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Long non-coding RNAs as emerging regulators of epithelial to 
mesenchymal transition in gynecologic cancers

Xiaojing Lin1,2,3,§, Junjun Qiu1,2,3,§, Keqin Hua1,2,3,*

1 Department of Gynecology, Obstetrics and Gynecology Hospital of Fudan University, Shanghai, China;
2 Shanghai Medical College, Fudan University, Shanghai, China;
3 Shanghai Key Laboratory of Female Reproductive Endocrine-Related Diseases, Fudan University, Shanghai, China.

1. Introduction

Gynecologic cancer is a life-threatening disorder for 
women due to the difficulty of early diagnosis and the 
high incidence of metastasis. There are five common 
gynecologic cancers: ovarian, cervical, endometrial 
(uterine), vaginal, and vulvar, the first three of which 
are the most frequent (1). Cancer metastasis, which is a 
complex multistep process regulated by multiple factors 
and genes, accounts for 90% of cancer-associated 
deaths. The epithelial mesenchymal transition (EMT), 
during which epithelial cells exhibit mesenchymal-
like properties through cytoskeleton remodeling and 
morphological changes, is a crucial step in the initiation 
of metastasis (2). Emerging evidence has identified long 
non-coding RNAs (lncRNAs) as potent determinants 

of gene regulation and cancerous phenotype during 
tumorigenesis and tumor progression. Lately, an 
increasing body of lncRNAs have been found to take 
part in tumor invasion/metastasis regulation through 
EMT-based mechanisms in gynecologic cancers. This 
review summarizes the current findings and regulatory 
roles of several known EMT-related lncRNAs in 
gynecologic cancers and lays the foundation for 
potential use of these lncRNAs in cancer management.

2. Key regulators of EMT in cancer

EMT, a complex and tightly regulated developmental 
program, triggers tumor aggressiveness and progression 
when this regulation is improperly controlled. The 
EMT process is defined by (I) an absence of baso-
apical polarization; (II) a reduction in cell adhesive 
forces; (III) the emergence of motility; and (IV) 
invasive properties. Multiple signals, such as growth 
factors (fibroblast growth factor (FGF), epidermal 
growth factor (EGF), human growth factor (HGF), 
transforming growth factor-β (TGF-β)), differentiation 
factors (Wnt, Notch, sonic hedgehog(SHH), nuclear 

Summary Gynecologic cancer is a vital global healthcare issue with high rates of mortality and 
morbidity. Tumor metastasis attributes to most of the death suffering from solid tumors. The 
epithelial-mesenchymal transition (EMT) plays a pivotal role in initiating metastasis. Long 
non-coding RNAs (lncRNAs), a well-known group of non-coding RNAs, and a prominent 
topic in life science research, are misregulated in many malignancies and some are EMT-
associated. In the case of gynecologic cancers, several EMT-associated lncRNAs have been 
identified and found to be implicated in cancer aggressiveness and progression. Mechanically, 
these lncRNAs participate in the EMT-related metastatic process in multiple ways including 
interaction with polycomb repressive complex 2 (PRC2), regulation of EMT signaling 
networks, mediation of EMT-transcription factors (EMT-TFs) and EMT markers, and 
cooperation with microRNAs (miRNAs). Further studies on these EMT-associated lncRNAs 
and identification of more relevant lncRNAs are imperative for the lncRNAs-based clinical 
management of high rate of metastasis in patients with gynecologic cancers.
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factor kappa light-chain-enhancer of activated B cells 
(NF-κB)), cytokines, and hormones (estrogen), as well 
as extracellular matrix components (collagen), and 
the physical microenvironment (hypoxia, oxidative 
and metabolic stress, UV light) (3) can induce various 
EMT-transcription factors (EMT-TFs) including the 
zinc finger E-box binding homeobox (ZEB1/2), the 
zinc finger Snail (Snail1/2) and basic helix-loop-
helix families (Twist1/2). A prominent feature of the 
EMT is gene expression alterations in epithelial and 
mesenchymal markers, with decreases in the former 
and increases in the latter. E-cadherin (CDH1), zona 
occludens 1 (ZO-1), and occludin (OCLN) serve 
as epithelial markers while N-cadherin, vimentin, 
fibronectin 1 (FN1), α-smooth muscle actin (α-SMA), 
and some matrix metalloproteinases (MMPs) represent 
mesenchymal markers (4). In general, the induction 
of the EMT by several signals enables primary tumors 
to locally infiltrate, intravasate into and transport 
through the circulatory system, and finally extravasate 
into distant tissue, where mesenchymal to epithelial 
transition MET (MET) facilitates the formation of 
secondary metastases with epithelial characteristics 
(Figure 1).

3. Roles of lncRNAs in cancer

The growing use of high-throughput sequencing 
resources has revealed a great many lncRNAs, which 
are more than 200 nucleotides (nt) in length and 
constitute 76% of RNA transcripts (5). According to 
their location in the genome: lncRNAs are divided 
into five categories (I) sense, (II) antisense, (III) 
bidirectional, (IV) intronic and (V) intergenic. Growing 
evidence reveals that lncRNAs participate in cellular 
biological processes through diverse molecular 

mechanisms, including genomic stability, epigenetic 
modification, transcription, post-transcription, 
translation and post-translational modification (6).

3.1. Genomic stability

Chromosomal instability is thought to be closely 
correlated with cancer initiation. lncRNAs are involved 
in the maintenance of chromosomal stability. For 
instance, noncoding RNA activated by DNA damage 
(NORAD) preserves fidelity of the chromosome by 
sequestering PUMILIO, which targets and represses 
messenger RNA (mRNAs) critical for accurate 
chromosome segregation (7) .  This  regulatory 
relationship also contributes to an emerging concept 
that a main class of lncRNAs function as molecular 
decoys.

3.2. Epigenetic regulation

lncRNAs epigenetically modulate target genes via 
recruiting chromatin remodeling protein complexes, 
especially polycomb repressive complex 1 (PRC1) and 
polycomb repressive complex 2 (PRC2), and this has 
been demonstrated as a major regulatory mechanism (8). 
The details will be discussed in section 4.1.

3.3. Transcriptional regulation

Most lncRNAs described so far act by modulating 
transcription through recruiting proteins and/or 
complexes (transcription initiation factor complex) to 
specific target DNA sequences (9,10). In particular, 
promoter enhancer lncRNAs could exert enhancer-
like functions and positively regulate gene expression 
by forming chromatin loops (11). Colorectal cancer 

343

Figure 1. The regulatory network of EMT and its role in tumor metastasis. Multiple signals and factors induce EMT 
accompanied by alteration on EMT molecular markers, cell morphology and biological behaviors, and then trigger the primary 
tumor to locally infiltrate and to subsequently intravasate into nearby blood and lymphatic vessels, by which the cells are 
transported though the systems to extravasate into distant tissue where MET facilitates the formation of secondary metastases 
with epithelial characteristics. 
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3.6. Encoding small peptides

Although a majority of lncRNAs have no potential 
for encoding protein, some possess short open 
reading frames (ORFs of fewer than 100 amino 
acids) (17). Studies focusing on the micropeptide-
coding potential of lncRNAs start from muscle-
specific lncRNAs. Anderson DM et al. reported that 
one lncRNA expressed in skeletal muscle could be 
translated to generate a physiology-associated factor, 
myoregulin (MLN) (18). Other research found that 
the lncRNA LINC00961 encoded a new polypeptide, 
small regulatory polypeptide of amino acid response 
(SPAR), the expression level of which is altered under 
acute injury conditions (19). Similarly, the RNA and 
peptide levels of HOXB cluster antisense RNA 3 
(HOXB-AS3) are decreased in highly metastatic colon 
(SW620 and HTC-116 high), breast (MDA-MB-231 
high), nasopharyngeal (S18), and ovarian (SK-OV-3 
high and OVCAR-3 high) cancer cell sublines and in 
primary tumor tissues in comparison with expression 
levels in their parental cell lines and non-tumor tissues, 
respectively. Moreover, as a small peptide rather than 
an lncRNA, HOXB-AS3 represses colorectal cancer 
cell biological behavior by blocking hnRNP A1-
dependent PKM (pyruvate kinase M) splicing, miR-18a 
processing, and aerobic glycolysis (20).
 Together, these findings highlight that lncRNA-
encoded polypeptides are more than just translational 
noise but broaden the breadth and diversity of the effect 
of lncRNAs on gene regulation. However, few lncRNA-
generating small peptides have been functionally 
verified. More small peptides, which have been largely 
overlooked in gene annotation primarily due to the 
difficulty of identifying functional short ORFs in 
lncRNAs, will be characterized in future work.

4. lncRNAs control of EMT

Numerous evidence has suggested the regulation of 
the EMT by lncRNAs contributes to the progression of 
epithelial-derived tumors via diverse mechanisms.

4.1. Interaction with PRC2

Myriad studies have revealed that lncRNAs can 
epigenetically silence gene expression through recruiting 
PRC2 to the promotors of target genes associated with 
the EMT process. PRC2 functions to trimethylate 
H3 lysine 27(H3K27me3) of E-cadherin, resulting in 
transcriptional silencing and cancer progression (21). 
One well known epigenetic-related target of lncRNAs is 
the HOX transcript antisense intergenic RNA (HOTAIR), 
whose interaction with PRC2 is active in diverse cancers 
(22). Another example is lncRNA ubiquitin carrier 
protein 1 (UBC1), which alters the PRC2-mediated 
H3K27 trimethylation level and facilitates bladder cancer 

associated transcript 1 (CCAT1-L) is an example 
of an enhancer lncRNA that works to maintain 
myelocytomatosis oncogene (MYC) enhancer-
promoter interacting structures, resulting in MYC gene 
transcription (12).

3.4. Post-transcriptional regulation

Post-transcription regulation includes interactions with 
microRNAs (miRNAs), coordination with mRNA and 
alternative splicing.

3.4.1. Interaction with miRNAs

lncRNA-miRNA-mRNA interactions are a significant 
regulatory mechanism through which lncRNAs 
seques ter  miRNA and h inder  degradat ion  of 
downstream RNA. The details will be discussed in 
section 4.4.

3.4.2. Coordination with mRNA

Several other classes of lncRNAs contribute to post-
transcriptional regulation via coordinating specific 
mRNA and repressing either translation or degradation 
of targeted mRNA. One example is the transcription 
factor spi-1 proto-oncogene (PU.1) and its antisense 
lncRNA spi-1 proto-oncogene antisense (PU.1 AS), 
which form an mRNA/AS lncRNA complex and 
consequently represses PU.1 mRNA translation (13). In 
addition to translational regulation, lncRNAs may also 
modulate the stability of mRNA by complementarily 
binding with 3'-untranslated regions (3'UTRs) of 
mRNAs. Upon exposure to cellular stressors, the 
upregulation of the antisense transcript of β-secretase-1 
(BACE1-AS) stabilizes BACE1 mRNA via a positive 
post-transcriptional feed-forward mechanism (14).

3.4.3. Alternative splicing

lncRNAs are also involved in the alternative splicing 
process. The ZEB2 natural antisense transcript (ZEB2 
NAT), for instance, regulates alternative splicing by 
interaction with ZEB2 mRNA. It inhibits ZEB2 mRNA 
splicing by overlapping and binding to its alternative 
splice site (15).

3.5. Post-translational regulation

In some cases, there is evidence that lncRNAs are able 
to post-translationally modulate proteins. Signaling 
pathway-related lncRNAs, in particular, could alter the 
modification of key proteins and regulate the activation 
and deactivation of specific signaling pathways. For 
example, NF-κB-interacting lncRNA (NKILA) hinders 
NF-κB activation by affecting the phosphorylation state 
of the inhibitor of κB (IκB) (16).
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cell invasion and metastasis (23).

4.2. Regulation of EMT signaling networks 

In addition to epigenetic modification, lncRNAs are also 
implicated in a complex signaling pathway network.

4.2.1. TGF-β signaling pathway

T G F - β ,  o n e  o f  t h e  m a i n  i n d u c e r s  o f  E M T, 
phosphorylates cytoplasmic Smad2 and Smad3 via 
its receptors (TGF-βRI, TGF-βRII, and TGF-βRIII), 
thereby regulating expression of the EMT-TFs, such 
as Snail, ZEB, and Twist, accompanied by altered 
expression of the EMT markers (24). Several lncRNAs 
can respond to a TGF-β signal and participate in 
malignant transformation. For instance, lnc-ATB, a 
TGF-β-induced lncRNA, mediates EMT and promotes 
EMT-mediated metastasis in diverse kinds of cancers 
(25-27). 

4.2.2. Wnt signaling pathway

The Wnt signaling pathway is another critical 
regulator of EMT. When the cell receives the Wnt 
signal, the membrane protein Frizzled and its low-
density lipoprotein receptor form a complex, thus 
activating and stabilizing β-catenin, whose transfer into 
the nucleus triggers EMT-TF gene expression (28). 
Recent studies have verified that a subset of lncRNAs 
participate in EMT regulation via Wnt/β-catenin 
signaling. For instance, the imprinted maternally 
expressed transcript H19 activates the Wnt pathway 
signal and blocks expression of E-cadherin via enhancer 
of zeste homolog 2 (EZH2) recruitment (29). Similarly, 
lncTCF7 (transcription factor 7) initiates transcription 
of TCF7 and thus activates the Wnt signaling pathway 
by recruiting the chromatin remodeling complex to the 
promoter site (30).

4.2.3. Hypoxia/hypoxia-inducible factor-1α (HIF-1α) 
pathway

Multiple pieces of evidence illustrate that many 
lncRNAs are implicated in the hypoxia/HIF-1α-induced 
EMT process. For instance, H19 is triggered by both 
TGF-β and hypoxia, and it stimulates tumor metastasis 
by the induction of the EMT markers (31). In addition, 
tumor protein p53 pathway corepressor 1 (TP53COR1) 
forms a positive feedback loop with HIF-1α under 
hypoxic conditions (32). In the case of gynecologic 
cancer, elevated levels of lncRNA plasmacytoma 
variant translocation 1 (PVT1) are found in response to 
hypoxia and are closely related to unfavorable prognosis 
in patients with cervical cancer (33). Mechanistically, 
lncRNA PVT1 silences miR-195 at the transcriptional 
level and modulates the EMT phenotype (34).

4.2.4. Other EMT-related pathways

Additional signaling pathways related to EMT are the 
mitogen-activated protein kinase (MAPK)/extracellular 
signal regulated protein kinase (ERK) (35), signal 
transducer and activator of transcription 3 (STAT3) (36), 
phosphatidylinositol 3 kinase (PI3K)/protein kinase 
(AKT) pathways (37). Collectively, the interaction of 
lncRNAs with various signaling pathways, some of 
which can crosstalk with other signaling pathways, can 
affect the process of EMT. 

4.3. Regulation of EMT-TFs and EMT markers 

Certain lncRNAs function by directly regulating the 
transcription of the EMT-TFs and EMT markers. For 
example, amine oxidase, copper containing 4 (AOC4P) 
binds to vimentin, facilitates its degradation, and 
thus suppresses the EMT process (38). Several other 
lncRNAs (commonly antisense lncRNAs) are reported to 
form duplexes with their counterparts, to either promote 
or prevent their translation. For example, ZEB2NAT 
suppresses E-cadherin expression by interacting with 
its mRNA counterparts called ZEB2 (39). A similar 
regulatory relationship exists between ZEB1 antisense 
1 (ZEB1-AS1) and ZEB1 (40). Other examples of 
antisense transcripts include HNF1A antisense RNA 1 
(HNF1A-AS1) (41) and 91H (42). Although increasing 
evidence supports the hypothesis that lncRNAs positively 
or negatively regulate EMT-related factors, thorough 
study is needed to determine if these effects are direct.

4.4. Interaction with miRNAs

Over the last decade, evidence has clearly shown that 
miRNAs are widely misregulated and play significant 
regulatory roles in cancer. Emerging evidence indicates 
that cooperation between lncRNAs and miRNAs 
contributes to tumor progression via diverse pathways.

4.4.1. miRNAs targeting lncRNAs for degradation

Numerous studies have demonstrated that miRNAs can 
bind to lncRNAs and trigger their decay. For example, 
upregulated miR-9 expression degrades metastasis-
associated lung adenocarcinoma transcript 1 (MALAT1) 
in osteosarcoma cells and thus blocks cell migration 
and invasion under high doses of 17β-estradiol (43). 
In addition, miR-217 post-transcriptional silencing of 
MALAT-1 RNA is mediated by argonaute 2 (Ago2), 
resulting in the mesenchymal transition of bronchial 
epithelial cells (44).

4.4.2. lncRNAs competitively binding to microRNA

Evidence is accumulating that lncRNAs function for 
a competing endogenous RNA (ceRNA) regulatory 
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relationship where lncRNAs are capable of sponging 
miRNAs and upregulating downstream mRNA 
expression. For example, urothelial cancer associated 1 
(UCA1) could sponge miR-485-5p in epithelial ovarian 
cancer. The lack of UCA1 downregulates MMP14, which 
is targeted by miR-485-5p (45). Other examples include 
MALAT1 (46), colon cancer-associated transcript-1 
(CCAT1) (47) and long intergenic non-protein-coding 
RNA, regulator of reprogramming (linc-ROR) (48).

4.4.3. lncRNAs acting as precursor RNAs

Notably, lncRNAs themselves can be precursor RNAs 
for miRNAs. A well-known lncRNA called H19 has 
been proven to be able to generate miR-675, which 
is an EMT-associated gene in prostate cancer (49). 
Another study that one lncRNA exclusively expressed 
in the kidney regulates EMT via directly encoding the 
miR-200 cluster, which is also evidence supporting 
lncRNAs as pre-miRNAs (50).

4.4.4. lncRNAs transcriptionally regulating miRNAs

Beyond the above interactions between lncRNAs and 
miRNAs, lncRNAs can directly transcriptionally regulate 
miRNAs. For example, HOTAIR can recruit PRC2 to 
miR34a, subsequently upregulate Snail and induce EMT-
mediated metastasis of gastric cancer cells (51).

5. EMT-related lncRNAs in gynecologic cancer

Table 1 and Figure 2 illustrate the roles of the EMT-
related lncRNAs in gynecologic cancer, the details of 
which will be discussed below. 

5.1. MALAT1

MALAT1, also called NEAT2 (non-coding nuclear-
enriched abundant transcript 2),  is located on 
chromosome 11q13.1 and contains 8,000 nucleotides. 
MALAT1, an EMT-related lncRNA, allows epithelial 
cells to be malignantly transformed. In ovarian 
cancer, MALAT1 activates PI3K/Akt signaling and 
EMT induction. MALAT-1 knockdown leads to 
downregulation of N-cadherin, vimentin and Snail 
(52). In endometrial cancer (EC), miR-200c binds to 
MALAT1 to form the MALAT1/miR-200c sponge. 
When the interaction is interrupted, the cell invasive 
capacity is decreased and the expression of EMT 
markers is altered (46). In addition, MALAT1 promotes 
the invasive and metastatic potency of cervical cancer 
by altered expression of EMT markers (E-cadherin, ZO-
1, β-catenin and vimentin) and EMT-TFs (Snail) (53).

5.2. H19

H19, a famous imprinted gene, is located in an 

imprinted region of chromosome 11 with 2,300 
nucleotides. H19 exerts oncogenic and pro-metastatic 
properties primarily through the H19/let-7 axis (54). 
In both ovarian and EC, H19 acts to antagonize let-7 
and mediate the elevated level of several metastasis-
related genes (c-Myc, high-mobility group AT-hook 
2(HMGA2), and insulin-like growth factor 2 mRNA-
binding protein 3 (IGF2BP3) (55). Furthermore, 
the knockdown of H19 is accompanied by Snail 
downregulation and E-cadherin upregulation in EC (56).

5.3. HOTAIR

HOTAIR is a lncRNA of 2158-nt length located on 
12q13.13. HOTAIR has been revealed to be an EMT-
related lncRNA and serves as a strong metastatic 
predictor in cancers (57). In cervical cancer, the 
expression of HOTAIR is positively correlated to a poor 
prognostic predictor, human papillomavirus oncogenic 
E7 (HPV-E7). The pro-metastatic potency of HOTAIR 
is partially ascribed to vascular endothelial growth 
factor precursor (VEGF), MMP-9, and EMT-associated 
genes induction (58,59). Additionally, HOTAIR 
regulates the malignant behavior of ovarian cancer 
SK-OV-3 cells partly by interacting with mitogen-
activated protein kinase 1 (MAPK1), but whether EMT 
is regulated via this pathway remains to be resolved 
(35). Qiu JJ et al. demonstrated that HOTAIR facilitates 
epithelial ovarian cancer (EOC) cell invasion and 
migration by modulating MMPs and EMT-related gene 
expression (60).

5.4. PVT1

PVT1 is an oncogenic, intergenic lncRNA derived 
from 8q24.21 with multiple splicing isoforms (61). It 
is upregulated in various cancer types such as ovarian 
cancer, cervical cancer, and pancreatic cancer, among 
others (62). In cervical cancer cells, PVT1 can regulate 
EMT via interactions with EZH2 and the complex 
anchors to the miR-195 promoter region and via direct 
competitive binding with miR-195 (34). Recent studies 
suggest that miR-195 is an important suppressor 
of EMT in some cancers (63). However, the exact 
mechanism underlying PVT1/ miR-195 axis in cervical 
cancer and other gynecologic cancers is minimally 
understood and poorly elucidated. 

5.5. ANRIL 

Antisense non-coding RNA in the INK4 locus 
(ANRIL) is a 3800-nt long non-coding RNA located in 
chromosome 9p21. Numerous studies have shown that 
ANRIL acts as a powerful cancer progressive factor in 
various cancers (64). For example, in ovarian cancer, 
ANRIL increases migration and invasion by MET and 
MMP3 modulation and its expression pattern is closely 
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linked to clinical stage, pathological grade, lymph node 
metastasis, and poor prognosis (65). In addition, ANRIL 
has been found to promote the metastatic and invasive 
ability of cervical cancer cells (66,67), but whether the 
EMT process is involved remains unclear.

5.6. UCA1 

Cancer upregulated drug resistant (CUDR), also called 
UCA1, is located in chromosome 19p13.1 and is 2200-nt 
in length. It is dysregulated in cancer tissues from various 
malignancies (68). L Lu et al. reported that UCA1 is 
closely associated with tumor aggressiveness of EC and 
may serve as a prognostic predictor for EC patients (69). 
In EOC, UCA1 serves as a miR-485-5p "sponge" and 
alters downstream MMP14 expression. Moreover, the 
high expression level of UCA1 could be indicative of an 
unfavorable prognosis (45).

5.7. AB073614 

AB073614 is a 1900-nt lncRNA located in the 3q24 
chromosomal region. AB073614 was upregulated in 
ovarian cancer (70), glioma tissue(71) and colorectal 
cancer (72). Overexpression of AB073614 could be 
suggestive of tumor progression and poor prognosis. In 
ovarian cancer cells, downregulated p-AKT and p-ERK 
suggests that key signaling pathways may be implicated 
in AB073614-mediated tumor aggressiveness (70).

5.8. EBIC 

EZH2-binding lncRNA in cervical cancer (EBIC) is 
a 1500-nt lncRNA located in chromosome 12q22. In 
cervical cancer, lncRNA-EBIC represses E-cadherin and 
enhances cell invasion via interacting with EZH2, but 

the mechanism underlying this process remains to be 
formally demonstrated (73). In addition, it should also be 
determined whether EBIC is a cervical cancer-specific 
lncRNA or a universally expressed lncRNA in cancers. 

5.9. CCAT1 

CCAT1 is a 2628-nt lncRNA mapping to chromosome 
8q24.21 near c-MYC, a well-known transcription 
factor. Upregulation of CCAT1 might be a universal 
rule in a variety of cancer types, suggesting that CCAT1 
has oncogenic potential in development and progression 
of tumors (74). Cao Y et al. reported that in EOC, the 
pro-metastatic effect of CCAT1 is through interaction 
with miR-130b and miR-152, protecting target genes, 
such as ADAM17, Wnt1, STAT3 and ZEB1, from 
degradation (47).

5.10. NEAT1

Nuclear paraspeckle assembly transcript 1 (NEAT1) 
encodes two transcriptional variants, namely, NEAT1- 
1 and NEAT1- 2, which are 3.7 kb and 23 kb in length 
respectively, and situated on chromosome 11. The 
expression level of NEAT1 is elevated in multiple 
types of cancers, including lung, esophageal and 
gastric cancers, while it is downregulated in acute 
promyelocytic leukemia (75). In ovarian cancer, 
silencing NEAT1 significantly affects the expression of 
cell invasion-related proteins (MMP-2, MMP-9, Snail1 
and TGF-β-1) (76). Despite these findings, however, 
the precise role of NEAT1 remains to be characterized.

5.11. SPRY-IT1

SPRY4 intronic transcript 1 (SPRY4-IT1) is a 687-nt 

Figure 2. EMT-related lncRNAs and their regulatory network in gynecologic cancers. Schematic diagram shows several 
lncRNAs participate in EMT-related metastatic process in multiple ways including interaction with PRC2, regulation of EMT 
signaling networks, mediation on EMT-TFs and EMT markers, and cooperation with miRNAs.
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unspliced polyadenylated transcript located on human 
chromosome 5q31.3. Multiple studies have characterized 
SPRY4-IT1 as a tumor suppressor in different cancer 
types, such as non-small cell lung cancer, breast 
cancer, and endometrial cancer (77). In ovarian cancer, 
knockdown of SPRY4-IT1 leads cancer cells to a more 
aggressive phenotype, partially through regulation 
of N-cadherin and vimentin (78). The mechanism 
contributing to this disregulation, however, is still 
unclear.

5.12. TUG1 

Taurine upregulated gene 1 (TUG1) is a 7.1 kb lncRNA 
located in the 22q12 chromosomal region. Abundant 
studies have revealed that TUG1 promotes cancer 
cell invasion and radio-resistance via EMT (79,80). 
In cervical cancer, TUG1 knockdown suppresses 
expression of EMT related proteins (fibronectin, 
vimentin and cytokeratin) (79). Nonetheless, further 
research is required to elucidate the precise mechanism 
underlying TUG1 and its effects on target genes. 

5.13. BANCR

BRAF-activated non-coding RNA (BANCR) derives 
from chromosome 9 with a length of 693-bp (81). 
Previous studies have reported that BANCR plays 
a pivotal part in malignant transformation. In EC, 
elevated BANCR activates the ERK/MAPK signaling 
pathway, upregulates MMP2/MMP1 expression and 
thus accelerates the progression of cancer cells (82). 

5.14. linc-RoR

linc-ROR is a 2.6 kb lncRNA encoded at chromosome 
18q21.31. linc-ROR is involved in cancerous cell 
growth and metastasis in various malignancies (83). 
In ovarian cancer, linc-ROR promotes EMT-mediated 
cancer cell metastasis via Wnt/β-catenin signaling 
pathway activation (84). In EC, linc-RoR functions as 
an miR-145 "sponge" during carcinogenesis (48).

5.15. DNM3OS

DNM3 opposite strand RNA (DNM3OS) is a noncoding 
7.9kb fragment transcribed from 1q24.3. It was 
identified as an important regulator during development 
(85). Recent studies have pointed out that DNM3OS 
is highly expressed in the mesenchymal subtype 
compared with its epithelial counterpart. In ovarian 
cancer, DNM3OS promotes metastasis through EMT-
linked genes (Snail, Slug, E-cadherin and N-cadherin) 
and pathways based on The Cancer Genome Atlas 
(TCGA) database and experimental evidence. Of 
note, DNM3OS may be a poor prognostic predictor of 
ovarian cancer (86). 

5.16. SOX2OT

SOX2 overlapping transcript (SOX2OT) is mapped 
to chromosome 3q26.3. Several studies have revealed 
a tumorigenic role of SOX2OT in cancers, including 
breast cancer, lung cancer and hepatocellular carcinoma 
(87). In ovarian cancer, SOX2OT silencing suppresses 
cell aggressiveness accompanied by decrease in 
N-cadherin and increase in E-cadherin (88).

5.17. HOXA11-AS

HOXA11 antisense RNA (HOXA11-AS) is located in 
chromosome 12q22 near the gene HOXA11 (Homeobox 
genes A11). In several cancers, HOXA11-AS is 
differentially expressed compared to normal tissues, 
such as glioma, uterine cervix carcinoma, and lung 
adenocarcinoma (89). In Serous Ovarian Cancer, the 
elevated level of HOXA11as promotes cell invasion 
and migration through EMT-associated gene alteration, 
including EMT-TFs (Snail and Twist), vimentin 
E-cadherin, invascular endothelial growth factor and 
MMP-9 (90). 
 Other EMT-associated lncRNA in gynecologic 
cancer detected from TCGA database include myocardial 
infarction associated transcript (MIAT) and maternally 
expressed 3 (MEG3), but more study is needed to 
experimentally verify its correlation with EMT (86).

6. lncRNA-based diagnostics and therapies

Numerous lncRNAs are misexpressed in human 
cancers and some appear to be highly cancer specific. 
In addition, many lncRNAs contained in body fluids 
can be detected by current laboratory technology. These 
factors contribute to lncRNAs as an attractive approach 
for noninvasive biomarkers and therapeutic targets. For 
example, in prostate cancer, prostate cancer associated 
3 (PCA3) has an advantage over the current method 
of using serum prostate-specific antigen (PSA) as a 
biomarker, due to its higher specificity and sensitivity 
(91). In addition, the overexpression of the hepatocellular 
carcinoma (HCC) lncRNA HULC is detected in blood 
of HCC patients (92). Current studies have highlighted 
the role of exosome-contained lncRNAs in fields of 
diagnosis and prognosis. To date, exosomal transfer of 
lncRNAs has been increasingly verified and implicated 
in EMT processes. For instance, ZNFX1 antisense RNA1 
(ZFAS1) is found to be elevated in both tumor tissues 
and body fluid-derived exosomes of gastric cancer. 
Exosome-mediated transfer of ZFAS1 could increase 
the expression of ZFAS1, decrease epithelial markers 
and upregulate the mesenchymal markers of recipient 
cells, leading to enhanced proliferation and migration 
potential (93). Another example is HOTAIR, one of the 
earliest detectable and enriched lncRNAs in body fluids 
of patients with different types of cancer (94).
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 Additionally, several other EMT-related lncRNAs, 
including UCA1, lincRNA-p21, growth arrest specific 
5 (GAS5), MALAT-1 and H19, are also secreted within 
exosomes (95-97). However, the concrete roles of these 
exosome-derived lncRNAs are rarely defined. Current 
advanced technologies allow therapies based on lncRNAs 
to be more achievable either to silence or to overexpress. 
For example, lung cancer metastasis could be prevented 
by antisense-mediated silencing of MALAT1 in vivo 
(98). Moreover, breast cancer progression can be 
hindered through systemic knockdown of MALAT1 
using antisense oligonucleotides (99). Overall, lncRNA-
targeted cancer therapies are promising; however, they 
are still in their infancy and require further development 
of experimental strategies, siRNA/antisense delivery 
strategies, and clinical trials.

7. Conclusions and future perspectives

Metastasis is one of the most significant factors leading 
to the poor outcomes of patients with gynecologic 
malignancies. Over the past few years, mounting 
evidence has linked numerous lncRNAs to the cellular 
EMT process in ways relevant to tumor metastasis. 
Despite existing advances, the accurate regulatory role of 
lncRNAs in the EMT process is rarely understood in the 
case of gynecologic cancers. For one thing, more efforts 
are required to know the exact underlying mechanisms. 
Additionally, lncRNA-based diagnostics and therapies 
face many challenges pertaining to application. The 
former includes development of effective and convenient 
detectation technology, avoidance of degradation by 
body fluid components and exploration of the tissue 
origin of circulating lncRNAs. The later involves the 
need for safe and effective delivery, and minimization of 
off-target effects. Therefore, future studies should focus 
more on investigating the existing form and function 
of circulating lncRNA to make an efficient diagnosis, 
discover disease-specific lncRNAs and develop novel 
therapeutic agents to directly target lncRNAs. Taken 
together, understanding the specific role and precise 
mechanisms of lncRNAs in the EMT process will open 
up promising perspectives in disease management. 
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Transcriptomic responses of peripheral blood cells to coronary 
artery disease
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1. Introduction

Coronary artery disease (CAD) represents a major 
public health problem and remains the main cause of 
morbidity and mortality globally. Despite remarkable 
advances in the management, the success of prognostic 
and therapeutic options remains modest (1). Therefore, 
more personalized strategies are still needed for this 
condition, in particular risk-assessment strategies 
to detect or predict a substantial number of clinical 
outcome events such as recurrence and heart failure. 
 In the last decade, many efforts have been devoted 
to identify novel diagnostic or prognostic biomarkers 
among the entire transcriptome of peripheral blood 
cells of the CAD patients (2). These discovery studies 
are based on the assumption that gene expression 
profiling of circulating blood using microarrays and 
deep RNA sequencing technologies might reflect 

physiological and pathological events occurring in 
different tissues of the body including CAD-related 
tissues. Currently, many CAD-associated RNAs 
confined in blood cell have been identified at mRNA, 
microRNA (miRNA), long non-coding RNA (lncRNA), 
and circular RNA (circRNA) levels. Noteworthy, 
based on these biomarkers, several diagnostic and 
predictive gene models with good performance have 
been developed. For example, a prospective multi-
center study validated that a peripheral blood-based 
23-gene expression model can provide modest but 
statistically significant improvement in determining 
the likelihood of obstructive CAD in non-diabetic 
patients as compared to clinical factors and other non-
invasive imaging methods (3). Furthermore, another 
independent prospective multi-center trial demonstrated 
that integrating this gene signature with age and sex to 
calculate a diagnostic score can significantly predict 
near-term revascularization procedures (4). Therefore, 
as a new, quick, reproducible and robust method, the 
gene expression-based classifiers show promising 
clinical utility potentials in the diagnosis and prognosis 
prediction in CAD. 
 Although advances in screening, before these 
blood RNA biomarkers can revolutionize the clinical 
laboratory medicine and patient management of 

Summary Transcriptomic response of peripheral blood cells to coronary artery diseases (CAD) is 
a long recognized phenomenon. Currently, accumulating evidence indicates that such 
response having significant clinical utility in CAD-associated events determination. In 
this review, we summarized the existing data of transcriptomic biomarkers at mRNA, 
microRNA, long non-coding RNA, and circular RNA for the diagnosis, progression and 
outcome prediction and treatment response of CAD. Furthermore, we also discussed the 
functional significance on the gene expression patterns caused by CAD, and emphasized the 
importance of inflammatory pathways in CAD tissues-blood cells interaction. Based on the 
current knowledge, we proposed a perspective on the future strategies to further improve 
the robustness and reproducibility of transcriptomic biomarkers in the personalized 
medicine of CAD patients.
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CAD, some basic concept must be addressed first, 
such as whether and what extent of whole blood 
gene expression patterns can reflect the presence, 
severity and prognosis of infarcted tissues? Whether 
transcriptomic responses of peripheral blood cells to 
CAD have important functional significance? 
 Here, we reviewed the current state of knowledge 
regarding CAD transcriptomic characteristics from the 
growing literature, and discussed the promising results 
in  their clinical utility in CAD events prediction. In 
addition, we also discussed the functional significance 
of "bloodomics" response to CAD, and challenges and 
future perspective in this field.

2. Peripheral blood cells biomarkers for CAD at 
mRNA level

Dysregulat ion of  a subset  of  genes including 
arachidonate 15-lipoxygenase (ALOX15), amphiregulin 
(AREG), BCL2 related protein A1 (BCL2A1), BCL2 
like 1 (BCL2L1), carbonic anhydrase 1 (CA1), 
cytochrome c oxidase subunit 7B (COX7B), enoyl-
CoA hydratase domain containing 3 (ECHDC3), 
interleukin 18 receptor 1 (IL18R1), immune response 
2 (IR2), potassium voltage-gated channel subfamily E 
regulatory subunit 1 (KCNE1), matrix metallopeptidase 
9 (MMP9), myosin light chain 4 (MYL4) and triggering 
receptor expressed on myeloid cells like 4 (TREML4) 
in peripheral blood cells showed a close correlation 
with the presence of acute coronary syndrome (ACS) 
at the very early stages (5). Gene annotation analysis 
reveals that these genes are significantly enriched 
in interleukins signaling, one of the key regulatory 
mechanisms accounting for the development of 
atherosclerosis. For discriminating progressive and 
stable CAD, an 8-gene risk prediction signature 
(X inactive specific transcript (XIST), glutathione 
S-transferase theta 1 (GSTT1), natriuretic peptide 
A (NPPA), kinesin family member 20B (KIF20B), 
CR625615, ankyrin 2 (ANK2), FLYWCH-type zinc 
finger 1 (FLYWCH1), A_24_P473972) combined 
with classic protein biomarkers and clinical indicators 
were suggested (6). Among this signature, two genes 
ANK2 and GSTT1 were independently validated using 
quantitative real-time PCR (6). It has been proposed 
that GSTT, as a detoxification enzyme, is responsible 
for the production of oxidative stress, and may 
contribute to the development of CAD (7). 
 Kiliszek et al. (8) revealed that dozens of genes 
involved in lipid/glucose metabolism, platelet function 
and atherosclerotic plaque stability significantly altered 
among gene expression pattern in peripheral blood 
mononuclear cells (PBMC) in the acute phase of ST-
segment elevation myocardial infarction (STEMI). 
In particular, suppressor of cytokine signaling 3 
(SOCS3) and golgi associated secretory pathway 
pseudokinase (FAM20) expression in PBMC were up-

regulated in the first days of myocardial infarction in 
the vast majority of patients (8). Another study also 
linked gene expression patterns in peripheral blood of 
peripheral blood cells with the severity of CAD (9). 
This study identified 160 genes significantly correlated 
with CAD index, a validated angiographical measure 
of the extent of CAD that correlates with outcome. 
Most interestingly, this expression pattern could also 
accurately separate the aorta samples according to the 
severity of atherosclerosis in another independent gene 
expression dataset (9). This finding further support 
the notion that gene expression changed derived from 
peripheral blood can reflect similar pathophysiological 
changes in remote disease sites such as atherosclerotic 
arteries. 
 Classic protein biomarkers are less useful in 
predicting the long term events of CAD. A study by 
Suresh et al. (10) identified two subsets of genes 
belonging to epithelial mesenchymal transition (EMT) 
pathway, and cholesterol transport modulation associated 
with long-term (18 months) recurrent events following 
first-time myocardial infarction. Heart failure is another 
occurred consequence of CAD. Maciejak et al. (11) 
revealed that the up-regulation of ribonuclease A family 
member 1 (RNASE1), formin 1 (FMN1), and Jun 
dimerization protein 2 (JDP2) genes on the first day of 
STEMI can serve as potential prognostic biomarkers for 
the progression of heart failure after AMI. These findings 
support that the transcriptomic data of the circulating 
blood cells may provide new clues in the prognosis 
prediction of CAD.

