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Direct-acting agents for hepatitis C virus before and after liver 
transplantation

Yasuhiko Sugawara*, Taizo Hibi

Departments of Transplantation/Pediatric Surgery and Gastroenterology and Hepatology, Postgraduate School of Life Science, 
Kumamoto University, Kumamoto, Japan.

1. Introduction

Chronic hepatitis C virus (HCV) infection is a serious 
public health concern worldwide and 130-150 million 
people are estimated to be infected with HCV (1). 
Chronic HCV infection remains the leading indication 
for liver transplantation. In the United States in 2011 (2), 
HCV-related cirrhosis was the most common indication 
for liver transplantation, accounting for approximately 
28% to 40% of all liver transplantations. 
 HCV recurrence after transplantation is inevitable if 
HCV is not eradicated before transplantation (3). HCV 
reinfection causes significant damage to the liver graft, 
however, resulting in poor patient survival (4). Patients 
transplanted for HCV-related cirrhosis have a worse 
5-year survival than those with other indications (5). One 
postoperative life -threatening condition is cholestatic 
hepatitis C, which occurs in approximately 5% of 
patients within the first year after transplantation (6).
 Direct-acting antiviral agents (DAAs) have changed 
the outlook for HCV-infected patients. HCV recurrence 
and poorer graft survival have led to the use of DAA 

agents in the liver transplantation setting (7). The 
present review discusses the clinical management of 
interferon-free regimens in patients with HCV in the 
liver transplantation setting. 

2. Pre-transplant use

Treatment with DAAs substantially improves liver 
function in some patients with decompensated cirrhosis. 
Therefore, some patients on the waiting list can be 
delisted and avoid or postpone transplantation.

2.1. Sofosbuvir-based therapy

Sofosbuvir and simeprevir was well-tolerated, resulting 
in a sustained viral response for 12 weeks (SVR12) 
of 74% and 100% in patients with genotype 1a and 
1b, respectively (8). In a multicenter study (9) with 
the same regimen in decompensated and compensated 
patients reported an SVR12 of 74% and 91%, 
respectively. 
 The SOLAR-I (10) and SOLAR II (11) studies 
disclosed that patients with advanced liver diseases and 
Child Pugh B or C cirrhosis who were waiting for liver 
transplantation treated with sofosbuvir, ledipasvir, and 
ribavirin had an SVR12 and SVR24 of 85-89% and 78-
96%, respectively. In the ALLY-1 phase 3 study (12), 
60 patients with cirrhosis and multiple genotypes (1, 2, 
3, 4, and 6) were treated and an SVR12 was achieved 
in 92% of patients with Child-Pugh class A cirrhosis, 
94% of patients with Child-Pugh class B, and 56% of 

Summary Chronic hepatitis C virus (HCV) infection remains a widespread public health concern 
and many people are infected with HCV. HCV is one of the leading indications for liver 
transplantation. Direct-acting antiviral agents (DAAs) against HCV have changed the 
course of chronic HCV infection, however, making it a curable disease. DAA treatment 
may be initiated before or after liver transplantation. In the present review, we present the 
available data on DAA treatment of HCV in liver transplant recipients.
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patients with Child-Pugh class C, respectively.
 A UK study (13) reported an SVR12 from 60% to 
92% in patients with decompensated cirrhosis with 
genotype 1 or 3 and a Child-Pugh score of more than 
7 after administration of sofosbuvir with ledipasvir 
or daclastavir with or without ribavirin therapy. In 
another study (14), liver transplant candidates with 
hepatitis C cirrhosis underwent interferon-free therapy 
(sofosbuvir + ribavirin, sofosbuvir + daclastavir ± 
ribavirin, sofosbuvir + simeprevir ± ribavirin) and 88% 
of the patients with decompensated cirrhosis achieved 
an SVR12. Administration of new combination of 
sofosbuvir and velpatasvir for 12 weeks provided 
decompensated cirrhotic patients an SVR of 88% 
(15). In the ASTRAL-4 study (16), patients with 
decompensated cirrhosis and HCV genotypes 1, 2, 3, 4, 
and 6 underwent combined sofosbuvir and daclatasvir 
administration with or without ribavirin for 12 weeks 
or without ribavirin for 24 weeks and the SVR12 was 
87%.
 Donato et al. (17) reported that of 31 patients treated 
with sofosbuvir (400 mg/day) and ribavirin (600-1200 
mg/day) for 24 to 48 weeks before liver transplantation, 
HCV was eradicated in 12 before liver transplantation.

2.2. Gazaprevir and elbasvir

The C-SALT study part A (18) revealed that gazaprevir 
and elbasvir in patients with Child Pugh class B 
decompensated cirrhosis yielded an SVR12 of 90%. 
There are no data on patients with Child Pugh class 
C decompensated cirrhosis. A European study (19)
reported that 143 Child Pugh class B patients and 
22 class C patients underwent sofosbuvir/daclastavir 
treatment with or without ribavirin for 24 weeks and 
achieved an SVR12 of 86% and 76%, respectively. 
 A recent study (20) analyzed the outcome of various 
DAAs for patients with HCV-related cirrhosis on the 
waiting list for transplantation. After treatment with 
DAAs for 6 months, HCV inactivation was achieved 
in 16% of the patients, but none of the patients were 
delisted. The model for end-stage liver disease scores 
improved by a median of 3.4 points and the Child-
Turcotte-Pugh (CTP) scores improved by 2 points. 
Another study showed that 36% of the patients had 
a biologic response with regression to CTP class A 
after a 12 -week follow-up. In a study of subjects 
with hepatocellular carcinoma and well-compensated 
cirrhosis treated with sofosbuvir and ribavirin, 30 
patients underwent transplantation and achieved an 
SVR12 (21). It is important to note, however, that no 
patients with decompensated cirrhosis were enrolled in 
that study.

2.3. HCC recurrence

A recent study (22) demonstrated higher rates of HCC 

recurrence following HCV eradication by DAA agents. 
More recent prospective data , however, showed that 
the risk of HCC recurrence was comparable to that of 
the previous therapy with interferon.

2.4. Benefit of pre-transplant use of DAA

The benefits of pre-transplant use of DAA, however, 
remain uncertain. In cases of diseased donor liver 
transplantation, the improved MELD score after DAA 
therapy may lead to a loss of priority or even eligibility 
for liver transplantation. The 2016 EASL guidelines 
for HCV treatment advised postponing DAA therapy 
for patients with MELD scores ≥ 18. The use of costly 
DAAs in patients with a risk of progressive liver 
disease may be problematic. Furthermore, in cases with 
HCC, the risk of HCC recurrence may be increased 
after DAA therapy (22,24). Further prospective studies 
are needed to address several difficult questions in the 
pre-liver transplant cohort.

3. Treatment after transplantation 

DAA is effective for the treatment of HCV in liver 
transplantation patients. Sofosbuvir and ribavirin were 
administered to 40 post-transplant patients for 24 weeks 
with recurrent HCV (all genotypes) and an SVR12 of 
70% was achieved (16).

3.1. Sofosbuvir and ledipasvir

In the ALLY-1 study (12), daclastavir, sofosbuvir, and 
ribavirin were administered to patients. Of the study 
participants, 55% had advanced fibrosis or cirrhosis. A 
total of 53 patients with genotype 1a (58%), 1b (19%), 
and 3 (21%) were treated with daclatasvir (60 mg/day), 
sofosbuvir (400 mg/day), and ribavirin and achieved an 
SVR12 of 94%. Similarly, Letvitsky et al. (25) reported 
that 37 patients treated with sofosbuvir and ledipasvir 
achieved an SVR of 97%. 
 The SOLAR studies (10,11) recruited post-
transplant patients with HCV infection (and also those 
with end-stage liver disease) having genotype 1 or 4. In 
the SOLAR 1 study (10), the cohort was post-transplant 
patients in the United States that were non-cirrhotic 
(n = 111) or cirrhotic having various extents of liver 
dysfunction (Child-Pugh class A, n = 51; Child Pugh 
class B, n = 52; and Child Pugh class C, n = 9). They 
received sofosbuvir and ledipasvir for 12 or 24 weeks 
and achieved an SVR12 of 96%, 98%, 86%, and 60%, 
respectively, after 12-week treatment, and of 96%, 98%, 
88%, and 75%, respectively, after 24-week treatment. 
 In the SOLAR 2 study conducted in Europe, 
Canada, and New Zealand (11), the subjects also 
comprised non-cirrhotic (n = 89) or cirrhotic patients 
with various  extents of liver dysfunction (Child Pugh 
class A, n = 58; Child Pugh class B, n = 40; and Child 
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was ombitasvir, paritaprevir-ritonavir, and dasabuvir 
with or without ribavirin. A total of 35 patients (91% 
genotype 1b, 77% at fibrosis stage ≥ F2) underwent the 
regimen and the SVR12 was 100%.

4. Daclastavir-based regimens

In a Spanish multicenter study (36), 331 post-transplant 
patients underwent anti-HCV treatment consisting of 
daclastavir-sofosbuvir with or without ribavirin and 
daclastavir-simeprevir with or without ribavirin. Of 
note, 49% of the patients had advanced fibrosis (F4). 
The intention -to-treat SVR was 93%. 

5. Fibrosing cholestatic hepatitis

Fibrosing cholestatic hepatitis (FCH) is a more severe 
form of HCC recurrence that occurs in less than 10% 
(6) of liver transplant recipients for HCV cirrhosis. 
FCH is characterized by a high viral load and divergent 
quasispecies (37). FCH results in progressive liver 
dysfunction and its prognosis is poor with more than 
90% mortality (38,39). FCH can also occur after 
liver transplantation for hepatitis B cirrhosis and 
cytomegalovirus infection. 
 In the interferon era, the treatment response was 
poor, resulting in graft and patient loss. DAA is useful 
for FCH (40,41). In one study (41), sofosbuvir and 
ribavirin were administered to 10 FCH patients for 24 
or 48 weeks and the SVR12 was 80%. Another study 
(42) showed that a 24-week treatment with simepredvir 
and sofosbuvir provided 80% SVR12. In the SOLAR 1 
study (10), six patients with FCH underwent 12-or 24-
week treatment with ledipasvir and sofosbuvir, which 
led to a significant decline in the total bilirubin level. A 
total of 23 patients with FCH received either sofosbuvir 
and daclatasvir (n = 15) or sofosbuvir and ribavirin (n 
= 8) for 24 weeks. At week 36, 22 patients (96%) had 
a complete clinical response (14). There was no death 
in the cohort. The CO23 ANRS CUPOT study (40) 
reported 23 patients with FCH treated with sofosbuvir-
based regimens (sofosbuvir + ribavirin, pegylated 
interferon + sofosbuvir ± ribavirin, sofosbuvir  + 
daclastavir ± ribavirin). Clinical improvement was 
achieved after 24 weeks of therapy without the need for 
re-transplantation. A recent multicenter study (43) also 
reported an SVR12 of 94% (n = 117) and 98% (n = 45) 
after ledipasvir and sofosbuvir treatments, respectively, 
with and without ribavirin regimens.

6. Timing of DAA use

The optimal time to initiate DAA treatment remains 
to be clarified. Patients should be treated before HCV 
recurrence. In the ALLY1 trial (12), subjects were 
4 months to 13 years post transplantation  and in 
the SOLAR trials (10,11), subjects were more than 

Pugh class C, n = 7, but those with a Child Pugh score 
greater than 13 were excluded from the study. All the 
patients received sofosbuvir, ledipasvir, and ribavirin. 
The SVR12 when treated for 12 weeks was 93%, 
100%, 95% and 50%, respectively, and the SVR12 
when treated for 24 weeks was 100%, 96%, 100%, and 
80%, respectively.
 A report was published on a Japanese multicenter 
experience. A total of 53 patients who underwent liver 
transplantation for HCV (genotype 1b) cirrhosis were 
the subjects of the study. The regimen was sofosbuvir 
and ledipasvir without ribavirin for 24 weeks and the 
SVR12 was 98%. Saab et al. (26) reported the UCLA 
experience. The SVR12 was 85% after treatment with 
sofosbuvir and ledipasvir with or without ribavirin for 
12 weeks, and 94% after treatment with sofosbuvir and 
ledipasvir without ribavirin for 12 weeks. Globke et al. 
(27) reported the Charite Campus Virchow experience 
in which the SVR12 was 100% in 51 patients.

3.2. Sofosbuvir and simeprevir

Sofosbuvir and simeprevir treatment has been evaluated 
in several studies, and demonstrates good tolerability 
and efficacy. The SVR12 in transplant patients was 
88% (28,29).
 In the HCV-TARGET study (30),  151 post-
transplant patients infected with HCV genotype 1 were 
enrolled and received sofosbuvir and simeprevir with (n 
= 32) and without (n = 119) ribavirin for 12 (n = 136) 
or 24 weeks (n = 15). The SVR 12 was 88%. A similar 
study (31) reported an SVR12 of 90% in 123 transplant 
patients treated with sofosbuvir and simeprevir. In a 
similar study (21), 28 patients received a combination 
of sofosbuvir and simeprevir for 12 weeks and the SVR 
was 93%. Due to DAAs, graft survival for patients with 
HCV will improve compared with those undergoing 
transplantation for other indications for which 
recurrence may not be easily controlled.
 The phase II SATURN study (32) demonstrated 
a 91% SVR12 in 35 post-transplant patients with 
HCV genotype 1. The regimen was a combination of 
simeprevir, daclastavir, and ribavirin. 

3.3. Ombitasvir, paritaprevir-ritonavir, dasabuvir

Some clinical trials have reported the effectiveness 
of combined treatment with ombitasvir, paritaprevir-
ritonavir, dasabuvir, and ribavirin. In the CORAL I 
study, 34 post-liver transplant patients underwent this 
combination therapy for 24 weeks. In patients with 
genotype 1a and 1b, the SVR12 was 97% and 100%, 
respectively. The livers of the patients exhibited normal 
to mild fibrosis, however, and no cirrhotic patients were 
included in the study. Another study (34) revealed a 
100% SVR12 in 9 post liver transplant patients on this 
regimen. In the AMBER-CEE study (35), the regimen 
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3 months post transplantation. Most centers initiate 
DAA therapy 6 months post transplantation (3). 
The feasibility of a preemptive approach should be 
evaluated.

7. Interactions between DAA and immunosuppressive 
drugs

Drug-to-drug interactions between most of recently 
devised new generation DAAs and immunosuppressive 
drugs is not a significant issue (44). The trough levels 
of immunosuppressive drugs, however, should be 
closely monitored. After a period of DAA use, the dose 
of tacrolimus should be increased to maintain a trough 
level because of improved function of the liver graft. 
 One exception is ritonavir in ombitasvir, paritaprevir-
ritonavir, dasabuvir, and ribavirin therapy. Due to the 
inhibitory effect of ritonavir on CYP3A-4 to metabolize 
cyclosporine or tacrolimus, the trough level of the drugs 
increase (tacrolimus, 57-86 fold, cyclosporine, 4.3-5.8 
fold) (45). Simeprevir is reported to increase the level of 
cyclosporine 6-fold (46). Grazoprevir and elbastavir have 
drug-to-drug interactions with tacrolimus, increasing the 
level to 143%, as well as with cyclosporine, increasing 
the level to 115% (7).

8. Future perspective

Due to the introduction of DAAs for HCV, the need 
for transplantation for chronic HCV will be reduced as 
a result of the improved liver function (47). A recent 
study showed that the proportion of HCV-infected 
patients on the waiting list for HCC and decompensated 
cirrhosis will decrease whereas the proportion of 
patients with non-alcoholic steatohepatitis on the 
waiting list will increase (48). Fibrosing cholestatic 
hepatitis as an indication for re-transplantation may be 
significantly reduced because of DAA treatment. It is 
unlikely that the total volume of deceased donor liver 
transplantation will decrease, however, because this is 
regulated by the number of the deceased donors (47).

9. Conclusions

The currently available DAAs achieve a satisfactory 
SVR12 in post-liver transplantation patients. Drugs 
with a maximum SVR12 and minimum interaction 
with immunosuppressive and adverse events would be 
ideal, and this goal is very nearly met by the current 
DAAs. Optimal timing of the DAA treatment is not yet 
established, but it may be appropriate to consider DAA 
treatment after the patients' condition and graft function 
become stable.
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Yin-yang regulating effects of cancer-associated genes, proteins, 
and cells: An ancient Chinese concept in vogue in modern cancer 
research

Shuyong Wei*

College of Animal Science, Southwest University, Chongqing, China.

1. Introduction

As molecular biology and technology develop, cancer 
research has increasingly focused on conditions at 
the microscopic level. Therefore, gathering detailed 
information to fully depict an organism remains a 
major challenge (1). The theory of yin-yang originated 
from ancient Chinese philosophy and was incorporated 
into traditional Chinese medicine after Huangdi's 
Internal Classic. Yin-yang is increasingly cited by 
modern researchers in an effort to expand beyond 
the microscopic focus of cancer research and to view 
biological phenomena from a macroscopic level. 
 The theory of yin-yang was introduced to Western 
medical journals more than 60 years ago (2). The 
relationship between disease and yin-yang was first 
described in 1971 (3), and the hypothesis of yin-yang 
regulation of cell function based on cyclic adenosine 
monophosphate (cAMP) and cyclic guanosine 
monophosphate (cGMP) was first reported in 1975 
(4). This ancient Chinese theory has been increasingly 

cited by recent authors and it has been adopted by 
researchers around the world (5-7). Various genes, 
proteins, and cells are reported to have yin-yang effects 
by promoting, inhibiting, and eradicating cancer. These 
studies provide a more comprehensive and systematic 
understanding of this complicated disease (Figure 1).

2. Yin-yang effect of cancer-associated genes and 
proteins

The yin-yang relationship between proliferation and 
differentiation of cells plays a pivotal role in the 
development of cancer. A yin-yang balance has been 
highlighted as a feature of cells (7,8), and some yin-
yang regulating genes and proteins associated with 
cancer have been found over the last 30 years. MAPK, 
p53, c-Myc, and CDK are particularly important, and 
Bcl-2/Bcl-X1, c-JUN, hepatocyte nuclear factor (HNF) 
4a, and miR-145 are also included in these pathways 
(Figure 2). 

2.1. MAPKs

The MAPK family includes p38, jun nuclear kinases 
(JNKs), and extracellular signal-regulated kinases 
(ERKs), and the family plays important roles in 
cellular proliferation, differentiation, and apoptosis (9). 
Ordinarily, JNKs and p38 MAPK, which share several 

Summary Great achievements have been made in human cancer research, but most of this research is 
focused on conditions at the microscopic rather than the systemic level. Recent studies have 
increasingly cited the ancient Chinese theory of yin-yang in an effort to expand beyond the 
microscopic level. Various cancer-associated genes and proteins such as mitogen-activated 
protein kinase (MAPK), p38, p53, c-Myc, tumor necrosis factor (TNF)-α, NF-κB, Cyclin 
D1, and cyclin-dependent kinase (CDK) and cells such as T cells, B cells, macrophages, 
neutrophils, and fibroblasts have been reported to regulate various types of cancers in a 
yin-yang manner. These studies have brought the theory of yin-yang into vogue in cancer 
research worldwide.
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upstream regulators such as MAPK kinase (MKK) 4, are 
considered to be cancer suppressors (10). However, the 
two stress-activated signaling pathways may promote 
cancer development. A study in p38MAPK knock-in 
mouse indicated that p38MAPK is a key component of 
human lung cancer, that it provides an early and pro-
tumorigenic signal in the tissue microenvironment that 
is reprogrammed by p38MAPK-hyaluronan, and that it 
plays a critical role in driving lung tumorigenesis (11). A 
recent study on JNK1-/- mouse intestinal epithelial cells 
and Caco-2 cells reported that the interaction of JNK1 
with the vitamin D receptor physically and functionally 
attenuates the calcitriol-mediated inhibition of cancer 
cell proliferation (12). In human vestibular schwannoma 
cells, JNK can enhance cell survival by suppressing 

the accumulation of mitochondrial superoxides (13). 
Activated ERK1/2 kinases can up-regulate various 
transcription factors such as c-Myc, and subsequently 
promote cancer cell survival (14). However, another 
study has indicated that ERK can increase the 
transcription and stability of c-Jun and cyclinD1 and its 
receptor and that ERK can activate C kinase 1 (RACK1), 
enabling protein kinase C to enhance JNK activity (15). 
Furthermore, this signaling axis plays a central process 
in melanoma tumorigenesis.

2.2. p38 and p53

Both p38 and p53 are generally considered to be 
cancer suppressors, but they have both negative and 
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Figure 1.  The yin-yang effects of cancer-associated genes and proteins. Yin represents the senescence and apoptosis of cancer 
cells; Yang represents cancer cells' life processes such as the cell cycle, proliferation, and suppression of senescence. Cancer-
associated genes, proteins, and cells all have yin-yang effects on cancer development. The genes p38, p53, c-Myc, CDK, TNFα, 
and NF- κB play a particularly important role in cancer.

Figure 2. Effects of p38, c-Myc, p53, and Cyclin D1 on cancer cells. p38 MAPK can induce the apoptosis of cancer cells by 
activating p53 or Bcl-2/Bcl-X1, while p38 inhibits the differentiation of cells by inhibiting Cyclin D1. c-MYC and p53 can inhibit 
each other. c-MYC promotes cell differentiation by activating Cyclin D1 but it inhibits p53 activity through ERK or the Bcl-2/
Bcl-X1 pathway and it inhibits cell proliferation through HNF4a. In contrast, p53 inhibits c-MYC by activating miR-145. ERK 
promotes Cyclin D1 and the differentiation of cells through the c-MYC and c-JUN pathways. HNF4a and Cyclin D1 can inhibit 
each other; the former regulates cell proliferation while the latter regulates cell differentiation.
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Cyclin D1 can inhibit the differentiation factor 
ChREBP in a CDK-independent fashion, decrease 
ChREBP gene transcription and protein function, and 
result in decreased expression of genes involved in 
differentiation (24).

2.5. TNF-α and NF-κB

An important prototypic pro-inflammatory cytokine, 
tumor necrosis factor alpha (TNF-α) binds to and 
activates its receptor TNFR. TNF-α is a key regulator 
of inflammation, cell survival, and cell apoptosis 
(26,27), and TNF-α has yin-yang effects on cancer. 
The combination of TNF and TNFR can activate 
downstream cell survival pathways through TNF 
receptor-associated factor (TRAF) and nuclear factor 
κB (NF-κB) and also caspase 8 and associated apoptotic 
pathways through fas-associated death domain (FADD) 
(26). TNFα acts as either a tumor-promoting or tumor-
destructive factor (28). At a high dose, TNFα can 
selectively destroy tumor blood vessels and activate T 
cells that attack and eliminate cancer cells. However, a 
low dose of TNFα is found in several types of cancers 
and is important to the development of all stages of 
cancer (26). Activation of NF-κB is detected in various 
types of cancers (29). Signaling pathways mediated by 
Toll-like receptors (TLRs), TNFα, and interleukin (IL)-
1β are involved in this activation (30). In some cancers, 
the essential activity of NF-κB is usually caused 
by genetic alterations in NF-κBs or their inhibitors 
IκBs. However, the deregulation of NF-κB activity is 
attributed to the regulation of the IKK/ NF-κB signal 
pathway (31). IKKβ-deleted mice have decreased 
expression of many genes including IL-1β, IL-6, TNFα, 
and COX-2, resulting in a significant reduction in 
tumor size and number (32).

3. Yin-yang effect of the tumor microenvironment 
and cells

3.1. The tumor microenvironment and cancer

Both tumor cells and neighboring normal cells play a 
role in establishing the tumor microenvironment. They 
serve as a passive medium for tumor cell growth and also 
as an arena for interaction of both microenvironmental 
components and tumor cells. Tumor cells can regulate 
gene expression in normal cells and vice versa, thereby 
influencing their phenotype (33,34). Specialized variants 
of hematopoietic and mesenchymal cells such as 
macrophages, granulocytes, and monocytes are recruited 
from the bone marrow or bloodstream during cancer 
development, and some of these cells can become tumor-
associated cells. Such cells substantially contribute to the 
development of cancer. 
 Cancer-associated inflammation is a double-
edged sword. By secreting cytokines and chemokines, 

positive effects on cancer cells (11,16-20). p38 acts as a 
regulator in inflammation but as a suppressor in tumors. 
p38α, a prototypic p38 MAPK, was originally identified 
as an essential signaling kinase for the production of 
many inflammatory cytokines (16). p38 inactivation 
supports cell transformation in vitro and promotes 
experimental cancer development in vivo. By activating 
p53, phosphorylating Bcl2s, decreasing cyclin D 
expression, and inhibiting Cdc25 phosphatase, activated 
p38 mediates apoptosis induced by DNA damage (17). 
p38 is involved in oncogene-induced senescence, which 
is a mechanism of cancer suppression (18). p53 is 
considered to be a potent suppressor of tumorigenesis 
in mammals, and it is a multifunctional transcriptional 
regulator causing cells to stop growing or die when 
stressed or damaged (19). In organisms, the activity of 
p53 is optimally balanced, preventing the development 
of cancer as well as the premature occurrence of aging 
phenotypes. Tyner et al. reported that some tissues 
show delayed aging in p53-/- or p53+/- mice and that 
hyperactive p53 expression in mice induced substantial 
resistance to spontaneous tumorigenesis (20).

2.3. c-Myc and p53

c-Myc is important to the proliferation and growth of 
normal cells. The activated c-Myc oncogene contributes 
to the development of various human cancers, such as 
leukemia, lymphoma, and solid tumors. However, the 
deregulation of c-Myc also mediates intrinsic cancer 
suppression including apoptosis, cellular senescence, 
and DNA damage (21). The balance of p53 and 
c-Myc is important to cell proliferation, so Dai et al. 
(22) describe p53 as yin and c-Myc as yang. There 
is an inverse relationship between p53 and c-Myc in 
controlling cell growth and proliferation, and balanced 
regulation of the two genes is crucial to cells. A study 
revealed the networks of p53 and c-Myc regulation in 
cells (23). In brief, p53 induces miR-145 expression 
and subsequently suppresses c-Myc expression, and 
c-Myc can counterbalance the action of p53 action to a 
great degree.

2.4. Cyclin D1 and CDK

The proliferation and differentiation of cells, 
which are driven by cyclins and CDK, play a yin-
yang role in cancer. Cyclin D1 is overexpressed in 
many tumors and can activate CDK4/6, and then 
phosphorylate and inactivate the tumor suppressor 
Rb. Rb suppresses tumor growth by inhibiting E2F, 
which is a transcription factor that regulates DNA 
synthesis. The action of Cyclin D1 on cell proliferation 
and differentiation is associated with HNF4α, c-Myc, 
CKip21, and p53 (24,25). HNF4α and cyclin D1 
negatively regulate each other and are in turn regulated 
by other modulators, such as p53, c-Myc, and CKip21. 
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inflammatory cells can express both pro-tumorigenic 
(yang) and anti-tumorigenic (yin) effects on the 
proliferation, migration, and differentiation of many types 
of cancer cells based upon their level of expression in 
the tumor microenvironment (Figure 3). Pro-tumorigenic 
effects include releasing survival factors, growth factors, 
and promoting angiogenesis and lymphangiogenesis. 
Anti-tumorigenic effects include releasing NK cells, 
activating apoptosis, and reducing tumorigenicity. 
Various inflammation-associated cells, including T cells, 
B cells, macrophages, neutrophils, and fibroblasts, have 
yin-yang effects on cancer (Table 1).

3.2. T cells and B cells

Tumor-related inflammation is an important component 
of the tumor microenvironment. Subpopulations of 
regulatory T cells (Tregs), which promote or inhibit the 
immune response, display yin-yang characteristics under 
certain conditions (35). The depletion of Tregs leads 
to the lack of suppression of immune cells, causing 
an excessive immune response and autoimmunity 
and promoting anti-tumor responses, while the 
expansion of Tregs can counteract autoimmunity and 
inhibit anti-tumor responses (36). As an example, 
inflammatory bowel disease can be induced by 
syngeneic CD4+CD45RBhigh T cells but prevented by 
CD4+CD45RBlow T cells in mice (37). Furthermore, 
the costimulation of T cells also plays a crucial role in 
controlling immune function (as yang) and tolerance (as 
yin) (38). As the most prominent costimulatory receptors 
for T-cell activation, some proteins of the CD28 family 
seem to dampen T cell activation and regulate the 
induction of T cell tolerance (39). 
 B cells also play a role in inflammation and 
tumors. During carcinogenesis, B cells can produce 
antibodies, activate Fcgamma receptors (FcgammaRs) 
on resident and recruited myeloid cells, and foster cancer 
development (40). In transplanted B16 melanomas, B 
cells can drive M2-like polarization of macrophages and 
promote the growth of the melanoma by producing IL-
10 (41). Mantovani et al. describes B cells as yin and 
macrophages as yang in the development of cancer (42).

3.3. Macrophages

Based on differences in activation and function, 
macrophages can be divided into classically activated 
macrophages such as M1 macrophages and alternatively 
activated macrophages such as M2 macrophages 
(43,44). These two types of macrophages regulate 

Table 1. Yin-yang effects of inflammatory cells on cancer

Inflammatory
cells

T cells

B cells

Macrophages

Neutrophils

Fibroblasts

Yin (Antitumorigenic)

Promote immunity

Promote immunity

M1 macrophages, kill microorganisms and tumors

N1 neutrophils, kill cells and inhibit tumor growth, 
regulate adaptive immune responses by interacting 
with dendritic cells

Participate in acute inflammation, enable infiltrating 
immune cells to undergo apoptosis or exit the site 
through the lymphatic system

Yang (Pro-tumorigenic)

Immune tolerance

Activate Fcgamma receptors, drive M2-like polarization 
of macrophages, and foster cancer development

M2 macrophages, promote cell proliferation, produce 
growth factors, active the arginase pathway and 
angiogenesis, and scavenge debris

N2 neutrophils, secrete angiogenic factors and matrix-
degrading enzymes, support metastatic phenotype 
acquisition, and suppress antitumor immunoreaction

Maintain chronic inflammation

   Ref.

(37-39)

(41,42)

(45-47, 
49-54)

(56-63)

(64-67)

Effects on cancer

Figure 3. Yin-yang effects of tumor-associated cells. Yin 
represents antitumorigenic effects, including promoting 
immunity, killing microorganisms and tumors, and inhibiting 
tumor growth. Yang represents pro-tumorigenic effects, 
including immune tolerance, fostering cancer development, 
promoting cell proliferation, and maintaining chronic 
inflammation.
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neoplastic progression and immune surveillance in a 
yin-yang manner (45). M1 macrophages are potent 
effector cells that kill microorganisms and tumors (46-
49). However, M2 macrophages play roles in regulating 
inflammation and adaptive immunity (50), promoting 
cell proliferation by producing growth factors (51), 
activating the arginase pathway (52) and angiogenesis 
(53), and scavenging debris by expressing scavenger 
receptors (54).

