious 
    Inharmonious
Mainly Financial Sources at Baseline
    Family and Friends
    Others
Duration of Drug Abuse (years)
    ≤ 10
    11-15
     ≥ 16
Shared Needles at Baseline
    Yes
    No
Average Times of Drug Use per Day at Baseline
    ≤ 2
    ≥ 3
Frequency of Meeting with Peer Users at Baseline
    none
    1-4/month
    1-6/week
    > 1/day
Multiple Sex Partners at Baseline
    Yes
    No
Positive Percentages of Urine Tests (%)
    < 40
    40-80
    > 80
Average Maintenance Dose (ml/day) 
    ≥ 60
    < 60
Percentages of MMT Attendance (%)
    < 20
    20-49
    50-79
    ≥ 80%

      OR (95% CI)a

    2.27 (1.27-4.07)
    1.58 (0.97-2.56)
    1.65 (1.020-2.68)
    1.00

    0.83 (0.39-1.74)
    1.00

    1.76 (1.01-3.06)
    1.42 (0.80-2.51)
    1.00

    0.75 (0.38-1.47)
    0.76 (0.41-1.43)
    1.00

    1.27 (0.88-1.82)
    1.00

    0.77 (0.52-1.15)
    1.00

    1.20 (0.84-1.71)
    1.00

    0.92 (0.58-1.47)
    1.18 (0.79-1.77)
    1.00

    1.13(0.79-1.61)
    1.00

    1.13(0.78-1.63)
    1.00

    0.76 (0.42-1.38)
    0.68 (0.43-1.07)
    0.74 (0.47-1.17)
    1.00

    1.20(0.76-1.92)
    1.00

    1.48 (0.94-2.32)
    1.66 (1.08-2.53)
    1.00

    2.23 (1.51-3.31)
    1.00

114.12 (27.33-476.54)
  10.70 (6.10-18.78)
    4.36 (2.71-7.00)
    1.00

   p 

0.006
0.066
0.042

0.825

0.045
0.233

0.399
0.396

0.200

0.198

0.331

0.920
0.410

0.515

0.523

0.367
0.093
0.192

0.435

0.089
0.020

< 0.001

< 0.001
< 0.001
< 0.001

      OR (95% CI)

    1.20 (0.49-2.94)
    0.82 (0.40-1.68)
    0.96 (0.49-1.88)
    1.00

    1.03 (0.40-2.68)
    1.00

    2.24 (1.02-4.93)
    2.34 (1.05-5.22)
    1.00

    0.89 (0.34-2.33)
    0.82 (0.34-2.00)
    1.00

    1.92 (1.12-3.27)
    1.00

    0.93 (0.53-1.63)
    1.00

    0.97 (0.58-1.63)
    1.00

    0.74 (0.36-1.50)
    1.14 (0.64-2.01)
    1.00

    1.09 (0.65-1.84)
    1.00

    1.09 (0.65-1.84)
    1.00

    0.96 (0.43-2.12)
    0.83 (0.46-1.53)
    0.74 (0.39-1.36)
    1.00

1.30 (0.68-2.48)
1.00

    4.08 (2.21-7.54)
    2.52 (1.39-4.56)
    1.00

    3.78 (2.21-7.54)
    1.00

282.08 (62.75-1268.11)
  20.75 (10.52-40.93)
    6.07 (3.44-10.73)
    1.00

    p 

0.693
0.587
0.900

0.955

0.045
0.038

0.814
0.667

0.017

0.794

0.914

0.401
0.658

0.723

0.732

0.915
0.557
0.344

0.430

< 0.001
0.002

< 0.001

< 0.001
< 0.001
< 0.001

Note. a OR: Odds Ratio, CI: Confidence Interval, obtained from binary logistic regression analysis.

  Univariate                                                    Multivariate
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and had to return to MMT; ii) the clients with lower 
positive percentages of urine morphine tests had a 
stronger desire to abstain from drug use, and if they 
had drug desire, they would prefer to receive MMT; 
iii) the clients with higher positive percentages of 
urine morphine tests might have a poorer desire to 

abstain from drug use, which subjected them to drug 
expenditure concerns, and therefore they exhibited 
repeated drop-out and re-entry.
 Doses have already been well documented to be a 
crucial component of MMT retention in varied settings 
(20,35-37). Higher doses of MMT are associated with 

Table 5. Correlates of higher frequency of re-entry among the re-entries (n = 416)

Variables 

Age (years) 
    ≤ 30
    31-35
    36-40
    ≥ 41
Gender
    Male 
    Female 
Marital Status
    Single
    Married Currently  
    Others 
Education Level
    Elementary or lower
    Junior high school
    Senior high school or higher
Employed Status at Baseline 
    Unemployed 
    Employed
Family Relationship at Baseline
    Harmonious 
    Inharmonious
Mainly Financial Sources at Baseline
    Family and Friends
    Others
Duration of Drug Abuse (years)
    ≤ 10
    11-15
    ≥ 16
Shared Needles Drugs at Baseline
    Yes
    No
Average Times of Drug Use per Day at Baseline
    ≤ 2
    ≥ 3
Frequency of Meeting with Peer Users at Baseline
    none
    1-4/month
    1-6/week
    > 1/day
Multiple Sex Partners at Baseline
    Yes
    No
Positive Percentages of Urine Tests (%)
    < 40
    40-80
    > 80
Average Maintenance Dose (ml/day) 
    ≥ 60
    < 60
Percentages of MMT Attendance (%)
    < 20
    20-49
    50-79
    ≥ 80%

low No. (%)*

  51 (61.4)
  63 (49.6)
  68 (51.1)
  34 (46.6)

202 (52.1)
  14( 50.0)

126 (54.8)
  74 (50.7)
  16 (40.0)

  53 (48.2)
144 (55.2)
  19 (42.2)

147 (53.8) 
  69 (48.3)

  51 (54.3)
165 (51.2)

138 (52.5)
  78 (51.0)

  50 (56.8)
  98 (54.7)
  68 (45.6)

120 (48.4)
  96 (57.1)

  89 (57.8)
127 (48.5)

  23 (50.0)
  55 (55.0)
  48 (48.0)
  90 (52.9)

  46 (58.2)
170 (50.4)

  73 (65.8)
  80 (54.8)
  61 (40.1)

  96 (54.5)
120 (50.0)

  59 (45.7)
  47 (38.8)
  53 (52.5)
  57 (87.7)

moderate No. (%)*

17 (20.5)
30 (23.6)
30 (22.6)
17 (23.3)

89 (22.9)
  5 (17.9)

48 (20.9)
32 (21.9)
14 (35.0)

28 (25.5)
55 (21.1)
11 (24.4)

60 (22.0)
34 (23.8)

21 (22.3)
73 (22.7)

61 (23.2)
33 (21.6)

17 (19.3)
39 (21.8)
38 (25.5)

65 (26.2)
29 (17.3)

34 (22.1)
60 (22.9)

  8 (17.4)
20 (20.0)
30 (30.0)
36 (21.2)

15 (19.0)
79 (23.4)

24 (21.6)
32 (21.9)
38 (25.0)

41 (23.3)
53 (22.1)

27 (20.9)
29 (24.0)
30 (29.7)
  8 (12.3)

frequent No. (%)*

15 (18.1)
34 (26.8)
35 (26.3)
22 (30.1)

97 (25.0)
  9 (32.1)

56 (24.3)
40 (27.4)
10 (25.0)

29 (26.4)
62 (23.8)
15 (33.3)

66 (24.2)
40 (28.0)

22 (23.4)
84 (26.1)

64 (24.3)
42 (27.5)

21 (23.9)
42 (23.5)
43 (28.9)

63 (25.4)
43 (25.6)

31 (20.1)
75 (28.6)

15 (32.6)
25 (25.0)
22 (22.0)
44 (25.9)

18 (22.8)
88 (26.1)

14 (12.6)
34 (23.3)
53 (34.9)

39 (22.2)
67 (27.9)

43 (33.3)
45 (37.2)
18 (17.8)
  0 (0)

   pb

0.246
0.547
0.540

0.598

0.781
0.569

0.104
0.030

0.134

0.558

0.433

0.288
0.196

0.149

0.050

0.344
0.685
0.358

0.194

0.001
0.078

0.684

<0.001
<0.001
<0.001

Note. a OR: Odds Ratio, CI: Confidence Interval; b Obtained from multivariate ordinal logistic regression analysis adjusting for potential 
confounding variables listed in the table; * Proportions were calculated in the row.

  OR (95% CI)a,b

0.63 (0.29-1.37)
0.82 (0.43-1.56)
0.83 (0.45-1.52)
1.00

0.80 (0.35-1.84)
1.00

0.90 (0.43-1.88)
0.81 (0.39-1.69)
1.00

0.55 (0.27-1.13)
0.49 (0.26-0.93)
1.00

0.71 (0.45-1.11)
1.00

0.86 (0.52-1.42)
1.00

0.84 (0.55-1.29)
1.00

0.72 (0.39-1.32)
0.73 (0.46-1.17)
1.00

1.37 (0.89-2.09)
1.00

0.64 (0.41-1.00)
1.00

1.40 (0.70-2.79)
0.90 (0.53-1.51)
1.28 (0.76-2.16)
1.00

0.70 (0.41-1.20)
1.00

0.39 (0.22-0.70)
0.65 (0.40-1.05)
1.00

0.92 (0.60-1.40)
1.00

7.24 (2.99-17.55)
14.30 (5.94-34.42)
6.15 (2.55-14.85)
1.00
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longer retention (37-39). The prescribed dose should be 
able to prevent withdrawal, block craving and discourage 
patients from reverting to heroin use (20). Our study 
revealed that clients (1) with higher maintenance doses 
or (2) with higher frequency of drug use at baseline had 
more likelihood to return to the MMT program. We 
speculated that those two group clients depended more 
seriously on heroin use, but given their low affordability 
for the drug fees, the clients had to return to the MMT 
program to alleviate the cravings. The US National 
Institutes of Health has recommended methadone doses 
should be not less than 60 mg/day (40). However, both 
staff and clients have a preference for lower doses 
in China (41). Concurrent heroin use was a common 
phenomenon among MMT clients (28,42), especially 
among HIV-infected clients (our unpublished data has 
shown the concurrent opioid use rate for 12 months 
was 98.4%), which could directly lead to drop-out (33). 
A study demonstrated that clients needed higher doses 
when they continued to use drugs during MMT (43). Also 
some scholars hold that HIV-infected clients probably 
require a higher methadone dose (27). However, further 
research is needed to provide solid evidence.
 A daily MMT dose could relieve the drug craving 
for only 24-36 hours (44). If clients do not sufficiently 
adhere to the MMT, the effectiveness of the MMT 
program would be greatly compromised. We found that 
poorer attendance was associated with both re-entry and 
higher frequency of re-entry. The literature suggested 
that MMT-related misconceptions were very prevalent 
among newly recruited MMT clients in China, which 
eventually led to poor compliance and drop-outs (31,45). 
The primary reasons could be i) the clients regard MMT 
as a transient program for drug detoxification, and most 
of them did not want to remain on treatment once their 
addictive reactions are alleviated. However, once they 
leave MMT, they experience the abstinence symptoms 
again and cannot afford heroin, and they had to return to 
MMT (22); ii) many clients did not intend to terminate 
the service completely, since they want to switch back 
and forth freely between heroin use and MMT depending 
on the affordability for drug fees. 
 The present study has limitations. First, like most 
other studies involving high-risk behavior measures, 
recall bias and deliberate concealment are inevitable. 
Second, we could not obtain the reasons for not re-entry 
among those who have been lost to follow-up. Third, 
the enrolment period of this study lasted for seven years, 
demographic characteristics, risk behaviors and treatment 
performance may vary temporally. Fourth, the data of 
this study was extracted from the Chinese National 
MMT Program data system. Characteristics related to the 
participant's HIV infection and antiretroviral treatment 
status (e.g., CD4 counts, HIV viral load, comorbidities, 
biochemical testing results particularly liver functions 
given a substantial proportion of drug users could be co-
infected with HCV) might play an important role in re-

entry to MMT. Yet, that information was registered and 
managed by other special institutions, and we failed to 
obtain them in this study.
 Despite these limitations, this study identified 
some important implications for future harm reduction 
programs targeting re-entry among HIV-infected MMT 
clients in Guangdong. Study results underscore the 
importance of i) providing continuous and efficient 
MMT consulting and health education interventions to 
HIV-infected clients as a strategy to address re-entry; 
also, the study showed that even health professionals had 
misconceptions about MMT (46). Clinic staff plays a 
critical role in retaining the participants in treatment, so it 
is necessary to provide on-going staff training to improve 
the quality of their services, increase their understanding 
of drug addiction and enhance their professionalism; and 
ii) strengthening and/or improving supervision measures 
to potentially improve MMT attendance. In addition, the 
effectiveness of higher-dose MMT vs. the standard dose 
deserves further research investigation.
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one-year period of factors in random forest regression
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1. Introduction

Influenza is a disease caused by a respiratory virus, and 
can infect any age group. The illness ranges from mild 
to severe, and results in the death of thousands annually. 
An outbreak puts tremendous pressure on both clinicians 

and patients. The accurate forecasting of influenza 
outbreaks could facilitate public health officials in 
taking more timely public health actions, such as 
suggesting school closures and allocating or temporarily 
readjusting medical resources for hospitals and medical 
centers. Studies suggest that by accurately forecasting 
the outbreak of influenza and by taking preventative and 
control measures, such as school closures, the impact of 
influenza could be minimized (1-3).
 Time-series forecasting methods, which play an 
important role in disease prediction, analyze the patterns 
of past outbreaks and formulate a forecasting model 
from underlying temporal relationships (4). The auto-
regressive integrated moving average (ARIMA) method 
was first popularized by Box-Jenkins for analyzing 
time-series data (5). The study used this approach to 
investigate the influence of winter holiday break on 

Summary Influenza, a disease caused by a respiratory virus, sickened over 5,043,127 citizens in 
Shenzhen, China, from January 2014 to April 2016. An accurate forecasting of outbreaks 
of influenza-like illness (ILI, here we refer to ILI as the upper respiratory infection) could 
facilitate public health officials to suggest public health actions earlier. In this study, a random 
forest regression constructed with a one-year period of factors was adopted to forecast the 
weekly ILI rate using the clinical data from Shenzhen Health Information Center. The 
following conclusions were drawn based on this method: i) Compared to the predication 
with 52 (one-year) history observations, the accuracy of the predication was improved by 
adding another 52 first-order difference variables: mean absolute percentage error (MAPE) 
decreased from 5.04% to 4.35% and mean squared error (MSE) decreased from 2.85E-04 to 
1.97E-04. ii) The variables with the first-order difference seemed more significant than the 
original history observations during the predication. In addition, both the recent observations 
and the later observations seemed important in the predicating procedure. iii) Analysis using 
the Pearson correlation concluded that weather conditions, the influence of which could have 
been implied by history observations and seemed insignificant for the predication, showed 
correlation to the weekly average temperature and maximum temperature. The correlation 
coefficients were -0.3656 and -0.3583, respectively.
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weekly influenza-like illness rates (6). Unfortunately, 
the ARIMA model suffers from two drawbacks. First, it 
assumes linear relationships between independent and 
dependent variables, and second, a constant standard 
deviation in errors develops in the model over time. 
Reference compared the performance of ARIMA and 
random forest time series to predict avian influenza 
H5N1 outbreaks (7,8), which revealed that random 
forest time series modeling provided enhanced results 
over existing time series models for the prediction of 
infectious disease outbreaks. Instead of utilizing clinical 
data, Google Flu Trends attempted to make accurate 
predictions by aggregating search queries. Although 
it achieved an impressive accuracy of 97% in its early 
stage, Google Flu Trends team no longer published 
current estimates because of its drop in accuracy in the 
interval of 2011-2013 (9,10). A study by the Institute 
of Cognitive Science Osnabrück also attempted to 
predicate flu trends by combining social media data (e.g. 
Twitter) with CDC data (11).
 A key intuition in this study is that a flu season 
could be influenced by the conditions of the past 
year. Therefore the forecasting of weekly influenza-
like illness (ILI) rate should consider not only recent 
observations as used in the traditional approaches (7,8) 
but also much later observations and their difference. 
Therefore, this paper adopted the weekly rate of the 
previous one-year observations and their first-order 
difference to the recent observation as the predicator 
space, and applied this novel predicator space to the 
random forest regression method to forecast the weekly 
ILI rate.

2. Materials and Methods

2.1. Data sources

Weather data were obtained from the Weather Channel 
(https://weather.com/), and clinical data were obtained 
from Shenzhen Health Information Center, which 
collected clinic visit information from January 1, 2014 
to April 10, 2016, from 60 state hospitals, 6 mother and 
child care centers, and 619 community rehabilitation 
centers. Figure 1 illustrates the data, in which the Y axis 
represents the weekly ILI rate and the X axis represents 
outbreak time.

2.2. Methodology

Random forest regression  is a tree-based method that 
involves stratifying or segmenting the predicator space 
into a number of simple regions. To make a prediction 
for a given observation, the mean of the response 
values of the training observations in the same region 
is typically applied. There are two steps to build a 
regression tree as follows:
 i) Divide the predicator space X1,X2, . . .,Xp into j 

distinct and non-overlapping regions, R1,R2, . . . , Rj ; 
 ii) For every observation that falls into region Rj, the 
same predication is made, which is simply the mean of 
the response values for the training observations in Rj.
 By bootstrapping the entire training data set multiple 
times, bagging reduces the high variance to overcome 
the coherent overfitting problem in decision trees. For 
K bootstrapped training sets, the final predication for 
the point x is as follows: 

 All bagged trees look similar to each other if a very 
strong predicator is always selected in the top split. 
Random forest de-correlates decision trees by allowing 
a randomly sampled subset (m features) from the full 
predicator space (p features). Random forest utilizes 
a group of "weak learners" to form a "strong learner" 
thereby improving the classification or regression 
performance. Two parameters are important in the 
random forest algorithm ‒ the number of trees in the 
forest (ntree), and the number of predicators in each 
tree (mtry). In this study, package "randomForest" in R 
was used. The default value for ntree was adopted, and 
the function tuneRF was used to choose the optimal 
value of mtry.
 Predicator space  In this study, three kinds of 
components were chosen as the predicator space: 
history observations, first-order difference values and 
weather conditions. Assuming the current predicated 
point was X0; the first component was the sequence 
X1,X2,X3,…,Xt-1,Xt, where t was 52, and was filled 
with the values of the previous 52 observations 
before X0. The second component was the sequence 
D1,D2,D3,…,Dt, where t was 52, and Dt meant the 
first order difference between X1 and the previous tth 
observation. The third component was composed of 
weather conditions Temperature, Humidity, Wind_
speed, and Maximum_temperature, which denoted the 
weekly average of temperature, humidity, wind speed, 
and maximum temperature, respectively.
 Metrics  Mean absolute percentage error (MAPE) 
and mean squared error (MSE) were used to measure 
the predication accuracy (12). MAPE and MSE are 
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Figure 1. Data from Shenzhen Health Information Center. 
Y axis represents the weekly ILI rate; X axis represents 
outbreak time.
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observations. Figure 2B shows the results of 104 
predicators (52 difference predicators were added), 
which shows that the predication accuracy was 
improved. Compared to the forecast without using 
difference predicators, Table 1 shows that by adding 
the difference predictors MAPE decreased from 
5.04% to 4.35% and MSE decreased from 2.85E-04 
to 1.97E-04. Here, the detailed results of the last two 
experiments were not provided anymore because the 
weather conditions had almost made no influence on the 
predication accuracy.

3.2. Comparison of variable importance

The top six variables in each model were checked 
according to their weights. Then, each variable was 
summed up in all the models, and the average weight 
was obtained and shown in Table 2. The following 
observations were made: i) Without using difference 
predicators, besides the recent variables (such as 

defined as the following formula, respectively:

where At is the actual value and Ft is the forecasted 
value.
 Variable importance  is a predicator ranking based 
on the contribution that predicators make to construct 
a tree. In this study, variable importance was computed 
using the percent increase in MSE, based upon the 
mean decrease of accuracy in predications on the out of 
bag samples when a given variable was excluded from 
the model.

3. Results

3.1. Improved predication accuracy

The data from Jan. 1, 2014, to Oct. 12, 2015 (93 week) 
were used as training data, and the half-year data from 
Oct. 19, 2015, to Apr. 10, 2016 (26 weeks) were used 
as the test data. The experiments were performed by 
iteratively adding a new week of data, training a new 
model based on the updated data, and predicating 
the value for the following week. To investigate the 
influence of different predicators on the predication 
accuracy, the experiments were carried out four times by 
gradually combining more predicators into the predicator 
space. In the first process, 52 recent observation 
variables X1,X2,X3,…,X51,X52 were chosen. In 
the second, 52 difference variables D1,…,D52 were 
combined into the predicator space. In the third, the 
weather conditions were added into the predicator space. 
Finally, the weather conditions were changed into the 
first-order difference values of each weather condition. 
 Figure 2A illustrates the first experiment of the 
weekly ILI rate with the predicator space of 52 recent 

Table 1. Comparison of forecasting with and without difference predicators

Predicator space

Without difference predicators
With difference predicators

MAPE (%)

5.04
4.35

MSE

2.85E-04
1.97E-04

Table 2. Comparisons of variable importance

Variables

Without difference predicators
Name
Weight (%)

With difference predicators
Name
Weight (%)

V1

X1
9.11

D3
5.58

V2

X5
6.85

D4
4.35

V3

X24
4.21

D8
4.15

V4

X25
3.64

X5
3.65

V5

X52
2.44

D34
2.12

V6

X23
1.86

D43
1.64

Figure 2. Predication of Weekly ILI rate with different 
predicator spaces. (A). The predicator space was composed 
of 52 recent observations. The black line illustrates the original 
data, and the red line shows the corresponding predicated 
values. (B). Here, 52 difference predicators were combined into 
the predicator space. The black line illustrates the original data, 
and the red line shows the corresponding predicated values
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X1, X5, etc.), the variables of the middle-distance 
observations (such as X24, X25) and the one-year-away 
observation (such as X52) seemed to be important; ii) 
The variables with the first-order difference seemed 
more important than the original history observations 
since D3, D4 and D8 have heaver weights than X5.

3.3. Analysis of weather conditions

The third and fourth experiments revealed that the 
addition of weather conditions into the predicator space 
did not significantly change the predication accuracy. 
The analysis of variable importance also showed 
that the weather-condition-related variables have no 
significant influence on the predication. However, it is 
already known that weather conditions are somewhat 
related to ILI, the influence of which could be implied 
by the history observations during the predication. 
In this section we did Pearson correlation analysis 
between ILI and weather conditions. We investigated 
the Pearson correlation between weekly ILI rate and the 
weekly average of temperature (T), humidity (H), wind 
speed (WS), the maximum temperature (MaxT), and 
their first-order difference (the corresponding variables 
are notated with a subscript d), respectively. Table 3 
shows the weekly ILI rate in Shenzhen correlated to 
the weekly average temperature and the maximum 
temperature. The correlation coefficients were 
calculated as -0.3656 and -0.3583, respectively.

4. Discussion

Although every flu season is different because of 
environmental conditions and changes in the flu virus 
itself, influenza outbreaks could be influenced and 
predicated by the conditions of past years. The random 
forest methods used in the current studies (7,13,14) 
utilize the window size for lags is no bigger than three, 
which means the influence of later observations are 
not considered. In this study, by evaluating the variable 
importance, we found that both the recent observations 
and the later observations were interesting and had 
significant influence on the predication. The top six 
variables of the Shenzhen data were X1, X5, X24, X25, 
X52, and X23 without the difference predicators, and 
D3, D4, D8, X5, D34, and D43 with the difference 
predicators. However, because of changes in the virus 
and environmental factors, it is difficult to explain how 
and why the later observations influence the current 
predictions of influenza outbreaks. 
 Shenzhen has a humid subtropical maritime 

climate. In the analysis of variable importance, we also 
checked weather conditions, which could influence 
influenza virus transmission (15-17). The weather 
conditions, including the weekly average temperature, 
humidity, wind speed, and maximum temperature, 
seemed insignificant for predication because their 
influence could be implied by the history observations. 
By analyzing the Pearson correlation, we found 
that the weekly average temperature and maximum 
temperature showed correlation to the predicated values 
with correlation coefficients of -0.3656 and -0.3583, 
respectively. Other factors, such as humidity, showed 
no apparent relationship. It was also noticed that by 
averaging the weekly value, the influence of weather 
conditions could be weakened. In the future, this 
conclusion should be verified with the investigation of 
more detailed daily data.

5. Conclusion

In this study, the random forest regression approach was 
adopted to forecast the weekly ILI rate. Compared to 
the predication with 52 one-year-previous observations, 
by adding an additional 52 first-order difference 
variables the accuracy was improved: the error 
decreased from 4.35% to 5.04% in MAPE and from 
2.85E-04 to 1.97E-04 in MSE for the predication of the 
weekly ILI rate using the clinic data from the Shenzhen 
Health Information Center in China. The variables with 
the first-order difference seemed more important than 
the original history observations. However, both the 
recent observations and the later observations seemed to 
be important in the predicating procedure. By analyzing 
the Pearson correlation, the weather conditions, the 
influence of which could have been implied by the 
history observations and seemed insignificant for the 
predication, showed correlation coefficients of -0.3656 
and -0.3583, respectively, to the weekly average 
temperature and the maximum temperature.
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Posttraumatic stress disorder eliminates association of TrkB 
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1. Introduction

Post-traumatic stress disorder (PTSD) is a prevalent, 
chronic and disabling anxiety disorder (1). It usually 
develops following exposures to traumatic events such 
as natural disasters, threatened deaths, serious injuries 
and sexual violence, and is characterized by an inability 
to extinguish fear memories (2-4). Evidences have 
been reported for a strong link between PTSD and 

higher prevalence of cardiovascular diseases (CVD) 
(5,6). Meanwhile, abnormalities of serum lipid profiles 
are the major traditional risk factors of CVD, which 
include increased levels of serum triglycerides (TG), 
total cholesterol (TC) and more widely recognized low-
density lipoprotein cholesterol (LDL-C), and decreased 
levels of high-density lipoprotein cholesterol (HDL-C) 
(7,8). Moreover, it was found that the levels of TC, 
TG and LDL-C were elevated but the level of HDL-C 
was reduced in war veterans with chronic PTSD 
when compared with healthy control subjects (9-11). 
However, in other studies, no significant differences 
were found in the levels of serum TC, LDL-C and 
HDL-C between veterans with and without PTSD (12). 
The mechanisms of these discrepancies have not been 
elucidated yet.
 Brain-derived neurotrophic factor (BDNF) is one 
of the neurotrophins, which can exert its functions by 

Summary Tropomyosin-related kinase receptor B (TrkB) has been observed to be a common player 
in posttraumatic stress disorder (PTSD) and the regulation of serum lipids levels. However, 
interplays of PTSD with TrkB on serum lipids levels have not been explored yet. This study 
was to investigate the interplays of PTSD and TrkB rs1187327 on serum lipid profiles. 
Variants of TrkB rs1187327 of 709 high school students were identified by polymerase 
chain reaction-restriction fragment length polymorphism (PCR-RFLP) analyses and 
verified by DNA sequencing. The PTSD Checklist Civilian Version (PCL-C) was used to 
assess PTSD. Colorimetric methods were used to determine the serum levels of triglyceride 
(TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density 
lipoprotein cholesterol (LDL-C) and glucose. The results show that the GG homozygotes 
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HDL-C in general healthy adolescents, but not in adolescents with PTSD.
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activating the tropomyosin-related kinase receptor 
B (TrkB) (13), the high affinity receptor of BDNF. 
It was observed that BDNF was associated with 
memory and learning (14). Decreased levels of BDNF 
in various brain regions have been reported to be 
involved in psychiatric disorders and neurodegenerative 
pathogeneses (15). Single-nucleotide polymorphisms 
(SNPs) at the gene of BDNF were demonstrated to be 
indispensable to establish genetic risk factors for the 
onset and development of mental disorders including 
PTSD (16). For example, the SNP of Val66Met 
polymorphism has been confirmed to be related 
with PTSD (17). This polymorphism was tested to 
be associated with impaired fear extinction that was 
an indispensable character of PTSD (18). Moreover, 
previous studies have demonstrated that BDNF plays 
an important role in the regulation of glucose and lipids 
metabolisms. It was revealed that the serum level of 
BDNF was positively correlated with the serum levels 
of TG, TC and LDL-C (19-21). On the other hand, the 
transgenic mice overexpressing TrkB gene were reported 
to have enhanced ability to extinct fear memories (22), 
although this effect was not confirmed by the knockout 
of the gene because it resulted in that mice rarely 
survived beyond three weeks and the rest survived 
mice had serious health problems (23,24). Furthermore, 
the association of TrkB with serum lipid profiles has 
also been revealed. It was reported that there was a 
decreasing trend of HDL-C level in the transgenic mice 
overexpressing TrkB when compared with the control 
mice (25). All these evidences suggest that TrkB is 
involved in not only the development of PTSD but also 
the regulation of serum lipid profiles. Exploring the 
interactions between PTSD and TrkB on serum lipid 
profiles may provide novel insights into the regulation 
of lipoprotein metabolisms and the pathophysiological 
mechanism of dyslipidemia. Therefore, we hypothesized 
that PTSD may affect the association of TrkB with 
the levels of serum lipids. To test our hypothesis in 
the present study, the effect of PTSD on the levels of 
serum lipids was analyzed in high school students with 
different genotypes of the rs1187327 polymorphism 
at the gene of TrkB (TrkB rs1187327) 6 months after 
Wenchuan earthquake, a catastrophic disaster occurred 
on May 12, 2008. The earthquake, measuring 8.0 on 
the Richter scale, extended about 10 thousand km2, 
destroyed about 6.5 million houses and left about 15 
million people evacuated from their homes. According 
to the official statistics, 69 thousand people were 
confirmed dead and 37 thousand people injured. TrkB 
rs1187327 polymorphism was selected in this study 
because it had been frequently studied and may have an 
effect on splicing or expression (26). In addition, studies 
have shown that TrkB rs1187327 may contribute to 
the risk of mental diseases (27,28). To our knowledge, 
interactions between PTSD and TrkB rs1187327 on the 
levels of serum lipids have not been explored before.