3. Peripheral blood cells biomarkers for CAD at 
miRNA level

As mRNA levels, miRNA profiles of whole blood 
cells have shown potential utility in CAD diagnosis, 
prediction, and monitoring. From an unbiased screen 
of blood cells of CAD, miR-135a expression was 
significantly increased compared with unaffected 
controls, while miR-147 decreased (12). Dong et al. (13) 
identified miR-24, miR-33, miR-103a, and miR-122 
correlated with blood lipids and their combination can 
provide a high diagnostic accuracy of CAD. Hoekstra 
et al. (14) indicated a cluster of 3 miRNAs, miR-134, 
miR-198 and miR-370, which can discriminate unstable 
CAD cases. 
 Downregulation of miRNA-8059, a miRNA with 
unknown function, can serve as a peripheral blood 
biomarker for the presence and extent of coronary 
artery calcification (15). Except for reflecting the 
severity of CAD, peripheral blood cells also have 
prognostic  s ignif icance.  A miRNA regulat ing 
development of myeloid vs lymphoid, miR-23a acts as 
a strong predictor for clinical outcomes in CAD patients 
after adjustment for baseline characteristics (16). 
 More meaningfully, miRNA profiling is also used 
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the lncRNA profiles in PBMCs, and discovered two 
lncRNA (LncPPARδ, CoroMarker) as novel biomarkers 
for CAD, which can enhance the diagnostic specificity 
and sensitivity when combined with other risk factors. 
They further identified monocyte CoroMarker levels 
independent of known CAD risk factors and other 
cardiovascular diseases. 
 As a 'miRNA sponge', circRNAs have been validated 
to be functionally linked with CAD progression. 
However, the clinical significance of circulating circRNA 
for CAD has seldom been evaluated. Currently, only one 
study investigated the circRNA profiles of whole blood 
cells on CAD, and they found hsa-circRNA11783-2, a 
functionally unknown circRNA is closely related to CAD 
and diabetes (21). 

5. The functional significance of transcriptomic 
response of peripheral blood cells to CAD

Although thousands of blood cell genes dysregulated 
in CAD, only a minority of them were validated as 
diagnostic and prognostic biomarkers (Table 1). The 
expression patterns of peripheral blood cells indirectly 
reflect the remote diseases status, and are induced 
by cytokines cascades from CAD. Several secretory 
factors are indicated to be independently associated 

to create biomarkers associated with treatments in 
CAD. Tomé-Carneiro et al. (17) found that after one-
year supplementation with a grape extract containing 
resveratrol in CAD patients, the expression of pro-
inflammatory cytokines C-C motif chemokine ligand 3 
(CCL3), interleukin 1 beta (IL-1β) and tumor necrosis 
factor alpha (TNF-α) was significantly reduced in 
peripheral mononuclear blood cells (PMBCs), while a 
subset of inflammatory-related miRNAs including miR-
21, miR-181b, miR-663, miR-30c2, miR-155 and miR-
34a was also altered. In another clinical observation, 
after treated with renin-angiotensin system blockade 
and statins, the expression of miR-146a/b, interleukin 
1 receptor associated kinase 1 (IRAK1), TNF receptor 
associated factor 6 (TRAF6) and toll like receptor 
4 (TLR4) genes in PMBCs of CAD were markedly 
decreased (18). Therefore, these findings support a 
possibility of transcriptomic response to CAD may also 
be used as potential therapeutic biomarkers.

4. Transcriptomic biomarkers for CAD at lncRNAs 
and circular RNAs (circRNAs) levels

Compared with mRNA and miRNA, the studies 
investigating in the context of lncRNA expression 
pattern in CAD are limited. Cai et al. (19,20) examined 

Table 1. Validated transcriptomic biomarkers for coronary artery diseases

Items

mRNA

microRNA

LncRNA

circRNA

Acute coronary 
syndrome Biomarkers

ALOX15
AREG
BCL2A1
BCL2L1
CA1
COX7B
ECHDC3
IL18R1
IR2
KCNE1
MMP9
MYL4
TREML4
SOCS3
FAM20

miR-135
miR-147
miR-24
miR-33
miR-103a
miR-122

LncPPARδ
CoroMarker

circRNA11783-2

Progression 
biomarkers

XIST
GSTT1
NPPA
KIF20B
CR625615
ANK2
FLYWCH1 
A_24_P473972

miR-134
miR-198
miR-370

Clinical factors-associated 
biomarkers

Extent of coronary 
artery calcification:
     miRNA-8059

lipid levels:
     miR-24
     miR-33
     miR-103a
     miR-122 
 

Outcome predictor

Heart failure:
     RNASE1
     FMN1
     JDP2

Clinical outcome:
     miR-23a

Treatment response
biomarkers

Renin-angiotensin system 
blockade and statins treatment:
     IRAK1
     TRAF6
     TLR4

Resveratrol supplementation:
     miR-21
     miR-181b
     miR-663
     miR-30c-2
     miR-155
     miR-34a

Renin-angiotensin system 
blockade and statins treatment:
     miR-146a/b
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with the severity of CAD. Among them, interleukin 6 
(IL-6), interleukin 18 (IL-18), MMP-9, soluble CD40-
ligand (sCD40L) and TNFα can theoretically induce the 
expression profiles of peripheral blood cells at all the 
transcriptomic levels (22). However, if these peripheral 
blood cells response can attribute or protect the damage 
of CAD has not been fully clarified. 
 GSTT1 is an enzyme regulating oxidative stress; 
its polymorphisms are associated with plasma 
malondialdehyde-conjugated low-density lipoprotein 
(MDA-LDL)  leve l s  and  CAD r i sk  (23 ) .  The 
overexpression of GSTT1 in PBMCs indicates that it 
may participate in the development of CAD through 
PBMCs. Significantly most of current validated 
peripheral blood cells mRNA and miRNA biomarkers 
are mediated by several important inflammatory 
transcription factors including signal transducer and 
activator of transcription-3 (STAT3), nuclear factor 
κB (NF-κB) (Figure 1). There is also strong coherence 
between mRNA and miRNA profiles. For example, 
EMT genes were enriched in CAD heart failure-related 
mRNA transcriptome; meanwhile some validated 
miRNA biomarkers also belong to EMT regulators 

such as miR-23a, miR-147, and miR-122. According to 
the current data, transcriptomic response of peripheral 
blood cells significantly focuses four biological process, 
immune response, defense response, cholesterol 
transport modulation, and EMT (Figure 1). Moreover, it 
can be also deduced that as a result of gene expression 
pattern variation, some peripheral blood cells-derived 
cytokines and secretory proteins such as MMP-9 would 
also participate in the development of CAD in a positive 
feedback manner. 

6. Future perspective

Although widely used, the current classic protein 
biomarkers and invasive coronary angiography to 
diagnose and prognostic CAD still have limitations. 
Current evidence has demonstrated the clinical validity 
and utility of "bloodomics" data to reflect CAD status. 
In particular, a whole blood gene expression score 
has been developed and validated its robustness in 
discriminating CAD patients from other non-cardiac 
conditions in two prospective multi-center trials 
(24). Compared with the traditional assays, blood 

Figure 1. Functional analysis on the transcriptomic response of peripheral blood cells to coronary artery diseases.
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transcriptome-based test might be very powerful in 
prognosis prediction, disease and treatment monitoring. 
 Although the current results of the evaluation are 
very promising, more cautions should be paid when 
explain the gene expression pattern of CAD peripheral 
blood cells, which can be affected by many complicated 
abnormal conditions. Currently transcriptomic 
biomarkers research differs tremendously among all 
reported studies. Therefore, biomarkers selection and 
algorithm developing from blood transcriptome of CAD 
must be based on strict validation test in multi-center, 
large cohorts of trails prospectively. 
 Now, the present "bloodomics" studies of CAD only 
focus on individual levels. Considering the inherent 
correlation between mRNA, miRNA, lncRNA and 
circRNA expression pattern, discovery and evaluation 
of more generalized biomarkers at multiple levels 
of transcriptomic data would further increase the 
robustness of current strategies. 
 In the emerging field of peripheral blood cells 
transcriptome of CAD, increased biomarkers and 
models show clinical potential utility in diagnosis, 
outcome prediction and treatment monitoring, and with 
functional significance in the disease development. 
Before the further clinical use of transcriptomic 
biomarkers in personalized healthcare of CAD patients, 
more elaborate studies are required to improve their 
powers through well-designed large multicenter trial 
cohort studies.
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1. Introduction

Stroke, as one of the leading causes of death and 
disability in the world, has attracted lots of research 
efforts on the analyses of its underlying mechanisms on 
'Omics levels continuously since the 20th century (1). 
Of which, the identification framework of biomarkers 
that measure stroke on different molecular levels has 
resulted in considerable enthusiasm for their wide 
usage in diagnosis and prognostication. A biomarker 

can be any measurement made on a biological system 
in theory, however, the stroke biomarkers typically 
refer to environment factors (EFs) and genetic factors 
(GFs). Many researches had been performed on EF(s) 
or GF(s) levels to explore the occurrence, development, 
and prognosis of stroke (2,3). For example, EFs 
such as ursolic acid (4) and GFs such as ALOX5 (5) 
were shown to be closely related to the happening of 
stroke. Biomarkers can be generally classified into 
target factors and indicator factors, according to their 
causal relationship with the investigated disease. A 
target factor was one that played an important role in 
causing stroke, which meant that the changing of this 
factor would not only reflect the patient's condition, 
but also be a possible treatment target. In comparison, 
an indicator factor was one that distinguished stroke 
patients from healthy people, without necessarily being 
the cause of the disease. Usually, indicator factors were 
advantageous in the ability to discriminate potential 

Summary It was widely accepted that stroke onset was the result of interactions between environment 
and genetic factors. However, the combined biomarkers covering environment and genetic 
factors and their interplay information in stroke were still lacking. In this study, we 
proposed a framework to identify the targeting or indicating role each factor played in 
the combined stroke biomarkers. A combined set of 36 biomarkers were identified based 
on evaluation and importance scores. Validations on three independent microarray data 
sets justified that the obtained markers were pervasively effective in discriminating stroke 
patients of different stages from healthy people on genetic levels. 8 and 3 genetic factors 
were identified as biomarkers in the acute and recovery phases of stroke, respectively. For 
example, the expression changing of SERPINH1 only appeared in the acute phase of stroke 
showing its targeting role in the combined biomarker. Compared with this, 11 genetic 
factors such as MMP9 were found to be differentially expressed in both acute and recovery 
phases of stroke showing their indicating roles in stroke. Functional analyses further 
revealed that the biomarkers could be grouped into 4 closely related processes of stroke 
including prevention, occurrence, processing, and recovery, respectively. These results 
indicated that the adoption of interactions between environment and genetic factors would 
be helpful in selecting robust and biologically relevant biomarkers, which cast a new insight 
for stroke biomarker identification.
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patients and the ease of detection, but provided little 
useful information for disease treatment or prevention. 
On the contrary, target factors were favored for 
pathology or possible treatments, but may not be good 
for patient diagnosis or risk prediction. Ideally, a good 
biomarker set should contain the advantages of both 
types of factors and reflect the interaction(s) between 
them. 
 It was widely accepted during the past decades that 
the onset of stroke was the result of interactions between 
EFs and GFs (6). However, no combined biomarker 
covering both EFs and GFs on multiple omics levels 
were identified on stroke. The interplay(s) information 
between EFs and GFs under different conditions 
including several complex diseases were validated and 
stored in databases such as miREnvironment (7) and 
PEMDAM (8) with the development of bioinformatics 
which made the analyses on combined EF-GF 
biomarkers of stroke possible.
 In this study, we proposed a framework to identify 
the targeting or indicating role each factor played in 
the combined stroke biomarkers selected based on 
bioinformatics analyses. The information of stroke 
related factors on both genetic level (including genes 
and miRNAs) and environment level were downloaded 
from several public databases. A combined set of 36 
biomarkers were then chosen by an evaluation score for 
each candidate EF and an importance score calculated 
using the relationships between GFs. We further carried 
out validation experiments on three independent data 
sets with the selected biomarkers, which confirmed 
that the obtained markers were pervasively effective 
in discriminating stroke patients of different stages 
from healthy people. It was interesting to find out that 
the obtained biomarkers could further be grouped into 
4 categories related to the prevention, occurrence, 
processing, and recovery of stroke, respectively. The 
classification of target and indicator factors in each 
combined biomaker made the relationships between 
environment and genetic factors clearer, which may 
provide a new sight for stroke prevention, treatment, 
and recovery.

2. Materials and Methods

2.1. Materials

Several raw data sets were built based on the data 
extracted from public databases as follows:
 (a)  Stroke-related diseases/symptoms: The 
following key words were used to perform the EF 
and GF searches according to the information from 
Comparative Toxicogenomics Database (CTD) (9): 
'Stroke', 'Infarction, Middle Cerebral Artery', 'Cerebral 
Infarction', 'Brain Infarction', 'Lateral Medullary 
Syndrome', 'Brain Stem Infarctions', 'Infarction, 
Anterior Cerebral Artery', 'Infarction, Posterior Cerebral 

Artery', and 'Dementia, Multi-Infarct'.
 (b) Stroke-related raw EFs: 4,833 stroke EFs 
extracted from CTD using stroke-related diseases/
symptoms (as listed in (a)) as key words.
 (c) Stroke-related raw genes: 287,171 interactions 
were found between the 4,833 stroke-related raw EFs 
and 23,472 genes. These genes were marked as 'stroke-
related raw genes' in the following analyses.
 (d) Stroke-related raw miRNAs (SRMI): 168 
miRNAs were extracted from HMDD (10), PhenomiR 
(11), and PEMDAM using stroke-related diseases/
symptoms (as listed in (a)) as key words. Each miRNA 
was assigned a score calculated using the following 
equation: 

                       Wm = Sh + Sph + Spe ,

Of which, if one miRNA was found to be related to 
stroke in HMDD or PEMDAM, the value of Sh or Spe in 
Equation 1 was 1.0, otherwise, the value was assigned 
0. Similarly, if one miRNA was found to be related to 
stroke in PhenomiR, Sph was calculated as the product 
of the number of supportive literature and the number 
of validated types (the maximum number was 2.0, 
including over-regulation and down-regulation).

2.2. Candidate EFs Selections based on GFs

The relationships between EFs and miRNAs were 
downloaded from PEMDAM and MiREnvironment. The 
EFs in the 'stroke-related raw EFs' were left if at least one 
interaction was found. For these EFs, a score  Ep, based 
on the interactions between GFs (including miRNAs and 
genes) was calculated using the following: 

 Of which, if the interaction was validated in 
miRTarBase (12), Ep was assigned the maximum of 
px• px represented the times the interaction predicted by 
10 different miRNA target computational prediction 
algorithms (13). 
 The EFs with at least one Ep score over 0 were 
selected as candidate EFs (C-EF).

2.3. Evaluation Score for EF

For any C-EF i, an evaluation score was calculated as 
follows:

                    EE(i) = ER(i) * ES(i) ,

 A higher score indicated a closer relationship 
between the EF and stroke. Of which, the relation score 
ER (EF relation score) was calculated as follows:

361
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GFs and stroke (no such public data set for EFs were 
available currently) as listed in Table 1. All the samples 
of the three data sets were human blood. The Wilcoxon 
rank sum test was performed for each GF identified 
as a factor in any combined biomarker in this study. 
A GF with p-value not above the threshold we set was 
considered to be differentially expressed between the 
stroke patients and controls.

3. Results

3.1. Combined biomarkers for Stroke

There were 229 EFs in 'stroke-related raw EFs' selected 
as 'filtered stroke-related EFs' after the filter step 
based on stroke-related miRNAs. 36 EFs were finally 
defined as 'candidate EFs (C-EFs)'. One C-EF was thus 
considered as one factor of the combined biomarkers 
if it interacted with each C-EF with the maximum 
PageRank score (See Table 2 for details). The features 
of combined biomarkers were characterized from three 
aspects based on literature search results: (a) effect: the 
positive, negative, or dual effects on the processes of 
stroke; (b) structure: the role (indicator or target) EF/GF 
played in stroke; (c) mechanism: the interaction types 
(induce or inhibit) between the EF and GF(s) in the 
combined biomarkers. All the features were evaluated 
based on the target factor in each combined biomarker.

3.2. Validation Results

The expression changes of all the GFs in the combined 
biomarkers were checked. Any GF with at least one 
p-value not above 0.1 was considered as differentially 
expressed GFs (see details in Table 3). 8 and 3 genetic 
factors were identified as biomarkers in the acute and 
recovery phases of stroke, respectively. For example, 
the expression change of SERPINH1 only appeared 
in the acute phase of stroke showing its targeting 
role in the combined biomarker. Compared with this, 
11 genetic factors such as MMP9 were found to be 
differentially expressed in both acute and recovery 
phases of stroke showing their indicated roles in stroke. 

3.3. Hiberarchy model of Combined bio-markers

The 36 combined biomarkers could thus be divided 
into 8 different groups according to the three aspects 
mentioned above. The biomarkers in each group were 
divided into sub-groups according to their features. 
The mean EE scores were calculated for each sub-
group as shown in Figure 1. The EE mean values 
of sub-groups and the statistical significance were 
calculated using student t-test. Results showed that 
the differences between 'induce' and 'inhibit' sub-
groups on the 'mechanism' level was significant with 
a p-value of 0.09605 indicating to us that 'mechanism' 

                                                                        ,

 Eg was the score based on gene level, which 
was calculated using the interactions between EFs 
and genes. Of which, ni represented the number of 
interactions, ns represented the number of species, 
and nl represented the number of supportive literature. 
Em was the score based on miRNA level, which was 
calculated using the interactions between EFs and pre-
miRNAs: tn was the times each interaction between EF 
and miRNAs appears in the database of PEMDAM and 
MiREnvironment. wm was calculated using the equation 
described above.

 For each C-EF i, a disease specificity score ES 
(EF specificity score) based on the biological network 
analyses was calculated as follows:

 Of which, di represents the degrees of EF i in the 
EF-disease network built based on the relationships 
between EFs and diseases from PEMDAM and 
miREnvironment. If the candidate EF was not included 
in the C-EF data set, the maximum value 1.0 was 
assigned for it. A higher ES score indicated a higher 
specificity of the EF. 

2.4. Important Score for GFs

For each EF in C-EF, a network was built using its related 
miRNAs and genes based on the targeting information 
(including validated and predicted interactions between 
miRNAs and genes) between them. 
 The R package 'igraph' was used to perform the 
Google PageRank analyses on the miRNA-mRNA 
network. The PageRank score for each node in the 
network was used to measure the importance based on 
counting the number and quality of links to a node. The 
miRNAs and mRNAs were ranked after each of them 
was assigned a calculated score . 

2.5. Validation based on Independent Data Sets

To validate availability of the combined biomarkers, 
three independent microarray data sets from NCBI 
GEO were chosen to check the relationships between 
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could be used as the first analysis level. There were 16 
biomarkers in the induce group and 12 in the inhibit 
group (8 combined biomarkers were not included in 
the following analyses since their mechanism were not 
clear). 
 To explore the second analysis level, we divided 
the biomarkers in one sub-group into sub-sub-group 
according to their 'effect' and 'structure' features. EE 
values and PageRank scores were used to test the 
differences between these sub-sub-groups. For the sub-
groups containing combined biomarkers with induce 
mechanism, significant difference was found between 

two sub-sub-groups (positive and negative) according 
to the 'effect' feature with a p-value of 0.06137 using 
PageRank score. Compared with this, no significant 
difference was found in the 'inhibit' sub-group with 
p-value of 0.2826 (mean PageRank scores were 
0.2588571 and 0.3178 for 'positive' and 'negative', 
respectively). 
 Similarly to the above analyses, we checked all 
the possible third analyses levels using statistical 
test. For the 8 combined biomarkers in 'Mechanism 
(induce)-Effect (positive)', only 1 biomarker was 
shown to have the structure of 'GF-EF'. The p-value of 

Table 1. List of validated data sets used in this study

GF type

Gene 
Gene/miRNA
miRNA

Stroke Condition

Acute Phase
Recovery Phase
Acute Phase

NCBI GEO ID

GSE16561
GSE22255
GSE55937

Number of Stroke Patients (Case)

39
20
24

Number of Healthy People (Controls)

24
20
24

Table 2. List of combined biomarkers

Rank

1
2
3
4
5
6
7
8
9
10
11
12
13
14

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

30
31
32
33
34
35

36

C-EF

Dexamethasone
Acetaminophen
Vitamin E
Cisplatin
Cocaine
Cadmium
Bortezomib
Gemcitabine
Nicotine
Metformin
Ethanol
Nitric Oxide
DDT
Docetaxel

Hemin
Letrozole
Curcumin
Bromocriptine
Arsenic
Sulindac sulfide
Imatinib Mesylate
Ursolic acid
Vitamin D (VitD)
Bleomycin
Oxaliplatin
Glucose
Gefitinib
Topotecan
Lead

Paroxetine
Genistein
Decitabine
Cytarabine
Fludarabine
Polycyclic Aromatic 
Hydrocarbons (PAH)
Sorafenib

GF(s)

hsa-mir-30e
hsa-mir-122
hsa-mir-15b
hsa-mir-642
hsa-let-7d
hsa-mir-146a
hsa-mir-122
hsa-mir-149
hsa-mir-21
hsa-mir-21
hsa-mir-21
hsa-mir-155
NOS2, STAT3
hsa-mir-100, hsa-mir-101-1, hsa-mir-126, hsa-mir-
130a, hsa-mir-16-1/2, hsa-mir-194-1, hsa-mir-195, 
hsa-mir-212, hsa-mir-30a, hsa-mir-34a, hsa-mir-7-1
hsa-mir-126, hsa-mir-130a, hsa-mir-18b
hsa-let-7f-1/2
ALOX5
hsa-mir-550-1
hsa-mir-222
ATF3, PTGS2(COX2), hsa-mir-17, hsa-mir-21
hsa-mir-451
hsa-mir-21
hsa-mir-22
hsa-mir-21
hsa-mir-21
hsa-mir-133a-1/2, hsa-mir-146a/b, hsa-mir-451
hsa-mir-222, hsa-mir-30b
hsa-mir-142, hsa-mir-34b
ADORA1, IGF1, IL1B, hsa-mir-146a, hsa-mir-21, 
hsa-mir-222
hsa-mir-30a
hsa-mir-151, hsa-mir-27a
hsa-mir-145
EDN1, F2, hsa-mir-29a, hsa-mir-30c-1
MMP9
CCL2

hsa-mir-122, SERPINH1

Effect

Positive, Negative
Positive
Positive
Negative
Negative
Negative
Positive
Negative
Positive
Positive
Positive
Positive
Negative
Positive

Positive
Negative
Positive
Negative
Negative
Positive
Positive
Positive
Positive
Negative
Negative
Negative
Negative
Positive
Negative

Positive
Positive
Positive
Negative
Positive
Negative

Negative

      Structure
(target-indicator)

EF-GF
EF-GF
Unknown
GF-EF
GF-EF
EF-GF
EF-GF
Unknown
EF-GF
GF-EF
EF-GF
GF-EF
EF-GF
GF-EF

Unknown
EF-GF
EF-GF
EF-GF
EF-GF
EF-GF
GF-EF
EF-GF
EF-GF
GF-EF
GF-EF
EF-GF, GF-EF
EF-GF
Unknown
Unknown

GF-EF
EF-GF
EF-GF
GF-EF
EF-GF
Unknown

GF-EF

Mechanism

Induce
Induce
Unknown
Induce
Induce
Inhibit
Induce
Unknown
Induce
Inhibit
Induce
Induce
Inhibit, Induce
Inhibit

Inhibit, Induce
Induce
Inhibit
Induce
Induce
Inhibit, Induce
Inhibit
Inhibit
Induce
Induce
Inhibit
Unknown
Inhibit
Unknown
Inhibit

Inhibit
Inhibit
Induce
Inhibit
Induce
Unknown

Induce
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binomial distribution analysis was 0.01563 indicating 
a significant difference. Analysis of the 8 combined 
biomarkers in 'Mechanism (induce)-Effect (negative)' 
showed no significant difference on structure level. 
Taken together, the analyses hierarchy model of the 
three features were then fixed as 'Mechanism-Effect'.
 It was interesting to find that the significant 
differences were found on induce and positive level, 
which may indicated these combined biomarkers might 
play their roles in a forward way rather than feedback.

3.5. Function of Combined biomarkers

3.5.1. Combined biomarkers for Stroke Prevention and 
Damages Mitigation

Seven combined biomarkers in the 'Mechanism (inhibit)-
Effect (positive)' model were shown to play a role in 
protecting against stroke or mitigating stroke-induced 
damages. All the EFs including curcumin, ursolic acid, 
genistein, metformin, docetaxel, imatinib mesylate, and 

Table 3. p-value of GFs in combined biomarkers

GF Name

ADORA1
ALOX5
ATF3
CCL21
EDN1
IGF1
IL1B
MMP9
NOS2
PTGS2
SERPINH1
STAT3
F2
hsa-mir-145
hsa-mir-122
hsa-mir-550
hsa-mir-642
hsa-mir-30e
hsa-mir-21
hsa-mir-16-2
hsa-mir-22
hsa-mir-142

P-value in Acute Phase (GSE16561, GSE55937)

3.64E-10
0.007267241
1.43E-15
2.86E-15
5.83E-06
7.16E-16
6.92E-11
6.08E-10
7.16E-16
7.97E-08
0.000431237
0.001638866
--
0.000921373
0.014428574
0.019369559
0.066476228
0.071189216
0.077797772
0.092850883
0.675265662
0.645619886

P-value in Recovery Phase (GSE22255)

2.76E-10
0.000472032
3.36E-05
0.006144956
1.69E-07
5.41E-09
0.040175085
1.34E-07
1.45E-11
0.383413282
0.120699706
0.00513072
0.09132
--
--
--
--
--
0.06035
--
0.04298
0.0675

 -- Some of the GFs were not detected in all the three data sets due to the original platform, as a result, no p-value could be calculated.

Figure 1. Comparison of mean EE scores on different levels. The mean EE scores were calculated for each sub-group.
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paroxetine functioned as stroke prevention or damage 
mitigation factors (See Table S1 of Supplemental Data 
for details, http://www.biosciencetrends.com/action/
getSupplementalData.php?ID=27). 
 Hsa-mir-21, hsa-mir-27a, hsa-mir-151, hsa-mir-100, 
hsa-mir-101-1,hsa-mir-130a, hsa-mir-16-1/2, hsa-
mir-194-1, hsa-mir-195, hsa-mir-212, hsa-mir-30a, 
hsa-mir-451, and hsa-mir-34a were shown to be over-
regulated; while hsa-mir-126 and hsa-mir-7-1 were 
shown to be down-regulated in young stroke patients 
(14,15).
 The relationships between EF and GF in each 
biomarker was inhibit, which meant that the expression 
or activation of indicator factor was inhibited by the 
target factor. For example, curcumin was shown to 
perform the damage mitigation role by inhibiting the 
catalytic activities of ALOX5 (16), which may attenuate 
neuro-protection following focal cerebral ischemia (5). 
hsa-mir-21 was shown to be suppressed by ursolic acid 
in human glioblastoma cell lines U251 (17). Genistein 
was shown to play its roles through inhibition of mir-27a 
and mir-151 in different diseases (18,19). Metformin 
was shown to improve skeletal muscle insulin resistance 
by inhibiting mir-21 expression (20). Over-regulation 
of mir-100 could prevent docetaxel chemoresistance 
in patients with lung adenocarcinoma (21). Docetaxel 
resistance was associated with increased expression of 
mir-34a, and decreased expression of mir-100, mir-7, 
mir-16, mir-30a, and mir-126 in human breast cancer 
cells (22). mir-195 was a negative regulator in the 
resistance of DU145/DOC cells to docetaxel (23). hsa-
mir-451 was observed to be down-regulated in imatinib-
resistant chronic myeloid leukemia patients (24). mir-
30a may limit the effects of paroxetine by targeting 
BDNF (25).

3.5.2. Combined biomarkers for Causing Stroke

There were 8 combined biomarkers proved to be related 
to the occurrence of stroke. It was interesting to find 
out that all these biomarkers were in the model of 
'Mechanism (induce)-Effect (negative)', of which 4 target 
factors were EFs while the other 4 target factors were 
GFs. 
 At least one of the EF or GF in each biomarker 
were proved to be a risk factor causing stroke 
including dexamethasone, letrozole, bromocriptine, 
arsenic, cisplatin, cocaine, bleomycin, sorafenib, and 
SERPINH1 (26) (See Table S1 of Supplemental Data 
for details, http://www.biosciencetrends.com/action/
getSupplementalData.php?ID=27). 
 Of all the GFs, previous studies showed that hsa-mir-
30e, hsa-mir-550-1, hsa-mir-222, hsa-mir-642, hsa-mir-
let-7d, hsa-mir-21, hsa-mir-122 were up-regulated while 
hsa-mir-7f-1, hsa-mir-7f-2, and hsa-mir-15b were down-
regulated in young stroke patients (14,27,28). 
 The increased expression of indicator factors may 

be induced by the target factor in the same combined 
biomarker. One study showed that dexamethasone-
induced IEC-6 cells differentiation caused a 2.5-fold 
increase in mir-30e expression, and upon beta-catenin 
siRNA transfection, mir-30e increased 1.3-fold (29). 
After letrozole treatment for 48 hours, all let-7 sub-
types showed a trend toward increased expression (29). 
mir-550 was confirmed to be significantly up-regulated 
between the group of bromocriptine-treated and 
untreated prolactinomas (30). mir-222 was up-regulated 
in arsenic-transformed human lung epithelial BEAS-
2B cells indicating its role in arsenic-induced tumor 
growth (31). The increased expression of mir-642 could 
increase the sensitivity of cisplatin in cell lines and 
advanced bladder cancer (28). Cocaine up-regulated 
let-7d in zebrafish embryos (32). The repressing of 
mir-21 could attenuate bleomycin-induced pulmonary 
fibrosis (33). mir-122 was shown to be up-regulated 
during apoptosis induced by bortezomib and sensitized 
hepatocellular carcinoma cells to sorafenib (27,34).

3.5.3. Combined biomarkers for Stroke Processes

Four combined biomarkers in the model of 'Mechanism 
(inhibit)-Effect (negative)' showed adverse effects on 
stroke. Gefitinib, cadmium, oxaliplatin, cytarabine, 
hsa-mir-146a (35), and EDN1 (36) were proved to be 
negative factors of stroke (See Table S1 of Supplemental 
Data for details, http://www.biosciencetrends.com/action/
getSupplementalData.php?ID=27).
 hsa-mir-222, hsa-mir-21, hsa-mir-29a and hsa-mir-
30c-1 were shown to be up-regulated in young stroke 
patients (14), while hsa-mir-30b, and hsa-mir-146a 
were shown to be down-regulated in young stroke 
patients (14,35).
 mir-30b and mir-222 were shown to be down-
regulated by gefitinib (37). The expression of mir-146a 
was negatively correlated with exposure to cadmium 
(38). The over-expression of mir-21 could protect 
CRC cells from oxaliplatin-induced apoptosis and 
increase the proliferative capacity (39). The deregulated 
expression of mir-29a and mir-30c was shown to 
contribute to the sensitivity to cytarabine (40).

3.5.4. Combined biomarkers for Stroke Recovery 

There were 8 combined biomarkers in the 'Mechanism 
(induce)-Effect (positive)' model. All the GFs including 
hsa-mir-122, hsa-mir-21, hsa-mir-22, hsa-mir-145, hsa-
mir-155, and MMP9 in the 7 biomarkers (hsa-mir-122 
and hsa-mir-21 were involved in two bio-markers) were 
proved to have increased expression in stroke patients 
(14,15,41). 
 Four EFs including bortezomib, nicotine, vitamin 
D (VitD), and fludarabine were proved to contribute to 
neuroprotection after stroke. The other 4 EFs including 
acetaminophen, ethanol, decitabine, and nitric oxide 
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were proved to be associated with better outcome for 
stroke. For example, acetaminophen was indicated 
to improve outcome in patients with stroke and fever 
without dramatically lowering body temperature in 
one clinical trial study. Low to moderate levels of 
ethanol could not only decrease the risk of stroke, but 
also reduce post-ischemic sequelae. Decitabine was 
widely used in sickle cell anemia which was closely 
related to stroke. Treatment with nitric oxide was 
shown to improve functional recovery after stroke (See 
Supplemental Data for details). 
 Most of the GFs were considered to be induced by 
EFs in this model based on their relationships in other 
conditions since their relationships were still lacking 
in stroke-related fields. Mir-122 was reported as a 
novel biomarker of acetaminophen toxicity and was 
shown to be up-regulated during apoptosis induced 
by bortezomib (27,42,43). Besides, the up-regulation 
of mir-21 induced by nicotine could promote EMT 
transforming growth factor beta (TGF-β) dependently 
in human esophageal cancer (44). Chronic ethanol 
feeding was shown to enhance mir-21 induction during 
liver regeneration while inhibiting proliferation in rats 
(45). Mir-22 was induced by VitD and contributed to 
its antiproliferative, antimigratory and gene regulatory 
effects in colon cancer cells (46). Decitabine was shown 
to induce the expression of mir-145 (47). MMP9 was 
shown to be involved in chronic lymphocytic leukemia 
cell response to fludarabine (48). Knockdown of mir-
155 could significantly decrease the production of nitric 
oxide (49), which was the indicated factor.

4. Discussion

The identification of complex diseases' biomarkers 
were considered to be one of the traditional topics 
in cardiovascular related fields. For example, the 
identification and evaluation of genetic biomarkers 
such as IL-6, TNF-α which were measured using blood 
as samples for heart failure had been performed which 
were considered to be of great importance since these 
results had improved the diagnosis and treatments 
greatly in the clinic. Compared with this, similar work 
performed on stroke had always been questioned 
since most of the samples were human blood, which 
may not reflect the changes of the ischemic regions 
due to the existence of the blood brain barrier (BBB). 
Considering this, the stroke related EFs attracted more 
and more attention since their roles could be both 
risk factors and/or biomarkers. These EFs could be 
divided into two different groups according to the their 
features as follows: (a) risk factor (clinical environment 
factor): cardiovascular risk factors widely accepted 
in clinic such as hypertension, diabetes mellitus, 
smoking, alcohol consumption, and air pollution, 
etc. (b) biomarker (toxicology environment factor): 
chemicals, drugs, and small molecules, etc. However, it 

was widely accepted that the occurrence of stroke was 
caused by both genetic and environment reasons. In 
recent years, research began to exploit the interplay(s) 
between EF(s) and GF(s). For example, one study 
showed that the combined effects of the MTHFR 3'-UTR 
polymorphisms and tHcy/folate levels might contribute 
to stroke prevalence (50). However, the relationship 
analyses on a systematic scale for stroke combined 
biomarkers were still lacking especially on multiple 
omics levels. 
 It was widely believed that genetic factors may 
coordinately support the influence of macro or micro 
environment factors. Exploring this type of genetic 
biomarkers would be beneficial in understanding the 
mechanism of disease onset and aiding the development 
of therapy or prevention schemes. Many mRNAs were 
identified as biomarkers of stroke in former studies 
using different frameworks such as differential analyses, 
network analyses, etc. Besides mRNAs, miRNAs were 
widely considered as genetic factors since they could 
play important roles in stroke through regulating their 
target genes. One miRNA might regulate hundreds to 
thousands of mRNAs, which made the parallel analyses 
performed using both mRNAs and miRNAs data sets 
possible. Based on these concerns, many researchers 
including us had constructed the combined biomarkers 
of stroke containing both miRNAs and mRNAs on the 
genetic level in previous studies. However, the close 
relationships between miRNAs and EFs had not been 
fully integrated in such studies. 
 In this study we demonstrated that by exploiting 
the environment-genetic interactions we do achieve a 
set of biomarkers that were robust across different data 
sets and with clear biological relevance. This suggested 
that knowledge about environment risk factors and 
environment-genetics would serve as a good guideline 
for exploring new combined biomarkers and the 
framework proposed in this study can be a useful tool 
for this purpose.
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1. Introduction

The interaction of proteins and drugs affects the 
pharmacological behavior, toxicity, and metabolism 
of drugs. In contrast, the binding of drugs to a certain 
protein may lead to an alteration in the secondary 
structure of the protein. Only a free drug can diffuse from 
the blood to a target (1). Thus, binding of a drug and 
protein affects the metabolism and action of that drug. 
Examining the interaction of a protein and a drug helps to 
understand the pharmacokinetics and pharmacodynamics 
of that drug. 
 Riociguat (Figure 1), a stimulator of redox-sensitive 

soluble guanylate cyclase, is the only drug approved 
for the treatment of inoperable or persistent/recurrent 
chronic thromboembolic pulmonary hypertension (2-
4). After oral administration, riociguat is transported 
through the bloodstream to the tissues and organ, and 
the therapeutic efficacy of riociguat is directly related to 
its free concentration in blood plasma (5). In addition, 
serious adverse events have been noted after riociguat 
monotherapy and are associated with the plasma 
concentration (6). Thus, the ability of riociguat to bind to 
plasma proteins is critical for its metabolism and efficacy. 
To the extent known, the mechanism by which riociguat 
binds to plasma proteins has not been studied thus far. 
 Human serum albumin (HSA) is the prominent 
transport protein in human plasma, and it plays an 
important role in the storage and transportation of 
numerous compounds including drugs and other 
substances (7). HSA consists of three homologous 
domains - I, II and III - each of which is divided into 
two subdomains (A and B). The main binding sites 

Summary Interaction of riociguat with human serum albumin (HSA) is extremely important in 
understanding the drug's disposition and efficiency. In the current study, the binding of 
riociguat to HSA was explored using spectroscopic methods and molecular docking. The 
quenching constant, the binding constant, the number of binding sites, thermodynamic 
parameters, and the secondary structure of protein were determined. A fluorescence 
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Alterations in the protein secondary structure after drug complexation were predicted. 
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include site I (subdomain IIA), which is marked by 
warfarin, and site II (subdomain IIIA), which is marked 
by ibuprofen (8,9). The ability of a drug to bind to HSA 
is an important factor for its efficacy and metabolism. 
Examining the binding of drugs to HSA may explain 
the structural features that affect the pharmacokinetic 
and pharmacodynamics of those drugs. Therefore, the 
binding interaction of riociguat and HSA needs to be 
promptly examined.
 The current study used fluorescence, Fourier-
transform infrared (FT-IR) spectroscopy, circular 
dichroism (CD), and molecular docking to examine the 
intermolecular interaction between riociguat and HSA. 
The form of binding, the association constant, the change 
in the protein secondary structure, and the site where 
riociguat bound to were determined. Findings should 
have great significance in terms of studying the process 
of storage and transportation of riociguat in the body and 
its mechanism of action and pharmacokinetics.