3.4. Neutrophils

Neutrophils are short-lived white blood cells derived 
from bone marrow myeloid precursors, and these 
cells can promote or inhibit cancer under particular 
conditions. By polarizing to either the "N1" or "N2" 
phenotype, tumor-associated neutrophils can respectively 
inhibit or promote the development of lung cancer 
(55). The functions of tumor-associated neutrophils are 
described as antitumorigenic (N1 phenotype) and pro-
tumorigenic (N2 phenotype), and which phenotype 
they express is defined by transforming growth factor 
(TGF)-β, an immunosuppressive cytokine that can 
affect tumor progression (56). Consistent with this 
"N1-N2" hypothesis, TGF-β can inhibit the activity 
and cytotoxicity of neutrophils in vitro (57). The pro-
tumorigenic function of neutrophils may be associated 
with secretion of angiogenic factors and matrix-
degrading enzymes (58,59), facilitation of the acquisition 
of a metastatic phenotype (60), and suppression of 
an antitumor immunoreaction (61). Nonetheless, 
neutrophils can kill tumor cells and inhibit tumor 
growth (62) as well as regulating adaptive immune 
responses by interacting with dendritic cells (63).

3.5. Fibroblasts

In the tumor microenvironment, cancer-associated 
fibroblasts (CAFs) play an important role in the 
maintenance of chronic inflammation (64). In the 
normal inflammatory process, stromal fibroblasts dictate 
the type and duration of leukocyte infiltrates, enabling 
the infiltrating immune cells to undergo apoptosis 
or exit the site through the lymphatic system (65). 
When these regulatory circuits are damaged, however, 
inflammation becomes persistent and chronic (66). 
CAFs can both directly and indirectly contribute to the 
inflammatory process in tumors. They do so directly 
by recruiting immune cells to respond to the cytokines 
and chemokines they secrete, and they do so indirectly 
by modifying the extracellular matrix to favor different 
immune cells (67).

4. Conclusion

In conclusion, modern biological science and cancer 
research has consistently focused on phenomena at the 

cellular and molecular level, such as gene suppression 
and activation, promotion and suppression of apoptosis, 
protein degradation and synthesis, counteraction of 
inflammation and inflammation, and tumor suppression 
and oncogenic processes. This means that the theoretical 
framework is becoming more complex but less unified. A 
macroscopic theory is needed to integrate key concepts 
or the framework will lack important components or 
falter. The theory of yin-yang provides a macroscopic 
view on biological phenomena. As Dutt et al. said 
(68), the concepts of yin-yang provided the intellectual 
framework for Chinese scientific thinking, especially in 
biology and medicine.
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1. Introduction

China had entered an aging society by the end of the 
last century. According to "2015 Statistical Bulletin of 
National Economy and Social Development", people 
aged 60 and over accounted for 16.1% (222.00 million) 

of the total population, and people aged 65 and over 
accounted for 10.5% (183.86 million) of the total 
population in 2015 in China (1). Shanghai is one of the 
Chinese cities where population aging emerged earliest. 
It showed that people aged 60 and over accounted 
for 30.21% (4.36 million) of Shanghai's registered 
population in 2015 (2). As age increases, health status 
and medical demands change correspondingly, while 
along with social and economic development, income 
improvement and medical technology progresses, 
the impact of population aging on medical expenses 
has become an enormous challenge for the healthcare 
system.
 Healthcare demands are considerable, and growing 

Summary This study shed light on the amount and structure of utilization and medical expenses on 
Shanghai permanent residents based on big data, simulated lifetime medical expenses through 
combining of expenses data and life table model, and explored the dynamic pattern of aging 
on medical expenditures. 5 years were taken as the class interval, the study collected and did 
the descriptive analysis on the medical services utilization and medical expenses information 
for all ages of Shanghai permanent residents in 2015, simulated lifetime medical expenses by 
using current life table and cross-section expenditure data. The results showed that in 2015, 
outpatient and emergency visits per capita in the elderly group (aged 60 and over) was 4.1 and 
4.5 times higher than the childhood group (aged 1-14), and the youth and adult group (aged 
15-59); hospitalization per capita in the elderly group was 3.0 and 3.5 times higher than the 
childhood group, and the youth and adult group. People survived in the 60-64 years group, 
their expected whole medical expenses (105,447 purchasing power parity Dollar) in the rest 
of their lives accounted for 75.6% of their lifetime. A similar study in Michigan, US showed 
that the expenses of the population aged 65 and over accounted for 1/2 of lifetime medical 
expenses, which is much lower than Shanghai. The medical expenses of the advanced elderly 
group (aged 80 and over) accounted for 38.8% of their lifetime expenses, including 38.2% 
in outpatient and emergency, and 39.5% in hospitalization, which was slightly higher than 
outpatient and emergency. There is room to economize in medical expenditures of the elderly 
people in Shanghai, especially controlling hospitalization expenses is the key to saving medical 
expenses of elderly people aged over 80 and over.
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with an aging population. Take Shanghai as an 
example, Xu (2005) found that the overall health status 
of elderly people was below average, 70-80% of elderly 
people aged 60 and over had chronic diseases, and the 
prevalence of the elderly was 4.2 times higher than the 
total (3).The direct consequence of high prevalence 
of chronic disease is mounting medical expenditures. 
Yan (2013) reported that the proportion of medical 
expenses for the elderly was 75.2% of total family 
medical expenses in 2006 (4), and Tao (2010) revealed 
the prevalence of chronic disease was 73.76%among 
the elderly in the Nanhui District of Shanghai in 
2010 (5). A study in Hubei Province by Zhang (2015) 
showed similar results (6). Therefore, some studies 
took population aging as the factor driving increasing 
medical expenses. Huang (2012) indicated that the 
growth of the aging population was one of the factors 
leading to medical expenses soaring, especially the 
rising death rate in the population aged 65 and over (7). 
However, other studies found that increasing medical 
expenditures were affected by multiple factors, aging 
was one of these but not the most important one. Wang 
(2014) thought that aging would gently release the 
demands for medical services in the elderly population, 
but the income improving, medical insurance expanding 
and technology progressing would rapidly boost 
medical expenses (8). Ma (2015) realized that gender, 
age, marriage status and urban-rural disparities all had 
an appreciable impact on medical expenditure in elderly 
people (9). Yu (2011) conducted a study based on panel 
data from 20 provinces from 2002-2008, and found that 
population aging could only explain 3.9% of per capita 
increased medical expenses, and 5.7% of per capita 
increased medical expenses rates (10).
 International research showed that the growth rate 
of medical expenses per capita in the elderly population 
was higher and increased faster than other age groups. 
An investigation by Cutler &Meara (1998) found that 
between 1953-1987, the average medical expense 
growth rate of people aged 65 and over was 8%, higher 
than the population aged 1-64 (4.7%) (11). Waldo 
&Lazenby (1984) (12), Buchner &Wasem (2006) 
(13) illustrated that population aging would aggravate 
the burden of medical expenses. The reason was that 
when age increased, health status got worse, which 
led to rising medical services demands and expenses. 
Reinhardt (2003) found that population aged 65 and 
over was 3 times more that population aged 34-44 (14). 
Lassman et al. (2014) drew the conclusion that medical 
expenses per capita in the elderly was 5 times more that 
the children group (15). Alemayehu (2004) adopted a 
lift table model, using cross sectional medical expenses 
and death data of every single individual enrolled, to 
construct a hypothetical current population longitudinal 
medical expenses data from birth to death. It was noted 
that from 65 and over, the expected medical expenses 
accounted for 1/2 of lifetime medical expenses, and 

females were 1/4 higher than males (16).
 From the comparison of domestic and oversea 
studies, it is notable that the domestic studies had 
the following weaknesses: First, in regard to the data 
source, majority of studies are sampling surveys, few 
are whole sample studies, and are not able to represent 
the whole population. Second, in terms of the methods, 
most are qualitative analysis, few are quantitative 
studies. The statistics measurements and modeling 
need to be explored, especially when there is a lack 
of mature method references for measuring lifetime 
medical expenses. Moreover, some attribution studies 
used general regression analysis, but general regression 
analysis, analysis of variance or analysis of covariance 
do not conform to the characteristics of medical 
services utilization and medical expenses, since medical 
expenses may be a non-normal distribution.
 There is a greater need for the elderly population 
and medical expenses evidence to support elderly 
policies in China. With the development of health 
information technology, medical big data is gradually 
captured, therefore exploring information to serve 
policy making is optimal. In regard to methodology, the 
internationally recognized method has matured after 
nearly a half century of development. It is appropriate 
to use a life table to conduct the study on population 
aging and medical expenses, and to provide evidence 
references for policy making. This study shed light on 
the amount and structure of utilization and medical 
expenses in Shanghai permanent residents based on big 
data, constructed using hypothetical "lifetime" medical 
expenses through a combination of life table model and 
cross-sectional medical expenses data, and explored 
the dynamic pattern of aging on medical expenses. 
Shanghai permanent residents refers to residents who 
live in Shanghai for over 6 months, while Shanghai 
registered residents refers to residents registered with 
Shanghai Public Security Bureau. In 2015, Shanghai 
registered residents were 24.15 million, Shanghai 
permanent residents were 14.43 million (2).

2. Data and Methods

2.1. Data

Data of this study was collected from the entitlement 
of use of the Health Information Web of Shanghai 
Municipal Health and Family Planning Commission 
Information Center. Take 5 years as the class interval, 
gather the medical services utilization and medical 
expenses information for all ages of Shanghai 
permanent residents in 2015. Simulate lifetime medical 
expenses by using current life table and cross-section 
medical expenses data. In the life table, take age 0-1 as 
a separated group from the group aged 0-4, since the 
medical services utilization of infants is different from 
other children. The data was classified by outpatient 
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the cohort of people who survived at the age interval x, 
since some people could die before this age interval x. 
 We could conduct that per capita LECS at the age 
interval x:

 The relative lifetime expected cost for survivors at 
the age interval x (RLECB):

3. Results

3.1. Demographic characteristics

There were 24.15 million permanent residents in 
Shanghai in 2015. 2.17 million were the childhood 
group aged 0-14, which accounted for 9.00% of the 
total population; 17.27 million were the youth and adult 
group aged 15-59, which accounted for 71.50% of the 
total population; 4.71 million were the elderly group 
aged 60 and over, which accounted for 19.50% of the 
total population. Among the elderly group, taking 5 
years as class interval, the group aged 90 and over had 
the least population, 0.11 million accounted for 0.43 of 
the total. Figure 1 shows the age and gender distribution 
in Shanghai population in 2015.

3.2. Medical services utilization and expenses

From outpatient and emergency visits point of view, the 
per capita visits in 2015 changed as the age went up, 
with multi peaks. The group aged 20-24 had the lowest 
per capita visits (0.81 times), which increased with 
rising age. After age 60, the per capita visits boosted 
remarkably, with per capita visits 1.6 times/month, and 
reached the highest value when at the group aged 80-
84, with per capita visits 3.8 times/month, then slightly 
dropped. The per capita visits of the children, youth and 
adult and elderly group in 2015 were 6.0, 5.4 and 24.5 
times, respectively. The number of the elderly group 
was 4.1 and 4.5 times higher than the children, youth 
and adult group. 
 Figure 2 represents the age and gender distribution 
in Shanghai per capita outpatient and emergency 
visits, and hospitalization in 2015, Figure 2A refers to 
outpatient and emergency visits, while Figure 2B refers 
to hospitalization. As per the figure, the per capita 
outpatient and emergency visits was slightly higher in 
the group aged 5-9, then decreased. After age 60, it was 
notable that the per capita outpatient and emergency 
visits increased fast, and kept dropping after age 80. 
The per capita hospitalization presented a rough "U" 
shape trend, with high values at the two ends and low in 
the middle. The per capita hospitalization of childhood, 
youth and adult and elderly groups in 2015 were 0.07, 
0.06 and 0.21 times, respectively. The number of the 

and emergency visits, and hospitalization. All medical 
institutions in Shanghai were covered, including 
hospitals, community health centers, maternal and child 
health hospitals, specialized disease prevention and 
control institutions, and outpatient departments. In this 
study, the elderly group was defined as population aged 
60 and over, population aged 1-14, 15-59 was defined 
as the childhood group, and the youth and adult group, 
respectively. Shanghai total population of current life 
table data (5 years as the class interval) in 2015 was 
gathered by Shanghai Center for Disease Control and 
Prevention Center.

2.2. Descriptive analysis

Take 5 years as the class interval, describe the age and 
gender structure of Shanghai permanent residents, and 
the distributions in outpatient and emergency visits, 
hospitalization utilization and expenses per capita.

2.3. Life table model

Current life table and cross-sectional medical expenses 
data were used to construct hypothetical lifetime 
medical expenses. It was assumed that the technology, 
prices and other factors which would affect the 
healthcare service costs were kept constant, therefore 
the disease prevalence, incidence, development process 
and healthcare service costs did not change for ongoing 
time, and the age distribution of medical expenditures 
could present the hypothetical lifetime distribution of 
medical expenditures. The advantage of a life table 
model is that it eliminates the impact from confounding 
factors, including healthcare service prices, technology 
development, etc. 
 In the lifetime medical expenses model, the lifetime 
expenditure per capita at a given age a, projected 
from birth 0, the lifetime expected cost referred to 
the expenditure remaining after age a to death of the 
hypothetical life table person. Two kinds of lifetime 
expected costs at birth were estimated as follows:
 (1) Lifetime expected cost at birth (LECB)  Per 
capita LECB is the lifetime expected cost divided by 
the original cohort of 100,000 people. Lx is the person 
years lived by the cohort in the age interval x. Cx is per 
capita medical cost at the age interval x (x = 0-, 1-, 5-, 
10-, .., 90-).
 It could be drawn that per capita LECB at the age 
interval x: 
 

 The relative lifetime expected cost at the age 
interval x (RLECB): 

 (2) Lifetime expected cost for survivors (LECS)  Per 
capita LECS is the lifetime expected cost divided by 
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elderly group was 3.0 and 3.5 times higher than the 
children, youth and adult groups. 
 Figure 3 illustrates the age distribution pyramid of 
Shanghai permanent residents and medical expenses. It 
is notable that as age increases, the population shrinks, 
while the medical expense is distinctly increasing 

in general. Comparing with the permanent residents 
structure, the elderly population as 19.5% of total 
population, and accounted for 52.2% of total outpatient 
and emergency visits, and 45.3% discharged patients, 
which indicated that the elderly group consumes more 
medical resources. Moreover, the expenditure by age 

Figure 1. Shanghai population distribution by 5 year intervals and gender, in 2015 (Unit: Million people).

Figure 2. Shanghai per capita outpatient and emergency visits & hospitalization by 5 year intervals and gender in 2015 (Unit: 
Frequency). (A), Outpatient and emergency visits; (B), Hospitalization.
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distribution pattern had a similar tendency as services 
utilization by age, but a relatively higher concentration. 
The elderly population as 19.5% total population 
accounted for 63.2% of outpatient and emergency 
expenses, and 52.8% hospitalization expenses.

3.3. Permanent resident lifetime expected medical costs

3.3.1. Outpatient and emergency

In the life table lifetime outpatient and emergency 
expenses, the per capita expenses and per capita expenses 
of deaths were growing as age increased, in general. The 
tendency of per capita expenses was relatively smooth, 
while the tendency of per capita expenses of deaths 
showed a slight fluctuation. The group aged 0-1 had zero 
death expenses, this could be due to that most infant 
deaths happened in hospitalization, and in 2015 there 
were no infant deaths during outpatient and emergency 
visits. 
 From the results, it is worth noting that the per capita 
lifetime expected outpatient and emergency cost and the 
per capita lifetime expected outpatient and emergency 
cost of survivors declined as age was increasing, and the 
later slightly exceeded the former. It indicated that for 
the older group, there was less lifetime expected medical 
expenditure that an individual can consume. Table 
1 presents the simulated results of lifetime expected 
outpatient and emergency costs. The per capita lifetime 

expected outpatient and emergency cost from birth was 
81,042 purchasing power parity (PPP) Dollar, when 
people survived to age 60, per capita lifetime expected 
outpatient and emergency cost of the group aged 60-64 
was 62,776 PPP Dollar. 
 Figure 4A shows the age group distribution of per 
capita medical expenses and lifetime expected costs 
in outpatient and emergency, and Figure 4B shows 
the proportion of per capita lifetime expected cost of 
survivors in per capita lifetime expenses. In outpatient 
and emergency, as age increases, the per capita expenses 
of both overall population and deaths roughly increased, 
whilst the per capita expected cost of both overall 
population and the survivors declined, however the per 
capita outpatient and emergency expenses distinctly fell 
in the group aged 90 and over. The proportion of per 
capita lifetime expected cost of survivors in per capita 
lifetime expected cost in group aged 60-64 was 77.5%, 
illustrated that when people reached the age 60-64, one 
individual's expenses from now to death accounted for 
77.5% of this person's whole lifetime outpatient and 
emergency expenses, which meant that almost eighty 
percent of outpatient and emergency expenditures was 
used in the elderly period after 60.

3.3.2. Hospitalization

From Table 2 we can draw the conclusion that 
compared with outpatient and emergency, the per capita 

Figure 3. The age distribution pyramid of Shanghai permanent residents and medical expenses by 5 year intervals in 2015 
(Unit: %).
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hospitalization expenditure of deaths was higher, and 
not only far exceeded the per capita outpatient and 
emergency expenditure of deaths, but also exceeded 
per capita hospitalization expenditures. The per capita 
lifetime expected hospitalization cost from birth was 
58,540 PPP Dollar, and accounted for 72.2% of the per 
capita lifetime expected outpatient and emergency cost 
from birth (81,042 PPP Dollar).The highest per capita 
expenditure of deaths appeared in the group aged 1-4, 
which was 45,095 PPP Dollar. It is noteworthy that, 
although the per capita hospitalization expenditure was 
increasing, the per capita hospitalization expenditure of 
deaths distinctly dropped with ascending age, and the 
relatively higher value emerged before the group aged 
55-60, almost exceeding 20,000 PPP Dollar per capita. 
 Figure 5A refers to the age group distribution of 

per capita medical expenses and lifetime expected 
cost by age groups in hospitalization, and Figure 5B 
presents the proportion of per capita lifetime expected 
cost of survivors in per capita lifetime expenses for 
hospitalization. As age increases, the change of per 
capita hospitalization expenses of deaths was sharper 
than that in outpatient and emergency expenses, with 
3 peaks appearing at groups aged 1-4 (45,095 PPP 
Dollar), 25-29 (37,270 PPP Dollar), and 35-59 (28,958 
PPP Dollar). Meanwhile, the per capita hospitalization 
expenses escalated mildly, and the per capita lifetime 
expected hospitalization cost of both overall population 
and the survivors dropped smoothly, and at group 
aged 90 and over, the per capita lifetime expected 
hospitalization cost of survivors edged up. The share 
of the per capita lifetime expected hospitalization 

Figure 4.Per capita medical expenses and lifetime expected cost by age groups in outpatient and emergency(Unit: 
PPP Dollar) (A), and the proportion of per capita lifetime expected cost of survivors in per capita lifetime expenses in 
outpatient and emergency by 5 year intervals (Unit: %) (B). PPP, purchasing power parity.
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cost of survivors in the per capital lifetime expected 
hospitalization cost was 72.9% in the group aged 60-
64, which was 4.6 points lower than outpatient and 
emergency. It showed for people that lived to be in 60-
64, the hospitalization expenses from now to death 
accounted for 72.9% of this individual's whole life 
hospitalization expenses. From groups aged 60-64 
to 70-74, the proportions of hospitalization expenses 
from now to death in whole lifetime was below that 
of outpatient and emergency in the same age groups, 
whilst from age groups 75-79, to 90 and over, the 
proportions of hospitalization expenses from now to 
death in whole lifetime exceeded the proportions of 
outpatient and emergency in the same age groups. 
Generally, in the more advanced elderly group, the 
proportion of expenses in hospitalization tend to be 
higher than that in outpatient and emergency.

3.3.3. Total medical expense

Table 3 combines the outpatient and emergency, and 
hospitalization expenditures, and shows the results of 
simulated total lifetime expected cost. The per capita 
total medical expenses went up with increasing age, 
and was below the per capita total medical expenses of 
deaths. The per capita lifetime expected hospitalization 
cost from birth was 139,551 PPP Dollar, when people 
who survived to age 60, per capita lifetime expected 
cost of the group aged 60-64 was 105,447 PPP Dollar. 
However, since the hospitalization expenses were much 
higher than outpatient and emergency expenses, the 
per capita total medical expenses of deaths was mainly 
affected by per capita hospitalization expenses of deaths, 
presenting similar fluctuant features as hospitalization. 
After eliminating the deaths, the per capita total expected 

627

Figure 5. Per capita medical expenses and lifetime expected cost by age groups in hospitalization(Unit: PPP Dollar) (A), 
and the proportion of per capita lifetime expected cost of survivors in per capita lifetime expenses in hospitalization by 5 
year intervals (Unit: %) (B). PPP, purchasing power parity.
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cost of survivors wasa bit over the per capita total 
expected cost in the same age group.
 Figure 6A is the age group distribution of per capita 
total medical expenses and total lifetime expected cost, 
and Figure 6B refers to the share of per capita total 
lifetime expected cost of survivors in per capita total 
lifetime expenses. The change of Figure 6A presented 
the approximated characteristics of Figure 5A, as age 
was trending up, the per capita total medical expenses of 
deaths increased, with 3 peaks appearing at groups aged 
1-4 (45,715 PPP Dollar), 25-29 (37,862 PPP Dollar), and 
35-59 (29,595 PPP Dollar). Meanwhile the per capita 
total expenses grew, and the per capita lifetime expected 
total cost of both overall population and the survivors 
fell. The proportions of per capita total lifetime expected 

cost of survivors in per capita total medical expenses 
were 75.6% and 38.9%, in groups aged 60-64 and 80-
84, respectively. The share of the group aged 90 and 
over reached 22.9%, which meant for people who live 
to 90, the total medical expenditure from now to death 
accounted for approximately twenty percent of their total 
lifetime medical expenditure.

4. Discussion

4.1. Shanghai elderly people had higher shares of 
expected medical expenses in lifetime medical expenses

According to the above results, the elderly population 
as 19.5% of the total population in Shanghai, not only 
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Figure 6. Per capita total medical expenses and total lifetime expected cost by age groups (Unit: PPP Dollar) (A), and the 
proportion of per capita total lifetime expected cost of survivors in per capita total lifetime expenses by 5 year intervals 
(Unit: %) (B).
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utilized a large portion of medical resources (52.2% 
of total outpatient and emergency visits, and 45.3% 
discharged patients), but also accounted for more than 
half of the medical expenses (63.2% of outpatient and 
emergency expenses, 52.8% hospitalization expenses). 
In addition, the expenses in elderly age accounted for 
a major portion (approximately eighty percent, Figure 
6) of lifetime medical expenses, which indicated that 
the medical expenses are more concentrated in the 
aged phase, and reflected that the elderly population 
consumed a larger proportion of medical resources 
compared with other groups of the population. In 
comparison with other countries, it can be concluded 
that although the studies found similar results, the gap 
between elderly people and other age groups in medical 
expenses was less significant. 
 For example, the study by Alemayehu (2004) 
in Michigan (16), US showed that the expenses of 
population aged 65 and over accounted for 1/2 of 
lifetime medical expenses in this region. The analysis 
from Shanghai data revealed that in the group aged 
60-64, the proportions of per capita expected cost in 
per capita lifetime cost in outpatient and emergency, 
and hospitalization accounted for 77.5% (Figure 4B) 
and 72.9% (Figure 5B), respectively. Excluding the 
confounding factors such as study times, it can still 
be concluded that the medical expenses in the elderly 
population of Shanghai far exceeded the corresponding 
rates of Michigan, US. 

4.2. The medical expenses of elderly aged 80 and 
over was expected to flow to hospitalization, while the 
expenses of elderly aged 60-79 was expected to flow to 
outpatient and emergency

Our results illustrated that the proportion of per capita 
lifetime expected cost of survivors in per capita 
lifetime expenses of the advanced elderly (population 
aged 80 and over) accounted for 38.9% (Figure 6B) 
of their lifetime expenses, including 38.1% (Figure 
4B) in outpatient and emergency, and 40.0% (Figure 
5B) in hospitalization, which was slightly higher than 
in outpatient and emergency. Moreover, the three 
advanced age groups, aged 80-84, 85-89, and 90 and 
over, all have higher expected hospitalization costs in 
lifetime expenses (40.0%, 27.8%, 31.0%, respectively, 
Figure 5B), compared with expected outpatient and 
emergency costs in lifetime expenses (38.1%, 26.4%, 
17.1%, respectively, Figure 4B), while the other elderly 
group aged from 60 to 79 represented the opposite. 
It is indicated that the expected medical cost in 
advanced elderly groups (aged 80 and over) was mainly 
concentrated in hospitalization, while the expected 
medical cost in the relatively younger elderly people 
(aged 60-79) largely flew to outpatient and emergency. 
This conclusion is also close to the actual situation in 
Shanghai. 

 There is room for saving medical expenses in 
the elderly people in Shanghai, especially in the 
hospitalization expenditure of the advanced elderly 
population. International experience suggested that 
elderly care and rehabilitation has a momentous 
function in replacing hospitalization, furthermore 
would bring benefits to the health of elderly people in 
the future (15,16).
 Our study has some limitations: first of all, the 
hypothesis in this study is assuming that the technology, 
pricing and other factors are stable, and the prevalence, 
incidents, development process and costs of disease 
do not change with time. Therefore, the life table 
model cannot reflect the impact of health technology 
development, the outbreak of new disease, perishing of 
old disease, and inflation. Secondly, nursing care plays 
an important role in the lives of the elderly, however 
the nursing care expenditures were not included in 
this study. In Shanghai, currently most of nursing care 
expenses has been paid out-of-pocket, which applies 
difficulty for data collection of our full sample size 
study. Further research could investigate the role of 
nursing care in the age distribution of expenditures, as 
well as how these expenses play out over the lifetime 
with medical expenses.

5. Conclusion

The findings of our study extend the knowledge of 
age-specific medical expenses, and show a striking 
share of elderly people's medical resource utilization 
and expenses. Although the lifetime expenses studies 
have been well-documented, we have known little 
about it, for two reasons: first, most of the studies 
were conducted in developed countries, and may not 
be applied in developing counties; second, the vast 
majority of studies were based on sampling, which 
may bring selection bias. This study is an exploration 
of lifetime expenses simulation in a relatively more 
developed region of China, which has a large population 
base with rapidly aging people. Besides, our study 
covered all the emergency, outpatient, hospitalization 
and medical expenses data in Shanghai in 2015, which 
can fully represent the characteristics of medical 
spending concentration in the Shanghai population. 
 We found that the elderly population as 19.5% of 
total population in Shanghai, accounted for 63.2% 
of outpatient and emergency expenses (52.2% of 
total outpatient and emergency visits) and 52.8% of 
hospitalization expenses (45.3% discharged patients). 
When surviving to age 60, 75.6% of lifetime medical 
expenses were expected to be spent at age 60 and over 
(Figure 6B), with 77.5% in emergency and outpatient 
(Figure 4B), and 72.9% in hospitalization (Figure 5B).
The groups aged 80 and over, have higher expected 
hospitalization costs in lifetime expenses (40.0% in 
ages 80-84, 27.8% in ages 85-89, and 31.0% in age 90 
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and over, Figure 5B) than outpatient and emergency 
cost in lifetime expenses (38.1% in ages 80-84, 26.4% 
in ages 85-89, and 17.1% in age 90 and over, Figure 
4B). Among the advanced elderly (population aged 
80 and over), their expected medical expenses were 
more concentrated in hospitalization. In addition, our 
results have implications for forecasting the expected 
medical expenses. We suggested addressing the elderly 
population for saving medical resources and expenses, 
especially in hospitalization expenditures of the 
advanced elderly population.
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1. Introduction

One of the most common and important health 
problems faced by societies worldwide is hypertension. 
In particular,  elevated morning systolic blood 

pressure (SBP) has been identified as a risk factor for 
atherosclerotic disease (1,2), which is responsible for 
at least 45% and 51% of heart disease- and stroke-
related deaths, respectively (3). Although these vascular 
diseases are major causes of death in Japan, only about 
30% of men and 40% of women have controlled blood 
pressure (BP) (4). Home BP monitoring is preferred 
over hospital, clinic, or office BP measurements 
(5,6). Home BP monitors are sold in most community 
pharmacies in Japan. An estimated 77% of individuals 
with hypertension and 40% of individuals without 
hypertension use these devices (7). 
 Lifestyle plays an important role in the management 

Summary The COMmunity Pharamcists ASSist for Blood Pressure (COMPASS-BP) study aimed to 
assess the effectiveness of lifestyle support programs administered in community pharmacies 
on hypertension control. This open-label, two-armed parallel group, cluster-randomized 
controlled trial included 73 pharmacies (clusters) in Japan randomized to a control or 
intervention group. Eligible hypertensive patients (n = 125), aged 20-75 years, received 
the intervention (n = 64) or the control treatment (n = 61), as dictated by their pharmacy 
randomization. Patients in the intervention group received brochures and healthy lifestyle 
advice from pharmacists using motivational interviewing methods during pharmacy visits 
over a 12-week period, with their usual pharmacy care. Conversely, the control group just 
received usual care. The main outcome measure was a change in morning systolic blood 
pressure (SBP) from baseline to week 12. The intervention group exhibited a decrease in 
morning SBP that was 6.0 mmHg greater than that of the control group (95% confidence 
interval [CI]: −11.0 to −0.9, p = 0.021). In a mixed-effect model for repeated measures analysis, 
the intergroup difference in morning SBP decrease was −4.5 mmHg (95% CI: −8.5 to −0.6, p = 
0.024). Our findings indicate that implementation of a lifestyle advice program in pharmacies 
is feasible and may lead to reduced blood pressure.
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of hypertension. The provision of lifestyle advice was 
found effective in decreasing the recipient's weight, 
dietary sodium intake, and alcohol intake, while 
promoting physical activity, and resulted in better 
BP control (8-11). In Japan, the estimated average 
daily sodium intake is 10.6 g per day, which is more 
than twice the amount recommended by the World 
Health Organization (3,7,9). However, individuals 
with hypertension have very few opportunities to learn 
about healthy lifestyles from professionals in their 
communities. 
 Pharmacists are highly accessible healthcare 
professionals who can be a valuable social asset in the 
management of hypertension (3). Previous studies have 
shown that the administration of a care-based program 
to hypertensive patients at community pharmacies 
improved patients' BP control and outcomes (12-14). 
However, the consultations provided in previous studies 
were of relatively long durations (20-30 minutes), 
and require a more advanced scope of practice than 
is available in Japan currently. Previous studies also 
measured BP during clinic visits, rather than using the 
preferred strategy of home BP measurements. Therefore, 
our study was aimed to evaluate the effects of brief 
motivational lifestyle advice provided by pharmacists to 
hypertensive patients with the intent to improve home-
monitored BP in a community setting (COMmunity 
Pharmacists ASSist for Blood Pressure [COMPASS-BP] 
Project).