2. Materials and Methods

2.1. Study population

This study was conducted at the 6th month after the 2008 
Wenchuan Earthquake in a boarding high school situated 
10 kilometers away from the epicenter of the earthquake. 
The earthquake destroyed almost all the buildings at 
the school. The students lived and studied in temporary 
houses after the earthquake before their school was 
rebuilt.
 The students were selected from grade 11 for 
this study. A total of 746 students participated in the 
questionnaire survey, 737 (98.8%) of the students 
completed the questionnaire. A total of 709 students 
were finally included in the study. The other students 
were excluded because (i) they did not complete all the 
questionnaires in the survey; (ii) they provided more 
than one answers for single-answer question, and/or no 
answers were chosen for any questions; (iii) their blood 
were not sampled because of personal reasons; and (iv) 
they had diseases, medications or other interferences 
that influenced serum lipid profiles or PTSD. The 
included 709 students were all Chinese Han people. 
All the students and their guardians provided written 
consents. This study was approved by the Human 
Ethics Committee of Sichuan University. All procedures 
performed in studies involving human participants 
were in accordance with the ethical standards of 
the institutional and/or national research committee 
and with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards.

2.2. Measurements

The measurement instrument consisted of two 
parts. The first part was used to assess demographic 
characteristics including gender, age, height and weight. 
Body mass index (BMI) was calculated. In the second 
part, the PTSD Checklist Civilian Version (PCL-C) was 
used to assess the symptoms of PTSD. It consists of 17 
items based on Diagnostic and Statistical Manual of 
Mental Disorders, 4th edition (ASM-IV) criteria (27), 
with a total score from 17 to 85 (28). Cronbach's α 
coefficient of the PCL-C ranged from 0.891 to 0.894 in 
the present study. The score of 50 was selected as cut-
off point for PTSD (29-31).

2.3. DNA extraction and genotyping

Peripheral venous blood was sampled into sterile 
anticoagulant tubes. Genomic DNA was extracted 
using Wizard Genomic DNA Purification Kit (Tiandz, 
China) according to the procedure provided by the 
manufacture. TrkB rs1187327 was genotyped by 
polymerase chain reaction restriction-fragment length 
polymorphism (PCR-RFLP) method and verified by 
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TrkB rs1187327. One-way ANOVAs were used to 
evaluate the differences of serum lipid levels and the 
related metabolic indices in the subjects with different 
genotypes of TrkB rs1187327 before the adjustment 
for age, gender and BMI as covariates. Analyses of 
covariance (ANCOVA) with age, gender and BMI 
as covariates were used to analyze the differences of 
TC, TG, HDL-C, LDL-C and glucose in subjects with 
and without PTSD or/and with different genotypes of 
TrkB rs1187327. Age, gender and BMI were used as 
covariates because impacts of these variables were 
observed on serum lipids concentrations (12,32). All 
statistical analyses were 2-tailed with p ≤ 0.05 as the 
level of significance.

3. Results

3.1. Distribution of the genotypes of TrkB rs1187327

As shown in Table 1, there was no significant deviation 
from Hardy-Weinberg equilibrium in the distribution 
of the genotypes of TrkB rs1187327 (p = 0.987). 
Moreover, no significant differences were found of the 
genotypes between the male and female subjects (p = 
0.401).

3.2. Prevalence of PTSD in the subjects with different 
genotypes of TrkB rs1187327

For the further analyses, the AA homozygotes were 
combined with the heterozygotes and designated as 
the A allele carriers (AA/AG) because of the limited 
number. The prevalence of PTSD is shown in Table 
2 for the subjects with different genotypes of TrkB 
rs1187327. There was no significant difference between 
the GG homozygotes and the A allele carriers in the all 
subjects, the male subjects or the female ones. However, 
the female subjects had higher prevalence of PTSD 
than the male subjects in both the GG homozygotes (p 

DNA sequencing. The DNA fragments containing 
TrkB rs1187327 were amplified using primers of 
5'-GATGTTGAGCAGGCGTGATA-3' (forward) and 
5'-GCAACACACAACTTGCTGAAA-3' (reverse). 
DNA templates were denatured at 95°C for 5 min 
followed by 30 cycles consisting of denaturing at 95°C 
for 30 s, annealing at 56°C for 30 s and extension at 
72°C for 30 s, with a final extension at 72°C for 5 min. 
The 341 bp PCR products were incubated with 4 units 
of Eco47I (Shanghai) at 37°C for 12 hours. The digested 
fragments were then separated by electrophoresis on 2% 
agarose gel. The separated DNA fragments were 341 
bp for the AA genotype, and 245 and 96 bp for the GG 
genotype.

2.4. Blood collection and serum lipids analyses

Venous blood samples were collected between 7:00 
a.m. and 8:00 a.m. after twelve-hour fasting. Enzymatic 
methods were used to determine the serum concentrations 
of TC, TG and glucose. HDL-C concentration was 
measured enzymatically after phosphotungstic-Mg2+ 

precipitation of apolipoprotein B-containing lipoproteins. 
LDL-C concentration was quantified in the semi-
automated biochemistry analyzer by the polyvinyl sulfate 
precipitation method. All biochemical parameters were 
measured three times, and the average values were used 
for statistical analyses.

2.5. Statistical analyses

All the data are presented as mean ± standard deviation 
(SD) unless otherwise stated. The χ2 goodness-of-fit test 
was performed to assess whether the genotypes of TrkB 
rs1187327 were in the Hardy-Weinberg equilibrium. 
Chi-square tests were used to analyze the distribution 
of genotypes and PTSD prevalence between the 
male and female subjects, or PTSD prevalence 
between the subjects with different genotypes of 

Table 1. Distribution of the genotypes of TrkB rs1187327

Genotype

AA
AG
GG

Total n (%)

125 (17.6)
342 (48.2)
242 (34.1)

Hardy-Weinberg p

0.987

† Males vs. females by Chi-Square tests.

Males n (%)

   60 (19.2)
 153 (49.0)
   99 (31.7)

Females n (%)

    65 (16.4)
  189 (47.6)
  143 (36.0)

p†

0.401

Table 2. Prevalence of PTSD in the subjects with different genotypes of TrkB rs1187327

PTSD

With
Without

    All (%)

  48 (10.3)
419 (89.7)

      
AX

 Males (%)

  14 (6.6)
199 (93.4)

Data are expressed as n (%).  #p < 0.05 when compared with that of the male students.

Females (%)

34 (13.4)#

22 (86.6)

     All (%)

  27 (11.2)
215 (88.8)

   
GG

Males (%)

   4 (4.0)
 95 (96.0)

Females (%)

  23 (16.1)#

120 (89.3)
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= 0.003) and the A allele carriers (p = 0.016).

3.3. Anthropometric and biochemical characteristics of 
the subjects with different genotypes of TrkB rs1187327

As presented in Table 3, there were no significant 
differences of the serum lipids levels between the 
GG homozygotes and the A allele carriers before the 
adjustment for age, gender and BMI. However, the 
GG homozygotes had a significantly higher level of 
HDL-C than the A allele carriers after the adjustment 
for gender, age and BMI although no other differences 
were observed after the adjustment.

3.4. Effects of PTSD on the association of TrkB rs1187327 
with anthropometric and biochemical characteristics

Table 4 presented the anthropometric and biochemical 
characteristics of the subjects with different genotypes 
of TrkB rs1187327 and with or without PTSD. Before 
the adjustment for age, gender and BMI, the GG 
homozygotes without PTSD had significantly higher 
level of TG than the A allele carriers without PTSD. No 
other significant differences were observed between the 

GG homozygotes and the A allele carriers in control 
or PTSD subjects. After the adjustment of age, gender 
and BMI, the GG homozygotes had significantly higher 
level of HDL-C than the A allele carriers only in the 
control subjects, but not in the subjects with PTSD. No 
other significant differences were tested between the GG 
homozygotes and the A allele carriers in control or PTSD 
subjects.

4. Discussion

BDNF-TrkB signaling pathway has been found to play 
an important role in lipid metabolism (19). However, 
the association of TrkB with serum lipid profiles has 
not been explored yet in human being, although it has 
been reported that there is a decreasing trend of HDL-C 
level in the transgenic mice overexpressing TrkB when 
compared with the control mice (25). Moreover, BDNF-
TrkB signaling pathway has also been found to be an 
important player in the development of PTSD after 
stressed (15-17). Therefore, exploring the interplays of 
TrkB with PTSD on serum lipid profiles may provide 
novel insights into the mechanism of the regulation 
of serum lipids levels and pathophysiology of CVD, 

Table 3. Anthropometric and biochemical characteristics of the subjects with different genotypes of TrkB rs1187327

Variables

Gender: female, n (%)
Age, year
BMI, kg/m2

TC, mmol/L
TG, mmol/L
HDL-C, mmol/L
LDL-C, mmol/L
Glucose, mmol/L

AX, n =  467

254 (54.4%)
16.9 ± 0.574
20.2 ± 2.21
3.56 ± 0.559
1.10 ± 0.419
1.39 ± 0.266
1.66 ± 0.476
5.08 ± 0.422

BMI: body mass index; TG: triglycerides; TC: total cholesterol; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein 
cholesterol; ANCOVA : analysis of covariance. a Analyses of covariance with the adjustment for age, gender and BMI.

GG, n = 242

143 (59.1%)
16.9 ± 0.613
20.4 ± 2.48
3.64 ± 0.600
1.14 ± 0.479
1.44 ± 0.299
1.68 ± 0.511
5.06 ± 0.460

p-Value

0.012
0.370
0.368
0.178
0.074
0.119
0.702
0.374

ANCOVA, p-Valuea

‒
‒
‒

0.178
0.613
0.036
0.858
0.619

Table 4. Effects of PTSD on the association of TrkB rs1187327 with anthropometric and biochemical characteristics

Variables

Gender: female, n (%)

Age, year

BMI, kg/m2

TC, mmol/L

TG, mmol/L

HDL-C, mmol/L

LDL-C, mmol/L

Glucose, mmol/L

        AX

220 (52.5%)
  34 (55.8%)
16.9 ± 0.571
16.9 ± 0.598
20.1 ± 2.18
21.0 ± 2.32
3.54 ± 0.547
3.72 ± 0.631
1.08 ± 0.376
1.29 ± 0.665
1.39 ± 0.267
1.41 ± 0.263
1.65 ± 0.463
1.72 ± 0.577
5.09 ± 0.427
5.00 ± 0.371

a Comparisons of those between the GG homozygotes and the A allele carriers in the control or PTSD subjects. b Analyses of covariance with the 
adjustment for gender, age and BMI.

      GG

120 (70.8%)
  23 (85.2%)
16.9 ± 0.608
17.0 ± 0.649
20.2 ± 2.31
22.1 ± 3.17
3.62 ± 0.592
3.77 ± 0.661
1.12 ± 0.447
1.29 ± 0.671
1.44 ± 0.293
1.41 ± 0.340
1.67 ± 0.474
1.78 ± 0.621
5.06 ± 0.439
4.99 ± 0.466

p-Valuea

0.450
0.260
0.459
0.525
0.870
0.130
0.122
0.740
0.030
0.890
0.229
0.247
0.629
0.878
0.566
0.358

ANCOVA, p-Valuea,b

‒
‒
‒
‒
‒
‒

0.128
0.798
0.351
0.277
0.030
0.866
0.853
0.880
0.623
0.895

Group

Control
PTSD

Control
PTSD

Control
PTSD

Control
PTSD

Control
PTSD

Control
PTSD

Control
PTSD

Control
PTSD
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especially in the subjects with PTSD. However, these 
interplays have not reported yet. In the present study, 
the association of TrkB rs1187327 with the levels of 
serum lipids was investigated in high school students 
with or without PTSD. The results demonstrated that the 
GG homozygotes of TrkB rs1187327 had significantly 
higher levels of HDL-C than the A allele carriers after 
the adjustment for gender, age and BMI (Table 3). When 
PTSD was taken into account, the higher than the A 
allele carriers levels of HDL-C of the GG homozygotes 
were observed significant after the adjustment for 
gender, age and BMI only in the subject without PTSD, 
but not in the subjects with PTSD (Table 4). These 
results suggest that TrkB rs1187327 may be associated 
with the serum level of HDL-C and PTSD can modify 
and eliminate the association.
 Plasma BDNF was found to be correlated with 
TG levels (33). In contrast, the expression of TrkB in 
endothelium was reduced in atherosclerotic lesions in 
the patients with high levels of TC, TG, LDL-C and 
glucose, when compared with that in the subjects with 
normal lipid profiles (34). Low levels of BDNF were 
reported to be in concurrence with reduced glucose 
metabolism and decreased HDL-C levels in Chinese 
people (35,36). However, a decreasing trend of HDL-C 
level was observed in the transgenic mice overexpressing 
TrkB when compared with the control mice (25). All 
these evidences suggest associations of TrkB with serum 
lipid profiles although they are indirect and inconstant. 
In the present study, the levels of HDL-C of the GG 
homozygotes were observed significant higher than 
the A allele carriers after the adjustment for gender, 
age and BMI only in the subject without PTSD, but 
not in the subjects with PTSD (Table 4). This result 
may be one of the explanations of the inconsistent 
relationship reported before between TrkB and the levels 
of serum lipids, and suggest that psychological factors 
such as PTSD need to be taken into account when the 
relationship is investigated. TrkB rs1187327 is located 
in introns (26). The structure and the related functions 
of the encoded protein should not be changed. However, 
it has been observed that TrkB rs1187327 is associated 
with psychiatric disorders such as bipolar disorder (26) 
and Alzheimer's disease (37). Therefore, the mutants 
of TrkB rs1187327 may play a role in splicing or 
expression levels (26). Other mechanism such as linkage 
disequilibrium is also needed to be taken into account. 
There were some limitations in the present study. Firstly, 
serum levels of TrkB were not measured. Secondly, the 
levels of TrkB mRNA were not tested.
 In conclusion, there may be some interplays of 
TrkB rs1187327 with PTSD on serum lipid profiles, 
together with age, gender and BMI. After the adjustment 
of age, gender and BMI, the GG homozygotes had a 
significantly higher level of HDL-C than the A allele 
carriers. When PTSD was taken into account, the GG 
homozygotes had significantly higher levels of HDL-C 

than the A allele carriers only in the control subjects, 
but not in the subjects with PTSD. These results suggest 
that the A allele of TrkB rs1187327 may be associated 
with decreased level of serum HDL-C in general healthy 
adolescents, but not in adolescents with PTSD. This 
finding of the present study may provide new insights 
into the regulations of serum lipids levels and their 
mechanisms, and pave the way to precision medical 
intervention to reduce risks of cardiovascular diseases in 
young subjects, especially those with different genotypes 
of TrkB rs1187327 and with or without PTSD.
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1. Introduction

Trichomonas vaginalis (T. vaginalis) is a flagellated 
protozoan parasite that inhabits the vagina of females 
and the urethra, prostate gland, and epididymis of males 
(1). The WHO estimates that trichomoniasis affects more 
than 276 million people each year, with a worldwide 
prevalence of 22% for women and 2.2% for men (2). 
Trichomoniasis is more symptomatic in females than 

males. Symptoms in females can be debilitating and 
severe, such that 89% of the diagnosed cases are in 
women. T. vaginalis has emerged as a major pathogen 
of non-gonococcal urethritis and may contribute to male 
infertility (3-5).
 The traditional method for detecting trichomoniasis 
involves examination of samples using direct light 
microscopy. More recent studies have used culturing, 
serological diagnosis, and other molecular methods to 
detect trichomoniasis. For example, the 18S ribosomal 
RNA gene is conserved in primary structure, making 
it a good target for detecting T. vaginalis by PCR. In 
addition, PCR-based gene sequencing has been used to 
examine T. vaginalis genotypes (6-9). Conrad et al. used 
27 polymorphic markers, including 21 microsatellite 
and 6 single-copy genes, to study genetic diversity in 
T. vaginalis and identified two population types (6). 
Previous studies had also been done on the relationship 
between its genotype and the clinical presentation 
of trichomoniasis, including drug susceptibility and 

Summary Trichomonas vaginalis (T. vaginalis) is a flagellated protozoan parasite that infects humans 
worldwide. This study determined the sequence of the 18S ribosomal RNA gene of T. vaginalis 
infecting both females and males in Xinjiang, China. Samples from 73 females and 28 males 
were collected and confirmed for infection with T. vaginalis, a total of 110 sequences were 
identified when the T. vaginalis 18S ribosomal RNA gene was sequenced. These sequences 
were used to prepare a phylogenetic network. The rooted network comprised three large 
clades and several independent branches. Most of the Xinjiang sequences were in one 
group. Preliminary results suggest that Xinjiang T. vaginalis isolates might be genetically 
unique, as indicated by the sequence of their 18S ribosomal RNA gene. Low migration rate 
of local people in this province may contribute to a genetic conservativeness of T. vaginalis. 
The unique genetic feature of our isolates may suggest a different clinical presentation of 
trichomoniasis, including metronidazole susceptibility, T. vaginalis virus or Mycoplasma co-
infection characteristics. The transmission and evolution of Xinjiang T. vaginalis is of interest 
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microbial symbiosis (6-9).
 Most studies of T. vaginalis focus on women, 
with samples collected from vaginal swabs. Genetic 
information from Trichomonas in male patients remains 
largely unknown. In this study, we extracted DNA from 
vaginal swabs of women and semen samples of men, 
respectively, infected with T. vaginalis in Xinjiang 
Province, China. The 18S ribosomal gene of T. vaginalis 
was amplified and analyzed to evaluate the molecular 
epidemiology of T. vaginalis in this multi-ethnic region. 
Preliminary results suggest that a unique 18S ribosomal 
RNA gene of T. vaginalis was detected in these samples.

2. Materials and Methods

2.1. Sample collection

Seventy-three women and 28 men of childbearing age 
(range, 20-39 years) who attended the First Affiliated 
Hospital of Xinjiang Medical University and produced 
leukorrhea or semen infected with T. vaginalis were 
selected for the present study. The participants included 
several ethnic groups, including 63 Han, 20 Uyghur, 
6 Mongolian, 6 Kazakh, 3 Hui, 1 Khalkhas, and 2 
foreigners (from Russia, 22 and 38 years old). Detailed 

participant information is presented in Table 1. The 
institutional ethics committees of the First Teaching 
Hospital of Xinjiang Medical University approved the 
protocol (Ethics approval number: 20150402-06).

2.2. Sample evaluation by microscopy and genomic DNA 
extraction

Leukorrhea from women or semen from men was 
collected after 3-5 days of sexual abstinence. Leukorrhea 
was examined from a direct smear, and semen analysis 
was conducted strictly according to the WHO guidelines 
(10). All samples were examined using a microscope to 
verify the presence of a T. vaginalis infection. Samples 
were then sent immediately to the protozoan laboratory. 
Total genomic DNA from all fresh samples was extracted 
using the DNeasy Blood and Tissue Kit (Tiangen, 
Beijing, China) according to the manufacturer's protocol. 
Extracts were stored at -20°C before being tested.

2.3. PCR amplification and sequencing

A set of primers was designed to target the conserved 
regions of the 18S ribosomal genes of T. vaginalis. 
The sequences were selected from regions of the 18S 
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Table 1. Ethnicity and age of patients included in this study

Sample

XJ-F3
XJ-F4
XJ-F8
XJ-F9
XJ-F11
XJ-F13
XJ-F15
XJ-F16
XJ-F17
XJ-F18
XJ-F19
XJ-F21
XJ-F22
XJ-F23
XJ-F25
XJ-F27
XJ-F28
XJ-F32
XJ-F33
XJ-F34
XJ-F36
XJ-F37
XJ-F38
XJ-F42
XJ-F45
XJ-F47
XJ-F50
XJ-F51
XJ-F52
XJ-F57
XJ-F58
XJ-F59
XJ-F60
XJ-F61

Ethnicity

Uyghur
Han
Han
Han
Han
Han
Uyghur
Mongolian
Kazakh
Han
Han
Han
Han
Uyghur
Han
Uyghur
Han
Mongolian
Han
Han
Han
Uyghur
Kazakh
Mongolian
Han
Han
Han
Han
Han
Han
Kazakh
Han
Uyghur
Han

Age

28
36
23
27
27
24
29
38
27
39
24
32
32
26
32
26
21
36
29
34
25
32
24
31
20
25
25
20
39
32
30
24
26
23

Sample

XJ-F62
XJ-F64
XJ-F65
XJ-F68
XJ-F73
XJ-F74
XJ-F77
XJ-F78
XJ-F79
XJ-F81
XJ-F83
XJ-F85
XJ-F86
XJ-F88
XJ-F90
XJ-F93
XJ-F94
XJ-F98
XJ-F101
XJ-F102
XJ-F104
XJ-F106
XJ-F107
XJ-F109
XJ-F110
XJ-F111
XJ-F113
XJ-F117
XJ-F119
XJ-F120
XJ-F123
XJ-F127
XJ-F128
XJ-F129

Ethnicity

Han
Han
Han
Han
Han
Han
Uyghur
Kazakh
Han
Kazakh
Uyghur
Han
Han
Han
Hui
Kazakh
Han
Khalkhas
Mongolian
Uyghur
Uyghur
Han
Uyghur
Han
Uyghur
Uyghur
Uyghur
Mongolian
Han
Mongolian
Han
Han
Han
Han

Age

27
39
28
37
38
34
36
24
25
27
25
24
37
26
30
31
26
26
25
38
37
39
39
38
31
23
39
27
38
27
32
25
35
27

Sample

XJ-F130
XJ-F132
XJ-F133
XJ-F134
XJ-F135
XJ-M1
XJ-M2
XJ-M3
XJ-M4
XJ-M5
XJ-M6
XJ-M7
XJ-M8
XJ-M9
XJ-M11
XJ-M12
XJ-M13
XJ-M14
XJ-M15
XJ-M16
XJ-M17
XJ-M18
XJ-M19
XJ-M21
XJ-M22
XJ-M23
XJ-M24
XJ-M25
XJ-M26
XJ-M27
XJ-M28
XJ-M29
XJ-M30

Ethnicity

Han
Uyghur
Uyghur
Han
Uyghur
Han
Han
Han
Han
Han
Han
Uyghur
Han
Uyghur
Uyghur
Han
Other ethnic
Hui
Han
Han
Hui
Han
Other ethnic
Han
Han
Han
Han
Han
Han
Han
Han
Han
Han

Age

39
29
23
33
38
28
29
27
39
39
25
39
39
28
35
24
22
26
38
38
22
31
38
39
30
31
26
28
34
38
36
31
39
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and sequenced. PCR analysis of 73 samples from 
females identified 75 T. vaginalis 18S ribosomal RNA 
sequences (labeled XJ-F1 through XJ-F75). In the 
samples from 28 males, 35 T. vaginalis 18S ribosomal 
RNA sequences were identified (labeled XJ-M1 through 
XJ-M35)To construct a rooted phylogenetic network, 
the 110 sequences identified in this study and another 46 
reference sequences reported in Genbank were included.
 In the distance-based network generated from the 
18S ribosomal RNA gene, T. vaginalis separated into 
three main clusters (Figure 1). The majority of Philippine 
sequences were located close to the root, while the 
majority of the Xinjiang sequences were located far from 
the root. The network revealed high diversity in 18S 
ribosomal RNA gene sequences in isolates from Xinjiang 
males' isolates.
 Sequences of T. vaginalis clearly separated into three 
groups using visual assessment of the FCA plot (Figure 
2). The majority of Xinjiang sequences differed from 
the majority of Henan and Philippine sequences. Group 
sequence compositions are as follows: Group 1, 59 from 
Xinjiang females, 32 from Xinjiang males of this study, 
with 16 previously reported sequences (4 Philippine, 12 
Henan); Group 2,12 Xinjiang females, 3 Xinjiang males, 
8 Henan, and 3 Philippine; Group 3, 4 Xinjiang females, 
12 Henan, and 7 Philippine. No significant differences 
between groups were observed with respect to Xinjiang 
sample ethnicity or age in this study (Figure 3).
 Quantifiable data revealed both high haplotype 
diversity (0.957) and nucleotide diversity (0.00738) 
of 18S ribosomal RNA gene sequences from Xinjiang 

ribosomal gene that differed from those of T. tenex, 
Tritrichomonas foetus, Candida albicans, and other 
common pathogens found in the human urogenital 
system. The primer sequences were as follows: T. 
vaginalis S, 5′-ATC AGA GGC ACG CCA TTC-3′; T. 
vaginalis AS, 5′-CGC CCT TGA TCG ACA GAA-3′. 
PCR was performed using the thermal cycler Gene Amp 
PCR system (BIO-RAD).
 Standard PCR was conducted using a total volume 
of 50 μL. The master mix contained 5 μL 10× ExTaq 
buffer (Mg2+ plus), 4 μL of the four deoxynucleoside 
triphosphates (2.5 μM each), 2.5 μL of each primer 
(20 μM each), 0.25 μL ExTaq DNA polymerase (5 U/
μL, Takara), 2 μL DNA, and 33.75 μL double distilled 
sterile water. The amplification procedure included 3 
min of denaturation at 94°C followed by 35 cycles of 15 
s denaturation at 94°C, 30 s annealing at 60°C, and 30 s 
extension at 72°C. A final extension step at 72°C for 7 
min was also included in each cycle.
 PCR products were separated by horizontal gel 
electrophoresis at 100 volts on a 2% agarose gel in Tris-
acetate-EDTA buffer and visualized using an ultraviolet 
transilluminator after ethidium bromide staining. The 
size of the amplified product (582 bp) was determined 
by comparison to a commercial 100-bp DNA ladder 
(Takara). The AxyPrep DNA Gel Extraction kit 
(Corning, Inc., Corning, NY, USA) was used to extract 
the desired band, and the product was sequenced. For 
the double peak signal products, the pMD 19T vector 
(Takara), E.coli JM109 (Takara), and the AxyPrep 
Plasmid Miniprep kit (Corning) were used to clone the 
products. At least five clones of each sample were sent 
for sequencing.