2. Materials and Methods

2.1. Chemicals and Reagents 

A reference standard of riociguat (≥ 98%) was purchased 
from Ark Pharm, Inc. (Chi., USA). HSA was purchased 
from Solarbio Science & Technology Co. Ltd. (Beijing, 
China). Tris-(hydroxymethyl aminomethane) (Tris) (≥ 
99%) and sodium chloride (≥ 99.5%) were purchased 
from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, 
China). Ibuprofen (≥ 99%) was purchased from Inno 
Chem Science & Technology Co., Ltd. (Beijing, China). 
Warfarin (≥ 98%) was purchased from Adamas Reagent 
Co., Ltd. (Shanghai, China). Methanol (HPLC-grade) 
was purchased from Fisher Chemical Co., Ltd. (Shanghai, 
China). 

2.2. Sample preparation

A stock solution of riociguat (10 mM) was prepared 
in methanol solution. HSA was dissolved in 0.05 M 
Tris-HCl buffer solution containing 0.1 M NaCl (pH 
= 7.4). Both warfarin and ibuprofen were dissolved in 
a mixture of methanol and Tris-HCl buffer solution to 
obtain a concentration of 1.2 × 10-4 M. All solutions 
were prepared at room temperature and stored at 4℃. 

The final concentration of methanol in the test solutions 
was less than 2.4%, so the properties of HSA were not 
affected by methanol (10).

2.3. Fluorescence measurements

A Varian Cary Eclipse Spectrophotometer (Varian, 
Australia) with a 2-mm quartz cell was used to measure 
fluorescence spectra. The excitation wavelength for 
HSA-riociguat was 280 nm, and the emission spectrum 
was recorded from 290 to 450 nm. The widths of the 
excitation and emission slits were both set at 10 nm. The 
quenching effect of riociguat on HSA was investigated 
at three different temperatures of 288 K, 298 K, and 
308 K. A mixture of riociguat and HSA were prepared 
with a constant HSA concentration of 2 μM (11,12). 
The concentration of riociguat varied from 0-12 μM. 
Synchronous fluorescence spectra were recorded at 
different scanning intervals of Δλ (Δλ = 60 nm and 15 
nm) at room temperature. 

2.4. CD measurements

The CD spectra of HSA with or without riociguat 
were recorded using an Applied Photophysics circular 
dichroism spectropolarimeter (Applied Photophysics 
Ltd. Leatherhead, UK). The wavelength range scanned 
was 200-400 nm with a 1-mm quartz cell. The data 
were obtained with an interval of 1 nm and a scan rate 
of 164 nm/min. 

2.5. FT-IR Measurements

FT-IR spectra were recorded using a Nicolet 6700 FT-
IR spectrophotometer (Thermo Nicolet, Madison, 
America). The concentration of HSA was 1 mM and that 
of riociguat was 0.4 mM. The sample solutions were 
placed in a smart ITX diamond sampler. For all spectra, 
100 scans recorded at a resolution of 4 cm-1. Data were 
analyzed using Nicolet OMNIC software. The second 
derivative resolution enhancement was performed 
to determine the position of each peak when peaks 
overlapped, and peaks were fitted using a Gaussian peak 
function. 

2.6. Site marker competitive binding

Site marker competitive binding experiments were 
conducted using warfarin (as site I marker) and ibuprofen 
(as site II marker). In the fluorescence experiments, the 
concentrations of HSA and site markers were both 2 μM, 
while the concentration of riociguat gradually increased 
from 0 to 12 μM. 

2.7. Molecular docking

AutoDock vina 1.1.2 was used to determine how 
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Figure. 1. The structure of riociguat.
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As shown in Figure 2A, the fluorescence intensity of 
HSA decreased gradually with the increase in riociguat 
at around 334 nm. The fluorescence quenching data 
were analyzed using the Stern-Volmer equation (Eq. (1)) 
(20,21).

      F0/F = 1+ KSV [Q] = 1 + Kqt0[Q]            (1)

In the equation, F0 and F are the steady state fluorescence 
intensities in the absence and presence of a quencher, 
respectively. KSV  is the Stern-Volmer quenching constant 
and [Q] is the concentration of the quencher (riociguat). 
Kq is the bimolecular quenching rate constant and t0 is the 
fluorescence lifetime of HSA. The Stern-Volmer plots 
of the fluorescence of HSA quenched with riociguat at 
different temperatures are shown in Figure 2B, and the 
values of KSV and Kq at different temperature are shown 
in Table 1. Results indicated that the mechanism by 
which riociguat quenched the fluorescence of HSA was 
static quenching due to the formation of a riociguat-HSA 
complex.

3.2. Binding constant and thermodynamic parameters

When examining the binding interaction of riociguat 
and HSA, the binding constant (Kb) and the number of 
binding sites (n) can be determined using the equation 
as follow (Eq. (2)) (22).

              F0 -F      log(           ) = logKb + nlog[Q]            (2)
                  F

where Kb is the binding constant and n is the number 
of binding sites for a riociguat-HSA complex. The 
Lineweaver-Burk plots at different temperatures are 
shown in Figure 2C, and the parameters are shown in 
Table 1. The calculated values of n were approximately 
equal to 1, indicating the existence of a single binding 
site for riociguat on HSA. The estimated value of Kb 
was 1.55 × 104 M−1 at 298 K, suggesting that strong 
interaction of riociguat and HSA. 
 Thermodynamic variables were calculated using the 
van't Hoff equation:

                  
 ΔH

     
ΔS      lnK = -        +                   (3)

                   RT      R

      ΔG = ΔH - TΔS                (4)

riociguat bound to HSA (13). The three-dimensional (3D) 
structure of HSA (PDB ID: 2BXB) was downloaded 
from the Protein Data Bank (PDB) (14). The 2D 
structure of riociguat was drawn using ChemBioDraw 
Ultra 12.0 and converted to a 3D structure using the 
software ChemBio3D Ultra 12.0. The AutoDockTools 
1.5.6 package was used to generate docking input files 
(15,16). A ligand was modified for docking by merging 
non-polar hydrogen atoms and defining rotatable bonds. 
The search grid of the HSA site I (subdomain IIA) was 
identified as center_x: 4.412, center_y: -8.174, and 
center_z: 8.25 with dimensions of size_x: 15, size_y: 15, 
and size_z: 15. The value of exhaustiveness was set to 
20. The best-scoring binding mode was modeled on the 
software PyMoL 1.7.6 (1.3r1, DeLano Scientific LLC, 
South San Francisco, USA) (17).

3. Results

3.1. Fluorescence measurements

Fluorescence quenching is considered to be an effective 
and sensitive method with which to investigate the 
interaction of small molecules and proteins. The intrinsic 
fluorescence of HSA is mainly due to tryptophan (Trp), 
tyrosine (Tyr), and phenylalanine (Phe) residues. Shifts 
in λmax and fluorescence intensity, which are mainly 
attributed to changes in the position of the Trp residues, 
were used to study HSA-riociguat interaction (18,19). 

Table 1. Binding and thermodynamic parameters of an HSA-riociguat system at different temperatures

T(K)

288
298
308

KSV

10-4 L mol-1

3.01
2.35
1.83

R2

0.995
0.994
0.991

Kq 
10-12 L mol-1s-1

3.01
2.35
1.83

log Kb

4.09
4.19
4.39

Kb 
10-4L mol-1

1.22 
1.55 
2.46 

n

0.92
0.97
1.02

R2

0.997
0.995
0.996

ΔG
KJ mol-1

-24.11

ΔH
KJ mol-1

25.62

ΔS
J mol-1k-1

166.88

Figure 2. The fluorescence quenching spectra of HSA 
(2 μM) with different concentrations of riociguat at the 
excitation wavelength (280 nm) in Tris-HCl (pH 7.4). 
Riociguat solutions 1 to 8 had a concentration of 0, 1, 2, 4, 
6, 8, 10, and 12 μM (A). Ster-Volmer plots for HSA (2 μM) 
quenched with riociguat at different temperatures (B). Plots of 
Log [(F0 – F)/F] vs. Log [Q] for HSA (2 μM) quenched with 
riociguat at different temperatures (C). The van't Hoff plot for 
the calculation of different thermodynamic parameters (D).



www.biosciencetrends.com

BioScience Trends. 2018; 12(4):369-374. 372

where K is the binding constant at temperature T, and 
the R is the gas constant. The van't Hoff plot for the 
interaction of riociguat and HSA is shown in Figure 2D, 
and the thermodynamic parameters are shown in Table 
1. If the ΔH and ΔS are > 0, then the binding force is 
hydrophobic interaction. A negative ΔH and ΔS usually 
indicates the presence of hydrogen bonding and/or 
van der Waals forces. If ΔH is < 0 and ΔS is > 0, an 
electrostatic force is identified (23-26). In the current 
study, ΔG was negative, so the binding of riociguat to 
HSA was a spontaneous process. The positive values 
of both ΔH and ΔS revealed that the main force was 
hydrophobic interaction when riociguat bound to HSA.

3.3. Melanoma specimens

Characteristic information on Tyr and Trp residues 
can be obtained from synchronous fluorescence 
spectroscopy when the scanning interval Δλ (Δλ = λem 
- λex) is set at 15 and 60 nm (27,28). Figure 3A and 3B 
show the synchronous fluorescence spectra of HSA 
with various concentrations of riociguat, and the spectra 
were recorded with Δλ = 15 and 60 nm, respectively. A 
slight red shift in the maximum emission was observed 
at Δλ = 60 nm, suggesting that the hydrophobic 
environment surrounding Trp decreased slightly with 
the addition of riociguat. The intensities of both Trp and 
Tyr residues decreased, indicating that the quenching of 
HSA involved Trp and Tyr. Conformation of the protein 
changed upon interaction with riociguat. 

3.4. CD spectroscopy

The CD spectra of HSA with and without riociguat are 
shown in Figure 3C. CD was calculated using the mean 
residue ellipticity (MRE) in deg cm2 dmol−1 according 
to the following equation:

                           θobs (mdeg)
      MER208 =                                         (5)
                           10 • n • l • Cp

                             -MER208 -4000 
      α-helix(%) =                                    (6)
                              33000 - 4000
where MER208 is the mean residue ellipticity at 208 nm, 
Cp is the molar concentration of HSA, n is the number 
of amino acid residues (585), l is the path length (0.1 
cm). 4,000 is the MRE of the β-form and random coil 
conformation cross at 208 nm, and 33,000 is the MRE 
value of a pure α-helix at 208 nm. Using the above 
equation, the α-helicity in free HSA was 55.95%. After 
the addition of riociguat at 6 and 12 µM, the α-helical 
content increased from 55.95% to 58.01% and then 
to 59.49%. The structure of albumin was altered by 
riociguat. 

3.5. FT-IR Spectra

To further investigate the changes in the structure of 
HSA, second derivative resolution enhancement and 
cure fitting were performed, as shown in Figure 4. 
Figure 4A and 4B show the FT-IR fitting curves of 
HSA in the absence and presence of riociguat in Tris-
HCl buffer in the region of 1,700-1,600 cm-1. Changes in 
peak positions and peak shapes indicated that riociguat 
induced a slight change in the secondary structure of 
HSA with binding toward the C=O groups. According 
to the quantitative analysis of the secondary structure, 
the α-helix content increased 8.16% as a result of the 
addition of riociguat. These results coincided with the 
CD spectra. 

3.6. Site marker competitive binding

Two main specific drug-binding sites of HSA have 
previously been reported, including site I (subdomain 
IIA) and site II (subdomain IIIA). In the current study, 
warfarin (as site I marker) and ibuprofen (as site II 
marker) were used as site markers to investigate the 
binding site of riociguat on HSA. KSV and Kb in a 
system of HSA and site markers were recorded as the 
concentration of riociguat increased, and the results are 

Figure 3. Synchronous fluorescence of HSA (2 μM) with 
different concentrations of riociguat at the excitation 
wavelength (280 nm) at room temperature when Δλ = 15 
nm (A) and Δλ = 60 nm (B) in Tris-HCl (pH 7.4). Riociguat 
solutions 1 to 8 had a concentration of 0, 1, 2, 4, 6, 8, 10, and 
12 μM. CD spectra of HSA (2 μM) in the presence of riociguat 
(12 μM) in Tris-HCl (pH 7.4) (C).

Figure 4. Second derivative resolution enhancement and 
curve-fitted amide I region (1,700-1,600 cm−1) for HSA (0.1 
mM) in Tris-HCl buffer solution (pH = 7.40) in the absence 
(A) and presence of riociguat (B).
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shown in Table 2. Kb and KSV markedly decreased in the 
presence of warfarin while the values were almost the 
same in the presence of ibuprofen. Results indicated 
that riociguat and warfarin competitively bound 
to HSA. The binding site of riociguat on HSA was 
primarily located on site I of HSA.  

3.7. Molecular docking

Figure 5 shows the binding site of the HSA and the 
docking results. Riociguat docked in site I (subdomain 
IIA), and the overall view is shown in Figure 5A. 
Riociguat assumed a compact conformation to enter 
of the pocket of HSA, and a detailed view is shown in 
Figure 5B. The 2-fluorophenyl of riociguat stretched 
into the hydrophobic pocket that consisted of Leu-
260, Ala-261, Ile-264, Ile-290, and Ala-291, forming 
a stable hydrophobic bond. The pyrimidine scaffold of 
riociguat participated in π-π stacking interaction with 
the residue Tyr-150. In addition, cation-π interactions 
between riociguat and the residues Lys-199, Arg-222, 
and Arg-257 were observed. Importantly, five hydrogen 
bond interactions were identified between riociguat and 
the residues Tyr-150, Glu-153, and Arg-257 of HSA. 
The above molecular simulations provided a good 
structural basis on which to explain the quenching of 
HSA fluorescence in the presence of riociguat.

4. Discussion

HSA is widely used in biophysical, biochemical, and 
physicochemical studies since it has been extensively 
studied with different small molecules and its primary 
structure is well known. The weak binding of ligands 
to HSA results in a short lifetime or poor distribution 
of compounds since strong binding leads to a decrease 
in the concentration of free ligands in plasma. Thus, 

the interaction between a drug and HSA will affect its 
metabolism, distribution, toxicity, and elimination from 
the circulation. Riociguat is rapidly absorbed and its 
concentration subsequently decreases. It has a terminal 
half-life in the range of 5 to 10 hours, and its plasma 
binding rate is approximately 95% (29). The current 
study of the interaction between riociguat and HSA will 
help to understand the process of riociguat metabolism.
 Fluorescence quenching is a decrease in the 
quantum yield of fluorescence induced by a variety 
of molecular interactions with a quencher molecule. 
Protein conformational transitions, biomolecule binding, 
denaturation, and other factors are responsible for the 
decrease in the intrinsic fluorescence of protein. Thus, 
fluorescence quenching is widely used to explore the 
binding of biomolecules and active small molecules. 
Fluorescence quenching can be caused by collisions 
or by ground-state complex formation between a 
fluorophore and a quencher. The former is referred to 
as dynamic quenching while the latter is referred to as 
static quenching (21). If the value of KSV decreases with 
increasing temperature and the kq value is much greater 
than the maximum diffusion collision quenching rate 
constant (2.0 × 1010 L/mol s) of HSA with a variety 
of quenchers (30,31), then the mechanism by which a 
compound quenches the fluorescence of albumin is static 
quenching due to the formation of a compound-HSA 
complex. In the current study, riociguat bound to HSA 
via static quenching. 
 This study used fluorescence, FT-IR spectroscopy, 
CD spectroscopy, and molecular docking to conduct the 
first detailed investigation of the interaction between 
riociguat and HSA. Results indicated that riociguat 
effectively quenched the intrinsic fluorescence of 
HSA via static quenching. The binding process was 
spontaneous, and the main force was hydrophobic 
interaction. Conformational results from CD and FT-
IR spectra revealed that the binding of riociguat to HSA 
induced some micro-environmental and conformational 
changes. The current results will help to better understand 
aspects of pharmacokinetics such as drug metabolism, 
excretion, and distribution.
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1. Introduction

Infection with Entamoeba nuttalli, a morphologically 
indist inguishable Entamoeba  species from E. 
histolytica, is prevalent in captive and wild macaques 

(1-7). There are numerous wild macaque populations 
in China, in which the rhesus macaque is widely 
distributed, but the Tibetan macaque is unique to east 
central China. Our recent studies have detected E. 
nuttalli infection in wild rhesus and Tibetan macaques 
in China (1,8), indicating that these macaques are also 
natural hosts of E. nuttalli.
 In addition to the epidemiology of E. nuttalli in 
non-human primates, genetic diversity of this amoeba 
also needs to be studied further. To date, several 
polymorphic markers for genotyping E. histolytica 
isolates have been well established. Of these, the serine-
rich protein (SRP) gene was the most widely used 
genotyping marker for Entamoeba isolates (4,9-15). 
tRNA-linked short tandem repeats (STRs) were another 
effective polymorphic marker (16). Recent studies on 
E. nuttalli isolate genotypes have suggested that these 

Summary Entamoeba nuttalli infection is prevalent in captive and wild macaques. Recent studies 
have suggested that genotypes of E. nuttalli isolates are correlated with the geographical 
distribution of host macaques. Correlation of amoebic genotypes with genetic diversity of host 
macaques was analyzed in present study. Sixty fresh stool samples were obtained from wild 
Tibetan macaques living in Mount Huang (HS) of the An-hui Province in China. PCR analysis 
revealed that the most prevalent Entamoeba species was E. chattoni (E. polecki ST2) (86.7%) 
followed by E. nuttalli (58.3%) and E. coli (25%). Six E. nuttalli HS isolates were successfully 
cultured. The tRNA-linked short tandem repeat (STR) loci and serine-rich protein gene of E. 
nuttalli isolates from four different regions of China (Mount Long-hu, Gui-yang, Mount E-mei, 
and HS, the former three isolates were obtained in previous studies) were studied and high 
numbers of polymorphisms were detected. When genetic diversity of different populations of 
E. nuttalli isolates was compared with geographical distance, an r2 value of 0.919 was assigned 
by a Mantel test based on the tRNA-STR loci. In host macaques, the mtDNA HVS-I gene was 
also highly polymorphic in each of the genomes. Multiple regression analysis using E. nuttalli 
tRNA-STR loci genetic, macaque mtDNA HVS-I gene, and geographic distances showed an 
r2 value of 0.943, indicating that a higher relevance was demonstrated when geographic and 
host gene factors were considered. Analysis of genetic factor of host would benefit for better 
understanding of the evolution of E. nuttalli.
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are correlated with the geographical distribution of host 
macaques (8,16). 
 In addition to geographical factors, other aspects 
which could be impacting E. nuttalli genetic diversity 
remain unclear. Given that more information would 
be advantageous in studying factors contributing to E. 
nuttalli genetic polymorphism. In the present study, we 
aimed to detect Entamoeba spp. infection in another 
Tibetan macaque population living in Mount Huang 
(HS) of the An-hui Province in China. Genetic variation 
of the tRNA-linked STR loci and SRP gene of E. 
nuttalli isolates from Chinese macaques were analyzed.

2. Materials and Methods

2.1. Sample collection

Sixty fresh stool samples were obtained from wild 
Tibetan macaques living in Mount Huang of the An-hui 
Province in China in May 2016 (Figure 1).

2.2. Stool examination and culture

Stool samples, PCR-positive for E. nuttalli, were 
xenically cultured in modified Tanabe-Chiba medium 
(17). In addition, trophozoites of two E. nuttalli isolates 
from Mount Qian-ling (GY) of the Guizhou Province and 
six E. nuttalli isolates from Mount E-mei (EM) of the Si-
chuan Province were axenically cultured in YIMDHA-S 
medium (1,8). Trophozoites from 16 E. nuttalli isolates 
from wild rhesus macaques in Mount Long-hu (LH) of 
the Guanxi Province were xenically cultured in modified 
Tanabe-Chiba medium. These isolates were used as 
reference strains.

2.3. Extraction of genomic DNA and PCR amplification

PCR was used to detect various Entamoeba species. 
Genomic DNA from the 60 stool samples was extracted 
using a QIAamp DNA Stool Mini Kit (Qiagen, Germary) 
and then PCR with 35 cycles for amplification of partial 
18S ribosomal RNA genes from E. histolytica, E. dispar, 
E. nuttalli, E. coli, and E. chattoni (E. polecki ST2) were 
performed as described previously (2,3,18). Genomic 
DNA was also extracted from cultured trophozoites 
using a DNeasy blood and tissue kit (Qiagen, Germany). 
Genomic DNA isolated from cultured trophozoites was 
used for amplification of amoeba genes and genomic 
DNA isolated from E. nuttalli positive stool samples 
were used for amplification of host genes. Complete 
18S and 5.8S rRNA genes were amplified as described 
previously (2). The SRP gene and tRNA-linked STR 
fragments were amplified with Takara Pyrobest DNA 
polymerase from the genomic DNA of trophozoites 
using primers for five polymorphic STR loci (Locus D-A, 
N-K2, R-R, S-Q, and STGA-D) as described previously 
(16,19). The host macaque hypervariable segments I of 
mitochondrial DNA (mtDNA HVS-I) and partial MHC 
II DRB1 genes were amplified from the genomic DNA 
of stool samples using primers listed in Table 1. Briefly, 
the following PCR conditions were used: denaturation at 
94°C for 15 s, annealing for 30 s, and extension at 72 C 
for 30 s (Entamoeba species diagnosis), 3 min (complete 
18S and 5.8S rRNA genes), 45 s (five STR loci and 
SRP gene), or 1 min (mtDNA HVS-I and partial MHC 
II DRB1 genes). Annealing temperatures for amplifying 
mtDNA HVS-I and partial MHC II DRB1 genes are 
shown in Table 1. An initial 3-min denaturation step at 
94°C and a final 7-min polymerization step at 72°C were 
also performed for all reactions.

2.4. Sequencing and analysis of genes

PCR products of the 2.4-kb rRNA gene, SRP gene, 
and five tRNA-linked STR fragments of E. nuttalli 
as well as those of mtDNA HVS-I and partial MHC 
II DRB1 genes of macaques were purified using an 
AxyPrep DNA Gel Extraction kit (Axygen, USA) and 
then subjected to direct sequencing by PCR primers 
using a BigDye Terminator v3.1 Cycle Sequencing Kit 
(Applied Biosystems, USA). The 2.4-kb rRNA gene 
were completely sequenced by primer walking. PCR 
products with multiple sequences were processed using 
a pMD®20-T Vector cloning kit (TaKaRa). More than 
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Figure 1. Geographic location of Mount Huang (HS), 
Mount E-mei (EM), Mount Qian-ling (GY), and Mount 
Long-hu (LH).

Table 1. Primers for macaque genes

Primer

Macaca HVS-I-F
Macaca HVS-I-R
Macaca DRB1-F 
Macaca DRB1-R

Sequence (5′-3′)

CTGAATTGGAAGCGAACC
CCCGTGATCCATCGAGATGTCTT
CAACCTAAGGTGACTGTGTATC
CACTCCATTCCACTGTGAGAG

Annealing temperature

55°C

50°C
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PCR from all 60 stool samples. E. chattoni (86.7%) 
was the most prevalent species, followed by E. nuttalli 
(58.3%) and E. coli (25%) (Figure 2). In addition, 
mixed infections were detected in more than half of the 
positive samples (65%). E. histolytica and E. dispar 
were not detected by PCR in these samples.
 Stool samples were xenically cultured in modified 
Tanabe-Chiba medium. Six isolates were successfully 
cultured and designated as follows: HS24, HS25, HS31, 
HS42, HS48, and HS59.

3.2. rRNA gene analysis

The 2.4-kb region containing 18S and 5.8S rRNA 
genes was amplified by PCR and directly sequenced. 
Nucleotide sequences of the Mount Huang samples 
indicated that the isolates were of E. nuttalli. Moreover, 
the nucleotide sequence of the rRNA gene of the 
isolates obtained from Tibetan macaques in Mount 
Huang was identical to that the rRNA gene of E. nuttalli 
isolates from wild Tibetan macaques in Mount E-mei 
and wild rhesus macaques in Mount Qian-ling and 
Mount Long-hu. The 2.4-kb region containing 18S and 
5.8S rRNA genes of these Chinese E. nuttalli isolates 
were completely identical and these isolates exhibited 
three nucleotide differences compared with the 
reference strain P19-061405 (AB282657), which was 
obtained from a wild rhesus macaque in Kathmandu in 
Nepal (1,2).

3.3. SRP gene and tRNA-linked STR loci typing

Given that differentiation of STR types are indispensable 
for high-resolution genotyping of amoebic isolates, 
we analyzed the SRP gene and tRNA-linked STRs of 
Chinese E. nuttalli isolates collected from two Macaca 
species at diverse geographic locations (Table 2). Six 
isolates from the Tibetan macaques collected from Mount 
Huang shared identical STR sequence types for the 
SRP gene and five tRNA-linked STRs loci (Figure 3A 
to 3E). The newly identified sequences were deposited 
in the DDBJ/EMBL/GenBank database (LC379241- 
LC379247).

3.4. NJ tree of E. nuttalli isolates

10 clones of each gene were sequenced. Reactions were 
run on an ABI Prism 3100 Genetic Analyzer (Applied 
Biosystems, USA). Sequence data were analyzed using 
Bioedit 7.0.

2.5. Genetic variation and population analyses

Genetic distances were calculated using the SRP gene or 
five tRNA-STR loci using MEGA 5 software. Then, a 
Mantel test for isolation by distance was performed using 
IBD 1.5.2 software (20) with 10,000 randomizations.
 A neighbor-joining (NJ) tree was constructed using 
the SRP gene or five of the tRNA-STR loci by MEGA 5 
software.
 Analysis and multiple alignments of macaque 
mtDNA HVS-I and partial MHC II DRB1 genes were 
performed using Clustal X; phylogenetic trees and 
genetic distances were constructed using the NJ method.
 SPSS 20.0 was used for preparing the 3D spot figure. 
Haplotype and nucleotide diversities of these gene 
sequences between different groups were calculated 
using DnaSPv5 software as described previously (21).

3. Results

3.1. Detection and isolation of Entamoeba spp. in stool 
samples

We attepted to detected the five Entamoeba species by 

Table 2. Characteristics of E. nuttalli isolates using SRP and tRNA-STR markers

Isolate

EM
GY

LH

HS

No. of 
isolates

6
2

16

6

Location of collection

E-mei mountain
Qian-ling mountain

Long-hu mountain

Huang mountain

Genotypes of 
SRP gene

Cn1SRP
Cn2SRP
Cn3SRP
Cn4SRP
Cn5SRP
Cn6SRP

N-K2

Cn1NK
Cn2NK
Cn2NK
Cn3NK

Cn4NK

S-Q

Cn1SQ
Cn2SQ 
Cn3SQ
Cn4SQ

Cn5SQ

STGA-D

Cn1SD
Cn2SD
Cn2SD
Cn3SD

Cn4SD

R-R

Cn1RR
Cn2RR
Cn2RR
Cn3RR

Cn4RR

D-A

Cn1DA
Cn2DA
Cn3DA
Cn5DA

Cn6DA

Genotypes of tRNA-STRsHost macaque 
    species

M. thibetana
M. mulatta

M. mulatta

M. thibetana

Figure 2. Detailed compositions of Entamoeba infections 
in Tibetan macaques of Mount Huang. The Venn diagram 
shows quantities of co-infection of E. nuttalli, E. polecki ST2, 
and E. coli in the stool samples obtained from wild Tibetan 
macaques of Mount Huang. Each circle represents one 
Entamoeba species. Numbers in an area overlapped by two or 
three circles indicate the quantity of samples of coinfections, 
accordingly.
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In the distance-based NJ tree obtained using the tRNA-
STR loci (Figure 3F), E. nuttalli isolates were presented 
into five paraphyletic branches. HS, EM, and LH 
isolates were categorized into an independent branch 
and GY isolates were categorized into two branches. 
In the distance-based NJ tree obtained using the SRP 
gene (Figure 3G), E. nuttalli isolates were represented 
by six paraphyletic branches. HS and EM isolates were 
categorized into an independent branch, whereas GY 
and LH isolates were categorized within two branches.

3.5. Effect of geographical distance on genetic diversity

The genetic diversity of different populations was 
compared with respect to geographical distance to 
estimate the importance of the geographical pattern 
for genetic relationships among the four E. nuttalli 

populations. Chinese E. nuttalli isolates were collected 
from four neighboring provinces (Figure 1). Results 
of the Mantel test gave an r2 value of 0.919 (P < 0.05, 
for 10,000 randomizations) based on the tRNA-STR 
loci and an r2 value of 0.88 (P < 0.05, for 10,000 
randomizations) based on the SRP gene. These results 
indicated that a significant isolation by the distance 
effect was found in the populations based on the tRNA-
STR loci.

3.6. Analysis of host genetic variation

The macaque mtDNA HVS-I and partial MHC II DRB1 
genes were highly polymorphic in each of the genomes. 
In the distance-based NJ tree obtained using the mtDNA 
HVS-I gene (Figure 4A), different macaque populations 
were represented by six paraphyletic branches. HS and 

Figure 3. Schematic representation of tRNA-linked short tandem repeat types of each loci based on the nucleotide sequence 
and phylogenetic tree constructed using the NJ method of E. nuttalli isolates. Schematic representation of Locus D-A (A), R-R 
(B), N-K2 (C), S-Q (D), and STGA-D (E). tRNA genes and STRs are depicted as arrows and rectangles, respectively. Diagrams and 
sequence types are based on the study of Ali et al. (34). (F) NJ tree based on the tRNA-STR loci of Entamoeba species. (G) NJ tree 
based on the SRP gene of Entamoeba species



www.biosciencetrends.com

BioScience Trends. 2018; 12(4):375-381.379

LH macaques were categorized into an independent 
branch, whereas EM and GY macaques were categorized 
into two branches. In the distance-based NJ tree obtained 
using the partial MHC II DRB1 gene (Figure 4B), 
different macaque populations were represented by two 
large clusters. The upper semi-cluster contained 89.5%, 
71.1%, 35.5%, and 24% alleles of LH, GY, HS, and 
EM macaques, respectively, and the lower half cluster 
contained 76%, 64.5%, 28.9%, and 10.5% alleles of EM, 
HS, GY, and LH macaques, respectively. The results 
indicated that most alleles of LH and GY macaques 
were located in the upper semi-cluster and that most of 
the alleles of the EM and HS macaques were located in 
the lower half cluster. The results suggested that HVS-I 
gene could distinguish the four regions of macaques 
better than MHC II DRB1 gene. The newly identified 
sequences were deposited in the DDBJ/EMBL/GenBank 
database (LC379248- LC379253).

3.7. Effect of macaque gene diversity on E. nuttalli 
genetic diversity

Quantifiable data revealed both high haplotype (1.0) 
and nucleotide diversities (0.065) of tRNA-STR loci 
sequences from GY isolates (Figure 5A). The mtDNA 
HVS-I gene of macaques infected with GY isolates also 
indicated high haplotype (1.0) and nucleotide diversities 
(0.06) (Figure 5B). GY macaques and E. nuttalli GY 
isolates both had the highest genetic diversity among the 
four Chinese populations. The haplotype diversity and 
nucleotide diversity of the MHC II DRB1 gene were 
also calculated. But the results suggested that the MHC 
II DRB1 gene was too polymorphism to distinguish 
difference among the four regions of macaques in the 
present study.
 Multiple regression analysis using E. nuttalli tRNA-
STR loci genetic, macaque gene, and geographic 
distances indicated an r2 value of 0.943 (P < 0.05, 10,000 
randomizations). The results indicated that a higher 

relevance was shown when both geographic and host 
gene factors were considered.

4. Discussion

Recent studies have demonstrated high polymorphism 
among E. nuttalli SRP gene and tRNA-linked STR from 
Nepalese, Japanese, and Chinese isolates (1-3,6,22). The 
present study also demonstrated the presence of multiple 
genotypes in E. nuttalli isolates from different macaque 
populations. However, factors affecting polymorphism of 
E. nuttalli genes remained largely unknown. The current 
study attempted to provide insights into this amoeba 
gene polymorphism.
 It has been demonstrated that genetic diversity 
of Chinese E. nuttalli isolates is associated with 
geographic distance based on the tRNA-STR loci (8). 
The importance of the geographic factor was proved by 
investigation of other E. nuttalli isolates in Nepal (16). In 
present study, a Mantel test indicated similar results when 

Figure 4. Phylogenetic tree constructed using the NJ method for host macaques. (A) NJ tree based on the mtDNA HVS-I gene 
of host macaques. (B) NJ tree based on the partial MHC II DRB1 gene of host macaques. Pie chart displaying the percentage of each 
population in the upper and lower clusters.