2. Materials and Methods

2.1. Trial design

This study was a cluster randomized controlled trial. The 
clusters were community pharmacies. The pharmacies 
were randomly assigned to either the Intervention group 
or the Control group. Randomization was stratified by 
matched cluster sizes. Community pharmacies were 
recruited through direct requests to local pharmaceutical 
associations and chain pharmacies during explanatory 
meetings. Seventy-three pharmacies in 15 prefectures 
across Japan participated. Pharmacists and patients 
were not blinded to treatment allocation. The trial 
registration number is UMIN000014128 (May 31, 2014) 
(https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.
cgi?recptno=R000016452)

2.2. Participants

Pharmacy eligibility criteria were as follows: i) more 
than 20 hypertensive patients visited the pharmacy 
each month; and ii) certified pharmacists delivered the 
training program according to the protocol. The protocol 
provided instructions on the correct method for home BP 
measurement through a brochure, as well as supportive 
communication and clinical practice guidelines regarding 

hypertension in Japan.
 Patient eligibility criteria were as follows: i) 
hypertensive patients who visited pharmacies to obtain 
medication for more than three months; and ii) aged 20-
75 years. 
 Patient exclusion criteria were as follows: i) 
serious complications, such as dialysis or chronic 
kidney disease; ii) dementia or mental illness; or iii) an 
otherwise determined lack of suitability for this lifestyle 
intervention study.
 Data collection settings and locations: Study 
recruitment occurred during two periods: from 
September 2014 to March 2015 and from May 2015 to 
November 2015. Pharmacists recruited patients using 
standardized brochures and posters. Each pharmacy 
was asked to recruit three patients. Eligibility was 
verified using the most recent clinical BP data recorded 
in a BP diary within the previous three months and the 
medication history obtained from the pharmacy.

2.3. Randomization

Blocked randomization according to the pharmacy size 
(classified by the number of patients per day: small, 0-50 
patients; middle, 51-100 patients; large, ≥ 101 patients) 
and type (chain or private pharmacy) was performed 
by the Center of Randomization at the Division of 
Prevention Medicine of Clinical Research Institute, 
National Hospital Organization Kyoto Medical Center, 
Japan.

2.4. Blinding

The participants and community pharmacists involved in 
this study could not be blinded because of the nature of 
the intervention. A statistician who was blinded to group 
allocation analysed the data.

2.5. Intervention group

2.5.1. Pharmacist training

Pharmacists who participated in this study completed a 
4-hour training program on the methods for interviewing 
patients and providing information at community 
pharmacies. Candidate pharmacists were trained in the 
following three areas: i) The study purpose, ii) Correct 
home device methods for BP measurements, and iii) The 
provision of brief motivational advice to patients. The 
modified motivational interviewing, which was based on 
empowerment or coaching-style communication included 
three steps: i) using an open question, ii) setting each 
goal with patients, and iii) closing with encouragement. 
The program had the following five areas that could 
be selected by patients: i) reducing sodium intake, ii) 
including more vegetables in meals, iii) exercising, iv) 
losing weight, and v) reducing alcohol consumption. 
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same home BP monitor as the Intervention group 
and a basic explanation about their medication. The 
attending pharmacists checked and evaluated their BP 
and measurement methods without providing special 
consultations.

2.7. Outcomes

All participants were followed for 12 weeks. The main 
outcome was the change in morning home SBP, which 
was calculated as the difference between BP data from 
the pharmacy at baseline (visit 0) and the average home 
BP at 12 weeks (78-84 days). The secondary outcomes 
were medication changes, medication adherence (using 
the Modified Morisky Scale 8-item response option) 
(16), lifestyle changes (using the International Physical 
Activity Questionnaires) (17,18), changes in attitudes and 
knowledge about hypertension, and changes in home-
monitored body mass index (BMI; weight in kg/squared 
height in m2) between baseline (visit 0) and the last 12 
weeks. Salt intake was determined using a validated 
seven-item questionnaire about the intake frequency of 
salty and processed foods, such as salty fish, pickles, 
and soups (19). Patients' quality of life was determined 
using the EuroQol questionnaire (20). The participants 
responded to the above-mentioned questionnaires at 
community pharmacies during their visit 0 (baseline) 
and visit 4 (12 weeks later). All participants wore a 
pedometer for more than 12 hours per day. 

2.8. Measurements

Baseline BP was measured and recorded at the pharmacy 
upon study entry. In Japan, a patient diary is typically 
recommended to record home BP measurements and is 

2.5.2. Patient training and registration

Validated home BP monitors (HEN-7200; Omron 
Corporation, Kyoto, Japan) (15) and pedometers (HJ-
205; Omron Corporation) were provided to all participants 
upon study entry at the pharmacy. The participants 
were instructed how to measure BP and count steps, 
then collected these data for two weeks before study 
randomization. The pharmacists checked these BP data for 
the initial two weeks; patients with less than two missing 
measurements were registered in the study (Figure 1). 
 Intervention group patients submitted their BP 
measurements and other personal data for evaluation 
and received advice about a healthy lifestyle from a 
certified pharmacist when they visited the pharmacy. The 
attending pharmacists were provided with 12 types of 
brochures, a BP diary, and a table listing food with high 
sodium content to support the five previously mentioned 
agenda items. The pharmacists gave the participants one 
of these tools and demonstrated its usage. 
 At the second visit (visit 1), a pharmacist and the 
Intervention group patient discussed goal setting and 
methods to induce lifestyle changes, according to the five 
agenda items. Pharmacists provided this information in a 
brochure, which was used by the patient when selecting 
the method. At every visit (visits 1-3), the pharmacist 
asked about the patient's lifestyle, goal accomplishments, 
and barriers to lifestyle changes. After reflecting on the 
previous visit, they discussed new goal setting during 
every visit. The pharmacists delivered a standardized 
intervention using a check list in the Case Report Form.

2.6. Control Group

Patients in the Control group were provided the 

Figure 1. Study flow chart of COMPASS-BP.
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used by hospitals and clinics to evaluate home BP data 
for hypertensive patients. Diaries were provided to all 
patients in the study to record BP and additional data, 
such as body weight and steps taken on each monitored 
date. The participants measured their BP twice daily 
(in the morning and at bedtime) by recording this 
information in their diary, thus enabling the sharing 
of these data with physicians and pharmacists. The 
participants' heights and weights were also checked. 
Medication data were collected from prescriptions. Study 
data were collected from all participants for 84 days. All 
conditions except the designated intervention were equal 
between the two groups.
 Securing reliability of the data: During every 
visit to the pharmacy, patients were educated about 
appropriate BP measurement procedures based on the 
current clinical practice guidelines in Japan (5). The 
attending pharmacists recorded these data. Changes 
in patients' medications were checked and printed for 
inclusion in personal health records. At every visit, the 
attending pharmacist was required to check both the BP 
measurement method and any missing records.

2.9. Sample size 

We assumed an SBP decrease of 5 mmHg, significance 
level of 5%, outcome variable standard deviation (SD) of 
15, statistical power of 80%, and two-tailed significance 
test to calculate the required sample size in each group. 
Using an intra-class correlation of 0.1 and assuming three 
patients in each cluster, a minimum required sample 
size of 30 pharmacies per arm was determined, for 180 
patients in both arms. To compensate for dropouts, 
the sample size was set to 33 pharmacies (99 patients) 
in both groups (total = 198). These calculations were 
conducted using sample size tables for clinical studies 
(21).

2.10. Statistical analysis

Continuous variables are presented as means and 
standard deviations (SD), whereas categorical 
variables are presented as numbers and percentages. 
The difference in the primary outcome between the 
groups was estimated with 95% confidence interval and 
compared using Student's t-tests. Furthermore, repeatedly 
measured home BP data were analysed using the mixed-
effect model for repeated measures (MMRM) with the 
first-order autoregressive structure (AR[1]) (22), where 
the group, the measurement time, and the interaction of 
group and measurement time were included as the fixed 
effect and the baseline SBP as the covariate. Secondary 
outcome analysis between the two groups was performed 
using Student's t-test. All p-values were two-sided, with 
p-values < 0.05 considered as statistically significant. 
All data analyses were conducted using SAS statistical 
software version 9.4 (SAS Institute Inc., Cary, NC, 

USA). The clustering effect was not considered because 
of the small cluster size (average 2 patients a pharmacy: 
1-3 patients). All data are presented as means with SDs. 
The primary analyses used the last observation carried 
forward method to address missing data. For cases with 
missing data at baseline, we used the average BP from 
the first week.

2.11. Ethics approval 

All related procedures in this study were approved by 
the Ethical Committee of Kyoto University School 
of Medicine (C1230). All patients provided written 
informed consent to participate in the study. The study 
protocol complied with the principles of the Declaration 
of Helsinki and written informed consent was obtained 
from participants prior to study recruitment. All data 
were analysed anonymously.

3. Results

Enrolment in the COMPASS-BP study began on 
September 1, 2014 with 55 pharmacies (112 patients) 
and on May 1, 2015 with another 18 pharmacies (13 
patients). A total of 73 pharmacies were recruited for the 
study and were randomized. However, 17 pharmacies 
did not recruit any patients (7 pharmacies assigned to 
Intervention and 10 assigned to the Control). A total of 
125 patients were recruited (64 in the Intervention and 
61 in the Control). The cluster exclusion rate was 25.5% 
(25/98 pharmacies), and the allocated cluster rate was 
76.7% (56/73 pharmacies). The final analysis included 
30 pharmacies (64 patients) in the Intervention group and 
26 pharmacies (61 patients) in the Control group (Figure 
2). Although follow-up data were available for all 
participants, the baseline BPs for 44 of the 125 patients 
were not recorded; in these cases, the first week's BP was 
used as the baseline value.
 Participants in the Intervention group were slightly 
younger (Intervention: 61.6 [9.9] years, Control: 66.6 
[9.0]), had a lower incidence of diabetes (Intervention: 
17.2%, Control: 24.6%), a higher incidence of 
hyperlipidaemia (Intervention: 37.5%, Control: 
29.6%), and lower frequency of angiotensin receptor-
II blocker/angiotensin-converting enzyme inhibitor 
use (Intervention: 65.6%, Control: 78.7%) (Table 1). 
Furthermore, the mean morning SBP and diastolic blood 
pressure (DBP) were slightly higher in the Intervention 
Group (Intervention: 135.2/81.6 [13.1/8.7] mmHg, 
Control: 131.8/76.6 [14.1/9.6]) (Table 2). 
 There were significant differences in the mean change 
in morning SBP and DBP between the two groups. The 
difference in change in SBP over the 12 weeks was −6.0 
mmHg (Intervention: −1.1 mmHg, Control: +4.9 mmHg; 
95% confidence interval [CI]: −11.0 to −0.9; p = 0.021; 
Table 2). The subsequent MMRM analysis yielded a 
slightly smaller but still significant estimated difference 
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Figure 2. CONSORT flow chart of COMPASS-BP.

Table 1. Baseline characteristics of individuals and clusters

Variables

Cluster level 
No. of Pharmacies
Cluster type (%)a

Small
Medium
Large

Individual level
No. of patients
Age, years (SD)*

Gender, female (%)
Duration of Antihypertensive Medication
Years, (%)b

     < 5
     6-10
     11-15
     16-20
     > 21
Comorbidities
     Diabetes (%) 
     Hyperlipidemia (%)
Medication (%)c

     ARB/ACE
     CCB
     Diuretic
     α/β-Blocker
     Renin inhibitor

Intervention Group

37

23 (62.2)
7 (18.9)
7 (18.9)

64
61.6 (9.9)
40 (62.5)

19/40 (47.5)
8 (20.0)
7 (17.5)
5 (12.5)
1 (2.5)

11/64 (17.2)
24/64 (37.5)

42/64 (65.6)
39/64 (60.9)
11/64 (17.2)
2/64 (3.1)
0/64 (0.0)

Control Group

36

25 (69.4)
6 (16.7)
5 (13.9)

61
66.6 (9.0)
35 (57.4)

19/36 (52.8)
10 (27.8)
2 (5.6)
3 (8.3)
2 (5.6)

15/61 (24.6)
18/61 (29.6)

48/61 (78.7)
45/61 (73.8)
6/61 (9.8)
8/61 (13.1)
1/61 (1.6)

*Age: p = 0.004. There were no significant differences expect for age in two groups. Missing data was not included in the analysis. a.Pharmacies 
were classified by the number of patients seen per day. Small: 0-50, Middle: 51-100, Large: > 101. bDuration of medication use for hypertension was 
checked through patient self-reporting. c.Categories of hypertensive medications taken by patients.
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in the changes in morning SBP between the two groups 
(−4.5 mmHg; 95% CI: −8.5 to −0.6, p = 0.024; Table 3). 
DBP did not differ significantly between the two groups 
(−1.8 mmHg; 95% CI: 4.4 to 0.8, p = 0.169; Table 3). 
 According to International Physical Activity 
Questionnaires scores, the groups differed in terms of 
changes in physical activity. More Intervention patients 
were less physically active (266 to 243; Intervention: 
−23 [105]; Control: 119 [191]; p = 0.016; Table 4). 
No significant differences were observed for any other 
secondary endpoints, including quality of life, BMI, salt 
intake score, or knowledge about a healthy lifestyle.

4. Discussion

Lifestyle plays an important role in the management of 
hypertension. The COMPASS-BP trial was conducted to 
determine whether a brief, motivational interview-based 

intervention administered by pharmacists could improve 
BP. Our study demonstrated that the intervention was 
feasible and well accepted by pharmacists and patients. 
Notably, the attained SBP level was similar to those 
reported by previous studies (13,14). Although we 
did not observe large differences in BP, the results 
implied that the brief healthy lifestyle advice provided 
by pharmacists during daily practice had an effect on 
patients' BP control. 
 Motivational interviewing is a patient-centred 
strategy designed to elicit behaviour change by helping 
clients to explore and resolve ambivalence to change 
(23). Motivational interview-based interventions have 
been shown to enhance adherence and improve targeted 
diet-related outcomes (24). Self-monitoring involves 
the client keeping a record of thoughts, emotions, 
dietary behaviours, and health measurements, such as 
blood pressure. The patients can review this record for 

Table 3. Mixed-effect model for repeated measures (MMRM) analysis of SBP and DBP

Dependent Variable (Intervention: n = 64, Control: n = 61)

Morning SBP (mmHg)
Ar(1)*

Morning DBP (mmHg)
Ar(1)*

Estimate difference

-4.5

-1.8

95% CI

 -8.5 to -0.6

 -4.4 to 0.8

SBP: systolic blood pressure, DBP: diastolic blood pressure, Ar(1)*: auto regressive(1).

p-Value

0.024

0.169

Table 2. Reported BP at baseline and study completion

Items

Baseline BP
mmHg (SD)
12 Week BP
mmHg (SD)
Difference
mmHg (SD)

BP, blood pressure.

SBP

135.2
(13.1)
134.2
(10.4)
-1.1

(13.0)

DBP

81.6
(8.7)
79.4

(10.1)
-2.2
(8.5)

SBP

131.8
(14.1)
136.7
(13.8)

4.9
(15.5)

DBP

76.6
(9.6)
77.5
(8.8)
1.2

(8.6)

SBP

0.166

0.242

0.021

DBP

0.003

0.283

0.026

SBP

3.4 
(-1.4 to 8.2)

-2.5 
(-6.9 to 1.8)

-6.0 
(-11.0 to -0.9)

DBP

5.0 
(1.7 to 8.2)

1.9 
(-1.6 to 5.3)

-3.4 
(-6.5 to -0.2)

Intervention Group (n = 64)           Control Group (n = 61)                  p-Value                               Difference (95% CI)

Table 4. Clinical and humanistic parameters of patients at baseline and study completion

Items

Medication adherencea

WHO-5b

EQ-5Dc

BMI d
Steps/day
IPAQe

Importancef

Confidenceg

Salt-intake Scoreh

Knowledgei

a.Medication adherence; a modified, 8-item. Morisky Medication Adherence Scale (MMAS). b.WHO-5; the WHO-Five wellbeing index. c.EQ-5D; 
standardized instrument for use as a measure of health outcome. d.BMI; body mass index. e.IPAQ; International Physical Activity Questionnaire. f/

g.Importance/Confidence; Pharmacists' importance and confidence scores of diabetes care (out of 10). h.Salt-intake Score; Intake frequency of the 
following foods, ranging from "everyday" to "not at all". 1) Salted fish, 2) Dried fish, 3) Processed fish meat, 4) Ham and sausage, 5) Pickles, 6) 
Noodles, 7) Miso soup. i.Knowledge of healthy lifestyle choices, measured by 10 true or false questions.

Baseline

13.3 (1.2)
13.2 (4.4)
0.90 (0.14)
24.2 (3.3)

6092 (3134)
266 (228)
27.0 (3.4)
23.5 (4.1)
15.6 (3.3)
5.6 (2.5)

After

13.6 (1.0)
13.2 (4.2)
0.89 (0.14)
24.0 (2.5)

5201 (3322)
243 (225)
28.3 (4.1)
24.2 (4.0)
15.6 (3.8)
6.5 (2.1)

Difference

0.3 (1.0)
-0.1 (2.7)
-0.01 (0.1)
-0.1 (0.5)

-993 (2064)
-23 (105)
1.23 (3.1)
0.6 (3.0)
0.0 (2.6)
0.9 (2.1)

Baseline

13.6 (1.0)
12.9 (4.2)
0.92 (0.14)
24.3 (3.6)

5099 (2684)
245 (235)
27.1 (4.2)
23.9 (4.5)
14.3 (2.5)
5.6 (1.9)

After

13.7 (1.0)
13.6 (4.1)
0.88 (0.18)
24.4 (3.5)

4587 (2772)
385 (270)
28.1 (2.6)
24.8 (3.8)
14.6 (3.3)
6.6 (2.2)

Difference

0.1 (1.1)
-0.1 (3.1)

0.00 (0.19)
0.0 (0.6)

-614 (1819)
119 (191)
0.96 (2.7)
0.87 (3.0)
0.4 (2.5)
1.0 (1.8)

p-Value

0.398
0.613
0.797
0.768
0.502
0.016
0.636
0.690
0.476
0.768

          Intervention group (n = 64), Mean (SD)                     Control group (n = 61), Mean (SD) 
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triggers and patterns, which can then be used to assist 
with problem solving and goal setting (25). Although 
community pharmacists have previously conducted 
randomized controlled trials on lifestyle intervention 
that were based on motivational interviewing such as 
cognitive behavioural therapy, all of these trials were 
focused on improving medication adherence rather than 
mediating lifestyle changes (26). In our study, however, 
there was not a significant difference in adherence 
between the two groups. Thus, the change in BP in our 
study may reflect the effects of the pharmacists' support 
for patients.
 Previous community pharmacy-based studies 
measured BP at pharmacies or clinics (12-14). In our 
study, we were able to analyse home BP measurement 
data collected during an 84-day period. The mixed-
effect model repeated measure (MMRM) results suggest 
that the intergroup difference in SBP was significant, 
although the sample of data for analysis was small (125 
patients). Therefore, a pharmacist-based intervention 
could likely promote improvements in BP.
 We did not observe changes in physical activities, 
BMI, and lifestyle choices. The observed intergroup 
difference in BP might be attributable to the pharmacists' 
recommendations to the intervention participants 
regarding reduced sodium intake. Japanese people, 
especially those who are older, have high levels of 
sodium intake (> 10 g salt per day) (5,7). Because the 
participants in the current study were older and were 
likely to have high salt intake, they might have benefitted 
from the present intervention. However, a 24-hour 
urine collection analysis was needed to confirm this 
hypothesis, and this was not possible for this trial due to 
the practice setting.
 It would be expected that the difference in BP 
observed in this study, about 6 mmHg, would be additive 
to other pharmacist interventions, for which there is 
substantial high quality evidence, such as recommending 
medication changes to the physician (26), or independent 
prescribing by pharmacists (27). As such, adding a brief 
motivational interview-based intervention could greatly 
enhance pharmacists' other clinical care.
 Our study had some limitations of note. First, 
approximately one-quarter of the baseline data (n = 
34) were missing. To address this, we used the average 
values from the first week of home readings, but these 
were likely lower than in-pharmacy measures, which 
may have decreased the differences between the two 
groups. Second, this was an open-label trial and all 
data were obtained from patients. Therefore, patients in 
both groups might have reported "desirable" data ‒ an 
effect that might be greater in the Intervention group. 
Thirdly, though the difference between both arms was 
-6.0 mmHg, the change was mainly due to an increase 
in BP in the Control group (+4.9 mmHg) rather than a 
reduction in the Intervention group (-1.1 mmHg). This 
study was carried out from autumn to winter (112/125 

patients from September to December) in Japan, where 
a 15°C drop in temperature occurs between September 
(23.2°C) and December (6.7°C) (28). A 1°C decrease in 
the mean outdoor temperature is associated with a rise of 
0.41-0.43 mmHg in SBP in Japan (29,30). Thus, in this 
study, the pharmacists' intervention may have prevented 
the increase in BP caused by the drop in outdoor 
temperature, rather than having failed to cause an overall 
reduction in BP.
 We attempted to reduce the risk of sampling bias by 
only including patients who adhered sufficiently to the 
strict status recording protocol during a 2-week run-in 
period. In other words, the present findings were based 
on what were likely already motivated patients. Another 
approach is needed to target less motivated patients in a 
real-world setting. However, most hypertensive patients 
in Japan have BP monitors in their homes. Accordingly, 
the results suggest that many of these patients could 
improve their BP through self-measures if they were 
educated and supported by pharmacists.
 In conclusion, the COMPASS-BP study demonstrated 
that brief motivational advice given by community 
pharmacists could potentially improve the control of BP, 
particularly morning SBP measured at home, among 
hypertensive patients. Our findings indicate the benefits 
of implementing a pharmacist-provided lifestyle advice 
program for patients with chronic disease.
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1. Introduction

Chronic kidney disease (CKD) is an important public 
health problem and causes significant morbidity and 

mortality worldwide (1). Renal fibrosis is generally 
recognized as the most prominent feature and the 
common final manifestation of progressive CKD (2). 
To delay the progression of CKD, inhibition of renal 
fibrosis may be a key factor for developing new clinical 
treatment options. However, there are still few clinical 
treatment options, which can block the progression of 
CKD. Thus, many patients begin to seek out alternative 
therapies such as traditional Chinese medicine. Chinese 
herbal medicine has been used for thousands of years 
and has successfully treated a number of human diseases, 

Summary Shenqi detoxification granule (SDG), a traditional Chinese herbal formula, has been shown 
to have nephroprotective and anti-fibrotic activities in patients with chronic kidney disease 
(CKD). However, its mechanisms in renal fibrosis and the progression of CKD remain 
largely unknown. P311, a highly conserved 8-kDa intracellular protein, plays a key role 
in renal fibrosis by regulating epithelial-mesenchymal transition (EMT). Previously, we 
found P311 might be involved in the pathogenesis of renal fibrosis by inhibiting EMT via 
the TGF-β1-Smad-ILK pathway. We also found SDG combined with P311 could ameliorate 
renal fibrosis by regulating the expression of EMT markers. Here we further examined 
the effect and mechanism of SDG combined with P311 on TGF-β1-mediated EMT in a rat 
model of unilateral ureteral occlusion (UUO) renal fibrosis. After establishment of the UUO 
model successfully, the rats were gavaged with SDG daily and/or injected with recombinant 
adenovirus p311 (also called Ad-P311) through the tail vein each week for 4 weeks. Serum 
creatinine (Cr), blood urea nitrogen (BUN) and albumin (ALB) levels were tested to observe 
renal function, and hematoxylin eosin (HE) and Masson staining were performed to observe 
kidney histopathology. Furthermore, the expression of EMT markers (E-cadherin and 
α-smooth muscle actin (α-SMA)) and EMT-related molecules TGF-β1, pSmad2/3, Smad7 
and ILK were observed using immunohistochemical staining and Western blot analysis. 
Treatment with SDG and P311 improved renal function and histopathological abnormalities, 
as well as reversing the changes of EMT markers and EMT-related molecules, which 
indicated SDG combined with P311 could attenuate renal fibrosis in UUO rats, and the 
underlying mechanism might involve TGF-β1-mediated EMT and the TGF-β1-Smad-ILK 
signaling pathway. Therefore, SDG might be a novel alternative therapy for treating renal 
fibrosis and delaying the progression of CKD. Furthermore, SDG combined with P311 might 
have a synergistic effect on attenuating renal fibrosis.
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including some kidney diseases. Recently, several 
traditional Chinese medications with anti-inflammation, 
anti-oxidative, or immunomodulatory properties have 
attracted considerable interest as candidates for the 
development of novel CKD therapeutics (3). 
 Shenqi detoxification granule (SDG), a traditional 
Chinese herbal formula, has been used in the clinic for 
the treatment of CKD for many years (4). As shown 
in Table 1, SDG contains 12 herbs including Radix 
Astragali, Salvia miltiorrhiza, Angelica sinensis, and 
so on. According to the theoretical basis of traditional 
Chinese medicine, SDG possesses a function of 
tonifying the kidney, invigorating blood circulation 
and detoxifcation. In our previous basic and clinical 
studies, we found that SDG could decrease the levels of 
blood urea nitrogen (BUN), serum creatinine (Scr), and 
leptin, and increase the levels of albumin (ALB) (5,6). 
These findings indicated that SDG could effectively 
alleviate kidney injury and prevent the progress of 
CKD. Furthermore, the possible mechanism of SDG 
on inhibiting renal fibrosis might be involved in the 
transforming growth factor-β1 (TGF-β1)-Smad pathway 
in rats (7). However, the mechanisms of SDG in renal 
fibrosis and the progression of CKD remain largely 
unknown. 
 Renal fibrosis is characterized by the trans-
differentiation of myofibroblasts and deposition of 
extracellular matrix (ECM) (8). During fibrosis, 
kidney resident cells such as fibroblasts, epithelial, 
endothelial or mesangial cells trans-differentiate into 
myofibroblasts that express and deposit excessive 
ECM proteins in the renal interstitial spaces, eventually 
leading to renal fibrosis and functional loss (9). Renal 
tubular epithelial-mesenchymal transition (EMT) is a 
critical step and key mechanism in the development 
of this condition, and about 30% of myofibroblasts 
are generated via EMT during kidney fibrosis (10). 
During the EMT process, tubular epithelial cells 
lose their adhesion molecules such as E-cadherin, 
and gain mesenchymal cell markers, such as alpha-
smooth muscle actin (α-SMA), vimentin, fibronectin, 
and collagen I (11). TGF-β1 is a well-known pro-

fibrotic cytokine that plays an important role in renal 
fibrosis (12). It is a major inducer of EMT that has 
been shown to initiate and complete the whole EMT 
process (13). Emerging data indicate that TGF-β1 
induces EMT in renal fibrosis primarily via the Smad 
signaling pathway (14). Upon TGF-β1 binding to its 
receptors, Serine/Threonine kinases are activated and 
induce phosphorylation of Smad2/Smad3, and then 
phosphorylated Smad2/3 partner with Smad4 and are 
translocated into the nucleus where they regulate the 
transcription of the target genes responsible for EMT. 
Integrin linked kinase (ILK) is an intracellular serine/
threonine kinase involved in cell-matrix interactions 
(15,16). It is shown to be a key intracellular mediator 
that regulates TGF-β1-induced-EMT through the Smad 
signaling pathway in renal tubular epithelial cells. 
Since EMT is the key factor by which renal fibrosis 
develops, inhibiting the EMT program through the 
TGF-β1-Smad-ILK pathway is considered a potential 
mechanism for anti-fibrotic therapies. 
 P311, an 8-kD, 68-amino acid, intracellular 
polypeptide, is highly conserved across species 
and abundantly expressed in brain, smooth muscle, 
regeneration tissues, and malignant glioblastomas 
(17). It can bind to TGF-β latency associated protein 
and stimulate the translation of TGF-β. In addition, 
P311 has proved to be of importance in the process of 
myofibroblast differentiation and fibrosis with functions 
of promoting embryonic development, wound healing, 
as well as nerve and lung regeneration, and so on (18-
22). In our previous studies, we found that P311 might 
be involved in the pathogenesis of renal fibrosis by 
inhibiting the EMT process via the TGF-β1-Smad-ILK 
pathway in vitro (23). P311 might be a novel target for 
control of renal fibrosis and the progression of CKD. 
We also found that SDG combined with P311 could 
ameliorate renal fibrosis and block the progression 
of CKD by regulating the expression of EMT-related 
protein α-SMA (24). 
 In the current study, we further examined the effect of 
SDG combined with P311 on TGF-β1-mediated EMT in 
a rat model of unilateral ureteral occlusion (UUO) renal 
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Table 1. Formulation of Shenqi detoxification granule (SDG)

Common name 

Radix astragali
Salvia miltiorrhiza
Angelica sinensis
Rheum officinale
Gordon euryale seed
Herba ecliptae
Radix semiaquilegiae
Rhizoma imperatae
Processed radix aconiti lateralis
Herba epimedii
Cherokee rose fruit
Hedyotis diffusa

                              Botanical name

Astragalus membranaceus (Fisch.) Bge
Salvia miltiorrhiza Bge.
Angelica sinensis (Oliv.) Diels
Rheum officinale Baill.
Euryale ferox Salisb.
Eclipta prostrata L.
Semiaquilegia adoxoides (DC.) Makino
Imperata cylindrica Beauv. var. major (Nees) C. E. Hubb.
Aconitum carmichaelii Debx.
Epimedium brevicornu Maxim.
Rosa laevigata Michx.
Hedyotis diffusa Willd.

Voucher specimen
number

10142
10140
10136
10137
10156
10152
10168
10126
10172
10176
10146
10124

       Part used

Root
Rhizome
Root
Root and rhizome
Seed
Whole plant
Root
Root
Root
Leaf
Fruit
Whole plant

Weight
(g)

60
20
12
10
15
15
15
15
10
15
15
15



www.biosciencetrends.com

BioScience Trends. 2017; 11(6):640-650. 642

ureter was ligated at 2 points with 4.0 silk (Niccho 
Kogyo Co., Ltd., Tokyo, Japan). Sham-operated rats 
had their ureters manipulated but not ligated and were 
used as controls.

2.4. Experimental protocol

The rats were randomly divided into six groups and 
given different treatments, each consisting of ten 
animals as follows: control group (or sham surgery 
group), UUO group, control + Ad-P311 group, UUO 
+ Ad-P311 group, UUO + SDG group, and UUO + 
SDG + Ad-P311 group. Ad-P311 was constructed as 
described previously by the current authors and stored 
at -80°C for use (23). After establishment of the UUO 
model successfully, rats in the control group and UUO 
group were gavaged with 2 mL normal saline daily 
for 4 weeks and injected with 0.5 mL normal saline 
through tail vein each week for 4 weeks, while the 
rats in control + Ad-P311 group and UUO + Ad-P311 
group were gavaged with 2 mL normal saline daily for 
4 weeks and injected with 0.5 mL P311 adenovirus by 
tail vein each week for 4 weeks. In addition, the rats in 
UUO + SDG group were gavaged with 2 mL SDG daily 
for 4 weeks and injected with 0.5 mL normal saline 
through tail vein each week for 4 weeks, while the rats 
in UUO + SDG + Ad-P311 group were gavaged with 
2 mL SDG daily for 4 weeks and injected with 0.5 mL 
P311 adenovirus by tail vein each week for 4 weeks.
 After 4 weeks treatment, these rats were euthanized 
under ether and their blood and kidneys were harvested. 
To make the rats enter quickly into the state of 
anesthesia and reduce their pain and fear, inhaling ether 
was used as euthanasia method and this method was 
approved by the Institutional Animal Care and Use 
Committee of Shandong Provincial Hospital Affiliated 
to Shandong University. Serum Cr, BUN and ALB 
(BioVision, Inc., Milpitas, CA, USA) levels in the blood 
were tested using detection kits. Part of the kidney 
was fixed in 10% formalin solution and embedded in 
paraffin as 3 μm sections for hematoxylin and eosin 
(HE), Masson's trichrome and immunohistochemical 
staining. The other part of the kidney was stored at 
-80°C for Western blot analysis, which was performed 
as previously described to detect protein expression 
of E-cadherin, α-SMA, TGF-β1, phosphorylated 
Smad2/3 (pSmad2/3), Smad7 and ILK (Santa Cruz 
Biotechnology, Santa Cruz, CA, USA). 