2.4. Gene analysis

Gene sequences were analyzed to ensure that the 
sequences were from T. vaginalis. Multiple sequence 
comparisons were made using Clustal W in software 
BioEdit 7.0.5.3 (11). Genetic distances were calculated 
using the Maximum Composite Likelihood settings in the 
software MEGA 5 (12) and were then sent to SplitsTree 
4.13.1 (13) to create a phylogenetic network that 
accounts for reticulation events such as hybridization, 
horizontal gene transfer, and recombination.
 A factorial correspondence analysis (FCA) 
representing the proximity between each individual 
genotype in a 2D plot was performed based on the 18S 
ribosomal gene frequencies using GenAlEx 6.5. The 
haplotype diversity and nucleotide diversity of these 
gene sequences between different groups were calculated 
using DnaSPv5 software.

3. Results

After extracting DNA from fresh samples, partial T. 
vaginalis 18S ribosomal gene sequences were amplified 

Figure 1. Network based on the 18S ribosomal RNA gene 
sequence of T. vaginalis. Network presenting the genetic 
relationships between Chinese and Philippine isolates as 
determined using SplitsTree 4. Colors indicate Xinjiang 
females (blue), Xinjiang males (red), Chinese Henan (green), 
and Philippine (yellow) sequences. Single symbol, one sample 
included; 3-symbol stack, 2-10 samples included; 5 symbol 
stack, > 10 samples included.
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males. Mongolian samples of Xinjiang females also 
indicated high haplotype diversity (0.867) and nucleotide 
diversity (0.00289). No significant diversity was 
observed between Xinjiang samples with respect to ages 
(Table 2).

4. Discussion

Approximately 1% of male patients in the First Affiliated 
Hospital of Xinjiang Medical University were positive 
for T. vaginalis upon examination of urine samples by 
microscopy. However, the detection rate of T. vaginalis 
in semen samples was about 4%. PCR has been used 
to study the related molecular epidemiology of T. 
vaginalis infection (14-16). In this study, all the samples 
were confirmed for the existence of trophozoites of T. 
vaginalis in semen by microscopy and unique sequences 
of the 18S ribosomal RNA gene of T. vaginalis existed 
in Xinjiang male patients.

 Several T. vaginalis sequences have been reported 
to date, and most of the 18S gene sequences have 
been reported in Chinese and Philippine studies (17-
19). Previous studies indicate a relationship between 
T. vaginalis genotype and the clinical presentation 
of trichomoniasis (7,20,21). In this study, a distance-
based network was constructed with three large clusters 
and many branches. The data suggest that Xinjiang T. 
vaginalis isolates might be genetically unique, although 
the results are preliminary. Thus the transmission and 
evolution of Xinjiang T. vaginalis is of interest and 
should be studied further.
 A previous study showed that ethnicity is associated 
with T. vaginalis infection (22). In our study, Mongolian 
Xinjiang females were highly diverse with respect to 
haplotype and nucleotide sequences, comprising 3 
groups. Samples from individuals other than Han were 
too few to make a reliable conclusion. The relationship 
between patient age and T. vaginalis 18S ribosomal RNA 
gene sequence was also investigated, but no significant 
clustering of samples was indicated based on age. The 
clusters indicated in this study must be confirmed using 
a larger patient cohort. Awareness of the molecular 
epidemiology of T. vaginalis in both females and males 
may be beneficial for disease diagnosis and treatment.
 Previous study determined high genetic diversity 
within the T. vaginalis parasite isolated from world-
wide regions in North America, Africa, Europe, Asia 
and Australia, and it was also found that the genotype 
characteristics remained stable in parasites. These studies 
had been done on the genotype of T. vaginalis and 
the relationship between its genotype and the clinical 
presentation of trichomoniasis, including metronidazole 
susceptibility, the presence of T. vaginalis virus (TVV) 
and Mycoplasma hominis (6-9). In this study, all the 
samples were collected from Xinjiang and the low 

Figure 3. Group distribution of Xinjiang samples with 
respect to ethnicity and age. Y-axis, number of sequences; 
X-axis, sequence diversity of Xinjiang samples with respect 
to ethnicity and age. Sequences were divided into 3 groups 
according to principal coordinates analysis (as in Figure 2); 
Xinjiang females (blue), Xinjiang males (red), Chinese Henan 
(green), and Philippine (yellow) sequences

Figure 2. Principal coordinate analysis of T. vaginalis 
populations. The first and second coord extracted 38.75% 
and 11.76% of the total genetic variance, respectively. Colors 
indicate Xinjiang females (blue), Xinjiang males (red), Chinese 
Henan (green), and Philippine (yellow) sequences. The number 
of different populations included in each group is presented in 
the black textbox.

Table 2. Diversity of 18S ribosomal RNA gene sequence in 
T. vaginalis

Items

China Xinjiang (females)
China Xinjiang (males)
China Henan
Philippines
China Xinjiang (females)
     Han 
     Uyghur
     Kazakh
     Mongolian 
China Xinjiang (male)
     Han
     Uyghur
     Hui
China Xinjiang (females)
     20 - 29 years old
     30 ± 39 years old
China Xinjiang (males)
     20 ± 29 years old
     30 ± 39 years old

   Haplotype 
diversity ± SD

0.737 ± 0.036
0.957 ± 0.026
  0.81 ± 0.031
0.703 ± 0.095

0.397 ± 0.09
0.404 ± 0.13
0
0.867 ± 0.129

0.961 ± 0.028
       1 ± 0.177
       1 ± 0.5

  0.39 ± 0.092
0.442 ± 0.1

0.987 ± 0.035
0.931 ± 0.046

     Nucleotide 
   diversity ± SD

0.00374 ± 0.00034
0.00738 ± 0.00083
0.00325 ± 0.00026
  0.0023 ± 0.00042

  0.0015 ± 0.00039
0.00103 ± 0.00038
0
0.00289 ± 0.00053

0.00711 ± 0.00095
0.01055 ± 0.00261
0.00842 ± 0.00421

0.00122 ± 0.00034
0.00168 ± 0.00042

0.00864 ± 0.00104
0.00632 ± 0.00106
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migration rate of local people in this province may 
contribute to genetic conservativation of T. vaginalis. 
Our results demonstrated that the genetic diversity 
of Chinese T. vaginalis isolates was associated with 
geographic distance based on the 18S ribosomal RNA 
gene. The unique genetic feature of our isolates may 
suggest a different metronidazole susceptibility, TVV 
or Mycoplasma co-infection characteristics. The results 
provided insight into the genetic features of T. vaginalis 
isolates and differences in genetic distance among China 
and other countries in different continents.
 PCR analysis of the 18S ribosomal RNA gene 
sequence of T. vaginalis in 73 females and 28 males 
identified 110 sequences. The majority of these 
sequences formed a group that differed from most 
sequences reported in Genbank. These data suggest that 
T. vaginalis isolates from patients living in Xinjiang 
Province differ genetically from those of patients in 
other locations. Greater awareness of the molecular 
epidemiology of T. vaginalis in Xinjiang may be 
beneficial for disease diagnosis and treatment.
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Paeoniflorin prevents TLR2/4-mediated inflammation in type 2 
diabetic nephropathy
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1. Introduction

Diabetic nephropathy (DN), as the most common 
diabetic microvascular complication, accounts for 
a third of all patients with diabetes mellitus (1-2). 
Data from developed countries show that diabetic 
nephropathy is the first cause of renal replacement 
therapy (3). However, existing clinical interventions 
which contain strict control of hyperglycemia and 
hypertension, and block the renin–angiotensin–
aldosterone axis have been demonstrated only to delay 
the progression of DN, not to cease or reverse the 
pathological state (4-5).

 Recent studies have appreciated that the central 
pathogenesis of DN resulting from diabetes is oxidative 
injury, as well as inflammatory and immune responses 
(6). Numerous studies have proposed that macrophage 
infiltration and activation in diabetic kidney initiate 
inflammation via the release of some related factors, 
which subsequently lead to the development and 
progression of DN. Toll-like receptors (TLRs) are 
germline-encoded receptors which have been found on 
either antigen-presenting cells (including macrophages, 
and monocytes) or kidney intrinsic cells, especially 
renal tubular epithelial cells and endothelial cells 
(7). The recognition of TLRs ligands triggers the 
innate immune response for the activation of TLRs 
signaling promotes the transcription of NF-κB, which 
causes an inflammatory cascade with a high release 
of pro-inflammatory cytokines and chemokines (8). 
Nevertheless, in vivo and in vitro studies, showed 
increased expression in TLR2 was observed respectively 
in a streptozocin (STZ) induced diabetic model and 
high glucose circumstances (9), while it was also noted 

Summary Paeoniflorin is an effective Chinese traditional medicine with anti-inflammatory and immune-
regulatory effects. The aim of this study was to investigate the underlying renoprotective 
mechanism of Paeoniflorin. In vivo, db/db mice were intraperitoneally injected with 
Paeoniflorin at a dose of 15, 30, or 60 mg/kg respectively. The immunostaining of TLR2, 
TLR4, CD68, NF-kB p65 and the mRNA level of inflammatory factors, together with 
the protein expression of TLR2/4 signaling were evaluated. Our data demonstrated that 
Paeoniflorin could decrease the urinary albumin excretion rate and inhibit macrophage 
infiltration and activation through blockage of the TLR2/4 signaling pathway compared with 
the db/db group in vivo. In vitro, RAW264.7 cells were categorized into control, bovin serum 
albumin (BSA)-stimulated, advanced glycation end products (AGEs)-stimulated, Paeoniflorin 
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that an attenuation in NF-κB and pro-inflammatory 
cytokines activation with silenced or inhibited TLR4 
expression (10), indicates the significance of TLRs 
in mediating the whole process. Furthermore, TLR2 
and TLR4 can be found in macrophages, which are 
strongly related to its activation. Thus, we assume that 
the terminal kidney injury called DN resulted from the 
TLR2/4-mediated inflammatory state triggered by a 
certain diabetic microenvironment.
 Paeoniflorin, a typical Chinese herbal medicine 
ingredient, is a primary component of total glucosides 
of paeony, isolated from the dried root of Paeonia 
lactiflora Pall (Family: Ranunculaceae) which was 
used in traditional Chinese prescriptions for anti-
inflammatory, analgesic and diuretic effects (11). 
The drug has been admitted by US Food and Drug 
Administrat ion for marketing since 1998 and 
Paeoniflorin itself has been shown to have not only anti-
inflammatory, immune-regulatory, anti-allergic (12), 
and antinociceptive effects (13), but also antioxidative 
(14) and antiproliferative (15) activities as well by 
a growing number of scientific research studies. An 
experiment conducted by Fu et al. discovered a lower 
level of urinary albumin and ameliorated glomerular 
hypertrophy, together with decreased macrophage 
infiltration and inflammatory factor production in 
Paeoniflorin-treated rats (16). Also, Huang et al. 
revealed TLR as one of the paeonol target genes 
relevant to the anti-inflamatory effect (17). Therefore, 
the former evidence implicated that Paeoniflorin might 
mediate the inflammatory response via the TLRs 
signaling pathway in DN. Our study was designed to 
investigate the mechanism of how Paeoniflorin prevents 
TLR2/4-mediated inflammation in type 2 diabetic 
nephropathy.

2. Materials and Methods

2.1. Drugs and reagents

Paeoniflorin [C23H28O11, MW: 480.45, purity: 
98.78% (HPLC)], LD50: 9,530 mg/kg] was bought 
from Nanjing GOREN BIO Technology Co., Ltd 
(Nanjing, China) as the commercial product. Its 
molecular structure is shown in Figure 1. OxPAPC was 
prepared by invivoGen Biotechnology (invivoGen, 
USA). CCK-8 Cell Counting Kit was obtained from 
Vazyme Biotech Co. (Nanjing, China). The rabbit anti-
TLR4, MyD88, Trif, iNOS antibodies were purchased 
from Abcam Biotechnology (Abcam, Cambridge, UK) 
and p-IRF3, NF-κB p65, NF-κB p-p65 were from Cell 
Signaling Technology (CST Beverly, MA, USA), 
together with TLR2 from EMD Millipore Corporation 
(EMD Millipore, USA). The rabbit anti- p-IRAK1 were 
from Santa Cruz Biotechnology (Santa Cruz, California, 
USA). TNF-α and IL-1β ELISA kit were from R&D 
Systems (R&D Systems, USA), while MCP-1 ELISA 

kit was obtained from RIBIO TECH ( RIBIO TECH , 
Beijing, China).

2.2. Animals

The wild db/m littermates and db/db mice were 
purchased from the Model Animal Research Center of 
Nanjing University and housed individually in cages 
under standard conditions with 12-hour light-dark cycle, 
free access to food and water, room temperature of 24°C 
and humidity of 60%. The experimental protocols were 
approved by Ethical Committee of Animal Research of 
Anhui Medical University and executed according to the 
recommendations of Laboratory Animal Care and Use.

2.3. Experimental design

The db/m mice were recognized as the non-diabetic 
control group (n = 12). The db/db mice whose blood 
glucose levels were over 16.7 mmol/L, were regarded 
as diabetic and were randomly divided into four groups 
(diabetic control group and Paeoniflorin intervention 
groups) among which there existed no differences, 
number of rats in each group was 12. Paeoniflorin 
intervention groups were intraperitoneally injected with 
Paeoniflorin daily at the dose of 15, 30, or 60 mg/kg 
respectively at 10-weeks of age, while the non-diabetic 
control group and diabetic control group were injected 
with an equivalent amount of saline. All the mice were 
sacrificed at 12-weeks-of-age and the kidneys were 
harvested for further analyses. The weight of the body 
and kidney, as well as blood glucose of each mouse were 
recorded using an electronic scale and glucose analyzer, 
while the blood samples were obtained by jugular artery 
catheterization.

2.4. Metabolic data analysis

Prior to sacrifice, samples for 24 h urine were gathered 
from the mice for the calculation of urinary albumin 
excretion. Creatinine clearance rates were calculated 
by urinary creatinine concentration/serum creatinine × 
urine flow per minute.
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Figure 1. The chemical structures of Paeoniflonin.
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cell protein were lysed and combined with loading 
buffer, boiled, then separated using 10-12% SDS-
PAGE. Proteins were electro blotted onto a nitrocellulose 
membrane, incubated with primary antibody TLR2, 
TLR4, MyD88, p-IRAK1,Trif, p-IRF3, NF-κB p-p65, 
or NF-κB p65 overnight at 4°C after blocking with 
skimmed milk for 1 hour. The combination of secondary 
antibody (the goat anti-rabbit IgG) was applied once 
the membrane was washed. Finally the observation of 
the image using enhanced chemiluminescence and the 
protein content was quantitated using the documentation 
system.

2.8. RT-PCR

The RNA extracted from the kidney and the cells via 
Trizol reagent (Invitrogen, California, USA) was used to 
reverse transcribe to cDNA with the help of a Reverse 
transcription Kit (Promega, USA), which was in turn 
augmented by RT-PCR using Power SYBR Green PCR 
Master Mix (Bio⁃Rad, USA) and GAPDH primers 
(Sangon Biotech, Shanghai, China). The forward and 
reverse primer for the detected RNA sequence were as 
follows: TNF-α: 5'-CCCTCCTGGCCAACGGCATG-3' 
and 5 ' -TCGGGGCAGCCTTGTCCCTT-3 ' ;  the 
TLR2 (MQP030650), TLR4 (MQP032465), MCP-
1 (MQP027672) ,  IL-1β (MQP027422) ,  iNOS 
(MQP029793). Primers were bought from GeneCopoeia, 
USA. Finally, the relative expression of genes was 
analyzed by using 2_∆∆Ct.

2.9. ELISA

At the end of the experiment, the culture medium of 
the RWA 264.7 cells was collected and the content of 
TNF-α, IL-1β, and MCP-1 in it was determined by 
ELISA kits.

2.10. Statistical analyses

Data were analyzed with the help of SPSS 16.0 and 
continuous variables were expressed as mean ± SD. 
All the data were compared by ANOVA analysis. 
The difference between groups was tested using the 
LSD and Levene method for a homogeneity test of 
variance, in which a p value under 0.05 was considered 
significant.

3. Results

3.1. Clinical parameters

The mice in the control group were responsive with 
active behavior, bright body hair, normal diet, water 
and a good mental state. Diabetes mellitus model group 
mice gradually showed obvious symptoms of diabetes: 
eating and drinking more, increased urine output, 

2.5. Cell culture

RAW264.7 cells were purchased from Shanghai cell 
bank of Chinese Academy of Science, China and seeded 
in high glucose DMEM medium with an osmotic 
pressure of 250 mmol/L, which was supplemented 
with 10% fatal bovine serum (FBS) and 1% penicillin 
G, streptomycin. The serum free medium was used to 
culture the cells for 24 h in order to synchronize the cells. 
Prior to the experiment, the cells were inoculated in 96- 
well plates, at a density of 5,000-10,000 cells per plate. 
Different concentrations of Paeoniflorin were added in 
cell culture for a day and a CCK-8 assay kit was used 
to determine cell viability. Under 200 μg/mL AGEs 
stimulation, the cells were collected at different time 
points, and the total protein was extracted to observe the 
expression of TLR2, TLR4 and iNOS protein in order to 
determine the optimal time of stimulation. In addition, 
different concentrations of Paeoniflorin were also added 
half an hour ahead of AGEs stimulation and TLR2, 
TLR4 and iNOS expression was assessed to determine 
the best concentration for Paeoniflorin treatment. Then 
the synchronized RAW264.7 cells were divided into the 
control group, BSA-stimulated group, AGEs-stimulated 
group, Paeoniflorin intervention group and oxidized 
phospholipid (OxPAPC)-inhibited group. The BSA-
stimulated group was cultured with 200 μg/mL BSA and 
the AGEs-stimulated group, Paeoniflorin intervention 
group as well as the OxPAPC-inhibited group were 
all cultured with 200 μg/mL AGEs respectively for 24 
hours. The Paeoniflorin intervention group was treated 
with various concentrations of Paeoniflorin half an hour 
before AGEs. Furthermore, an hour before the AGEs 
stimulation, the OxPAPC-inhibited group was added in 
OxPAPC to block the TLR2/4 signaling pathway.

2.6. Immunohistochemistry

Fresh renal tissues were fixed with 4% paraformaldehyde 
and embedded with paraffin, which were later cut into 
2 μm sections. After deparaffinization, the tissue slices 
were treated with 3% hydrogen peroxide and then heated 
in a microwave in order to enclose the endogenous 
peroxidase and retrieve the antigen. Primary antibody 
(CD68, TLR2, TLR4, NF-κB p65) was incubated at 
37°C with polyperoxidase-anti-mouse/rabbit IgG, 
followed by 3,3-diaminobenzidine (DAB, Sigma) and 
hematoxylin staining. Quantitation for CD68 positive 
cells, representing the recruitment of macrophages in 
tissue sections were counted randomly in 20 high-power 
(×400) interstitial fields. However, the staining of TLR2, 
TLR4 and NF-κB p65 was analyzed by a computer 
system.

2.7. Western blot

Animal protein of homogeneous kidney samples and 
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weight loss, bleak coat, messy, dirty, delayed behavior 
and were apathetic. Diabetic mice given paeoniflorin 
intervention and TLR2/4 knockout showed a mild 
performance compared to diabetes mellitus model 
group mice.
 The metabolic data and the monitored clinical 
parameters of the five groups of mice are demonstrated 
in Table 1. On average, the enhanced blood glucose 
level and body weight were observed in the db/db 
group compared to db/m mice, but differences with 
Paeoniflorin treatment were not noticed. Despite the 
similar blood glucose level and body weight, mice given 
Paeoniflorin treatment exhibited a considerable dose-
dependent decrease in albuminuria compared to the db/
db group, which was still higher than that of db/m group.

3.2. Immunohistochemical analysis for distribution of 
TLR2, TLR4, CD-68 and NF-κB p65 in mice kidneys

Immunohistochemistry showed that staining of TLR2 
was mainly observed in the tubulointerstitium, while 
the expression of TLR4 was found on glomeruli in 
addition to tubulointerstitium. In db/m mice kidneys, 
the positive result of IHC staining for TLR2 and TLR4 
was barely noted, however the db/db mice illustrated 
typical manifestation of TLR2 and TLR4, which was 
recognized as overexpression. Compared with the db/
db, the intensity of TLR2 and TLR4 immunostaining 
was significantly decreased parallel to the concentration 
of the Paeoniflorin given to the db/db mice, proving 
that the treatment with Paeoniflorin can decrease the 
expression of TLR2 and TLR4 in diabetic models. 
In order to gain better insight into the inflammatory 
level, we introduced macrophage recruitment into 
our investigation. CD68, as a parameter representing 
renal macrophage accumulation, was occasionally 
noticed in db/m mice kidneys, yet, the CD68 positive 
macrophage infiltration was found markedly increased 
in db/db mice. Immunohistochemical staining indicated 
a statistical reduction in CD68 positive expression in 
kidneys from Paeoniflorin treated mice with diabetes 
as compared to db/db mice, which verifies the effects 
of Paeoniflorin on macrophage accumulation and 
infiltration. NF-κB p65 was highly expressed in the 
nucleus and cytoplasm of glomerular mesangial cells 
and renal tubular epithelial cells from db/db mice 

compared to the rare expression in db/m mice, however, 
NF-κB p65-posive expression was decreased with the 
Paeoniflorin treatment in a dose-dependent manner 
(Figures 2 and 3, Table 2).

3.3. The mRNA results of iNOS, TNF-α, IL-1β and 
MCP-1 in mice kidneys

As shown in Figure 4, low level expression of iNOS, 
TNF-α, IL-1β and MCP-1 was discovered in conformity 
with transcriptional regulation of mRNA levels in db/m 
mice. In contrast, the mRNA levels of iNOS, TNF-α, IL-
1β and MCP-1 was significantly elevated in db/db mice 
and fell remarkably with Paeoniflorin treatment, which 
was highly consistent with the Western blot results.

3.4. Western blot analysis of TLR2,TLR4, MyD88, 
p-IRAK1,Trif, p-IRF3, NF-κB p-p65, NF-κB p65, and 
IL-1β expression in mice kidneys

TLR2 and TLR4 together with the downstream 
signal ing molecule  protein expression in  the 
experimental subjects was further confirmed by Western 
blot analysis, which showed a significant upregulation 
of TLR2,TLR4, MyD88, p-IRAK1,Trif, p-IRF3, NF-κB 
p-p65, and NF-κB p65 in db/db mice compared to db/m 
mice. The same goes with the inflammatory cytokines-
IL-1β. By comparison, the expression of the above 
protein was significantly attenuated by 15, 30 and 60 
mg/kg Paeoniflorin treatment (Figure 5).

3.5. Effect of Paeoniflorin on AGEs-stimulated 
production of TLR2, TLR4 and iNOS

To determine the stimulated time of AGEs and 
concentration of Paeoniflorin intervention, we evaluated 
the viability of RAW 264.7 cells under different 
concentrations of Paeoniflorin and TLR2, TLR4, iNOS 
expressions when stimulated with AGEs for various 
lengths of time. In Figure 6, the Cytotoxicity assay 
showed that the viability of RAW 264.7 cells declined 
at 10-4 mol/L Paeoniflorin intervention while there was 
no influence at concentrations between 10-4 and 10-8. 
Figure 7 also demonstrated the overexpression of TLR2 
and iNOS 4 hours after AGEs stimulation in RAW 
264.7 cells, while TLR4 was remarkably elevated from 

Table 1. Changes of clinical and metabolic parameters in five groups of mice

Group

db/m
db/db
db/db+ paeoniflorin

Dose
(mg/kg)

‒
‒
15
30
60

Blood glucose
    (mmol/L)

  7.06 ± 1.22
33.46 ± 3.28**

34.08 ± 2.40
32.67 ± 3.59
31.08 ± 2.56

**p < 0.01, compared with the db/m group; #p < 0.05; ##p < 0.01, compared with the db/db group. Data are presented as Mean ± SD. Number of 
rats in each group was 12.

Body weight 
           (g)

  24.64 ± 1.14
  45.35 ± 2.38**

  43.46 ± 2.69
  45.61 ± 2.97
  43.39 ± 2.36

Kidney weight 
         (g)

   0.18 ± 0.02
   0.25 ± 0.03**
   0.25 ± 0.05
   0.23 ± 0.02#

   0.22 ± 0.03##

Albumin excretion rate
         (µg/24 h)

       16.91 ± 4.89
     1144.5 ± 81.3**

     589.17 ± 69.42##

     497.32 ± 51.22##

     456.98 ± 55.46##

Creatinine clearance rate
         (mL/min)

        0.97 ± 0.29
        2.47 ± 0.64**

        1.89 ± 0.57##

        1.71 ± 0.49##

        1.59 ± 0.53##
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Figure 2. Effects of Paeoniflonin on TLR2, TLR4, CD 68 and NF-κB p65 immunostaining in mice kidney. (A), db/m group; 
(B), db/db group; (C), db/db+PF 15 mg/kg group; (D), db/db+PF 30 mg/kg group; (E), db/db+PF 60 mg/kg group. Original 
magnification 400×.

Figure 3. (A-D), Quantitative analyses of the TLR2, TLR4, CD 68 and NF-κB p65 immunohistochemical staining results. 
The results are presented as Mean ± SD. **p < 0.01 vs. db/m group, #p < 0.05 vs. db/db group, ##p < 0.01 vs. db/db group.
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Figure 4. The mRNA results of iNOS, TNF-α, IL-1β and 
MCP-1 in mice kidneys. The results are presented as Mean ± 
SD of at least three repeated experiments. **p < 0.01 vs. db/m 
group, ##p < 0.01 vs. db/db group.

Figure 5. Effects of Paeoniflonin on TLRs signaling 
activation and IL-1β expression in db/db mice. (A), The db/
db mice were treated with different Paeoniflonin concentrations. 
(B), The protein levels of TLR2, TLR4, MyD88, p-IRAK1, 
Trif, p-IRF3, IRF3, NF-κB p-p65, NF-κB p65 and IL-β were 
assessed by Western blot analyses. The values are presented as 
Mean ± SD of at least three repeated experiments. **p < 0.01 
vs. db/m group,  ##p < 0.01 vs. db/db group.
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6 h, which all peaked at 24 h. Thus, we cultured cells 
with AGEs for 24 h in the subsequent experiments. 
In the selected four doses (10-5 to 10-8 mol/L), TLR2, 
TLR4, and iNOS expression could be inhibited in a 
concentration dependent manner by Paeoniflorin when 
stimulated by AGEs, compared to the AGEs stimulated 

group. Therefore, we chose 10-5 mol/L as the intervention 
dose (Figure 8).

3.6. Advanced glycation end products (AGEs) activated 
the expression of TLRs signaling and macrophage 
activation on RAW 264.7

Figure 7. Effects of AGEs on TLRs and macrophage 
activation at different time points. (A), RAW 264.7 cells 
were cultured with 200 ug/mL AGEs for time of 0, 1, 2, 4, 6, 
12, 24 and 48 h. (B), The protein levels of TLR2, TLR4 and 
iNOS were determined by Western blot. Values are presented 
as Mean ± SD of at least three repeated experiments. **p < 0.01 
vs. 0 h group.

Figure 6. Cell viability analysis of Paeoniflonin treatment on RAW 264.7 cells. 10-8-10-3 mol/L Paeoniflonin was respectively 
treated on RAW 267.4 cells and cell viability was detected by using a CCK-8 assay. The results are expressed as Mean ± SD of at 
least three repeated experiments. *p < 0.05 vs. control group.

Figure 8. Involvement of TLRs and macrophage activation 
under different Paeoniflonin concentrations on AGEs-
stimulated cells. (A), AGEs-stimulated RAW 264.7 cells were 
treated respectively with 10-8-10-3 mol/L Paeoniflonin. (B), 
The protein levels of TLR2, TLR4 and iNOS were determined 
by Western blot. Values are presented as Mean ± SD of at least 
three repeated experiments. **p < 0.01 vs. 0 h group.
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To identify whether the activated inflammatory effect of 
hyperglycemia on macrophages is mediated by TLRs, 
we cultured RAW 264.7 with AGEs in vitro. As we can 
see in Figure 9, the mRNA level of TLR2 and TLR4 was 
elevated in the AGEs group, but decreased in both the 
Paeoniflorin and OxPAPC group. Western blot analysis 
in Figures 10A and 10B showed that proteins of TLRs 
signaling pathway including TLR2,TLR4, MyD88, 
p-IRAK1,Trif, p-IRF3, NF-κB p-p65, NF-κB p65 and 
iNOS were prominently increased on RAW 264.7 
under AGEs condition, while the Paeoniflorin treatment 
and OxPAPC intervention both exhibited a significant 
reduction in the expression of TLR2,TLR4, MyD88, 
p-IRAK1,Trif, p-IRF3, NF-κB p65, NF-κB p-p65 and 
iNOS.