Figure 5. Gene diversity of E. nuttalli isolates and the 
macaque. (A) Haplotype and nucleotide diversities of the 
tRNA-STR loci of E. nuttalli isolates. (B) Haplotype and 
nucleotide diversities of mtDNA HVS-I gene of macaques.
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the Mount Huang population was included. Geographic 
factors were regarded as important contributors that 
could explain polymorphism of E. nuttalli genes. 
However, there were exceptions, as GY isolates included 
in present study demonstrated separate genetic features 
in the NJ tree. In the distance-based NJ tree, differences 
in genetic distance among E. nuttalli HS, EM, GY, and 
LH isolates were demonstrated. E. nuttalli genes from 
four macaque populations could be divided into five 
branches, with only GY isolates being attributed to two 
different branches. Genetic diversity in E. nuttalli GY 
isolates was quite prominent even if the amoeba was 
isolated from macaques in a very close geographical 
range. Therefore, we could not exclude the possibility 
that other factors may also affect genetic polymorphism 
of E. nuttalli isolates.
 Host genetic diversity or pathogen-host co-evolution 
have been considered as critical factors affecting 
pathogen genetic diversity in a number of studies (23-28). 
Accordingly, the host macaque species and host genetic 
diversity could be important factors affecting E. nuttalli 
genetic diversity. Both rhesus and Tibetan macaques 
were included in present study, and all the samples were 
examined by DNA sequence analysis to verify that 
they were of Macaca species origin. Furthermore, the 
hypervariable region of host mtDNA and MHC II DRB1 
genes were first used to determine the possibility that the 
host species was correlated with the genetic diversity of 
the amoeba. The results indicated that mtDNA HVS-I 
gene was compatible for distinguishing between the four 
Chinese macaque populations. GY macaques contained 
genetic features of two clusters in the NJ tree. The high 
haplotype and nucleotide diversity of GY macaques was 
also the highest among all populations. Results were 
similar to the E. nuttalli genetic diversity of GY isolates. 
This may indicate that host genetic diversity could affect 
parasite genetic diversity and explain E. nuttalli genetic 
diversity of GY isolates.
 The host factor was probably non-negligible in the 
study on E. nuttalli. Host specificity has already been 
proved to be an important subject in the epidemiology of 
Entamoeba (29,30). In present study, a further analysis 
including amoebic genetic distance, geographic distance, 
and host genetic distance was performed. The result gave 
an r2 value of 0.943, which was higher than that obtained 
with the Mantel test (0.919). This higher r2 value may 
have demonstrated a more reasonable fitting method to 
analyze E. nuttalli genetic features. The genetic variation 
of the tRNA-linked STR loci of E. nuttalli isolates from 
Chinese macaques may be partially attributable to both 
host geographic locations and host genetic variation. 
 Genetic differences between the two different 
macaque species included in present study could not be 
ignored; however, the Tibetan macaque, a unique non-
human primate in China, was identified as a closely 
related species to the rhesus macaque (31,32). A more in-
depth study involving the same species of macaque to 

evaluate the relationship between host genetic variation 
and E. nuttalli genetic variation would be more powerful.
 Both the SRP gene and the tRNA-linked STR 
genotyping systems have been commonly used to 
distinguish E. histolytica genotypes (10,19,33-36). In the 
five tRNA-STR loci distance-based NJ tree, HS isolates 
were attributed to a slightly further branch to distinguish 
it from the E. nuttalli EM and GY isolates. However, 
data based on the SRP gene showed slightly different 
results. E. nuttalli HS isolates were attributed to a branch 
closer to the EM isolates than to the GY isolates. These 
results suggest that genetic evolution of SRP gene has a 
little differences with tRNA-STR loci. Furthermore, the 
tRNA-STR loci had more relativity than the SRP gene 
when used in the Mantel test. In summary, analysis in 
present study was focused on data of the tRNA-STR loci 
of Chinese E. nuttalli isolates. In comparison with single-
genes analysis, polygenic analysis would be better for 
obtaining more credible results.
 In conclusion, the current study demonstrated 
high positive rates of E. nuttalli infection in Chinese 
macaques. These data showed that different macaque 
species in China were susceptible to E. nuttalli infection. 
In addition, E. coli and E. chattoni infections were 
commonly detected in these macaques. Present study 
also demonstrated that E. nuttalli HS isolates had unique 
genetic differences from other Chinese isolates based on 
tRNA-linked STR loci and the SRP gene. Additionally, 
analysis of genetic factor of host would benefit for better 
understanding of the evolution of E. nuttalli.
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Bolus administration of ephedrine and etilefrine induces transient 
vasodilation just after injection in combined epidural and general 
anesthesia patients: A randomized clinical study
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1. Introduction

Hypotension commonly accompanies anesthesia (1), 
especially combined epidural and general anesthesia (2) 
which is a common anesthesia method, and intravenous 
(IV) ephedrine or etilefrine are widely used to resolve 

such hypotension (2-9). We have noticed that these 
drugs transiently decrease systemic vascular resistance 
(SVR) just after bolus IV administration in combined 
epidural and general anesthesia patients prior to this 
study. To our knowledge, however, no reports have 
compared the very acute hemodynamic changes 
between ephedrine and etilefrine including those of 
SVR.
 Therefore, in this randomized clinical study, we 
investigated whether the bolus administration of these 
drugs decreases SVR just after IV administration 
and also evaluated any potential differences in the 
very acute hemodynamics between IV ephedrine and 
etilefrine in combined epidural and general anesthesia 
patients, which have not been reported to date.

Summary Hypotension commonly accompanies combined epidural and general anesthesia, and 
intravenous bolus ephedrine and etilefrine are widely used to correct hypotension. We have 
noticed that systemic vascular resistance (SVR) transiently decreases just after intravenous 
bolus administration of these drugs. The goal of the present study was to investigate whether 
bolus administration of these drugs decrease SVR just after intravenous administration in 
combined epidural and general anesthesia patients. We investigated 40 patients who were 
scheduled for elective abdominal surgery. Patients were chosen as subjects if their systolic 
arterial pressure decreased by 20% or to <100 mmHg at 30 min after the induction of 
general anesthesia. Baseline hemodynamic values were recorded, and after ephedrine 10 mg 
injection or etilefrine 2 mg injection (equipotent), the parameters were recorded again at 
0.5 min and once each min for the next 5 min thereafter. The 40 patients were enrolled into 
the ephedrine (n = 20) or etilefrine (n = 20) treatment groups. Patient characteristics were 
comparable in both groups. After ephedrine injection, SVR decreased significantly at the 
1-min time point, whereas after etilefrine injection, SVR decreased significantly at the 0.5- 
to 2-min time points compared with baseline values. SVR at the 0.5- to 1-min time points 
was lower in the etilefrine versus the ephedrine group. Both drugs transiently decreased 
SVR after intravenous injection, but etilefrine decreased SVR much more than ephedrine, 
indicating that more vasodilation occurred after the injection of etilefrine than after 
ephedrine. It is thus important to recognize the different characteristics of these drugs.
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2. Materials and Methods

2.1. Study subjects

We conducted a prospective, randomized, double-
blind study at the International University of Health 
and Welfare Shioya Hospital, Tochigi, Japan. The 
local hospital ethics committee approved the study 
protocol (protocol number 13-B-17, 2013-10-4), and 
the study was registered in the UMIN Clinical Trial 
Registry (ID: UMIN000011970). The Consolidated 
Standards of Reporting Trials (CONSORT) guidelines 
were followed. Written informed consent was obtained 
from all subjects. Female and male patients aged 20-75 
years of American Society of Anesthesiologists' (ASA) 
physical classes I to II were eligible for inclusion if 
scheduled to undergo upper or lower abdominal surgery 
requiring combined epidural and general anesthesia. 
Patients with known diabetes mellitus, diseases of the 
cardiovascular (including arrhythmia), pulmonary, 
neurologic, endocrinologic, or autonomic systems, and 
diseases affecting intravascular fluid volume or balance, 
e.g., inflammatory diseases or obstructive diseases of 
the gastrointestinal tract, were excluded. Furthermore, 
we did not administer either ephedrine or etilefrine in 
tachycardic patients (HR >100) because we believe that 
these drugs should not be administered to such patients. 
All patients fasted preoperatively for at least 8 hours, 
and none of the patients received any premedication.

2.2. Anesthesia technique

Before the induction of general anesthesia, an epidural 
catheter was inserted cephaladly to a distance of 4 cm 
within one intervertebral space (Th8-9 to Th11-12). We 
use the loss-of-resistance technique with physiological 
saline to identify the epidural space (10,11). Anesthesia 
of 1% epidural lidocaine (6-12 mL) was administered, 
and the level of analgesia was tested with a pinprick 15 
min after the epidural lidocaine was administered. We 
confirmed that the cephalad analgesia level was at least 
Th5 and the lower (caudad) analgesia level was at least 
L1.
 Gene ra l  anes thes i a  was  induced  wi th  IV 
administration of propofol at an initial effect-site 
concentration of 4 μg/mL and remifentanil 1 μg/
kg in total, along with rocuronium 0.6 mg/kg IV. 
Thereafter, we inserted a 23-gauge catheter into either 
the left or right radial artery to directly monitor arterial 
pressure. We used a semi-closed circle system to 
mechanically ventilate the patients' lungs at a fresh gas 
flow of 6 L/min (O2, 2 L/min and air, 4 L/min). The 
controlled ventilation rate was 10 breaths/min at an 
inspiratory:expiratory ratio of 1:2, and a tidal volume 
of 8 ml/kg was used. The effect-site concentration of 
the propofol (administered by plasma target-controlled 
infusion) was later adjusted to maintain a target BIS of 

40 to 60 and stable circulatory variables.

2.3. Monitoring equipment

We continuously monitored the systolic arterial pressure 
(SAP), mean arterial pressure (MAP), diastolic arterial 
pressure (DAP), heart rate (HR), pressure of end-
tidal CO2 (PETCO2), SVV, cardiac output (CO), stroke 
volume index (SVI), and SVR with a CARESCAPE 
B850 monitor (GE Healthcare, Helsinki, Finland) 
and a FloTrac/Vigileo™ system (software ver. 03.06; 
Edwards Lifesciences, Irvine, CA, USA). We did not 
use a central venous catheter to directly measure the 
patient's central venous pressure (CVP). Instead, the 
SVR data was obtained using a fixed CVP of 0 mmHg 
by inputting this pressure value into the FloTrac/
Vigileo™ (12,13).
 Each patient became a subject if at 30 min after 
induction of general anesthesia, the systolic blood 
pressure had decreased by > 20% compared with that 
just before epidural anesthesia or had dropped to < 100 
mmHg. However, if either severe hypotension (mean 
blood pressure < 50 mmHg) or no hypotension at all 
occurred, the patient was excluded as a subject (Figure 
1). Furthermore, we did not administer either ephedrine 
or etilefrine in tachycardic patients (HR > 100) because 
we believe that these drugs should not be administered 
to such patients. Each chosen patient was randomized to 
receive ephedrine or etilefrine by a computer-generated 
list using an allocation ratio of 1:1. The baseline values 
of the hemodynamic parameters and those of SAP, 
MAP, DAP, HR, PETCO2, SVV, CO, SVI, and SVR 
of the patients were recorded. Then, the patients were 
administered either ephedrine 10 mg or etilefrine 2 mg 
(the doses are equipotent (8,14)) that was prepared in 
identically coded syringes by a nurse not involved in 
the study. Because the pressure waveform is sampled 
by the Vigileo™ at 100 Hz over 20 s and it provides 
calculations at the end of each 20-s timeframe, the values 
of SVV, CO, SVI, and SVR were recorded 20 s after 
recording of the SAP, MAP, DAP, HR, and PETCO2 (15). 
These values were recorded again at 0.5 min after the 
ephedrine or etilefrine IV administration and every 1 min 
for 5 min thereafter. Assessments of the recorded values 
were performed by a blinded assessor. We conducted all 
studies before the surgery began, and we administered 
just 100 mL of normal saline to the patients to ensure 
minimal change in SVV values during the induction of 
general anesthesia and throughout the study.

2.4. Statistical analyses

We used preliminary data obtained from 10 patients 
to estimate sample size, and we further assumed that a 
change of 200 points in the SVR between the ephedrine 
and etilefrine groups at 0.5 min after injection would be 
clinically relevant. Our power analysis indicated that a 
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increases occurred in SAP and SVI at the time points 
of 1 to 5 min, in MAP and DAP at the time points of 2 
to 5 min, in HR at the time point of 1 min, in PETCO2 at 
the time points of 1 to 4 min, in CO at the time points 
of 0.5 to 5 min, and in SVV at the time point of 0.5 min 
compared with the baseline values (Figures 2, 3). SVV 
at the time points of 2 to 5 min and SVR at the time 
points of 0.5 to 2 min also showed significant decreases 
compared with the baseline values (Figure 3).
 PETCO2 at the time points of 1 to 2 min and CO at 
the time point of 1 min were higher in the etilefrine 
than ephedrine group (Figures 2, 3). SVR at the time 
points of 0.5 to 1 min was lower in the etilefrine than 
ephedrine group (Figure 3).

4. Discussion

Our results showed that in combined epidural and 
general anesthesia patients both drugs transiently 
decreased SVR after bolus IV injection and that 
etilefrine decreased SVR much more than ephedrine 
did, indicating that more vasodilation occurred after 
the injection of etilefrine than after that of ephedrine. 
Furthermore, we believe that CO in the patients 

minimum of 18 patients would be required to meet the 
criteria of β = 0.1 and α = 0.05. We therefore enrolled 
20 patients in each group to compensate for any 
potential dropouts. This analysis was conducted with 
GraphPad StatMate 2.00 (GraphPad Software, Inc., La 
Jolla, CA, USA).
 Values are expressed as means ± standard deviation 
(SD). Within-group differences of the recorded 
parameters were analysed by paired t-test with 
Bonferroni's correction to determine whether there were 
significant differences between the baseline values 
and the parameter values after injection. Between-
group differences in these parameters were analysed 
by unpaired t-test. A P value < 0.05 was considered 
to indicate statistical significance. All analyses were 
conducted with GraphPad Prism 5.04 (GraphPad 
Software, Inc.).

3. Results

Details of patient recruitment and excluded participants 
are shown in Figure 1 (no patients showed tachycardia 
[HR > 100]). The 40 patients enrolled in this study 
were divided into the etilefrine group (n = 20) and the 
ephedrine group (n = 20). Patient characteristics were 
similar in both groups (Table 1).
 After bolus injection of ephedrine, significant 
increases in the values of SAP, MAP, DAP, HR, PETCO2, 
CO, and SVI at the time points of 1 to 5 min and of SVV 
at the time point of 1 min were noted in comparison with 
the baseline values (Figures 2, 3). Significant decreases 
were noted in comparison with the baseline values at the 
time point of 1 min in SVR and at the time points of 2 to 
5 min in SVV (Figure 3).
 After bolus injection of etilefrine, significant 

Table 1 Patient characteristics

Items

Age (years)
Sex (M/F)
Body weight (kg)
Height (cm)
Body surface area (m2)

Etilefrine group 
(n = 20)

 48 ± 15
16/4

 61 ± 12
168 ± 10

  1.69 ± 0.19

Ephedrine group 
(n = 20)

    54 ± 16
13/7

    59 ± 11
163 ± 8

    1.63 ± 0.18

Values are presented as means ± standard deviation or number.

Figure 1.  Selection of the study population.
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receiving etilefrine was higher than that of the patients 
receiving ephedrine at that time because etilefrine 
induced more vasodilation than ephedrine did. This is 
new information on the action of these two drugs in 
combined epidural and general anesthesia patients.
 Ephedrine, a commonly used vasopressor, primarily 
affects β-adrenergic receptors but also clearly affects 
α-adrenergic receptors (4). Its cardiac effects result 
mainly from the β-mimetic component (4), whereas 
vasoconstriction in capacitance vessels and an increase 
in venous return are the results of its α-adrenergic 

effects (4). As an indirect effect, ephedrine causes 
the release of norepinephrine from storage granules 
in the postganglionic nerve endings. It also directly 
effects adrenergic receptors by its nonselective 
predominantly indirect sympathomimetic effects at 
both α and β receptors (ephedrine is similar in structure 
to amphetamine but with less blood-brain barrier 
penetration (16)), increases blood pressure as a result of 
venoconstriction, improves preload and CO, and also 
has some chronotropic and inotropic effects.
 Etilefrine is an effective vasopressor that stimulates 

Figure 2. Sequential changes in systolic arterial pressure (SAP), mean arterial pressure (MAP), diastolic arterial pressure 
(DAP), heart rate (HR) and pressure of end-tidal CO2 (PETCO2) after IV bolus administration of etilefrine and ephedrine. 
Data are expressed as mean ± standard deviation. *P < 0.05 vs baseline; †P < 0.01 vs baseline; ‡P < 0.005 vs baseline; §P < 0.001 vs 
baseline; #P < 0.05 compared with the ephedrine group.

Figure 3.  Sequential changes in systemic vascular resistance (SVR), cardiac output (CO), stroke volume index (SVI), and 
stroke volume variation (SVV) after IV bolus administration of etilefrine and ephedrine. Data are expressed as mean ± standard 
deviation. *P < 0.05 vs baseline; †P < 0.01 vs baseline ‡P < 0.005 vs baseline; §P < 0.001 vs baseline; #P < 0.05 compared with the 
ephedrine group; ##P < 0.001 compared with the ephedrine group.
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α1- and β1-adrenoceptors (4,17) with a much greater 
affinity for β1- rather than for β2 adrenoreceptors (17) 
and also for β1- rather than α-adrenoreceptors (17). Its 
molecular polarity is greater than that of ephedrine (4). 
In humans, previous studies showed that continuous 
and progressively increasing administration of IV 
etilefrine results in increased HR, CO, CVP, and MAP 
and decreased peripheral vascular resistance (18) but 
there have been no studies on the cardiovascular effects 
of the bolus administration of etilefrine, and therefore 
we investigated these effects in this study.
 Both drugs decreased SVR transiently after 
bolus IV injection, but etilefrine decreased SVR 
much more than ephedrine did, indicating that 
more vasodilation occurred after the injection of 
etilefrine than after ephedrine. The mechanism of 
vasodilation of these drugs possibly operates by 
activating endothelial production of nitric oxide (NO) 
through β2 adrenoceptors (19-22); Dabisch et al. (21) 
demonstrated that the vascular response to ephedrine in 
rats was modulated by NO and that NO production in 
response to ephedrine may be secondary to β2 receptor 
stimulation. We also surmise that both drugs initially act 
as a β2-adrenoceptor agonist. Unfortunately, however, 
in this study, we could not explain why these drugs 
showed such action, and the mechanism also remains 
unclear. We can simply consider that both drugs initially 
act as a β2-adrenoceptor agonist, and thereafter, these 
drugs affect not only β1 but also α-adrenergic receptors. 
In the future, measurement of the perfusion index (PI), 
a marker of peripheral perfusion, which is obtained 
by calculating the ratio of a pulsating signal to a non-
pulsating signal would provide a hint to the mechanism 
(23-25) because PI depends on the vasomotor tone, 
which may affect the pulsatile absorption component in 
man (26,27).
 Although we surmise that most anesthetists believe 
that both drugs simply increase blood pressure as the 
heart rate increases, we found that in the very short 
term (about 5 minutes), both drugs show characteristic 
hemodynamics. The present study is the first report to 
show that the IV bolus administration of both ephedrine 
and etilefrine decreases SVR (by inducing vasodilation) 
just after injection in combined epidural and general 
anesthesia patients, and no previous reports have 
measured SVR. Therefore, in patients with dehydration 
or poor cardiac function, for example, these drugs may 
be administered very cautiously because both drugs 
may first act as vasodilators, and thus, it is important 
to recognise the characteristics of these drugs. We 
believe that anesthetists should always consider using 
phenylephrine, which is a selective α1 agonist, instead 
of ephedrine or etilefrine, which can be vasodilators 
in patients undergoing combined epidural and general 
anesthesia.
 Taivainen (3) gave elderly patients bupivacaine 
as spinal anesthesia, and if a 25% reduction in MAP 

from the preanesthetic reference value occurred, the 
patients were randomly chosen receive ephedrine 0.07 
mg/kg or etilefrine 0.03 mg/kg by IV bolus. He found 
ephedrine to be slightly more potent than etilefrine in 
restoring MAP and DAP. However, our results were 
different from those of Taivainen in regard to MAP and 
DAP because both MAP and DAP were comparable in 
our present study. We surmise that the reason for this 
difference relates to the differences in the dose ratio of 
ephedrine to etilefrine and also to the anesthesia method 
used. The results of SAP and HR in the Taivainen study 
(3) are comparable and similar to ours.
 Values of PETCO2 at the time points of 1 to 2 min 
and CO at the time point of 1 min were higher in the 
etilefrine than ephedrine group (Figures 2, 3). This 
result is related to the fact that changes in CO are 
qualitatively reflected by changes in PETCO2 during 
acute hemodynamic problems in anesthetized patients 
undergoing constant ventilation (28).
 Several limitations are associated with our study. 
First, we compared the effects of ephedrine and 
etilefrine only under the combination of general 
anesthesia and epidural anesthesia and not separately 
with either epidural anesthesia or spinal anesthesia 
alone. Separate comparisons using these types of 
anesthesia should be investigated in the future. 
Furthermore, to investigate the early and true effects of 
these two vasoconstrictor drugs on SVR, we should use 
patients or volunteers without anesthesia. Second, we 
used the third-generation FloTrac/Vigileo™ (software 
ver. 03.06) to measure SVR. Recently, Suehiro et al. (29) 
reported that the third-generation FloTrac/Vigileo™ 
system can reliably measure CO only in states of normal 
peripheral resistance (SVR index: 1200-2500 dynes 
sec/cm5/m2), and in their clinical review, they further 
reported the excellent reliability of CO measurement 
with the third-generation FloTrac/Vigileo™ in normal 
patients with SVR (> 700 dynes sec/cm5) (30). Slagt 
et al. (31) recently reported that the third-generation 
system performed adequately in normotensive (surgery 
and general critical illness) and hypodynamic (cardiac 
and post-cardiac surgery) conditions but not during 
hyperdynamic conditions (liver surgery and sepsis). 
The SVR in our subjects was normal, and they were all 
in a normodynamic condition. Therefore, we believe 
that our data are clinically acceptable. However, further 
studies are needed in which the fourth-generation 
FloTrac/Vigileo™ system is used (32). Finally, as 
described above, we did not directly measure CVP via 
a central venous catheter but obtained the data for SVR 
by inputting a fixed CVP of 0 mm Hg into the FloTrac/
Vigileo™ system (13,33). Taivainen (3) reported that 
although the administration of ephedrine and etilefrine 
tended to slightly increase the CVP, the values were 
basically unchanged, and we thought that the CVP 
value would have no bearing on the calculation of SVR 
by the FloTrac/Vigileo™ system.
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 In conclusion, in combined epidural and general 
anesthesia patients, the administration of both 
ephedrine and etilefrine transiently decreased SVR 
after IV bolus injection, but etilefrine decreased SVR 
much more than ephedrine did, indicating that more 
vasodilation occurred after the injection of etilefrine 
than after ephedrine. In patients with dehydration or 
severe hypotension, caution may be needed when using 
these two drugs, and it is thus important to recognize 
the individual characteristics of each drug.

Note: This work was conducted in the Department of 
Anesthesiology, International University of Health and 
Welfare Shioya Hospital, Tochigi, Japan.
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1. Introduction

As a type of immune-mediated chronic disease 
characterized by new bone formation in the axial 
skeleton and inflammatory responses (1), ankylosing 
spondylitis (AS) causes deterioration of functioning, 
irreversible structural damage and disability, seriously 
affecting patients' quality of life (2). Different treatment 
strategies have been developed to treat AS, however 
most treatment therapies failed to achieve satisfactory 

outcomes. Treatment with nonsteroidal anti-inflammatory 
drugs delays disease progression but is not sufficient 
to control disease symptoms (3). Anti–tumor necrosis 
factor (TNF) therapy now has been widely used in the 
treatment of active patients, but unacceptable side effects 
were observed in some patients (4,5). Treatment of AS 
is mainly challenged by the unclear pathogenesis (6), 
and identification of novel molecular treatment targets is 
always needed. 
 Onset, development and progression of AS is a 
complex process with multiple internal and environment 
factors involved, and genetic factors play a central role 
in this disease (7,8). A recent study has shown that the 
development of AS is also accompanied by changes 
in expression pattern of a large set of long non-coding 
RNAs (lncRNAs) (9), which is a subgroup of non-
coding RNAs that play critical roles in human diseases 
(10). However, the roles of most lncRNAs in AS 

Summary Long non-coding RNA taurine-upregulated gene 1 (lncRNA TUG1) promotes osteosarcoma, 
while its involvement in other bone diseases, such as ankylosing spondylitis (AS) is unknown. 
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remain unclear. LncRNA taurine-upregulated gene 1 
(TUG1) has been proved to be an oncogenic lncRNA in 
osteosarcoma (11). In our study we observed that TUG1 
was downregulated in AS and is correlated with course 
of treatment and re-hospitalization.

2. Materials and Methods

2.1. Specimens

Clinical data of 82 patients with AS were retrospectively 
reviewed. Those patients were diagnosed and treated in 
The Third Affiliated Hospital of Nanchang University 
from January 2010 to January 2012. Inclusion criteria: 
1) patients diagnosed as AS and treatment for the 
first time; 2) patients completed treatment; 3) patients 
completed follow-up and have complete follow-up 
data; 4) patients without other severe diseases and bone 
disease; 5) patients and/or their families willing to 
participate. Exclusion criteria: 1) patients treated before 
admission; 2) patients transferred to other hospitals 
during treatment; 3) patient died during treatment or 
follow-up. Those patients included 44 males and 38 
females, and age ranged from 12 to 44 years, with a 
mean age of 27.1 ± 4.4 years. Serum samples of all 
AS patients and open sacroiliac biopsies of 34 patients 
were obtained from specimen library of The Third 
Affiliated Hospital of Nanchang University. Besides 
that, our study also included 32 controls and AS were 
excluded from those patients through open sacroiliac 
biopsies. Serum samples and open sacroiliac biopsies 
of those controls were also obtained from specimen 
library of The Third Affiliated Hospital of Nanchang 
University. Control group included 18 males and 14 
females, and age ranged from 14 to 46 years, with a 
mean age of 28.7 ± 5.1 years. No significant differences 
in age, gender and other basic clinical data were found 
between the two groups. This study was approved by 
the ethics committee of The Third Affiliated Hospital 
of Nanchang University and all participants and/or their 
families signed informed consent.

2.2. Disease activity evaluation

Ankylosing spondylitis disease activity score (ASDAS) 
(12) was used to evaluate disease activity. The criteria 
were: inactive disease, < 1.3; moderate disease activity, 
between 1.3 and 2.1; high disease activity, between 2.1 
and 3.5; very high disease activity, > 3.5. 

2.3. Real-time quantitative PCR (qRT-PCR)

Trizol reagent (Invitrogen, USA) was used to extract total 
RNA from biopsies and serum. Biopsies were ground 
in liquid nitrogen before the addition of Trizol reagent 
to achieve complete cell lysis. Reverse transcription 
was performed (55°C for 15 min and 85°C for 15 min) 

using SuperScript IV Reverse Transcriptase (Thermo 
Fisher Scientific) to synthesize cDNA, followed by PCR 
reaction using SYBR® Green Real-Time PCR Master 
Mixes. Sequences of primers used in PCR reactions 
were: 5'-CTGAAGAAAGGCAACATC-3' (sense) and 
5'-GTAGGCTACTACAGGATTTG-3' (antisense) for 
TUG1; 5'-GACCTCTATGCCAACACAGT-3' (forward) 
and 5'-AGTACTTGCGCTCAGGAGGA-3' (reverse) 
for human β-actin. Reaction conditions of PCR: 50 s at 
95°C, followed by 40 cycles of 15 s at 95°C and 40 s at 
58°C. Ct values were processed using 2-ΔΔCT method, and 
TUG1 expression was normalized to β-actin endogenous 
control.

2.4. Enzyme-Linked ImmunoSorbent Assay (ELISA)

Serum levels of C-reactive protein (CRP) were measured 
using a human CRP quantikine ELISA Kit (DCRP00, 
R&D Systems). All operations were performed in strict 
accordance with manufacturer's instructions. Serum 
levels of CRP were normalized to mg/L.

2.5. Statistical analysis

All data analyses were performed using Graphpad 
Prism 6 software. TUG1 expression data were recorded 
as (�χ ± sem) and compared by unpaired t test (between 
2 groups) and one way analysis of variance followed by 
least significant difference (LSD) test (among multiple 
groups). Chi-square test was used for comparisons of 
count data. Correlation analyses were performed by 
Pearson correlation analysis. P < 0.05 was considered 
to be statistically significant.

3. Results

3.1. Comparison of TUG1 expression in serum and 
open sacroiliac biopsies between AS patients and 
controls

Differential expression in patients and healthy people 
usually indicates the involvement of a gene in a certain 
disease. Therefore, we first detected the expression of 
TUG1 in serum and open sacroiliac biopsies of both 
AS patients and controls. Results showed that TUG1 
expression was significantly downregulated in AS 
patients compared to healthy controls in both serum 
(Figure 1a) and open sacroiliac biopsies (Figure 1b). 
Therefore, downregulation of TUG1 is likely involved 
in the pathogenesis of AS.

3.2.  Evaluation of diagnostic values of TUG1 
expression for AS

Biomarkers have shown potential in assisting disease 
diagnosis. TUG1 expression was detected in both serum 
and open sacroiliac biopsies and differential expression 

390



www.biosciencetrends.com

BioScience Trends. 2018; 12(4):389-394.391

shown in Figure 4, serum levels of TUG1 decreased 
significantly with increase of degree of disease activity 
(p < 0.05).

3.5. Correlations between TUG1 expression and 
patients' clinicopathological data

Patients were divided into high and low expression 
groups according to the median expression level of 
TUG1. Chi square test was performed to investigate the 
correlations between TUG1 expression and patients' 
clinicopathological data. As shown in Table 1 and 2, 
TUG1 expression was significantly correlated with 

was observed between AS patients and healthy controls. 
Therefore, ROC curve analysis was performed to 
evaluate the diagnostic values of TUG1 expression 
for AS. As shown in Figure 2a, area under the curve 
(AUC) of TUG1 expression in serum was 0.7968 with 
standard error of 0.04158 and 95% confidence interval 
of 0.7153 to 0.8783 (p < 0.0001). In addition, AUC of 
TUG1 expression in biopsies for the diagnosis of AS 
was 0.8911 with standard error of 0.03767 and 95% 
confidence interval of 0.8172 to 0.9649 (p < 0.0001).

3.3. Serum levels of TUG1 were negative correlated 
with serum levels of CRP in ankylosing spondylitis 
patients

Pearson correlation analysis revealed that serum levels 
of TUG1 were negative correlated with serum levels of 
CRP in ankylosing spondylitis patients (r = -0.8091, R2 
= 0.6431, p < 0.0001) (Figure 3).

3.4. Serum levels of TUG1 in patients with different 
disease activities

According to the ASDAS system, there were 22 cases 
of inactive disease (ID), 18 cases of moderate disease 
activity (MD), 28 cases of high disease activity (HD) 
and 14 cases of very high disease activity (VHD). As 

Figure 3. Pearson correlation analysis of the correlation 
between serum levels of TUG1 and CRP in ankylosing 
spondylitis patients.

Figure 2. Evaluation of diagnostic values of TUG1 
expression for AS. The ROC curve of the use of TUG1 
expression in serum (a) and biopsies (b) for the diagnosis of 
AS.

Figure 1. Comparison of TUG1 expression in serum and 
open sacroiliac biopsies between AS patients and controls. 
Normalized expression levels of lncRNA TUG1 in serum (a) 
and open sacroiliac biopsies (b) of AS patients and controls. 
Notes: *, p  < 0.05.
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patients' course of disease and smoking habit (p < 0.05), 
but not gender, age as well as drinking habit (p > 0.05). 

3.6. Comparison of course of treatment and re-
hospitalization rate between high and low serum TUG1 
groups

As shown in Figure 5, course of treatment is significantly 
longer in low expression group than in high expression 
group. During follow-up, re-hospitalization occurred in 
18 cases of low expression group, accounting for 43.9%. 
In contrast, re-hospitalization only occurred in 8 cases of 
high expression group, accounting for 19.5%. Therefore, 
TUG1 is likely related to course of treatment and re-

hospitalization of AS patients.

4. Discussion

The key finding of our study is that as a lcnRNA 
with critical roles in human malignancies such as 
osteosarcoma (11), lncRNA TUG1 is also very likely 
involved in the pathogenesis of AS. Low expression of 
TUG1 may delay patients' recovery and increase the risk 
of re-hospitalization.
 LncRNA plays pivotal roles in different types of 
human diseases (10). However, functionality of most 
lncRNAs in AS still has been characterized. A recent 
study has shown that levels of circulating lncRNA-

Table 1. Correlations between serum levels of TUG1 and patients' clinicopathological data

Items

Gender

Age

Course of disease

Smoking

Drinking

Groups

Male
Female
> 25 (years)
< 25 (years)
> 5 years
< 5 years
Yes
No
Yes
No

Cases

44
38
46
36
40
42
37
45
51
31

High-expression

20
21
21
20
13
28
23
18
24
17

Low-expression

24
17
25
16
27
14
14
27
27
14

χ²

0.78

0.79

9.57

3.99

0.03

p value

0.37

0.37

0.002

0.046

0.87

Table 2. Correlations between TUG1 expression in biopsies and patients' clinicopathological data

Items

Gender

Age

Course of disease

Smoking

Drinking

Groups

Male
Female
> 25 (years)
< 25 (years)
> 5 years
< 5 years
Yes
No
Yes
No

Cases

20
14
18
16
19
15
18
16
21
13

High-expression

9
8
10
7
5
12
12
5
9
8

Low-expression

11
6
8
9
14
3
6
11
12
5

χ²

0.49

0.47

9.66

4.25

1.12

p value

0.49

0.49

0.002

0.04

0.29

Figure 5. Comparison of course of treatment between high 
and low serum TUG1 groups. Notes:*, p  < 0.05.

Figure 4. Serum levels of TUG1 in patients with different 
disease activities. Notes:*, p  < 0.05.
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AK001085 were significantly lower in ankylosing 
spondylitis patients than in healthy controls (13), 
indicating the involvement of this lncRNA in AS. 
Osteoblastic differentiation plays pivotal roles in the 
development of AS (13). It has been shown that lncRNA 
TUG1 promotes osteoblast differentiation through miR-
204-5p (14). Therefore, TUG1 is also likely involved in 
AS. In our study, significantly downregulated expression 
of lncRNA TUG1 was observed in AS patients compared 
to controls in both serum and open sacroiliac biopsies, 
suggesting that downregulation of TUG1 is involved in 
AS.
 Development  of  human disease  is  usual ly 
accompanied by changes in certain substances in blood, 
and monitoring the content of those substances in blood 
may provide guidance for treatment of disease (15). In 
this study, TUG1 was detected in both serum and biopsies 
of all AS and controls. ROC curve analysis showed that 
low expression levels of TUG1 in serum and biopsies 
effectively distinguish AS patients from healthy controls. 
Compared with serum TUG1, the diagnostic efficacy of 
TUG1 expression in biopsies was much higher than that 
of serum TUG1. However, application of open sacroiliac 
biopsies is sometimes challenged by its invasive nature. 
Therefore, measuring serum levels of TUG1 may be used 
to assist the diagnosis of AS and cases of open sacroiliac 
biopsy is not applicable. Expression of lncRNAs is 
affected by many factors including aging (16), alcohol 
abuse (17) and tobacco consumption (18). In our study, 
expression of TUG1 showed no significant correlations 
with patients' age, gender or drinking habits. However, 
a significant correlation was observed between patients' 
smoking habit and expression of TUG1 in both serum 
and biopsies. Therefore, patients' smoking habit should 
be taken into consideration in the use of TUG1 for the 
diagnosis of AS.
 Disease activity of AS determines its progression 
rate and symptoms (19). Serum levels of TUG1 were 
found to be significantly increased with increase of 
disease activities. The long treatment course and high 
postoperative recurrence rate bring heavy economic and 
mental burden on patients and their families (20,21). 
In our study, low serum levels of TUG1 were found 
to be significantly correlated with delayed recovery 
and increased re-hospitalization rate. Therefore, TUG1 
may serve as a potential therapeutic target to inhibit the 
activity of AS, promote patients' recovery and reduce 
the risk of recurrence.
 Our study is limited by its small sample size due to 
limited resources. Future studies with bigger sample 
sizes are needed to further confirm our conclusions. 
Mechanism of the action of TUG1 in AS is still 
unknown. Our further direction will focus on the 
molecular mechanism underlying the role of TUG1 in 
this disease.
 In conclusion, downregulation of TUG1 is very 
likely involved in the pathogenesis of AS and inhibited 

TUG1 expression delays patients' recovery and 
increases recurrence rate.
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1. Introduction

Emphysema is one of the two manifestations of chronic 
obstructive pulmonary disease (COPD). Chronic 
inflammation and permanent parenchymal damage play 
an important role in the progress of this disease. The 
loss of elastic recoil of the lungs, hyperinflation, and air-
trapping also disrupt the gas-exchange in the later course 
of the disease (1). This results in a gradual decrease in 
the exercise capacity and quality of life of patients and 
shortness of breath. Patients with end-stage emphysema 

show an increase in residual volume (RV) and respiratory 
muscle dysfunction due to diaphragmatic and thoracic 
compression (2). This condition has no definitive 
treatment and medical treatment options are limited, 
which include beta-2-mimetic and anticholinergic 
inhaler treatments, smoking cessation, glucocorticoids, 
roflumilast, mucolytics, physical and pulmonary 
rehabilitation for increasing the exercise capacity, and 
long-term supplemental oxygen therapy (3). 
 In the last 10 years, surgical options for the 
treatment of this condition have been considered 
because the mechanical problems of the patients cannot 
be treated with medications. Removal of the damaged 
lung area by lung volume reduction surgery contributes 
to the improvement of the quality of life, exercise 
capacity, and respiratory function in patients (4). In 
addition, the National Emphysema Treatment Trial 
emphasized the importance of patient selection due 

Summary Bronchoscopic lung volume reduction (BLVR) coil treatment is a alternative and promising 
treatment modality for selected severe emphysema patients. The main indication of this 
treatment modality is a forced expiration volume in one second (FEV1) of 15-45% and a 
residual volume (RV) > 175%. The aim of this study was to investigate the efficacy of BLVR 
coil therapy in patients with end-stage emphysema who were potential candidates for lung 
transplantation and had FEV1 values less than 25%. Twenty-one patients who underwent 
bilateral BLVR coil therapy between September 2013 and May 2015 were retrospectively 
reviewed. We compared the changes in clinical and laboratory parameters at the baseline and 
12 months after the treatment. Twelve months after the bilateral BLVR coil treatment, we 
observed an average increase in FEV1 (110 mL and 4.6%), a decrease in residual volume (660 
mL and 33%), and an increase in 6-minute walk tests (67 m). The most common complications 
were chronic obstructive pulmonary disease exacerbation (47.6%) and pneumonia (23.8%). 
All patients tolerated the general anesthesia and procedure very well. BLVR coil therapy 
is safe and effective in patients with end-stage emphysema, who are potential candidates 
for lung transplantation within a short to medium period. The complication rates of this 
treatment were not different from those of the other coil treatments, and the improvements in 
the clinical parameters after the treatment resulted in gaining time for lung transplantation. 
Future research for evaluating the long-term efficacy of BLVR coil therapy in these patients 
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to the high risk of postoperative pulmonary and non-
pulmonary complications and mortality (5).
 In recent years, bronchoscopic lung volume 
reduction (BLVR) has become an alternative and 
promising treatment modality for selected severe 
emphysema patients (6). The loss of elastic recoil 
and hyperinflation caused by the emphysema can be 
treated with BLVR using the coil, valve, or thermal 
vapor ablation method (7-9). The main indications of 
this treatment modality are a forced expiration volume 
in one second (FEV1) of 15-45% and an RV of more 
than 175% in patients with emphysema diagnosed by 
computed tomography (CT). Therefore, all patients 
are in stages 3 and 4 according to the COPD Gold 
classification (10). However, if the patients have 
interlobar collateral ventilation, the best option is 
BLVR coil treatment. This treatment can be applied to 
both heterogeneous and homogenous emphysema. 
 The targeted lobe is implanted with an average of 
10-14 coils using a bronchoscope. This is followed 
by a second session of implantation of coils in the 
other lung, which is performed within 4-8 weeks. The 
goal of this treatment is to reduce the air trapping and 
hyperinflation, and thus reduce the RV of the lungs. 
Studies have shown that this treatment is useful and 
safe in the short and medium term (6,7). Furthermore, 
improvements in quality of life, 6-minute walk test 
(6-MWT), and pulmonary function tests (PFT) were 
reported in recent studies (7,11,12). In addition, these 
treatments were also applied to patients who were 
potential candidates for lung transplantation, with 
very low FEV1 values. According to the guidelines 
published by the Pulmonary Transplantation Council 
of the International Society for Heart and Lung 
Transplantation in 2014, COPD patients with FEV1 < 
25% are candidates for lung transplantation, and those 
with FEV1 < 15-20% are recommended to be included 
in the transplantation list (13).
 The aim of this study was to investigate the efficacy 
of BLVR coil therapy in patients with end-stage 
emphysema who were potential candidates for lung 
transplantation and had FEV1 values less than 25%.