2.5. Hematoxylin eosin (HE) staining and Masson 
staining

To observe histological morphology changes of kidney 
tissue, HE staining and Masson staining were performed. 
First, kidney tissues were fixed with 10% neutral 
formaldehyde and dehydrated in graded ethanol. After 
permeation with xylene, they were embedded in paraffin. 

fibrosis. After constructing a recombinant adenovirus 
p311 (also called Ad-P311) and transferring it into UUO 
rats, the preventing effect and possible mechanisms of 
SDG combined with P311 on TGF-β1-mediated EMT 
were explored.

2. Materials and Methods

2.1. SDG preparation

As shown in Table 1, SDG contained twelve ingredients 
including Radix Astragali, Salvia miltiorrhiza, Angelica 
sinensis, and so on. These ingredients were ordered 
from Shandong Hong-Ji-Tang pharmaceutical group 
corporation (Ji'nan, Shandong, China), and identified by 
Professor Bo Xu (Department of Pharmacy, Shandong 
Provincial Hospital affiliated to Shandong University, 
Ji'nan, Shandong, China). The voucher specimen 
numbers of these herbs are listed in Table 1, however, 
they have not been deposited into a publicly available 
herbarium. SDG was produced according to the method 
reported in our previous study (4). Briefly, these twelve 
ingredients were mixed in proportion, boiled with 
distilled water twice, and the resulting decoction was 
mixed and filtered using filter paper. Then, the filtered 
solution was collected and concentrated to a relative 
density. Finally, clear paste and excipient were mixed 
to make sugar-free granules, then dried, granulated, 
packed (10 g/bag), and labeled, which contained 20 g 
granules of 217 g crude drugs. Then the granules were 
made into 0.4 mg/mL liquid and kept at 4°C.

2.2. Animals

Sixty male Sprague-Dawley rats (8 weeks old, 200 
± 10 g) were bought from Shandong Experimental 
Animal Center (Ji'nan, Shandong, China), and were 
given free access to water and food throughout the 
experiments. All animals were housed in plastic cages 
with a room temperature of 22 ± 1°C and relative 
humidity of 50 ± 10% under a 12-h light/dark cycle. 
The rats were acclimatized for at least 1 week prior 
to the experiments. All animal experimental protocols 
were handled in accordance with the Code of Ethics 
of the World Medical Association. All experimental 
procedures were approved by the Institutional Animal 
Care and Use Committee of Shandong Provincial 
Hospital Affiliated to Shandong University (No. 2017-
208).

2.3. Establishment of UUO model

UUO model was performed as described previously 
(25). Briefly, after induction of general anesthesia by 
intraperitoneal injection of 3% pentobarbital (Sigma, St. 
Louis, MO, USA) (1 mL/kg body wt), the abdominal 
cavity was exposed via midline incision and the left 



www.biosciencetrends.com

BioScience Trends. 2017; 11(6):640-650.643

Paraffin blocks were cut into 2 μm slices, mounted onto 
glass slides and stained using standard techniques of 
HE staining and Masson staining according to previous 
studies (26). Renal tubular injury index including 
inflammatory, cell infiltration, interstitial fibrosis, 
interstitial edema, cell vacuolar degeneration, tubular 
atrophy, and tubular expansion was measured to assess 
renal interstitial lesions. Ten different fields were selected 
to estimate the level of renal injury index with HE 
staining using a bio-image analysis system (Bio-Profile). 
Each parameter was evaluated and given a score from 
0 to 4+, (0, no changes; 1+, changes affecting 5-25%; 
2+, changes affecting 25-50%; 3+, changes affecting 50-
75%; 4+, changes affecting 75-100%) (28). The severity 
of interstitial fibrosis was estimated by scanning 10 non-
repeated fields in each sample with Masson staining. 
Blue-stained fibrotic areas were quantified by Image-Pro 
plus 6.0 software (Media Cybernetics, Rockville, MD, 
USA) (27). The results were expressed as the proportion 
of relative volume of scanned interstitium. All cases of 
HE and Masson staining were evaluated independently 
by two investigators and any discrepancy was resolved 
with a group discussion. 

2.6. Immunohistochemical staining

To analyze the protein expression of α-SMA, 
pSmad2/3, and Smad7, immunohistochemistry staining 
assays were performed as described previously (26). 
First, paraffin sections were de-paraffinized, hydrated, 
and immersed in 0.3% hydrogen peroxide in methanol 
for 30 min to block the endogenous peroxidase 
activity. Second, the sections were incubated in 
primary antibodies (α-SMA, Smad2/3, and Smad7) 
overnight at 4°C, followed by incubation in anti-mouse 
secondary antibody for 1 h at room temperature. Third, 
visualization was carried out using a DAB horseradish 
peroxidase color development kit (Beyotime Institute 
of Biotechnology, Shanghai, China), and slides were 
counter stained in hematoxylin-1. Finally, ten random 
fields were examined per slice for expression of 
α-SMA, Smad2/3, and Smad7 using a Leica DM2500 
optical microscope at a magnification of ×200. The 
mean optical density (MOD) was measured by Image-
Pro Plus 6.0 image analysis software. All cases 
of immunohistochemical staining were evaluated 
independently by two investigators and any discrepancy 
was resolved with a group discussion.

2.7. Western blot analysis

Thirty micrograms of total cellular proteins were 
resolved by sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS PAGE) and transferred onto 
polyvinylidene fluoride (PVDF) transfer membranes 
for Western blot analysis (28). The results were 
quantified using Image J (National Institutes of Health, 

Bethesda, MD, USA). The following antibodies were 
used: E-cadherin, α-SMA, TGF-β1, pSmad2/3, Smad7 
and ILK (Santa Cruz Biotechnology, Santa Cruz, CA, 
USA). 

2.8. Statistical analysis

Statistical analysis was performed using SPSS software, 
version 17.0 (SPSS Inc., USA). All experiments were 
performed in triplicate and the data were expressed 
as the mean ± standard deviation (SD). The statistical 
significance of differences were calculated using the 
t-test and one-way analysis of variance (ANOVA), and 
p < 0.05 was considered statistically significant.

3. Results

3.1. General condition of rats

After treatment for 4 weeks, rats in the control group 
and control + Ad-P311 group were still in good shape, 
glossy coat color and obesity, while rats in the UUO 
group, and SDG or Ad-P311 treatment groups had 
different degrees of anorexia, low spirits, matte coat 
color, and kidney enlargement, and even individual rats 
were dead from kidney failure. There were 8 deaths 
including 3 in the UUO group, 2 in UUO + SDG group, 
2 in UUO + Ad-P311 group, and 1 in UUO + SDG + 
Ad-P311 group. In addition, there was a great change 
in body weight of rats after establishment of the UUO 
model and treatment with SDG or Ad-P311. As shown 
in Table 2, after 4 weeks of treatment, compared to 
control group, body weight in the UUO group (p < 
0.01), UUO + SDG group (p < 0.05), UUO + Ad-P311 
group (p < 0.05), and UUO + SDG + Ad-P311 (p < 
0.05) group had different degrees of weight loss, while 
there was no significant difference in control group and 
control + Ad-P311 group (p > 0.05). Moreover, weight 
loss was reversed significantly by administration of 
SDG and Ad-P311 especially in the UUO + SDG + Ad-
P311 group (p < 0.01) compared to that in UUO group.

3.2. Serum levels of Cr, BUN and ALB

After 4 weeks of treatment, serum levels of Cr, 
BUN and ALB were observed as shown in Table 3. 
Compared to control group, serum levels of Cr and 
BUN were increased significantly in the UUO group 
(p < 0.01), UUO + SDG group (p < 0.05), UUO + 
Ad-P311 group (p < 0.05), and UUO + SDG + Ad-
P311 (p < 0.05) group, while there was no significant 
difference between control group and control + Ad-
P311 group (p > 0.05). Moreover, serum levels of Cr 
and BUN were reversed significantly by administration 
of SDG and Ad-P311 especially in UUO + SDG + 
Ad-P311 group (p < 0.01) compared to that in UUO 
group. Compared to control group, serum levels of 
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ALB were decreased significantly in UUO group (p < 
0.01), UUO + SDG group (p < 0.05), UUO + Ad-P311 
group (p < 0.05), and UUO + SDG + Ad-P311 (p < 
0.05) group, while there was no significant difference 
between control group and control + Ad-P311 group (p 
> 0.05). Moreover, serum levels of ALB were reversed 
significantly by administration of SDG and Ad-P311 (p 
< 0.05) compared to that in UUO group.

3.3. SDG combined with P311 attenuated UUO-
induced fibrosis

As shown in Figure 1A, HE staining demonstrated 
that there were no histological changes in kidneys of 
sham rats as shown in control group and control + 
Ad-P311 group, while kidneys developed remarkable 
pathological changes such as interstitial fibrosis, tubular 
expansion, atrophy and inflammatory cell invasion in 
UUO rats as shown in the UUO group. However, these 
histological lesions in the kidneys of UUO rats were 
attenuated by administration of SDG and Ad-P311 
especially in UUO + SDG + Ad-P311 group compared 
to those in the UUO group. Consistent with pathological 
changes in experimental kidneys, UUO surgery resulted 
in about an 8-time increase of renal tubular injury index, 
but extent of damage was remarkably decreased from 
83.20 ± 2.80% to 70.10 ± 3.82% by administration of 
SDG and Ad-P311 especially in the UUO + SDG + Ad-
P311 group compared to that in UUO group (p < 0.01) 
(Figure 1B). As shown in Figure 2A, Masson staining 
showed that collagen deposition and fibrosis areas were 
significantly decreased by administration of SDG and 
Ad-P311 especially in the UUO + SDG + Ad-P311 
group compared to those in the UUO group. Collagen 
accumulation had increased prominently about 3 fold in 
the interstitium of UUO kidneys, while administration 

of SDG and Ad-P311 decreased the amount of collagen 
deposition from 2.94 ± 0.34 to 2.13 ± 0.30, compared 
to the UUO group (p < 0.01) (Figure 2B). 

Table 2. The body weight of rats in different groups at beginning and end of experiments

Group

Control group
Control + Ad-P311 group
UUO group
UUO + SDG group
UUO + Ad-P311 group
UUO + SDG + Ad-P311 group

Body weight  at the beginning  of experiment (g) 

                           199.60 ± 8.64
                           202.22 ± 8.11§

                           211.14 ± 11.25§

                           201.88 ± 6.20§

                           201.12 ± 13.22§

                           205.33 ± 8.54§

Body weight  at the end of experiment (g)

                    402.00 ± 14.65
                    403.00 ± 13.18▲

                    308.71 ± 15.22**

                    356.38 ± 7.03*∆

                    365.25 ± 8.88*∆

                    379.00 ± 9.34*∆∆

Note: Body weight at the beginning of experiment: §p > 0.05 vs. Control group;  Body weight at the end of experiment: ▲p > 0.05 vs. Control group, 
*p < 0.05 vs. Control group, **p < 0.01 vs. Control group, ∆p < 0.05 vs. UUO group, ∆∆p < 0.01 vs. UUO group.

Table 3. The serum levels of Cr, BUN and ALB of rats in different groups after 4 weeks of treatment

Group

Control group
Control + Ad-P311 group
UUO group
UUO + SDG group
UUO + Ad-P311 group
UUO + SDG + Ad-P311 group

  Cr (μmol/L)

  42.58 ± 2.95
  41.22 ± 3.36∆

118.79 ± 6.14▲▲

  93.68 ± 6.36▲*

  76.23 ± 4.45▲*

  59.27 ± 4.94▲**

BUN (mmol/L)

  6.33 ± 1.10
  7.03 ± 0.90∆

32.64 ± 4.02▲

15.27 ± 1.28▲*

12.37 ± 1.33▲*

  8.72 ± 1.20▲**

Note: ∆p > 0.05 vs. Control group,  ▲p < 0.05 vs. Control group, ▲▲p < 0.01 vs. Control group, *p < 0.05 vs. UUO group, **p < 0.01 vs.UUO group.

ALB (g/L)

34.39 ± 1.66
33.31 ± 1.95∆

22.57 ± 1.43▲▲

30.07 ± 1.11▲*

25.13 ± 0.97▲*

29.90 ± 1.08▲*

Figure 1. SDG combined with P311 attenuated UUO-induced 
pathological changes in the kidneys, which were detected by 
hematoxylin eosin (HE) staining. (A) HE staining (× 200); (B) 
The semi-quantitative accession of the renal tubular injury index 
in HE-stained sections of rat kidneys. ▲▲p < 0.01, compared to 
control group; *p < 0.05, compared to UUO group; **p < 0.01, 
compared to UUO group.



www.biosciencetrends.com

BioScience Trends. 2017; 11(6):640-650.645

3.4. SDG combined with P311 reversed the expression 
α-SMA, pSmad2/3 and Smad7 detected by immuno-
histochemical staining in UUO Kidneys

Protein expression of mesenchymal marker α-SMA 
was investigated by immunohistochemical staining to 
explore the effect of SDG and Ad-P311 on EMT related 
markers in UUO Kidneys. As shown in Figures 3A 
and 3B, protein expression of α-SMA was increased 
significantly in UUO kidneys compared to that in the 
sham operated control kidneys (control group and 
control + Ad-P311 group) (p < 0.01), while there was no 
significant difference between control group and control 
+ Ad-P311 group (p > 0.05). In contrast, the increased 
expression of α-SMA in UUO kidneys was reversed by 
the administration of SDG and Ad-P311 especially in the 
UUO + SDG + Ad-P311 group (p < 0.01) compared to 
UUO group. 
 Protein expression of Smad2/3 and Smad7 was also 
investigated by immunohistochemical staining to explore 
the possible mechanism of SDG and Ad-P311 on EMT 
of UUO Kidneys. As shown in Figures 4A and 4B, 
the protein expression of pSmad2/3 was dramatically 

elevated in the UUO group compared with the sham 
groups (control group and control +Ad-P311 group) (p < 
0.01), while there was no significant difference between 
control group and control + Ad-P311 group (p > 0.05). In 
contrast, SDG and Ad-P311 administration substantially 
ameliorated this elevation induced by UUO surgery. 
As shown in Figures 5A and 5B, protein expression of 
Smad7 was decreased significantly in UUO kidneys 
compared to that in the sham groups (control group and 
control + Ad-P311 group) (p < 0.01), while there was no 
significant difference between control group and control 
+ Ad-P311 group (p > 0.05). In contrast, administration 
of SDG and Ad-P311 alleviated its decrease especially in 
UUO + SDG + Ad-P311 group (p < 0.01) compared to 
UUO group.

3.5. SDG combined with P311 reversed the expression of 
EMT related proteins detected by Western blot analysis 
in UUO Kidneys

To further explore the effect of SDG and Ad-P311 on 
EMT related markers in UUO Kidneys, expression of 
epithelial marker E-cadherin and mesenchymal marker 

Figure 3. SDG combined with P311 reversed the expression 
α-SMA, which was detected by immunohistochemical 
staining in UUO kidneys. (A) Representative photomicrograph 
illustrating α-SMA expression in UUO kidneys; (B) Graph 
showing the immunoreactive score of α-SMA in UUO kidneys 
by quantitative morphometric analysis. ▲▲p < 0.01, compared to 
control group; *p < 0.05, compared to UUO group; **p < 0.01, 
compared to UUO group. Original magnifications, × 200.

Figure 2. SDG combined with P311 attenuated UUO-
induced pathological changes in the kidneys which were 
detected by Masson staining. (A) Masson staining (× 200); (B) 
The degree of interstitial collagen deposits in Masson-stained 
sections of rat kidneys. ▲▲p < < 0.01, compared to control 
group; **p < 0.01, compared to UUO group.
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α-SMA in UUO kidneys was examined by Western blot 
analysis. As shown in Figures 6A and 6B, the protein 
level of E-cadherin was decreased significantly in the 
UUO group compared with sham groups (control group 
and control +Ad-P311 group) (p < 0.01), while there 
was no significant difference between control group 
and control + Ad-P311 group (p > 0.05). However, 
administration of SDG and Ad-P311 alleviated its 
decrease. The protein expression of α-SMA was 
increased significantly in UUO kidneys compared to 
that in the sham operated control kidneys (p < 0.01), 
while there was no significant difference between control 
group and control + Ad-P311 group (p > 0.05). However, 
the increased expression of α-SMA in UUO kidneys was 
reversed by administration of SDG and Ad-P311 (Figures 
6A and 6B). 
 To explore possible mechanism of SDG and Ad-P311 
on EMT of UUO Kidneys, the protein expression of 
EMT related molecules TGF-β1, pSmad2/3, Smad7, and 
ILK were measured by Western blot analysis. As shown 
in Figures 7A and 7B, protein expression of TGF-β1, 

pSmad2/3, and ILK was increased significantly in UUO 
kidneys compared to that in the sham operated control 
kidneys (control group and control +Ad-P311 group) (p < 
0.01), while there was no significant difference between 
control group and control + Ad-P311 group (p > 0.05). 
However, administration of SDG and Ad-P311 alleviated 
all of the above changes significantly. Protein expression 
of Smad7 was decreased significantly in UUO kidneys 
compared to that in the sham operated control kidneys 
(control group and control +Ad-P311 group) (p < 0.01), 
while there was no significant difference between control 
group and control + Ad-P311 group (p > 0.05). However, 
the decreased expression of Smad7 in UUO kidneys was 
reversed by administration of SDG and Ad-P311 (Figures 
7A and 7B).

4. Discussion

As a traditional Chinese herbal formula, SDG has been 
used clinically for treatment of CKD for many years 
(4). Radix Astragali and Salvia miltiorrhiza are the two 

Figure 4. SDG combined with P311 reversed the expression 
pSmad2/3, which was detected by immunohistochemical 
staining in UUO kidneys. (A) Representative photomicrograph 
illustrating pSmad2/3 expression in UUO kidneys; (B) Graph 
showing the immunoreactive score of pSmad2/3 in UUO 
kidneys by quantitative morphometric analysis. ▲▲p < 0.01, 
compared to control group; *p < 0.05, compared to UUO group; 
**p < 0.01, compared to UUO group. Original magnifications, 
× 200.

Figure 5. SDG combined with P311 reversed the expression 
of Smad7, which was detected by immunohistochemical 
staining in UUO kidneys. (A) Representative photomicrograph 
illustrating Smad7 expression in UUO kidneys; (B) Graph 
showing the immunoreactive score of Smad7 in UUO kidneys 
by quantitative morphometric analysis. ▲▲p < 0.01, compared to 
control group; *p < 0.05, compared to UUO group; **p < 0.01, 
compared to UUO group. Original magnifications, × 200.
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principal ingredients of SDG, which play important 
roles in CKD treatment. A systematic review has shown 
that Radix Astragali used alone as a crude herb could 
offer some promising effects in reducing proteinuria and 
increasing hemoglobin and ALB in patients with CKD 
(29). Pharmacological studies have suggested that some 
formulas with Radix Astragali as a principal ingredient 
and some active compounds from Radix Astragali 
(e.g., Astragaloside IV) are capable of ameliorating 
renal fibrosis via the TGF-β/Smad signaling pathway 
(30,31). In addition, Salvia miltiorrhiza and its active 
ingredients (e.g., Tanshinone IIA) have proved to possess 
a protective effect on kidney injury by suppressing 
production of reactive oxygen species (ROS) (32) and 
regulating levels of TGF-β1 and collagen IV (33). 
Therefore, the inhibitory effect of Radix Astragali and 
Salvia miltiorrhiza on renal fibrosis might be one of the 
important mechanisms of SDG as an effective treatment 
for CKD. 
 Our previous studies indicated that SDG could 

effectively reduce kidney damage and prevent 
progression of CKD with a possible mechanism involved 
in the TGF-β1-Smad pathway (5-7). We also found 
P311 might be involved in the pathogenesis of renal 
fibrosis by inhibiting the EMT process via the TGF-
β1-Smad-ILK pathway in vitro (23). Moreover, SDG 
combined with P311 could ameliorate renal fibrosis and 
block progression of CKD by regulating expression of 
the EMT-related protein α-SMA (24). Here we further 
examined the effect and mechanism of SDG combined 
with P311 on TGF-β1-mediated EMT in a rat model 
of UUO renal fibrosis. We found that SDG combined 
with P311 could protect kidney function of UUO rats 
via improving Cr, BUN, and ALB serum levels. We also 
found that SDG combined with P311 could attenuate 
histological lesions including interstitial fibrosis, tubular 
expansion, and atrophy and inflammatory cell invasion 
in kidneys of UUO rats, and the underlying mechanism 
might involve EMT and the TGF-β1-Smad-ILK 
signaling pathway. 

Figure 7. SDG combined with P311 reversed the expression 
of EMT related proteins TGF-β1, pSmad2/3, Smad7, and 
ILK, which was detected by Western blot analysis in UUO 
Kidneys.  (A) Expression of TGF-β1, pSmad2/3, Smad7, and 
ILK at the protein level in each group was determined with 
β-actin used as an internal control. (B) The expression level 
of TGF-β1, pSmad2/3, Smad7, and ILK was quantitatively 
analyzed with Image J software. ▲▲p < 0.01, compared to 
control group; *p < 0.05, compared to UUO group; **p < 0.01, 
compared to UUO group.

Figure 6. SDG combined with P311 reversed the expression 
of EMT markers (E-cadherin and α-SMA), which was 
detected by Western blot analysis in UUO Kidneys. (A) 
Expression of E-cadherin and α-SMA at the protein level in 
each group was determined with GAPDH used as an internal 
control. (B) The expression level of E-cadherin and α-SMA 
was quantitatively analyzed with Image J software. ▲▲p < 
0.01, compared to control group; *p < 0.05, compared to UUO 
group; **p < 0.01, compared to UUO group.
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 Renal fibrosis is an inevitable outcome of all 
kinds of progressive CKD. It is characterized by the 
trans-differentiation of myofibroblasts and excessive 
accumulation of ECM (8). Chronic inflammation is 
considered a major contributor to nephropathic changes, 
including renal fibrosis (15). During the process of renal 
fibrosis, inflammatory cells infiltrate and produce several 
molecules, such as growth factors, angiogenic factors, 
profibrotic cytokines, and proteinases. All of these 
factors can stimulate excessive accumulation of ECM 
through EMT, which results in renal fibrosis. Among 
these, profibrotic cytokine TGF-β1 is proposed to be a 
major regulator in inducing EMT and the generation of 
interstitial fibroblasts (12,13). It can induce the activation 
of fibroblasts to undergo a phenotypic transition to 
myofibroblasts with tubular epithelial cells losing their 
adhesion molecules (such as E-cadherin), and gaining 
mesenchymal cell markers (such as α-SMA) (11). In 
the current study, expression of TGF-β1 was increased 
significantly in UUO kidneys, but administration of SDG 
and Ad-P311 alleviated its increase. Moreover, α-SMA 
expression was increased significantly and E-cadherin 
expression was decreased significantly in UUO kidneys, 
while the changed expression of α-SMA and E-cadherin 
in UUO kidneys was reversed by the administration of 
SDG and Ad-P311. Therefore, consistent with previous 
reports, TGF-β1 is the most potent inducer capable of 
initiating and completing the entire EMT course. SDG 
combined with P311 could prevent TGF-β1-mediated 
EMT in UUO kidneys.
 The TGF-β1/Smad signaling pathway plays a key 
role in initiating and completing the entire EMT course 
in fibrotic disease pathogenesis (34). Currently, eight 
different Smad proteins have been found in vertebrates. 
Smad protein, because it is the most important 
downstream signal transduction molecule of TGF-β1 in 
cells, transfers the TGF-β1 signal from cell surface to 
nucleus, which can regulate target gene transcription. 
After TGF-β1 binds to its receptor Tβ R II and recruits 
Tβ R I, the activated complex directly phosphorylates 
downstream receptor-regulated Smads (R-Smads, 
including Smad1, 2, 3, 5, and 8). Phosphorylated 
R-Smads (e.g., Smad2/3), binds to the common partner 
Smad4 and forms the Smad complex that translocates 
into the nucleus to initiate gene transcription and regulate 
cell behavior. Another class of Smads is inhibitory 
Smads (I-Smads, including Smad6 and Smad7), which 
can competitively combine with TGF-β1 receptor, 
preventing phosphorylation of R-Smads (35). In renal 
fibrosis, Smad2/3 is reported as a key EMT regulatory 
molecule inducing EMT and collagen accumulation, 
while Smad7 is reported to have a renoprotective effect 
through blocking the profibrotic effect of TGF-β and 
inhibiting Smad2/3 activation (11,36). Here we found 
that pSmad2/3 expression was increased and Smad7 
expression was decreased significantly in UUO kidneys, 
but administration of SDG and Ad-P311 alleviated all of 

the above changes significantly. These results indicated 
that SDG combined with P311 not only regulates 
TGF-β1 but also the Smad signaling pathway. ILK is 
an intracellular serine/threonine protein kinase that 
interacts with the cytoplasmic domains of β-integrins 
and mediates integrin signaling in diverse types of cells 
(11). TGF-β1 mediated EMT has been suggested to 
be dependent on ILK function in a Smad-dependent 
manner during renal fibrosis (15). Here we found that 
ILK expression was increased significantly in UUO 
kidneys, however, administration of SDG and Ad-P311 
significantly reversed the above changes. Taken together, 
these findings indicated that SDG combined with P311 
attenuated TGF-β1-mediated EMT by regulating protein 
expression of pSmad2/3, Smad7 and ILK in UUO 
kidneys.
 P311 is an intracytoplasmic protein that can 
bind to TGF-β latent associated protein and down-
regulate expression of TGF-β1 and TGF-β2 (17). It 
has been shown to be of importance in the process of 
myofibroblast differentiation and fibrosis with functions 
of promoting embryonic development, wound healing, 
as well as nerve and lung regeneration, and so on (18,20-
22). Pan et al. reported that P311 could block TGF-β1 
signaling and cause an inhibition in collagen expression 
in myofibroblast transformation, suggesting that P311 
might be involved in preventing fibrosis during wound 
repair (18). In our previous study, P311 could ameliorate 
renal fibrosis by blocking TGF-β1-mediated EMT via the 
TGF-β1-Smad-ILK pathway in vitro and UUO rats (24). 
However, Yao et al. found that P311 could promote renal 
fibrosis via TGFβ1/Smad signaling in the UUO model 
(36). This finding differs from our data. The relationship 
between P311 and TGF-β1 might be reasonable 
to explain this discrepancy, because infiltration of 
inflammatory cells is an early and characteristic feature 
of renal fibrosis (37). During renal fibrosis, at early 
stages of repair with abundant inflammatory cells, the 
antifibrogenic effect of P311 may be offset by TGF-β1 
and exhibit a pro-fibrogenic effect, while at advanced 
stages of repair while inflammatory cells gradually 
disappeared, the antifibrogenic effect of P311 may 
increase over time and become maximal toward the end 
of the reparative process (18). Thus, here we found that 
SDG combined with P311 could ameliorate renal fibrosis 
by blocking the TGF-β1/Smad signaling pathway in 
UUO rats. Although SDG has the potential to be a cost-
effective and safe treatment for renal fibrosis, further 
studies are needed to verify the active components of this 
herbal medicine.

5. Conclusions

In summary, our data present that SDG combined with 
P311 could attenuate renal fibrosis in UUO rats, and the 
underlying mechanism might involve TGF-β1-mediated 
EMT and the TGF-β1-Smad-ILK signaling pathway. 
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Therefore, SDG might be a novel alternative therapy 
for treatment of renal fibrosis and progression of CKD. 
Furthermore, SDG combined with P311 might have a 
synergistic effect on attenuating renal fibrosis. Taken 
together, these findings provide a new way for treatment 
of CKD.
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1. Introduction

Human granulocytic anaplasmosis (HGA), caused 
by the obligate intracellular bacteria Anaplasma 
phagocytophilum, is an emerging tick-borne zoonosis 
in the United States, Europe, and Asia (1).  A. 
phagocytophilum is primarily transmitted to humans via 
bites from infected ixodid ticks; however, transmission 
has also been reported to occur through blood transfusion 
and contact with infected mammal blood (2). After 
infection, the patient generally presents unexplained 
nonspecific symptoms such as fever, chills, headache, 
and myalgia, which may occur in the presence of 
abnormal laboratory features, which may include 
leukopenia, thrombocytopenia, and/or mildly elevated 

liver enzymes (3).
 A. phagocytophilum is a significant tick-borne 
pathogen in terms of public health, and improving 
our understanding of its transmission methods is vital 
to enabling the development of appropriate control 
measures. A. phagocytophilum's natural infectious cycle 
is dependent on the presence of infected vertebrate 
reservoir hosts and ixodid tick vectors (4). Within the 
vertebrate host, the bacteria colonizes neutrophils, but 
also infects other cells of myeloid and nonmyeloid 
origin. Of interest, it has also been reported to infect and 
multiply in several different ixodid tick tissues, including 
the midgut and salivary gland cells (2). Over recent 
decades, several molecules used by A. phagocytophilum 
to infect and multiply within vertebrate host cells have 
been well characterized (4). Moreover, a growing 
numbers of reports suggest that A. phagocytophilum can 
modulate tick gene and protein expression to facilitate 
bacterial acquisition and/or transmission in the tick 
vector (5,6). However, little information is available 
about the specific bacterial molecules playing key roles 
in tick gut and salivary gland infection.
 Enolase is a key cytoplasmic glycolytic enzyme 

Summary The obligate intracellular bacteria Anaplasma phagocytophilum is the etiological agent 
of human granulocytic anaplasmosis (HGA), an acute febrile tick-borne disease. A. 
phagocytophilum has a complex lifecycle within both vertebrate reservoirs and tick vectors, 
and employs a range of different molecules to infect and multiply within the host cells. 
Enolase is an essential glycolytic enzyme in intracellular glucose metabolism, but is also 
a multifunctional protein expressed on the pathogen surface, that binds to and promotes 
plasminogen conversion to plasmin. In this study, we generated recombinant ApEno protein 
(rApEno), and confirmed that rApEno retains its enzymatic activity. Furthermore, we 
demonstrated that rApEno binds to human plasminogen, and that this binding could be 
significantly reduced in the presence of lysine analogs (ε-aminocaproic acid). Additionally, 
rApEno promotes plasminogen to plasmin conversion in the presence of plasminogen 
activator. In conclusion, A. phagocytophilum enolase is a multifunctional protein which can 
catalyze the dehydration of 2-phospho-D-glycerate to phosphoenolpyruvate, and facilitate 
binding to host plasminogen.
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in intracellular glucose metabolism, and catalyzes the 
reversible dehydration of 2-phospho-D-glycerate (2-
PGA) to phosphoenolpyruvate (PEP) in the penultimate 
step of glycolysis (7). In recent years, enolase has 
also been identified on the surface of a variety of 
eukaryotic cells, and there acts as a plasminogen 
receptor promoting conversion to plasmin when in the 
presence of plasminogen activator (8). Furthermore, it 
has been confirmed that surface-expressed enolase on 
vector-borne pathogens plays an essential role during 
pathogen invasion of vector gut by binding mammalian 
plasminogen (9,10). 
 In the present study, we characterized the protein 
structure of A. phagocytophilum enoalse (ApEno), and 
then generated recombinant ApEno (rApEno) via an E. 
coli expression system. Subsequently, we confirmed 
that rApEno catalyzes 2-PGA dehydration to PEP. 
Additionally, we demonstrated that rApEno binds to and 
promotes plasminogen conversion to the plasmin active 
form. Our results provide further evidence that these 
molecules likely contribute to A. phagocytophilum's 
ability to infect tick vectors. However, further research 
is needed in order to fully elucidate ApEno's role during 
the bacterial infection process.