3.7. TLRs mediated pro-inflammatory responses in 
RAW 264.7 exposed to AGEs

To visual ize the effects  of  hyperglycemia on 
inflammation initiated by macrophages, the following 
events were carried out in vitro with RAW 264.7 
cells. The secretion of TNF-α, IL-1β and MCP-1 were 
determined via ELISA, finding that RAW 264.7 exposed 
to AGEs demonstrated a higher concentration of TNF-α, 
IL-1β and MCP-1, whereas TNF-α, IL-1β and MCP-1 in 
Paeoniflorin treated cells were profoundly diminished. 
In order to further clarify the pivotal role of TLRs in 
inflammatory responses and Paeoniflorin treatment, the 
inhibitor of the TLRs was introduced. The results of 
RAW 264.7 cultured in OxPAPC were similar to those 
seeded in Paeoniflorin after exposure to AGEs, which 
corresponded to what was obtained from Western blots 
(Figure 11).

4. Discussion

DN is a long-term complication, and the prevention of 
its progression remains to be a challenge. Increasing 
evidence reviewed lately, indicates that TLR2/4-
mediated inflammation might be a promising factor 
leading to an effective approach to DN blockage and 
treatment. In renal biopsy of DN patients, macrophages 
accumulated and turned out to play a pathogenic role 
in DN progression (18). In addition, research on type 1 
diabetic patients showed the increasing expression of 
TLR2, pro-inflammatory cytokines in blood leukocytes 
(19) and upregulation of TLR4 in human renal tubules 
(10). Studies performed by Alaa S.et al. demonstrated 
that the absence of macrophage TNF-α stimulated 
by TLRs could prevent diabetic mice from having 
complications like DN and chronic renal injuries, which 
could be mainly expresed in albuminuria decrease and 
hypertrophy reduction (4). Also, the introduction of 
Chinese traditional medicine – Paeoniflorin, which 

Figure 9. Effects of Paeoniflonin and OxPAPC on TLR2 
and TLR4 mRNA level in AGEs-stimulated RAW 264.7 
cells. Values are presented as Mean ± SD of at least three 
repeated experiments. **p < 0.01 vs. control group, ##p < 0.01 
vs. AGEs group.

Figure 10. Effects of Paeoniflonin and OxPAPC on the 
cell signaling activation in AGEs-stimulated RAW 264.7 
cells. (A), Cells were pretreated with Paeoniflonin for 0.5 h 
or OxPAPC for 1 h and then stimulated with AGEs. (B), The 
protein levels of TLR2, TLR4, MyD88, p-IRAK1,Trif, p-IRF3, 
IRF3, NF-κB p-p65, NF-κB p65 were assessed by Western blot 
analyses. Values are presented as Mean ± SD of at least three 
repeated experiments. **p < 0.01 vs. control group, ##p < 0.01 
vs. AGEs group.
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was reported to have anti-inflammatory and immune-
regulatory effects, was found to be helpful for DN 
treatment and prevention (14,16), though the underlying 
protective mechanism of its action was largely 
unclear. In the present study, we demonstrated that the 
mechanism of Paeoniflorin treatment in DN might be 
through the TLR-involved anti-inflammatory process.
 Paeoniflorin as a typical main principal bioactive 
component of Paeoniae Radix (20), is one of the major 

constituents that form total glucosides of paeony 
(TGP) (21) and has been put into clinical treatment 
for rheumatoid arthritis (22), hepatitis (21), systemic 
lupus erythematosus, and mesenteric hyperplastic 
nephritis (23-25). Xu et al. has done research on rats, 
which suggested that the protective affect of TGP on 
DN was associated with the blockage of TLR2 and 
TLR4 activation (26). In our study, we illustrated 
that Paeoniflorin therapy decreased proteinuria and 
ameliorated creatinine clearance rate in db/db mice. We 
also presented the blocking of NF-kB activation and 
macrophage recruitment, together with the suppression 
of the inflammatory cytokines and chemokines (TNF-α, 
IL-1β, MCP-1, and iNOS) in the Paeoniflorin group, 
which was highly consistent with that reported by Fu 
et al. (16). The reduction of selective TLRs signaling 
molecule expression was also observed and the above 
results are compatible with those in vitro experiments 
on AGEs-induced RAW 264.7 cells when treated 
with Paeoniflorin suggesting the renoprotective role 
Paeoniflorin played in TLRs-mediated DN progression.
 Previous essays have reported that macrophage 
infiltration and activation play an essential role in 
the pathogenesis of DN. In recent studies, increasing 
evidence demonstrated that the phenotype of the 
infiltrated macrophage was the major character that 
ultimately decided the sequelae of DN (27). M1 
macrophages promote the inflammatory response and 
tissue injury, while the M2 macrophages provide the 
anti-inflammatory and tissue protective effects (28). 
The transformation of M1 phenotype could be initiated 
by pro-inflammatory cytokines such as IFN-y, and 
TNF-α, which in turn enhanced the secretion of these 
pro-inflammatory cytokines (27). In our experiment, 
iNOS, as the key M1 macrophage marker, was shown 
to estimate the population of activated macrophages 
and the severity of inflammation in DN models. Our 
data revealed the similar results to Devaraj et al, finding 
the increased expression of iNOS in db/db mice and 
the M1 phenotype in RAW264.7cells when exposed to 
AGEs (8). Furthermore, we exhibited that Paeoniflorin 
treatment not only reduced macrophage recruitment 
but also the M1 phenotype in a dose-dependent 
manner, resulting in a decrease of proinflammatory 
cytokine production, which corresponded to our in vitro 
experiments. Thus, we have reason to speculate that the 
renoprotective effect of Paeoniflorin on DN is likely 
related to the blockage of M1 macrophage phenotype 
activation.
 Insight into the full mechanism of TLR2/4 singnal 
pathway has caused increasing attention. A great 
quantity of research executed in DN models exhibited 
that once ligand binding occurred, the downstream 
signaling pathway could be categorized as the MyD88-
dependent and the MyD88-independent pathway. The 
former, was characterized by both TLR2 and TLR4, 
signals through IRAKs, while the latter pathway only 
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Figure 11. Effects of Paeoniflonin and OxPAPC on 
macrophage activation and inflammatory cytokines 
expression in AGEs-stimulated RAW 264.7 cells. (A), Cells 
were pretreated with Paeoniflonin for 0.5 h or OxPAPC for 1 
h and then stimulated with AGEs. (B), The protein levels of 
TNF-α, IL-1β, MCP-1 and iNOS were assessed by Western blot 
analyses. (C), Expression of secreted TNF-α, IL-1β, MCP-1 
were determined by ELISA kit. Values are presented as Mean ± 
SD of at least three repeated experiments. **p < 0.01 vs. control 
group, ##p < 0.01 vs. AGEs group.
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implemented in TLR4 not TLR2, signals through 
TRIF and then IRF3. Despite the different pathways, 
they both reach to activation of NF-κB which can 
ultimately up-regulate the transcription of factors 
related to inflammatory responses and thereby initiate 
inflammation. NF-κB p65 as a family member of NF-
κB transcription factors, was monitored as a parameter 
in our experiment (29). Data presented in our study 
further verified the previous TLRs signal pathway, 
showing the synergistically enhanced downstream 
signaling proteins in db/db and AGEs-induced RAW 
264.7 models. Therefore, termination of inflammation 
in diabetes taking TLRs as a target seems to be a 
suitable treatment project to ameliorate inflammation 
and progressive DN. In addition, in vivo and in vitro 
experiments, these proteins were found synergistically 
decreased in Paeoniflorin treatment groups, which 
indicated that Paeoniflorin might inhibit macrophages 
from activition through the blockage of TLRs 
expression in DN.
 Our strategies designed to further state that the TLRs-
inhibited renoprotection of Paeoniflorin theory using 
TLR2 and TLR 4 inhibitor was carried out in RAW264.7 
macrophages. We and others have already displayed that 
the hyperglycemic environment can activate TLRs and 
M1 macrophages which strikingly increased in mice 
kidneys with diabetes. In our subsequent experiment, we 
incubated the AGEs- induced RAW264.7 macrophages 
with OxPAPC- an inhibitor of TLR signaling restricted 
to TLR2/4 (30). The results of the statistic reduction of 
TLR2, TLR4, MyD88, p-IRAK1, p-IRF3, and NF-κB 
p65, together with TNF-α, IL-1β, MCP-1 and iNOS, 
which is similar to the Paeoniflorin treatment, making 
our TLR-mediated macrophage activation and TLR-
inhibited Paeoniflorin treatment sensible.
 In summary, our findings suggest that the activation 
of TLR2/4 initiate M1 macrophage polarization and 
infiltration, resulting in the release of inflammatory 
cytokines and chemokines, which in turn exacerbate 
inflammation and ultimately aggravate DN. The 
research we did on Paeoniflorin treatment for the first 
time demonstrate that Paeoniflorin prevents macrophage 
activation via inhibition of TLR2/4 expression in type 2 
diabetic nephropathy and provides supportive evidence 
for paeoniflorin therapeutic strategies in DN patients.
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1. Introduction

Perihilar cholangiocarcinoma (also known as a Klatskin 

tumor) is the most common type of cholangiocarcinoma 
(CC). Perihilar cholangiocarcinoma (pCC) is defined as 
CC located in the extrahepatic bile duct and involving 
the confluence of the left and right main hepatic ducts 
(1). At present, the only potential curative treatment 
for pCC is surgical resection. In order to achieve an R0 
resection (negative margins), a major hepatectomy, in a 
form such as a right or left trisegmentectomy, must be 
performed (2). Moreover, patients with pCC are known 
to have obstructive jaundice. Given this fact, patients 

Summary Perihilar cholangiocarcinoma (pCC, also known as a Klatskin tumor) is the most common 
type of cholangiocarcinoma (CC). Preoperative biliary drainage (PBD) is indicated for pCC 
patients with acute cholangitis or patients who need portal vein embolization (PVE). However, 
the routine performance of PBD in other patients with pCC is still controversial. The current 
study retrospectively examined patients with pCC who did not undergo PVE and who did not 
have cholangitis who were seen at this Hospital to assess the advantages and disadvantages 
of PBD. This study also sought to find an optimal value of total bilirubin (TB) to indicate 
performing PBD. Between 2009 and 2014, after excluding patients with acute cholangitis and 
PVE, patients who had undergone hepatectomy for pCC were enrolled in this study. First, the 
surgical outcomes and postoperative outcomes were compared between PBD group and direct 
surgery group. Second, ROC curve analysis of a subgroup of patients was performed to find 
the best cut off value of TB for indicating the PBD. Third, the costs for patients, including the 
total charges and the charges per day were compared between the two groups. Subjects were 
218 patients in total. Fifty-five patients underwent PBD. This group had a longer operative 
time [390 (210-700) vs. 360 (105-730) min, p = 0.013], and a longer hospital stay [20 (9-48) vs. 
17 (6-93) days, p = 0.007], but underwent vascular resection and reconstruction less often [8 
(14.5%) vs. 50 (30.7%), p = 0.019]. Mortality and morbidity were comparable between the 
two groups. ROC curve analysis of a subgroup of patients indicated that the cut-off value for 
total bilirubin was 218.75 μmol/L (12.4 mg/dL). The total hospital charges and the charges 
per day did not differ significantly for the two groups. Disadvantages of PBD were a longer 
operating time and a longer duration of hospitalization, but the short-term surgical outcomes 
and hospital charges of PBD group were comparable to the direct surgery group. PBD should 
be considered for patients when the diagnosis is still suspicious of pCC. Based on the current 
data, the optimal cut-off value for preoperative TB was 218.75 μmol/L (12.4 mg/dL) to 
indicate PBD for patients with pCC.
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have higher postoperative morbidity and mortality rates 
due to hepatic insufficiency and infections (3).
 Preoperative biliary drainage (PBD) and portal 
vein embolization (PVE) are used for preoperative 
optimization of the liver. PBD is performed to prevent 
cholestasis-associated toxicities and PVE is performed 
to improve regeneration of a small future remnant liver 
(FLR) (4). According to current evidence and guidelines 
regarding pCC, biliary drainage is definitely indicated 
for a patient with pCC and acute cholangitis, but the 
routine performance of biliary drainage is controversial 
(5). In addition, PBD is recommended for patients who 
are eligible for PVE (6). 
 A meta-analysis has indicated that PBD provided 
no advantage when treating a tumor causing obstructive 
jaundice (7). Therefore, whether PBD should be 
undergone by patients without acute cholangitis and 
who do not need PVE is still controversial. Moreover, 
surgeons usually choose to perform PBD depending on 
the level of total bilirubin (TB), but few studies have 
examined an appropriate value for TB to indicate the 
need for PBD. 
 The current study retrospectively examined patients 
with pCC who did not undergo PVE and who did not 
have cholangitis who were seen at this Hospital to assess 
the advantages and disadvantages of PBD. This study 
also sought to determine an optimal value for TB to 
indicate the need for PBD.

2. Materials and Methods

2.1. Patients

Potential subjects were patients had undergone 
hepatectomy for pCC between 2009 and 2014 at a 
tertiary care facility (Department of Bile Duct/Pancreat/
Liver Surgery, West China Hospital, Sichuan University, 
China). Patients with acute cholangitis and patients who 
underwent PVE were excluded, resulting in 218 patients 
in total. The clinical records of these patients were 
retrospectively reviewed using the Hospital's database. 
pCC was confirmed based on pathological findings 
in all patients. Fifty-five patients underwent PBD and 
the remaining 163 patients directly underwent surgery. 
Patients who died or who hadserious complications 
(Dindo-ClavienIII-IV) causing hospitalization forover 
30 days were excluded to identify a subgroup of patients 
with a good prognosis postoperatively (n = 184). A 
receiver operating characteristic (ROC) curve analysis 
of this subgroup of patients was performed. In general, 
patients were routinely followed for 90 days to analyze 
the 90-day mortality and morbidity.

2.2. Study design

This study was divided into three parts. First, the 
outcomes of patients who underwent PBD and those 

who did not were compared to assess the advantages 
and disadvantages of PBD. Second, ROC curve analysis 
of a subgroup of patients was performed to find the 
optimal value for TB to indicate PBD. Third, the cost 
for patients, including the total charges and the charges 
per day, were compared for patients who underwent 
PBD and patients who did not.

2.3. Definitions

PBD was defined as insertion of a biliary drain 
for percutaneous transhepatic drainage (PTBD) or 
endoscopic biliary drainage (EBD). Patients underwent 
surgery one week after PBD, and patients who directly 
underwent surgery usually did so two weeks after 
they were diagnosed with pCC. The Bismuth-Corlette 
classification was used to gauge the extent of pCC (8). 
The American Society of Anesthesiologists (ASA) 
Physical Status classification system was used to 
evaluate a patient's physical state before undergoing 
surgery. Bilirubin levels were measured in units of μmol/
L (1mg/dL = 17.1μmol/L). Postoperative mortality was 
defined as any death occurring within 90 days of surgery. 
R0 resection was considered curative treatment when 
the resection margin was free of the tumor according 
tomicroscopy. Postoperative morbidity included 
grade I to IV complications according to the Dindo-
Clavienclassification (9). Tumors were identified a mass-
forming, periductal-infiltrating, and intraductal-growing 
types based on the classification proposed by the Liver 
Cancer Study Group of Japan (10).
 The surgical procedure depended on the location 
of the tumor. Generally, a right/left hepatectomy with 
caudate resection, lymph node dissection, common 
bile duct resection, and Roux-en-Y biliary-enteric 
anastomosis was performed. Simple extrahepatic bile 
duct resection was performed only for patients with 
Bismuth-Corlette type I pCC. The initial rationale for 
surgery was to achieve an R0 resection. The total cost 
for patients included the hospital basic fee and the 
cost of medications, surgery, and anesthesia. In China, 
National Health Insurance covers most of the costs, but 
costs for some surgical instruments are borne by patients 
themselves.

2.4. Statistical analysis

Statistical analyses were performed using SPSS (version 
19.0, SPSS Inc. Chicago, IL, USA). Continuous variables 
with a normal distribution were expressed as the 
mean± standard deviation (SD) and compared using an 
independent Student's t test. Other continuous variables 
were expressed as the median (range) and compared 
using the Mann-Whitney U test. Categorical data were 
expressed as the number (percentage) and compared 
using a chi-square or Fisher's exact test as appropriate. 
ROC curve analysis was used in the subgroup with a 
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the two groups were similar. The PBD group had higher 
levels of total bilirubin before PBD [281.1 (8.2-565.4) vs. 
161.0 (8.4-455.6), p = 0.000] and lower levels of Alanine 
aminotransferase (ALT) [81 (13-383) vs. 113 (13-765), p 
= 0.032]. And the direct surgery group had lower levels 
of albumin (ALB) [35.7 (28.1-50.1) vs. 37.7 (22.2-71.0), 
p = 0.029]. Importantly, after patients underwent PBD, 
the total bilirubin (TB) level one day before surgery did 
not differ significantly between the two groups [140.9 
(7.2-497.4) vs. 161.0 (8.4-455.6), p = 0.467]. 
 The surgical and postoperative outcomes are shown 
in Table 2. The PBD group associated with longer 
operative time [390 (210-700) vs. 360 (105-730) min, p = 
0.013] and hospital stay [20 (9-48) vs. 17 (6-93) days, p = 
0.007]. Although there were no deaths in the PBD group, 
mortality did not differ significantly between the two 
groups [0 (0%) vs. 7 (4.3%), p = 0.263]. Morbidity was 
higher in the PBD group but did not differ significantly 
from that in the other group. Interestingly, fewer patients 
in the PBD group underwent vascular resection and 
reconstruction in comparison to the direct surgery group 
[8 patients (14.5%) vs. 50 (30.7%), p = 0.019]. Total 

good prognosis to determine the best cut-off value for 
TB to indicate the need for PBD. Sensitivity, specificity, 
positive predictive values (PPV), and negative predictive 
values (NPV) were calculated for the cut-off point. A p 
value < 0.05 was deemed to be significant.

3. Results

3.1. PBD versus direct surgery

The flowchart in Figure 1 shows how patients were 
selected. Patients with acute cholangitis and who 
underwent PVE were excluded, resulting in a total of 
218 patients. Fifty-five patients underwent PBD before 
surgery and 163 patients directly underwent surgery. 
The demographic and clinical characteristics of the two 
groups are shown in Table 1. There were no significant 
differences between PBD group and direct surgery group 
in terms of age, gender, BMI, smoking, infection with 
the hepatitis B virus, Bismuth-Corlette classification, 
or ASA physical status score. In regard to preoperative 
laboratory data, Aspartate transaminase (AST) levels in 

Table 1. Demographic and clinical characteristics

Variables

Age (years)
Gender (male/female)
BMI
Smoking 
HBV infection
Bismuth-Corlette classification
I/ II/ IIIA/ IIIB/ IV
ASA physical status score
I/II/III/IV/V
ALB (g/L)
ALT (U/L)
AST (U/L)
T-Bil before PBD (μmol/L)
T-Bil after PBD (μmol/L)

PBD (n = 55)

59 ± 11
30/25

21.8 ± 5.9
20 (36.4%)
5 (9.1%)

9/13/10/8/5

2/26/26/0/1
35.7 (28.1-50.1)

81 (13-383)
74 (24-255)

281.1 (8.2-565.4)
140.9 (7.2-497.4)

Direct surgery (n =163)

60 ± 9
74/89

22.5 ± 6.8
65 (39.9%)
9 (5.5%)

24/28/24/42/45

1/83/78/0/1
37.7 (22.2-71.0)

113 (13-765)
89 (14-836)

161.0 (8.4-455.6)
161.0 (8.4-455.6)

Age and BMI are expressed as the mean ± standard deviation; other variables are expressed as the number (%) or median (range). PBD, 
preoperative biliary drainage; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate transaminase; T-Bil, total bilirubin.

p value

0.349
0.240
0.519
0.644
0.538

0.469

0.189
0.029
0.032
0.114
0.000
0.467

Figure 1. Flowchart of the included participants. PVE, portal vein embolization.
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bilirubin was higher on POD 1 and POD 3 in the PBD 
group, and ALB was lower on POD 7. The surgical 

procedure, operative blood loss, number of transfusions 
needed, whether a second laparotomy was performed, 
tumor size, R0 resection, tumor type, and AST and ALT 
levels on POD 1 and 7 were similar for the two groups. 
 The current findings revealed that the PBD group 
and the direct surgery group had nearly the same 
postoperative outcomes. Patients in the PBD group 
had a longer operating time and longer duration of 
hospitalization but underwent vascular resection and 
reconstruction less often. There were no deaths in the 
group that underwent PBD, but mortality did not differ 
significantly from the other group according to the 
current findings.

3.2. ROCcurve analysis

ROC curve analysis of a subgroup of patients was 
performed. In order to find the optimal reference value 
of TB to indicate the need for PBD, patients who died 
and patients who had major complications that caused 
hospitalization for over 30 days were excluded. This 
subgroup of patients had a good prognosis and they can 
be regarded as right and standard choice of performing 
PBD on pCC patients. This subgroup consisted of 184 

Table 2. Surgical and postoperative outcomes

Variables

Surgical procedure, n (%)
Right or extended right hepatectomy
Left or extended left hepatectomy
Simple bile duct resection
Operative time, min
Operative bloody loss, ml
Transfusion
Vascular  reconstruction
Morbidity Dindo-Clavien
Total
Grade I and II, n (%)
Grade III and IV, n (%)
Mortality
Second laparotomy
Tumor size, cm
Surgical margin
R0/R1/R2
Tumor type
Periductal-infiltrating/ mass-forming/intraductal-
growing
T-Bil (μmol/L)
POD 3
POD 7
ALT (U/L)
POD 3
POD 7
AST (U/L)
POD 3
POD 7
ALB (g/L)
POD 3
POD 7
Total hospital stay

PBD (n = 55)

29 (52.7%)
17 (30.9%)
9 (16.4%)

390 (210-700)
500 (100-2000)

26 (47.3%)
8 (14.5%)

26 (47.2%)
13 (23.6%)
13 (23.6%)
0 (0.0%)
1 (1.8%)

2.9 (1.0-6.0)

42 (76.4%)

39/11/5

180.6 (17.0-540.8)
106.5 (7.0-601.1)

160 (17-5524)
70 (12-336)

102 (24-24804)
55 (29-394)

29.1 (21.3-38.3)
31.0 (21.2-86.0)

20 (9-48)

Direct surgery (n =163)

71 (43.6%)
68 (41.7%)
24 (14.7%)

360 (105-730)
500 (50-3000)

57 (35.0%)
50 (30.7%)

56 (34.4%)
35 (21.5%)
21 (12.9%)
7 (4.3%)
10 (6.1%)

3.0 (0.8-8.0)

125 (76.6%)

101/44/18

120.2 (6.2-461.0)
75.4 (8.6-299.6)

187 (21-1753)
67 (8-1576)

118 (23-4528) 
47 (14-1591)

29.8 (20.0-163.0)
32.8 (20.1-67.0)

17 (6-93)

T-Bil, ALT, AST, and ALB levels for 7 patients who died were excluded. POD, postoperative day.

p value

0.238
0.155
0.769
0.013
0.324
0.104
0.019

0.087
0.738
0.057
0.263
0.364
0.987

0.961

0.482

0.000
0.004

0.235
0.843

0.646
0.382

0.355
0.031
0.007

Figure 2. Results of ROC curve analysis of preoperative 
total bilirubin to predict the need for preoperative biliary 
drainage in a subgroup of patients. Cut-off value: 218.75 
μmol/L; ROC area: 0.780; 95%CI: 0.699-0.862; Sensitivity (%): 
70.5; Specificity (%): 72.1; PPV (%):44.3; NPV (%): 88.6.
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patients. Results of ROC curve analysis are shown 
in Figure 2. The cut-offvalue for total bilirubin was 
218.75μmol/L, with a sensitivity of 70.5%, a specificity 
of 72.1 %, a PPV of 44.3 %, and an NPV of 88.6 % in 
terms of predicting whether PBD was needed. The area 
under the ROC curve was 0.78. Based on the current 
findings, preoperative TB of 218.75 μmol/L (12.4 
mg/dL) was an optimal reference point for deciding 
whether patients needed to undergo PBD.

3.3. Comparison of charge

The total charges and charges per day were shown in 
Table 3. The exchange rate was 6.6 RenMinBi (RMB, 
the official currency of the People's Republic of China) 
to 1 US dollar. The mean of total charges was higher 
in PBD group, but the mean total cost did not differ 
significantly between the two groups (14,270 ± 6,106 
US$ vs. 12,793 ± 8,621 US$, p = 0.588). Similarly, the 
cost per day did not differ significantly between the two 
groups (622 ± 231$ vs. 719 ± 316$, p = 0.331).

4. Discussion

Currently, the clear consensusis that PBD is indicated 
for patients with cholangitis, hyperbilirubinemia-
induced malnutrition, hepatic insufficiency, or renal 
insufficiency and patients undergoing preoperative 
anti-neoplastic therapy or PVE (11). The routine 
performance of PBD in other patients with pCC is 
still controversial. The current study focused on those 
patients. Surgical outcomes and hospital costs were 
compared for patients who underwent PBD and patients 
who did not, and ROC curve analysis was performed 
to find an optimal cut-off value for preoperative TB to 
indicate the need for PBD. 
 The current results indicated that the short-term 
surgical and postoperative outcomes of the group that 
directly underwent surgery were comparable to those of 
the group that underwent PBD. This finding is consistent 
with the results of previous studies and meta-analyses 
(12-14). Several studies have found that PBD increased 
the risk of postoperative complications and infections 
(15-17), but our data did not demonstrate this. In the 
current study, the disadvantages of PBD were a longer 

operating time and longer duration of hospitalization. 
However, the total cost of hospitalization for patients 
in PBD group did not increase. Although the current 
study noted no advantages of PBD in terms of short-
term surgical outcomes, attention must be paid 
to the potential advantages of PBD when treating 
patients with pCC. Nimura et al. noted that selective 
cholangiography through PTBD and/or ENBD allows 
precise preoperative staging of the disease (18).In 
addition, ERCP/ENBD can delineate the anatomy 
of the biliary system, determine the extent of bile 
duct involvement, and allow correct differentiation 
of malignant from benign lesions through cytology 
by brushings and biopsy, which are important in 
determining respectability and surgical management 
(19).These advantages cannot be ignored. Benign bile 
duct diseases are needed be excluded during the process 
of diagnosis, such as hepatolithiasis (20).Thus when 
the suspicion remains for pCC, the PBD should be 
indicated due to the reasons mentioned above. Although 
the mortality rate was comparable between the two 
groups in the current study, no death was found in PBD 
group. Probably because of after performing PBD, some 
patients were found out that the tumor was unresectable 
and part of patients' liver function worsened before 
surgery was planned. Those patients were ultimately 
not eligible for surgery and did not undergo surgery. 
In addition, patients underwent PBD possess more 
time to evaluate the tumor, and a small part of tumors 
are progressing before surgery resulting in selecting 
other treatment. Regarding to vascular resection and 
reconstruction, a Belghiti's group showed that PBD 
increased the percentage of resectablitiy (21). The rate 
of vascular resection and reconstruction in PBD group 
was higher in their study, but in our study the rate 
was lower. In our center, as the value of resection and 
reconstruction of portal vein or hepatic artery (stage IV, 
AJCC 7th staging system) is still controversial (22), so 
some of those patients at the current authors' Hospital 
wished to undergo chemotherapy rather than surgery for 
financial reasons. In addition, staging was more precise 
in the PBD group resulting in more patients with stage 
IV cancer were detected and ruled out in this study. 
This could explain the lower rate of vascular resection 
and reconstruction in the current study.