2. Materials and Methods

2.1. Study design

Our study was a retrospective and observational study. 
Patients who were treated for BLVR coil treatment in 
the Department of Pneumology of the Şifa University 
Hospital, Bornova-Izmir, Turkey were included in 
the study. The inclusion and exclusion criteria were 
similar to those of some of the recent studies in the 
literature (6,7,11,12). Inclusion criteria were as follows: 
(i) bilateral emphysema diagnosed by CT; (ii) post-
bronchodilator (salbutamol) FEV1 of 15-45%; (iii) 
RV > 175%; (iv) arterial partial pressure of carbon 

dioxide (PaCO2) < 55 mmHg; (v) 6-MWT: 150-450 
m; (vi) modified Medical Research Council scores 
≥ 2; (vii) smoking cessation for > 8 weeks before 
treatment. Exclusion criteria were as follows: (i) post-
bronchodilator (salbutamol) change in FEV1 > 20% 
or diagnosis of asthma; (ii) COPD exacerbation (more 
than > 2 hospitalizations per year); (iii) bullous lesion 
on a single lung of more than one-third field or more 
than 4 cm; (iv) pulmonary artery pressure > 50 mmHg; 
(v) diagnosis of bronchiectasis or lung cancer; (vi) 
use of oral anticoagulant. The only difference in the 
inclusion criteria in our study with respect to the above-
mentioned similar studies was the FEV1 value of < 
25%. In our study, the patients with FEV1 between 25-
45% were excluded. The flow of the study is presented 
in Figure 1. The study was conducted according to 
good clinical practice and the Declaration of Helsinki. 
Ethical committee approval was obtained from the local 
Ethics Committee in Izmir/Turkey

2.2. Data collection

Data from all patients who received BLVR coil 
treatment were selected from the electronic hospital 
data system and evaluated retrospectively, including the 
following: (1) epidemiological data (age, sex, smoking 
history, and use of long-term oxygen at home); (2) 
clinical data (such as symptoms, type of emphysema, 
and stage of COPD); (3) procedure data (target lobe, 
duration, number of coils, and complications); (4) 
laboratory data (arterial blood gas analyses, PFT 
parameters, and 6-MWT); (5) post-procedure data 
(admission to polyclinics, hospitalizations, and 
complications). The PFT parameters were evaluated 
with a Body Box 5500 Series pulmonary function 
testing system (Medisoft, Sorinnes, Belgium) according 
to ERS guidelines. The arterial blood gas samples were 
taken when patients were in a clinically stable condition 
and breathing room air. The baseline and 12-month 
follow-up data of the patients who underwent bilateral 
BLVR coil treatment between September 2013 and 
May 2015 were collected from the medical records.

2.3. BLVR coil procedure

Homogeneous or heterogeneous emphysema of all 
patients was diagnosed by CT, and the target lobe 
was selected under the guidance of ventilation/
perfusion scintigraphy. All patients were in clinically 
stable conditions, under optimal medical and inhaler 
treatment, and were included in the necessary 
pulmonary rehabilitation program before the treatment. 
The patients also received recommendations for 
improving their nutritional status. All RePneu 
coils (PneumRx Inc., Mountain View, CA, USA) 
were implanted via a bronchoscopic approach with 
fluoroscopic guidance under general anesthesia. Each 
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3. Results

3.1. Demographic data at baseline

A total of 42 BLVR coil procedures were performed in 
21 patients. The mean age of the 21 patients (3 women 
and 18 men) who participated in the study was 63.76 ± 
8.2 years (range: 47-83 years). Of the total patients, 62% 
had homogenous emphysema and 38% had heterogenous 
emphysema. The body mass indexes of the patients 
were 25.25 ± 4.5 kg/m2. The average level of cigarette 
consumption was 30.4 packs/year. Preoperatively, six 
patients (28.5%) had hypoxic respiratory failure and 
were on long-term oxygen therapy, and 11 patients 
(52.3%) had mild hypercapnic respiratory failure. At the 
baseline before treatment, the mean FEV1 was 0.59 ± 
0.10 L, which was equal to 20.5 ± 3.3% of the predicted 
value. The mean RV was 5.36 ± 0.60 L, which was equal 
to 238 ± 34.2% of the predicted value. The mean RV/
total lung capacity ratio was 66.1 ± 4.9% of the predicted 
value. The mean arterial partial pressure of oxygen 
(PaO2) was 58.0 ± 9.3 mmHg, and the mean PaCO2 was 
45.7 ± 6.3 mmHg. The mean distance walked during 

patient received an average of 10 (range: 8-13) coils per 
lobe as standard treatment, and a second procedure for 
implantation of coils in the other lung was performed 
within 4 to 8 weeks.

2.4. Statistical analysis

The descriptive data are presented as the average ± 
standard deviation or median (range). The categorized 
data are presented as absolute number with percentage. 
The changes between the baseline and 12-month 
data were analyzed using the paired t-test for normal 
distribution parameters and the Mann-Whitney U test 
for non-normal distribution parameters. The statistical 
significance threshold of p value was < 0.05 for the 
paired t-Test and < 0.01 for the Mann-Whitney U Test. 
All data were analyzed using SPSS software (version 
19.0; SPSS Inc., Chicago, IL, USA). 
 The minimum important difference (MID) was also 
reported to be 100 mL and 10% for FEV1 (14), 400 mL 
for RV (15), 26 m for 6-MWT (16), and four points 
for St: George's Respiratory Questionnaire (17) in the 
previous studies.

Figure 1. Case Selection Procedure. Twenty-one end-stage emphysema patients with a FEV1 value of < 25% were included in the 
study.
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the 6-MWT was 270 ± 64 m (Table 1). A total of 422 
coils were used in 42 procedures (average of 10, range: 
8-13), with a mean duration of 21.7 ± 8.1 min. The most 
common lobes for the implantation of coils were the left 
upper (35.7%) and the right upper (38.0%) lobes. The 

coils were implanted to the two lower lobes of the lungs 
in 26.1% of the patients. After the procedure, the patients 
stayed in the hospital for an average of 1.5 ± 0.6 days 
(Table 2).

3.2. Adverse events during the procedure

During the procedure, unexpected bronchial secretion 
was aspirated in 19.0% of the patients, and mild 
bleeding was observed in 9.5% patients. The mild 
bleeding was easily controlled by the application of 
saline and local adrenaline. Due to the lack of proper 
localization of the coils, some coils were successfully 
removed and repositioned in four (9.5%) patients. 
During this repositioning, the duration of the procedure 
was prolonged. Instability of vital parameters was 
observed in one patient, but the procedure was 
terminated successfully. During the procedure, 
pneumothorax or extrapulmonary complications 
were not observed. All patients tolerated the general 
anesthesia very well (Table 3).

3.3. Efficacy after 12 months

A significant improvements in the FEV1 (an average 
increase of 110 mL, 4.6%), and RV (a average decrease 
of 0.66 L, 33.0%) were observed in all patients 12 
months after bilateral BLVR coil procedure (Figure 2). 
Compared with the baseline, a significant improvement 
in the PaO2 (an increase of 15.5 mmHg), arterial oxygen 
saturation (an increase of 5.6%), and 6-MWT results (an 
average increase of 67 m, 24.8%) were also observed 
12 months after the BLVR coil treatment (Figure 3). 
However, no statistically significant improvements 
were observed in the arterial pH or PaCO2 (Table 4).

Table 1. Patient demographics at baseline

Number of Patients
Gender F/M
Age, years
Body mass index, kg/m2

Type of Empysema
      Homogeneous
      Heterogeneous
ASA-Status
      Group II
      Group III
      Group IV
Pulmonary Function
      FEV1 (l)
      FEV1 (%)
      FVC (l)
      RV
      RV (%)
      RV / TLC (%)
      6-min walk tests (m)
Blood gase
      pH
      PaO2, mmHg
      PaCO2, mmHg
      O2sat, %
Respiratory Failure
      Hypoxic
      Hypercapnic (mild)

21
3/18

63.76 ± 8.2
25.25 ± 4.5

13 (62%)
  8 (38%)

1 (4.7%)
11 (53.3%)
  9 (42.8%)

0.59 ± 0.1
20.5 ± 3.3
1.31 ± 0.3
5.36 ± 0.6
238 ± 34
66.1 ± 4.9
270 ± 64

7.37 ± 0.4
58.0 ± 9.3
45.7 ± 6.3
88.3 ± 7.6

  6 (28.5%)
11(52.3%)

FEV1, a forced expiration volume in 1 s; FVC, forced vital capacity; 
RV, residual volume; TLC, total lung capacity; PaO2, partial pressure 
of oxygen in arterial blood; PaCO2, partial pressure of carbon dioxide 
in arterial blood, LTOT, Long-term oxygen therapy; ASA, American 
Society of Anesthesiologists status.

Table 2. BLVR coil procedural results

Number of Procedures, n
     Right upper lobe, n
     Right under lobe , n
     Left upper lobe, n
     Left under lobe, n
Procedure time, min
Number of Coils, n
Coils per procedure, n
Hospital stay, days

42
15 (35.7%)
  6 (14.2%)
16 (38.0%)
  5 (11.9%)
21.7 ± 8.1

422
10.0 (range 8-13)

1.5 ± 0.6

Table 3. Adverse events during procedure

Aspiration of bronchial sekretion
Mild haemorrhage
Removal and Repositioning of Coils
Prolonged procedure
Instability of vital parameter
Pneumothorax

8 (19.0%)
8 (19.0%)
4 (9.5%)
2 (4.7%)
1 (2.3%)
0 (0%)

Events were scored for all 42 procedures in 21 patients.

Figure 2. Comparison of baseline and 12-month pulmonary function parameters after bilateral lung volume reduction coil 
treatment. A significant improvements in the FEV1 (an average increase of 110 mL, 4.6%), and RV (a average decrease of 0.66 L, 
33.0%) were observed in all patients 12 months after bilateral BLVR coil procedure.
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3.4. Complications during the 12-month follow-Up

During the 12-month follow-up, mild side effects were 
observed in 33.3% of patients. These included cough 
(28.5%), mild hemoptysis (23.8%), pleuritic chest 
pain (9.5%), and hiccups (4.7%). Among the more 
serious complications, COPD exacerbations (47.6%) 
were the commonest. Pneumonia or procedure-related 
pneumonitis (23.8%) was the second most common 
complication. Among patients with these two major 
complications, 33.1% required hospitalization. None 
of the patients died or had pneumothorax or respiratory 
failure (Table 5).

4. Discussion

This retrospective study was performed on 21 patients 
with end-stage emphysema who were potential 
candidates for lung transplantation, with FEV1 value 
of < 25%. Our study results indicate that BLVR coil 
treatment is effective and safe in this group of patients.
 The main indication for BLVR coil treatment is 
an FEV1 of 15-45% and RV > 175%, so all patients 
are at COPD Gold III and Gold IV levels. The studies 
conducted between in 2012-2018 show that the included 
patients have baseline mean FEV1 between 0.58 and 
0.91 L and between 22% and 33% predicted (Table 
6) (7,11,12,18-26). Only one study was performed in 

patients with FEV1 < 20% (26). In a recent study, the 
15-year survival rate of COPD Gold III patients was 
5.3% and that of COPD Gold IV was 0% (27). It was 
also stated that in patients with an FEV1 of less than 
30%, the 2-year and 5-year survival rates were 65% 
and 30%, respectively (28). However, COPD patients 
have a lower priority for transplantation, and therefore, 
the time spent on the waiting list is usually very long 
(28). For this reason, it is necessary for these patients 
to gain time while waiting for transplantation. During 
this waiting period, besides controlling the symptoms, 
nutritional support, measures to increase the quality of 
life, and additional time-saving treatments are needed. 
Thus, the patient's FEV1 value plays an important role 

Table 5. Adverse events within 12-month follow-up

Mild events, n (%)
     Cough
     Pleuritic Pain
     Haemoptysis
     Hiccup
Serious events, n (%)
     Exacerbation COPD
     Hospitalization, any reason
     Pneumonia, treated lung
     Pneumonia, other lung
     Pneumothorax
     Death

  6 (28.5%)
  5 (23.8%)
  2 (9.5%)
  1 (4.7%)

10 (47.6%)
  7 (33.1%)
  5 (23.8%)
  1 (4.7%)
  0 (0%)
  0 (0%)

Events were scored for all 42 procedures in 21 patients.

Figure 3. Comparison of baseline and 12-month 6-minute walk test (6MWT), and blood gas parameters after bilateral lung 
volume reduction coil treatment. A significant improvement in the PaO2 (an increase of 15.5 mmHg), arterial oxygen saturation 
(an increase of 5.6%), and 6-MWT results (an average increase of 67 m, 24.8%) were also observed 12 months after the BLVR coil 
treatment.

Table 4. Comparison of pulmonary function parameters in 12-months follow-up

Test

FEV1, L
FEV1, %
RV, L
RV, %
RV /TLC, %
6-MWT, m
pH
PO2, mmHg
PCO2, mmHg
O2sat, %

Baseline

0.59 ± 0.10
20.5 ± 3.3
5.36 ± 0.6
 238 ± 34
66.1 ± 4.9
 270 ± 64
7.37 ± 0.4
58.0 ± 9.3
44.7 ± 6.3
88.3 ± 7.6

12 Months

0.70 ± 0.15
25.1 ± 5.0
4.70 ± 0.5
 205 ± 33.2
58.8 ± 5.0
 337 ± 49
7.39 ± 0.5
73.5 ± 12.7
46.0 ± 7.8
93.9 ± 2.4

Data are presented as mean ± standard deviation. See Table 1 legend for expansion of other abbreviation.

Diff.

+ 0.11
+ 4.6
- 0.66
- 33
- 7.3
+ 67
+ 0.02
+ 15.5
+ 1.3
+ 5.6

p-value

0.001
0.001
0.001
0.001
0.001
0.001
0.135
0.001
0.896
0.001
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in determining the mortality and the BLVR treatment 
act as an intermediate treatment and increase the time 
patients have to prepare for transplantation. When the 
long-term efficacy of BLVR treatments is confirmed 
by future investigations, emphysema patients may not 
have any need for lung transplantation. In addition, the 
fewer number of donor lungs available can be used for 
transplantation in those with more serious diseases.
 BLVR coil therapy has been increasingly used in 
recent years, and studies have shown improvement 
in 6-MWT, PFT parameters, and quality of life with 
this treatment (11,12,18-26). This treatment method 
is an alternative and effective treatment option for 
emphysema patients. The most recent and largest 
studies are the REVOLENS study and the RENEW 
study (11,24). In these studies, 50 patients and 
158 patients were treated with BLVR coil therapy, 
respectively. In the REVOLENS study, the baseline 
mean FEV1 value was 0.75 ± 0.25 L and 25.7 ± 7.5% 
predicted, and in the RENEW study, it was 0.71 ± 
0.20 L and 25.7 ± 6.3% predicted. In both studies, 
improvements in PFT parameters, quality of life, and 
exercise capacity were reported (11,24). However, 
patients with FEV1 of less than 25% and candidates for 
lung transplantation have not been studied separately. 
In the study involving only 33 patients by Simon et 
al. (26), a group of patients with a mean FEV1 of 15 ± 
3% was evaluated. A 100-mL increase in FEV1, a 440-
mL decrease in RV, and a 48-m increase in the 6-MWT 
were reported. The study concluded that BLVR coil 
therapy was safe in this patient group. In our study, 
patients with FEV1 below 25% were investigated for 
12 months. The results of our study were comparable 
with those of the above-mentioned studies, and it was 
also observed that the patients who are transplantation 
candidates responded well to this treatment. In addition, 
improvements in PaO2 and arterial oxygen saturation 
values were also observed in our study. In our study, all 
important MID values increased significantly compared 
to the above-mentioned studies.

 Patients with end-stage emphysema and COPD 
Gold IV are known to be at high risk for surgical 
treatments (5). Perioperative and postoperative risk 
increased due to low FEV1 and diffusion capacities, 
restricted mobility, and increase in oxygen requirement. 
It has been reported that in short and medium-term 
studies, the BLVR coil treatments are safe with less 
complications. In the REVOLENS and RENEW 
studies, the frequencies of COPD exacerbation, 
pneumonia, and pneumothorax were 26%, 18%, and 
2%, and 27.7%, 20%, and 9.7%, respectively (11,24). 
The mortality rate in the follow-up period was 8% 
and 6.5%, respectively (11,24). In one study, the 
mean complication rates of BLVR coil treatment were 
reported as 17-87% for COPD exacerbations, 5-46% 
for pneumonia, 6.0-11.6% for pneumothorax, and 
0-8% for death (12). In our study, the complications 
during the procedure and during the follow-up time 
were found to be 33.3% and 61.9%, respectively. The 
most common complications during the procedure were 
mild hemoptysis (19.9%) and re-coiling (9.5%). No 
respiratory failure, pneumothorax, or death occurred 
during or after the procedure. During the 12-month 
follow-up period, exacerbations of COPD were found 
in 47.6% and pneumonia in 23.8%, and the findings 
were evaluated in accordance with those of similar 
studies in the literature. Thus, the end-stage emphysema 
patients who were candidates for transplantation were 
found to benefit from BLVR coil therapy with no 
serious complications, and it also provided time for 
these patients to prepare for lung transplantation.
 The longest BLVR coil study was done by Hartman 
et al (21). Patients with BLVR coil were followed-
up for three years. The patients were classified as 
responders and non-responders. While BLVR coil 
treatment was found useful for a large group of patients 
one year later, it was reported that the mean of the 
general clinical parameters returned to baseline values 
at three years (21). This led to re-coiling, and a pilot 
study in a small patient group (n = 8) was conducted in 

Table 6. Study's Baseline FEV1 in the Literature

Author

Slebos et al.(7)
RESET study (18)
Klooster et al. (19)
Deslee et al. (20)
Hartman et al. (21)
Zoumot et al. (22)
Kloth et al. (23)
RENEW (24)
REVOLENS (11)
Kontogianni (25)
Gülsen et al. (12)
Simon et al. (26)
Our Study

Year

2012
2013
2014
2014
2015
2015
2016
2016
2017
2017
2017
2018
2018

n

16
23
10
34
38
45
30
158
50
86
40
33
21

M, month; FEV1, a forced expiration volume in 1 s; pred, predicted. * no data.

Follow-up, M

6
3
6
12
36
12
6
12
12
12
6
3
12

FEV1, L

0.72 ± 0.16
0.72
0.58

0.83 ± 0.25
*

0,76 ± 0.20
0.91 ± 0.32
0.71 ± 0.20
0,75 ± 0.25
0.71 ± 0.21
0.68 ± 0.22
0.46 ± 0.12
0.59 ± 0.10

FEV1, % pred

28.7 ± 7.1
27.1
22.0

30.1 ± 6.3
27.0

28.3 ± 8.0
33.6 ± 9.0
25.7 ± 6.3
25.7 ± 7.5
27.0 ± 7.0
26.3 ± 9.1
15.0 ± 3.0
20.5 ± 3.3
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2017 by Hartmann et al., in which patients got little or 
no benefit from re-treatment (29). However, there is a 
need for more extensive and larger studies to confirm 
these results. The results of both these studies show 
clearly that the patient for lung transplant gains an 
average time of three years with BLVR coil therapy. In 
our study, the FEV1% predicted value increased from 
20.1% to 25.1% at the end of first year. This result 
shows clearly that this group of patients has gained time 
for transplantation preparation.
 There are several factors that limit the applicability 
of our study results such as, a relatively small group 
of patients, restricted data from only one center, and 
potential bias due to the nature and design of the 
retrospective study. Therefore, our findings cannot 
be generalized for all patients. However, our study 
results can add to the medical literature as only a few 
studies have been conducted on this topic. Our study 
showed that the BLVR coil treatment was safe and 
effective in this subgroup of patients with end-stage 
emphysema who were potential candidates for lung 
transplantation; this has also resulted in gaining time 
for lung transplantation. All other results of our study 
were similar to those of the few reported studies in the 
literature.

5. Conclusion

BLVR coil therapy is safe and effective in patients with 
end-stage emphysema, who are potential candidates 
for lung transplantation within a short to medium 
period. The complication rates of this treatment were 
not different from other coil treatments, and the 
improvements in clinical parameters after the treatment 
resulted in gaining time for lung transplantation. Future 
research for the evaluation of long-term efficacy of 
BLVR coil treatment in end-stage emphysema patients 
is essential.

Note: The author have stated explicitly that there are no 
conflicts of interest in connection with this article. 
 A.G. Study concept and design, data collection, 
analysis and interpretation of data, manuscript 
preparation, and drafting of the manuscript. 
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Association between the MVK rs2287218 SNP and the risk of 
coronary heart disease and ischemic stroke: A case-control study

Duo-Shun Wang, Rui-Xing Yin*, Kai-Guang Li, Li Lu, Yuan Su, Rong-Qin Yan

Department of Cardiology, Institute of Cardiovascular Diseases, the First Affiliated Hospital, Guangxi Medical University, 
Nanning, Guangxi, China.

1. Introduction

Among the non-communicable disease, cardiovascular 
and circulatory disease primarily made up by ischemic 
heart disease (5.2%), hemorrhagic stroke (2.5%), 
ischemic stroke (IS, 1.6%), and hypertensive heart 
(0.6%), accounted of 11.8% of global disability-
adjusted life years (DALYS) (1). More than 2.5 and 
1 million persons suffered from the stroke and heart 
attack, resulting in more than 2 million deaths each 
year in China (2). The location of coronary heart 

disease (CHD) and IS was different, but they may 
share the common risk factors such as hypertension, 
dyslipidemia and metabolic syndrome (3), and the 
same pathophysiological basis: atherosclerosis (4). 
Dyslipidemia such as low concentration of high-density 
lipoprotein cholesterol (HDL-C), high levels of low-
density lipoprotein cholesterol (LDL-C), total cholesterol 
(TC) and triglyceride (TG) was one of the most important 
risk factors for CHD (5,6) and IS (7,8). It is well-known 
that the disorder of lipid metabolism is a complex 
characteristic, resulted from multiple environmental and 
genetic factors and their interactions (9,10). Twins and 
family studies indicated that disorder of lipid metabolism 
was influenced by genetic and environmental factors, 
which might contribute to the individual discrepancy in 
the serum lipid profiles (11).
 Previous genome-wide associat ion s tudies 
(GWASes) have found the association of several novel 
loci in the mevalonate kinase gene (MVK, also as: 
MK; LRBP; MVLK; POROK3) and serum lipid levels 

Summary The association between the mevalonate kinase gene (MVK) single nucleotide polymorphism 
(SNP) and serum lipid levels has been detected in several previous genome-wide association 
studies, but the results are inconsistent. In addition, it is still unclear whether the loci 
indentified exert the similar effect on the susceptibility of coronary heart disease (CHD) or 
ischemic stroke (IS). Therefore, the present study was undertaken to detect the association 
between the MVK rs2287218 SNP and serum lipid levels, the susceptibility of CHD and 
IS in a Southern Chinese Han population. The genotypes of the SNP in 1764 unrelated 
subjects (CHD, 583; IS, 555; and healthy controls, 626) were determined by the Snapshot 
technology. The genotypic and allelic frequencies were different between CHD and control 
subjects (P ≤ 0.013 for each), or between IS and control groups (P < 0.01 for each). The T 
allele carriers had an increased risk of CHD and IS (CHD: OR = 1.674, 95% CI = 1.25-2.25, 
P = 0.001 for CT/TT vs. CC genotypes; OR = 1.595, 95% CI = 1.23-2.07, P < 0.001 for T vs. 
C alleles; IS: OR = 1.890, 95% CI = 1.36-2.47, P = 0.001 for CT/TT vs. CC genotypes; OR 
= 1.829, 95% CI = 1.38-2.42, P < 0.001 for T vs. C alleles). The T allele carriers in healthy 
controls had lower serum high-density lipoprotein cholesterol (HDL-C) levels than the 
T allele non-carriers (P = 0.013). These findings suggest that the MVK rs2287218 SNP is 
likely to increase the risk of CHD and IS by decreasing serum HDL-C levels in our study 
populations.
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(12,13). The MVK was located at chromosome 12q24 
(12,13) and encoded the mevalonate kinase (MVK) 
(14). MVK was a key early enzyme in isoprenoid 
and sterol synthesis metabolism, which implicated to 
affect HDL-C levels (12,15). Mutations in the MVK 
gave rise to hyperimmunoglobulinemia D syndrome 
(HIDS), in which low HDL-C levels could be found 
(16), in accordance with the latest GWAS findings 
(12,13). Several novel loci in MVK were confirmed 
to be associated with serum HDL-C levels (17-19) 
and an increased risk of CHD and IS (19). But no 
significant association between the MVK rs2287218 
SNP and serum lipid levels was conducted by Sun et 
al. in a Northern Chinese Han population (20). To our 
knowledge, the genetic evidence on the associations 
between the MVK rs2287218 SNP and serum lipid 
levels, and the susceptibility of CHD or IS in a 
Southern Chinese Han population has not been reported 
previously. Therefore, the present study was undertaken 
to detect the association between the MVK rs2287218 
SNP and serum lipid levels, and the susceptibility of 
CHD and IS in a Southern Chinese Han population.

2. Materials and Methods

2.1. Study patients

A total of 1138 patients with CHD (n = 583) and IS (n 
= 555) were recruited from the First Affiliated Hospital, 
Guangxi Medical University. The age of these patients 
ranged from 23 to 87 years with a mean age of 62.26 ± 
10.51 years in CHD and 62.85 ± 12.32 years in IS. All 
of enrolled CHD patients were evaluated by coronary 
angiography. The coronary angiograms were analyzed by 
two experienced interventional cardiologist. CHD was 
defined as severe coronary stenosis (≥ 50%) in at least 
either one of the three main coronary arteries or their 
major branches (branch diameter ≥ 2 mm). Subjects with 
congenital heart disease and type 1 diabetes mellitus 
(T1DM) were excluded in the study. All of enrolled 
IS patients received a strict neurological examination 
and brain magnetic resonance imaging. The diagnosis 
of IS was according to the International Classification 
of Diseases (9th Revision). Patients with a transient 
ischemic attack, embolic brain infarction, stroke caused 
by inflammatory disease, or serious chronic diseases 
were excluded from the study. The CHD patients who 
had a past history of IS, or the IS cases who had a past 
history of CHD were also excluded from the study (21).

2.2. Controls

A control group of 626 subjects matched by age, 
gender, and nationality was also included in the study. 
They were randomly selected from the healthy adults 
who underwent periodical check-up at our hospital 
during the same period when CHD and IS patients 

recruited. The average age of the participants was 
61.95 ± 10.01 years. They were free from CHD and 
IS at time of history taking, clinical, biochemical, 
and image examinations such as 64-slice computed 
tomographic coronary angiography. Information on 
demography, medical history and lifestyle was collected 
with standardized questionnaires. This study design 
was approved by the Ethics Committee of the First 
Affiliated Hospital, Guangxi Medical University (No. 
Lunshen 2009-Guike-018). Informed consent was 
obtained from all participants before the study.

2.3. Biochemical measurements

A fasting venous blood sample of 5 ml was obtained 
from the participants. A part of the sample (2 mL) 
was collected into glass tubes and used to determine 
serum lipid levels. Another part of the sample (3 mL) 
was transferred to tubes with anticoagulants (4.80 g/
L citric acid, 14.70 g/L glucose and 13.20 g/L tri-
sodium citrate) and used to extract deoxyribonucleic 
acid (DNA). Measurements of serum TC, TG, HDL-C, 
and LDL-C levels in the samples were performed by 
enzymatic methods with commercially available kits 
(RANDOX Laboratories Ltd., Ardmore, Diamond 
Road, and Crumlin Co. Antrim, United Kingdom, BT29 
4QY; Daiichi Pure Chemicals Co, Ltd., Tokyo, Japan). 
Serum apolipoprotein (Apo) A1 and ApoB levels were 
detected by the immunoturbidimetric immunoassay 
using a commercial kit (RANDOX Laboratories Ltd.). 
All determinations were performed with an auto-
analyzer (Type 7170A; Hitachi Ltd., Tokyo, Japan) in 
the Clinical Science Experiment Center of the First 
Affiliated Hospital, Guangxi Medical University (22).

2.4. Genotyping

Genomic DNA was extracted from peripheral blood 
leukocytes using the phenol-chloroform method. 
Genotyping of the MVK rs2287218 SNP was performed 
by the Snapshot technology platform in the Center for 
Human Genetics Research, Shanghai Genesky Bio-
Tech Co. Ltd., China (23). The restriction enzyme for 
the MVK rs2287218 SNP was SAP (Promega) and 
Exonucleasel (Epicentre). The sense and antisense 
primers were 5'-CTGCGGGAGAGTCACGTTTCAC-3' 
and 5 '-GAGGGACACTGGCCAGGTAAGG-3' , 
respectively.

2.5. Diagnostic criteria

The normal values of serum TC, TG, HDL-C, LDL-C, 
ApoA1, ApoB levels and the ApoA1/ApoB ratio in 
our Clinical Science Experiment Center were 3.10-
5.17, 0.56-1.70, 0.91-1.81, 2.70-3.20 mmol/L; 1.00-
1.78, 0.63-1.14 g/L; and 1.00-2.50; respectively (24). 
The individuals with TC > 5.17 mmol/L and/or TG 
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covariance analysis (ANCOVA). Unconditional logistic 
regression was used to assess the correlation between 
the risk of CHD or IS and genotypes. Gender, age, 
BMI, blood pressure, alcohol consumption and cigarette 
smoking were adjusted for the statistical analysis. Odds 
ratio (OR) and 95% confidence interval (CI) were 
calculated by using unconditional logistic regression. 
Results were considered to be statistically significant if 
two-sided P value was less than 0.05.

3. Results

3.1. Clinical characteristics of the subjects

The clinical characteristics of the subjects are described 
in Table 1. The male to female ratio, mean age, serum 
LDL-C and ApoB levels were not different between 
the control and experimental groups (P > 0.05 for all). 
As compared with the CHD and IS patients, the control 
subjects had higher serum TC, HDL-C, ApoA1 levels 
and the ApoA1/ApoB ratio (P < 0.05). The body height, 
weight, average BMI, systolic blood pressure, pulse 
pressure, the prevalence of hypertension, TG levels and 
the percentages of subjects who smoked cigarettes and 
did not drink alcohol were lower in the control than in 
CHD and IS groups (P < 0.05). In addition, the control 
subjects had lower diastolic blood pressure levels than 
the IS patients (P < 0.01).

> 1.70 mmol/L were defined as hyperlipidemic (25). 
LDL-C ≥ 3.20 mmol/L was defined as high low-
density lipoproteinemia (26). Hypertension was 
diagnosed according to the 1999 and 2003 criteria of 
the World Health Organization-International Society 
of Hypertension Guidelines for the management of 
hypertension (27). The diagnostic criteria of overweight 
and obesity were according to the Cooperative Meta-
Analysis Group of China Obesity Task Force. Normal 
weight, overweight and obesity were defined as a 
body mass index (BMI) < 24, 24-28 and > 28 kg/m2, 
respectively (28).

2.6. Statistical analyses

The statistical analyses were performed with the 
statistical software package SPSS 21.0 (SPSS Inc., 
Chicago, Illinois). The quantitative variables were 
presented as mean ± standard deviation (serum TG levels 
were presented as medians and interquartile ranges). 
Allelic frequency was determined via direct counting, 
and the Hardy-Weinberg equilibrium was verified with 
the standard goodness-of-fit test. The sex ratio and 
genotypic distribution between the two groups were 
analyzed by the chi-square test. General characteristics 
between patients and controls were compared by the 
Student's unpaired t-test. The association between 
genotypes and serum lipid parameters was tested by 

Table 1. Comparison of the clinical characteristics and serum lipid levels between the controls and patients

Parameter

Number
Male/female
Age (years)
Height (cm)
Weight (kg)
Body mass index (kg/m2)
Cigarette smoking [n (%)]
    Non-smoking
    ≤ 20 cigarettes per day
    > 20 cigarettes per day
Alcohol consumption [n (%)]
    Non-drinker
    ≤ 25 g per day
    > 25 g per day
SBP (mmHg)
DBP (mmHg)
Pulse pressure (mmHg)
Total cholesterol (mmol/L)
Triglycerid (mmol/L)
HDL-C (mmol/L)
LDL-C (mmol/L)
ApoA1 (g/L)
ApoB (g/L)
ApoA1/ApoB
Hypertension [n (%)]

Control

  626
  457/169

    61.95 ± 10.01
155.04 ± 7.87
  54.51 ± 9.04
  22.60 ± 2.81

382 (61.0)
189 (30.2)
55 (8.8)

354 (56.6)
200 (31.9)
  72 (11.5)

128.00 ± 19.60
  80.49 ± 11.35
  47.52 ± 14.73
  4.90 ± 1.02
1.01 (0.66)

  1.92 ± 0.50
  2.73 ± 0.78
  1.41 ± 0.27
  0.90 ± 0.21
  1.65 ± 0.52
210 (33.5)

CHD

583
431/152

    62.26 ± 10.51
164.15 ± 6.83

    64.57 ± 10.60
  23.89 ± 3.21

328 (56.2)
 99 (17.0)
156 (26.8)

449 (77.0)
 81 (13.9)
53 (9.1)

133.03 ± 23.21
  79.17 ± 14.17
 53.85 ±17.50
  4.53 ± 1.18
1.36 (0.94)

  1.14 ± 0.34
  2.71 ± 0.99
  1.04 ± 0.52
  0.91 ± 0.27
  1.38 ± 2.45
419 (71.9)

CHD, coronary heart disease; IS, ischemic stroke; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; ApoA1/ApoB, the ratio of apolipoprotein A1 to apolipoprotein 
B; SBP, systolic blood pressure; DBP, diastolic blood pressure. PCHD: CHD vs. control; PIS: IS vs. control. The value of triglyceride was presented as 
median (interquartile range); the difference among the genotypes was determined by the Wilcoxon-Mann-Whitney test. The remaining characteristics 
between patients and controls were tested by the Student's unpaired-test.

IS

555
401/154

    62.85 ± 12.32
163.74 ± 7.14

    62.96 ± 11.11
  23.42 ± 3.49

324 (58.4)
162 (29.1)
  69 (12.4)

400 (72.1)
122 (22.0)
33 (5.9)

 147.72 ± 22.03
   83.78 ± 12.90
   63.94 ± 17.80
   4.52 ± 1.13
1.37 (0.91)

   1.23 ± 0.40
   2.68 ± 0.89
  1.02 ± 0.22
  0.89 ± 0.24
  1.25 ± 0.58
379 (68.3)

PCHD

-
0.716
0.599
0.000
0.000
0.000

0.000

0.000
0.000
0.077
0.000
0.000
0.000
0.000
0.701
0.000
0.779
0.011
0.000

PIS

-
0.773
0.175
0.000
0.000
0.000

0.124

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.349
0.000
0.450
0.000
0.000
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3.2. Genotypic and allelic frequencies

The genotypic and allelic frequencies of the rs2287218 
SNP are presented in Figure 1. The genotypic and 
allelic frequencies were different between the CHD/
IS and control groups (P < 0.05). The C and T allele 
frequencies were 88.7% and 11.3% in controls, 84.8% 
and 15.2% in CHD, and 84.1% and 15.9% in IS 
patients; respectively. The CC, CT and TT genotype 
frequencies were 78.4%, 20.6% and 1.0% in controls; 
72.0%, 25.6% and 2.4% in CHD; and 71.0%, 26.1% 
and 2.9% in IS patients; respectively. The genotypic 
distribution was in accordance with the Hardy-
Weinberg equilibrium in the three groups (P > 0.05).

3.3. The rs2287218 SNP and the risk of CHD or IS

The T allele carriers had an increased risk of CHD and 
IS (CHD: OR = 1.674, 95% CI = 1.25-2.25, P = 0.001 
for CT/TT vs. CC genotypes; OR = 1.595, 95% CI = 
1.23-2.07, P < 0.001 for T vs. C alleles; IS: OR = 1.890, 
95% CI = 1.36-2.47, P = 0.001 for CT/TT vs. CC 
genotypes; OR = 1.829, 95% CI = 1.38-2.42, P < 0.001 
for T vs. C alleles) after adjusting for age, gender, BMI, 
smoking status, alcohol consumption and hypertension.