2. Materials and Methods

2.1. Animals and ethics statements

All mice were purchased from Beijing Vital River 
Laboratory Animal Technology Co., Ltd and maintained 
at the Xuzhou Medical University Animal Center. 
This study was carried out in strict agreement with the 
guidelines for the Care and Use of Laboratory Animals 
as defined by the Xuzhou Medical University Laboratory 
Animal Ethics Committee. All protocols involving 
mice were approved by the Xuzhou Medical University 
Laboratory Animal Ethics Committee (Permit Number: 
201547).

2.2. Reagents

All reagents were purchased from Sigma-Aldrich, CO (St. 
Louis, USA) unless otherwise specified.

2.3. ApEno characterization

A. phagocytophilum str. HZ enolase amino acid sequences 
were obtained from the NCBI protein database (11,12). 
The enolase signature sequence and other domains were 
defined using ScanProsite online software (http://prosite.
expasy.org/scanprosite), and MotifScan online software 
(http://myhits.isb-sib.ch/cgi-bin/motif_scan). Multiple 
protein sequences were aligned and analyzed using the 
MUSCLE multiple sequence alignment tool from the 
European Bioinformatics Institute (EMBL-EBI) (http://
www.ebi.ac.uk/Tools/msa/clustalo).

2.4. ApEno cloning, recombinant expression, and 
purification

The gene fragment encoding the entire ApEno coding 
sequence was synthesized by GENEWIZ® (GENEWIZ 
Suzhou, China). BamHI and XhoI restriction sites 
were added to ApEno 5' and 3' ends, respectively, to 
facilitate cloning into the expression vector. ApEno 
was then cloned into the pGEX-4T-2 expression vector 
(TransGen Biotech, Beijing, China), and transformed 
into Escherichia coli BL21 Star (DE3) competent cells. 
Recombinant protein expression and purification were 
performed as previously described (13). In brief, E. 
coli cells were induced overnight with isopropyl-β-D-
thiogalactopyranoside (IPTG), and then lysed with a 
sonicator. Following centrifugation, the supernatant 
was purified on a GSTrap 4B column. Finally, the 
purified protein was analyzed by sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 
followed by Coomassie brilliant blue staining.

2.5. Mouse polyclonal antibody against rApEno

Polyclonal antibodies against rApEno were generated 
as previously described (13). Briefly, 50 μg purified 
rApEno protein was mixed with MONTANIDETM ISA 
70 VG adjuvant (Seppic, Puteaux, France), and then 
subcutaneously injected into four- to six-week-old 
female Balb/c mice at two-weekly intervals. One week 
after the third immunization, mouse blood samples were 
isolated and centrifuged to obtain antibodies. Finally, 
antibody titer was measured using an indirect enzyme-
linked immunosorbent assay (ELISA), and antibody 
specificity evaluated by western blot.

2.6. rApEno enzymatic activity

Purified rApEno enzymatic activity was determined by 
direct monitoring of absorbance enhancement at 240 
nm using a Synergy HT spectrophotometer (Bio-Tek 
Instruments, Winooski, USA) as previously described 
(14). In brief, 1 mM 2-PGA was incubated with different 
concentrations of rApEno (2.5, 5, 10, and 20 ng/μL) in a 
30°C preheated reaction buffer (100 mM HEPES buffer, 
7.7 mM KCl, 10 mM MgSO4, pH 7.0). The continuous 
assay was measured every 3 min for a period of 60 min.
 In order to calculate the Michaelis-Menten constant 
(Km) of rApEno, purified rApEno protein was incubated 
with differing 2-PGA concentrations (1, 1.5, 2, 4, 6, 8, 
and 10 mM) in reaction buffer. To analyze the effects of 
pH and temperature on rApEno activation, the assay was 
performed using a reaction buffer system at different pH 
values (3, 4, 5, 6, 7, 8, 9, 10, and 11) and temperature 
(4, 22, 30, 37, 50, 60, 70, and 80°C). Reactions were 
initiated by the addition of rApEno (1 μg/reaction) 
diluted in the corresponding buffer. GST protein was 
used as a negative control. 
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2.9. Statistical analysis

All data were collected from three independent 
experiments and presented as mean ± standard deviation 
(SD). Statistical comparisons of enzyme activity, 
plasminogen binding, and activation of rApEno were 
performed using one-way analysis of variance (ANOVA) 
and Tukey's multiple comparison tests. p values < 0.05 
were considered to be significant and data analysis was 
performed with Prism 5.0 (GraphPad Software, Inc. 
USA).

3. Results

3.1. Anaplasma phagocytophilum enolase

An online search for A. phagocytophilum str. HZ 
proteomic sequences identified a protein (accession 
number: ABD44357) comprising 429 amino acids 
encoded by 1, 290 nucleotides. This protein was 
predicted to be a soluble 46.2 kDa polypeptide with a 
pI of 5.60, and presented an enolase signature motif 
spanning residues 338-351 (338VLIKPNQIGTLSET351). 
Fo l lowing  p ro t e in  s equence  ana lys i s ,  e igh t 
conserved 2-PGA binding residues (Ala47, His161, 
Gln169, Lys341, His369, Arg370, Ser371, and Lys392), two 
conserved dehydration residues (Glu170 and Glu211), 
and four conserved Mg2+ binding amino acids 
(Ser48, Asp248, Glu289, and Asp316), were identified. 
Moreover, 43VPSGASVGKNEALELRDKDMNK64 
( l o o p 1 ) ,  1 6 1H A D N G L D F Q 1 6 9  ( l o o p 2 ) ,  a n d 
254FYDGKIYKFSGSSMS268 (loop3) were predicted 
to form the catalytic loop. In addition, two predicted 
plasminogen-binding motifs were characterized at 
254FYDGKIY260 and 262FSGSSM267 (Figure 1). The 
protein sequence also carried phosphorylation and 

2.7. Plasminogen binding analysis

The analysis was performed in 96-well plates as 
previously described (10). In brief, each well was coated 
overnight at 4°C with 100 μL PBS containing 0.04 μg/
μL human plasminogen. Non-specific binding sites 
were blocked with 2% BSA in PBS, then each well 
was incubated with 100 μL PBS containing 0.04 μg/μL 
rApEno for 2 h at 37°C. Following three washes with 
PBST (0.05% (V/V) Tween-20 in PBS), bound protein 
was detected using mouse anti-rApEno antibody and 
goat alkaline phosphatase (AP)-conjugated secondary 
antibodies. Finally, the wells were washed three times 
with PBST before the AP substrate was added and optical 
densities (OD) were read at 450 nm using a Bio-Tek plate 
reader. GST was used as a negative control. In addition, 
to analyze the role of lysine residues in plasminogen-
enolase interactions, differing concentrations (0-100 
mM) of lysine analog ε-aminocaproic acid (ε-ACA) were 
added together with rApEno to the plasminogen-coated 
plates.

2.8. Plasminogen activation assay

As previously described (15), 96-well plates were coated 
overnight with 4 μg rApEno or GST in 100 μL PBS at 
4°C. Subsequently, plates were blocked and washed 
three times as above, and then 4 μg/well of human 
plasminogen was added and incubated for 2 h at 37°C. 
Wells were washed three times with PBST, and then 
4 ng/well of human urokinase plasminogen activator 
(uPA) was added. Subsequently, 0.3 mM plasmin-
specific substrate D-valyl-leucyl-lysine-p-nitroanilide 
dihydrochloride in PBS was added. Following overnight 
incubation at 37°C, absorbance was read at 405 nm using 
a Bio-Tek plate reader.

Figure 1. ApEno sequence characterization. Comparison of enolase amino acid sequences from Babesia microti 
(XP_012649799), Plasmodium falciparum (AAA18634), Streptococcus pneumoniae (AOG56016), Toxoplasma gondii (3OTR_
A), and Anaplasma phgocytophilum (ABD44357), was performed with the MUSCLE multiple sequence alignment tool. Stars, 
circles, and rectangles were used to mark the residues interacting with 2-PGA, dehydration residues, and residues interacting 
with Mg2+ ions, respectively. Catalytic loops are marked with boxes, and plasminogen (PLG) binding sites are indicated with 
horizontal green lines.
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N-glycosylation sites, but no trans-membrane domains, 
signal peptides, nor plant-like insertions.

3.2. rApEno expression, purification, and characterization

The synthesized full-length enolase coding sequence 
was cloned into the pGEX-4T-2 plasmid with an in-
frame GST-tag as described above. rApEno expression 
was induced in E. coli and bacterial extracts were 
assessed by SDS-PAGE with Coomassie blue staining. 

A prominent band of approximately 72 kDa, GST-
tagged rApEno, was observed in the induced cell lysate. 
Soluble GST-tagged rApEno protein was purified to 
homogeneity from bacterial lysates, producing a single 
band (Figure 2A). Anti-rApEno mouse serum, but not 
normal mouse serum, specifically recognized purified 
rApEno via western blot (Figure 2B).

3.3. rApEno enzymatic activity

The classical enzymatic activity of purified rApEno was 
evaluated by monitoring its ability to catalyze 2-PGA 
to PEP. Results showed that the catalytic activity of 
rApEno increased with increasing concentrations from 
2.5 to 20 ng/μL (Figure 3A). The catalytic activity of 
rApEno also increased when 2-PGA concentration 
rose from 1.0 to 4.0 mM (Figure 3B). Moreover, 
the Michaelis constant (Km) and maximum velocity 
(Vmax) of rApEno was determined to be 6.053 mM and 
21.87 μmol/L/min, respectively, by applying double-
reciprocal Lineweaver-Burk plots (Figure 3C). This 
analysis also showed that the enzyme's optimal pH and 
temperature were 8.0 and 50°C, respectively (Figure 
3D and 3E).

3.4. rApEno binds to human plasminogen and promotes 
its activation

ELISA binding assays were used to analyze the binding 
activity of rApEno to human plasminogen. The analysis 
showed that rApEno significantly binds to human 
plasminogen compared to the negative control (p < 
0.0001) (Figure 4A). Interestingly, rApEno binding 

Figure 2 . rApEno express ion , puri f icat ion , and 
characterization. (A) rApEno expression and purification 
were assessed by SDS-PAGE with Coomassie blue staining. 
M: Pre-stained protein ladder, Lane 1: Total cellular proteins 
of pGEX-4T-2 BL21 (DE3) cells, Lane 2: Total cellular 
proteins of non-induced pGEX-4T-2-ApEno BL21 (DE3) 
cells, Lane 3: Total cellular proteins of induced pGEX-4T-2-
ApEno BL21 (DE3) cells, Lane 4: Supernatant of pGEX-4T-
2-ApEno BL21 (DE3) cell lysate, Lane 5: Sediment of pGEX-
4T-2-ApEno BL21 (DE3) cell lysate, Lane 6: GST-tagged 
purified recombinant ApEno protein. (B) Anti-rApEno serum 
specifically recognized purified recombinant ApEno. M: Pre-
stained protein ladder, Lane 1: Purified GST-tagged rApEno 
proteins were immunoblotted with mouse polyclonal anti-
rApEno serum. Lane 2: Purified GST-tagged rApEno proteins 
were immunoblotted with normal mouse serum.

Figure 3. rApEno enzymatic activity and affecting factors. (A) Influence of different rApEno concentrations on enzymatic 
activity. (B) Influence of different 2-PGA concentrations on enzymatic activity. (C) rApEno Km and Vmax values were calculated 
with a double-reciprocal plot as 6.053 mM and 21.87 μmol/L/min, respectively. (D) rApEno activity in a buffer system spanning a 
pH range 3-11, enzymatic activity was maximal at pH 8.0. (E) rApEno activity in a buffer system covering a 4 - 80°C temperature 
range, enzymatic activity was maximal at 50°C. Relative activity of rApEno was measured by OD240 absorbance. All data shown 
represent the mean ± SD from three independent experiments. Significant differences as compared to other conditions are denoted 
by ***for p < 0.0001.
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was significantly reduced with the addition of the 
lysine analog ε-ACA, which acts as an efficient binding 
competitor (p < 0.0001) (Figure 4B). As reported, 
enolase promotes plasminogen activation to plasmin. 
Our results confirmed that rApEno dramatically 
promoted plasmin activation in the presence of uPA, 
when compared to the GST negative control (p < 
0.0001) (Figure 4C).

4. Discussion

Enolase is a multi-functional protein present in both 
prokaryotes and eukaryotes. As a cytoplasmic protein, 
enolase plays an important role in intracellular glucose 
metabolism; but as a surface expressed protein, it 
also plays a crucial role in several biological and 
pathophysiological processes: e.g. as a plasminogen 
receptor (7). In our study, we characterized a 46.2 
kDa protein containing enolase signature motif 
residues, obtained from the gram-negative bacteria 
A. phagocytophilum str. HZ. In order to evaluate the 
potential catalytic and plasminogen-binding motif, 
enolase amino acid sequences from different hosts were 
aligned using MUSCLE multiple sequence alignment 
tools. As shown in Figure 1, ApEno possesses both 
2-PGA binding residues and catalytic loops when 
compared to Babesia microti enolase and Toxoplasma 
gondii enolase (13,16). Furthermore, ApEno also 
possesses a conserved internal plasminogen-binding 
motif "FYDGKIYKFSGSSMS" located between amino 
acids 254 and 268, when compared to Streptococcus 
pneumoniae surface enolase (17). However, neither 
plant-like pentapeptide nor dipeptide insertions ‒ 
which play crucial roles in kcat/Km and dissociation into 
monomers ‒ were conserved in ApEno (18,19). Taken 
together, these results provide vital information for the 
further refinement of ApEno's function.

 To biologically characterize ApEno, a synthesized 
ApEno gene was cloned and expressed in E. coli cells. 
SDS-PAGE showed that rApEno could be expressed in 
the supernatant, which aided the purification and study 
of its biological characteristics. Expression products 
were purified, and Balb/c mice were immunized to 
generate anti-rApEno serum. Western blots showed 
that anti-rApEno mouse serum specifically recognized 
purified rApEno, where normal mouse serum did not 
(Figure 2). This suggested that the anti-serum presented 
high specificity and could be used in subsequent 
experiments. 
 Although it has long been recognized as a cytosolic 
protein important in sugar metabolism, enolase also 
catalyzes the dehydration of 2-PGA to PEP in the 
penultimate step in glycolysis (7). Here, our results also 
showed that purified rApEno catalyzed the conversion 
of 2-PGA to PEP in reaction buffer with 10 mM 
Mg2+ at a wide range of pH values and temperatures. 
Interestingly, rApEno demonstrated the highest 
enzymatic activity at 50°C and pH 8.0 (Figure 3). 
Moreover, rApEno presented high Km and Vmax values 
during 2-PGA to PEP conversion, when compared to 
other infectious intracellular pathogens (13,20). This 
suggests that ApEno is highly adaptable to a changing 
surrounding environment. This may be due to the 
fact that the bacteria cannot use glucose as a carbon 
or energy source, but instead uses a partial glycolysis 
pathway which starts with fructose 1,6-biphosphate (2).
 Many reports have demonstrated that enolase can 
also be expressed on the surface of organisms, and act 
as the plasminogen receptor (10,13,21-23). In order 
to characterize rApEno plasminogen binding, ELISA 
experiments were performed. The results showed that 
rApEno was also able to bind to human plasminogen, 
and that binding could be significantly reduced in the 
presence of lysine analogs (ε-ACA) (Figure 4A and 

Figure 4. rApEno binds to human plasminogen and promotes its activation. (A) Relative rApEno binding activity to human 
plasminogen (PLG) was measured by absorbance at OD450, and GST served as a negative control for nonspecific binding. (B) 
rApEno binding activity was reduced in the presence of lysine analog (ε-ACA). (C) rApEno-coated 96-well plates were incubated 
with PLG, uPA, and/or a plasmin-specific chromogenic substrate, and GST served as a negative control. Proteolytic activity was 
monitored by absorbance at OD405. All data shown represent the mean ± SD from three independent experiments. Significant 
differences compared to other conditions are denoted by ***for p < 0.0001.
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4B). These results confirmed that lysine analogs play 
an essential role in enolase-plasminogen interactions 
(10,13,15). The active form of plasminogen is plasmin, 
a serine protease, which can degrade cell extracellular 
matrix to assist pathogen infection of hosts (24). 
Furthermore, enolase can also promote plasminogen to 
plasmin conversion in the presence of tissue plasminogen 
activator (tPA) or urokinase plasminogen activator (uPA) 
(13,15). In the present study, we showed that rApEno 
dramatically enhanced plasmin activation in the presence 
of uPA (Figure 4C). It has been reported that Plasmodium 
falciparum enolase antibody was able to block 
merozoite invasion of red blood cells (25) suggesting 
that enolase could play an important role in the host 
cell invasion process. Herein, we hypothesized that A. 
phagocytophilum may utilize enolase to promote plasmin 
generation, which then degrades host cell membrane 
sections, enabling granulocyte invasion. However, 
further research is needed in order to confirm ApEno's 
role during the bacterial infection process of host 
cells. Enolase has also been identified as an important 
candidate antigen for vaccines against pathogen infection 
(25-29). Therefore, further research is also required to 
evaluate ApEno's potential as a candidate vaccine target 
to control anaplasmosis infection. 
 In conclusion, our results demonstrate that enolase 
from A. phagocytophilum possesses a highly conserved 
active site and plasminogen-binding domains. 
Recombinant ApEno catalyzes the reversible dehydration 
of 2-PGA to yield PEP. Furthermore, rApEno can 
bind to and promote the activation of plasminogen. In 
addition, we also confirmed that lysine residues play an 
important role in ApEno and plasminogen interaction. 
Our results provide new evidence that further supports 
the identification of molecules that likely contribute to 
successful A. phagocytophilum infection of tick vectors.
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1. Introduction

Postmenopausal osteoporosis (PMO) affected most 
elderly women due to estrogen decline. Several 
epidemiological studies demonstrated the co-existence of 
lipid and bone metabolism disorders in postmenopausal 
females (1-3). Recent studies indicated a positive 
connection between cardiovascular disease and risk of 

osteoporosis, because high cholesterol levels and high 
low-density lipoprotein (LDL)-cholesterol levels had 
been described to correlate with low bone mineral density 
in PMO patients (4-7). Furthermore, the increased 
serum LDL-cholesterol level was indicated to be an 
index affecting the presence of prevalent non-vertebral 
fractures in postmenopausal females (8). Additionally, 
menopausal hormone therapy exerted benefit effects of 
reducing the risk of atherosclerosis (9-11). Therefore, 
hyperlipidemia may play an essential role in regulating 
osteoporosis progress.
 Osteoporosis, a systemic metabolic skeletal disorder 
characterized by low bone mass and increased risk of 
fractures, is a consequence of bone turnover disruption 
caused by imbalance between osteoblast-mediated bone 
formation and osteoclast-mediated bone resorption. Pre-

Summary Postmenopausal osteoporosis affected most elderly women with co-existence of lipid and 
bone metabolism disorders. However, the cellular and molecular mechanisms underlying the 
parallel progression and cross-talk of these systems remained unclear. In the present study, 
low-density lipoprotein receptor knockout (LDLR-/-) mice were chosen to elucidate the effect 
of LDLR in regulating the differentiation of osteoblasts, which were responsible for bone 
formation and modulation of osteoclastogenesis. Primary osteoblasts were isolated from 
the calvarium of newborn LDLR-/- or wild-type mice followed by osteoblastic differentiation 
culture in vitro. Alkaline phosphatase activity was significantly decreased in LDLR-/- 
osteoblasts compared to wild-type controls, combined with calcium deposit formation delay, 
implying impaired osteoblastogenesis in vitro. Consistent with these findings, the expression of 
runt-related transcription factor 2 (Runx2) was decreased 3 days after differentiation in LDLR-/- 
osteoblasts compared to wild-type controls. Moreover, the expression of Osterix was decreased 
7 days after differentiation in LDLR-/- osteoblasts compared to wild-type controls, later than 
Runx2. However, the osteoclastogenesis modulation role of osteoblasts was unaffected by the 
LDLR deficiency, evidenced by the same level of osteoprotegerin (OPG)/receptor activator of 
nuclear factor-κ B ligand (RANKL) axis between LDLR-/- and wild-type control osteoblasts. 
Our results provide a novel insight into the role of LDLR during osteoblastic differentiation 
and improve understanding of cross-talk between bone and lipid metabolisms.
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osteoblasts were derived from pluripotent mesenchymal 
stem cells (MSCs), which were also the progenitors of 
adipocytes and chondrocytes (12). Osteoblastogenesis 
could be defined by four sequential stages: lineage 
commitment, proliferation, extracellular matrix (ECM) 
synthesis, and matrix mineralization (13). Runt-
related transcription factor 2 (Runx2) was the master 
transcription regulator of osteoblast lineage commitment 
that inhibited MSCs from differentiating into the 
adipocytic lineages (14). Null mutation of Runx2 in mice 
resulted in a cartilaginous skeleton with complete lack of 
osteoblasts (15-17). Runx2 regulated osteoblast-related 
molecules such as Osterix, type I collagen and alkaline 
phosphatase (ALP). Osterix was the second transcription 
factor for proliferative expansion of immature 
osteoblasts, and the expression of Osterix was absent 
in Runx2 null mice but Runx2 was expressed in Osterix 
null mice (18,19). Type I collagen was one of the major 
osteoblast-specific matrix proteins expressed by fully 
differentiated osteoblasts after complete mitosis, essential 
for both bone matrix synthesis and later mineralization 
(20,21). Moreover, osteoblasts took part in the regulation 
of osteoclastogenesis and bone resorption by producing 
receptor activator of nuclear factor-κ B ligand (RANKL), 
the ligand of RANK present in osteoclast precursor 
cells, and its decoy receptor osteoprotegerin (OPG) 
(22). Precise regulation of osteoblastogenesis and 
osteoclastogenesis was required for the maintenance of 
normal bone metabolism.
 Several basic studies had established that oxidized-
LDL inhibited osteoblastic differentiation and promoted 
adipocytic differentiation of MSCs in vitro (23,24). 
Moreover, oxidized-LDL increased RANKL expression 
and secretion in human osteoblast-like cells (24-
26), indicating cross-talk between lipid and bone 
metabolism systems. LDL was transferred in particle 
form and internalized by binding to the receptor LDL 
receptor (LDLR) residing on the surface of liver cells 
(27). LDLR was the prototype member of the LDLR 
family that contained several key regulators involved 
in osteoblastic development. For example, human 
osteoblasts expressed low-density lipoprotein receptor-
related protein (LRP) 1 with a capacity for osteocalcin 
carboxylation (28). LRP4, LRP5/6, and LRP8 were 
involved in the maintenance of bone (29-36). However, 
the role of LDLR in bone metabolism was unclear with 
controversial results in recent studies. LDLR deficient 
familial hypercholesterolemia patients showed normal 
bone mineral density at the femora neck (37). In an 
animal experiment, LDLR deficiency caused ectopic 
bone formation in an experimental osteoarthritis mouse 
model (38). Furthermore, Okayasu et al. showed that 
LDLR deficiency induced impaired pre-osteoclast 
fusion in vitro while increasing bone mass in LDLR 
deficient mice (39). However, decreased bone mass 
was detected in LDLR deficient mice with inhibition 
of osteoblastogenesis from bone marrow cells and 

enhanced osteoclastogenesis in vitro (40), indicating 
that LDLR might regulate bone metabolism in a 
complex manner.
 Previous work from our group showed that most of 
the LDLR family members were up-regulated during 
osteoblastic differentiation in vitro, except for LDLR, 
which was down-regulated in the late stages of pre-
osteoblast mineralization culture, indicating a unique 
role of LDLR in osteoblastogenesis (41). The function 
of LDLR in regulating osteoblastic development and 
related mechanisms remained to be further explored. In 
the present study, we made use of LDLR deficient mice 
and pre-osteoblasts in vitro culture system to explore the 
effect of LDLR deficiency on this process.

2. Materials and Methods

2.1. Mice

LDLR knockout (LDLR-/-) mouse strain (B6.129S7-
Ldlrtm1Her/J) was purchased from Nanjing Biomedical 
Research Institute of Nanjing University (Nanjing, 
China), originally from the Jackson Laboratory. Data 
obtained from C57BL/6 wild-type (WT) mice purchased 
from the Laboratory Animal Facility of Chinese 
Academy of Science (Shanghai, China) were used as 
controls. After being habituated to housing conditions 
for 3 days, mice were mated (one male with two females 
per cage) under standard housing conditions at 24°C 
on a reversed 12-12 hour light-dark cycle. Standard 
rodent food and water were provided ad libitum at room 
temperature. Primary osteoblasts were isolated from 
the calvarium of newborn mice. Experimental animal 
housing and handling were conducted in accordance with 
guidelines for the care and use of laboratory animals at 
Fudan University, Shanghai, China and in conformity 
with the National Institutes of Health Guide for Care 
and Use of Laboratory Animals (Publication No. 85-23, 
revised 1985).

2.2. Chemicals and reagents

Serum and phenol red-free minimal essential medium 
(α-MEM) and fetal  bovine serum (FBS) were 
purchased from Gibco-BRL (Gaithersburg, MD, USA). 
Dexamethasone, β-glycerophosphate disodium salt 
hydrate, ascorbic acid, and collagenase were obtained 
from Sigma-Aldrich Co (Saint Louis, MO, USA). 
Dispase was supplied by Hoffmann-La Roche Ltd (Basel, 
Schweiz). RNAiso Plus, PrimeScriptTM RT Master 
Mix (Perfect Real Time) Kit and SYBR Premix Ex Taq 
II (Tli RNaseH Plus) Kit were obtained from TaKaRa 
biotechnology (Otsu, Japan). 2×GC rich PCR MasterMix 
was purchased from Tiangen Biotech (Beijing) Co., Ltd 
(Beijing, China). BCIP/NBT Alkaline Phosphatase Color 
Development Kit, Alkaline Phosphatase Assay Kit and 
penicillin-streptomycin were obtained from the Beyotime 
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osteoblasts were treated with Osteogenic Induction 
Media containing 10% serum, 20 mM ascorbic acid, 
1M β-glycerophosphate disodium salt hydrate, and 1 
mM dexamethasone in phenol red-free α-MEM at 37°C 
and 5% CO2, after reaching 80% confluence cultured 
in Growth Medium (42). Medium was refreshed 
once every two days. The differentiated osteoblasts 
were analyzed at specific time points in the following 
experiments.

2.6. RNA isolation and quantitative real-time PCR

Total RNA was isolated from primary osteoblasts 
in 6-well cell culture plates using the RNAiso Plus 
according to the manufacturer's instruction at specific 
time points after Osteogenic Induction Media treatment. 
Briefly, media was removed and 1 mL of RNAiso 
Plus was added into the well to lyse the cells. After 
homogenization by pipetting up and down, 0.2 mL 
chloroform per 1mL of RNAiso Plus was added to the 
mixture and mixed thoroughly. After incubation at room 
temperature for 15 min, the mixture was centrifuged 
for 15 min at 12,000 g at 4°C. The upper aqueous 
phase containing RNA was transferred to a clean tube 
carefully and precipitated by adding an equal volume 
100% isopropanol. The RNA was concentrated by 
centrifugation at 12,000 g at 4°C for 10 min and washed 
with 75% ethanol. Then the RNA pellet was air-dried 

Institute of Biotechnology (Shanghai, China). Alizarin 
Staining kit was supplied by Genmed (Shanghai, China). 
All primers were synthesized by Shanghai Shenggong 
Company (Shanghai, China).

2.3. Genomic DNA isolation and genotyping

Genotypes of LDLR-/- mice were confirmed by 
polymerase chain reaction (PCR) analyses of genomic 
DNA. Generally, tissue samples were collected and 
incubated in 50mM NaOH at 95°C for 15 min. Then 
1/10 of total volume 1M Tris HCl (PH = 8.0) was added 
and mixed well. After centrifugation at 12,000g for 15 
min at room temperature, the supernatant was used for 
further PCR analyses with 2×GC rich PCR MasterMix. 
Touchdown PCR reaction was performed using the 
following conditions according to the protocol from the 
Jackson Laboratory website: 94°C for 2 min, followed by 
10 cycles of 94°C for 20 sec, annealing temperature for 
15 sec decreased 0.5°C every second cycle from 65°C, 
68°C for 10 sec, then another 28 cycles of 94°C for 15 
sec, 60°C for 15 sec, and 72°C for 10 sec, and finally 
an additional step of 72°C for 2 min before the end of 
the program. Primer mixture was made of 3 primers and 
the sequences are listed in Table 1. PCR product was 
electrophoresed on 1.5% low melting point agarose gel. 
The homozygote mutant showed a product of 179bp 
length with 351 bp for wild-type. The heterozygote 
mutant showed two separated bands of 179bp and 351bp 
length (Figure 1).

2.4. Primary osteoblasts isolation

Primary osteoblasts isolated from the calvarium of 
newborn mice were separated two days before the 
Osteogenic Induction Media treatment as described 
previously (41). Briefly, skull bones were extracted and 
digested in α-MEM medium with 0.1% collagenase and 
0.2% dispase for 10 min at 94°C vortexed at 180 rpm, 
and the supernatant was discarded, then the digestion 
treatment was repeated 4 more times. Cells from 
the second to fifth digestion fraction were collected 
and resuspended in Growth Medium, which were 
supplemented with 10% serum, 10 units/mL penicillin 
and 10 μg/mL streptomycin in α-MEM medium without 
phenol red. 1 × 105 cells were sowed into each well of 
6-well cell culture plates and 1 × 104 into 24-well cell 
culture plates. The isolated primary osteoblasts were 
cultured in an incubator at 37°C and 5% CO2 for 2 days 
until 80% confluence.