Table 3. Financial outcomes in the PBD and direct surgery groups

Variables

Total charge for the treatment
RMB
(US$)
Charge per day
RMB
(US$)

PBD (n = 55)

  93,946 ± 40,198
(14,270 ± 6,106)

  4,096 ± 1,526 
  (622 ± 231)

Direct surgery (n =163)

 84,223 ± 56,759
(12793 ± 8,621)

4,738 ± 2,082
(719 ± 316)

Cost was calculated based on an exchange rate of 6.6 RMB to 1US dollar and is expressed as the mean ± standard deviation.RMB is the Ren Min 
Bi, or the official currency of the People's Republic of China.

p value

0.588

0.331
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 Among patients with obstructive jaundice, PBD 
is the best way to reduce the bilirubin level to reverse 
cholestasis-associated liver dysfunction and impaired 
hepatic regeneration (23). However, there are no 
guidelines or indications regarding the level of bilirubin 
that warrants a patient undergoing PBD.A ROC curve 
was used in the current study to find the cut-off value 
for TB to indicate PBD. The classifier result should 
be a real value, so we excluded the patients underwent 
bad prognosis (death or heavy complications caused 
hospital stay over 30 days), and the remaining patients 
all had a good prognosis, and the cut-off value for TB 
in those patients can be regarded as a correct/real value. 
The cut-off value for preoperative TB was 218.75 
μmol/L (12.4 mg/dL) based on the current findings. Su 
et al. reported that preoperative PTBD is advisable for 
pCC with severe jaundice(> 10 mg/dL) (24). The cut-
off value for TB in the current study was very close to 
the value reported by Su et al. A subgroup of patients 
with a TB level over 218.75 μmol/L was also analyzed 
in terms of those who underwent PBD and those that 
directly underwent surgery, but the outcomes for those 
patients were consistent with the outcomes for patients 
as a whole. Therefore, this cut off value of TB did not 
show any clinical benefit. We just emphasized that 
this point of value could be the best reference point to 
indicate the PBD based on our data. In the future, more 
clinical data need to be assembled and randomized 
controlled trials need to be conducted to resolve the 
controversy regarding PBD.
 The current study had several limitations. First, 
incomplete data precluded the comparison of the two 
groups in terms of long-term outcomes and survival 
rates. Second, this study was retrospective, so selection 
bias potentially occurred and the study involved a small 
sample. Third, patient insurance differs widely among 
regions of China, so data on actual expenses could not 
be obtained. Only data on the total cost according to the 
hospital was available.

5. Conclusion

PBD has several advantages and disadvantages. In 
patients who did not undergo PVE and who did not have 
cholangitis, those that underwent PBD had comparable 
short-term outcomes to those that directly underwent 
surgery. When the diagnosis is still suspicious of pCC, 
PBD should be performed for the patients. The total 
hospital charges and charges per day were similar for 
the two groups. Based on our data, the optimal cut-off 
value for preoperative TB was 218.75 μmol/L (12.4 
mg/dL) to indicate the need for PBD in patients with 
pCC. These findings may offer some clues for further 
study. More RCTs and large-scale studies need to be 
conducted to resolve the controversy concerning PBD.
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1. Introduction

Recent advances in three dimensional (3D)-computed 
tomography (CT) of the liver anatomy have revealed 
that the perfusion areas of the portal vein and drainage 
area of the hepatic vein in the same segment did not 
always coincident (1-3). The liver anatomy as defined 
by Couinaud is the widely accepted clinical anatomy 
which defined the hepatic veins as one of the major 
landmarks of each segment (4,5). The liver staining 
method, in which dye is injected into the tumor 
occupying area of the portal vein, had been accepted 
as an anatomic liver resection method based on the 

perfusion area of portal vein (6). For precise liver 
resection, it is necessary to understand that there is 
a difference of tumor occupying area between the 
concepts.
 The preoperative evaluation in 3D-CT is an ideal 
approach to understand this difference. However, few 
reports have so far focused on this essential issue in 
anatomic liver resection (7,8). We investigate which 
anatomic factors influenced to such differences and 
how much parenchymal volume was different between 
the perfusion areas and drainage area of the liver 
parenchyma.

2. Materials and Methods

2.1. Patients

Between October  2013 and September  2014, 
preoperative 3D reconstruction and volumetric analyses 
of the liver were performed in 103 consecutive patients 
who underwent liver resection for hepatocellular 
carcinoma. All patients had radically resectable 

Summary The differences between the perfusion areas of portal vein and the drainage areas of hepatic 
vein result in the occurrence of either ischemic or congested areas after liver resection. To 
elucidate which factors are related to the differences between these areas of segment (S) 6 
were therefore investigated. The portal-vein-based and hepatic-vein-based regional planes of 
S6 were defined using the region-growing and Voronoi tessellation methods in 103 consecutive 
patients who undergo liver resection. Finally, factors related to the difference between the 
perfusion and drainage areas of S6 were identified. The S6 regional plane based on the portal 
was coincident with that of hepatic veins (non-difference group) in 57 patients (55.3%), but 
was discordant on the ventral side (S6-dominant group) in 43 patients (41.7%) and the dorsal 
side (S5-dominant group) in 3 patients (3.0%). The presence of a proximal branch of the first 
portal 6 (S6-dominant group vs. non-difference group, 72.1% vs. 17.0%, p < 0.001) and the 
presence of an inferior right hepatic vein (S6-dominant group vs. non-difference group, 72.1% 
vs. 43.9%, p = 0.008) suggested large S6 ventrally. The median volume difference between 
the perfusion area of the portal vein and drainage area of the hepatic vein in S6 was 73 mL 
(range: 29-189 mL). In conclusion, preoperative 3D-simulation may enhance the preciseness 
of anatomic liver resection.
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hepatocellular carcinomas; the tumor diameter measured 
within 50 mm in a single tumor and within 30 mm in 
multiple tumors. The operative management strategies 
that are used at our institution have been described 
elsewhere (9-12). Ethics Committee approval was 
obtained (protocol number: RK-170214-03).

2.2. Three-dimensional reconstruction protocol

Three-phase, contrast-enhanced dynamic CT scans 
(unenhanced and hepatic arterial [37 seconds], portal 
venous [60 seconds], and liver parenchymal phases [150 
seconds]) were obtained using a 16- or 350-detector row 
scanner (Aquilion 16/ONE; Toshiba Medical Systems, 
Otawara, Japan). The total dose of nonionic iodinated 
contrast medium was 630 mgI/kg body weight of 
iomeprol (350 mgI/mL). Scanning was performed using 
a 15.0- or 53.0-helical pitch, a table feed speed of 0.75 or 
0.5 mm per rotation, a slice thickness of 0.5 mm, and 120 
kV on a Volume EC system (Toshiba Corporation, Mie, 
Japan). 
 To perform 3D image reconstruction and volumetric 
measurements, the region-growing and the Voronoi 
tessellation method software programs (Volume Analyzer 
SYNAPSE VINCENT, FUJIFILM Corporation, Tokyo, 
Japan) were used. The 3D liver images were created 
using a region-growing algorithm.

2.3. Assessment view and definition of the portal-vein-
based and hepatic-vein-based anatomies

The assessment view in the 3D-liver was defined as 
follows. First, the rotation angle (θ) between the proximal 
trunk of the right hepatic vein (RHV) and the median 
line on the inferior vena cava (IVC) of the horizontal 
plane of the CT scan was defined as a vertical and frontal 
view (RHV frontal view) on 3D-simulation (Figure 1a). 
This distal side of the RHV was extracted when the main 
trunk of the RHV was fully exposed as long as possible 
in virtual liver resection. This extracted RHV line was 
defined as the RHV trunk line. The assessment view 
was fixed as this RHV trunk line was located in the most 
dorsal of the 3D-liver. 
 Next, portal-vein-based S6 was defined as the 
perfusion area of P6 (Figure 1b), and the cranial-dorsal 
side from the posterior branch was defined as S6 if 
there were multiple trunks of P6. The hepatic-vein-
based S6 was defined as the drainage area of lateral-
dorsal tributaries to the RHV in the region growing 
method (Figure 1c). When the inferior or middle RHV 
was present, the drainage area of S6 was measured. The 
dominancy of the parenchymal volume was defined by 
the position relationship of the regional plane of portal-
vein-based S6 to the main trunk of the RHV: the plane 
runs ventrally beyond the RHV (S6-dominant group); 
dorsally beyond the RHV (S5-dominant group) or almost 
equal (non-difference group).

2.4. Hepatic vein analysis in the 3D liver

First, the tributary pattern, thicknesses of the main trunk 
and second-order tributaries, angles between the IVC 
and RHV, and the presence of tributaries of the RHV 
(i.e., inferior or middle RHV) were assessed. Next, the 
second-order large drainage veins from the right liver to 
the RHV (V7) and the middle hepatic vein (MHV) (V6 
and V8) were assessed.

2.5. Portal vein analysis in the 3D liver

Regarding the portal vein, the branch type of the main 
portal trunk, the length of the second-order portal 
vein, and the distance from the main portal trunk 
were assessed in the 3D liver. Next, the lengths of the 
anterior and posterior branches, the angle between these 
branches, and the number of P6 branches were assessed. 
When there were multiple trunks of P6, the entire caudal-
dorsal side from the posterior branch was defined as 
S6. The perfusion area of the entire caudal-ventral 
side of the anterior portal trunk was defined as S5. S7 
or S8 was derived by subtracting S5 or S6. Standard 
bifurcation of the portal vein was defined as the absence 
of an abnormally branched right portal vein (i.e., no 
independent posterior branch), with anterior branches or 
P8 arising from the left portal trunk (umbilical portion). 
Anatomical variations of the portal branches were 
evaluated for the right liver, as described by Couinaud 
(1,13). 
 The branch patterns of P6 were divided into two 
types (Figure 2). On the assessment view, the first branch 
of P6 was branched toward the proximal side of the RHV 
trunk line (proximal type) or branched distal side (distal 
type). Finally, the factors related to the dominancy of the 
hepatic parenchymal volume in S6 were assessed.

2.6. Volume difference between the portal-vein-based 
and hepatic-vein-based anatomies in S6

The parenchymal volume of the portal-vein-based 
S6 was calculated according to the perfusion area of 
P6 (Figure 3a), while the parenchymal volume of the 
hepatic-vein-based S6 was defined by the drainage 
area of lateral-dorsal tributaries to the RHV (Figure 3b) 
using the Voronoi tessellation method. These volumes 
were calculated using the workstation (SYNAPSE 
VINCENT). Finally, the volume difference between the 
portal-vein-based and hepatic-vein-based anatomies in 
S6 was compared.

2.7. Statistical analysis

Clinical data were recorded on an Excel (Microsoft) 
spreadsheet and analyzed using the JMP® 9.0 statistical 
software package (SAS Institute Inc., Cary, NC, USA). 
All variables were analyzed using the Mann-Whitney 
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group) in 3 patients (3.0%). In 57 patients (55.3%), the 
portal perfusion area agreed with the hepatic drainage 
area for the RHV trunk line (non-difference group). The 
S5-dominant segmentation was noted in only 3 patients 
(3.0%), and further estimation was thus not performed.

3.2. Tributary pattern of the hepatic vein

There was no significant difference in the angle of the 
RHA trunk (θ) for creating the RHV trunk line (80.8 
degrees [66.4-95.4] vs. 84.2 degrees [56.2-97.4], p = 
0.177), the median thickness of the RHV (6.5 mm [2.8-
11.2] vs. 6.6 mm [2.8-14.9], p = 0.316), and V7 (4.5 mm 
[2.3-7.9] vs. 4.2 mm [2.3-8.3], p = 0.318) (Table 1). The 
proportion of patients with an inferior right hepatic vein 

U test or Fisher's exact test. A p value of < 0.05 was 
considered statistically significant.

3. Results

3.1. Anatomical characteristics

In the 103 preoperative patients (male:female ratio, 
77:26, and median age, 66 years (range, 41-85 years)), 
the median rotation angle (θ) used to obtain the RHV 
frontal view of the RHV trunk line was 83.3 degrees 
(range, 56.2-97.4 degrees) (Figure 1a). On this RHV 
frontal view, 46 patients (44.7%) were different to the 
RHV trunk line on the ventral side (S6-dominant group) 
in 43 patients (41.7%) and the dorsal side (S5-dominant 

Figure 1.  Definition of each anatomy in segment 6. (a) The frontal view was defined as the rotation angle (θ) between the RHV 
trunk and the median line on the inferior vena cava of the horizontal plane of the CT scan. The median angle (θ) of the basic trunk 
of the RHV was 83.3 degrees (range, 56.2-97.4 degrees) for all the patients. Three-dimensional simulation was always performed 
using the RHV frontal view. The basic line was drawn as the RHV trunk line when the RHV trunk was fully exposed as long as 
possible. The RHV trunk line was defined as the main trunk of the RHV fully exposed as long as possible. (b, c) The portal-vein-
based segment(S) 6 and hepatic-vein-based S6 were expressed as the perfusion areas of the portal vein (P6) and drainage areas of the 
hepatic vein (V6), respectively, on the RHV trunk line of the 3D anatomy.

Table 1. Anatomic characteristics and tributary pattern of the hepatic vein

Items

Angle of RHV trunk (θ) (degree)***

RHV thickness (mm)***

V7 thickness to RHV (mm)***

Presence of IRHV, n (%)
V6 to MHV, n (%)
V8 to MHV, n (%)

All (n = 103*)

83.3 (56.2-97.4)
  6.5 (2.8-14.9)
  4.3 (2.3-8.3)
56/103 (54.4)
21/103 (20.4)
48/103 (46.6)

S6-dominant (n = 43)

80.8 (66.4-95.4)
  6.5 (2.8-11.2)
  4.5 (2.3-7.9)
31/43 (72.1)
15/43 (34.9)
22/43 (51.2)

*Include S5-dominant patients (n = 3); **S6-dominant vs. Non-difference; ***median (range). RHV = right hepatic vein; IRHV = inferior right 
hepatic vein; MHV = middle hepatic vein. 

Non-differnce (n = 57)

84.2 (56.2-97.4)
  6.6 (2.8-14.9)
  4.2 (2.3-8.3)
25/57 (43.9)
  6/57 (10.5)
26/57 (45.6)

p value**

0.177
0.316
0.318
0.008
0.006
0.687
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(IRHV) was significantly higher (72.1% vs. 43.9%, p 
= 0.008), and the proportion of patients with V6 of the 
MHV tributary was higher (34.9% vs. 10.5%, p = 0.006) 
in the S6-dominant group than in non-difference group. 
On the other hand, the presence of V8 of the MHV 
tributary (p = 0.687) did not differ significantly among 
the groups.

3.3. Branch pattern of the portal vein

Standard bifurcation was found in 93 patients, 
trifurcation in 3 patients, and other specific branch 
types of the main portal trunk were found in 7 patients. 
There was no significant difference in the normal branch 
pattern of the main portal trunk (S6-dominant group vs. 
non-difference group, 41 patients [95.3%] vs. 50 patients 
[87.7%], respectively, p = 0.293). In the 93 patients with 
the standard branch type, the length of the right portal 
trunk (p = 0.439) and anterior branch trunk (p = 0.809) 
did not differ significantly between the S6-dominant 
group and non-difference group (Table 2). In contrast, the 

median posterior branch was significantly shorter in the 
S6-dominant group than in the non-difference group (15.6 
[0-44.3] vs. 18.7 mm [0-47.8], p = 0.026). The angle 
between the anterior and posterior trunks did not differ 
significantly between the S6-dominant group and non-
difference group (p = 0.479). The number of branches of 
P6 also did not differ significantly (p = 0.856). 
 Regarding the branch patterns of the first P6, the 
S6-dominant group included a significantly higher 
proportion of the proximal type than the non-difference 
group (31 patients [72.1%] vs. 12 patients [27.9%]) 
(Figure 2). The non-difference group included a 
significantly higher proportion of the distal type than the 
S6-dominant group (10 patients [17.0%] vs. 47 patients 
[83.0%], p < 0.001).

4. Volume analysis

According to the perfusion area of each segment, the 
volumes of S6 (204 [69-366] vs. 152 mL [44-287], p 
< 0.001) and S7 (224 [82-561] vs. 205 mL [74-366], p 

Figure 2.  Branch pattern of the first portal vein in segment 6. (a) In the branch patterns of first P6, the S6-dominant group 
included a significantly higher proportion of the proximal type than the non-difference group on the RHV trunk line. (b) In contrast, 
the non-difference group included a significantly higher proportion of the distal type.

Table 2. Anatomic characteristics of the portal vein in standard bifurcation type cases (n = 93)

Items

Length of right portal vein trunk (mm)
Length of anterior branch trunk (mm)
Length of posterior branch trunk (mm)
Angle between anterior and posterior trunk (degrees)
Number of portal veins in segment 6

   All (n = 93*)

23.6 (5.4-41.9)
16.3 (0-37.5)
17.2 (0-47.8)
71.4 (41.2-106.3)
  1 (1-3)

S6-dominant (n = 41)

23.8 (5.4-41.9)
16.1 (0-36.4)
15.6 (0-44.3)
71.6 (46.8-106.3)
  1 (1-3)

Data are expressed as the medians (range). *Include S5-dominant patients (n = 2); **S6-dominant vs. Non-difference. 

Non-differnce (n = 50)

22.4 (6.5-39.4)
16.1 (0-37.5)
18.7 (0-47.8)
71.4 (41.2-100.6)
  1 (1-3)

p value**

0.439 
0.809 
0.026 
0.479 
0.856 
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Table 3. Volume analysis of each segment in the right liver

Segment

S5 (mL)
S6 (mL)
S7 (mL)
S8 (mL)

All (n = 103*)

115 (33-360)
164 (44-366)
215 (74-561)
202 (43-536)

S6-dominant (n = 43)

106 (33-312)
204 (69-366)
224 (82-561)
198 (45-536)

Data are expressed as the medians (range). *Include S5-dominant patients (n = 3); **S6-dominant vs. Non-difference.

Non-differnce (n = 57)

115 (39-360)
152 (44-287)
205 (74-366)
208 (43-464)

p value**

   0.328 
< 0.001
   0.037 
   0.834 

Figure 3.  Volume difference in segment 6. (a, b) The portal-vein-based S6 was significantly larger than that derived from the 
hepatic-vein-based liver anatomy. The volume difference between the two groups was 73 mL [29-189 ml] in S6.

Figure 4. Liver transection based on each anatomy. (a) The portal-vein-based liver transection was performed. Two P6 branches 
were detected using dye injected into each branch of P6. Each P6 branch was divided at the root and P7 was preserved. No thick 
branch of RHV was visualized. (b) The hepatic-vein-based liver transection was performed in proximal branch type P6. The full 
length of RHV in S6 was exposed, while root of P6 was not visualized.
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= 0.037) were significantly larger in the S6-dominant 
group than in the non-difference group (Table 3). 
However, there was no significant difference in S5 and 
S8 between the two groups. The median volume of 
the portal-vein-based anatomy of S6 (Figure 3a) was 
164 mL (44-366 mL), while the median volume of the 
hepatic-vein-based anatomy of S6 (Figure 3b) was 
142 mL (34-287 mL; p < 0.001). The median volume 
difference in S6 between the two groups was 73 mL 
(29-189 mL) (Figure 3). 

5. Liver transection in each model

In the clinical technique, the portal-vein-based liver 
transections were performed using dye injected into 
two branch of P6 and the hepatic-vein-based liver 
transection was performed in proximal branch type of 
P6 (Figure 4a). In the portal-vein-based transection, 
each P6 branch was divided at the root and P7 was 
preserved. No thick branch of RHV was visualized at 
the transection site. The full length of RHV in S6 was 
exposed in the hepatic-vein-based transection. Thus, 
the root of P6 was not visualized because of proximal 
branch type of P6 (Figure 4b). 

4. Discussion

This study showed that 41.7% of the segment planes 
in S6 did not match with the portal-vein-based and 
hepatic-vein-based 3D anatomies. The proximal branch 
type of P6 (72.1%) and the presence of the IRHV 
(72.1%) were conclusive factors for S6-dominant 
segmentation. 
 Several studies have mentioned the anatomical 
difference between the perfusion area of portal vein and 
drainage area of hepatic vein (1,2,8). However, objective 
rules for assessing this difference have not yet been 
established. The RHV frontal view in the present study 
can classify the branch pattern of P6 into the proximal 
or distal. In particular, the all proximal branch of P6 
perfused the ventral side of the RHV, which is thought 
to correspond to S5 in the hepatic-vein-based anatomy. 
To understand these anatomic characteristics enables 
to perform more precise anatomic liver resection (e.g.; 
anatomic resection in less than subsegment). This novel 
rule might also apply to the other segmental planes in the 
liver parenchyma.
 Transection of the liver parenchyma along with the 
major hepatic vein is considered to be one of the gold-
standard methods for anatomic liver resection (6,7). 
However, present study revealed that the 41.7% was 
failed to remove entire perfusion area in S6 when the 
patients was performed based on the hepatic-vein-based 
anatomy. In contrast, the parenchymal staining method 
which established by Makuuchi is one of an anatomic 
liver resection. The dye is injected into the portal 
vein to determine the region that should be resected. 

This procedure can be contributed to resect potential 
metastases via the portal vein in the tumor-occupying 
segment (14-16). Therefore, in the presence of portal 
vein tumor thrombus, the portal-vein-based liver 
transection is a prefer procedure to avoid intrahepatic 
recurrence (9).
 The S6-dominant group has two unique features on 
3D. First, 72.1% of the patients had one or more IRHV. 
Second, 72.1% of the patients had a proximal branch 
of P6, which was supported by the result of a shorter 
posterior branch of the portal trunk. These findings 
reflect a large drainage area in the liver parenchyma 
as well as a wide perfusion area in the S6-dominant 
group. Therefore, the parenchymal volume in S6 was 
significantly larger in the S6-dominant group than that 
in the non-difference group. 
 The preoperative liver volume measurements based 
on 3D anatomy imaging have been shown to agree with 
the actual volume of the liver resected at operation (17-
19). The median volume difference between the portal-
vein-based and hepatic-vein-based anatomies in S6 
was 73 mL. We believe this volume difference is large 
because the median parenchymal volume of S6 was 
164 mL. Therefore, almost half of the liver volume was 
discordant between the portal-vein-based and hepatic-
vein-based anatomies.
 Few studies have thus far identified the factors 
accounting for the anatomical features between the portal 
and hepatic veins at liver surgery. The present study 
emphasized the priority of portal-vein-based anatomic 
liver resection when precise resection is required such as 
portal vein thrombus, intra sub segmental metastasis and 
smaller anatomic resection which depend on the each 
portal vein branch. We believe that taking this anatomic 
concept into careful consideration before operation may 
increase the patient's benefits in liver resection.
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1. Introduction

Preoperative evaluation of liver functional reserve 
is important to predict severe complication after 
hepatectomy, which has been more enhanced because 
the indication for hepatic resection has been expanded 
along with the development of surgical techniques and 
perioperative management protocols (1-5). Among many 
indicators of liver functional reserve (3,4,6-13), the 
indocyanine green retention rate at 15 minutes (ICG-R15) 
is the gold standard technique (1,14,15). However, the 
patients should be rested for 2 to 3 hours in a horizontal 

position and the pretest fasting is necessary before 
ICG-R15 test, which usually necessitates hospitalization 
of the patients. Moreover, the technique of ICG-R15 
test is somewhat complex because three times of blood 
sampling after injecting ICG should be performed 
accurately with time-lag less than a few seconds. 
Additionally, the results can be inconclusive in patients 
with obstructive jaundice or congenital ICG excretory 
defects (16). Another auxiliary or even alternative 
examination for estimating the liver functional reserve is 
desired.
 Technetium-99m diethylenetriamine-penta-acetic 
acid-galactosyl human serum albumin (99mTc-GSA) 
scintigraphy is one of the prevalent examinations 
performed for evaluation of liver functional reserve (17-
25). Conventional indices of 99mTc-GSA scintigraphy, 
namely the blood clearance index (HH15) and the 
receptor index (LHL15), use accumulation counts of 
only two time points. The index of convexity (IOC) was 
proposed by Miki et al. (26) as a novel alternative to 

Summary Preoperative evaluation of liver functional reserve is important in hepatobiliary surgery. 
Although the indocyanine green retention rate at 15 minutes (ICG-R15) is the gold 
standard for this purpose, a new method without technical complexity would be preferable. 
We assessed the usefulness of the previously established index of convexity (IOC). In total, 
159 consecutive patients who underwent both technetium-99m-galactosyl human serum 
albumin (99mTc-GSA) scintigraphy and the ICG-R15 were included. Correlation coefficients 
between indices from 99mTc-GSA scintigraphy and blood examinations including ICG-R15 
were evaluated, and a conversion formula from the IOC to the ICG-R15 was established. 
The IOC was calculated as [L(15) × 2 − L(3) − L(27)] / [L(27) − L(3)], where L(t) indicates 
the radiation counts within the whole liver at t minutes after 99mTc-GSA injection. The 
IOC showed a significantly stronger correlation with the ICG-R15 (r = −0.532, p < 0.001) 
than the index of blood clearance (HH15) and the receptor index (LHL15). A formula 
for estimating ICG-R15 from IOC was "ICG-R15 = −31.0 × IOC + 30.1". In conclusion, 
the IOC is a better index for evaluating preoperative liver functional reserve than the 
conventional indices. A formula for estimating ICG-R15 from the IOC will be useful.
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HH15 and LHL15. The IOC is calculated from hepatic 
accumulation counts on GSA scintigraphy at three fixed 
time points, surrogating the convexity of the hepatic 
accumulation curve of GSA scintigraphy. This index was 
created based on data obtained in patients, most of whom 
(68.5%) had hepatocellular carcinoma. However, more 
and more patients with liver metastases from colorectal 
carcinoma undergone hepatic resection thanks to advent 
of preoperative chemotherapy. In this study, we assessed 
the usefulness of the IOC utilizing a patient cohort 
including many patients with colorectal liver metastases. 
In addition, we propose a new conversion formula from 
the IOC to the ICG-R15.

2. Materials and Methods

2.1. Patients and data collection

A total of 159 consecutive patients underwent both 99mTc-
GSA scintigraphy and ICG-R15 test within one month 
before hepatic resection from June 2011 to October 
2012 at the Cancer Institute Hospital of the Japanese 
Foundation for Cancer Research. Two patients who were 
diagnosed with constitutional ICG excretory defect were 
excluded from the study. The 99mTc-GSA scintigraphy 
was incorporated into the routine preoperative 
examination in our hospital from 2011 after private 
communication with the creator of this index; the index 
was published in the literature in 2013 (26). The IOC, 
ICG-R15, and other clinical data were collected from a 
retrospective review of the clinical records. The indices 
calculated from 99mTc-GSA scintigraphy were HH15, 
LHL15, and IOC. The serum levels of total bilirubin 
(T-Bil), direct bilirubin, aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), choline esterase, 
albumin (Alb), transthyretin (TTR), total cholesterol 
(T-Cho), prothrombin time-international normalized 
ratio (PT-INR), and platelet count (Plt) were determined 
after admission. Histopathological examination of the 
noncancerous part of the resected liver was performed to 
estimate liver impairment.

2.2. 99mTc-GSA scintigraphy

After intravenous injection of 3 mg of 99mTc-GSA (1 ml, 
185 MBq; Nihon Medi-Physics Co., Ltd., Nishinomiya, 
Japan), dynamic images were recorded with the patient 
in the supine position using a gamma camera (Infinia 3; 
GE Healthcare, Chicago, IL, USA) under a large field 
of view. Digital images were acquired at the rate of 30 
seconds per frame until 30 minutes after the injection. 
The regions of interests (ROIs) were determined by 
specialized medical engineers. The radiation counts 
obtained from the ROIs for the whole liver and heart 
were recorded at each time point. The data were 
processed on a workstation (GENIE Xeleris, version 3.1; 
GE Healthcare).

2.3. IOC

The IOC was calculated as [L(15) × 2 − L(3) − L(27)] 
/ [(L(27) − L(3)], the HH15 was calculated as H(15) / 
H(3), and the LHL15 was calculated as L(15) / [L(15) 
+ H(15)], where L(t) and H(t) indicate the radiation 
counts at t minutes after 99mTc-GSA injection within the 
whole liver and whole heart, respectively. This index is 
a surrogate for the numerical index of the convexity of 
the curve of liver radiation counts until 27 minutes after 
injection (26). The IOC was devised using line ratio: the 
ratio of each distance between the midpoint of L(3) and 
L(27) to L(15) (Figure 1A) and the midpoint of L(3) and 
L(27) to L(27) (Figure 1B).