3.4. Gene-environment interactions on the risk of CHD 
or IS

Stratified analysis showed that an increased risk of CHD 
and IS was found in subjects with CT/TT genotypes, 
especially in those who belonged to one of the following 
categories: females, elder (> 60 years), low BMI (< 24 
kg/m2), nonsmokers and nondrinkers (Table 2).

3.5. Related risk factors for CHD and IS

As shown in Table 3, multivariate logistic analysis 
showed that the incidence of CHD and IS was 
positively correlated with smoking, high BMI (≥ 24 kg/
m2), hypertension and CT/TT genotypes, whereas it 
was negatively associated with alcohol consumption. 
There was also a positive association between the 
incidence of CHD and hyperlipidemia, but not between 
the incidence of IS and hyperlipidemia.

Figure 1. Genotypic and allelic frequencies of the MVK 
rs2287218 SNP in controls, coronary heart disease (CHD) 
and ischemic stroke (IS) patients. The genotypic and allelic 
distribution in the three groups was analyzed by the chi-square 
test.

Table 2. The MVK rs2287218 SNP and the risk of CHD and IS according to gender, age, body mass index, smoking status 
and alcohol consumption

Factor

Gender
    Male

    Female

Age
    ≤ 60 years

    > 60 years

BMI
    < 24 kg/m2

    ≥ 24 kg/m2

Smoking
    Nonsmoking

    Smoking

Drinking
    Nondrinking

    Drinking

Genotype

CC
CT + TT
CC
CT + TT

CC
CT + TT
CC
CT + TT

CC
CT + TT
CC
CT + TT

CC
CT + TT
CC
CT + TT

CC
CT + TT
CC
CT + TT

OR (95%CI)CHD

1
1.332 (0.943-1.880)
1
8.002 (3.397-18.852)

1
1.505 (0.928-2.442)
1
1.917 (1.304-2.818)

1
1.656 (1.130-2.426) 
1
1.006 (0.97-1.10) 

1
2.844 (1.869-4.327)
1
1.235 (0.704-2.165)

1
2.578 (1.753-3.791)
1
0.945 (0.473-1.889)

OR and 95% CI were obtained from unconditional logistic regression model after adjusting for age, gender, body mass index, smoking status, alcohol 
consumption, hypertension. PI, the value of interaction between the SNP and factors

OR (95%CI)IS

1
1.324 (0.927-1.890)
1
6.366 (2.691-15.060)

1
1.643 (0.991-2.725)
1
1.848 (1.221-2.797)

1
2.048 (1.387-3.025)
1
1.469 (0.857-2.518)

1
3.092 (1.969-4.854)
1
0.916 (0.581-1.446)

1
3.068 (1.995-4.719)
1
0.759 (0.457-1.262)

PCHD

 

0.104

0.000

0.097

0.001

0.010

0.028

0.000

0.462

0.000

0.873

PI

 

0.000

0.161

0.584

0.000

0.000

PIS

 

0.123

0.000

0.054

0.004

0.000

0.162

0.000

0.708

0.000

0.288

PI

 

0.000

0.121

0.678

0.000

0.000
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3.6. Genotypes and serum lipid levels

As shown in Figure 2, the subjects with CT/TT 
genotypes in control group had lower serum HDL-C 
levels than those with CC genotype (P = 0.013). There 
was no difference in the remaining lipid parameters 
between the CT/TT and CC genotypes (P > 0.05 for 
all).

4. Discussion

A considerable amount of literatures showed that 
blood lipid metabolism was closely related to the 
occurrence and development of atherosclerosis and 
cardiovascular disease (CVD) (29,30). As a significant 
monitoring indicator of CVD, dyslipidemia is a 
complex and multifactorial disease, resulting from 
multiple environmental factors, including age, sex, 
obesity, abnormal glucose, hypertension, lifestyle 
and daily exercise (31,32), genetic factors, and their 
interactions (33,34). The SNP was the most abundant 
genetic variation in the human genome, which was 

manifested in the substitution mutation of a single 
base. SNP could be used to explain the individual 
phenotypic discrepancy and the susceptibility of 
different groups and individuals to some diseases. So, 
to identify the gene mutations regulating the serum 
lipid profiles and increasing the risk of CHD or IS has 
received considerable critical attentions, especially in 
the development of new markers for risk stratification 
assessment, diagnosis, treatment and prognosis of 
CVD.
 The principal finding of the present study was a 
significant association between the MVK rs2287218 
SNP and serum HDL-C levels in a Southern Chinese 
Han population. The subjects with CT/TT genotypes in 
healthy controls had lower serum HDL-C levels than 
the subjects with CC genotype (P = 0.013). Recent 
GWASes have found that several novel loci in MVK 
could influence HDL-C concentrations (12,13). The 
subjects with GG genotype (the major homozygote) 
of the MVK S52N had lower HDL-C levels than the 
subjects with AA genotype (17). The associations 
between the MVK rs2338104 SNP and HDL-C levels 
were definitive (P < 0.001) and consistent (18,35). In 
addition, the MVK rs3759387AA genotype had lower 
HDL-C levels than the rs3759387AC/CC genotypes 
(19). Furthermore, MVK (i85G→T and S52NG→A) had 
low HDL-C levels linked to dietary habit, especially in 
carbohydrates intakes (17). These studies suggested that 
the MVK rs2287218 SNP, as a member of MVK, may 
be linked to HDL-C levels. In the present study, our 
results in accordance with the latest GWAS findings 
(12,13) may be reasonable. But Sun et al. showed that 
there was no significant association between the MVK 
rs2287218 SNP and serum lipid levels in a Northern 
Chinese Han population (20). The precise reason 
for these conflicting results was unknown. Because 
blood lipid metabolism genes were multilocus and 
multivariate, the locations and properties of different 
populations may be diverse. The relationships between 
the same genetic frequency and serum lipid levels may 
not be the same in different ethnic groups or geographic 

Table 3. Related risk factors for CHD and IS

Factor

Nonsmoking
Smoking
Nondrinking
Drinking
BMI < 24 kg/m2

BMI ≥ 24 kg/m2

rs2287218CC
rs2287218CT/TT
Normotensive
Hypertension
Normal blood lipids
Hyperlipidemia

OR (95%CI)CHD

1
1.586 (1.186-2.121)
1
0.214 (0.156-0.295)
1
2.260 (1.739-2.937)
1
1.658 (1.232-2.231)
1
4.298 (3.046-6.066)
1
1.833 (1.411-2.383)

OR and 95% CI were obtained from unconditional logistic regression model after adjusting for age, gender, body mass index (BMI), smoking status, 
alcohol consumption, hypertension.

OR (95%CI)IS

1
1.468 (1.075-2.004)
1
0.388 (0.281-0.535)
1
1.622 (1.213-2.167)
1
1.890 (1.378-2.592)
1
1.709 (1.239-2.358)
1
0.804 (0.575-1.123)

PCHD

 

0.003

0.000

0.000

0.001

0.000

0.000

PIS

 

0.016

0.000

0.001

0.000

0.001

0.201

Figure 2. Association between the MVK rs2287218 SNP 
and serum lipid levels in the controls. TC, total cholesterol; 
TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; 
LDL-C, low-density lipoprotein cholesterol; ApoA1, 
apolipoprotein A1; ApoB, apolipoprotein B; ApoA1/ApoB, 
the ratio of apolipoprotein A1 to apolipoprotein B. The value 
of TG was presented as median (interquartile range), and 
the difference between the genotypes was determined by 
the Wilcoxon-Mann-Whitney test. The association between 
genotypes and the remaining serum lipid parameters was tested 
by analysis of covariance (ANCOVA).
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areas (36). On one hand, in addition to sample size 
and different statistical methods, they were different 
in exposed environments. It was reported that serum 
lipid levels and the prevalence of dyslipidemia were 
influenced by multiple environmental factors, such 
as dietary habit (37), lifestyle (38), daily exercise 
(39). Junyent et al. found that MVK (i85G→T and 
S52NG→A) had low HDL-C levels linked to dietary 
habit, especially in carbohydrates intakes (17). On the 
other hand, their genetic background was not similar, 
which may contribute to the discrepancies between our 
and the other studies in different populations. In the 
present study, we showed that the MVK rs2287218T 
allele frequency was 14.0% in the Guangxi Han 
population. According to the International 1000 
Genomes data-base (https://www.ncbi.nlm.nih.gov/
variation/tools/1000genomes/), the MVK rs2287218T 
allele frequency was 10.7% in Han Chinese in Beijing, 
China (CHB); 13.9% in Japanese in Tokyo, Japan (JPT); 
21.9% in African Carribbeans in Barbados (ACB); 
17.2% in Americans of African ancestry in SW USA 
(ASW); and 17.2% in Mexican ancestry from Los 
Angeies USA (MXL). These results showed that the 
prevalence of the MVK rs2287218T allele was higher 
in North American or in European than in Asian. The 
minor allele frequency of the MVK rs2287218 SNP was 
also different between Southern and Northern Chinese 
populations. These findings revealed that the MVK 
rs2287218 SNP has a racial/ethnic and geographic 
specificity.
 The MVK exists in a wide range of organisms 
from bacteria to human and is a key early enzyme in 
isoprenoid and sterol synthesis metabolism (12,15). 
The MVK was modified by sterol-responsive element-
blinding protein 2 (SREBP2) by sharing a promoter, 
which was a transcription factor that played a vital 
role in controlling cholesterol homeostasis (40). 
Moreover, it was also reported that MVK took part 
in metabolic pathways and had an effect on HDL-C 
metabolism in the previous study. MVK mutations, 
especially in homozygosity, or the MVK deficiency 
caused hyperimmunoglobu-linemia D syndrome 
(HIDS), in which the basic symptoms were recurrent 
episodes of  fever  and high concentrat ions of 
immunoglobulin (Ig) D and A in blood (16). When 
the patients suffered from HIDS, low HDL-C levels 
could be found, in accordance with the latest GWAS 
findings (12,13). In some previous studies, the 
increased immunoglobulin containing IgD and IgA 
contributed to the low levels of HDL-C (41,42). It was 
likely that the immunoglobulin synthesis took a lot of 
nutrients, such as albumin and cholesterol, resulting in 
decreased HDL-C levels. It was worth mentioning that 
the statins were reported to be applied in the treatment 
of HIDS by inhibiting the 3-hydroxy-3-methylglutaryl 
coenzyme A (HMG-CoA) reductase and the pro-
inflammatory cytokines (43). These results indicated 

that the MVK rs2287218 SNP could influence serum 
HDL-C levels. However, the precise mechanism 
of MVK on serum lipid metabolism remains to be 
explored.
 Another important finding in the current study was 
that the MVK rs2287218 SNP was strongly associated 
with the risk of CHD and IS in the Guangxi Han 
population. The frequencies of the TT/CT genotypes 
and T allele were associated with an increased risk of 
CHD and IS after adjusting for potential confounding 
factors. Multivariate analysis showed that the known 
factors, such as cigarette smoking, high BMI (≥ 24 
kg/m2), hypertension, hyperlipidemia and the TT/CT 
genotypes were dependently associated with CHD. 
Meanwhile, the occurrence of IS was positively 
correlated with cigarette, high BMI, hypertension 
and the TT/CT genotypes. Both CHD and IS were 
negatively correlated with the MVK rs2287218 CC 
genotype and alcohol consumption. We also found 
that the drinkers, especially moderate alcohol, had a 
lower risk of CVD than non-drinkers (44). The effects 
of alcohol on lipid metabolism, especially the HDL-
C-elevating effects (45), were considered to greatly 
promote the cardio-protective action of alcohol (46). 
In the stratified analysis, the increased risk of CHD 
and IS in subjects with the CT and TT genotypes was 
mainly observed in females, age > 60 years, BMI < 
24 kg/m2, nonsmokers and nondrinkers. Significant 
interactions between the MVK rs2287218 SNP and 
environmental factors on the risk of CHD or IS 
were observed in those of females, nonsmokers and 
nondrinkers. The subjects with CT/TT genotypes of 
the MVK rs2287218 SNP contributed to the increased 
risk of CHD and IS. A previous study confirmed that 
the MVK rs3759387 AC/CC genotypes interacted 
with some environmental exposures (such as males, 
elder), resulting in increasing the risk of CHD and IS 
(19), which suggested gene-environment interactions 
contributed to higher risk of CHD and IS. It was 
reported that the MVK variants displayed low HDL-C 
levels and an activity decline of the MVK. The high 
levels of HDL-C could regulate moncytes proliferation 
and activation, changing the composition of the 
myeloid cell lineage, which was thought to generate 
beneficial anti-inflammatory and athero-protective 
effects to prevent CVD (47,48). In addition, the 
activity of the MVK played a key role in controlling 
cholesterol homeostasis (13) and HDL-C metabolism. 
Elimination of the MVK activity caused low HDL-C 
levels in HIDS and increased atherosclerosis. It has 
been demonstrated that the abnormal blood lipid 
metabolism is closely related to the occurrence and 
development of atherosclerosis and CVD (29,30). 
Therefore, the MVK rs2287218 SNP was likely to 
increase the risk of CHD and IS by reducing serum 
HDL-C levels without anti-inflammatory and athero-
protective effects. Besides, the frequencies of genotype 
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and allele were statistically significant between the 
CHD or IS and control groups. The frequency of the 
MVK rs2287218T allele was higher in the CHD (15.2%) 
and IS (15.9%) patients than in the controls (11.3%, P 
= 0.005). According to the International 1000 Genomes 
data-base, the frequency of the MVK rs2287218T allele 
was diverse in different racial groups and geographic 
areas. We also showed that the frequencies of TT/
CT genotypes were higher in the CHD (28.0%) and 
IS (29.0%) patients than in the controls (21.6%, P ≤ 
0.01 for each). In addition, a previous study indicated 
that the MVK expression levels were different in some 
tissues (49). These findings suggested that the MVK 
rs2287218 SNP may be a susceptibility to CHD and 
IS. It was likely to increase the risk of CHD and IS 
by decreasing the serum HDL-C levels. However, 
large genetic association studies or meta-analyses are 
necessary to further explore these associations between 
them.
 The present study had several potential limitations. 
Firstly, the number of involved patients was relatively 
small compared to many previous GWASs and 
replication studies. Therefore, further studies with 
larger sample sizes are needed to confirm our findings. 
Secondly, a number of patients with CHD or IS took 
anti-atherosclerotic drugs, such as statins, angiotensin-
converting enzyme inhibitors, beta blockers, and 
aspirin when they were enrolled in the study, whereas 
the controls did not take any medicine. The levels 
of TC and LDL-C were lower in the patients with 
CHD or IS than in the healthy controls. However, the 
drug information was missing for some IS and CHD 
patients. Finally, only one MVK SNP was studied in 
this study. The interaction of the MVK SNP-SNP on 
serum lipid profiles and the susceptibility of CHD 
and IS was not observed. Therefore, the observed 
associations need further replications to avoid spurious 
associations.

5. Conclusion

The MVK rs2287218 SNP was associated with serum 
HDL-C levels and the susceptibility of CHD and IS 
in a Southern Chinese Han population. The T allele 
carriers had an increased risk of CHD and IS. The T 
allele carriers in healthy controls had lower serum 
HDL-C levels than the T allele non-carriers. These 
findings suggest that the MVK rs2287218 SNP is likely 
to increase the risk of CHD and IS by decreasing serum 
HDL-C levels.
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1. Introduction

Until recently, dacarbazine chemotherapy was mainly 
used for treatment of advanced malignant melanoma. 
Its effect was limited; however, the five-year survival 
rate was around 10% (1). In 2014, anti-programmed cell 
death protein 1 (PD-1) monoclonal antibody, nivolumab, 
was released in Japan, ahead of other countries. PD-1 

is an immunosuppressive receptor belonging to the 
CD28 family and expressed on activated T cells to 
suppress T cell proliferation and effector function (2). 
An immune checkpoint, PD-1 is thought to play an 
important role in controlling adaptive immune response 
under physiological conditions (3). Nivolumab has 
been utilized for the treatment of advanced malignant 
melanoma and improves median overall patient 
survival. According to NCCN guideline version 2018, 
the combination of anti-PD-1 antibodies (nivolumab/
pembrolizumab) or immunocheckpoint inhibitors 
(nivolumab/ipilimumab) is recommended as the first line 
immunotherapy for metastatic/unresectable melanoma. 
Nivolumab has also become available for non-small cell 
lung carcinoma (4,5), renal cell carcinoma (6), Hodgkin's 
lymphoma (7), squamous cell carcinoma of the head and 

Summary Biomarkers to distinguish patients with advanced melanoma responsive to nivolumab are 
of great interest. Therefore, we examined the possibility that laboratory data of daily blood 
examination become novel biomarkers. Laboratory data of 16 melanoma patients who were 
treated with nivolumab were retrospectively analyzed. Patients were classified as responder 
group or non-responder group. Examined were: white blood cell count (WBC), absolute 
lymphocyte counts (ALC), absolute neutrophil count (ANC), absolute monocyte count 
(AMC), absolute eosinophil count (AEC), and absolute basophil count (ABC), as well as levels 
of lactate dehydrogenase (LDH), C-reactive protein (CRP), one hour value of erythrocyte 
sedimentation rate (ESR), and 5-S-cysteinydopa (5-S-CD). Responder group showed 
significantly higher baseline levels of ESR or CRP and significantly lower ALC level before 
nivolumab treatment. Additionally, nivolumab treatment decreased the levels of CRP, ESR, 
and ANC, while it increased ALC level in the responder group. CRP was the most effective in 
distinguishing responder group from non-responder group both before and during treatment, 
according to the receiver operating characteristic (ROC) curve. We firstly showed that ESR 
is also the baseline biomarker of the efficacy of nivolumab. Furthermore, we confirmed that 
CRP is useful to predict the efficacy both before and during the treatment, and suggested that 
CRP is the most effective biomarker among daily blood examination by using ROC curve 
analysis. There is a possibility that nivolumab treatment may be more effective for malignant 
melanoma with stronger inflammation.
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neck (8), and will be used for treatment of additional 
cancers in the future. 
On the other hand, in patients with advanced stage 
melanoma, objective response rates of nivolumab 
were 43.7% and median progression-free survival 
was 6.9 months (9). Overall mortality and recurrence 
rates, however, remain high in the patients treated with 
immune checkpoint inhibitors. There is great interest 
in identifying biomarkers that will allow the selection 
of patients who would respond to nivolumab because 
of the associated substantial side effects and treatment 
costs. We therefore examine the possibility of daily 
blood examination laboratory data as new biomarkers.

2. Materials and Methods

2.1. Patient material

Enrolled in this study were sixteen patients with 
unresectable malignant melanoma, who were treated with 
nivolumab in Department of Dermatology, Wakayama 
Medical University, between September 2014 and March 
2017. Excluded were patients with single nivolumab 
treatment and those with inflammatory diseases, such 
as rheumatoid arthritis, which could affect laboratory 
data. Nivolumab dose was fixed at 2 mg/kg every three 
weeks in 13 patients or 3 mg/kg every two weeks in the 
remaining three patients. 
 Patient characteristics are summarized in Table 1. 
Mean age was 71.3 years (range, 48-87), and 43.8% 
(n = 7) were male. Performance status (PS) was 0 to 
1 in 93.8% (n = 15) of patients, while 56.3% (n = 9) 
of patients had stage IV disease. According to Curtin 
classification (10), clinical subtypes of primary lesions 
were as follows: 43.8% (n = 7) of mucosal melanoma, 
25% (n = 4) of acral melanoma, 18.8% (n = 3) of 
melanoma arising from non-chronically sun-damaged 
(non-CSD), 6.3% (n = 1) of melanoma arising from 
chronically sun-damaged (CSD), and 6.3% (n = 1) of 
unknown. Metastasis was found in lymph node (n = 
10, 62.5%), lung (n = 5, 31.3%), skin (n = 3, 18.8%), 
mesenterium (n = 3, 18.8%), liver (n = 2, 12.5%), 
digestive tract (n = 2, 12.5%), or other sites (bone, brain, 
kidney and adrenal glands). As prior treatment, primary 
lesions were surgically removed in 81.3% patients (n 
= 13). Additional treatment, including dacarbazine 
chemotherapy (n = 7, 43.8%), interferon (IFN)-β local 
injection (n = 2, 12.5%), and radiotherapy, (n = 2, 12.5%) 
was performed in 50% (n = 8) of patients.

2.2. Clinical assessment

Response assessment based on response evaluation 
criteria in solid tumor (RECIST) v1.1 was performed, 
and patients were classified into responder groups (Partial 
Response: PR) + Stable Disease: SD) or non-responder 
groups (Progressive Disease: PD). Laboratory data in 

this study was obtained before nivolumab treatment 
and approximately one month before first imaging 
assessment (average 77.4 days after first administration 
of nivolumab). Examined were: white blood cell 
count (WBC), by electric resistance method), absolute 
lymphocyte counts (ALC, by flow cytometry method), 
absolute neutrophil count (ANC, by flow cytometry 
method), absolute monocyte count (AMC, by flow 
cytometry method), absolute eosinophil count (AEC, by 
flow cytometry method), and absolute basophil count 
(ABC, by flow cytometry method), as well as levels of 
lactate dehydrogenase (LDH, by JSCC standardization 
compliance law), C-reactive protein (CRP, by latex 
immunization turbidity method), one hour value of 
erythrocyte sedimentation rate (ESR, by light beam 
detection method), and 5-S-cysteinydopa (5-S-CD, by 
HPLC method). This study protocol was approved by the 
Wakayama Medical University Ethical Committee.

2.3. Statistical analysis

Statistics were calculated using single-factor analysis 
of variance (ANOVA) and repeated measure ANOVA 
for comparison of median. p < 0.05 was considered 
statistically significant. Receiver operating characteristic 
(ROC) curve analysis was also performed using 
GraphPad Prism software®.
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Table 1. Clinical features of 16 melanoma patients treated 
with nivolumab

Factor/Category

Age
     < 65
     ≥ 65
     Median age (range)
Gender
     Male
     Female
Stage
     III
     IV
ECOG performance status
     0
     1
     2
     3
     4
Primary lesion
     Mucosal
     Acral
     non-CSD
     CSD
     Unknown
Prior therapy
     Surgery
     Chemotherapy
     Adjuvant IFN-β (local injection)
     Radiotherapy

n (%)

  5 (31.3)
11 (68.8)
71.3 (48-87)

  7 (43.8)
  9 (56.3)

  7 (43.8)
  9 (56.3)

14 (87.5)
  1 (6.3)
  1 (6.3)
  0 (0)
  0 (0)

  7 (43.8)
  4 (25.0)
  3 (18.8)
  1 (6.3)
  1 (6.3)

13 (81.3)
  7 (43.8)
  2 (12.5)
  2 (12.5)

ECOG: Eastern Cooperative Oncology Group, Non-CSD: melanoma 
arising from non-chronically sun-damaged, CSD: melanoma arising 
from chronically sun-damaged, IFN-β: interferon-β.
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 The best response rates were PD in nine patients 
(56.3%), SD in five patients (31.3%) and PR in two 
patients (12.5%). Most patients showed no change in the 
response after the first evaluation, except for one patient 
whose response changed from SD into PD after about 
one year.

3.2. Baseline levels of candidates for biomarkers

First, we examined whether baseline laboratory data 
before treatment can predict response to nivolumab. 
Blood counts, LDH, CRP, ESR, and 5-S-CD were 
regarded as candidates. Patients were classified into 
responder groups (PR+SD) and non-responder groups 
(PD), according to RECIST v1.1. In the responder 

3. Results

3.1. Side effects and clinical responses

Immunology-related adverse events that occurred in our 
patients were as follows: vitiligo (n = 3), psoriaform 
rash (n = 2), interstitial pneumonia (n = 1, grade 3), 
hypothyroidism (n = 1, grade 2), thrombocytopenia (n = 
1, grade 3), stomatitis (n = 1, grade 3), and nausea (n = 1, 
grade 3). Laboratory data abnormalities including liver 
enzymes and renal function were also found, although 
they were all grade 1 and asymptomatic. In three 
patients, nivolumab administration was discontinued 
after experience of grade 3 interstitial pneumonia, grade 
2 hypothyroidism, or grade 3 nausea. 

Figure 1. Baseline levels of candidates for biomarkers. (A) Baseline levels of ESR, CRP, and ALC were compared between 
responders (PR+SD) and non-responders (PD). Bars show means. *p < 0.05. (B) Receiver operating characteristic (ROC) curve for 
each laboratory data to distinguish responders from non-responders. AUC: areas under curves, SE: standard error, CI: confidence 
interval.

                              A                                                       B
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Table 2. Baseline levels of candidates for biomarkers in responders (PR+SD) and non-responders (PD)

Items

WBC [/μL]
ALC [/μL]
ANC [/μL]
AMC [/μL]
AEC [/μL]
ABC [/μL]
LDH [IU/L]
CRP [mg/dL]
ESR [mm/1h]
5-S-CD [nmol/L]

responders (n = 7)

5,620
1,110
3,930
359
158
22.9
211

0.835
54.7
11.0

WBC: white blood cell, ALC: absolute lymphocyte counts, ANC: absolute neutrophil count, AMC: absolute monocyte count, AEC: absolute 
eosinophil count, ABC: absolute basophil count, LDH: lactate dehydrogenase, CRP: C-reactive protein, ESR: erythrocyte sedimentation rate one 
hour value, 5-S-CD: 5-S-cysteinydopa. Mean values of each laboratory data are shown. *p < 0.05.

non-responders (n = 9)

5,190
1,800
2,940
312
114
24.4
196

0.058
24.2
17.2

    p

0.552
0.023*

0.098
0.444
0.727
0.932
0.595
0.014*

0.006*

0.213

Figure 2. Changes of candidates for biomarkers before and during nivolumab treatment. (A) Graphs show mean ± standard 
deviation. *p < 0.05. (B) Receiver operating characteristic (ROC) curve for each laboratory data to distinguish responders (PR+SD) 
from non-responders (PD). AUC: areas under curves, SE: standard error, CI: confidence interval.

                              A                                                       B
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group, we found significantly higher ESR level (p 
= 0.006), higher CRP level (p = 0.014), and lower 
ALC level (p = 0.023), compared with non-responder 
group (Figure 1, left). There were no other significant 
differences between these groups (Table 2).
 We then performed ROC curve analysis to compare 
the clinical usefulness of above baseline biomarkers for 
nivolumab treatment (Figure 1, right). Areas under curve 
(AUC) of baseline ESR, CRP, or ALC were 0.89 (95% 
CI, 0.68 to 1.09), 1.00 (95% CI, 1.00 to 1.00) or 0.86 
(95% CI, 0.66 to 1.06), respectively. AUC of baseline 
CRP level was higher than those of other markers.

3.3. Changes of levels of biomarker candidates in the 
responder group during treatment

Increase or decrease of candidate levels after nivolumab 
treatment as novel biomarkers for response rate 
prediction were then evaluated. Laboratory data was 
obtained approximately one month before the first 

imaging assessments. In the responder group (PR+SD), 
there were significant differences in the levels of CRP, 
ESR, ANC, and ALC; ALC levels were significantly 
increased, while other levels were decreased after 
nivolumab treatment compared with the baseline (p = 
0.027, 0.012, 0,018, and 0.018, respectively) (Figure 
2, left). Changes of other laboratory data are shown in 
Table 3.
 In ROC curve analysis, AUC of CRP, ESR, ANC, or 
ALC was 1.00 (95% CI, 1.00 to 1.00), 0.85 (95% CI, 0.65 
to 1.06), 0.79 (95% CI, 0.56 to 1.02), or 0.83 (95% CI, 
0.61 to 1.04), respectively (Figure 2, right). Accordingly, 
AUC for CRP level was higher than those for the other 
biomarkers.

3. 4. Case presentation of a representative patient

In a patient with typical PR course, baseline ESR levels 
and CRP levels were elevated, and ALC level was 
reduced before nivolumab treatment (Figure 3A). After 

Table 3. Changes of values of candidates for biomarkers in responders (PR+SD) and non-responders (PD)

Items

WBC [/μL]
ALC [/μL]
ANC [/μL]
AMC [/μL]
AEC [/μL]
ABC [/μL]
LDH [IU/L]
CRP [mg/dL]
ESR [mm/1h]
5-S-CD [nmol/L]]

before treatment

5,620 (n = 7)
1,110 (n = 7)
3,930 (n = 7)
359 (n = 7)
158 (n = 7)
22.9 (n = 7)
211 (n = 7)

0.835 (n = 7)
52.2 (n = 6)
17.5 (n = 2)

during treatment

4,680
1,410
2,720 
319
169 
61.4
181
0.07
28.5
6.85

WBC: white blood cell, ALC: absolute lymphocyte counts, ANC: absolute neutrophil count, AMC: absolute monocyte count, AEC: absolute 
eosinophil count, ABC: absolute basophil count, LDH: lactate dehydrogenase, CRP: C-reactive protein, ESR: erythrocyte sedimentation rate (one 
hour value), 5-S-CD: 5-S-cysteinydopa. Mean values of each laboratory data are shown. *p < 0.05.

before treatment

5,190 (n = 9)
1,800 (n = 9)
2,940 (n = 9)
312 (n = 9)
114 (n = 9)
24.4 (n = 9)
197 (n = 9)

0.058 (n = 9)
26.6 (n = 8)
14.7 (n = 5)

during treatment

5,570
1,640
3,350
333
222
25.6
211 
0.16 
20.6 
24.8

   
p

0.105
0.027*

0.018*

0.421
0.242
0.123
0.073
0.012*

0.018*

0.080

responders                                                              non-responders

Figure 3. Case presentation of a patient with typical PR course. (A) ESR, CRP, ANC, and ALC levels before and during 
nivolumab treatment. Black arrowheads indicate the timing of blood sampling, and while arrowheads indicate the timing of imaging 
assessment. (B) PET imaging before and during treatment. After seven nivolumab treatments, the primary tumor of left buccal 
mucosa and metastatic lesions showed almost complete remission.
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five courses of nivolumab, levels of CRP, ESR, and ANC 
were decreased, and ALC level was increased from the 
baseline. Positron emission tomography (PET) imaging 
showed the patient's tumor was markedly diminished by 
nivolumab (Figure 3B).

4. Discussion

Predictive biomarkers for the efficacy of nivolumab 
treatment against malignant melanoma have been 
investigated vigorously in recent years. For example, 
soluble CD73 levels (11) or Th9 cell number (12) in 
peripheral blood, expression levels of PD-L1 (13) or 
MHC-II (14) in tumor cells, as well as number of CD8 
positive T cells (15) or specific inflammation and IFN-γ 
related mRNA-based signatures in infiltrating immune 
cells have been reported as clinically useful biomarkers. 
Furthermore, Nakamura et al. described serum LDH 
and CRP levels to be baseline prognostic markers 
in patients with advanced melanoma treated with 
nivolumab (16). They also indicated that patients with 
increased ALC and decreased ANC during nivolumab 
therapy had significantly better overall survival.
 In this study, we determined the possibility that 
treatment efficacy of nivolumab can be predicted by 
daily blood examination. Responder group showed 
significantly higher baseline levels of ESR or CRP and 
significantly lower ALC level before the nivolumab 
treatment. In addition, nivolumab treatment decreased 
the levels of CRP, ESR, and ANC, while it increased 
ALC level in responder group. According to the ROC 
curve, CRP was most effective of these to distinguish 
responder group from non-responder group both before 
and during treatment. Patients with elevated baseline 
CRP levels before treatment will respond to nivolumab, 
and normalization of the elevated CRP by nivolumab 
indicates that the patients are the responder before the 
first imaging assessment.
 Taken together, we firstly reported ESR is also the 
baseline biomarker of the efficacy of nivolumab. We 
confirm that CRP is also useful to predict efficacy both 
before and during treatment. CRP is suggested to be the 
most effective biomarker in daily blood examination 
using ROC curve analysis. There is a possibility that 
inflammation responses, reflected by elevated CRP and 
ESR, may be activated in the responder group before 
nivolumab treatment, and they are normalized during 
the treatment. Nivolumab treatment may therefore be 
more effective for malignant melanoma with strong 
inflammation. 
 Link between inflammation and cancer has been 
reported for over 150 years. Virchow firstly reported 
the association by observing white blood cells around 
the cancer cells in 1881 (17). Increased CRP has been 
reported to be an independent prognostic marker 
for malignant melanoma (18), correlating with the 
number of lymph node metastases (19). Indication of 

the association of elevated ESR with short survival 
has also been reported (20). PD-1 is expressed on 
effector T cells only after an immune response, such 
as infection or inflammation (15). Especially, its 
expression is especially remarkable on effector T cells 
invading the peripheral inflamed tissues. The extent 
of the immune response against malignant tumors 
usually varies depending on general condition of the 
patients or type of malignant tumors. Considering the 
inflammatory markers (CRP and ESR) in the responder 
group were higher before treatment, these patients have 
more baseline PD-1 expression due to strong immune 
response. Our study also suggests the synergistic 
effect of nivolumab therapy combined with existing 
treatments that causes inflammation (such as IFN-β 
local injection or radiation therapy).
 Our study also showed increased ALC and decreased 
ANC levels during nivolumab therapy correlated with 
the better response. Neutrophil-lymphocyte ratio (NLR) 
is a known marker of systemic host inflammation, and 
it is reported that the increased NLR is associated with 
poor prognosis in several malignant tumors, including 
malignant melanoma (21,22), consistent with the 
previous paper and current study. On the other hand, 
lower baseline ALC before the treatment in the responder 
group, which was found in this study, is contradictory to 
this hypothesis, and may be because of the small number 
of patients. As the limitation, this study is retrospective 
study of only 16 patients. For earlier and more efficient 
prediction of the efficacy, the clinical significance 
of the combination of levels of CRP/ESR and other 
inflammatory markers should be evaluated in larger 
number of patients.
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1. Introduction

Hearing loss is the most common congenital sensory 
disorder, with studies describing an incidence of neonatal 
congenital deafness of approximately 0.1-0.3%, 50% 
of which is caused by genetic factors (1). Hereditary 
deafness is divided into nonsyndromic hearing loss 

(NSHL) and syndromic hearing loss (SHL). 
 The GJB2 gene that encodes connexin26 (Cx26) is 
the gene that most often causes NSHL (2). There are 
ethnic differences in GJB2 gene mutations. In Caucasians 
in Europe and the US, c.35delG is the most common 
mutation (3), while c.235delC is most commonly found 
in Chinese with an allele frequency of approximately 
11.90%, followed by c.299delAT with a frequency of 
approximately 2.22%, c.176del16 with a frequency of 
approximately0.65%, and c.35delG with a frequency of 
approximately 0.27% (4). A recent study been found that 
the p.V37I mutation is also highly prevalent in Chinese, 
with a carrier frequency of 6.2% (5).
 GJB2-associated hearing loss can result in congenital 
severe-to-profound bilateral hearing loss, and the 
severity of hearing loss guides the clinical management 
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of a mutation (6). There has been a growing recognition 
of phenotypic diversity associated with various GJB2 
genotypes. The degree of GJB2-associated hearing loss 
depends on the degree of damage to the coding protein 
connexin26. Truncating mutations, which create a 
premature stop codon and result in the absence of any 
functional connexin 26 protein, constitute nonsense 
mutations. The functions of nontruncating mutations, 
which result in altered proteins that may or may not be 
impaired, constitute missense mutations. Most GJB2 
gene mutations can be classified as truncating mutations 
(T) and nontruncating mutations (NT). Snoeckx et al. 
studied patients ages 0-26 with GJB2 biallelic alleles; 
the most common mutation was c.35delC and the degree 
of hearing loss was related to the genotype (7). In those 
patients, the degree of hearing loss was most severe 
with a T/T mutation, followed by a T/NT mutation 
and an NT/NT mutation. In a previous study of GJB2 
mutations among Chinese ages 0-68, Dai et al. found 
that the degree of hearing loss was mild-to-profound and 
proposed detection of the GJB2 gene for all patients with 
sensorineural hearing loss (8).
 As a result of the promotion of "newborn screening 
for deafness genes," many patients with GJB2-
associated hearing loss have been identified at a young 
age. Therefore, one aim of the current study was to 
classify children with GJB2-associated hearing loss 
depending on mutations in that gene. A second aim 
of this study was to examine genotypes, the results of 
universal newborn hearing screening (UNHS), and the 
degree of hearing loss in order to provide a basis for 
clinical genetic counseling.

2. Materials and Methods

Written informed consent was obtained from parents 
of all subjects. This study was in accordance with the 
principles of the Declaration of Helsinki and it was 
approved by the Ethics Committee of Beijing Tongren 
Hospital, Capital Medical University.

2.1. Subjects

Subjects were 128 children with GJB2-associated 
hearing loss who were seen by Otolaryngology and 
Head and Neck Surgery at Tongren Hospital (Beijing, 
China) between 2012 and 2018. All subjects were 
screened for nine loci in four genes, including GJB2 
c.235delC, c.299delAT, c.176dell6, and c.35delG; 
GJB3  c .538C>T; SLC26A4 c.IVS7-2A>G and 
c.2168A>G; and mitochondrial 12S rRNA m.1555A>G 
and m.1494C>T. Subjects with GJB2 heterozygous 
mutations were screened for all exons and flanking 
splice sites of the GJB2 gene. Exclusion criteria were 
as follows: carriers of GJB3 c.538C>T, SLC26A4 
c.IVS7-2A>G, or c.2168A>G, or mitochondrial 12S 
rRNA m.1555A>G or m.1494C>T mutations; familial 

segregation of hearing loss in an autosomal dominant, 
maternally transmitted, or X-linked manner; and 
individuals with syndromic hearing loss, conductive 
deafness, or secretory otitis media. Based on GJB2 
gene mutations, the subjects were divided into two 
groups, those with biallelic truncating (T/T) mutations 
and those with compound heterozygous truncating/
nontruncating (T/NT) mutations.