2.5. Osteoblastic mineralization culture

Mineralization of osteoblasts is the process during 
which differentiated osteoblasts are induced to 
produce extracellular calcium deposits in vitro. In the 
osteoblastic mineralization culture system, primary 

Table 1. Summary of oligonucleotide primers for LDLR-/- 
mice genotyping

Oligonucleotide

Common forward primer
Wild-type reverse primer
Mutant reverse primer

Sequence* (5'-3')

TATGCATCCCCAGTCTTTGG
CTACCCAACCAGCCCCTTAC
ATAGATTCGCCCTTGTGTCC

* The oligonucleotide sequences for genotyping were obtained from the 
Jackson Laboratory website: https://www.jax.org/search?q=+002207

Figure 1. Schematic diagrams for the genotyping of the 
LDLR-/- mouse strain. Genomic DNA was isolated from 
the tissue samples and further analyzed by touchdown PCR 
reaction with primer mixture containing three primers. (A) 
The program cycle for touchdown PCR reaction. (B) Expected 
results for each mouse strain. (C) Gel image for the PCR 
products of LDLR-/- and wild-type (WT) mice, while ddH20 
was served as the blank control. Line1-6: LDLR-/- mice with a 
product of ~179 bp, Line 7: ddH2O, Line 8: WT mice with a 
product of ~351 bp and Line 9: DNA marker. bp: base pair.
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for 5 min at room temperature and dissolved in RNase-
free water. The reverse transcription reaction was 
conducted immediately after RNA isolation in a final 
volume of 10 μL containing 500 ng RNA sample, and 
2 μL 5×PrimeScriptTM RT Master Mix (Perfect Real 
Time) according to the protocol from the reagent kit. 
Afterwards, quantitative real-time PCR was performed in 
a 20 μL mixture of 2 μL reverse transcription product, 10 
μL 2×SYBR Premix Ex Taq II (Tli RNaseH Plus), 1.6 μL 
forward/reverse primer mixture for a final concentration 
of 0.4 μM and DNase free water up to the final volume. 
Reactions were performed using the following program: 
95°C for 30 sec and cycles of 95°C for 5 sec and 60°C 
for 30 sec for 40 cycles, followed by a dissociation 
stage on Appliled BiosystemsInc 7900 HT (Waltham, 
MA, USA). Primers used are listed in Table 2. Gene 
expression was normalized to the level of house-keeping 
gene β-actin and analyzed using the standard 2-ΔΔCT 
method. All the experiments were repeated in triplicate.

2.7. Alizarin Red S staining

The deposited calcium deposits of differentiated primary 
osteoblasts were stained using Alizarin Red S according 
to the manufacturer's instructions as follows. After 7 
days of Osteogenic Induction Media treatment in 24-
well plates, cells were washed with 500 μL Cleaning 
Buffer and fixed with Fixation Buffer for 10 min at room 
temperature, then washed with Cleaning Buffer again. 
After fixation, 500 μL Alizarin Red S Staining Buffer 
was added to each well and the plate was incubated in the 
dark for 10 min at room temperature. The Staining Buffer 
was removed carefully when mineralized osteoblasts 
appeared bright orange-red while undifferentiated cells 
were slightly red or colorless. The plate was air-dried, 
and results were viewed by a HP scanner and recorded.

2.8. ALP staining and activity analyses

The ALP activity was greatly enhanced during 

osteoblastic differentiation in vitro. BCIP/NBT is the 
preferred staining substrate for ALP detection. After 
7 days of Osteogenic Induction Media treatment in 
24-well plates, cells were washed with 500 μL PBS 
and fixed with 4% paraformaldehyde for 20 min at 
room temperature, then washed with 500 μL PBS 
three times. The fixed cells were incubated in BCIP/
NBT buffer mixed according to the protocol from 
the kit: 3 mL ALP Staining Buffer, 10 μL 300×BCIP 
Buffer and 20 μL 150×NBT Buffer for more than 30 
min at room temperature avoiding light until the ALP 
positive differentiated osteoblasts appeared blue-violet. 
The reaction was stopped by adding excess deionized 
water. The results were visualized by a HP scanner and 
recorded. ALP activity in cell lysate was quantitated by 
using an Alkaline Phosphatase Assay kit according to the 
manufacturer's protocol. Absorbance was measured at 
405 nm.

2.9. Statistical analyses

All values were presented as the mean ± SEM. Data 
differences were assessed by student's t-test with the 
aid of IBM SPSS software. A p value less than 0.05 was 
accepted as statistically significant. All experiments 
were repeated more than three times.

3. Results

3.1. The LDLR deficiency inhibited the ALP activity in 
differentiated primary osteoblasts

Data from our previous study showed that the expression 
of LDLR decreased during osteoblastic differentiation 
(41). To gain an insight into the role of LDLR in 
osteoblastic differentiation, we first examined the effect 
of LDLR deficiency on ALP activity of differentiated 
primary osteoblasts 7 days after Osteogenic Induction 
Media treatment. ALP staining showed that the ALP 
activity in LDLR-/- osteoblasts obviously decreased 
compared to osteoblasts from wild-type newborn mice 
(Figure 2A). The results demonstrated by ALP activity 
analyses showed that the ALP activity dramatically 
decreased in the LDLR-/- osteoblast cell lysate compared 
to wild-type controls (Figure 2B, p < 0.001), suggesting 
that LDLR might play a critical role in osteoblastic 
differentiation.

3.2. The LDLR deficiency inhibited mineralization of 
differentiated primary osteoblasts

To further test the effect of LDLR deficiency on 
mineralized matrix formation in osteoblasts, Alizarin Red 
S (ARS) staining was performed 7 days after Osteogenic 
Induction Media treatment. As shown in Figure 3A, 
calcium deposit formation labeled by ARS staining was 
impaired by LDLR deficiency. A marked difference in 

Table 2. Summary of oligonucleotide primers for cDNA 
amplification

Oligonucleotide

β-actin forward primer
β-actin reverse primer
Col1a1 forward primer
Col1a1 reverse primer
OPG forward primer
OPG reverse primer
Osx forward primer
Ostx reverse primer
RANKL forward primer
RANKL reverse primer
Runx2 forward primer
Runx2 reverse primer

Sequence (5'-3')

CCTCTATGCCAACACAGT
AGCCACCAATCCACACAG
TGACTGGAAGAGCGGAGAGTA
GACGGCTGAGTAGGGAACAC
CCTTGCCCTGACCACTCTTAT
CGCCCTTCCTCACACTCAC
GCTCGTAGATTTCTATCCTC
CTTAGTGACTGCCTAACAGA
CAAGATGGCTTCTATTACCTGT
TTGATGCTGGTTTTAACGAC
GACAGTCCCAACTTCCTGTG
GCGGAGTAGTTCTCATCATTC

Col1a1: collagen type I alpha 1; OPG: osteoprotegerin; Osx: Osterix; 
RANKL: receptor activator of nuclear factor-κ B ligand; Runx2: runt-
related transcription factor 2
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mineralization level was also observed when comparing 
the number of mineralized nodules per well between 
the LDLR-/- and wild-type groups (Figure 3B, p < 0.05), 
indicating that LDLR might be involved in the regulation 
of osteoblast mineralization.

3.3. The LDLR deficiency decreased Runx2 and Osterix 
expression in differentiated primary osteoblasts

All the results above showed a potential role of LDLR 
in regulating osteoblastic differentiation. Runx2 was 
the master transcription factor and regulated a series 
of osteoblast-related gene expressions. We therefore 
inspected the mRNA level of Runx2. In the wild-
type group, Runx2 expression was normal at day 3 of 
Osteogenic Induction Media treatment and dramatically 
increased at day 7 compared to day 0 (Figure 4A, 
p = 0.333, p < 0.01). In LDLR-/- osteoblasts, Runx2 
expression decreased at day 3 of Osteogenic Induction 
Media treatment and increased at day 7 compared to 
day 0 (Figure 4A, p < 0.05, p < 0.001). When compared 
to the wild-type group, the Runx2 mRNA level was 
slightly reduced in LDLR-/- osteoblasts at day 0, was 
significantly impaired at day 3, and slightly reduced 
again at day 7 (Figure 4A, p = 0.488, p < 0.05, p = 
0.306), indicating LDLR might regulate osteoblastic 

differentiation through the effect on Runx2 expression 
in the early stages of differentiation in vitro.
 Osterix was the second key factor in osteoblastic 
differentiation regulated down-stream of Runx2. In the 
wild-type group, Osterix expression increased at day 
3 of osteoblastic differentiation and decreased at day 7 
compared to day 0 (Figure 4B, p < 0.001, p < 0.001). 
In LDLR-/- osteoblasts, the Osterix expression also 
significantly increased at day 3 and decreased at day 7 
compared to day 0 of osteoblastic differentiation (Figure 
4B, p < 0.05, p < 0.01). Compared to wild-type controls, 
Osterix expression was normal at day 3 of Osteogenic 
Induction Media treatment in the LDLR-/- osteoblasts, but 
severely decreased at day 7 (Figure 4B, p = 0.922, p < 
0.01), suggesting that the effect of LDLR deficiency 
on Osterix might be later than Runx2 or LDLR 
might regulate Osterix expression during osteoblastic 
differentiation through Runx2.
 We also analyzed the expression level of functional 
factor Collagen-1 during osteoblastic differentiation in 
vitro. Collagen-1 expression significantly increased at 
day 7 of osteoblastic differentiation compared to day 0 in 
both LDLR-/- and wild-type groups (Figure 4C, p < 0.001, 
p < 0.01) and there was no significant difference at each 
time point between the two groups (Figure 4C, p = 0.305, 
p = 0.243, p = 0.074).

Figure 2. Impaired alkaline phosphatase (ALP) activity 
in the LDLR deficiency osteoblasts during differentiation 
in vitro. Primary osteoblasts from LDLR-/- or wild-type (WT) 
mice were treated with Osteogenic Induction Media for 7 
days, respectively. Then the ALP level and activity were 
examined. (A) ALP staining showed reduced osteoblastic 
differentiation in LDLR-/- mice compared to WT controls. 
(B) ALP activity in the cell lysate significantly decreased in 
LDLR-/- osteoblasts compared to WT controls. ***p < 0.001.

Figure 3. LDLR deficient osteoblasts showed delayed 
mineralization in vitro. After treatment with Osteogenic 
Induction Media for 7 days, the formation of calcium deposits 
was labeled using Alizarin Red S (ARS) staining of primary 
osteoblasts isolated from LDLR-/- or wild-type (WT) mice, 
respectively. (A) ARS staining showed reduced calcium 
deposit formation in LDLR-/- osteoblasts compared to WT 
controls. (B) Numbers of mineralized nodules per well were 
calculated from LDLR-/ or WT control osteoblasts. *p < 0.05.
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3.4. The OPG/RANKL level in osteoblast was not 
affected by LDLR deficiency

Besides the bone formation role, osteoblasts could 
regulate osteoclastogenesis by expressing OPG and 
RANKL. We isolated primary osteoblasts to examine 
the effect of LDLR deficiency on this process. Although 
the expression of OPG significantly decreased in LDLR-/- 
osteoblasts compared to wild-type controls (Figure 5A, p 
< 0.01), the expression of RANKL was similar between 
the two groups (Figure 5B, p = 0.149). Actually, the ratio 
of OPG/RANKL slightly decreased in LDLR-/- osteoblasts 
compared to wild-type controls with no significance 
(Figure 5C, p = 0.636), suggesting that the deficiency of 
LDLR might have no influence on the modulation role of 
osteoblasts to osteoclastogenesis.

4. Discussion

Several members of the LDLR family had been shown 
to take part in the regulation of osteoblastogenesis. 
Loss-of-function mutation in LRP5 was associated with 
decreased bone mass in osteoporosis-pseudoglioma 
syndrome (OPPG; MIM259770) patients (30), while 

gain-of-function was associated with increased bone 
mass in other healthy patients (43,44). Moreover, 
mutation in LRP4 had been identified with high-
bone-mass disorders in patients with sclerosteosis 
or van Buchem diseases (33,45,46). Our previous 
study showed that most of the LDLR family members 
increased during osteoblastic differentiation in vitro, 
such as LRP4/5/6, but the expression of LDLR 
decreased 25 days after differentiation in vitro, 
indicating LDLR might function in a unique way during 
osteoblastogenesis. To explore the effect of LDLR on 
osteoblastic development and function, we used a LDLR 
deficient mouse model and isolated pre-osteoblasts 
from calvarium of newborn mice. Our results showed 
that ALP activity of differentiated primary osteoblasts 
dramatically decreased in the LDLR-/- group compared 
to wild-type controls. The mineralization level was 
also impaired in the LDLR-/- group. By analyzing 
the expression of key transcriptional factors during 
osteoblastic differentiation, we confirmed that the 
expression of Runx2 decreased, followed by impaired 
expression of Osterix, the direct factor regulated down-
stream of Runx2, in the LDLR-/- group compared to 
wild-type controls. Our current study indicated that 

Figure 4. Relative mRNA expression levels of osteoblastic differentiation related factors. Primary osteoblasts from LDLR-/-

or wild-type (WT) mice were treated with Osteogenic Induction Media for 0 day (0d), 3 days (3d) and 7 days (7d), respectively. 
(A) Runx2, (B) Osterix and (C) Collagen-1 mRNA levels relative to that in the WT osteoblasts at day 0 of differentiation. NS, no 
significant difference between these groups (P > 0.05). *p < 0.05, ***p < 0.001.

Figure 5. The OPG/RANKL level remained unaffected in LDLR deficient primary osteoblasts. Primary osteoblasts from 
LDLR-/- or wild-type (WT) mice were cultured in the Growth Medium until reaching 80% confluence, respectively. (A) OPG and (B) 
RANKL mRNA levels relative to that in the WT osteoblasts. (C) The ratio of OPG/RANKL mRNA levels relative to that in the WT 
osteoblasts. NS, no significant difference between these groups (P > 0.05). **p < 0.01.
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LDLR might affect the differentiation and function of 
osteoblasts.
 Osteoblasts originate from MSCs, which are also 
progenitors of adipocytes and chondrocytes. The Wnt 
signaling pathway played an essential role during 
development of osteoblasts. Activation of the Wnt 
signaling pathway promoted osteoblastic differentiation 
and inhibited expression of peroxisome proliferator-
activated receptor-(PPAR-)γ. PPAR-γ was commonly 
considered as the key regulator of adipogenesis, and 
absence of PPAR-γ caused adipogenesis depletion. 
LRP5/LRP6 affected osteoblastogenesis by inducing the 
Wnt signal as co-receptor in the dual receptor complex 
with frizzled (FZD) (32). LRP4, the third member of 
the LRP5 and LRP6 subfamily of LDLRs, inhibited 
the Wnt signaling pathway by facilitating sclerostin 
action, the antagonist of Wnt signaling pathway 
(29,36). Dimerization of LRP6 through its LDLR 
domain induced canonical Wnt pathway activation 
(47). LDLR may induce the Wnt signal through the 
LDLR domain as well. Moreover, LRP6 could regulate 
LDLR-mediated LDL uptake (48). Is it possible that 
LDLR could affect the LRP6-mediated Wnt signaling 
pathway activation in turn? More experiments should 
be conducted to explore the Wnt signaling pathway 
activity and PPAR-γ level in the LDLR deficient 
osteoblasts in vitro and in vivo. The potential that LDLR 
deficiency might promote development of adipocytes 
should be further explored.
 There had been controversial results in recent studies 
regarding the role of LDLR in bone metabolism. Okayasu 
et al. cultured bone marrow cells from LDLR-/- mice 
and detected reduced osteoclast formation from bone 
marrow cells in vitro with increased bone mass in these 
mice compared with wild-type controls. These authors 
attributed the reduction in osteoclast formation to a 
defect in cell-cell fusion of preosteoclasts. Furthermore, 
these authors demonstrated that the LDLR-/- derived 
preosteoclasts contained less osteoclast fusion regulator 
molecules such as Atp6v0d2 and DC-STAMP in 
the plasma membrane than those from wild-type 
preosteoclasts (39). However, Chen and colleagues 
detected decreased bone mass in the LDLR-/- mice, which 
was associated with decreased Runx2 and Collangen-1 
expression during osteoblastogenesis and increased 
TRAP levels during osteoclastogenesis from bone 
marrow cells in vitro, implying that the decreased bone 
mass in LDLR-/- mice was associated with decreased 
osteoblastic function and increased osteoclastic function 
in these mice (40). In the present study, we isolated pre-
osteoblasts from the calvarium of newborn LDLR-/- mice 
and detected ALP activity, calcium deposit formation, and 
osteoblastogenesis related factor expression 0, 3, and 7 
days after differentiation. The activity of ALP decreased 
in LDLR-/- osteoblasts 7 days after differentiation 
compared to wild-type controls, combined with impaired 
calcium deposit formation that indicated inhibited 

mineralization of differentiated osteoblasts. Consistent 
with impaired osteoblastogenesis, the expression of 
Runx2 decreased 3 days after differentiation of LDLR-/- 
osteoblasts compared to wild-type controls, followed by 
decreased Osterix expression 7 days after differentiation, 
implying that LDLR might regulate Osterix expression 
during osteoblastic differentiation through Runx2. 
However, the modulation role of osteoblasts on 
osteoclastogenesis was not affected by LDLR deficiency, 
evidenced by the same level of the OPG/RANKL ratio 
between LDLR-/- and wild-type control osteoblasts. The 
bone mass and bone microarchitecture of LDLR-/- and 
wild-type mice in vivo should be analyzed in further 
studies.
 The specific function of LDLR was to remove 
LDL-cholesterol particles from the circulation (49,50). 
Once entering endosomes, the LDL-LDLR complex 
dissociated due to the local low PH and the receptor was 
recycled to the plasma membrane for clearance of more 
cholesterol and cholesterol ester-containing LDL particles 
from the circulation. Then LDL was transported to 
lysosomes and degraded (51), Moreover, the degradation 
of LDLR was mediated by binding to proprotein 
convertase subtilisin/kexin type 9 (PCSK9). Interestingly, 
17α-ethinyl estradiol treatment increased the binding 
of LDL to liver cell membranes in vitro. Moreover, the 
removal rate of rat and human LDL from blood plasma 
increased in estrogen-treated rats (52,53). Additionally, 
17α-ethinyl estradiol at a pharmacologic dose increased 
LDLR number and mRNA level in livers of rabbits (54). 
In pituitary GH3 somatolactotropes, LDLR expression 
level and LDL uptake were up-regulated by estrogen 
treatment (55). Furthermore, the absence of PCSK9-
triggered LDLR degradation led to a sex- and tissue-
dependent subcellular distribution of LDLR that depends 
on estrogens (56). All the results indicated that LDLR 
may contribute to estrogen-mediated bone metabolism. 
Further studies are required to explore the effect of 
LDLR deficiency on ovariectomy-induced bone loss and 
its corresponding bone metabolism changes.
 In conclusion, osteoblastic differentiation was disrupted 
by LDLR deficiency in vitro. Alkaline phosphatase activity 
significantly decreased in LDLR-/- osteoblasts in vitro 
compared to wild-type controls, combined with calcium 
deposit formation delay. LDLR deficiency reduced the 
expression of Runx2 in early stages and down-regulated 
Osterix in later stages during osteoblastic development in 
vitro, but the OPG/RANKL level remained unaffected in 
LDLR-/- osteoblasts compared with wild-type controls in 
vitro.
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Does pneumoperitoneum affect perfusion index and pleth variability
index in patients receiving combined epidural and general anesthesia?
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1. Introduction

Dynamic indices such as stroke volume variation 
(SVV), pulse pressure variation, and systolic pressure 
variation have consistently been shown to be more 
accurate than static indicators such as central venous 
pressure (CVP) and pulmonary capillary wedge pressure 
for predicting fluid responsiveness in mechanically 

ventilated patients under general anesthesia (1-4). The 
accurate assessment of intravascular fluid status and 
measurement of fluid responsiveness have become 
increasingly important in peri-operative medicine and 
critical care (4). As a result, these dynamic indices are 
increasingly used to guide fluid therapy (5).
 We recently reported that pneumoperitoneum 
increased SVV, and furthermore, upon release of the 
pneumoperitoneum, SVV decreased significantly (6). 
We have asserted that SVV values must be estimated 
cautiously during pneumoperitoneum (6). Pleth 
variability index (PVI) is another dynamic index, 
and many studies concluded that it is useful for the 
assessment of fluid responsiveness in patients (2,7-9) 
although one study concluded that PVI seems inaccurate 
to predict fluid responsiveness after conventional 

Summary Plethysmographic variability index (PVI) is a dynamic index used for the purpose of fluid 
responsiveness in patients, and the effect of pneumoperitoneum on PVI is still unclear. We 
therefore attempted to determine whether PVI and perfusion index (PI) change before/after 
pneumoperitoneum in patients receiving combined epidural and general anesthesia, which 
is a common anesthesia method with intravenous remifentanil. Twenty patients underwent 
laparoscopic cholecystectomy or colectomy. Immediately before pneumoperitoneum, 
variables were measured at baseline I and were then measured every min for 5 min after 
pneumoperitoneum start. Immediately before pneumoperitoneum release, variables were 
measured at baseline II and were measured every min for 5 min after pneumoperitoneum 
release. Compared with baseline I values, after pneumoperitoneum start, significant 
increases occurred in stroke volume variation (SVV) at 1–5 min, and significant decreases 
occurred in PI at 1–5 min. PVI did not change. Compared with baseline II values, after 
pneumoperitoneum release, significant increases occurred in PI at 1–5 min, and significant 
decreases occurred in PVI at 4–5 min and SVV at 1–5 min. In patients receiving combined 
epidural and general anesthesia, we newly found that PI decreased but PVI remained 
unchanged with a sufficient dose of remifentanil and epidural anesthesia that can block 
noxious stimuli and also most sympathetic activity. Furthermore, we reconfirmed that PI 
increased and PVI decreased upon release of pneumoperitoneum. PI and PVI values must be 
estimated cautiously during and after pneumoperitoneum.
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cardiac surgery with cardiopulmonary bypass (10). 
However, in reference to the studies of Høiseth et al. 
(11) and Liu et al. (3), we believe that the effect of 
pneumoperitoneum on PVI is still unclear. In our recent 
study, however, we found that pneumoperitoneum 
increased SVV (6), and this result was very similar to 
that of several earlier studies (12-15). Høiseth et al. (11) 
showed that SVV did not change as pneumoperitoneum 
was established, whereas PVI increased in their study, 
and furthermore, in a recent study describing the effect 
of pneumoperitoneum on PVI, the baseline was 5 min 
after endotracheal intubation (3), and we believe that 
this methodology is questionable for this kind of this 
study. We therefore attempted to determine whether 
PVI, which is based on the respiratory variations in the 
perfusion index (PI) (16), and PI change both before 
and after pneumoperitoneum in patients receiving 
combined epidural and general anesthesia with 
intravenous remifentanil.

2. Materials and Methods

2.1. Subjects

We conducted this prospective study at International 
University of Health and Welfare Shioya Hospital, Japan. 
The study protocol was approved by the ethics committee 
of the International University of Health and Welfare 
Hospital (protocol number 13-B-31, 2013-12-25), and 
we registered this study in the "UMIN Clinical Trial 
Registry" (ID: UMIN000012863). We obtained written 
informed consent from each patient. Patients were 
eligible for inclusion in this study if they were to undergo 
laparoscopic gastrointestinal surgery (cholecystectomy 
and colectomy). All patients were classified as ASA 
physical status 1 and 2, and none had known diabetes 
mellitus; hypertension; cardiovascular (including non-
sinus rhythm and 2° or 3° A-V block), pulmonary, 
endocrinologic, neurologic, or autonomic diseases; or 
diseases that affect intravascular fluid volume or balance, 
such as gastrointestinal obstructive or inflammatory 
diseases. All patients underwent preoperative fast for at 
least 8 hours, and no premedication was given to any of 
the patients.

2.2. Anesthesia and monitors

An epidural catheter was placed in one intervertebral 
space ranging from Th8-9 to Th11-12, at a distance of 
4 cm inside the space cephaladly, before induction of 
general anesthesia. The epidural space was identified by 
the loss-of-resistance technique using physiological saline 
(17,18). Anesthesia consisted of 1% lidocaine epidural 
anesthesia, and the analgesia level was determined by a 
pinprick 15 min after lidocaine administration.
 After establishing an analgesic level from T4 to L1, 
induction of general anesthesia was performed with 

propofol (initial effect-site concentration = 4 μg/mL) 
administered by a plasma target-controlled infusion 
method) and 1 μg/kg remifentanil intravenously (IV) 
in total, and rocuronium 0.6 mg/kg IV. After induction 
of anesthesia, a 23-gauge catheter was inserted in the 
left or right radial artery for direct arterial pressure 
monitoring, and the patients' lungs were mechanically 
ventilated by means of a semi-closed circle system 
at a fresh gas flow of 6 L/min (O2, 2 L/min and 
air, 4 L/min). Controlled ventilation was set at 10 
breaths/min, with a tidal volume of 8 mL/kg and an 
inspiratory:expiratory ratio of 1:2. Anesthesia during 
surgery was maintained with propofol (effect-site 
concentration ≥ 3 μg/mL), epidural anesthesia with 
0.375% ropivacaine, and remifentanil at a rate of 0-0.5 
µg/kg/min, and rocuronium. We achieved a target BIS 
between 40 and 60 and stable circulatory variables 
during surgery. After surgical skin preparation, the 
abdomen was insufflated with CO2 to create and 
maintain a pneumoperitoneum at 10 mmHg.
 Systolic arterial pressure (SAP), diastolic arterial 
pressure (DAP), heart rate (HR), cardiac output (CO), 
and SVV, stroke volume index (SVI), systemic vascular 
resistance (SVR), and pressure of end-tidal CO2 
(PETCO2) were continuously monitored with a standard 
monitor (S/5 Anesthesia Monitor, GE Healthcare, 
Helsinki, Finland) and the FloTrac/Vigileo™ system 
(software version 03.06) (Edwards Lifesciences, 
Irvine, CA, USA). PVI and PI were also continuously 
monitored with Radical 7 (software version 7.9.1.0) 
(Masimo Corporation, Irvine, CA, USA).
 We did not insert a central venous catheter into the 
patients to directly measure central venous pressure 
(CVP). Rather, we obtained the data for SVR using a 
fixed CVP equal to 0 mmHg by inputting the pressure 
into the FloTrac/Vigileo™ system (19).

2.3. Study design

Immediately before pneumoperitoneum, baseline 
registrations of the variables were obtained (baseline 
I), and these variables were measured every min for 
5 min after pneumoperitoneum started. Immediately 
before pneumoperitoneum was released, registrations 
of the variables were obtained again (baseline II), and 
these variables were also obtained every min for 5 min 
after release of pneumoperitoneum. The position of 
the patient during measurements was kept horizontal. 
CO, SVV, SVI, and SVR were recorded 20 sec after 
SAP, DAP, HR, and PETCO2 were recorded because the 
Vigileo™ samples the pressure waveform at 100 Hz 
over 20 sec to capture 2,000 data points for analysis, 
and parameter calculations are provided at the end of 
every 20-sec timeframe (20,21).
 For laparoscopic cholecystectomy, before general 
anesthesia/epidural block induction, crystalloid at a 
volume of at least 10 mL/kg was infused followed by 
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performed with paired Student t-tests with Bonferroni's 
correction to determine whether there were significant 
differences between baseline values and the parameter 
values during pneumoperitoneum or after release of 
pneumoperitoneum. A P value of < 0.05 was required to 
reject the null hypothesis. All analyses were performed 
with GraphPad Prism 5.04 (GraphPad Software, Inc.).

3. Results

The 20 patients completing the study had an average 
(mean ± SD) age of 57 ± 15 years, body weight of 64 
± 18 kg, height of 162 ± 10 cm, and body surface area 
of 1.67 ± 0.24 m2. The male:female ratio was 13:7, and 
the cholecystectomy:colectomy ratio was also 13:7. No 
patients received blood transfusion during surgery.
 After pneumoperitoneum started, there were 
significant increases in heart rate (HR) at the 3- to 5-min 
time points (Figure 1), SVV at the 1- to 5-min time 
points, and SVR at the 2- to 5-min time points compared 
with baseline I values (Figure 2). There were significant 
decreases in PETCO2 at the 1- to 2-min time points (Figure 
1), PI at the 1- to 5-min time points, and SVI at the 1- 
to 3-min time points compared with baseline I values 
(Figure 2). Other values including PVI were unchanged 
(Figures 1, 2).
 After release of pneumoperitoneum, there were 
significant increases in PETCO2 at the 1-min time point 
(Figure 3), PI at the 1- to 5-min time points, and SVI 
at the 1-min time points compared with baseline II 

an additional 10-15 mL/kg during the laparoscopic 
procedure (22). For laparoscopic colectomy, before 
general anesthesia/epidural block induction, colloid 
(6% hydroxyethyl starch [HES] 70/0.55/4–Saline HES; 
Fresenius Kabi Japan, Tokyo, Japan) was infused at 
5 mL/kg followed intraoperatively by 3 mL/kg/hour 
of crystalloid plus 3 mL/kg/hour of colloid (6% HES 
70/0.55/4), and measured blood loss was compensated 
with an equal volume of colloid (6% HES 70/0.55/4) 
until a predetermined critical hemoglobin level for 
blood transfusion was reached (22). Vasopressors were 
administered as needed.
 We used the almost the same methodology that was 
used in our previous study (6).

2.4. Statistical analyses

Sample size was estimated from preliminary data 
obtained from 8 patients, and an assumption was made 
that a 3-point change in PVI between the baseline II 
value and that at 5 min after stopping pneumoperitoneum 
would be clinically relevant. Power analysis suggested 
that a minimum of 16 patients would be needed for a β = 
0.1 and α = 0.05. To compensate for potential dropouts, 
we enrolled 20 patients in this study. This analysis was 
performed using GraphPad StatMate 2.00 (GraphPad 
Software, Inc., La Jolla, CA, USA).
 Values are expressed as means ± standard deviation 
(SD). Comparisons of SAP, MAP, DAP, HR, SVV, CO, 
SVI, PETCO2, SVR, and airway pressure changes were 

Figure 1. Sequential changes in systolic arterial pressure, mean arterial pressure, diastolic arterial pressure, heart rate, and 
pressure of end-tidal CO2 at baseline I and after pneumoperitoneum. Data are expressed as mean ± standard deviation.  *P < 0.05 
vs baseline I; †P < 0.01 vs baseline I; ‖P  < 0.0005 vs baseline I.
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Figure 2. Sequential changes in perfusion index, pleth variability index, stroke volume variation, cardiac output, stroke 
volume index, and systemic vascular resistance at baseline I and after pneumoperitoneum. Data are expressed as mean ± 
standard deviation. *P < 0.05 vs baseline I; †P < 0.01 vs baseline I; ‡P < 0.005 vs baseline I; §P < 0.001 vs baseline I; ‖P < 0.0005 vs 
baseline I; ¶P < 0.0001 vs baseline I.