2.4. Statistical analysis

The correlation between the indices from 99mTc-GSA 
scintigraphy and all other indices were analyzed 
using Spearman's rank correlation coefficient test as 
a nonparametric test. A linear model was calculated 
by simple and multiple regression analyses with a 
stepwise method using significant p values. Subanalyses 
comparing liver functional indices were performed after 
the division of the patients into the following groups: 
first and repeat hepatectomy groups, non-chemotherapy 
and chemotherapy groups, and non-cirrhosis and 
cirrhosis groups. The correlations among the indices 
were also analyzed using Spearman's rank correlation 
coefficient test. All statistical analyses were performed 
using IBM SPSS Statistics for Windows, version 23.0 
(IBM Corp., Armonk, NY, USA). Statistical significance 
was established at p < 0.05

3. Results

3.1. Patient characteristics

Table 1 shows the background of the patients. 
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Figure 1. Representative accumulation curves and time 
points for calculation of the index of convexity. The solid 
line is the liver accumulation curve, and the dashed line is the 
heart curve. The index of convexity is the ratio of line A to B. 
A higher value indicates better liver function.
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strongest correlation (r = −0.532, p < 0.01) to ICG-R15 
compared with HH15 (r = 0.336, p < 0.01) and LHL15 
(r = −0.348, p < 0.01). This trend was seen in all 
subgroups except the cirrhosis group. The IOC showed 
the strongest correlation to most of other indices (total 
bilirubin, direct bilirubin, choline esterase, albumin, 
transthyretin, and Plt). Non-chemotherapy group and 
cirrhosis group showed stronger correlation coefficients 
between IOC and ICG-R15 (r = −0.605, p < 0.001; r 
= −0.600, p < 0.001). In the chemotherapy group and 
repeat hepatectomy group, only the IOC showed a 
significant correlation with the ICG-R15. ICG-R15 and 
Plt showed stronger correlation coefficients (r = 0.532, 
p < 0.01; r = 0.496, p < 0.01) to the IOC followed by 
TTR (r = 0.420, p < 0.01).

3.3. Linear regression equation and conversion formula

Based on a simple linear regression analysis, a 
conversion formula estimating ICG-R15 value from the 
IOC value was generated: "ICG-R15 = −30.4 × IOC + 
29.8" (r = 0.612, p < 0.001). Among the subgroups, the 
first hepatectomy group showed the highest r value, and 
the estimation formula from the first hepatectomy group 
was calculated as "ICG-R15 = −31.0 × IOC + 30.1" (r 
= 0.650, p < 0.001). A simplified diagram estimating 
ICG-R15 from the IOC value is shown in Figure 4.

4. Discussion

In this study, the IOC showed a significant correlation 
with the ICG-R15, which is the current gold standard 
test for estimating liver functional reserve. The IOC 
is a surrogate for the curve convexity of continual 
hepatic radiation counts during 30 minutes following 

Preoperative chemotherapy was performed in 32% and 
a repeat hepatectomy (i.e., second time or more) was 
performed in 19% of all patients. 55% of all patients 
had liver metastasis, 33% had hepatocellular carcinoma, 
and 11% had cholangiocarcinoma. Among 87 patients 
with liver metastasis, colorectal carcinoma was the 
origin of the liver metastasis in 73 patients (84%). 
Of these 73 patients, preoperative chemotherapy was 
administered to 51 patients: 5-fluorouracil, leucovorin, 
plus oxaliplatin (FOLFOX) in 23 patients, capecitabine 
plus oxaliplatin (CapeOX) in 11, capecitabine in 6, 
5-fluorouracil, leucovorin, plus irinotecan (FOLFIRI) 
in four, and other regimens in seven. Molecular target 
drugs were used in 31 patients: anti-vascular endothelial 
growth factor antibody (bevacizumab) in 18 and anti-
epidermal growth factor receptor antibody (cetuximab 
or panitumumab) in 11.
 Postoperative histopathological examination of 
the noncancerous part of the resected liver revealed 
normal liver in 119 patients, fatty liver in 4, chronic 
hepatitis in 10, and liver cirrhosis in 26. The cirrhosis 
group included patients with liver cirrhosis and chronic 
viral hepatitis, and the non-cirrhosis group included the 
remaining patients with normal and fatty liver (Table 1).

3.2. Correlation between the GSA scintigraphy indices 
and other indices

Scatter diagrams of the ICG-R15 and each index 
obtained from 99mTc-GSA scintigraphy, namely, IOC, 
HH15, and LHL15, in all patients group are shown in 
Figure 2. Scatter diagrams of subgroups are shown in 
Figure 3. Table 2 shows the correlation coefficients 
between the indices obtained from 99mTc-GSA 
scintigraphy and other indices. The IOC showed the 

Table 1. Summary of patient characteristics

Age (Median, range)
Sex (Male/Female)
Preoperative Chemotherapy (+/−)
Duration between ICG and GSA scintigraphy (days, mean ± SD)
Times of hepatectomy (First/Repeat)
Diagnosis (n, %)
    Metastatic liver tumor 
          Colorectal cancer
          Gastric cancer
          Lung cancer
          Renal cell cancer
          Breast cancer
          Lingual cancer
          Pancreatic neuroendocrine tumor
          Duodenal carcinoid
    Hepatocellular carcinoma 
    Cholangiocarcinoma 
    Others
Histopathological findings of the liver (n, %)
    Normal liver
    Fatty liver
    Chronic hepatitis
    Liver cirrhosis

  64 (29-84)
116/43
51/108
10.1 ± 8.2
129/30

  87 (54.7%)
  73 (83.9%)
    5 (5.7%)
    3 (3.4%)
    2 (2.3%)
    1 (1.1%)
    1 (1.1%)
    1 (1.1%)
    1 (1.1%)
  53 (33.3%)
  17 (10.7%)
    2 (1.3%)

119 (74.8%)
    4 (2.5%)
  10 (6.3%)
  26 (16.4%)

SD: standard deviation, ICG: indocyanine green clearance test, GSA scintigraphy: technetium-99m-galactosyl human serum albumin liver 
scintigraphy.
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the injection (26), of which the calculation is so 
complicated. This novel index uses only three hepatic 
radiation counts at 3, 15, and 27 minutes after injection, 
respectively. A larger IOC value indicates that 99mTc-
GSA accumulates in the liver more rapidly and the 
curve of the radiation counts reaches to a plateau faster, 
meaning higher hepatic capacity of uptake.
 The correlation coefficients between ICG-R15 and 
the IOC were significantly stronger than the conventional 
indices of HH15 and LHL15. The calculation of the 
IOC incorporates three radiation counts at different time 

points, while that of HH15 incorporates two counts. 
The IOC utilizes more information obtained from 
the scintigraphy than HH15, thus may be superior to 
HH15. The calculation of LHL15 incorporates a hepatic 
radiation count and a heart radiation count only at single 
time point of 15 minutes, respectively, so that IOC 
may be superior to LHL15 from the similar viewpoint. 
Furthermore, both HH15 and LHL15 use radiation 
counts from the heart, of which the ROI usually includes 
not only the heart but also the liver because the two 
organs are tightly adjacent. This inaccuracy of measuring 

Figure 2. Scatter diagrams of the ICG-R15 and the indices of 99mTc-GSA scintigraphy. ICG-R15: indocyanine green retention 
rate at 15 min, GSA: galactosyl human serum albumin.

Figure 3. Scatter diagrams of the ICG-R15 and IOC for each subgroup. ICG-R15: indocyanine green retention rate at 15 
min, IOC: index of convexity, First: first hepatectomy, Repeat: repeat hepatectomy, Chemo: preoperative chemotherapy, Normal: 
normal liver in noncancerous area of the liver, Cirrhosis: liver cirrhosis in noncancerous area of the liver.



www.biosciencetrends.com

BioScience Trends. 2017; 11(3):333-339. 337

of the radiation count may cause the difference. Another 
possible reason for the difference would be difference 
of the mechanism. The IOC focuses on the change of 
the rate of material uptake, while the HH15 indicates 
clearance rate of the material from the blood pool, and 
the LHL15 indicates the proportion of hepatic uptake to 
all injected material at one time point.
 In the present study, the most common cause 

for hepatectomy was liver metastasis (54%), and 
preoperative chemotherapy was performed in as many 
as 59% of these patients. The IOC was initially devised 
based on the data from the patients of whom 69% had 
hepatocellular carcinoma and thus had impaired liver 
(26). Nonetheless, the IOC values were well correlated 
with ICG-R15 values; the IOC can be applied to the 
patients with various kinds of disease. In our result, 
in spite of the small cohort with only 36 patients, the 
correlation coefficient between IOC and ICG-R15 in 
cirrhosis group was stronger than most other subgroups, 
which is consistent with the previous report. On the 
other hand, chemotherapy group showed the lowest 
correlation value. This trend may be because various 
regimens of chemotherapy were performed according 
to the each cause and medical history, and perhaps 
because small sample size. Further analysis utilizing a 
large number of patients undergoing chemotherapy is 

Table 2. Correlation coefficients between the indices obtained from GSA scintigraphy and blood tests

Items

ICG-R15
T-Bil
D-Bil
Cho-E
Alb
TTR
Plt
 

ICG-R15
T-Bil
D-Bil
Cho-E
Alb
TTR
Plt
 

ICG-R15
T-Bil
D-Bil
Cho-E
Alb
TTR
Plt
 

ICG-R15
T-Bil
D-Bil
Cho-E
Alb
TTR
Plt

IOC

−0.532
−0.249
−0.363
   0.292
   0.232
   0.420
   0.496

−0.605
−0.243
−0.390
   0.339
   0.245
   0.472
   0.507

−0.544
−0.244
−0.372
   0.343
   0.265
   0.440
   0.492

−0.390
−0.234
−0.291
      −
   0.191
   0.339
   0.412

IOC: index of convexity, ICG-R15: indocyanine green retention rate at 15 minutes, T-Bil: total bilirubin, D-Bil: direct bilirubin, Cho-E: choline 
esterase, Alb: albumin, TTR: transthyretin, Plt: platelet count, *: p < 0.05, †: p < 0.01, ††: p < 0.001, n.s.: not significant.

p

††
†
††
†
†
††
††

††
*
††
†
*
††
††

††
†
††
††
†
††
††

††
†
†

n.s.
*
††
††

HH15

   0.336
      −
   0.271
−0.287
−0.210
−0.371
−0.374

   0.429
      −
   0.312
−0.365
−0.230
−0.428
−0.424

   0.352
      −
   0.255
−0.350
−0.273
−0.428
−0.370

      −
      −
      −
      −
      −
−0.229
−0.268

p

††
n.s.
†
†
†
††
††

††
n.s.
†
††
*
††
††

††
n.s.
†
††
†
††
††

n.s.
n.s.
n.s.
n.s.
n.s.
*
†

LHL15

−0.348
      −
      −
   0.185
   0.209
   0.178
   0.250

−0.392
      −
      −
   0.255
   0.250
   0.270
   0.294

−0.375
      −
      −
   0.218
   0.216
   0.268
   0.242

−0.178
      −
      −
      −
      −
      −
      −

p

††
n.s.
n.s.
*
†
*
†

††
n.s.
n.s.
*
†
†
†

††
n.s.
n.s.
*
*
†
†

*
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.

IOC

−0.430
      −
−0.418
      −
      −
   0.391
   0.351

−0.327
      −
      −
      −
      −
      −
   0.448

−0.477
      −
−0.388
      −
      −
      −
   0.390

−0.600
      −
      −
   0.360
      −
      −
   0.509

p

††
n.s.
†

n.s.
n.s.
†
†

*
n.s.
n.s.
n.s.
n.s.
n.s.
††

†
n.s.
*

n.s.
n.s.
n.s.
*

††
n.s.
n.s.
*

n.s.
n.s.
†

HH15

      −
      −
      −
      −
      −
      −
      −

      −
      −
      −
      −
      −
      −
      −

      −
      −
      −
      −
      −
      −
      −

   0.440
      −
      −
−0.390
      −
      −
−0.374

p

n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.

n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.

n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.

†
n.s.
n.s.
*

n.s.
n.s.
*

LHL15

      −
      −
      −
      −
      −
      −
      −

      −
      −
      −
      −
      −
      −
      −

      −
      −
      −
      −
      −
      −
      −

−0.630
      −
      −
   0.471
      −
   0.397
   0.474

                           All Patients (n = 159)                                                                   Non-chemotherapy, First hepatectomy, 
                                                                                                                                     and Non-cirrhosis Group (n = 58)

 

                      Non-chemotherapy Group (n = 108)                                                       Chemotherapy Group (n = 51)

                         First Hepatectomy Group (n = 129)                                                   Repeat Hepatectomy Group (n = 30)

                                Non-cirrhosis group (n = 123)                                                                   Cirrhosis Group (n = 36)

      

p

n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.

n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.

n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.

††
n.s.
n.s.
†

n.s.
*
†

Figure 4. Simplified diagram of conversion formula from 
IOC to ICG-R15 in the first hepatectomy group. IOC: 
index of convexity, ICG-R15: indocyanine green retention 
rate at 15 min.
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necessary.
 The correlation coefficients were worse in the repeat 
hepatectomy group than in the first hepatectomy group. 
A possible cause for this is the deformity of the liver 
shape after the preceding hepatectomy; setting of ROI 
during 99mTc-GSA scintigraphy may be difficult in some 
cases. The ROI setting should be confirmed if the IOC 
value showed discrepancy with expected one in the 
patients who had undergone hepatectomy.
 In the chemotherapy group, the correlation 
coefficients were unsatisfactory. Sinusoidal obstructive 
syndrome (SOS) and chemotherapy-associated 
steatohepatitis (CASH) are well-known side effects of 
chemotherapy affecting liver functional reserve (27-
29). SOS is characterized by obstruction of a central 
vein within a sinusoid, and CASH is caused by a 
metabolic disorder. The IOC indicates the rate of the 
material uptake and its alteration, while the ICG-R15 
indicates the clearance of the material from the blood 
pool, deeply influenced by the velocity of portal venous 
flow. This difference of mechanisms may be the key 
for explaining this discrepancy and, perhaps, either 
of the two examinations may be superior to the other 
in patients undergoing chemotherapy. This should be 
further confirmed utilizing data including postoperative 
complication.
 We created a conversion formula for estimating the 
ICG-R15, which so far is the gold standard for estimating 
liver functional reserve. Because the liver functional 
reserve is so complicated that no one can precisely define 
this term, the liver surgeons should decide surgical 
indication and plan for hepatic resection referring to 
not only ICG-R15 but also other indices. A conversion 
formula from the IOC value to the ICG-R15 value may 
be useful in comparison to ICG-R15 value. Moreover, in 
patients with congenital ICG excretory defect or those 
with portosystemic shunt, this formula may be more 
enhanced in estimating the liver functional reserve.
 In conclusion, the IOC is superior to the conventional 
index obtained from 99mTc-GSA scintigraphy in terms 
of evaluating liver functional reserve. A conversion 
formula from the IOC to ICG-R15 is proposed for 
further utility in preoperative patient management.
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1. Introduction

Diagnosis of hepatocellular carcinoma (HCC) is 
defined by early enhancement in the arterial phase 
and washout in the portal phase on imaging studies, 
including computed tomography (CT) and magnetic 
resonance imaging (MRI) (1). On the other hand, non-
enhanced lesions in the arterial phase or hypervascular 

nodules without washout in the portal phase are found 
during the follow-up period in patients with high risk of 
hepatocarcinogenesis (2-4). The frequency of diagnosis 
of such nodules has increased since gadoxetic acid-
enhanced MRI has become clinically available (5-7).
 Tumors associated with HCC with an atypical 
radiological pattern are considered as "dysplastic 
nodules" or "early HCC", and are known to have 
substantial malignant potential (1,8-10). In contrast, 
some of these tumors may be poorly differentiated HCC, 
and grow rapidly during observation. As these lesions 
are often small and it is difficult to perform a biopsy to 
confirm malignancy, whether such nodules should be 
treated immediately is controversial (11-13).
 Due to the better prognosis after treatment for such 
lesions with atypical radiological patterns, some authors 

Summary In patients at risk of hepatocarcinogenesis, tumors are frequently detected with atypical 
radiological patterns related to hepatocellular carcinoma (HCC) on imaging studies. 
Despite their high potential for malignancy, whether to resect such lesions immediately is 
controversial. Based on histological findings, patients with non-enhanced tumors or enhanced 
tumors without washout were divided into two groups: those with tumors that should be 
treated containing well, moderately, and poorly differentiated HCC (Group 1), and those that 
can be observed containing early HCC, hepatocellular adenoma, focal nodular hyperplasia, 
dysplastic nodules, and regenerative nodules (Group 2), and we elucidated the clinical 
correspondence to these tumors. Seventy-two patients had a single tumor with atypical 
radiological pattern: 39 patients had HCC (Group 1), while 33 patients had benign tumors 
or early HCC (Group 2). Among nine baseline variables, serum α-fetoprotein (AFP) level in 
Group 1 (median, 13.2 ng/mL; range, 0.6-5881.6) was significantly higher than that in Group 
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Keywords: α-fetoprotein, atypical radiological pattern, benign liver tumor, hepatocellular 
carcinoma

DOI: 10.5582/bst.2017.01110Original Article

Released online in J-STAGE as advance publication June 18, 
2017.

*Address correspondence to:
Dr. Yutaka Midorikawa, Department of Digestive Surgery, 
Nihon University School of Medicine, 30-1 Oyaguchikami-
machi, Itabashi-ku, Tokyo 173-8610, Japan.
E-mail: mido-tky@umin.ac.jp



www.biosciencetrends.com

BioScience Trends. 2017; 11(3):340-345.

have suggested extensive treatment including ablation 
for non-enhanced tumors (9,14,15). On the other hand, 
we reported previously that non-enhanced lesions and 
enhanced lesions without washout coexisting with 
HCC should be considered as risk factors for new 
lesions in the remnant liver, and not target lesions for 
treatment (16). Furthermore, it is not necessary to treat 
hypovascular tumors associated with HCC immediately 
after diagnosis due to the long lead time and the 
substantial risk of developing classical HCC in the 
remnant liver (17,18).
 In this study, we investigated the risk of malignancy 
of tumors with atypical radiological patterns on imaging 
studies and clarified what types of such nodules 
associated with HCC should be treated immediately.

2. Materials and Methods

2.1. Patients

Patients undergoing liver resection for malignant 
tumors at Nihon University Itabashi Hospital during the 
period from 2006 to 2014 were included in this study. 
Among these patients, those diagnosed as having a 
single non-enhanced tumor or a hypervascular tumor 
without washout associated with HCC were analyzed.

2.2. Diagnosis

Nodules that are hypervascular in arterial phase but 
become hypovascular in portal phase on contrast CT 
and/or MRI are defined as classical HCC. On the 
other hand, other nodules that show hypovascularity 
in arterial phase and are distinguishable from cysts or 
hemangiomas are defined as non-enhanced lesions (1).
 All patients underwent preoperative multiphase 
contrast-enhanced CT with/without gadoxetate disodium-
enhanced MRI, as described previously (16). Briefly, a 
four-channel multidetector CT scanner was used. After 
precontrast CT scans, two sets of contrast-enhanced 
CT scans were performed, with one during the arterial 
phase and the other during the portal phase. The standard 
protocol for contrast-enhanced CT required 120-150 
mL of nonionic intravenous contrast material (370 mg/
mL) administered by a power injector at a rate of 3 mL/
s, with a delay of 35 seconds for the arterial phase and 65 
seconds for the portal phase. MRI was performed using 
gadoxetate disodium administered intravenously at a rate 
of 2 mL/s, with delay times for the arterial and portal 
phases of 20 and 60 seconds, respectively.

2.3. Pathology

Pathological evaluations of resected specimens were 
performed by two pathologists with more than 10 years 
of experience in the field of liver pathology as follows 
(19-22):

 I) HCC: well-vascularized tumors with wide 
trabeculae (> 3 cells), prominent acinar pattern, small 
cell changes, cytological atypia, mitotic activity, vascular 
invasion, absence of Kupffer cells, and loss of the 
reticulin network
 II) Early HCC: characterized by intratumoral 
portal tracts, the presence of stromal invasion, increased 
cell density, and structural atypia. 
 III) Hepatocellular adenoma: benign hepatocytes 
arranged in mildly thickened cell plates, with a preserved 
reticulin network and thin-walled arteries.
 IV) Regenerative nodule: local proliferation 
of hepatocytes surrounded by fibrous septa, and 
hemosiderin deposition is fairly common.
 V) Dysplastic nodule: regenerative nodule 
containing atypical cells without definite histological 
features of malignancy.
 VI) Focal nodular hyperplasia: presence of ductular 
reaction with varied intensity at the junction of the 
fibrous septa with the hepatocellular component.
 Based on the pathological findings, non-enhanced 
tumors or hypervascular tumors without washout were 
divided into two groups; tumors that should be treated 
immediately including well, moderately, and poorly 
differentiated HCC (Group 1) and those that could be 
followed up by observation consisting of early HCC, 
hepatocellular adenoma, focal nodular hyperplasia, 
dysplastic nodule, regenerative nodules, and other benign 
tumors (Group 2).

2.4. Statistical analysis

Variables in each of the groups were analyzed using 
Fisher's exact test and the Mann-Whitney U test. 
Prognostic factors among the nine parameters (Table 
1) for classification for treatment (Group 1) or 
observation (Group 2) were identified with the logistic 
regression model. The predictive ability of variables for 
classification into Group 1 and Group 2 was assessed by 
receiver operating characteristic (ROC) curve analysis 
and the corresponding area under the curve (AUC). The 
optimal cut-off value was set as the value maximizing 
the sum of sensitivity and specificity. Survival curves 
were generated using the Kaplan-Meier method and 
compared using the log-rank test. In all analyses, P < 0.05 
was taken to indicate statistical significance.

3. Results

3.1. Patients

Among the total of 1467 patients that underwent 
curative liver resection under a diagnosis of HCC, 1147 
were diagnosed as having a single tumor. Overall, 72 
patients underwent liver resection for a tumor with 
atypical radiological patterns (Figure 1). These patients 
included 45 (72.0%) men and the median age was 70 
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was significantly higher in Group 1 (median, 13.2 ng/
mL; range, 0.6-5881.6) than in Group 2 (5.6 ng/mL; 
0.8-86.3, P = 0.003). Patients with hypervascular tumors 
without washout were significantly more frequent in 
Group 1 (69.7% vs. 30.3%, P = 0.015). On the other 
hand, the logistic regression model indicated that serum 
AFP level was the only independent factor for Group 
1 (odds ratio, 0.98; 95%CI, 0.96-0.99, P = 0.011), and 
hypervascular nodules without washout tended to be 
more frequent in Group 1 (P = 0.065) (Table 2).

3.4. Cut-off value of α-fetoprotein level

The AUC of the ROC was 0.56 (P = 0.003) for AFP 
in relation to the need for treatment of tumors with 
an atypical radiological pattern. The calculated cut-
off value for AFP was 36.4 ng/mL, with sensitivity of 
41.0%, specificity of 84.8%, positive predictive value 
of 76.1%, and negative predictive value of 54.9% for 
prediction of malignancy (Figure 2).

years (range, 30-82 years) (Table 1).

3.2. Pathology

Based on the results of histological examination of the 
resected specimens, 14 patients had well-differentiated, 
21 moderately differentiated, and four poorly 
differentiated HCCs (Group 1, 39 (54.1%) patients). 
On the other hand, 24 patients were given a diagnosis 
of early HCC, one with hepatocellular adenoma, two 
with dysplastic nodules, two with regenerative nodules, 
and four with focal nodular hyperplasia (Group 2, 33 
(45.8%) patients). The median tumor size was 1.8 cm 
(range, 0.8-4.0 cm). Among the 72 patients, 39 (54.1%) 
had liver cirrhosis, 26 (36.1%) had chronic hepatitis, 
and seven (9.7%) had normal livers.

3.3. Risks of hepatocellular carcinoma

By univariate analysis, serum α-fetoprotein (AFP) level 

Table 1. Patient characteristics

Variables

Age, yr
Male, n (%)
Non-enhanced tumor, n (%)
Hepatitis, HB/HC/nBnC
Liver, LC/CH/NL
Size, mm
AFP, ng/mL 
DCP, mAU/mL
Repeated liver resection, n (%)

Group 1 (n = 39)

70 (41-82)
27 (69.2)
16 (41.0)
5 / 25 / 9
22 /15 /2
20 (9-40)

13.2 (0.6-5881)
26 (10-915)

7 (17.9)

Group 2 (n = 33)

68 (30-81)
18 (54.5)
23 (69.6)
4 / 20 / 9
7 / 11 / 5
17 (8-32)

5.6 (0.8-86.3)
21 (1-18142)*

2 (6.0)
*One patient with high DCP level took warfarin before surgery. HB, hepatitis B virus; HC, hepatitis C virus; LC, liver cirrhosis; CH, chronic 
hepatitis; NL, normal liver; AFP, alpha-fetoprotein; DCP, Des-gamma carboxy prothrombin.

P value

0.088
0.290
0.015
0.919
0.357
0.056
0.003
0.263
0.128

Figure 1. Flow diagram of patient recruitment.
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3.5. Survival

We defined patients with AFP level ≥ 36.4 ng/mL as 
the high-AFP group and those with AFP level < 36.4 
ng/mL as low-AFP group, and compared survival rates 
between the patients in these groups.
 After a median follow-up of 3.9 years (range, 0.6-
9.0 years), 14 (63.6%) and 21 (42.0%) patients had 
recurrence in the high- and low-AFP groups, respectively. 
A total of 33 patients (94.2%) had recurrence in the 
remnant liver, and recurrence occurred in distant sites 
in two patients (5.7%). There were no significant 
differences in recurrence site (P = 0.152) or treatments 
for recurrent HCC (P = 0.749) between the two groups. 
 The median overall and recurrence-free survival 
periods were 5.3 (95% CI, 2.1 to N.A.) years and 1.6 
(0.5-2.2) years in the high-AFP group and 7.5 years 
(95% CI, 7.5 to N.A., P = 0.047) and 2.8 years (1.9-
3.3, P = 0.001) in the low-AFP group, respectively. 
The 5-year overall survival rates were 61.7% and 
76.8%, and the recurrence-free survival rates at the 
end of 5 years were 0% and 57.2% in the two groups, 
respectively (Figure 3).

4. Discussion

We found that tumors associated with HCC with 
an atypical radiological pattern have a high risk of 

Figure 2. Distribution of serum AFP level and tumor 
pathology as shown by box plots. There was a significant 
correlation between AFP and pathology (P = 0.003).

Table 2. Uni- and multivariate analysis

Variables

Age
Gender
Vascularity
Hepatitis 
Liver** 
Size 
AFP 
DCP 
Repeated liver resection

OR (95%CI)

70 (41-82)
27 (69.2)
16 (41.0)
5 / 25 / 9
22 /15 /2
20 (9-40)

13.2 (0.6-5881)
26 (10-915)

7 (17.9)

OR (95%CI)

68 (30-81)
18 (54.5)
23 (69.6)
4 / 20 / 9
7 / 11 / 5
17 (8-32)

5.6 (0.8-86.3)
21 (1-18142)*

2 (6.0)
*Logistic regression model. ** Diagnosis by imaging studies containing liver cirrhosis, chronic hepatitis, and normal liver. AFP, α-fetoprotein; DCP, 
Des-gamma carboxy prothrombin.