2.2. Clinical evaluation

The following demographic information was collected 
for each subject: sex, date of birth and birth history, 
date of initial otolaryngological consultation, and major 
comorbidities.

2.3. DNA analysis

Genomic DNA was extracted from 2 mL of whole 
blood from each subject using the Blood DNA kit 
(Tiangen Biotech, Beijing, China). All exons and 
flanking splice sites of the GJB2 genes were screened 
for mutations through amplification with PCR and 
bidirectional sequencing.

2.4. Auditory evaluation

Subjects underwent universal newborn hearing 
screening and a physical examination, including 
an otoscopic examination, with special attention to 
hearing. Comprehensive audiological evaluation 
included auditory brainstem response (ABR), 40-Hz 
auditory event-related potential, distortion product 
otoacoustic emission, auditory steady-state response 
(ASSR), acoustic immittance, and pediatric behavioral 
audiometry. The hearing threshold was calculated as 
the average hearing level at 0.5, 1.0, 2.0, and 4.0 kHz 
according to the 1997 standards of the World Health 
Organization. The severity of hearing impairment was 
defined as mild (26-40 dB), moderate (41-60 dB), 
severe (61-80 dB), or profound (> 80 dB). Owing 
to the subjects' young age, the ABR threshold and/
or ASSR were recorded, and mean thresholds at 
frequencies in the 0.5-4 kHz range were averaged to 
obtain an approximation for directional conditioned 
reflex. For children lacking behavioral thresholds and 
ASSR results, the ABR threshold was considered the 
high-frequency auditory threshold (9,10). Subjects 
with normal hearing and unilateral hearing loss were 
excluded, and asymmetrical hearing loss was defined as 
a difference in HL > 10 dB between the ears for at least 
two frequencies (11). 

2.5. Statistical analysis

The statistical software SPSS21.0 was used to analyze 
data with the chi-squared (χ2) test.
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3.2. Genetic testing

The 128 subjects had a total of 9 mutations that were 
grouped into 14 genotypes. Of the 9 mutations, 5 
were truncating mutations and 4 were nontruncating 
mutations. The most common mutation locus was 
c.235delC at a frequency of 63.67%. c.299delAT 
was found at a frequency of 19.92% and c.109G>A 
was found at a frequency of 8.99%. Five infrequent 
mutations were identified, including c.230G>A, 
c.257C>G, c.427C>T, c.583A>G, and c.9G>A. Of 
the 14 genotypes, 7 were found in children with T/

3. Results

3.1. Demographics

Of the 128 children, 59.37% were male and 40.63% 
were female. Subjects ranged in age from 4 to 112 
months (mean, 44.13 ± 23.59 months). Ninety-one 
percent of subjects ranged in age from 4-72 months. 
The age at first visit ranged from 2 to 83 months (mean, 
10.52 ± 14.59 months). Table 1 shows the clinical 
characteristics of the two groups. All subjects were 
Chinese.

Table 1. Comparison of basic parameters of the two groups (n = 128 newborns)

group

T/T
T/NT
Total

Number

  99
  29
128

Sex: male/female

55/44
21/8
76/52

Age (months): Range (Mean)

4-112 (45.44 ± 23.15)
9-112 (39.62 ± 24.92)
4-112 (44.13 ± 23.59)

Age at first visit (months): Range (Mean)

2-77 (9.85 ± 12.81)
2-83 (10.66 ±16.07)
2-83 (10.52 ± 14.59)

A

B

Figure 1. Results of genetic testing of subjects. (A) In total, 9 mutations were found in subjects. (B) Subjects had 14 genotypes, 
including 7 in children with T/T mutations and 7 in children with T/NT mutations. The number of subjects is shown under each 
subgroup. Hom M: homozygous mutation; CHM: compound heterozygous mutations.
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T mutations and 7 were found in children with T/NT 
mutations. c.235delC Hom M was the most common 
genotype in children with T/T mutations (39.06%). In 
children with T/NT mutations, c.109G>A /c.235delC 
CHM was the most common genotype with a frequency 
of 12.50% (Figure 1).

3.3. Phenotype and UNHS

Table 2 shows the comparison of the results of UNHS 
for the two groups. In UNHS, 106 subjects had normal 
hearing, including 96 with bilateral normal hearing and 
10 with unilateral passing results, whereas 22 passed 
UNHS. In UNHS, most subjects in both groups had 
bilateral normal hearing; this was true for 81.82% of 
children with T/T mutations and 51.72% of children 
with T/NT mutations (Table 2). Pair-wise comparisons 
of the two groups revealed significant differences (χ2 
= 26.05, P = 0.0038). In addition, 22 subjects passed 
UNHS with at least one ear. Bilateral hearing loss was 
examined in those subjects, revealing 18 children with 
T/T mutations and 4 with T/NT mutations. In addition, 
3 children with T/NT mutations were diagnosed with 
normal hearing in at least one ear. 

3.4. Phenotype and diagnosis of audiology

3.4.1. Phenotype and the symmetrical/asymmetrical 
hearing loss.

Of the 128 subjects, 11 had normal hearing, 2 had 

unilateral hearing loss, and 115 had bilateral hearing 
loss. Of subjects with bilateral hearing loss, 73 had 
symmetrical hearing loss and 42 had asymmetrical 
hearing loss. Symmetrical hearing loss was highly 
prevalent in children with T/T mutations (62.63%) 
or T/NT mutations (68.75%) (Table 3). Pair-wise 
comparisons of the two groups revealed no differences 
(χ2 = 0.22, P = 0.7824)

3.4.2. Phenotype and the degree of hearing loss

Of 258 ears, 24 were normal and 234 ears had 
sensorineural hearing loss. Normal ears were only 
noted in children with T/NT mutations (41.83%, 
24/58), and genotypes in subjects with normal hearing 
were c.109A>G compound heterozygous mutations. 
Of the 234 ears with hearing loss, 96 had profound 
hearing loss, 61 had severe hearing loss, 56 had 
moderate hearing loss, and 19 had mild hearing loss. 
Profound hearing loss was the most common phenotype 
in children with T/T mutations with a frequency of 
46.46%, following by severe hearing loss with a 
frequency of 36.77%. However, mild and moderate 
hearing loss were more often detected in children 
with T/NT mutations (with a respective frequency of 
24.14% and 13.79%) (Table 4). Pair-wise comparisons 
of the two groups revealed significant differences (χ2 = 
131.87, P < 0.0001). Table 5 shows the average hearing 
threshold for 14 genotypes in two groups. Subjects with 
T/T mutations had more severe hearing impairment, 
with an average hearing threshold of 75.40 ± 22.33 

Table 2. Comparison of the results of UNHS in the two groups (n = 128 cases)

Group

T/T
T/NT
Total

Bilateral pass

13 (13.13)
  9 (31.04)
22 (17.19)

Unilateral pass

  5 (5.05)
    5 (17.24)
10 (7.81)

Bilateral normal hearing

81 (81.82)
15 (51.72)
96 (75.00)

  χ2      P

 
 
26.05  0.0038

Subjects undergoing UNHS (%)

Table 3. Comparison of symmetrical/asymmetrical hearing loss in the two groups (n = 115 cases)

Group

T/T
T/NT
Total

symmetrical

62 (62.63)
11 (68.75)
73 (63.47)

asymmetrical

37 (37.37)
  5 (31.25)
42 (36.53)

  χ2      P

  
 
0.22  0.7824

Incidence of hearing loss (%)

Table 4. Comparison of the degree of hearing loss in the two groups (n = 256 ears)

Group

T/T
T/NT
Total

 normal

0 (0)
     24 (41.38)
   24 (9.38)

moderate

11 (5.56)
   8 (13.79)
19 (7.42)

mild

42 (21.21)
14 (24.14)
56 (21.88)

  χ2      P

 
 
26.05  0.0038

The degree of hearing loss (%)

profound

92 (46.46)
4 (6.90)

96 (37.50)

severe

53 (26.77)
  8 (13.79)
61 (23.83)
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dB, and subjects with T/NT mutations a mean hearing 
threshold of 39.69 ± 25.92 dB.

4. Discussion

The GJB2 gene is the main cause of hereditary 
nonsyndromic deafness, and its normal expression in 
the inner ear is required for normal development and 
signal transduction between inner ear sensory cells 
and supporting cells. Over 50% of cases of congenital 
autosomal recessive nonsyndromic deafness hearing 
loss (ARNSHL) are caused by mutations of the GJB2 
gene (12). The rates of GJB2 mutation vary by country, 
and 21% of mutations have been found in Chinese 
patients (13). Therefore, GJB2 mutations are a critical 
component of audiological screening and genetic 
counseling. 
 GJB2 gene mutations vary widely among ethnic 
groups. c.35delG is the most common variant in 
Caucasian populations (14). However, in Chinese 
populations, the c.235delC mutation has the highest 
prevalence (11.90%), followed by c.299delAT (2.22%), 
c.176del16 (0.65%), and c.35delG (0.27%) (4). Recent 
studies have indicated that the rate of the c.109G>A 
mutation is high in the Chinese population as well. 
Jiang et al. examined 155 patients with NSHL and 
reported that the incidence of c.109G>A was 9.03% 
(28/310) (15). Dai et al. performed genetic testing on 
2,063 patients with NSHL and found that in the Chinese 
population the most common genotype of a GJB2 
gene mutation was c.235delC/c.235delC, followed by 
c.235delC/c.299delAT (16). A total of nine variants 
of the GJB2 gene were detected in the current study, 
including c.235delC (63.67%), followed by c.299delAT 
(19.92%) and c.109G>A (8.99%). The most common 
genotype was c.235delC/c.235delC, and the c.35delG 
mutation was not detected. This finding is consistent 
with the results of previous studies. Five pathogenic 
variants (c.230G>A, c.257C>G, c.427C>T, c.583A>G, 
and c.9G>A) that had previously been reported were 
detected in the current study at lower rates.

 Early studies suggested that hearing loss caused 
by GJB2 gene mutations was mostly congenital and 
penetrant at birth and that the hearing phenotype 
was mainly bilateral, symmetrical, and moderate-
to-profound SNHL. As research progressed, some 
researchers found that approximately 3.8-6.9% of 
children with GJB2 gene mutations were able to pass 
UNHS, with delayed-onset hearing loss (17,18). This 
confirms that those patients had non-penetrance at 
birth to some extent. In the current study, 22 children 
had passing results on UNHS for both ears while 
10 had passing results for one ear. Children with T/
NT mutations had a significantly higher passing rate 
on UNHS than did children with T/T mutations. Wu 
et al. conducted hearing screening in combination 
with screening for deafness genes in 5,173 neonates, 
and they detected c.109G>A/c.109G>A mutations 
in 62 subjects, c.109G>A/c.235delC mutations in 
16, and m.1555A>G mutations in 4. In that study, 46 
subjects (56.1%) passed UNHS (19). In the current 
study, 109G>A compound heterozygous mutations 
were predominant in children with T/NT mutations, 
indicating that children with the c.109G>A mutation 
were more likely to pass UNHS. Subjects in both 
groups with bilateral SNHL had at least one ear that 
passed UNHS.
 There are several possible reasons for this: (i) 
delayed-onset hearing loss, according to the study by 
Wu et al. The incidence of the c.109G>A mutation 
was 20% in children of Han nationality with delayed-
onset hearing loss, and that rate was much higher than 
that in the normal hearing group, suggesting that this 
variant is associated with delayed-onset hearing loss. (ii) 
The results of UNHS were unreliable, to some extent, 
due to poor quality control during screening. A study 
indicated that approximately 11% to 31% of children 
with hearing loss who passed UNHS would eventually 
develop permanent hearing loss (20).
 Three children (17.1%, 7/41) with T/NT mutations 
were referred for UNHS, and at least one ear was 
diagnosed with normal hearing in the current study. Li 

Table 5 Average hearing threshold for 14 genotypes (n = 256 ears)

Group

T/T

T/NT

Genotype

c.176dell6 Hom M
c.176del16 / c.235delC CHM
c.176del16 / c.299delAT CHM
c.235delC Hom M
c.235delC / c.299delAT CHM
c.299delAT Hom M
c.299delAT / c.230C>G CHM
c.235delC / c.109G>A CHM
c.299delAT / c.109G>ACHM
c.176del16/ c.109G>A CHM
c.299delAT/ c.257C>G CHM
c.235delC/ c.427C>T CHM
c.235delC/ c.583A>G CHM
c.235delC/ c.9G>A CHM

Ear

2
6
4
100
72
6
2
32
10
4
2
4
2
4

Average hearing threshold for the group (dB)

75.40 ± 22.33

39.69 ± 25.92

Average hearing threshold (dB)

100.00 ± 0
  92.30 ± 11.20
  88.25 ± 11.61
  77.99 ± 21.63
  68.87 ± 22.42
  77.50 ± 26.91
  37.00 ± 1.14
  31.20 ± 19.87
  38.30 ± 15.75
  38.00 ± 30.99
  56.50 ± 0.71
100.00 ± 0
  52.50 ± 16.26
  40.50 ± 24.02
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et al. conducted genetic tests on 173 children who had 
been referred for UNHS and diagnosed with normal 
hearing (5). They detected the p.V37I mutation at a 
rate of 5.8% (10/173), which was much higher than the 
rate in children who passed UNHS (0.14%). Children 
with p.V37I compound heterozygous mutations may 
have subclinical or borderline slight hearing loss at 
birth. In addition to the reasons mentioned above, other 
causes could be that cochlear hair cells are relatively 
immature in some newborns or that middle ear effusion 
was present during UNHS, thus affecting the results 
of otoacoustic emissions. According, the sample size 
needs to be increased and an in-depth study needs to be 
conducted in the future.
 A study found that hearing loss caused by GJB2 
gene mutations could be mild to profound and that 
patients with T/T mutations had a greater degree of 
hearing loss than patients with NT/T mutations (7). In 
the current study, children with T/T mutations mainly 
had severe-to-profound hearing loss (73.23%), while 
children with NT/T mutations mainly had normal 
hearing and mild-to-moderate hearing loss (79.31%). 
The severity of hearing loss differed significantly 
between the two groups. This finding was consistent 
with the results of previous studies. Chan et al. 
examined 52 children with GJB2 gene mutations and 
found that the average hearing threshold was 100.3 dB 
in those with T/T mutations and 53.9 dB in those with 
NT/T mutations (6). In the current study, the average 
hearing threshold was 75.40 ± 22.33 dB in children 
with T/T mutations and 39.69 ± 25.92 dB in children 
with NT/T mutations. Both numbers were both lower 
than those reported by Chan et al. This may be due to 
differences in research methodologies, ethnicity, or 
age distribution. The subjects in the study by Chan et 
al. included Caucasians, Latinos, and Asians with an 
average age of 5.6 years, and the c.35delG mutation 
was common. However, the subjects in the current 
study were Chinese Han children with an average age 
of 3.7 years, and the c.235delC mutation was common. 
In the current study, the average age of enrollment was 
lower than that used by Chan et al. Therefore, patients 
with GJB2 gene mutations could have progressive 
hearing loss (21,22), and the average hearing thresholds 
of the two groups in the current study were lower than 
those cited in the previous study by Chan et al. Dai 
et al. found that the GJB2 mutation was detected at 
a higher rate in patients with bilateral SNHL and at a 
lower rate in patients with unilateral hearing loss. 
 Of the 117 subjects with hearing loss in this study, 
2 had unilateral hearing loss and 115 had bilateral 
hearing loss, indicating that these subjects mainly had 
bilateral SNHL. Although symmetric hearing loss 
was predominant, 36.53% of children had asymmetric 
hearing loss. The number of subjects with symmetric 
hearing loss did noti differ significantly between the 
two groups. This suggested that children with GJB2 

mutations had varied levels of hearing loss, indicating a 
high degree of genetic heterogeneity.

5. Conclusion

Children with GJB2 gene mutations have phenotypic 
variability in terms of their results on UNHS and 
their degree and symmetry of hearing loss. Hearing 
phenotypes were evident as normal hearing or mild-to-
profound hearing loss. Subjects with T/NT mutations 
of the GJB2 gene were more likely to pass UNHS and 
had milder hearing loss compared to those with T/
T mutations. Symmetrical hearing loss was the main 
phenotype of the two groups, but 36.53% of children 
had bilateral asymmetric hearing loss. Therefore, 
parents of all subjects with sensorineural hearing loss 
were informed of the possibility that their child may 
had a GJB2 mutation. In addition, a small number 
of children (17.18%) passed UNHS despite having 
bilateral hearing loss, indicating that delayed-onset 
hearing loss may occur later on.
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1. Introduction

Caroli's disease (CD), or congenital intrahepatic bile 
duct dilatation (IHBDD), is a rare congenital biliary 
disease, without obstruction, that corresponds to type V 
congenital bile duct cysts in the Todani classification of 
biliary cystic disease (1) (Figure 1).
 CD was first described by Caroli and Couinaud in 
1958 (2) as a mono or bilobar segmental cystic dilatation 
of the intrahepatic biliary tract without obstruction. In 
cases of monolobar disease, for unknown reason, the 
left lobe is more frequently affected. CD predisposes 
to biliary stasis, resulting in intrahepatic lithiasis and 

possible septic complications that include recurrent 
episodes of cholangitis, liver abscesses, septicemia, and 
ultimately secondary biliary cirrhosis. Caroli's disease 
may also occur in association with congenital hepatic 
fibrosis and/or renal malformations. A disease variant, 
termed Caroli's syndrome, is diagnosed when dilatation 
is accompanied by symptoms of portal hypertension (3).
 Further, CD is related to a 100-fold increase risk 
of developing intrahepatic cholangiocarcinoma (4). 
Therefore, surgical resection is recommended in cases 
of monolobar CD (5), although little is known about the 
long-term outcome.
 The aim of the present study was to analyze short 
and long-term effects of liver resection in 25 patients 
with monolobar CD, which constitutes one of the largest 
single-center studies, covering a 30-year period.

2. Materials and Methods

Data of 25 adult patients diagnosed with CD, and 
treated at our Swiss tertiary center between January 

Summary Congenital intrahepatic bile duct dilatation (Caroli's disease) is a rare biliary disease. 
Although multiple reports exist describing its surgical treatment, relatively few have 
provided long-term follow-up. Prospective data about 25 cases of monolobular Caroli's 
disease, with liver resection between 1974 and 2016, were retrospectively analyzed. 
Patient demographics together with postoperative outcomes and long-term follow-up were 
assessed. Our 25-patient cohort (average age 53.4 years (range: 27-82)) included 20 cases 
with disease limited to the left lobe, and 5 to the right. The average time interval between 
first symptoms and final diagnosis was 5 years (range: 0-34 years). The surgical procedures 
included left lobectomy in 11 cases, left hepatectomy in 8 cases, right hepatectomy in 3, 
and sub-segmentectomy in 3 cases. Biliodigestive anastomosis was performed in 7 cases. 
Complications were observed in 3 patients (25%). Metachronous cholangiocarcinoma 
was observed in one single case, 10 years after initial operation. In conclusion, surgical 
treatment for monolobular Caroli's disease is effective, with good short-term results 
and few complications. Median long-term follow-up was 18 months (range: 3-132), with 
favorable clinical evolution in 96% of patients.
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1974 and January 2016 were collected prospectively 
but analyzed retrospectively. Patients' characteristics 
(gender, age, biological tests, etc.) are summarized in 
Table 1. Pre-operative imaging was, in the main, by 
CT, MRI, US, and cholangiography. Primary surgical 
outcome was our main objective. The final diagnosis 
of Caroli's disease was confirmed by histo-pathological 
analyses. The median follow-up time was 18 months 
(range: 3-132 months).

3. Results

Twenty-five cases of Caroli's disease were included 
in our analysis, 20 with disease localized to the left 
lobe and 5 to the right. The present cohort included 
10 women and 15 men with an average age of 53.4 
years (range: 27-82). The average interval between 
the onset of symptoms and reaching a diagnosis was 5 
years (range: 0-34 years). Symptoms were nonspecific 
although most patients (17 cases, 68%) presented with 
the clinical features of cholangitis (abdominal right 
upper quadrant pain, fever, jaundice, or biological 
cholestasis). One patient presented with hepatic 
abscesses, and one with acute cholecystitis (associated 
with cholangitis due to lithiasis of the main bile duct). 
One patient was clinically asymptomatic with diagnosis 
of biological cholestasis (with elevated Gamma-GT 
and alkaline phosphatase (288 IU/L and 217 IU/L, 
respectively)) an incidental finding. Previous surgeries 
for this cohort included cholecystectomy (12 cases), 
endoscopic sphincterotomy (3 cases), biliodigestive 
anastomosis (3 cases), resection of a main bile duct 
diverticulum (1 case), and drainage of a hepatic abscess 
(1 case). Biliary lithiasis was identified in 20 patients 
(80%). For 10 (83%) of the 12 most recently treated 
patients, diagnoses were established by a combination 

of ultrasonography, cholangiography, CT, and MRI. No 
detailed diagnostic data were available for earlier cases, 
treated between 1974 and 1997.
 The surgical procedures are summarized in Table 
2. Left lobectomy was performed in 10 cases, left 
hepatectomy in 9 cases, right hepatectomy in 3 cases, 
and sub-segmentectomy in 3 cases. Biliodigestive 
anastomosis was performed in 7 cases. This procedure 
was performed on the biliary convergence after 
resection of any bile duct tissue showing pathology up 
to this level. 
 Histopathological reports of all surgical specimens 
showed cystic dilatation of the segmental and 
subsegmental intrahepatic bile ducts, described as 
irregular cystic cavities ranging from a few millimeters 
in width to 4 cm, with thick and fibrous walls. In 
some cases there were also areas of stenosis between 
2 adjacent cystic cavities. In all cases, cystic cavities 
contained black or yellow stones measuring 1 mm to 
0.5 cm. In 10 cases, the hepatic parenchyma was of 
described as normal. In three cases, soft sections at the 
surface of the cystic dilatation could be depressed at 
finger pressure. In two cases, the liver was fibrous and 
pseudo-cirrhotic, which was recognized as congenital 
hepatic fibrosis. In one case, ectopic intrahepatic 
pancreatic tissue was found. The biliary epithelium was 
abraded, almost absent, and in some cases hyperplastic 
or even papillary. The portal spaces appeared fibrosed 
and demonstrated infiltration of inflammatory cells 
with newly formed bile ducts (Figure 2). In one single 
case (3.7%), a metachronous cholangiocarcinoma was 
observed 10 years after bisegmentectomy (segment 
V-VIII) with Roux-en-Y biliodigestive reconstruction. 
 In the 12 most recent cases (numbered 14 to 25), 
postoperative complications were rated according to the 
Clavien classification (6).

427

Figure 1. Todani's classification. Caroli's disease (CD) is a rare congenital biliary disease that corresponds to a type V congenital 
bile duct cyst according to the Todani classification.
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 Grades 3 and 4 complication was observed in 3 
patients (25%), intra-abdominal abscess, bilioma, and 
biliary fistula (Table 3). Post-operative 30-day mortality 
was zero. No precise data about complication was 
available for cases seen between 1974 and 1997. The 
median follow-up was 18 months (range: 3-132), with a 
favorable clinical evolution in most patients (96%).

4. Discussion

To the best of our knowledge, this present study of 
25 cases collected since 1974, may be the largest 
monocentric series reported in Europe.
 Differently as in the present series, monolobar form 
of CD is less commonly encountered. However, as in 
the present series, left lobe is more likely to be affected 
(8). In fact all 25 patients assessed had localized 
disease, with 20 patients (80%) presenting left lobe 
CD, and 5 patients (20%) had CD of the right lobe. 
The right monolobar subtype is extremely rare in the 
scarce literature. Without including the present cases, 
a literature review allowed to identify 31 cases only of 
right monolobular disease between 1965 and 1994 (9).
In this present study, the typical CD saccular or 
fusiform dilatations could be observed by imaging 
(CT and MRI), with ultrasound (15) and CT scans thus 
suggesting diagnoses prior to surgery. Today, MRI is 
preferable for non-invasive exploration of the bile duct, 

as invasive investigations like ERCP carry a risk of 
infection (16).
 The most possible serious complication of CD is the 
development of cholangiocarcinoma associated with 
biliary stasis, in which (bile) carcinogens and chronic 
inflammation of the epithelium promote dysplasia. The 
present series describe one single case 10 year after 
initial CD diagnosis but a direct relation between CD 
and cholangicarcinoma still need to be established. 
It remains hypothetical if genetic lesions in Caroli's 
disease patients can then ultimately lead to malignant 
progression. 
 In the present study, the average interval between 
becoming symptomatic and an eventual diagnosis was 5 
years (range: 0-34 years). The principle clinical features 
of CD were atypical with abdominal pain, fever 
attributable to recurrent episodes of cholangitis, and 
jaundice. A literature review found that recurrent acute 
cholangitis was the most frequent mode of presentation 
(64% of the patients) (7,14).
 In agreement with these studies, right upper 
quadrant pain and fever, both clinical manifestations of 
cholangitis, were the most frequent symptoms in our 
study (68%). Hepatic abscesses and recurrent episodes 
of jaundice (2 patients) were less commonly reported. 
 To explain the rarity of reports about CD, it has to 
be emphasized that this segmental dilatation of bile 
ducts has an estimated prevalence of 1/1,000,000 (7). 
In the absence of associated congenital hepatic fibrosis, 
the condition is defined as pure type Caroli's disease 
(2). However, a fifth of all pure CD is associated with 
cystic dilatation of the common bile duct, and in 6% 
of cases, congenital hepatic fibrosis (confirmed by 
histopathology), which was observed in 2 patients in 
the present series. Bilobar CD, affecting the entire liver, 
is more frequently associated with congenital hepatic 
fibrosis, which is responsible for portal hypertension; 
this condition is Caroli's syndrome and more rare, was 
not even observed in the present series (3).
 Multiple pathogenic mechanisms have been 
proposed to explain CD including both embryologic 
and acquired factors. The bile ducts form during the 
7th week of gestation following differentiation of 
hepatoblasts into biliary cells. These cells then envelop 
the vessels of the portal system to form the ductal 
plate. Subsequently a remodeling process takes place 
that separates hepatocytes and bile ducts by connective 
tissue, with the hepatocytes then migrating into the 

Figure 2. Pathological image. The portal spaces appear 
fibrosed, and demonstrate infiltration of inflammatory cells 
with newly formed bile ducts.

Table 2. Surgical procedures

Surgical procedure

Right hepatectomy
Left hepatectomy
Left lobectomy
Subsegmentectomy

%

12
36 
40
12

n (patients with 
biliojejunal anastomosis)

                  3 (1)
                  9 (0)
                10 (4)
                  3 (1)

Table 3. Postoperative complications in the 12 most recent cases

Complication

Intra-abdominal abscess
Bilioma
Biliary fistula
Liver hematoma
Intra-abdominal collection

Treatment

Drainage
Drainage
Drainage
Observation
Antibiotics

Clavien-Dindo classification

IIIa
IIIa
IIIa

I
II

n 

1 
1 
1
1
1
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portal spaces. The most plausible pathologic mechanism 
involves an abnormality of embryonic remodeling 
associated with excessive cellular proliferation induced 
by possible genetic lesion (10).
 This hypothesis is also consistent with the 
discontinuous and irregular dilatations of the biliary 
tree typical for this disease. The early onset of this 
genetic anomaly can result in defects in either the right 
or left bile ducts, or the segmental ducts (11). A later 
onset could induce lesion formation consistent with 
that seen in congenital hepatic fibrosis (12). Despite 
some reports of neonatal presentation (11), CD usually 
remains asymptomatic until early adulthood (13).
 The monolobar disease types (similarly to the 
diffuse) are usually flagged by cholangitis aggravated 
by either inappropriate therapeutic interventions or 
opacification of the bile ducts. The discovery of an 
isolated lithiasis inside the bile ducts, without lithiasis 
of the gallbladder, or a diagnosis of cholangitis in a 
patient with a past history of biliary surgery, should 
raise a suspicion of Caroli's disease or syndrome, and 
prompt further investigation ideally with MRI. In the 

present series, 12 patients underwent cholecystectomy 
before their final CD diagnosis, and in all cases the 
postoperative course was uneventful. There was no 
documented evidence of previously unrecognized 
damage to the common bile duct during the initial 
procedure, ruling out episodes of cholangitis secondary 
to ductal damage during surgery. The present series 
analysis suggests that despite its rarity, CD should be 
considered as differential diagnosis in case of recurrent 
cholangitis.
 The suggested treatment for monolobular Caroli's 
disease remain complete resection of the affected 
regions. Patients with left monolobular Caroli's disease 
benefit from extended resection including segment IV if 
this segment is affected as well. For lesions in the right 
lobe, the extent of resection depends on the segmental 
anatomical distribution of the biliary ectasia. A Roux-
en-Y biliodigestive anastomosis should be performed 
if the lesion extends to the biliary convergence, thus 
allowing to restore biliary discharge after surgical 
resection. Our institutional management algorithm for 
Caroli's disease is summarized in Figure 3. 
 While treatment of monolobar CD seems to be well 
defined, diffuse CD remain challenging, especially 
if combined approach with partial hepatectomy and 
biliodigestive anastomosis is impossible (17). The 
alternative in these advanced CD is liver transplantation 
as the only long-term curative option (18). However, 
in some swell selected case, extended resection may be 
possible (18).
 The present study has several limitations to address. 
The number of patients is relatively modest (n = 25) 
with a retrospective study design. However, the number 
of monolobar patients in this study is comparable to 
those detailed in some recent reports. Ulrich and Mabrut 
reported 40 CD (monolobar 32, bilobar 8) and 33 
(monolobar 26, bilobar 7) patients, respectively (5,18).
 All series with more than 20 patients with congenital 
intra hepatic bile duct disease treated by liver resection 
are summarized in Table 4 (3,5,18-20).
 In conclusion, surgical resection with an observed 
acceptable level of post-operative morbidity and here 
zero mortality, should be considered treatment of 
choice in monolobar CD. Currently, the diagnosis of 
CD might be problematic and delayed, because of the 
complexities in accurately interpreting all symptoms. 
Even if rare, CD should belong to differential diagnosis 
of recurrent cholangitis.

Table 4. Series exceeding 20 patients with congenital intra hepatic bile duct disease treated by liver resection

Author (year)

Kassahun et al. (19) (2005)
Mabrut et al. (18) (2007)
Ulrich et al. (3,5) (2002/2008)
Mabrut et al. (20) (2013)
Current series (2017)

Monolobar (%)(R/L)

  25 (81%)    (13/12)
  26 (79%)    (6/20)
  32 (80%)    (9/23)
107 (69%)    (16/91)
  25 (100%)  (5/20)

Patients (M/F)

  31 (15/16)
  33 (21/12)
  40 (18/22)
155 (89/66)
  25 (15/10)

Median follow up (months)

44
80

   86.5
35
18

Synchronous Carcinoma

            3 (9.7%)
            2 (6%)
            4 (9.1%)
            8 (5.2%)
            0 (0%)

Figure 3: Treatment algorithm for Caroli's disease. ERCP: 
endoscopic retrograde cholangiopancreatography, PTHC: 
percutaneous transhepatic  cholangiography, OLT: orthotopic 
liver transplantation
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1. Introduction

Cardiopulmonary exercise testing (CPX) offers 
clinicians the ability to obtain an abundance of 
information useful for the management of complex 
cardiovascular and pulmonary diseases (1). Five 
parameters noninvasively obtained from this testing 

reflect the severity of heart disease and the activities 
of daily living in cardiac patients: the peak O2 uptake 
(VO2), anaerobic threshold (AT), rate of increase 
in ventilation (VE) per unit increase in CO2 output 
(VCO2) during exercise (VE-VCO2 slope), and ratio 
of the increase in VO2 to the increase in the work rate 
(ΔVO2/ΔWR) (1-4). Among these parameters, the peak 
VO2 reflects maximal cardiac output during exercise 
and is accordingly considered the main indicator of 
cardiopulmonary function and a gold standard in 
selecting patients for cardiac transplantation (1-3). 
However, it has a limitation and may not be accurately 
obtained if patients would not perform maximal effort 
until reaching peak exercise. The respiratory exchange 

Summary Ventilation (VE) increases linearly with the increase of carbon dioxide output (VCO2) 
during cardiopulmonary exercise testing. VE-VCO2 slope rises in parallel with exercise 
intensity, reaches a turning point (called the RC point), then steepens because of respiratory 
compensation for lactic acidosis. While this RC point can be identified universally, it 
is undetectable in some patients. In this study we evaluated whether the respiratory 
compensation during exercise testing has clinical significance in cardiac patients. In total, 
152 cardiac patients with a respiratory exchange ratio at peak exercise (peak R) of between 
1.10 and 1.20 were enrolled. Cardiopulmonary parameters were compared between patients 
who manifested the RC point (n = 118) and those who did not (n = 34). The peak R did not 
significantly differ between these two groups. Compared to the patients without the RC 
point, those with the RC point had a higher oxygen uptake at peak exercise (peak VO2) (20.2 
± 5.3 vs 13.6 ± 3.4 mL/min/kg, p < 0.001), higher anaerobic threshold (AT) (12.4 ± 3.2 vs 9.2 
± 2.3 mL/min/kg, p < 0.001), and lower VE-VCO2 slope (31.7 ± 5.8 vs 37.8 ± 9.6, p = 0.001). 
Brain natriuretic peptide (BNP) tended to be lower in the patients with the RC point (175.4 
± 364.7 vs 327.9 ± 381.1 pg/mL, p = 0.067). Peak VO2, the marker of cardiopulmonary 
function, was found to be the independent predictor of the presence of the RC point. The 
present findings suggest that the phenomenon of respiratory compensation during heavy 
exercise indicates better cardiopulmonary function in cardiac patients within a prescribed 
range of effort.
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ratio (R), defined as the ratio between VCO2 and 
VO2 in respiratory gas analysis, is used to evaluate a 
subject's effort objectively. Under current guidelines, 
the R of equal to or greater than 1.10 at peak exercise is 
generally considered an indication of excellent subject 
effort during CPX (1). The VE-VCO2 slope is the rate 
of increase in VE per unit increase in VCO2, and is 
therefore used to describe the ventilatory response to 
exercise. 
 The respiratory compensation (RC) point is an 
important concept in exercise physiology as it forms 
the boundary between the heavy and severe exercise 
intensity domains, a point which marks the onset of 
hyperventilation during incremental exercise (5,6). 
V-slope method is now generally used to identify the 
RC point (7,8). It is determined when the ratio of VE 
to VCO2 starts to increase after a period of decrease or 
stasis, and/or when the end-tidal CO2 pressure (PETCO2) 
started to decrease after reaching a maximum level (5). 
 In some patients, however, no identifiable RC point 
is reached in the course of exercise testing, although with 
excellent effort. To gain further insight, we investigated 
whether the presence or absence of RC point during 
exercise testing is clinically meaningful to cardiac 
patients.

2. Materials and Methods

2.1. Study subjects

The subjects for this study were 416 consecutive cardiac 
patients who underwent CPX at the Cardiovascular 
Institute between January 2013 and December 2013 for 
the screening of cardiac disease or evaluation of exercise 
capacity and/or severity of heart failure. Since a peak 
R of equal to or greater than 1.10 is thought to reflect 
good exercise effort under current guidelines (1,5), we 
selected 152 cardiac patients with the peak R of between 
1.10 to 1.20 to ensure the sufficient and similar effort 
by excluding patients with an R above or below that 
range (Table 1). The protocol and procedures for the 
exercise testing were approved by the Human Subjects 
Committee of the Cardiovascular Institute. Every patient 
gave his or her informed consent to participate in the 
study after receiving an explanation of the purposes and 
risks.

2.2. Exercise testing and respiratory gas analysis

An incremental symptom-limited exercise test was 
performed using an upright, electromagnetically braked 
cycle ergometer (Strength Ergo 8; Mitsubishi Electric 
Engineering Co., Ltd., Tokyo, Japan). The exercise 
test began with a 4-min rest on the ergometer followed 
by a 4-min warm-up at 0 or 20 W at 60 rpm. The 
work rate during the warm-up exercise (0 W or 20 W) 
was determined according to subject's habitual daily 

activity. The load was then increased incrementally 
by 1 W every 6 s (10 W/min) or every 3s (20 W/min). 
VO2, VCO2, and VE were measured from 4 min before 
the start of exercise until the end of exercise using 
an Aeromonitor AE-300s (Minato Medical Science, 
Osaka, Japan). The Aeromonitor AE-300s consists 
of a microcomputer, a hot-wire flow meter, and a gas 
analyzer composed of a sampling tube, filter, suction 
pump, paramagnetic oxygen cell for O2 analysis, and 
infrared CO2 analyzer. The VO2 and VCO2 were 
calculated by the Aeromonitor AE-300s breath-by-
breath based on a mathematical analysis described by 
Beaver et al. (7). The concentration and flow were 
aligned synchronously by compensating for the time 
delays of the O2 and CO2 analyzers (flow delay from 
the sampling site to the analyzer plus the response time 
of the analyzer) with respect to the flow signal (8).
 Before the parameters from the respiratory gas 
analysis were calculated, breath-by-breath data were 
interpolated to give second-by-second values. The 
second-by-second values thus obtained were then 
converted into successive 3-second averages and 
translated into a 5-point moving average. The peak VO2 
was calculated as the average of the values obtained 
during the last 15 seconds of incremental exercise. The 
percentage of predicted peak VO2 (%peak VO2) was 
calculated by dividing the measured peakVO2 by the 
predicted peak VO2 determined in a normal Japanese 
population (9). The AT was determined by V-slope 
analysis (7). ΔVO2/ΔWR was calculated by least-squares 
linear regression from the data recorded from 30 seconds 
after the start of incremental exercise to 30 seconds 
before the end of exercise (4). The RC point was defined 
as the point at which the ratio of VE to VCO2 started to 
increase after a period of decrease or stasis (5). The VE-
VCO2 slope during incremental exercise was calculated 
from the start of incremental exercise to the RC point by 
least-squares linear regression, as previously described 
(4,5). When no RC point could be identified, the VE-
VCO2 slope was calculated from the data recorded 
between the start of incremental exercise to the end of 
the exercise (10). The left ventricular ejection fraction 
(LVEF) was measured by echocardiography in 139 
patients (108 of whom exhibited an RC point and 31 of 
whom did not), and brain natriuretic peptide (BNP) was 
measured in 105 patients (78 of whom exhibited an RC 
point and 27 of whom did not).