Figure 3. Sequential changes in systolic arterial pressure, mean arterial pressure, diastolic arterial pressure, heart rate, 
and pressure of end-tidal CO2 at baseline II and after stopping pneumoperitoneum. Data are expressed as mean ± standard 
deviation. *P < 0.05 vs baseline II; ‡P < 0.005 vs baseline II.
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(Figure 4). There were significant decreases in DAP at 
the 1- to 4-min time points (Figure 3), PVI at the 4- to 
5-min time points, SVV at the 1- to 5-min time points, 
and SVR at the 1- to 5-min time points compared with 
baseline II (Figure 4). SAP, MAP, HR, and CO were 

unchanged (Figures 3, 4). Airway pressures during 
measurements are shown in Figure 5.

4. Discussion

In this study, pneumoperitoneum decreased PI, did not 
change PVI, and increased SVV, whereas upon release 
of pneumoperitoneum, PI increased and both PVI 
and SVV decreased significantly in patients receiving 
combined epidural and general anesthesia, which 
is a common anesthesia method, with intravenous 
remifentanil, a very potent opioid. Liu et al. (3) recently 
showed that both PVI and SVV increased and PI 
decreased significantly after pneumoperitoneum, and 
these values returned to the baseline level after release 
of pneumoperitoneum. However, they defined baseline 
as the values measured 5 min after endotracheal 
intubation, and we believe that this methodology is 
questionable for this kind of study because the values 
at 5 min after endotracheal intubation are considered to 
be unstable in terms of hemodynamics. Høiseth et al. 
(11) found that as pneumoperitoneum was established, 
PVI increased, PI decreased significantly, and SVV was 
unchanged. This reported lack of increase in SVV is 
questionable because in all reported animal studies (12-
15), SVV increased after elevation of intra-abdominal 
pressure and/or pneumoperitoneum. We recently found 
that pneumoperitoneum increased SVV in humans (6), 
and furthermore, many animal studies showed that other 

Figure 5. Sequential changes in airway pressure 
after pneumoperitoneum start and after stopping 
pneumoperitoneum. Data are expressed as mean ± standard 
deviation. ¶P < 0.0001 vs baseline I and baseline II.

Figure 4. Sequential changes in perfusion index, pleth variability index, stroke volume variation, cardiac output, stroke 
volume index, and systemic vascular resistance at baseline II and after stopping pneumoperitoneum. Data are expressed as 
mean ± standard deviation. *P < 0.05 vs baseline II; †P < 0.01 vs baseline II; ‡P < 0.005 vs baseline II; §P < 0.001 vs baseline II; ‖P < 
0.0005 vs baseline II; ¶P < 0.0001 vs baseline II.
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dynamic indices such as systolic pressure variation and 
pulse pressure variation (23,24) also increased during 
intra-abdominal hypertension (12-15,25-27). Therefore, 
the results of Liu et al. (3) and Høiseth et al. (11) might 
be questionable, including the change in PVI and PI 
values.
 Our results  relat ing to PVI and SVV after 
pneumoperitoneum were different than those of 
Høiseth et al. (11) and Liu et al. (3), and the reason for 
the discrepancy is unclear. However, we suppose this 
relates to differences in study design. For example, 
the anesthesia methods were quite different: we gave 
our patients combined epidural and general anesthesia 
using propofol, remifentanil, rocuronium, and epidural 
0.375% ropivacaine as local anesthetics. In contrast, 
Høiseth et al. (11) inserted an epidural catheter in 9 of 
20 patients but maintained just general anesthesia using 
desflurane and fentanyl, and Liu et al. (3) induced 
general anesthesia with midazolam, propofol, fentanyl, 
and rocuronium, and maintained general anesthesia 
with propofol, cisatracurium and a bolus of fentanyl 
as supplement. Furthermore, tidal volume, which is 
one of the deciding factors that can change dynamic 
indices values (28-30), was different with Høiseth et 
al. (11) (Liu et al. (3) never referred to tidal volume), 
and Høiseth et al. (11) applied positive end expiratory 
pressure of 5 cm H2O, whereas we used zero end 
expiratory pressure. The patient characteristics were 
also not similar: the height and weight of the Høiseth 
et al. (11) patients were much higher than those of our 
patients. Moreover, the baseline SVV value in their 
study was 9%, and it increased non-significantly to 
10% during the pneumoperitoneum. We also believe 
that it is questionable that the SVV value did not 
increase significantly during pneumoperitoneum 
because the SV in their study decreased by 20 % during 
pneumoperitoneum compared to the baseline value; 
SVV is defined as SVV (%) = 100 × (SVmax – SVmin) 
/ [(SVmax + SVmin) / 2], where SV = stroke volume 
and maximal and minimal values for SV are determined 
as SVmax and SVmin, respectively, over a single 
respiratory cycle of paced breathing (19,20,31).
 A l t h o u g h  t h e  P V I  d i d  n o t  c h a n g e  a f t e r 
pneumoperitoneum in our study, Høiseth et al. (11) 
found that PVI increased when pneumoperitoneum was 
established and explained the mechanisms of this result 
as follows: "This result may be caused by sympathetic 
activity (32) induced by surgery or possibly release of 
norepinephrine induced by pneumoperitoneum per se 
(33). The finger photoplethysmographic waveform is 
affected by vasoconstriction induced by cold pressor 
test, stimulating sympathetic stimulation (34). Both 
inflation of CO2 and surgical stimulation may contribute 
to the changes observed in the photoplethysmographic 
variables. The same mechanisms probably explain 
the reduction in PI. These findings are supported by 
a study on PVI and PI during skin incision, in which 

PVI increases and PI decreases with incision (16)." 
Høiseth et al. (11) did not use remifentanil (although 
we administered it properly and also gave epidural 
anesthesia, which can block sympathetic activity in 
fingertip (35)), and MAP and cardiac index increased 
significantly after pneumoperitoneum, whereas in 
our study, SAP, MAP, DAP, and CO were unchanged 
probably because we administered remifentanil properly, 
and epidural anesthesia as a noxious stimuli and also 
most sympathetic activity was blocked. Therefore, we 
believe that this is also one of the most probable reasons 
the PVI did not change significantly after the start of 
pneumoperitoneum in the present study. Furthermore, 
the mechanism of PI increase and PVI decrease after 
release of pneumoperitoneum in the present study owes 
to the decrease of sympathetic activity induced by the 
pneumoperitoneum (11,32-34).
 There are several limitations associated with our 
study. We measured PI, PVI, and SVV values during 
the 5-min period immediately after the start and end of 
pneumoperitoneum, and we did not record these values 
during the time of pneumoperitoneum. However, we can 
surmise the values of PI, PVI, and SVV during surgery 
from the values of baseline II. Although Høiseth et al. 
(11) showed that SVV predicted fluid responsiveness 
relatively poor during ongoing laparoscopic surgery, we 
believe that reevaluation is needed. Furthermore, we did 
not insert central venous catheters into the patients to 
directly measure CVP, but we obtained the data for SVR 
using a fixed CVP (= 0 mmHg) by inputting the pressure 
into the FloTrac/Vigileo™ system as described above 
(19). Donati et al. (36) reported that after induction of 
pneumoperitoneum (endoabdominal pressure = 11-15 
mmHg; patient in head-down position), CVP increased 
by 3.7 mmHg, and we thought this value would be 
negligible when the SVR was calculated by the FloTrac/
Vigileo™ system because our endoabdominal pressure 
was 10 mmHg, and also the position of the patients 
during measurements was kept horizontal.
 In conclusion, although some studies showed that 
pneumoperitoneum decreases PI and increases PVI under 
general anesthesia, in this study, in patients receiving 
combined epidural and general anesthesia, PI decreased 
but PVI remained unchanged using a sufficient dose 
of remifentanil and epidural anesthesia that can block 
noxious stimuli and also most sympathetic activity. This 
is newly found information. Because we believe that 
blockade of noxious stimuli can change these values as 
Takeyama et al. (16) insisted, further studies are needed, 
e.g., those in which the dose of remifentanil is changed. 
Furthermore, we could reconfirm that PI increased and 
PVI decreased upon release of the pneumoperitoneum. 
Because PVI based on a plethysmographic waveform 
can be affected by several factors, PI and PVI may 
be more fragile than SVV, and therefore, PI and PVI 
values must be estimated cautiously during and after 
pneumoperitoneum.
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Evaluation of insulin resistance improvement after laparoscopic 
sleeve gastrectomy or gastric bypass surgery with HOMA-IR
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Diabetes Surgery Centre, General Surgery Department, Peking University Ninth School of Clinical Medicine (Beijing Shijitan 
Hospital, Capital Medical University), Beijing, China.

1. Introduction

Currently, the procedures for treatment of diabetic 
mellitus with bariatric surgery mainly consists of 3 
categories: surgeries for intake restriction, surgeries 
for poor absorption and surgeries with both effects. 
The intake restriction surgeries mainly include 
laparoscopic adjustable gastric banding and laparoscopic 
sleeve gastrectomy (LSG); the surgeries causing 
poor absorption mainly includes the laparoscopic 
biliopancreatic diversion; and the third classification 
have both the restriction and mal-absorption effects, 
including laparoscopic gastric bypass (LGB) (1).

 In the general view of most people, the reasons for 
the therapeutic effects concerning diabetes by the three 
kinds of surgeries were due to the intake reduction or 
mal-absorption, not improvement of insulin resistance 
or islet function (2). Although some animal experiments 
showed that insulin resistance may be relieved after 
gastrointestinal bypass surgery (3). However, there 
was still no clinical study about evaluation of insulin 
resistance improvement after bariatric surgery.
 In clinical practice, the common homeostasis model 
of insulin resistance index (HOMA-IR) was used to 
evaluate insulin resistance and functions of islet β cells. 
The results are significantly associated with the "gold 
standard", the glucose clamp results (4). The standard 
of insulin resistance index (HOMA-IR) was different in 
every race, every country (5-14) . The cut-off values of 
HOMA-IR in a specific population should be defined, 
so that, we could know whether someone's HOMA-IR 
was normal or not (7,15). But, until now there wasn't any 
definite cut-off value of HOMA-IR for the adult Chinese 
population (Table 1).

Summary Our purpose was to explore the remission of insulin resistance after bariatric surgery to 
discover the mechanism of diabetes remission excluding dietary factors. A retrospective case 
control study was conducted on patients with type 2 diabetes, who underwent laparoscopic 
sleeve gastrectomy (LSG) or laparoscopic gastric bypass surgery (LGB) in Beijing Shijitan 
Hospital from April 1, 2012 to April 1, 2013. The laboratory and anthropometric data 
was analyzed pre-surgery and during a 2-year follow-up. HOMA-IR was calculated and 
evaluated. The two surgical procedures were compared. No significant difference in complete 
remission rate was observed between the two groups (LGB group: 62.1%, LSG group: 60.0%, 
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 The main purpose of this article was to analyze the 
remission effect of insulin resistance after LGB or LSG 
procedures through specific HOMA-IR cut-off values, 
to illustrate the curative mechanism of bariatric surgery 
excluding dietary factors.

2. Materials and Methods

The study was performed in accordance with the 
Declaration of Helsinki of the World Medical 
Association and was approved by the Beijing Shijitan 
Hospital, Capital Medical University. All patients signed 
an informed consent form for this investigation.

2.1. Subjects

The study included 67 patients with type 2 diabetes who 
underwent bariatric surgery in Diabetes Surgery Centre, 
Beijing Shijitan Hospital from April 1, 2012 to April 
1, 2013. Patients who underwent laparoscopic sleeve 
gastrectomy were included in the LSG group (n = 35), 
while patients who underwent laparoscopic Roux-en-Y 
gastric bypass surgery were included in the LGB group (n 
= 32).
 The criteria for the diagnosis of type 2 diabetes 
(T2DM) was in accordance with American Diabetes 
Association (ADA 2013) criteria (16).

2.1.1. Inclusion Criteria

Surgical indications were based on recommended 
criteria in the 2011 Chinese Expert Consensus on 
Surgical Treatment of Type 2 diabetes, including: (1) 
BMI ≥ 28 kg/m2; (2) The patients aged ≤ 65 years; (3) 
The duration of diabetes ≤ 15 years; (4) Islet function 
above half of the normal lower limit.

2.1.2. Exclusion Criteria

(1) Type 1 diabetes disease. (2) Stress-induced 
hyperglycemia; hyperglycemia caused by liver disease, 
kidney disease or endocrine diseases; acromegaly; 
hyperthyroidism; drug-induced hyperglycemia. (3) 

Significant organ dysfunctions resulting in disability 
to tolerate surgery. (4) Islet function below half of the 
normal lower limit.

2.2. Methods

All patients were followed up for two years. Laboratory 
tests and anthropometric indexes were followed up and 
retrospective comparisons were taken.

2.2.1. Anthropometric indexes and laboratory indexes

Body mass index (BMI) = weight/height squared 
(kg/m2). Percentage of excess weight loss (EWL 
%) = (preoperative weight - postoperative weight)/ 
(preoperative weight - ideal body weight) * 100% (ideal 
BMI = 25 kg/m2 for Chinese population).
 Insulin was measured with radio-immuno-assay 
(RIA) method, HbA1c measured with chromatography, 
and plasma glucose level measured with hexokinase 
enzymatic reference method (17). The formula of HOMA 
homeostasis mode: HOMA-IR = fasting insulin (mU/
mL) * fasting glucose (mmol/L) / 22.5, HOMA-β = 20 * 
fasting insulin (mU/mL) / (fasting plasma glucose (mmol/
L) - 3.5).
 The cut-off value of HOMA-IR was 1.55 for 
men or 2.22 for women (18) which means patients 
with HOMA-IR ≥ 1.55 for men or HOMA-IR ≥ 2.22 
for women were identified as insulin resistant, with 
HOMA-IR < 1.55 for men or HOMA-IR < 2.22 for 
women as within normal limit. In regard to definitions 
of "complete response" and "partial response", we 
used the experts consensus of the American Diabetes 
Association (ADA) in 2013 (16): the partial response 
was defined as HbA1c < 6.5%, and fasting plasma 
glucose: 5.6-6.9 mmol/L for at least 1 year, under 
conditions of not receiving any medical and surgical 
treatment. The complete response was defined 
as HbA1c < 6.0%, and fasting plasma glucose < 
5.6 mg/dL for at least 1 year, under conditions of 
not receiving any medical and surgical treatment. 
Complete response for over 5 years was defined as 
consistent response (19). 

676

Table 1. Main cut-off values of HOMA-IR in recent literatures

Location and time

Sweden, 2000 (5)
France, 2002 (6)
Caucasus, 2006 (8)
Brazil, 2006 (7)
U.S., 2008 (9)
Iran, 2010 (10)
Iran, 2011 (11)
Japan, 2012 (12)
China, 2013 (13)
Portugal, 2014 (14)

Sample size

n = 4,816
n = 1,153
n = 1,156
n = 1,317
n = 2,804
n = 3,071
n = 1,036
n = 6,868 
n = 3,203
n = 1,784

                                        Population characteristics

Health population
Age: 35 - 64; Health population
Rural population; Non-diabetic
Age: 40 ± 12; BMI: 34 ± 10 kg/m2

Age ≥ 20; normal BMI and fasting glucose
Adult individuals; age: 25 - 64
Women individuals selected from among reproductive aged
Non-diabetic subjects
Age: 6 - 18 (children and teenagers)
Non-diabetic individuals in a cardiology ward; BMI < 25 Kg/m2; 
FPG < 100 mg/dL

Threshold value

2.0
3.8
2.29
2.77
2.73
3.875
2.63
1.7
3.0 
2.33

    Criteria

75th percentile
75th percentile
75th percentile
90th percentile
66th percentile
ROC curve
95th percentile
ROC
95th percentile
90th percentile
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presented as median (range), and the categorical variables 
were presented as percentages. The t test was used for 
comparison of means between groups; χ2 test or Fisher's 
exact test was used for comparison of categorical data 
between groups; P < 0.05 was considered statistically 
significant for all tests. 

3. Results

67 patients completed the 2-year follow-up among the 
82 patients. 15 patients were lost to follow-up (18.2%). 
Among them, 10 patients (66.7%) were contacted by 
telephone. The major reason of loss to follow-up was 
busy work schedule (30%), family issues (20%), and 
moving to other city or country (20%). The mean age 
of the 67 patients that finished the follow-up was 43.5 
± 7.6 years old, and the BMI pre-surgery was 36.5 ± 6.8 
kg/m2 on average. The baseline values of the patients 
between the two groups did not show any significant 
difference (Table 2).
 Two years after the operation, the patients in both 
groups showed a successful effect of weight-loss. 
EWL% increased from the 1st month after surgery to 
the 12th month, then it reached a platform stage. EWL% 
was 77.8% in the LSG group, and 76.2% in the LGB 
group at the 2nd year after surgery. The LSG group 
showed a more significant effect of weight loss at the 
3rd, 6th, and 9th month after surgery (P = 0.026, 0.039, 
0.046). In the subsequent follow-up, the patients in both 
groups showed stable effects of weight loss, without a 
significant difference in EWL% (Figure1).
 During the 2 years follow-up after the operation, 
the partial curative rate was 72.9% in the LGB group 
and 67.5% in the LSG group, p = 0.355. The complete 
response rates of diabetic mellitus were 62.1% in 
the LGB group and 60% in the LSG group, and no 
significant difference was found between the two 
groups (p = 0.892) (Table 3). According to the cut-
off values of insulin resistance reported (18), all the 
patients had various extents of insulin resistance pre-
surgery, the mean value of HOMA-IR was 4.8 (3.8-7.6). 
It declined from the 1st month follow-up after surgery. 
At the 3rd month after surgery, the insulin resistance 

2.2.2. Pre-surgery and follow-up examinations

Medical history collection, physical examinations, 
routine laboratory tests (blood cell analysis, liver 
function, kidney function, blood lipids, blood glucose, 
blood clotting, stool, urine), endocrine assessment 
(thyroid function, catecholamine, growth hormone, 
cortisol), diabetes-related tests (hemoglobin A1c 
(HbA1C), oral glucose tolerance test (OGTT), insulin 
stimulation test, C peptide stimulation test), nutritional 
assessment (vitamin B12, folic acid, vitamin D, serum 
iron), glucagon-like peptide-1 (GLP-1), Ghrelin, 
abdomen CT, gastrointestinal imaging, gastroscope, 
helicobacter pylori tests (in case of any abnormal 
conditions, providing treatment until  normal), 
electrocardiogram (ECG), respiration monitoring during 
sleep, consultation from the related department in case 
of any comorbidities, and surgical risk assessment were 
taken before surgery.

2.2.3. Operative procedure

One bariatric surgeon (Nengwei Zhang) performed all 
the bariatric procedures at Beijing Shijitan Hospital, 
and their patients comprised the cohort included in this 
study.
 For  LGB surgery,  a l l  j e juno- je junos tomy 
anastomoses were created using a stapled technique with 
a 60-mm cartridge. Gastrojejunostomy was in a side-
to-side anastomosis using a linear stapler and a double 
layer running closure with a 3-0 VICRYL suture under 
the ante-colic approach with closure of the mesenteric 
defect.
 LSG surgery was performed using a Gastroscope 
(12.5 mm diameter) as a stent. The staple line was 
created using a stapled technique with a 60-mm cartridge.

2.3. Statistical analysis

SPSS19.0 software was used for statistical analysis of 
the experimental data. Normal distribution continuous 
variables were presented as the mean ± standard 
deviation; non-normal distributed variables were 

Table 2. The baseline values * of the patients between the LGB and LSG group

Iterms

Age (Year)
Gender (Male, %)
Weight (Kg) 
BMI (Kg/m2)
Fasting plasma glucose (mg/dL)
Fasting insulin (mU/mL)
HOMA-IR
HOMA-β
HbA1c (%)

LGB (n = 35)

39.5 ± 11.8
47.1

86.2 ± 13.3
36.7 ± 4.6

8.1 (6.5, 10.5) 
11.5 (8.5, 15) 
4.3 (3.2, 5.8) 

53.3 (28.8, 91.2) 
6.9 (6.2, 7.9)

LSG (n = 32)

42.3 ± 12.8
41.4

89 ± 23
36.5 ± 6.3

9.8 (7.1, 11.7) 
13 (9.7, 21.6) 
5.7 (4.5, 8.2) 

45.6 (25.1, 81.1) 
7.9 (6.9, 8.7) 

*Normal distribution continuous variables were presented as the mean ± standard deviation; non-normal distributed variables were presented as 
median (range), and the categorical variables were presented as percentages.

P value

0.453
0.947
0.644
0.927
0.228
0.311
0.064
0.733
0.176
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index (HOMA-IR) of both groups showed significant 
reduction and reached a platform stage (Figure 2). 
The cut-off value of HOMA-IR was 2.38 (sensitivity: 
0.938, specificity: 0.75) and 2.33 (sensitivity: 0.941, 
specificity: 0.778) respectively for complete remission 
after LSG or LGB surgery. HOMA-IR below the cut-
off value at the 3rd month was an important indicator for 
complete remission (Figure 3). 
 Multivariate analysis by Logistic regression also 
showed that the recovery of insulin resistance at the 3rd 
month after the operation was an independent factor 
for complete remission of diabetes. At the same time 
weight loss was not. At the 2nd year after surgery, both 
HOMA-IR and EWL% were independent factors for 
cure of diabetes (Table 4).
 In the meantime we also examined GLP-1 and 
Ghrelin in both LGB and LSG groups (Table 5). The 
results showed that in the LGB group, the level of 
GLP-1 at the 1st month post-surgery raised significantly 
compared with pre-surgery (F = 18.79, P < 0.05), and 

then, kept stable at the 3rd month and 6th month post-
surgery. Ghrelin in the LGB group post-surgery was a 
little higher than that pre-surgery, but it didn't show any 
statistical significance.
 In the LSG group, the level of GLP-1 didn't show 
any change before or after surgery. But the level of 
Ghrelin at the 1st month post-surgery was obviously 
lower than that pre-surgery, it showed statistical 
significance (F = 23.89, P < 0.05). And kept stable at 
the 3rd month and 6th month post-surgery.

4. Discussion

The current results of this study showed that the two 
bariatric surgery procedures, LGB and LSG, had 
similar efficacy as treatments for insulin resistance. The 
complete remission rates of the two types of bariatric 
surgeries were similar as well.
 Insulin resistance was significantly relieved prior to a 
significant change of their body weights, at the 3rd month 

Table 3. HOMA-IR at the 3rd month and 2nd year and EWL at the 2nd year had statistical differences compared with the value 
before surgery
Iterms

Age
HOMA-IR at 3rd month post-surgery
EWL at 3rd month post-surgery
HOMA-IR at 2nd year post-surgery
EWL at 2nd year post-surgery

OR

0.87
1.52
1.21
1.63
1.59

95% Conf. Interval

0.85 - 1.21
1.16 - 1.9
0.88 - 1.21
1.35 - 2.16
1.25- 2.08

P value

0.216
0.039
0.600
0.024
0.032

Figure 1. Decrease of EWL% after operation (results 
represented as mean; Student t-test, p < 0.05 for significant 
difference). Two years after the operation, the patients in both 
groups showed a successful effect of weight-loss. The LSG 
group showed a more significant effect of weight loss within 
6 months after the operation. In the subsequent follow-up, the 
patients in both groups showed stable effects of weight loss, 
without significant differences in EWL%. In LSG group, the 
EWL% reduction was 55.4%, 70.3%, 80.1%, 77.4% at the 3rd, 
6th, 12th, and 24th month respectively. In the LGB group, the 
EWL% reduction was 50.6%, 68.8%, 79.3%, 76.4% at the 3rd, 
6th, 12th, and 24th month respectively. P values for comparison 
of LSG and LGB were 0.026, 0.039, 0.782, 0.798 at the 3rd 
month, 6th month, 12th month, and 24th month respectively.

Figure 2. Change of HOMA-IR after operation (results 
represented as mean; Student t-test, p < 0.05 for significant 
difference). The HOMA-IR values of patients in both groups 
decreased to normal limits at the 3rd month after surgery. In 
the subsequent follow-up, the patients in both groups showed 
stable normal HOMA-IR values without significant differences. 
In the LSG group, the HOMA-IR value was 5.72, 1.94, 1.88, 
1.51, 1.74 pre-surgery time, at the 3rd, 6th, 12th, and 24th month 
post-surgery respectively. In the LGB group, the HOMA-IR 
value was 4.32, 1.86, 1.78, 1.76, 1.71 pre-surgery, at the 3rd, 
6th, 12th, and 24th month post-surgery respectively. P values for 
comparison of LSG and LGB were 0.064, 0.652, 0.582, 0.398, 
0.638 pre-surgery, at the 3rd, 6th, 12th, and 24th month post-
surgery respectively.
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after surgery. This suggested that weight loss was not the 
only cause of diabetes relief. Most of the previous studies 
found that bariatric surgeries resulted in poor absorption, 
such as LGB, had greater efficacy in the postoperative 
reduction of HOMA-IR than the restrictive surgeries, 
such as vertical gastric banding. This phenomenon can 
be explained by the mechanism of foregut and hindgut 
effects. The foregut effect meant avoiding food contact 
with the proximal jejunum reducing the gastrointestinal 
secretion of anti-incretin. A hindgut effect meant that the 
food, which is not completely digested quickly enters 
the distal intestine, and stimulates the distal intestine to 
secrete increnin, including glucagon like peptide 1 (GLP-
1), gastric inhibitory polypeptide (GIP) and peptide 
tyrosine-tyrosine (PYY) (20-22). This study showed 
that LSG could also cause a similar postoperative effect 
for the early response of insulin resistance as that with 
LGB. The possible reason was that LSG, as a restrictive 
operation, also removed the gastric fundus, which 
would reduce the secretion of Ghrelin. Ghrelin secreted 

at the gastric fundus promoted appetite and decreased 
the secretion of insulin and enhanced insulin resistance 
(23,24). Therefore, inhibition of secretion of Ghrelin 
could also treat the diabetes and obesity (25). Meanwhile, 
the soft and fragment diet after both LSG and LGB had 
the effects of restricting energy intake and shortening the 
intestinal transportation time which would promote the 
secretion of ducdenin (26,27).
 For patients who had diabetes for a short duration, 
such as some patients in this study, insulin resistance, 
instead of dysfunction of beta-cells, was the major 
reason causing diabetes (28,29). GLP-1 and Ghrelin 
that changed significantly and were maintained at a 
stable level at the 1st month post-surgery before the 
change of HOMA-IR and body weight may be the 
reason for reduction of HOMA-IR. Enhancing insulin 
sensitivity was an important treatment for diabetes. In 
this study, the decreased HOMA-IR at the 3rd month 
post-surgery showed a reduction of insulin resistance, 
predicating good prognosis. It is consistent with the fact 

Table 4 Type 2 diabetes mellitus remission and glycemic control at the 2nd year follow-up after surgery

Outcomes

Partial remission*

Complete remission*

LSG group, n = 35

26 (74.3%)
17 (48.6%)

LGB group, n = 32

26 (81.3%)
16 (50.0%)

*Partial remission means FPG ≤ 6.9 mmol/L and HbA1c < 6.5% for at least 1 year without treatment. Complete remission is defined as HbA1c < 6.0%, 
and fasting plasma glucose < 5.6 mmol/L for at least 1 year without any medical or surgical treatment.

P value

0.08
0.19

Figure 3. ROC curves for HOMA IR to predict the curable prognosis after LSG and LGB surgery respectively. A. The area 
under the ROC curve of HOMA-IR values in the LSG group was 0.891 (95% CI: 0.773 to 1.000, P = 0.001); the optimal cut-off 
value, which simultaneously maximized both the sensitivity (94.1%) and specificity (77.8%) of the HOMA-IR value smaller than 2.33. 
B. The area under the ROC curve of HOMA-IR values in the LSG group was 0.896 (95% CI: 0.786 to 1.000, P = 0.001); the optimal 
cut-off value, which simultaneously maximized both the sensitivity (93.8%) and specificity (75.0%) of the HOMA-IR value smaller 
than 2.38.

Table 5 The serum hormone level of GLP-1 and Ghrelin before and after surgery (mean ± standard deviation)

Outcomes

LSG group
n = 35

LGB group
n = 32

Serum hormone

GLP-1
Ghrelin

GLP-1
Ghrelin

Pre-surgery (ng/L)

  65 ± 13 
478 ± 86 

  66 ± 18
459 ± 75 

1 month post-surgery (ng/L) 

  67 ± 11 
285 ± 62 

119 ± 31
467 ± 83

3 month post-surgery (ng/L)

  71 ± 15
276 ± 56 

116 ± 28 
486 ± 95

6 month post-surgery (ng/L)

  74 ± 13
268 ± 52

117 ± 30
501 ± 92
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that the normal value post-surgery of HOMA-IR is an 
independent predictor affecting the complete response 
rate after operations.
 All patients in this study achieved partial remission, 
and approximately 60% of the patients achieved a 
complete response. At present, similar comparison 
studies between LGB and LSG showed postoperative 
response rates were above 80% for both procedures 
(30,31). In our study, the relative low remission rate may 
be a result of the use of the remission criteria of ADA. 
This remission standard also requests maintaining the 
indicators for up to one year. 
 Some studies did not use the standard criteria for 
diabetes response, and some studies just indicated that 
withdrawal of drug therapy was remission; and some 
defined HbA1c < 6.5%, fasting blood glucose levels of 
< 125 mg/dL without a remission duration requirement 
as the complete remission standard (32,33). Significant 
errors may occur if a different response standard had 
been used in the comparison of the efficacy of LGB and 
LSG. 
 The limitations of the study were that it was a non-
randomized, retrospective study, in which the baseline 
parameters were not exactly matched between the two 
groups. Second, the sample size was not large which 
might increase sampling error. Third, the results were 
evaluated by HOMA-IR instead of the glucose clamp 
test, which was more accurate than HOMA-IR.
 In summary, there were no statistical differences 
observed in the complete or partial remission rate of 
type 2 diabetes between the LSG and LGB group. In 
clinical practice, there was still lack of a definite and 
comprehensive standard for the selection of surgical 
styles for patients with diabetes mellitus. The metabolic 
surgeons chose a surgical plan according to the patient's 
will and interdisciplinary expertise. It is imperative to 
standardize the indications for surgical treatment of 
diabetes.
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1. Introduction

Spontaneous intracerebral hemorrhage (sICH) is a 
common and deadly neurological disorder with a high 
early mortality and poor prognosis; sICH accounts for 
approximately 15-30% of all strokes (1,2). About 30% 
of patients with sICH have hematoma expansion (HE), 
and HE is associated with a poor outcome in terms of 
neurological function (3). 