P value

0.359
0.731
0.065
0.693
0.885
0.094
0.014
0.172
0.129

P value

0.290
0.088
0.015
0.919
0.357
0.056
0.003
0.263
0.128

Univariate Analysis Multivariate Analysis*

Figure 3. Survival outcomes after liver resection. There 
were significant differences between the two groups in both 
overall (A) and recurrence-free (B) survival rates for patients 
after liver resection.
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malignancy if serum AFP level is high, especially in 
patients with non-enhanced nodules at arterial phase.
 Through the development of carcinogenesis, HCC 
gains vascularity and washout at the portal phase (2,23), 
and non-enhanced and hypervascular nodules without 
washout could be precancerous lesions, including 
early HCC (8,10). Nearly half of such tumors that 
were suspected to be HCC could have been placed 
under observation in this series. With improvements in 
diagnostic modalities, including gadoxetic acid-enhanced 
MRI and contrast ultrasound, more lesions that are not 
definitively HCC are discovered (5-7). 
 Whether non-enhanced nodules should be treated 
immediately after diagnosis remains controversial. 
Treatment of these marginal lesions with high malignant 
potential is inconclusive, as some authors have 
suggested that these lesions should be strictly monitored 
or ablated (14). On the other hand, a study using a 
statistical model to estimate the long-term survival 
benefit of radiofrequency ablation of high-grade 
dysplastic nodules indicated no additional time benefit 
compared to regular follow-up and timely treatment (24).
 In our previous report, survival rates from diagnosis 
of hypovascular liver tumors were similar between 
patients that underwent liver resection immediately and 
those treated after vascularization (18). Furthermore, the 
tumors associated with HCC with atypical radiological 
pattern that coexisted with classical HCC were not 
necessarily removed, because new classical HCC lesions, 
which should be treated immediately, often appear 
prior to the malignant transformation of non-enhanced 
lesions or hypervascular tumors without washout due to 
multicentric hepatocarcinogenesis (16,17). 
 These findings were attributed to the fact that 
treatment of early HCC does not contribute to patient 
survivals due to the long lead time from early to classical 
HCC (25). That is, the survival benefit of patients 
undergoing liver resection for early HCC is too marginal 
to justify the procedure. Therefore, similar to the 
premalignant lesions such as hepatocellular adenoma or 
dysplastic nodules which are not necessary to be treated 
immediately, it was appropriate for early HCC to be 
classified into Group 2 in this study.
 Serum AFP level was the only independent factor 
and hypervascular nodules without washout tended to 
be HCC compared with non-enhanced tumors in this 
study. We decided a cut-off value of AFP based on the 
AUC of the ROC, and the survival periods of patients 
in the high-AFP group were significantly shorter than 
those in the low-AFP group. Therefore, patients with 
HCC-related tumors with atypical radiological pattern 
and high serum AFP level should be candidates for 
treatment rather than observation. 
 The approach for  tumors  with  an atypical 
radiological pattern depends on the clinical features of 
the nodules. Non-enhanced nodules > 2 cm in diameter 
had high malignant potential (26), and 41-62% of HCC 

smaller than 2 cm showed an atypical radiological 
pattern (1,10). In contrast, the majority of nodules in the 
cirrhotic liver < 1 cm are benign (8). On the other hand, 
our data showed that high serum AFP level was the 
only independent factor for malignancy and the tumor 
size was not significantly larger in tumors of Group 1 
compared to Group 2, and these clinical features tended 
to be dominant in patients with hypervascular nodules 
without washout. In addition, the sensitivity according 
to the cut-off value of serum AFP in this study is not so 
high and therefore, vascularity and tumor size as well 
as AFP level should be taken into account in decision-
making regarding resection for such tumors.
 In conclusion, non-enhanced nodules or enhanced 
tumors without washout associated with HCC could be 
observed unless serum AFP levels are not elevated. In 
particular, large hypervascular tumors without washout 
should be followed-up carefully because of the high 
potential for malignancy.
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Sustained release vancomycin-coated titanium alloy using a novel 
electrostatic dry powder coating technique may be a potential 
strategy to reduce implant-related infection
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1. Introduction

With the increasing incidence of trauma, joint 
degeneration and bone tumor, more and more implants 
are applied in orthopedic surgeries, playing a critical role 
in improving the stability and rebuilding the anatomical 
structure of bone and joint. However, the treatment of 
implant-related infections still remains a huge challenge 
for orthopedic surgeons. Incidence of postoperative 

infection after arthroplasty or closed fracture fixation 
ranges from 0.3 to 3% (1-4) and reaches nearly 30% 
in open fracture. The consequences for patients, 
with no doubt, are tremendous including prolonged 
hospitalization with pain and immobilization, revision 
surgery and long-term antibiotic therapy, and the huge 
costs during the entire treatment (5,6). The conventional 
treatment for implant-associated infections is limited 
to systemic administration of antibiotics, which is 
usually difficult to achieve the required local delivery of 
medicine and ineffective once the bacteria biofilm on the 
surface of implant is formed. Fortunately, the application 
of local drug delivery system (LDDS) in orthopedics, 
like modification of the titanium surface or antibiotics 
delivery coating of implants, which can effectively raise 
the antibiotic concentrations around bones and reduce the 
risk of toxicity from large systemic administration, has 
brought us a new way to tackle this problem (7). Though 

Summary In order to tackle the implant-related infection, a novel way was developed in this study to 
coat vancomycin particles mixed with controlled release coating materials onto the surface 
of titanium alloy by using an electrostatic dry powder coating technique. To characterize this 
sustained release antibacterial coating, surface morphology, in vitro and in vivo drug release 
were sequentially evaluated. In vitro cytotoxicity was tested by Cell Counting Kit-8 (CCK-
8) assay and cytological changes were observed by inverted microscope. The antibacterial 
properties against MRSA, including a bacterial growth inhibition assay and a colony-counting 
test by spread plate method were performed. Results indicated that the vancomycin-coated 
sample was biocompatible for Human osteoblast cell line MG-63 and displayed effective 
antibacterial ability against MRSA. The coating film was revealed uniform by scanning 
electron microscopy. Both the in vitro and in vivo drug release kinetics showed an initially 
high release rate, followed by an extended period of sustained drug release over 7 days. 
These results suggest that with good biocompatibility and antibacterial ability, the sustained 
release antibacterial coating of titanium alloy using our novel electrostatic dry powder coating 
process may provide a promising candidate for the treatment of orthopedic implant-related 
infection.
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great progress has been made, there still remain some 
technical difficulties like limited antimicrobial spectrum, 
short maintenance of effective antibiotic concentration 
due to the burst release of loaded drugs, relatively 
complicated and high energy consuming coating process 
etc.
 In this study, we developed a novel way to coat 
vancomycin particles mixed with controlled release 
coating materials onto the surface of titanium alloy by 
using an electrostatic dry powder coating technology, 
which had formerly been applied for pharmaceutical 
usage (8). The surface morphology, in vitro antibacterial 
properties, biocompatibility and drug releasing kinetics 
of the vancomycin-coated titanium alloy were evaluated.

2. Materials and Methods

2.1. Preparation process of vancomycin-coated titanium 
alloy

2.1.1. Preparation of titanium alloy

Plain titanium alloy discs (Ti6Al4V) were custom made 
by Shanghai Institute of Ceramics, Chinese Academy of 
Sciences, 6 mm in diameter and 2 mm in height (Figure 
1A). Before the coating process, the matrix surface is 
cleaned by 1 mol/L hydrochloric acid, methanol, 70% 
ethanol and ultrasonic vibration of distilled water, each 
for 10 min, and then air-dried.

2.1.2. Preparation of coating materials

Eudragit RS and Eudragit RL (Evonik Degussa 
Corporation, Germany), as sustained release control 
agents, are copolymers derived from esters of acrylic 
and methacrylic acid usually used for sustained release 
coating of pharmaceutical dosage forms. Triethyl citrate 
(TEC), as a liquid plasticizer, was purchased from 
Caledon Laboratories Ltd. (Ontario, Canada). Talc was 
purchased from Mallinickrodt Baker Inc (Canada). 
Vancomycin were provided (Zhejiang Medicine Co, Ltd 
Xinchang Pharmaceutical factory, China) as antibiotics.
 Particle size reduction of Eudragit RL, Eudragit RS, 
talc and vancomycin were conducted separately by a 
jet mill, prior to use. Particle size of the powder was 
confirmed by a Particle Size Distribution Analyzer (TSI 
Corporation, Model 3603, Shoreview, MN, USA). The 
particle size at 50% of total weight fraction was used 
as average particle size. The average particle size of 
Eudragit RL, Eudragit RS, talc and vancomycin was 18.4 
µm, 16.5 µm, 28.9 µm, and 29.0 µm respectively.

2.1.3. Electrostatic powder coating process

The powder coating process was conducted in a 
laboratory scale electrostatic dry powder pan coater 
system comprising of a heating oven, a liquid spray 

nozzle and an electrostatic spray gun (Figure 1C). The 
titanium alloy discs were suspended inside the oven and 
preheated at a certain temperature (30-60°C) for 10 min 
before the coating started. The liquid plasticizer (TEC) 
was regulated by a liquid metering pump (Fluid Metering 
Inc., USA) and sprayed onto the titanium surface through 
a liquid atomizing nozzle at a rate of 0.3 g/min (Table 
1). Afterwards, the coating particles were sprayed by an 
electrostatic spray gun (Nordson Corporation, USA). 
After spraying the powder, the titanium alloy discs 
were further cured for 4-8 h to allow film formation. In 
order to achieve the sustained release effect of the drug, 
the antibiotics coating materials and polymer coating 
materials were coated onto the surface of the titanium 
alloy discs by a plurality of sets of spray. It sprayed a 
mixture of antibiotics and polymer materials for the 
first layer then sprayed the sustained release polymer 
materials for the second layer (Table 1). This step was 
repeated for several times. By improving the thickness 
and strength of the coating film, it achieved the effect of 
the drug release. The average weight gained after coating 
was up to 16%. The coated samples were then air dried 
for 3 days at 37°C (Figure 1B). 

2.2. Surface characterization

The surface morphology of the coated sample at 
curing temperature 60°C and curing time (4, 8 h) were 
examined by scanning electron microscopy (SEM). The 
samples were sputter coated with gold for 120 s under 
argon atmosphere using EMITECH K550 sputter coater 
(Emitech Ltd, Ashford, UK), and then were observed 
with a scanning electron microscope (S-2600 N Hitachi, 
Ontario, Canada).

2.3. In vitro drug release

Release of vancomycin from coated samples was 
investigated in a PBS buffer (pH 7.4). The coated surfaces 
were immersed in 10 mL of PBS and incubated at 37°C 
with an orbital shaker at 70 rpm. The PBS was replaced 
fresh by the addition of the same volume at 4, 24, 48, 
72, 120, 170 h. PBS samples (10 µL) were collected at 
a predetermined time (1, 4, 24, 48, 72, 120, 170 h) and 
then diluted 20 times. The content of vancomycin in the 
supernatant was measured with LC-MS/MS. The LC-
MS/MS system consists of an AB Sciex Qtrap 5500 (AB 
SCIEX, USA) with a Waters Acquity UPLC (Waters 
Corporation, USA). The instrument conditions are shown 
in Table 2. The cumulative amount of vancomycin 
released from the samples was plotted against time.

2.4. Antibacterial tests of vancomycin-coated sample

2.4.1. Bacterial zone of inhibition test (ZOL)

To check for the antibacterial potency of the vancomycin-

347
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suspension was diluted to 107 CFU/mL and inoculated 
on an agar plate. Then the sterile coated sample was put 
gently on the MRSA spreaded agar plate and incubated 
at 36.5°C. Without replacing the coated sample, the 

coated sample, bacterial growth inhibition assay was 
performed. MRSA as the experimental bacteria, was 
offered by the Microbiology Laboratory of Zhongshan 
Hospital Affiliated to Fudan University. The bacterial 

Table 1. Compositions and processing condition of coating

Antibiotics coating materials
Sustained release coating materials
Plasticizer
Temperature (°C)
Curing time (h)
Air flow rate (SCFH)
Atomizing pressure (psi)
Carrier air pressure (psi)
Voltage of spray gun (KV)

65% Eudragit RS/Eudragit RL (2:1) + 35% Vancomycin
80% Eudragit RS/Eudragit RL (2:1) + 19.9% Talc + 0.1% TiO2
TEC
60
4 to 8
2.5
54
54
50

Table 2. The LC-MS/MS conditions

Column
Flow rate
Column temperature
Injection volume
Mobile phase
Gradient

The MS/MS conditions

Ion source
Curtain Gas, Ion Source Gas 1, Ion Source Gas 2
Temperature
Ion Spray Voltage

Waters CORTECS UPLC, 2.1 × 50 mm, 1.6 µm 0.4 mL/min
45°C
10 µL
Water (0.1%FA, A), acetonitrile (0.1%FA, B)
Time (min)          %A             %B 
1. Initial               99.0            1.0 
2. 1.50                  85.0          15.0 
3. 1.60                    5.0          95.0 
4. 2.60                    5.0          95.0 
5. 2.70                  99.0            1.0 
Analyte: Vancomycin
Precursor ion: 724.5
Product ion: 144.1
DP (Volts): 100
EP (Volts): 10
CE (Volts): 20
CXP (Volts): 13
ESI
45.0 psi
550°C
5500V

Figure 1. The appearance and coating process of the titanium alloy sample. (A), Uncoated sample; (B), Vancomycin-coated 
samples; (C), The electrostatic powder coating process.
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MRSA spreaded agar plate was replaced every three days 
and the zone of inhibition was measured. The uncoated 
sample was treated with the same methods.

2.4.2. Colony-counting test by spread plate method

MRSA offered by the Microbiology Laboratory of 
Zhongshan Hospital Affiliated to Fudan University was 
incubated in a sterile Brain Heart Infusion broth (BHI) 
for 24 h. The concentration of MRSA was then adjusted 
to 107 CFU/mL and 100 µL of the suspension was 
added onto the surface of a coated sample. The sample 
surface was then covered by a plastic film to maintain 
the humidity above 90%, and incubated at 36.5°C for 
48 h. After that, the sample was collected, washed with 
2 mL of NS to remove loosely adherent cells on both 
sample surface and plastic film, and placed on a sterile 
plate. 100 µL of the suspension was then plated onto 
the agar plates and incubated at 36.5°C for another 48h. 
Mean numbers of colony-forming units (CFU) were 
quantified as a measure of antibacterial activity for each 
sample. The uncoated samples were treated with the 
same methods and served as a control.

2.5. In vitro biocompatibility evaluation

2.5.1. Cell cultivation

Human osteoblast cell line (MG-63, Cells Resource 
Center, Shanghai Institutes of Biological Science, 
Shanghai, China) was used for study. The MG-63 cells 
were cultured in the dulbecco's modified eagle medium 
(DMEM; Gibco, Invitrogen, Inc, USA) with 10% fetal 
bovine serum (FBS; Gibco, Invitrogen, Inc, USA), 1% 
antimicrobial of penicillin-streptomycin (Antibiotic-
Antimycotic; Gibco, Invitrogen, Inc, USA) at 37°C in 
a humidified atmosphere of 5% CO2. The DMEM was 
refreshed every 3 days during cell culturing. Confluent 
cells were harvested after trypsinization (0.25% trypsin, 
EDTA) and then placed in 96-well plates with the 
cell density of 1.0 × 104 cell/mL, prepared for further 
experiments.

2.5.2. Preparation of the leaching solution

The coated samples, with uncoated samples serving as 
a control were separately put in a centrifuge tube and 
completely soaked in a-MEM medium supplemented 
with 10% FBS. Then the centrifuge tubes were placed 
onto an automatic shaking bed with an appropriate 
speed and swing trace, allowing a full contact between 
the sample and culture medium. The culture supernatant 
of both coated and uncoated samples were filtered 
at predetermined times (2, 5, 8 days) as the leaching 
solution and stored at 4°C for further use.

2.5.3. Cytotoxicity evaluation with the CCK-8 assay 

and the inverted microscope

The leaching solution collected at 2, 5, 8 days were 
separately added to a 96-well plate where the prepared 
MG-63 cells were seeded in advance. The CCK-8 (Cell 
Counting Kit-8) assay was then tested to evaluate the 
cells proliferation at predetermined times (12 h, 24 h, 3 
d, 6 d, 8 d) and the cytological changes of MG-63 was 
also observed by the inverted microscope. At each time 
point, 1 mL medium was added to each well with 100 
µL CCK-8 reagent. After a 4 h incubation at 37°C, the 
optional density was read as 450 nm using an automated 
plate reader (ELX800, Bio-Tek, USA). 

2.6. In vivo drug release in animal studies

The 10-week-old male SD rats (Shanghai Sippr-BK 
laboratory animal Co. Ltd, Animal license No. 2013-
0016) were kept in cages with individual filtered 
aeration and fed with a standard diet with water 
ad libitum. Before implantation, the animals were 
anesthetized by intraperitoneal injection of 10% chloral 
hydrate (0.3 mL/100 g). The back of the mice, which 
was chosen as the implantation site, was shaved and 
sterilized with 70% ethanol. Then, the coated sample 
was buried subcutaneously and the wound was closed 
by simple interrupted wound sutures. The venous 
bloods from the tails were collected at different time 
points after surgery and centrifugated to plasma, frozen 
at -20°C. Plasma samples (20 µL) were collected and 
added 100 µL 8% HClO4 as the protein precipitation 
agent, and then centrifugated under 20,000g for 10 min. 
Since the accumulative amount of released drug can't be 
achieved because of the metabolic processes of drugs in 
rats, the concentration of vancomycin at different time 
points in the supernatant was then measured instead 
with LC-MS/MS. The instrument and testing conditions 
were the same as the in vitro drug release part (Table 2). 
All animal experiments were done in accordance with 
the regulations and with the approval from Laboratory 
Animal Ethics Committee of Zhongshan Hospital 
Affiliated to Fudan University.

2.7. Statistical analysis

Data were presented as the mean ± standard deviation 
from at least three independent experiments and each 
experiment was performed twice. Statistical analyses 
were performed using a one-way analysis of variance 
(ANOVA). p < 0.05 was considered significant.

3. Results

3.1. Surface morphology of vancomycin-coated sample

Figure 2 (A, B) shows SEM images (1.8 k×) of the 
surface of coated sample after different curing times. 
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The film was partly formed after the sample was cured 
for 4 h and the boundaries between particles were still 
obvious (Figure 2A). After being cured for 8 h, the 
boundaries became smaller and the film was relatively 
uniform (Figure 2B). Another SEM image (100×) shows 
the overall surface morphology of the coating and its 
compact granular structure of different sizes from 10 µm 
to 30 µm (Figure 2C).

3.2. In vitro and in vivo drug release kinetics of 
vancomycin

In vitro drug release from vancomycin-coated samples 
was observed and the average cumulative amount of 
drug at 1, 4, 24, 48, 72, 120 and 170 h was 47.077 ± 3.943, 
78.167 ± 21.915, 178.301 ± 70.127, 228.992 ± 93.012, 
274.898 ± 113.220, 302.003 ± 131.446, and 312.084 
± 137.919 µg respectively. The data were then plotted 
against time and as is presented in the drug release 
profile (Figure 3A), the vancomycin-coated samples 
show a sustained release over 7 days, followed by the 
elution of 80% of the drug within the first 72 h and the 
antibiotic release rate gradually declines over time.
 During the in vivo experiment, all animals tolerated 
the surgery without death, local infection or other 
complications. The average vancomycin concentration 
was measured to be 86.940 ± 22.775, 269.780 ± 
58.983, 512.440 ± 45.349, 534.160 ± 93.924, 401.000 
± 113.225, 197.100 ± 125.807, 72.300 ± 32.604, 34.740 
± 15.099, 18.020 ± 7.986, 14.660 ± 7.545, 11.600 ± 
6.280, and 10.000 ± 4.288 µg/L at 0.5, 1, 2, 3, 6, 24, 
50, 72, 97, 120, 148, and 168 h respectively using LC-
MS/MS and then plotted against time (Figure 3B). As 
is presented in the drug release profile (C-T), the drug 
concentration was detected at 0.5 h after the implantation 
of the vancomycin-coated sample and increased rapidly 
until reaching the peak at 2 h, and then followed by a 
sustained slow release. The drug concentration could be 
still detected seven days after the surgery.

3.3. Analysis of in vitro antibacterial ability

The antibacterial property of the coated sample can 

be directly visualized through the image of bacterial 
inhibition zone after 3 days incubation (Figure 4A). 
Bacterial zone of inhibition depends on the amount of 
released vancomycin and directly proportionate to the 
amount of eradicated bacteria. The average diameter of 
inhibition zone at 3, 6, 9, 12, 15, and 18 d were 16.48 
± 2.74, 10.98 ± 1.14, 6.12 ± 1.47, 4.15 ± 1.19, 2.55 ± 
1.15, 0.30 ± 0.27 mm and then plotted against time. As 
is presented in Figure 4C, the zone of inhibition showed 
the highest diameter on the third day. Then with the 
incubation time prolonged, the size of the antibacterial 
inhibition zone gradually decreased and became nearly 
undetectable after 18 days. As was expected, the 

Figure 3. In vitro and in vivo drug release profile from 
vancomycin-coated samples. (A), In vitro drug release from 
vancomycin-coated samples were observed and the average 
cumulative amount of drug at 1, 4, 24, 48, 72, 120, and 170 
h were recorded respectively and plotted against time. (B), 
During the in vivo experiment, the average vancomycin 
concentration was measured at 0.5, 1, 2, 3, 6, 24, 50, 72, 97, 
120, 148, and 168 h respectively using LC-MS/MS and then 
plotted against time (C-T profile).

Figure 2. SEM micrographs of vancomycin-coated sample surface curing at 60°C for different time intervals. (A), After 4 h, 
the film was partly formed and the boundaries between particles were still obvious. (B), After 8 h, the boundaries became smaller 
and the film was relatively uniform. (C), SEM image (100×) shows the overall surface morphology of the coating and its compact 
granular structure of different sizes from 10 to 30 µm.
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uncoated sample did not generate the zone of inhibition 
under the same conditions (Figure 4B).
 The MRSA adhesion was examined by the spread 
plate method, with the number of viable bacteria 
expressed relative to that of bacteria grown on uncoated 
Ti6Al4V. As is showed in Figure 4D, the uncoated 
sample had no effect on MRSA adhesion after 48 h and 
abundant bacteria had grown all over the plate. However, 

no bacterial colony was observed on the coated sample 
(Figure 4E), indicating that the vancomycin-coated 
Ti6Al4V has an effective antibacterial ability against 
MRSA.

3.4. Cytotoxicity test and cytological changes of MG-63

The cyto-compatibility of coated and uncoated samples 
were evaluated with the CCK-8 assay using MG-63 as a 
model. The OD of MG-63 cells in coated and uncoated 
groups at different times as measured by after the CCK-
8 assay were presented in Table 3, and then plotted 
against time (Figure 5A-C), suggesting the proliferation 
behaviors of MG-63 cells grown in the leaching 
solution (2, 5, 8 days) of both coated and uncoated 
samples. A twofold increase in absorbance from day 1 
to day 3 was recorded, which indicated cell viability 
with both coated and uncoated samples. Both numbers 
then decreased after that. The proliferation behaviors of 
MG-63 cells in both coated and uncoated groups were 
very similar to each other in every measurement point 
and no significant statistical differences of OD were 
found between two groups (p > 0.05). 
 The cells in both groups were clustered, confluent, 
multi-layered, mature, clearly fusiform with increased 
volume, showed similar distribution, well spreading and 
cell-cell contact by inverted microscope after a 3 days 
cultivation (Figure 5D), indicating that the vancomycin-
coated Ti6Al4V presented no obvious cytotoxicity.

4. Discussion

The implant-related infection, which often leads to 
prolonged patient pain, functional losses and causes 
huge treatment costs, is a catastrophic complication 
of orthopedic surgery. In the past forty years, a 
new method of local drug delivery system (LDDS) 
has been developed based on a series of original 
inorganic materials and organic-polymers with fine 
biocompatibility. Compared with traditional systemic 
drug delivery, it can directly raise the local antibiotic 
concentration, allow greater control over toxicity 
of dose and reduce the risk of promoting antibiotic 
resistance. 
 A series of challenges are involved when it comes 
to the developing process of the antibacterial coating 

Figure 4. Antibacterial tests of vancomycin-coated samples. 
(A), Bacterial zone of inhibition was shown by the amount 
of released vancomycin from coated sample and directly 
proportional to the amount of eradicated bacteria. (B), The 
uncoated sample did not generate the zone of inhibition under 
the same conditions. (C), The ZOI diameters of coated samples 
at different times were measured and plotted against time. 
(D), In the colony-counting test by spread plate method, the 
uncoated sample showed no effect on MRSA adhesion after 48 
h and abundant bacteria had grown all over the plate. (E), No 
bacterial colony was observed on the coated sample.

Table 3. OD of MG-63 cells in coated and uncoated groups at different times with the CCK-8 assay

Items

0.5 day
1 day
3 days
6 days
8 days

2 days  LS*

0.489 ± 0.048
0.517 ± 0.076
1.174 ± 0.211
1.076 ± 0.237
0.479 ± 0.036

5 days  LS

0.573 ± 0.049
0.567 ± 0.024
1.168 ± 0.216
0.822 ± 0.107
0.609 ± 0.105

*LS, leaching solution.

8 days  LS

0.555 ± 0.038
0.547 ± 0.072
1.140 ± 0.156
0.721 ± 0.138
0.427 ± 0.041

2 days  LS

0.448 ± 0.020
0.474 ± 0.058
1.140 ± 0.302
1.090 ± 0.106
0.465 ± 0.085

5 days  LS

0.472 ± 0.043
0.496 ± 0.051
1.057 ± 0.194
0.771 ± 0.166
0.499 ± 0.118

8 days  LS

0.455 ± 0.038
0.481 ± 0.026
1.123 ± 0.093
0.743 ± 0.200
0.497 ± 0.081

                         Vancomycin-coated group                                                                          Uncoated group
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for metals. For example, the antibiotics usually would 
no longer stay active when experiencing dramatic 
changes of the environmental temperature or their own 
physicochemical properties. Also, an effective binding 
pathway or interface between antibacterial agents 
and the implants remains to be found. Furthermore, 
the whole coating process of the antibacterial coating 
should be carried out on an environmental and 
economical base.
 To overcome those challenges, efforts have been 
made throughout the world. In some researches, the 
titanium alloy was simply immersed in antibacterial 
solution and then dried for subsequent use, which 
is effective and easy to operate. But the relatively 
long processing time, less drug loading, burst 
release of drug and short maintenance time limit the 
application of this method. It is also reported that huge 
progress has been made in antibacterial property and 
osteointegration of titanium alloy through nanoscale 
surface patterning methods (9-11) or subsequently in 
conjunction with some antibacterial ions like silver 
ion (12,13). Nevertheless, disadvantages still exist in 
many aspects of this surface modification method such 
as the narrow antibacterial spectrum and inadequate 
maintenance of effective antibiotic concentration. 