2.3. Statistical analysis

Data are presented as the mean ± standard deviation 
(SD). Student's t tests were used to assess differences of 
continuous variables between groups. χ2 tests were used 
to assess differences between categorical variables. 
Variables were tested for their power to predict the 
appearance of an RC point in univariable binary logistic 
regression analyses. Variables with a value of p < 0.05 
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etiology between the two groups, and the only difference 
in the medications received was the prescription of 
diuretics. The cardiopulmonary indices of the study 
subjects are shown in Table 2. Compared to the non-RC 
patients, the RC patients had a higher peak VO2 (20.2 ± 
5.3 vs 13.6 ± 3.4 mL/min/kg, p < 0.001), higher %peak 
VO2 (81.9 ± 19.8 vs 58.1 ± 14.8 %, p < 0.001), higher 
AT (12.4 ± 3.2 vs 9.2 ± 2.3 mL/min/kg, p < 0.001), and 
lower VE-VCO2 slope (31.7 ± 5.8 vs 37.8 ± 9.6, p = 
0.001). The heart rate and blood pressure at peak exercise 
were also higher in the RC patients, while the BNP in the 
RC patients tended to be lower (175.4 ± 364.7 vs 327.9 ± 
381.1 pg/mL, p = 0.067). 
 The variables were tested for their power to predict 

were then considered for inclusion in the multivariable 
models to determine independent predictors. All 
analyses were performed using SPSS version 22.0 
software (SPSS Inc., Chicago, Illinois). A 2-sided value 
of p < 0.05 was considered statistically significant for 
all comparisons.

3. Results

The clinical characteristics of the study subjects are 
shown in Table 1. Compared to the patients who 
exhibited the RC point (RC group), those not exhibiting 
the RC point (non-RC group) were older and had lower 
body weight. There was no significant difference in 

Table 1. Clinical Characteristics of RC non-RC Patients

Characteristics

Age (years)
Male/female
Height (cm)
Body weight (kg)
Body Mass Index 
Etiology
     Valvular disease
     Coronary artery disease
     Arrhythmia
     Dilated cardiomyopathy
     Hypertrophic cardiomyopathy
     Other cardiovascular disease
Medication
     Nitrates
     Calcium-channel blockers
     Diuretics
     Digitalis
     β-Blockers
     ACEI/ ARB

RC Patients  (n = 118)

    63.3 ± 12.6
99/28

166.9 ± 9.3
    66.9 ± 13.9
  23.5 ± 3.5

42 (36)
41 (35)
13 (11)
10 (8)
  4 (3)
  8 (7)

14 (12)
36 (31)
34 (29)
 5 (4)

58 (49)
23 (20)

Non-RC Patients  (n = 34)

   69.8 ± 11.7
25/9

162.1 ± 7.6
    58.7 ± 10.8
    22.2 ± 3.08

16 (47)
12 (35)
1 (3)
2 (6)
1 (3)
2 (6)

8 (24)
12 (35)
20 (59)
1 (3)

22 (65)
10 (29)

Data are presented as mean ± SD. NS, not significant. ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker.

p value

0.008
NS

0.007
0.002
0.017

NS
NS
NS
NS
NS
NS

NS
NS

0.002
NS
NS
NS

Table 2. Cardiopulmonary Parameters

Characteristics

BNP (pg/mL)
LVEF (%)
At rest
     Heart rate (beats/min)
     Systolic blood pressure (mmHg)
     Diastolic blood pressure (mmHg)
     R
At peak exercise
     Heart rate (beats/min)
     Systolic blood pressure (mmHg)
     Diastolic blood pressure (mmHg)
     R
Peak VO2 (mL/min/kg)
Peak VO2 (%)
AT VO2 (mL/min/kg)
AT VO2 (%)
VE-VCO2 slope
ΔVO2/ΔWR (mL/min/W)

RC Patients  (n = 118)

   175.4 ± 364.7
   58.0 ± 15.9 

 
   74.5 ± 13.0
 119.3 ± 16.8
   72.1 ± 12.2
   0.90 ± 0.08

    145 ± 29 .3
   186 ± 33.6
     84 ± 16.2
  1.15 ± 0.03
20.2 ± 5.3

  81.9 ± 19.8
12.4 ± 3.2

  74.5 ± 18.5
31.7 ± 5.8

  9.51 ± 1.58

Non-RC Patients  (n = 34)

    327.9 ± 381.1
    55.6 ± 19.9 

    74.9 ± 12.5
117.4 ± 22

    68.1 ± 10.4
    0.91 ± 0.06

     116 ± 20.3
     161 ± 38.9
       76 ± 13.5
    1.14 ± 0.03
  13.6 ± 3.4

    58.1 ± 14.8
    9.2 ± 2.3

    55.5 ± 14.5
  37.8 ± 9.6

    7.22 ± 1.56

Data are presented as mean ± SD. NS, not significant. BNP, brain-type natriuretic peptide; LVEF, left ventricular ejection fraction; R, gas 
exchange ratio; VO2, O2 uptake; AT, anaerobic threshold; VCO2, CO2 output; VE/VO2, ventilatory equivalent for O2; ΔVO2/ΔWR, ratio of the 
increase in VO2 to the increase in the work rate.

p value

   0.067
NS

NS
NS
NS
NS

< 0.001
< 0.001
   0.011

NS
< 0.001
< 0.001
< 0.001
< 0.001
   0.001
< 0.001
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the appearance of the RC point. The univariable binary 
logistic regression analysis identified the variables 
of age, height, body weight, %peak VO2, VE-VCO2 
slope, and heart rate and systolic blood pressure at peak 
exercise as significant prognostic indexes of the RC point 
(Table 3). In contrast, the multivariate logistic regression 
analysis identified the %peak VO2 as a sole independent 
predictor of the RC point among the cardiopulmonary 
indices entered into the analysis.

4. Discussion

4.1. CPX and cardiopulmonary function

Parameters obtained from CPX reflect the severity of 
heart disease and the activities of daily living in cardiac 
patients (1). In 1991, Mancini et al. proposed that cardiac 
transplantation could be safely deferred in ambulatory 
patients with severe left ventricular dysfunction when 
the peak VO2 was greater than 14 mL/min/kg (3). 
Since then, peak VO2 has been considered a key index 
to list for cardiac transplantation. Other investigators 
have reported adequate evidence in support of peak 
VO2 measurement for predicting prognosis (1,4). 
Since peak VO2 is affected by age, sex, muscle mass 
and conditioning status, %peak VO2 is suggested the 
superiority and widely used (1,10). The VE-VCO2 slope, 
is the most widely used index of ventilatory efficiency 
(1,4). It ranges from approximately 24 to 34 in normal 
subjects and a steeper VE-VCO2 slope is considered 
an indication of worse cardiopulmonary function and 
higher mortality (1,11). In the present study we found 
that the non-RC patients had a lower peak VO2 (%) and 
higher VE-VCO2 slope than the RC patients, a finding 
indicative of worse cardiopulmonary function and lower 
respiratory efficiency during exercise in the former. 

4.2. VE-VCO2 slope and respiratory compensation

Generally, as the work rate increases in a progressive 
exercise test, VO2, VCO2, and VE increase linearly 
with the work rate until exercise lactic acidosis 
develops, that is, until the AT point is reached (5). 
Above the AT point, VCO2 increases more rapidly 

than VO2 because CO2 generated by the bicarbonate 
buffering of lactic acid is added to the VCO2 produced 
by the aerobic metabolism (5). When the work rate 
is increased further, the carotid bodies respond to the 
decreasing pH and ventilatory stimulation is intensified 
(12). This respiratory compensation results in a greater 
VE amount per VCO2, which manifests as a steepening 
of the VE/VCO2 slope and a decrease in PETCO2. The 
point above which respiratory compensation occurs is 
referred to as the RC point (Figure 1) (5,8). 
 Studies of the mechanisms responsible for 
elevated VE-VCO2 slope in chronic heart failure 
suggest that is it multifactorial (13). This steeper VE/
VCO2 slope is associated with increased ventilation-
perfusion mismatching (adequate ventilation and 
poor perfusion) (1), reduced cardiac output during 
exercise (14), increased pulmonary artery and capillary 
wedge pressures, increased dead space/tidal volume 
ratio (14,15) and, more recently, an augmented 
chemoreceptor sensitivity (16). 

4.3. The carotid body chemoreflexes and ventilatory 
response

The chemoreflexes are the main mechanisms of control 
and regulation of the ventilatory responses to the 
changes in arterial oxygen and CO2 concentrations (17). 
The peripheral chemoreceptors located in the carotid 
body and aortic body, respond primarily to hypoxia 
via afferents to the respiratory center in the medulla 
oblongata and the nucleus of the solitary tract (17-
19). In humans, carotid body chemosensitivity plays a 
dominant role in constraining variations of arterial pH 
in response to the acute metabolic acidosis induced by 
heavy exercise (19). Previous studies on chronic heart 
failure patients have demonstrated that the exaggerated 
response from peripheral chemoreceptors leads to 
a rapid ventilator augmentation, albeit with lower 
ventilatory efficiency, during exercise (18-20). 
 In our study, the non-RC patients showed a steeper 
VE/VCO2 slope after the onset of exercise, a finding 
indicative of earlier and higher ventilatory response 
activity. Agree with Nariko Takano (21), we suppose 
that this hyperventilate in non-RC patients may 

Table 3. Independent correlates of the RC point by logistic regression analysis

Variables

Age
Height
Body weight
Peak VO2 (%)
VE-VCO2 slope
HR at peak exercise
SBP at peak exercise

OR

0.949
1.060
1.053
1.072
0.886
1.047
1.022

95% CI, Lower

0.912
1.015
1.018
1.043
0.832
1.026
1.009

CI, confidence interval; OR, odds ratio. HR, heart rate; SBP, systolic blood pressure.

95% CI, Upper

0.988
1.107
1.089
1.101
0.943
1.068
1.035

p value

0.010 
0.009 
0.003 

< 0.001 
< 0.001 
< 0.001 

0.001 

OR

1.01
0.959
1.07
1.328
0.99
1.023
0.995

95% CI, Lower

0.959
0.883
1.005
1.124
0.910
0.998
0.980

95% CI, Upper

1.064
1.041
1.139
1.570
1.077
1.048
1.011

p value

0.708 
0.319 
0.035 
0.001 
0.817 
0.069 
0.559 

    Univariable logistic regression                                            Multivariable logistic regression
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attributed to the hypersensitivity of carotid body. The 
previous research by Nariko Takano suggest that the 
individuality of RC point depends partly on the rate of 
lactic acid increase and chemosensitivity of the carotid 
bodies during incremental exercise (21). The latter, 
in turn, may be related to sympathetic overactivity 
or altered central command (22,23). Animal model 
studies of chronic heart failure indicated that the carotid 
body chemoreceptors became hyperactive, resulting 
in an activation of the pre-sympathetic neurons in the 
brainstem and increases in efferent sympathetic outflow 
to the kidneys and heart (24,25). 
 Patients with worse cardiopulmonary function 
might tend to hyperventilate earlier before AT due 
to the hypersensitivity of carotid body and the lower 
ventilatory efficiency. Thus, in non-RC patients, their 
ventilatory response may not be further strengthened by 
carotid body during hypercapnia after AT, which might 
prevent them from presenting an identifiable RC point, 
i.e., hyperventilation above the RC point. 
 There are several limitations to our study. According 
to the definition of the RC point, the appearance of the 
point first depends on the patient' physical effort during 
cardiopulmonary exercise testing. If the exercise is 
terminated at submaximal level, the RC point may not 
be reached. Thus, we selected patients with R at peak 
exercise in a relatively narrow range (between 1.10 to 
1.20). The frequency of the appearance of respiratory 

compensation must depend on the level of R achieved 
at peak exercise. In addition, the patients' long-term 
outcomes were not available for follow-up. Although 
our results implied the guiding significance that the 
absent of RC point indicates a worse cardiopulmonary 
function, we cannot confirm the significance of RC point 
in predicting mortality in cardiac patients. A further study 
will be worth of expecting. 
 In summary, the present findings suggest that the 
phenomenon of respiratory compensation during heavy 
exercise indicates better cardiopulmonary function in 
cardiac patients.
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1. Introduction

Infantile hemangiomas ("strawberry marks") are a 
vascular tumor caused by endothelial cell proliferation, 
typically appear on head or face around the second week 
of life (1). The lesions grow till one year (proliferating 
phase), and slowly regress over several years (involuting 
phase) (2). Solitary and small lesions without cosmetic 
or functional problem can be managed according to 
'wait and see policy' without treatment because of the 

spontaneous regression. On the other hand, a part of 
hemangiomas grows rapidly to a significant size, which 
can be problematic and even destroy normal tissue (3). 
Such lesions cause complication (e.g. skin ulcer, a visual 
impairment, airway obstruction, and heart failure), or 
threaten life. Furthermore, larger lesions may result in 
the persistent scar formation, telangiectasia, fibrofatty 
tissue, or skin slackening (4). 
 As one of the clinical issues of this skin tumor, 
the most proliferation occurs around the first two 
months of life, and the majority of hemangioma growth 
is completed by five months of age (5). However, 
because the first visit to the general dermatologist 
may be around one month after birth, and it is very 
difficult to predict the tumor growth at that time and 
decide necessity of treatments. We often experience 
that a small lesion at the first visit become large and 
problematic at the next visit. Therefore the identification 
of the biomarker that can indicate a tendency to grow 

Summary Infantile hemangioma sometimes grows rapidly to a significant size around the first 2 months 
of life, which can be problematic and even destroy normal tissue. However, it is very difficult 
to predict the tumor growth at the first visit and to decide necessity of treatment. Therefore 
the identification of the biomarkers that can indicate a tendency to grow is clinically very 
important. In the present study, we evaluated the possibility that serum cytokine levels are 
available as the marker of hemangioma growth. Progressive hemangioma was defined as a 
lesion showing increased tumor size and/or coloration two weeks before and after the serum 
sampling, and we used membrane array to compare the twenty cytokine profiles between 
the sera of 3 progressive hemangioma patients and sex-/age-matched non-progressive 
hemangioma patients. As a result, many of the 20 cytokines were detected in the patients' 
sera. When a 2-fold difference in the mean levels of each group was considered meaningful, 
6 of the 20 cytokines (IGF-1, IL-6, IL-8, PIGF, RANTES, TGF-β1) were down-regulated in 
the progressive hemangioma group compared to the non- progressive hemangioma group, 
and there were statistically significant difference (p < 0.05): especially, IGF-1, IL-6, IL-8, 
PIGF, and TGF-β1 did not expressed in all 3 progressive hemangioma patients. Accordingly, 
complicated cytokine network by these multiple cytokines may control the pathogenesis, 
and these cytokine levels may become clinically useful tumor markers. Furthermore, 
immunotherapy against them will be novel therapeutic approach.
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is clinically very important. In the present study, we 
evaluated the possibility that serum cytokine levels are 
available as the marker of hemangioma growth using 
sera of patients with progressive lesions.

2. Materials and Methods

2.1. Clinical assessment and patient material

Serum samples were obtained from 3 progressive 
infantile hemangioma patients.  Control serum 
samples were obtained from 3 non-progressive 
infantile hemangioma patients (Table 1). Progressive 
hemangiomas are defined as lesions showing increased 
tumor size and/or coloration two weeks before and after 
the serum sampling. Institutional review board approval 
and written informed consent were obtained before 
patients were entered into this study according to the 
Declaration of Helsinki. The informed consent from 
the guardian of the children to use the photographs for 
publication was also obtained.

2.2. Measurement of serum cytokine levels

Serum levels of 20 cytokines (Angiogenin, EGF, ENA-
78, bFGF, GRO, IFN-γ, IGF-1, IL-6, IL-8, LEPTIN, 
MCP-1, PDGF-BB, PIGF, RANTES, TGF-β1, TIMP-
1, TIMP-2, Thrombopoietin, VEGF, VEGF-D) were 
measured with Human Angiogenesis Antibody Array-
Membrane (Abcam, Cambridge, UK). Monoclonal 
antibody for each cytokine was precoated onto 
microtiter wells. Aliquots of serum were added to 
each well, and then incubated with cocktail of biotin-
conjugated antibodies to each cytokine, after that 
incubated with labeled streptavidin.

2.3. Statistical analysis

Statistical analysis was carried out with Mann-
Whitney's U test for the comparison of medians. P 
values less than 0.05 were considered significant.

3. Results and Discussion

In  th is  s tudy,  three  infants  wi th  progress ive 
hemangioma and sex-/age-matched three non-
progressive hemangioma were included: Progressive 

hemangiomas showed increased tumor size and color 
during two weeks before and after the serum sampling 
(Figure 1). Progressive hemangiomas were found in 
one-month girl on her cheek (superficial type), three-
months girl on her eyelid (mixed type), and two-months 
girl on her forearm (superficial type). On the other 
hand, non-progressive hemangiomas were in one-month 
girl on her cheek (superficial type), three-months girl 
on her eyelid (deep type), and three-months girl on her 
eyelid (superficial type). The clinical characteristics of 
all patients were summarized in Table 1.
 Cytokine expression profiles in sera of infantile 
hemangioma infants were analyzed using commercially 
available membrane array kits (Figure 2). Many of the 
20 cytokines were detected in the patients' sera. Signal 
densities for each antigen-specific antibody spot were 
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Figure 1. Clinical pictures of infantile hemangioma patients 
in this study. (upper left) case 1 with progressive hemangioma 
at 1 month after birth; (upper right) case 1 with progressive 
hemangioma at 2 month after birth; (lower left) case 4 with 
non-progressive hemangioma at 1 month after birth; (lower 
right) case 4 with non-progressive hemangioma at 2 month 
after birth.

Table1. Clinical features of infantile hemangioma cases in this study

cases

1
2
3
4
5
6

age

1 month
3 month
2 month
1 month
3 month
3 month

sex

F
F
F
F
F
F

site

cheek
eyelid
forearm
cheek
eyelid
eyelid

type

superficial
mixed
superficial
superficial
deep
superficial

feature

progressive
progressive
progressive
non-progressive
non-progressive
non-progressive
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determine multiple serum cytokines at the same time 
using array experiment. Furthermore, we defined 
progressive hemangioma as lesions showing increased 
tumor size and coloration two weeks before and after 
the serum sampling, and compared the cytokine profiles 
between progressive hemangioma and non-progressive 
hemangioma at the similar age to really identify 
clinically useful tumor marker. 
 As a result, we demonstrated that IGF-1, IL-6, IL-8, 
PIGF, RANTES, and TGF-β1 levels were significantly 
decreased in patient with progressive lesions: 
especially, IGF-1, IL-6, IL-8, PIGF, TGF-β1 did not 
expressed in all 3 progressive hemangioma patients. 
So far, there has been no report describing involvement 
of IGF-1, IL-8, or RANTES in the pathogenesis of 
hemangioma. However, IGF-1 is reported to promote 
migration and tube formation of endothelial cells 
(12). IL-8 directly enhanced endothelial cell survival, 
proliferation, and regulated angiogenesis (13). 
RANTES is thought to have pro-angiogenic effect 
(14). Thus, these cytokines may positively affect tumor 
growth. On the other hand, IL-6 suppresses endothelial 
proliferation (15), whereas the expression of IL-6 
is increased in tissues of proliferative hemangioma 
in comparison with involuting hemangioma (16). In 
addition, the activation of VEGF receptor 1 by PIGF 
promotes signal transduction of VEGF receptor 2 by 
VEGF and cooperatively stimulates angiogenesis. The 

obtained using 2-D densitometry, and quantitated. 
When a 2-fold difference in the mean levels of each 
group was considered meaningful, 6 of the 20 cytokines 
(IGF-1, IL-6, IL-8, PIGF, RANTES, TGF-β1) were 
down-regulated in the progressive hemangioma group 
compared to the non- progressive hemangioma group, 
and there were statistically significant difference (p < 
0.05, Figure 3): notably, levels of five cytokines except 
for RANTAS were not detected in all of progressive 
hemangioma group.
 
Various cytokine may participate in the pathogenesis 
of the infantile hemangioma. As an example, the 
involvement of VEGF, angiopoietin (6), TGF-β (7), 
TNF-α, and IL-1 (8) have already been reported. 
Furthermore, clinical significance of serum cytokine 
levels has also been evaluated in this disease. Serum 
levels of VEGF were elevated in infantile hemangioma 
at the proliferative or involuting phase. Serum MCP-
1 and MIP-1β can be the marker of regression (9). 
bFGF levels were not available for the prediction 
of the clinical course (10). Furthermore, Jiang et al. 
reported that angiogenin levels are increased in the 
sera of proliferative hemangioma (11), and suggested 
as the biomarker. The authors defined proliferative 
hemangioma or involuting hemangioma as 1-6 month 
age or 13-36 month age after birth, respectively, and did 
not describe the tendency of tumor growth. However, 
the duration of proliferation phase varies by individual 
patient. 
 Accordingly, the serum levels of single cytokine 
may not be useful to predict tumor growth, but the 
profile of multiple cytokines can be more sensitive 
tumor marker. In the present study, we tried to 

Figure 2. Results of human angiogenesis antibody array. 
(upper panel) array maps used in this study; (lower panel) 
representative membrane in each group.

Figure 3. The cytokine expression levels measured by the 
array. The relative expression levels of six cytokines measured 
by the array using sera of progressive or non-progressive 
hemangioma patients are shown on the ordinate. Bars show 
means. *p < 0.05.
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mRNA levels of PlGF tended to be lower in infantile 
hemangioma when compared to other vascular lesions 
(17). TGF-β1 expresses in infantile parotid hemangioma 
(7), although the role are still unknown. The response of 
endothelial cells to TGF-β1 is dependent upon cell types 
or proliferative state (18). Accordingly, complicated 
cytokine network by these multiple cytokines may 
control the pathogenesis. Unexpectedly, cytokines that 
positively control endothelial proliferation (IGF-1, IL-
8, RANTES) is decreased in serum of the hemangioma 
of the proliferative phase. Although its mechanism 
cannot be explained by our result, for example, we 
speculated that negative feedback mechanism against 
their increased expression in tumor tissue may cause 
the down-regulation of serum levels. 
 Because this is a pilot study using small number of 
patient samples, larger study with increased number 
of cases will be necessary in future. Furthermore, 
immunotherapy against these cytokines may become 
novel therapeutic approach.

References

1. Mulliken JB. A biologic approach to cutaneous vascular 
anomalies. Pediatr Dermatol. 1992; 9:356-357.

2. Boye E, Yu Y, Paranya G, Mulliken JB, Olsen BR, 
Bischoff J. Clonality and altered behavior of endothelial 
cells from hemangiomas. J Clin Invest. 2001; 107:745-
752.

3. North PE, Waner M, Buckmiller L, James CA, Mihm 
MC Jr. Vascular tumors of infancy and childhood: 
beyond capillary hemangioma. Cardiovasc Pathol. 2006; 
15:303-317.

4. Jinnin M, Ishihara T, Boye E, Olsen BR. Recent progress 
in studies of infantile hemangioma. J Dermatol. 2010; 
37:283-298.

5. Hogeling M, Adams S, Wargon O. A randomized 
controlled trial of propranolol for infantile hemangiomas. 
Pediatrics. 2011; 128:e259-266.

6. Yu Y, Varughese J, Brown LF, Mulliken JB, Bischoff 
J. Increased Tie2 expression, enhanced response 
to angiopoietin-1, and dysregulated angiopoietin-2 
expression in hemangioma-derived endothelial cells. Am 
Am J Pathol. 2001; 159:2271-2280.

7. Meng X, Deng CS, Wang QX, Wang TX, Liu WX. 
Expression and significance of pericytes and TGF-β in 
infantile parotid hemangioma. Shanghai Kou Qiang Yi 
Xue. 2012; 21:687-690. (in Chinese)

8. Wu KQ, Muratore CS, So EY, Sun C, Dubielecka PM, 
Reginato AM, Liang OD. M1 Macrophage-Induced 
Endothelial-to-Mesenchymal Transition Promotes 
Infantile Hemangioma Regression. Am J Pathol. 2017; 
187:2102-2111.

9. D'Arcangelo D, Nicodemi EM, Rossi S, Giampietri 
C, Facchiano F, Facchiano A. Identification of serum 
regression signs in infantile hemangioma. PLoS One. 
2014; 9:e88545.

10. Przewratil P, Sitkiewicz A, Andrzejewska E. Serum 
levels of basic fibroblastic growth factor (bFGF) in 
children with vascular anomalies: Another insight into 
endothelial growth. Clin Biochem. 2010; 43:863-867.

11. Jiang C, Lin X, Hu X, Chen H, Jin Y, Ma G, Chen D, 
Chen X, Gu W. Angiogenin: A potential serum marker 
of infantile hemangioma revealed by cDNA microarray 
analysis. Plast Reconstr Surg. 2014; 134:231e-239e.

12. Bach LA. Endothelial cells and the IGF system. J Mol 
Endocrinol. 2015; 54:R1-13.

13. Li A, Dubey S, Varney ML, Dave BJ, Singh RK. IL-8 
directly enhanced endothelial cell survival, proliferation, 
and matrix metalloproteinases production and regulated 
angiogenesis. J Immunol. 2003; 170:3369-3376.

14. Suffee N, Le Visage C, Hlawaty H, Aid-Launais R, 
Vanneaux V, Larghero J, Haddad O, Oudar O, Charnaux 
N, Sutton A. Pro-angiogenic effect of RANTES-loaded 
polysaccharide-based microparticles for a mouse 
ischemia therapy. Sci Rep. 2017; 7:13294.

15. May LT, Torcia G, Cozzolino F, Ray A, Tatter SB, 
Santhanam U, Sehgal PB, Stern D. Interleukin-6 gene 
expression in human endothelial cells: RNA start sites, 
multiple IL-6 proteins and inhibition of proliferation. 
Biochem Biophys Res Commun. 1989; 159:991-998.

16. Greenberger S, Adini I, Boscolo E, Mulliken JB, Bischoff 
J. Targeting NF-κB in infantile hemangioma-derived stem 
cells reduces VEGF-A expression. Angiogenesis. 2010; 
13:327-335.

17. Partanen TA, Vuola P, Jauhiainen S, Lohi J, Salminen 
P, Pitkäranta A, Häkkinen SK, Honkonen K, Alitalo K, 
Ylä-Herttuala S. Neuropilin-2 and vascular endothelial 
growth factor receptor-3 are up-regulated in human 
vascular malformations. Angiogenesis. 2013; 16:137-
146.

18. Sutton AB, Canfield AE, Schor SL, Grant ME, Schor 
AM. 1991. The response of endothelial cells to TGF 
beta-1 is dependent upon cell shape, proliferative state 
and the nature of the substratum. J Cell Sci. 1991; 99 ( Pt 
4):777-787.

 (Received May 27, 2018; Revised August 13, 2018; 
Accepted August 17, 2018)



www.biosciencetrends.com

BioScience Trends. 2018; 12(4):442-444. 442

Clinicopathologic characteristics of patients with tuberculosis 
and schizophrenia

Chao Han1, Maoshui Wang2,3,*, Yu He4,*

1 Department of Geriatrics, Shandong Mental Health Center, Ji'nan, China;
2 Department of Lab Medicine, Shandong Provincial Chest Hospital, Ji'nan, China;
3 Department of Pediatrics, Qilu Hospital, Shandong University, Ji'nan, China;
4 Department of Clinical Laboratory, First Affiliated Hospital of Guangxi Medical University, Nanning, China.

Currently, tuberculosis (TB) remains one of the world's 
biggest threats. According to a 2017 report by the 
World Health Organization (WHO) (1), 10.4 million 
people are estimated to have contracted TB in 2016. A 
significant unrecognized challenge in TB care is a co-
morbid mental illness, such as schizophrenia, and there 
are several common risk factors for mental illness and 
TB (2).
 Currently, the standard short-course chemotherapy 
for TB involves a 6-month regimen. Alternative 

chemotherapy, which generally lasts longer than 18 
months, is required for multidrug-resistant (MDR) 
and extensively drug-resistant TB (3,4). One major 
difficulty that treatment of TB shares with treatment 
of a mental illness is the issue of non-compliance, and 
especially for schizophrenics. Moreover, treatment 
for TB is hampered by drug interaction between 
antipsychotic medication and two first-line drugs 
(isoniazid or rifampicin) (5,6).
 Improved diagnosis, treatment, and prevention of 
TB in patients with a mental illness will not only lower 
treatment costs but also help to reduce global disease 
transmission. In order to ascertain the clinicopathologic 
characteristics of patients with TB and schizophrenia, 
a retrospective study was conducted at Shandong 
Provincial Chest Hospital in China between October 
2006 and December 2015. This study was approved by 
the ethics committee of this Hospital. 
 Subjects  were  pat ients  d iagnosed wi th:  i ) 
schizophrenia according to the Diagnostic and Statistical 
Manual of Mental Disorders, Fourth Ed., Text Revision 
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positive at a rate of 35.4%, and a real-time polymerase chain reaction was positive for TB at a 
rate of 35%. Of the 54 patients, i) 44 (81.5%) had symptoms for at least 2 weeks; ii) 10 (18.5%) 
were transferred from a local psychiatric hospital, and 23 (42.6%) were transferred at least 
twice before arriving at this Hospital. Unfortunately, the outcome was not successful in these 
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(DSM-IV-TR) or the International Classification of 
Diseases, 10th Revision; and ii) TB according to WHO 
criteria (7), including evaluation with chest X-rays, 
symptoms, microscopy, mycobacterial cultures, and a 
real-time polymerase chain reaction (PCR). Subjects 
were 54 consecutive patients (27 males, 27 females) 
with a mean age of 59.3 years (range, 17-90).
 Data on demographic characteristics, underlying 
diseases, clinical features, and outcomes were collected 
from medical records. Due to the descriptive nature of 
this study, a simple description (proportion as well as 
mean and standard deviation) was determined for each 
outcome.
 Table 1 shows the clinicopathologic characteristics 
of patients with TB and schizophrenia. Upon admission 
to this Hospital, 44 patients (81.5%) had symptoms 
for at least 2 weeks. The mean time before admission 
was 411 ± 1,154 days (range: 1 day to 20 years). 
Ten patients (18.5%) were transferred from a local 
psychiatric hospital, and 41 (75.9%) were transferred 
from a general hospital. A point worth noting is that 23 
patients (42.6%) were transferred at least twice before 
arriving at this Hospital.
 Acid-fast bacilli were detected at a rate of 26.9%, a 
mycobacterial culture was positive at a rate of 35.4%, 
and TB-PCR was positive at a rate of 35.0%. 
 Eleven patients with TB (20.4%) had diabetes 
mellitus. Of the 54 total patients, i) 11 (20.4%) 
had isolated extrapulmonary TB, including 6 with 
pleural TB; and ii) 43 (79.6%) had with pulmonary 
TB, 14 (32.6%) of whom had both pulmonary and 
extrapulmonary TB. 
 Outcomes for the 54 patients included relief 
of symptoms in 43 (79.6%), death in 2 (3.7%), 
abandonment of treatment in 2 (3.7%), and interruption 
of care in 7 (13.0%) because their schizophrenia 
worsened. Unfortunately, 18 patients (33.3%) had to be 
retreated.
 This study yielded several important findings. First, 
there were delays in the diagnosis and treatment of TB 
in patients with schizophrenia. The healthcare facilities 
visited by patients may have contributed to the delay. 
About 20% of patients presented with symptoms (for 
longer than 2 weeks) at a psychiatric hospital, and close 
to 50% of patients were transferred at least twice before 
arriving at this Hospital. A point worth noting is that 
about 20% of patients had diabetes mellitus. In a recent 
study, diabetes mellitus was considered to be associated 
with a delay in the diagnosis of TB (8). 
 Second, 20% of patients were transferred from a 
psychiatric hospital. Close contact with such patients 
increases the risk of infection, especially in the event 
of cohabitation (9). Therefore, TB needs to be screened 
for and treated in a timely manner.
 Third, 7 patients (13.0%) has their care interrupted 
because their schizophrenia worsened. This number was 
significantly higher than that at the local level (about 

1%, data not shown). Therefore, psychiatrists need to be 
involved in care for TB and schizophrenia (2). Moreover, 
the current study indicated that patients with TB and 
schizophrenia have a high rate of retreatment. The overall 
rate of retreatment for patients with TB admitted to this 
Hospital was 8% (data not shown). Treatment adherence 
is a key factor for a positive outcome. Poor adherence is 
the biggest risk factor for relapse among schizophrenics 
and is mainly due to patients' negative attitudes towards 
their medication (10). 
 In conclusion, the current study found that treatment 
of TB in patients with schizophrenia poses several 
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Table 1. Clinicopathologic characteristics of patients with 
TB and schizophrenia

Characteristics

Number 
Sex (male)
Age (years)
HIV status (negative)
Symptoms (longer than 2 weeks)
Family contact of TB
History of smoking
Smoking habit (pack-years)
Time (in days) before admission
Transfer
      From a local psychiatric hospital
      From a general hospital
      Transferred (≥ twice)
TB assays
      PPD (positive)
      T-SPOT.TB (positive)
      AFB
      Mycobacterial culture
      TB-PCR
 Complete blood count
      White blood cell (109/L)
      Neutrophil (109/L)
      Lymphocyte (109/L)
      Monocyte (109/L)
      Eosinophil (109/L)
      Basophil (109/L)
ESR (mm/h)
EPTB
PTB
PTB +EPTB
      Pleural
      Lymph nodes 
Symptoms of PTB
      Fever
      Cough
      Dyspnea
      Abnormal imaging
      Cavitary lesions
      Calcification
Outcome
      Relief of symptoms
      Abandonment of treatment
      Interruption of care
      Retreatment
      Death

%

50.0

100.0
81.5
14.8
22.2

18.5
75.9
42.6

50.0
69.2
26.9
35.4
35.0

20.4
53.7
25.9
64.3
35.7

53.5
76.7
39.5

29.5
9.1

79.6
3.7
13.0
33.3
3.7

No. of patients

54
27

59.3 ± 29.5
40/40

44
8
12

16.6 ± 7.7
411 ± 1154

10
41
23

5/10
9/13
14/52
17/48
14/40

7.90 ± 4.25
5.62 ± 3.93
1.37 ± 0.75
0.75 ± 0.44
0.10 ± 0.13
0.01 ± 0.01
38.2 ± 28.5

11/54
29/54
14/54
9/14
5/14

23/43
33/43
17/43

13/43
4/43

43
2
7
18
2

AFB, acid-fast bacilli; EPTB, extrapulmonary tuberculosis; ESR, 
erythrocyte sedimentation rate; HIV, human immunodeficiency virus; 
PCR, polymerase chain reaction; PPD, purified protein derivative; 
PTB, pulmonary tuberculosis; TB, tuberculosis.
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challenges. These include delays in diagnosis and 
treatment of TB, inefficient strategies for control of 
TB transmission in psychiatric hospitals, the need for 
a psychiatrist to be involved in care, and a high rate of 
retreatment.
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It has come to the authors’ attention that their article entitled "The protective effects of human 
umbilical cord mesenchymal stem cells on damaged ovarian function: A comparative study" 
(BioScience Trends. 2016; 10(4):265-276) included an error in Figure 4 (F, H). The corrected Figure 4 
is printed below. 

 

 
 
Figure 4. The effect of transplantation on follicle morphology and number in each group sequentially 
during various stages of development. (A-J) Representative histological images of the ovaries in each group of 
mice orderly (Con, Mod, v-p 2w, v-u 2w, MI-p 2w, MI-u 2w, v-p 1m, v-u 1m, MI-p 1m, MI-u 1m,). Once the 
model was created, the ovaries of the Mod group had fewer primordial and primary follicles compared to the NC 
group. However, the number of secondary follicles and atretic follicles in the Mod group increased significantly. 
Atretic follicles decreased and healthy antral follicles increased after treatment with hUCMSCs for 2 weeks or 1 
month. Bar = 200 μm; Pri: primordial follicles; Se: secondary follicles; An: antral follicles; Atr: atretic follicles; 
CL: corpus luteum. (K-Q) Numbers of each grade of follicles in all groups. (K) Primordial follicles. (L) Primary 
follicles (M) Secondary follicles (O) Antral follicles (P) Atretic follicles. (Q) The percentage of follicles in each 
group during various stages. The * symbol represents the Mod group versus the NC group or groups treated with 
hUCMSCs versus corresponding groups treated with PBS, *p < 0.05, **p < 0.01; The # symbol represents IV-u1m 
group versus IV-u2w group, #p < 0.05. 
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