Additionally, it should be cautioned that the dendritic 
cells and macrophages activated by nanotechnologies 
can also lead to unintended inflammation which is 
definitely harmful (14). Meanwhile, the mechanical 
property of titanium nanocoatings is also a concern 
since damages may occur during surgical implantation. 
Some other researchers tried to modify the implant's 
surface by grafting bioactive molecules like protein 
or polypeptide, together with antibacterial agents onto 
them (15,16). It's not yet well accepted because of the 
unstable antibacterial properties after a multiple organic 
processing and the harsh requirements for preservation.
 The trends toward "green" manufacturing and cost 
effectiveness have further spurred development of 
solvent-free coating techniques in both pharmaceutical 
and medical products. Some coating processes like hot-
melting coating (17), compression coating (18,19) and 
dry powder coating (20,21) have been investigated and 
widely used within the paint and automobile industries.
 In the last few years, a low-temperature electrostatic 
dry powder coating process has been developed and 
successfully applied to make a sustained release 
coating of tablets (8). On the basis of that, we made 
a series of preliminary experiments, and first applied 
this electrostatic dry powder coating technology to 

Figure 5. Proliferation behaviors of MG-63 cells. The OD of MG-63 cells in (A), 2 days, (B), 5 days, (C), 8 days leaching 
solution of coated and uncoated groups at different times as measured by after the CCK-8 assay were plotted against time. (D), 
Morphological changes of MG-63 cells cultured in 5 days leaching solution of coated and uncoated sample for 0.5 d and 3 d were 
observed by inverted microscopy.
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coat vancomycin particles mixed with control release 
coating materials onto the surface of titanium alloy. 
Different from the traditional dry powder coating 
technology, it forms an electrical field created by an 
electrostatic charging gun and grounded substrate to 
direct the charged powder flow and assist charged 
powder particle deposition. Also the repulsive force 
among the charged particles can cause a better 
distribution of deposited particles so that a more 
uniform coating film is achieved. Massive production 
can be done and no complicated physicochemical 
treatment is needed during the coating process. 
Besides, certain amount of liquid plasticizer is sprayed 
onto the surface of the implants through a liquid 
atomizing nozzle before the coating process, which 
greatly increases the surface electrical conductivity 
and reduces the transition temperature (Tg) of the 
coating polymers, thus facilitating the coalescence of 
charged polymeric particles into film and ensuring 
the whole coating process is done at a relatively low 
temperature (30-60°C). Since the vancomycin powder, 
usually mixed with bone cement, is commonly taken 
as an effective antibiotic in a LDDS, it can tolerate the 
high temperature (70-100°C) during the polymerizing 
process of PMMA and is absolutely applicable for the 
antibacterial coating of titanium alloy. Also, due to the 
solvent-free and low-temperature coating process, there 
will be no effect on the physicochemical property of 
coating particles and no acid metabolites degraded by 
polymers. 
 An ideal drug delivery system, especially an 
antibacterial coating in orthopedics, should be first 
biocompatible and exhibit initially high release rates 
(i.e. burst release) to counter increased infection 
risk immediately following surgery, followed by an 
extended period of sustained drug release conforming to 
therapeutic efficacious dose to prevent latent infection 
(22). The in vitro biocompatibilities of coated and 
uncoated samples were evaluated with the CCK-8 assay 
using MG-63 as a model. The cytological changes and 
proliferation behaviors of viable MG-63 cells showed 
that both coated and uncoated group had almost the 
same cells growth trend (p > 0.05) (Figure 5A). From 
our results, we also found that the number of viable 
cells was slightly higher in coated group than uncoated 
group for the most of time. We hypothesized that 
maybe it was the relatively high concentration of metal 
ions in uncoated group that inhibited the cell growth. 
In contrast, the leaching solution of vancomycin-
coated group might not only provide a relatively sterile 
environment for cells, but also slow down the release of 
toxic metal ions from the implant itself. Further study 
is needed to determine the exact causes. Therefore, the 
data suggested that the vancomycin-coated Ti6Al4V had 
no inhibitory effect on the proliferation of MG-63 cells 
than uncoated one and proved its good biocompatibility.
 As is presented in the in vitro drug release profile 

(Figure 3A), the vancomycin-coated sample shows an 
elution of 80% of the drug within the first 72 h, then 
followed by a sustained release over 7 days and the 
antibiotic release rate gradually declines over time, 
which directly indicates its property of in vitro sustained 
drug release. On the other hand, after the vancomycin-
coated sample was buried inside the rats and went 
through the process of drug absorption, distribution and 
metabolism, the drug concentration was detected at 0.5 
h and increased rapidly until reaching the peak at 2 h, 
and then followed by a sustained slow release (Figure 
3B), which in another way indicates its property of in 
vivo sustained drug release. Therefore, from the point of 
drug release kinetics, the sustained release vancomycin-
coated sample using a novel electrostatic dry powder 
coating process meets the conditions required for an 
ideal orthopedic implant.
 The  in  v i t ro  an t ibac ter ia l  proper ty  of  the 
vancomycin-coated sample can be directly visualized 
through the bacterial inhibition zone and the colony-
counting tests. As is presented in Figure 4C, the zone 
of inhibition showed the highest diameter at the third 
day. Then with the incubation time prolonged, the size 
of the antibacterial inhibition zone gradually decreased 
and became undetectable after 18 days. This result also 
supported the drug release profiles (Figure 3). It could 
be found that the existence time of bacterial inhibition 
zone (18 d) lagged behind the time of in vitro drug 
release (7 d). That was because the viscosity of agar 
is much greater than the PBS solution, which might 
hinder the drug release and extend the release time. 
During the colony-counting test, no bacterial colony 
was observed on coated sample (Figure 4E), indicating 
that the vancomycin-coated Ti6Al4V has effective 
antibacterial ability of MRSA.

5. Conclusion

In this study, a sustained release antibacterial coating 
of titanium alloy was produced by using a novel 
electrostatic dry powder coating process. This coating 
technique overcomes the limitations associated with 
some traditional coating techniques and offers many 
advantages like good antibacterial ability, ideal 
sustained drug release, low energy consuming and 
processing temperature, being environmental-friendly 
and economical, no complicated physicochemical 
treatment required, no acid metabolites degraded by 
polymers and availability for massive production. The 
clinical feasibility of this method awaits the results of 
further studies. 
 In conclusion, with good biocompatibility and 
antibacterial ability, the sustained release antibacterial 
coating of titanium alloy using a novel electrostatic 
dry powder coating process will provide a promising 
candidate for the treatment of orthopedic implant-
related infections.
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1. Introduction

The advent of human induced pluripotent stem 
cells (iPSCs) in 2007 (1,2), has ushered in an era of 
considerable excitement about the prospects of using 
these cells to develop new opportunities for healthcare, 
from their potential for regenerative medicine to their 
use as tools for studying the cellular basis of many 
diseases and the discovery of new drugs. In recent years, 
research on iPSCs technologies in mice and humans 
has progressed greatly. Human iPSCs can be generated 

from multiple donor sources, such as neural cells (3), 
hepatocytes (4), and amniocytes (5). Generation of 
urinary iPSCs (UiPSCs) may be a better choice since 
the isolation of urinary cells is simple, and safely, 
affordably, and frequently obtained (6,7). This approach 
has been widely used for modeling disorders and 
offering proof of principle for basic biological research 
and clinical applications (8,9). Previous methods used 
to derive iPSCs are not "footprint-free" and random 
integration may alter the transcriptional signature, 
a serious obstacle to comprehensive transcriptional 
analysis. Recently different integration-free methods 
have been used to reprogram these cells, which greatly 
improve the prospects for iPSCs applications (10). 
Although human iPSCs are shown to mimic ESCs, 
global transcriptional comparison of human ESCs and 
iPSCs derived from other sources has revealed some 
significant differences. Several studies have identified 
as many as 1267 to 3947 genes with varying levels 
of deviation (11,12). Nevertheless, previous study 
suggests that UiPSCs are "nearly identical" to ESCs, 
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but it remains unclear whether the small percentage of 
genes that are differentially expressed between iPSCs 
and ESCs is biologically significant. 
 In this study, we investigated the differences in gene 
expression profiles of UiPSCs and ESCs, and identified 
a set of differentially expressed genes for the first 
time. After bioinformatic analysis, four genes related 
to reprogramming and differentiation were further 
validated by qRT-PCR. The results of the present study 
extended our understanding of the transcriptional 
profiles in ESCs and UiPSCs and highlighted that the 
substantial gene expression differences between these 
cell populations can be helpful to direct the utility of 
UiPSCs in the future.

2. Materials and Methods

2.1. Cell origin and culturing

The experimental procedures were approved by the 
ethnic committee of Shandong Medical Biotechnological 
Center. Human ESCs was derived from discarded human 
embryos and co-cultured with Guangzhou Biocare 
Cancer Institute (GBCI). UiPSCs were generated from 
urine using an integration-free reprogramming method 
provided by Guangzhou Institutes of Biomedicine and 
Health. All the above cells were maintained in defined 
medium BioCISO (Biocare Biotech., Ltd., Guangzhou, 
China) on matrigel (Corning, NewYork, USA). The 
culture medium was changed daily and cells were 
passaged with 0.5mM EDTA (Gibco, Carlsbad, CA, 
USA) when the culture grew confluent.

2.2. Bioinformatic analysis

Genome-wide expression profiling analysis was 
performed using Affymetrix GeneChip Human 
Transcriptome Array 2.0 between ESCs and UiPSCs 
according to the manufacturer’s instructions. CEL-files 
of the raw data uploaded to the website of Gene Cloud of 
Biotechnology Information (GCBI Platform, Shanghai, 
China) (www.gcbi.com.cn) for further data mining, 
including differences in mRNA profiles, and other 
bioinformatic analysis. We selected the differentially 
expressed mRNAs based on the P-value, Q-value and 
at least a 2-fold change. To determine the interactions 
among differentially expressed genes, gene co-expression 
networks were built according to the normalized signal 
intensity of specific expressed genes. In a network 
analysis, degree is the most important measure of an 
mRNA centrality within a network. A higher degree of 
a gene indicates that it plays a more important role in 
the signaling network. A GO analysis was applied to 
analyze the main functions of the differentially expressed 
mRNAs (13). Pathway analysis of differentially 
expressed genes was performed based on the Kyoto 
encyclopedia of genes and genomes (KEGG) (14).

2.3. qRT-PCR

Alteration of targeted gens at the mRNA level was 
confirmed by qRT-PCR analysis. Total RNA was 
extracted using Trizol reagent (Gibco, Carlsbad, CA, 
USA) and the purified total RNA was used for cDNA 
synthesis with a first-strand cDNA synthesis kit 
(Toyobo, Osaka, Japan). After the reverse transcription 
reaction, cDNA was used as the template for qRT-PCR 
of NNAT, EGR1, PIWIL2, and TAF9B. The sequences 
of the primers used are listed in Table 1. qRT-PCR 
was performed (LightCycler 480 thermocycler, Roche 
Applied Science, Mannheim, Germany) using a SYBR 
Green qPCR Kit (Toyobo, Osaka, Japan). ACTIN was 
used as an internal control to determine the relative 
expression of target mRNA. All reactions were 
performed in triplicate.

2.4. Statistical analysis

Data are shown as the mean ± S.D., and student's 
t-test (two-tailed) was used to determine the statistical 
significance of quantitative data. P < 0.05 was considered 
to be statistically significant.

3. Results

3.1. Bioinformatic analysis of microarray data between 
ESCs and UiPSCs

To identify differentially expressed genes between the 
ESCs and the UiPSCs, we selected the differentially 
expressed mRNAs according to the P-value and 
Q-value by using the GCBI platform. P-values < 0.01 
and Q < 0.01 were considered significant. The list of 
significant genes was further filtered using fold change 
(FC) > 2 (Table 2). Although the hierarchical clustering 
analysis showed that UiPSCs were similar to ESCs in 
expression levels, there were still 19 mRNAs with the 
largest differences in each of the two cell populations 
(Figure 1A). Of these, 5 showed higher expression 
in UiPSCs than in ESCs, and 14 were more highly 
expressed in ESCs than in UiPSCs. To further evaluate 
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Table 1. Targeted gene sequences of the primers used for 
qRT-PCR
Gene

TAF9B

NNAT

PIWIL2

EGR1

ACTIN

Sequences5'-3'

Forward, GGATGACGAGTGGCTGGATA
Reverse, GCCAGTCTCACATCATCTGC
Forward, ACCGCATTCTGATCTGGACA
Reverse, ACCCTCCTTCCTCAACTGTG
Forward, TTGTGGACAGCCTGAAGCTA
Reverse, CCATCAGACACTCCATCACG
Forward, CCACCACGTACTCCTCTGTT
Reverse, GAACCCTCCTCTCCTATGGC
Forward, CCCAGAGCAAGAGAGG
Reverse, GTCCAGACGCAGGATG
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Table 2. The 19 differentially expressed genes

Gene Symbol

TAF9B
CLC
NNAT 
CCDC152
LGALS14
SERPINB9
ZNF676 
CAPN6 
ZNF208 
LUZP2
PIWIL2
GRPR
GSTT1
LCP1
ZNF248
SDR42E1
ZNF729
EGR1
AASS

Gene Description

TAF9B RNA polymerase II, TATA box binding protein (TBP)-associated factor, 31kDa 
Charcot-Leyden crystal protein 
Neuronatin , transcript variant 1
Coiled-coil domain containing 152
Lectin, galactoside-binding, soluble, 14, transcript variant 1, mRNA
Serpin peptidase inhibitor, clade B (ovalbumin), member 9 
Zinc finger protein 676 
Calpain 6 
Zinc finger protein 208 
Leucine zipper protein 2, transcript variant 1, mRNA
Piwi-like RNA-mediated gene silencing 2, transcript variant 1 
Gastrin-releasing peptide receptor 
Glutathione S-transferase theta 1 
Lymphocyte cytosolic protein 1 (L-plastin) 
Zinc finger protein 248, transcript variant 1
Short chain dehydrogenase/reductase family 42E, member 1
Zinc finger protein 729 
Early growth response 1 
Aminoadipate-semialdehyde synthase, nuclear gene encoding mitochondrial protein

Fold Change

9.64011
9.120564
5.586741
4.242718
4.231168
3.28019
2.949182
2.870614
2.797106
2.564051
2.45924
2.356274
2.309566
2.250113
2.223748
2.216083
2.074822
2.042328
2.004129

Gene Feature

Up
Down
Down
Up
Down
Down
Down
Down
Down
Down
Down
Down
Up
Down
Up
Up
Down
Down
Down

Figure 1. Comparative transcriptomic analysis between ESCs and UiPSCs. (A) Hierarchical clustering analysis of the 
differentially expressed genes in ESCs and UiPSCs. Red color indicates upregulated genes and green color indicates downregulated 
genes. (B) Gene co-expression network analysis based on the differentially expressed genes. The red circles represent upregulated 
genes, and blue circles represent downregulated genes. The size of the circle represents the degree value. (C) Histogram of changed 
GO analysis based on the differentially expressed genes. (D) Histogram of signaling pathways based on the differentially expressed 
genes.
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the interactions among the differentially expressed 
genes and to locate core regulatory genes in the 
network, we constructed a gene co-expression network 
by GCBI. The higher degree of a gene indicated 
that it was regulating or being regulated by a greater 
number of genes, implying it had a more important 
role in the signaling network. A P value < 0.05 was 
considered statistically significant. As shown in Figure 
1B, TAF9B was identified as the core regulatory node 
with the highest degree. By using the GCBI platform, 
significantly altered cell functions were generated. We 
focused on GOs with a P value of < 0.05 and a FDR of 
< 0.05 (top 14 affected cell functions are listed in Figure 
1C). High-enrichment GOs of biological processes 
included the organic cyclic compound response, 
glucose stimulus response, glomerular mesangial 
cell proliferation, positive regulation of glomerular 
metanephric mesangial cell proliferation, and germ-
line stem cell maintenance. Among these differentially 
expressed genes, PIWIL2 participated in germ-line stem 
cell maintenance, and EGR1 is involved in glomerular 
mesangial cell proliferation. Pathway analyses were 
used to determine the significantly enriched pathways 
of the differentially expressed genes. As shown in 
Figure 1D, significant signaling pathways between 
ESCs and UiPSCs groups included dorso-ventral axis 
formation, prion diseases, basal transcription factors, 
lysine degradation, and glutathione metabolism.

3.2. Validation of differently expressed genes by qRT-
PCR

In order to validate differential mRNA expression 
patterns, 4 selected genes, related to reprogramming 
and differentiation, were analyzed by qRT-PCR. NNAT, 
PIWIL2, EGR1were found to be more highly expressed 
in ESCs, and TAF9B was found to be more highly 
expressed in UiPSCs (Figure 2), which is consistent 
with our findings using the microarray platform.
 UiPSCs are shown to mimic human ESCs (15,16), 
the degree of molecular similarity between UiPSCs 
derived from urine by transcriptional reprogramming 
and those of embryo-derived human ESCs has not been 
completely elucidated. In this study, we performed a 
comparison of gene expression profiling between the 
UiPSCs and ESCs. Our data suggest that, although 
the global transcriptional profiles of human ESCs and 
UiPSCs were globally similar, small but significant 
differences indeed exist. A total of 19 differentially 
expressed genes were identified and 4 genes (TAF9B, 
NNAT, EGR1, PIWIL2) were further validated. 
 Among down-regulated genes in UiPSCs, NNAT, 
EGR1 have been demonstrated to be involved in 
generation and maintenance of stem cell properties as 
negative regulators (17,18). Teichroeb et al. found that 
NNAT was consistently silenced in iPSCs compared 
with its isogenic ESCs, and suppression of NNAT could 

be used as a biomarker for successful reprogramming 
(17). EGR1 is a zinc-finger pro-differentiation factor 
that plays an important role in the regulation of 
differentiation and development in several contexts (19). 
Recently, Worringer et al. suggested that EGR1 might 
be a barrier to reprogramming of let-7, and inhibition 
EGR1 mRNA by RNA-binding protein (RBP) LIN-41 
could promote reprogramming (18). 
 PIWI proteins have been found to play essential and 
conserved roles in germline stem cell maintenance, and 
are expressed in ESCs at higher levels (20). Moreover, a 
recent study reported that PIWI proteins are dispensable 
for reprogramming of mouse fibroblasts into iPSCs 
(21). Therefore, combining the above facts with our 
findings, it is reasonable to deduce that UiPSCs may be 
dependent on a different gene background to maintain 
stem cell properties from ESCs. According to current 
evidence, UiPSCs seem to be far more transcriptionally 
similar to iPSCs derived from other sources than ESCs. 
 Interestingly, in this study, we also found that 
a neuron differentiation regulator TAF9B as a top 
candidate gene increases in UiPSCs more than in ESCs 
(more than 9 fold). Previous studies reported that 
TAF9B was dispensable for global gene expression and 
pluripotency of murine ESCs, but TAF9B was required 
for the efficient in vitro differentiation of murine 
ESCs into motor neurons (22). Moreover, it has been 
shown that epithelial-like cells from human urine can 
be reprogrammed into UiPSCs, and even directly into 
human neural progenitor cells (23,24). Therefore, our 
result may indicate that the level of TAF9B in UiPSCs 
would account for its preference towards neuron 
differentiation. Compared with ESCs and even other 
iPSCs, UiPSCs may be able to be induced into neurons 

Figure 2. qRT-PCR analysis of 4 selected mRNAs 
expression. (A) NNAT. (B) PIWIL2. (C) EGR1. (D) TAF9B. 
Bars are shown as the mean ± S.D. **p < 0.01 vs. group ESCs.
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more easily. 
 In conclusion, our above results further revealed that 
UiPSCs and ESCs had different gene expression profiles, 
in particular in stem cells properties maintainance 
mechanisms. The high basic level of TAF9B may 
partly account for the potential of UiPSCs in neuron 
differentiation. The molecular differences between 
UiPSCs and ESCs described here should drive intense 
efforts in the future aimed at uncovering UiPSCs as a 
potential tool for disease modeling, drug discovery and 
regenerative medicine.
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Once malaria is eliminated, more attention should be paid to 
imported malaria: Data from five years of surveillance in the City 
of Yiwu in eastern China

Xuanjun Dong1,§, Jie Yang1,§, Lianqin Lou2, Liebo Zhu1, Xiayan Feng1, Linong Yao3,*

1 Yiwu Center for Disease Control and Prevention, Yiwu, Zhejiang, China;
2 Yiwu Central Hospital, Yiwu, Zhejiang, China;
3 Zhejiang Provincial Center for Disease Control and Prevention, Hangzhou, Zhejiang, China.

1. Introduction

Malaria is a debilitating parasitic disease. According to 
the Roll Back Malaria (RBM) Partnership, each year 
approximately 860,000 people (89% in the African 
region, followed by 6% in the Eastern Mediterranean 
region, and 5% in the South-East Asia region), mainly 
children and women, succumb to the disease. Despite 
successful elimination programs, a resurgence of malaria 
has occurred in Eastern Europe, Jamaica, the Bahamas 
(1,2), and the Korean peninsula (3,4). The City of Yiwu 
had been an area of China with a high rate of malaria 
transmission, with a morbidity of 2,830/10,000 in 1957. 
Due to large-scale surveys and anti-malaria campaigns, 
the incidence of malaria dropped sharply below 1/10,000 
after 1977, and the last autochthonous case was reported 
in June 2008. With the growth of international trade 
and travel, migrants have accounted for most cases 

of imported malaria in Yiwu. Given the high rate of 
transmission and the susceptibility of the population, 
effective strategies are required to prevent re-introduction 
and re-establishment of the disease in Yiwu.
 The current study reviewed and analyzed data on 
malaria cases in Yiwu from 2012 to 2016 via a web-
based system for managing and reporting information 
on infectious diseases. Cases must be differentiated into 
autochthonous and imported cases in line with the "1-
3-7" strategy (which refers to reporting suspected cases 
of malaria within 1 day, investigating and confirming 
the diagnosis within 3 days, and investigating the focus 
and responding to prevent further transmission within 7 
days) launched in 2012 (5). Clinically diagnosed cases, 
laboratory confirmed cases, autochthonous cases, and 
imported cases were all included in this study. Population 
data were obtained from the Bureau of Statistics of Yiwu. 
Spatial cluster analysis was performed to test whether the 
malaria cases were randomly distributed spatially; if not, 
any identified spatial clusters of disease were examined 
for statistical significance. Statistics were described using 
the software Excel version 2010.
 From 2012 to 2016, a total of 161 cases of malaria 
were reported in Yiwu, and the annual average incidence 
was 13.05/10,000 during this time. There were 22 cases 
in 2012, 34 in 2013, 29 in 2014, 30 in 2015, and 46 in 

Summary This study reviewed and analyzed data on malaria cases in Yiwu from 2012 to 2016 via a web-
based system for managing and reporting information on infectious diseases. A total of 161 
cases were diagnosed (77.02% due to Plasmodium falciparum, 18.01% due to P. vivax, 4.35% 
due to P. ovale, and 0.62% due to P. malariae). One case was imported from Yunnan Province 
in China and the others were imported from overseas. The ratio of male to female patients 
was 7.47:1. The average age was 36.34 years (SD: 9.63). Most cases (87.58%) were imported 
from 1 of 30 countries in Africa. As malaria is gradually being eliminated in China, the main 
task at this stage has transitioned to the prevention and control of cases of imported malaria. 
Particular attention should be paid to malaria cases from Africa.
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2016. As a result of proper treatment, no deaths occurred. 
The ratio of male to female patients was 7.47:1, and the 
average age was 36.34 ± 9.63 years. All of the cases 
were imported from abroad, except for one imported 
from Yunnan Province. More than half of the patients 
were foreigners (55.90%). Most patients were in the 
service industry (83.85%) or migrant workers (11.18%) 
and lived on Choucheng Street (55.76%) or Jiangdong 
Street (24.22%) (Table 1). More than three quarters 
(77.02%) of the cases were due to P. falciparum, 29 cases 
(18.01%) were due to P. vivax, 7 cases (4.35%) were due 
to P. ovale, and 1 case (0.62%) was due to P. malariae 
(Table 2). Five cases of P. vivax and 1 case of P. ovale 
recurred. Twenty-five cases (15.53%) were imported in 
August. The seasonal distribution of cases did not differ 
significantly throughout the year. Most cases (87.58%) 
were imported from 1 of 30 countries in Africa, and 
the three leading countries were Ghana, Nigeria, and 
Angola. Sixteen cases were from South Asia, and 10 of 
those were from India (Table 3). The time interval from 
onset to diagnosis was 0-47 days, with a median of 3 
days. Most cases (79.5%) were diagnosed 5 days after 

onset. One hundred and fourteen cases of malaria were 
diagnosed at primary care facilities. Eighty-one patients 
had previously had malaria.
 This study revealed substantial changes in the 
epidemiological characteristics of malaria reported in 
Yiwu from 2012 to 2016. Yiwu faces an increasing 
incidence of malaria imported by migrants returning 
from Africa and South Asia, and an epidemic may occur 
if no efforts are made to prevent these outbreaks. The 
international flow of people has led to a large number 
of cases of imported malaria. The "1-3-7" strategy 
for elimination of malaria should be followed and all 
of the indicators and timeframes must be observed to 
promptly diagnosis and treat the increasing number of 
cases of imported malaria in Yiwu. Potential reservoirs 
must be eliminated and outbreaks due to imported 
pathogens must be prevented. The government should 
continue to emphasize the elimination of malaria and 
ensure efforts are funded. Effective mechanisms of 
multisectoral cooperation and coordination should be 
enhanced. Capacity should also be improved with a 
focus on surveillance, urgent responses, diagnosis, and 
treatment. Moreover, studies by and cooperation among 
universities, research institutes, and government agencies 
should be fostered and enhanced as malaria is being 
eliminated.
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     100

Total

124
  29
    7
    1
161

Table 3. Origin of imported malaria in Yiwu from 2012-2016

Type
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Potential proteins targeted by let-7f-5p in HeLa cells
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MicroRNAs (miRNAs) are a class of endogenous, non-
protein coding RNAs that are small (approximately 22 
nucleotides in length) and highly conserved. MiRNAs 
have a widespread impact on regulation of gene 
expression and evolution and are thought to affect 
over 50% of all human genes (1). let-7 miRNA was 
originally identified in Caenorhabditis elegans (C. 
elegans) as a regulator of developmental timing and 
cell proliferation (2). The let-7 family is a particularly 
interesting example as one of the few families that 
are also conserved in Drosophila and C. elegans. In 
humans, the let-7 family consists of 9 mature let-7 
miRNAs encoded by 12 different genomic loci, some 
of which are clustered together.
 let-7f, which is a member of the let-7 family, is 
located at 9q22.3. More importantly, let-7f is a novel 
regulator in human endocervical cells and is involved in 
the induction of immune tolerance (3). let-7f was found 
to play an important role in cell growth, migration, 
invasion, and angiogenesis in tumors (4). The aim of 
the current study was to investigate the relationship 
between let-7f-5p and the genes it potentially targets at 
the protein level in vitro. 

 Five thousand and fifty-two proteins were identified 
from 31,666 peptides at a minimum confidence level 
of 95%. Results identified 164 proteins that were 
expressed at significantly different levels in HeLa 
cells overexpressing let-7f-5p, including 59 proteins 
that were up-regulated (1.5-fold, p < 0.5) and 105 
proteins that were down-regulated (1.5-fold, p < 
0.5). One hundred and seventy-two proteins were 
identified in let-7f-5p-inhibited HeLa cells, including 
44 proteins that were up-regulated (1.5-fold, p < 0.5) 
and 128 proteins that were down-regulated (1.5-fold, 
p < 0.5). Expression of IGF2BP1, vimentin, Keratin, 
and Protein FAM decreased while expression of 
Integrinα1 increased in HeLa cells overexpressing let-
7f-5p. In let-7f-5p-silenced HeLa cells, expression of 
IGF2BP1 and Integrin α1 increased while expression 
of vimentin and T-complex protein decreased. KEGG 
analysis revealed that 4 biological pathways including 
arrhythmogenic right ventricular cardiomyopathy, 
pyrimidine metabolism, RNA degradation, and the 
pentose phosphate pathway differed significantly in 
HeLa cells overexpressing let-7f-5p and that three 
pathways including glycolysis, alanine, aspartate and 
glutamate metabolism, and the spliceosome pathway 
differed significantly in let-7f-5p-silenced HeLa cells.
 Study data revealed that let-7f-5p overexpression 
dramatically suppressed IGF2BP1 and vimentin, thus 
possibly regulating cell migration and invasion in vitro. 
Moreover, let-7f-5p inhibitors significantly upregulated 
the expression of IGF2BP1 (Table 1). Vimentin and 
keratin are markers of cell proliferation and invasion, 

Summary MicroRNAs are a class of small, endogenous, non-coding RNAs mediating posttranscriptional 
gene silencing. The current authors hypothesized that let-7f-5p is likely involved in cell 
invasion and proliferation by regulating the expression of target genes. The current study 
combined let-7f-5p with iTRAQ to assess its effect on gene expression in HeLa cells. Results 
indicated that 164 proteins were expressed at different levels in HeLa cells overexpressing let-
7f-5p and negative controls and that 172 proteins were expressed at different levels in let-7f-
5p-silenced HeLa cells and negative controls. Results indicated that let-7f-5p may suppress 
insulin-like growth factor 2 mRNA binding protein 1 (IGF2BP1) in HeLa cells.
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and let-7f-5p mimics decreased the levels of vimentin 
and keratin protein. 
 IGF2 mRNA binding protein 1 is a member of the 
RNA-binding IGF2BP protein family, and 3 members 
of that family are found in mammals (IGF2BP1/2/3) (5). 
To the extent known, IGF2BP1 is exclusively expressed 
during embryogenesis but is synthesized de novo in a 
broad variety of malignancies (6). The overexpression 
of IGF2BP1 not only enhances the velocity of cell 
motility but also promotes the directionality of migration 
(7). A high level of IGF2BP1 expression enhances the 
migratory and invasive potential of cells and promotes 
their proliferation (8). IGF2BP family members are 
essential for the migration of neural crest cells and the 
central regulation of the properties of stem cells within 
the LIN28/Let-7 networks (9,10). In the current study, 
expression of IGF2BP1 decreased while expression of 
Integrinα1 increased in HeLa cells overexpressing let-
7f-5p. In let-7f-5p-silenced HeLa cells, expression of 
IGF2BP1 and Integrinα1 increased. 
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