 Some predictors associated with HE have been 
identified in neuroimaging data from patients with 
sICH, and these predictors can help to identify patients 
at risk of HE and to improve clinical outcomes (4-
6). HE occurs within the first 24 h of the onset 
of symptoms and is associated with fluid levels, 
heterogenous density, and irregular margins on 
computed tomography (CT) of the brain (7). Wada 
et al. identified a spot sign on computed tomography 
angiography (CTA) in patients with sICH, and they 
found that it was a prognostic factor related to HE (8). 
The spot sign on CTA is not only a predictor of HE in 
patients with sICH but also a reliable predictive factor 
for clinical prognosis and mortality (9). The spot sign 

Summary Hematoma expansion (HE) is a major determinant of a poor outcome in patients with a 
spontaneous intracerebral hemorrhage (sICH). The blend sign and the black hole sign 
are distinguished from non-contrast CT (NCCT) in patients with sICH, and both are 
independent neuroimaging predictors of HE. The purpose of the current study was to 
compare the value of the two signs in the prediction of HE. We retrospectively analyzed 
clinical and neuroimaging data from 228 patients with sICH who were treated at our 
hospital between August 2015 and September 2017. NCCT of the brain was performed upon 
admission (within 6 h of the onset of symptoms) to identify the blend sign and the black 
hole sign. HE was determined based on CT during a follow-up 24 h later. The sensitivity, 
specificity, positive predictive value (PPV), and negative predictive value (NPV) with which 
the blend sign and the black hole sign predicted HE were calculated. Receiver operating 
characteristic (ROC) curve analysis was performed in order to compare the accuracy of 
the two signs in predicting HE. The blend sign was identified in 46 patients (20.2%) and the 
black hole sign was identified in 38 (16.7%) based on NCCT of the brain upon admission. 
Of the 65 patients with HE, the blend sign was noted in 28 and the black hole sign was noted 
in 22. The blend sign had a sensitivity of predicting HE of 43.1%, a specificity of 89.0%, 
a PPV of 60.9%, and an NPV of 79.7%. In contrast, the black hole sign had a sensitivity 
of predicting HE of 33.9%, a specificity of 90.2%, a PPV of 57.9%, and an NPV of 77.4%. 
The area under the ROC curve was 0.660 for the blend sign and 0.620 for the black hole 
sign (p = 0.516). In conclusion, the blend sign and the black hole sign on CT are both good 
predictors of HE in patients with sICH, though the blend sign seems to have a higher level 
of accuracy.
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is also related to persistent bleeding during evacuation 
of a hematoma, rebleeding, and a larger residual 
hematoma after surgery (10). Although the spot sign 
is a reliable predictor of HE and a poor outcome in 
patients with sICH, its accuracy is affected by many 
factors, such as the initial hematoma volume, a history 
of anticoagulant therapy, and the time from onset to 
CTA. Potential predictors in non-contrast CT (NCCT) 
need to be identified in the event CTA is not possible. 
 Several recent studies have noted a blend sign (4) 
or a black hole sign (5) on NCCT when patients with 
sICH are admitted, and these two novel signs have 
both proven to be neuroimaging predictors for HE. The 
blend sign is blending of the hypoattenuating region 
and the hyperattenuated region of a hematoma with 
a clear margin (4). The black hole sign is a relatively 
hypodense area within a hyperdense hematoma, with 
an obvious boundary adjacent to brain tissue (5). 
The blend sign and the black hole sign on NCCT are 
associated with the spot sign on CTA, and all three 
are predictive factors for a poor outcome in patients 
with sICH (11). However, no studies have compared 
the predictive value of the blend sign and the black 
hole sign on NCCT in the same cohort of patients with 
sICH. Thus, a retrospective cohort study was conducted 
to compare the value of the blend sign and the black 
hole sign in predicting HE.

2. Materials and Methods

2.1. Patient selection

Potential subjects were patients who were admitted to 
this Hospital between August 2015 and September 2017 
and who had sICH as verified by an imaging study. 
This study was approved by the biomedical ethics 
committee of Qinghai Provincial People's Hospital, and 
its design met local ethical criteria for human research. 
Patients were included in this study if CT upon 
admission was performed within 6 hours of the onset 
of symptoms. NCCT of the brain was performed upon 
admission (within 6 h of the onset of symptoms) to 
identify the blend sign and the black hole sign. HE was 
determined based on subsequent CT during a follow-
up 24 h later. Demographic characteristics, smoking 
status, alcohol consumption, the timing of CT, a history 
of hypertension and diabetes mellitus, and past medical 
history were recorded. The above information was 
collected by a blinded professional neurosurgeon.
 The inclusion criteria were: i) age over 18 years; 
ii) sICH was verified with NCCT of the brain; iii) 
NCCT was performed upon admission (within 6 hours 
of the onset of symptoms); and iv) subsequent CT was 
performed during a follow-up 24 h later.
 Exclusion criteria were: i) patients with ICH 
secondary to a condition such as trauma, a tumor, an 
aneurysm, an arteriovenous malformation (AVM), or 

a hemorrhagic cerebral infarction, ii) patients who had 
received anticoagulant therapy, and iii) patients who 
underwent emergency evacuation of a hematoma prior 
to follow-up CT.

2.2. Imaging and detection of the blend sign and the 
black hole sign

CT scans were performed using standard clinical 
parameters with axial sections with a thickness of 5 
mm. Two radiologists blinded to the clinical information 
independently reviewed CT images. In the event 
of a discrepancy, a consensus was reached through 
discussion.
 The blend sign on NCCT meant that a hematoma 
with had well-defined components (a relatively 
hypoattenuated region and an adjacent hyperattenuated 
region). The blend sign indicated: i) a hematoma with 
a boundary between the hypoattenuated region and 
adjacent hyperattenuated region that was clearly visible 
to the naked eye; ii) the density of the two regions 
differed > 18 Hounsfield units (HU); and iii) the 
hypodense region of the hematoma was not completely 
encapsulated by the hyperdense region (4). 
 The black hole sign indicated: i) a hematoma with a 
hypoattenuated region and an adjacent hyperattenuated 
region; the relatively hypoattenuated region (black 
hole) had to have a distinct border; ii) the relatively 
hypoattenuated region was encapsulated within the 
hyperattenuating hematoma; and iii) the density of the 
two regions differed at least 28 HU (5).

2.3. Measurement of hematoma volume

The hematoma volume was calculated by using the 
ABC/2 formula. A was the largest diameter of the 
maximum hematoma level, B was the maximum 
diameter perpendicular to A, and C was the vertical 
depth of the hematoma. HE was defined as an increase 
in volume > 33% or an absolute increase of > 12.5 
mL (12) during CT of the brain during follow-up 24 
h later. Intraventricular hemorrhage is not included in 
the calculation of the cerebral parenchymal hematoma 
volume.

2.4. Statistical analysis

All statistical analysis was performed with the 
commercially available software SPSS version 21.0 
(SPSS Inc. IBM, Armonk, NY). Continuous variables 
were analyzed using a t-test and their values are 
indicated as the mean ± standard deviation (SD). 
Categorical variables were compared using a χ2 test, 
and their values are indicated as a percentage or 
frequency distributions Logistic regression analysis was 
performed to assess the association between clinical and 
radiological parameters and HE. Multivariate logistic 
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(k = 0.915). Multivariate analysis indicated that 
intraventricular hemorrhage, the blend sign, and the 
black hole sign were associated with HE (Table 2).
 Both the blend sign and the black hole sign were 
found in 26 patients, and 18 (69.2%) had HE. Of 20 
patients with the blend sign but no black hole sign, 10 
(50.0%) had HE. Of 12 patients with only the black 
hole sign, 4 (33.3%) had HE. A total of 170 patients had 
neither the blend sign nor the black hole sign, and only 
34 (20.0%) had HE. The frequency of HE in patients 
with the blend sign and/or the black hole sign is shown 
in Figure 1.

3.3. The accuracy of the blend sign and the black hole 
sign in predicting HE

The blend sign had a sensitivity of predicting HE of 
43.1%, a specificity of 89.0%, a positive predictive 
value (PPV) of 60.9%, and a negative predictive value 
(NPV) of 79.7%. The black hole sign had a sensitivity 
33.9%, a specificity of 90.2%, a PPV of 57.9%, and 
an NPV of 77.4%. ROC curve analysis was used to 
compare the accuracy of the blend sign and the black 
hole sign in predicting HE, and the ROC curves for the 
two signs as predictors of HE in patients with sICH are 
shown in Figure 2. The area under the curve was 0.660 
for the spot sign and 0.620 for the black hole sign. 
There were no significant differences in the area under 
ROC curves for the two signs (p = 0.516). 

regression was used to analyze the odds ratio (OR) 
and 95% confidence interval (CI) of the blend sign 
and the black hole sign in predicting HE. The ability 
of the blend sign and the black hole sign to predict HE 
was analyzed using receiver-operator analysis. The 
area under the receiver operating characteristic curve 
(ROC) for the blend sign and the black hole sign was 
compared using a Z test. The interobserver reliability 
for detection of the blend sign and the black hole sign 
was confirmed by calculating k values. A P value < 0.05 
was considered statistically significant.

3. Results

3.1. Baseline characteristics

A total of 228 patients met the inclusion criteria and all 
were enrolled in this study. Patients ranged in age from 
26 to 79 years, and the mean age was 58.0 ± 11.7 years. 
A total of 61 patients (26.8%) were female, and 167 
(73.2%) were male. The mean interval from the onset 
of ICH to CT upon admission was 4.38 ± 1.23 h, and 
the mean baseline volume of a hematoma was 26.27 ± 
16.82 mL. A hematoma was located in the basal ganglia 
(140, 61.4%), cortical-subcortical areas (31, 13.6%), the 
thalamus (27, 11.8%), the cerebellum (16, 7%), or brain 
stem (14, 6.1%). Baseline characteristics for patients 
with HE and patients without HE are shown in Table 1.

3.2. Patients with HE with the blend sign or the black 
hole sign on CT

Of the 228 patients with sICH, 46 (20.2%) had the 
blend sign and 38 (16.7%) had the black hole sign on 
CT of the brain upon admission. Compared to patients 
without HE, a higher proportion of patients with HE 
had the blend sign or the black hole sign . Interobserver 
reliability was exceptional for the identification of 
the blend sign (k = 0.928) and the black hole sign 

Table 1. Baseline characteristics of patients with HE and patients without HE [n (%)]

Items

Mean age (yrs)
Sex, male 
Hypertension
Diabetes mellitus
Smoking
Alcohol consumption
PLT (109/L)
Admission SBP (mmHg)
Admission DBP (mmHg)
Time to CT (h)
Baseline hematoma volume (mL)
Intraventricular hemorrhage
Blend sign
Black hole sign

Patients with HE (n = 65) 

  57 ± 11.5
51 (78.5)
41 (63.1)
9 (13.8)
24 (36.9)
21 (32.3)
136 ± 56
175 ± 29
107 ± 19

  4.02 ± 1.36
  31.05 ± 14.94

40 (61.5)
28 (43.1)
22 (33.8)

Patients without HE (n = 163)

  59 ± 11.8
116 (71.2)
95 (58.3)
12 (9.8)
45 (27.6) 
48 (29.4)
143 ± 55
168 ± 29
102 ± 20

  4.52 ± 1.15
  24.37 ± 17.14

68 (41.7)
18 (11.0)
16 (9.8)

Data are the mean ± SD or the number of patients. DBP, diastolic blood pressure; HE, hematoma expansion; PLT, platelet count; SBP, systolic blood 
pressure.

   χ2/t

  1.153
  1.262
  0.444
  2.336
  1.911
  0.180
  0.863
  1.645
  1.728
  2.884
  2.751
  7.323
29.61
19.32

      p

   0.250
   0.261
   0.505
   0.126
   0.167
   0.671
   0.389
   0.101
   0.085
   0.005
   0.006
   0.007
< 0.001
< 0.001

Table 2. Multivariate analysis of HE

Items

Intraventricular hemorrhage
Blend sign
Black hole sign

OR

2.501
3.800
2.726

95% CI 

1.300-4.813 
1.678-8.605
1.097-6.777

    p

0.006
0.001
0.031

HE

HE, hematoma expansion.
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4. Discussion

The current study is the first to compare the value of 
the blend sign and the black hole sign on NCCT in 
predicting HE in the same cohort of patients with sICH, 
and results indicated that the blend sign and the black 
hole sign are both good predictors of HE. Although 
the accuracy of prediction did not differ significantly, 
the blend sign seems to be better at predicting HE. 
Univariate analysis indicated that the time from the 
onset of symptoms to CT upon admission, baseline 
hematoma volume, and intraventricular hemorrhage 
were also associated with HE. Recent studies have 
indicated that the blend sign, the black hole sign, and 
the spot sign are all independent predictors of HE 
and that the spot sign has a higher level of predictive 
accuracy (13,14). Consistent with previous studies, the 
current study also found that both the blend sign and 
the black hole sign can effectively predict HE. 
 In patients with sICH, risk factors for HE include 

primary hypertension, cerebral amyloid angiopathy, 
diabetes mellitus, and abnormal coagulation function. 
HE is significantly associated with neurological 
deterioration, a poor outcome in terms of function, 
and a high mortality (15,16). The pathogenesis of HE 
may be related to the heterogeneity of a hematoma. 
The heterogeneity of a hematoma’s density on NCCT 
is associated with HE within the first 24 h of the onset 
of symptoms (7). The main difference between the 
blend sign and the black hole sign is the heterogeneity 
of a hematoma. Compared to the black hole sign, the 
blend sign is easier to identify. Li et al. proposed this 
new neuroimaging predictor, and they found that the 
blend sign had a sensitivity of predicting HE of 39.3%, 
a specificity of 95.5%, a PPV of 82.7%, and an NPV 
of 74.1% (4). In the current study, the blend sign had a 
high level of sensitivity and a higher NPV but a lower 
level of specificity and a lower PPV. The accuracy 
with which the blend sign can predict HE might be 
influenced by many potential factors. The mean time 
from the onset of symptoms to CT upon admission 
(4.02 h in patients with HE, 4.52 h in patients without 
HE) was greater than that in the study by Li et al. (1.67 
h in patients with HE, 2.76 h in patients without HE). 
This difference may be related to the fact that patients 
lived in areas at higher altitudes, that patients had to 
travel further before admission, or the fact that care 
was less accessible. In addition, the baseline hematoma 
volume (31.05 mL in patients with HE, 24.37 mL in 
patients without HE) was greater than that in the study 
by Li et al. (24.31 mL in patients with HE, 13.12 mL in 
patients without HE). The difference in the time from 
the onset of symptoms to CT upon admission and the 
baseline hematoma volume may have influenced the 
predictive value of HE. Further studies are needed to 
identify the exact factors that affect the accuracy with 
which HE is predicted. Early detection of the blend 
sign helps to estimate prognosis and could serve as a 
potential therapeutic target (17). The blend sign on an 
initial CT scan is closely associated with postoperative 
hemorrhaging in patients with sICH who undergo 
stereotactic minimally invasive surgery (18). The blend 
sign on CT may be associated with the spot sign on 
CTA, and both can predict secondary neurological 
deterioration in patients with sICH (19).
 1n 2016,  Boulouis  et  al .  reported that  the 
hypoattenuated region within the hematoma on NCCT 
could predict HE (20). However, previous studies did 
not provide standard imaging markers for the prediction 
of HE. Based on differences in the heterogeneity of a 
hematoma on NCCT, Li et al. identified the black hole 
sign and they confirmed that it is a novel predictor of 
HE in patients with sICH (5). The relationship between 
the black hole sign and the blend sign is still uncertain. 
The black hole sign was associated with the blend 
sign in the current study, and patients with both the 
blend sign and the black hole sign had a higher risk 

Figure 1. Frequency of a blend sign and a black hole sign 
in HE. BHS, black hole sign; BS, blend sign; HE, hematoma 
expansion. The proportion of BS+ BHS+ is 69.2%, the 
proportion of BS+BHS- is 50.0%, the proportion of BS-BHS+ 
is 33.3%, and the proportion of BS-BHS- is 19.4%.

Figure 2. Receiver operating characteristic (ROC) curve as 
a result of classifying HE in binary terms. HE, hematoma 
expansion. The area under the curve was 0.660 for a blend sign 
and 0.620 for a black hole sign, p = 0.516.
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of developing HE. The incidence of HE was higher 
in patients with the blend sign but not the black hole 
sign than in patients with only the black hole sign. The 
black hole sign is thought to reflect bleeding during 
different periods, and a recent hemorrhage appears as 
hypoattenuation on NCCT (5). After blood coagulated, 
serum was isolated and hyperattenuation was evident. 
The black hole sign seems to follow the same process 
as the blend sign. Li et al. found that the black hole 
sign had a sensitivity of predicting HE of 31.9%, a 
specificity of 94.1%, a PPV of 73.3%, and an NPV 
of 73.2% (5). In the current study, the black hole sign 
had a higher level of sensitivity and a higher NPV but 
a lower level of specificity and a lower PPV. Many 
factors may influence the predictive value of the black 
hole sign. In the current study, the mean time from 
the onset of symptoms to CT upon admission (4.02 
h in patients with HE, 4.52 h in patients without HE) 
was greater than that in the study by Li et al. (2.3 h 
in patients with HE, 2.6 h in patients without HE). 
Furthermore, the average baseline hematoma volume 
also differed (31.05 mL in patients with HE, 24.37 mL 
in patients without HE) from that in the study by Li et 
al. (33.1 mL in patients with HE, 14.1 mL in patients 
without HE) (5). Further studies are needed to identify 
the exact factors affecting the predictive value of the 
black hole sign.
 The current study had several limitations. This 
study was a single-center retrospective cohort study 
with a relatively small sample size. Only NCCT within 
6 h of admission was examined, which may have led 
to a potential selection bias. The time from the onset of 
ICH to CT upon admission was relatively long, which 
may have affected the predictive accuracy of the blend 
sign and the black hole sign. In addition, this study only 
analyzed the blend sign and the black hole sign. A study 
with a larger sample size needs to be conducted in the 
future to compare the clinical value of comprehensive 
neuroimaging factors in patients with sICH.
 In conclusion, the blend sign on NCCT in patients 
with sICH was associated with the black hole sign. 
Both have are accurate predictors of HE, and the 
blend sign appeared to have a greater predictive value. 
Patients with both the blend sign and the black hole 
sign have a higher risk of HE. Neuroimaging factors on 
NCCT are increasingly crucial to predicting HE when 
an immediate CTA is not possible. In the near future, 
a comprehensive scoring system should be devised 
to effectively predict HE and prognosis. This would 
benefit all patients with sICH.
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1. Introduction

Electrolyzed water is produced by the electrolysis 
of ordinary tap water or any liquid water containing 
dissolved electrolytes, such as sodium chloride. 
During the electrolysis process, a membrane partition 
(diaphragm) between the anode and cathode results in 
water being electrolyzed and the production of acidic 
water at the anode and alkaline water at the cathode. 
Various types of electrolyzed water can be produced 
in electrolytic cells, with or without diaphragm, using 
different kinds of electrolytes. Electrolyzed water is 
useful in various fields such as in medicine, and in 
agricultural and food industries (1,2). Electrochemically 
oxidized or reduced water is produced in an electrolysis 
chamber with a diaphragm, with electrochemically 
oxidized water being produced in the anode chamber. 
In particular, strongly acidic water (pH ≤ 3) has been 
used as sterile, antibacterial water for sanitizing food 
contact surfaces and equipment, such as cookware 
and glasses. Strongly acidic water (pH < 2.7) is 

processed by electrolysis through a dilute sodium 
chloride solution and has a strong bactericidal effect 
on bacteria, virus and fungi (3). Furthermore, Nishida 
et al. reported that the gargling with this water can 
inhibit plaque formation (4). Hypochlorous acid in this 
water is one of the active factors responsible for the 
bactericidal effect (5). In contrast, electrochemically 
reduced water is produced in cathode chamber, which 
has an alkaline pH. Potable electrochemically reduced 
water (pH 8-10) is called alkali-ionic water and is 
popular "health water" in Japan (2). Electrochemically 
reduced water has been shown to exert anti-cancer 
effects. For example, electrochemically reduced water 
produced near the cathode during the electrolysis of 
ultrapure water containing sodium hydroxide at 100 V 
for 60 min using an electrolyzing device equipped with 
platinum-coated titanium electrodes suppressed tumor 
angiogenesis in human lung adenocarcinoma A549 cells 
and tumor invasion in human fibrosarcoma HT1080 
cells (6,7). Recently, several researchers have reported 
the generation of electrolyzed water of neutral pH by 
an electrolysis chamber without a diaphragm. Neutral 
pH hydrogen-enriched electrolyzed water inhibited 
efficient colony formation of human tongue squamous 
cell carcinoma-derived HSC-4 cells and growth of 
human fibrosarcoma HT-1080 cells (8). Slightly acidic 
electrolyzed water (pH 5.0 to 6.5) produced in an 
electrolysis chamber without a diaphragm containing 
a 2% to 6% hydrogen chloride solution exhibited 

Summary We developed electrolyzed water (EW) using carbon electrodes and investigated the ability 
of the developed EW to inhibit the proliferation of human cervical carcinoma HeLa cells. 
We observed that EW-containing media inhibited HeLa cell proliferation. Many very 
small black dots were produced in EW and these were associated with the inhibitory effect 
on the cell proliferation. Furthermore, the very small black dots that could inhibit cell 
proliferation were produced only at pH 3 to 3.5 of EW. Additional experiments showed that 
this inhibition of proliferation is reversible. These results suggest that the effect of EW on 
HeLa cells is cytostatic and not cytotoxic. Thus, our results indicate that the EW developed 
in this study may be used to inhibit cell proliretation.
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antibacterial effects on oral pathogens and inhibited 
the proliferation of human gingival fibroblasts (9). 
Therefore slightly acidic electrolyzed water is usually 
used as a disinfectant. 
 Thus, various types of electrolyzed water are 
beneficial for human health. Particularly, we focused on 
the inhibitory effect of electrolyzed water against cancer 
cells. Here, we produced electrolyzed water (EW) from 
tap water in an electrolysis chamber without a diaphragm 
using special carbon electrodes. We have assessed the 
effect of our EW on tumor cell proliferation. Our results 
demonstrate that EW generated using special carbon 
electrodes inhibits the proliferation of human cervical 
carcinoma HeLa cells.

2. Materials and Methods

2.1. Preparation of electrolyzed water (EW) using 
special carbon electrodes

We used special carbon electrodes (150 × 30 × 7 mm) 
prepared by Toyo Tanso Co. Ltd. (Osaka, Japan) 
and these electrodes were graphite-resin composite 
electrodes. It was known that electrolysis of water using 
these electrodes produced amount of aqueous carbon 
dioxide. EW was prepared by electrolysis of tap water 
(W) at 10 V for 72 h in a 1,000 mL beaker equipped 
with special carbon electrodes. In the electrolysis 
process, two carbon electrodes were set in V-formations 
and EW was a mixture of anode-side and cathode-
side electrolyzed water. Both electrodes need to be 
immersed to length of about 10 cm into water. Figure 
1A depicts a schematic diagram of water electrolysis. 
We assume that carbon compounds (CxHyOz) were 
produced in the resulting EW. We confirmed that the 
mass of CxHyOz was 2,000 and 4,000 Da by laser TOF 
Mass analysis (Toyo Tanso Co. Ltd.) of EW for the 
molecular characterization of CxHyOz (data not shown). 
The EW turned light brown and had a pH of 3 to 3.5. 
On the other hand, the control (W) was colorless, 
transparent, and had a pH of around 7.

2.2. Cell culture and preparation of EW-containing 
media

HeLa cells were plated onto culture dishes and 
cultured in low glucose Dulbecco's modified Eagle 
medium (DMEM, Sigma, St. Louis, MO, USA) 
supplemented with 10% fetal bovine serum (FBS) 
(Nichirei Biosciences Inc., Tokyo, Japan), 100 µg/
mL streptomycin, and 100 U/mL penicillin (Nacalai 
Tesque, Kyoto, Japan). Cells were maintained at 37°C 
in a humidified atmosphere containing 5% CO2 and 
95% air. 
 In order to investigate the effects of EW on the 
proliferation of HeLa cells, media were prepared using 
EW or W (control) instead of ultra-pure water. The 

preparation of various media used in this experiment 
are shown in Figure 1B. First, DMEM powder 
(Nissui Pharmaceutical Co., Ltd., Tokyo, Japan) was 
dissolved in W or EW (①-W or ①-EW) according to 
manufacturer's instruction. Then, these media were 
filtered through a 0.2-µm filter (cellulose acetate 
membrane) (②-W, ②-EW). Furthermore, ②-W and 
②-EW were each filtrated using Amicon Ultra-15 
3K centrifugal filter units (low-binding regenerated 
cellulose membrane) (Uitracel-3K, Millipore Co. Ltd., 
Billerica, MA, USA) (③-W, ③-EW). The ①-EW turned 
brownish-yellow and was somewhat turbid, which 
many differently sized black dots were visible. The 
②-EW turned weakly brownish-yellow and was a little 
turbid, which very small black dots had precipitated 
to the bottom after being left standing for a few days. 
The ③-EW turned yellow and exhibited relatively low 
turbidity, which very small black dots did not observed 
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Figure 1. Schematic view of EW generation system and 
preparation of culture media. A. Principle of EW preparation. 
The chemical reaction is follows:
Anode side
    H2O → 2H+ + O• + 2e-

    C + 2 O• → CO2 (aq)
    C + O• + H2O → CXHYOZ CXHYOZ: the expected molecular
    weight of 2,000~4,000
Cathode side
    2H+ + 2e- → H2
B. Schematic flow diagram representing the preparation of 
various media. Add DMEM powder to W or EW with gentle 
stirring (①-W or ①-EW). Filtration through 0.2-µm filter of ①
-W or ①-EW (②-W or ②-EW).  Furthermore, ②-W or ②-EW is 
filtered using Amicon Ultra-15 3K centrifugal filter units (③-W 
or ③-EW).
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EW compared to those containing W (control) (Figure 
2C). These results demonstrate that EW-containing 
medium has the potential to inhibit the proliferation of 
HeLa cells. 
 In this study, EW was prepared by electrolysis of 
ordinary tap water. Although it was conceivable that 
hypochlorous acid might be produced by electrolysis 
of chlorine ions in tap water, EW generated in this 
study weakly contained hypochlorous acid at very 
low chlorine level (0.00325 ppm) and culture media 
for HeLa cells prepared using EW were sterilized by 
autoclaving at 121°C for 15 min. Since hypochlorous 
acid was removed by boiling in culture media, we 
focused on black dots in cell culture media as an 
inhibitor of cell proliferation. To test whether these 
black dots in ①-EW medium are involved in cell 
proliferation, we attempted to remove the dots from 
the medium using a 0.2-µm filter. As shown in Figure 
3B, the relatively large black dots in ②-EW medium 
could be removed using a 0.2-µm filter. However, very 
small black dots were still observed in ②-EW medium 
(Figure 3B), indicating that there did not adsorbed onto 
0.2-µm filter membrane. ②-EW medium still retained 
the ability to inhibit cell proliferation to the same 
extent as ①-EW (Figure 2C and 3C). ①-W (control) 
medium was also filtered in the same way as that for 
②-W medium (Figure 3A); this filtration had no effect 

under the microscope.This process generated 6 types of 
media (①-W, ①-EW, ②-W, ②-EW, ③-W and ③-EW) 
that were each sterilized by autoclaving at 121°C for 
15 min and then supplemented with 10% FBS, 0.584 
g/L glutamine, 100 µg/mL streptomycin, 100 U/mL 
penicillin, and 10% sodium hydrogen carbonate. The 
final average pH values were as follows: ①-W, 8.41; 
①-EW, 8.21; ②-W, 8.24; and ②-EW, 8.05. EW media 
had a slightly lower pH than that of W media, but all 
media were still alkaline. Filtration of media using 
Amicon Ultra-15 3K centrifugal filter units had no 
effect on pH (data not shown).

2.3. Cell proliferation and EW washout assay

After removing the culture media, the HeLa cells 
grown in culture dishes were washed with sterile 
PBS (phosphate buffered saline) (137 mM sodium 
chloride, 8.1 mM sodium phosphate dibasic, 2.7 mM 
potassium chloride, and 1.47 mM potassium phosphate 
monobasic) and detached with 0.25% trypsin-EDTA. 
HeLa cells were collected by centrifugation at 800×g 
for 5 min and resuspended in each type of culture media 
(①-W, ①-EW, ②-W, ②-EW, ③-W and ③-EW). HeLa 
cells were seeded onto culture flasks at a density of 8 
× 104 cells/flask and incubated for 3 days at 37°C in a 
humidified atmosphere containing 5% CO2 and 95% 
air. The effect of EW on cell proliferation was then 
assessed by counting the number of viable cells. HeLa 
cells were trypsinized, stained with trypan blue, and 
counted in a hemocytometer every day for 3 days. 
 The revers ibi l i ty  of  the  inhibi t ion of  ce l l 
proliferation after EW washout was assessed in an 
additional study by replacing EW media with W control 
media after 2 days. HeLa cells cultured in ②-EW 
medium for 2 days were washed twice with PBS and 
resuspended in ②-W control or ②-EW medium. HeLa 
cells were trypsinized, stained with trypan blue, and 
counted in a hemocytometer every day for additional 3 
days.

3. Results and Discussion

To investigate the effects of EW-containing media on 
tumor cell proliferation in human cervical carcinoma 
HeLa cells, HeLa cells were first cultured in ①-W 
(control) or ①-EW media for 3 days. Figure 2A and 
2B are photographs of HeLa cells after a day of culture 
in ①-W (control) (Figure 2A) or ①-EW (Figure 2B) 
media. We observed differently sized black dots in 
the ①-EW medium under the microscope (Figure 
2B). We speculate that these black dots were broken 
pieces of carbon (Figure 2B) from the carbon electrode 
used in water electrolysis. These black dots were not 
observed in the ①-W (control) medium (Figure 2A). 
Interestingly, HeLa cell proliferation was markedly 
inhibited by incubation in cell culture media containing 

Figure 2. The effect of ①-W and ①-EW media on 
proliferation of HeLa cells. Cells were seeded at a density of 
8 × 104 cells in flasks containing each culture medium. After 
1 day of incubation, cells were photographed at ×10 (A, B) 
and then counted daily for 3 days (C). The arrow indicates 
a conceivable broken piece of carbon electrode. Data are 
expressed as the mean ± SD of three independent experiments.
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on cell proliferation (Figure 2C and 3C). Thus, these 
results indicate that the very small black dots that 
passed through the 0.2-µm filter were associated with 
significant reduction of cell proliferation. Sometimes, 
EW with a pH greater than 3.5 was generated. Many 
very small black dots were observed in EW with a 
pH greater than 3.5 by microscopy. Surprisingly, cell 
culture medium containing EW with at a PH greater 
than 3.5 was unable to inhibit HeLa cell proliferation 
(data not shown). We found that the very small black 
dots that could inhibit cell proliferation were produced 
only at pH of 3 to 3.5. Therefore, the pH of EW is very 
important for the inhibition of cellular proliferation.
 Next, to remove these black dots involved in 
inhibiting tumor cell proliferation from ②-EW medium, 
we used ultrafiltration membranes with much smaller 
pore sizes, between 0.001 and 0.1 µm. Ultrafiltration 
membranes are typically classified by the nominal 
molecular weight limit (NMWL). Since the predicted 
molecular weights of carbon compounds (CxHyOz) 
produced in EW were between 2,000 and 4,000 Da, 
the ②-EW was centrifuged using Amicon Ultra-15 
3K centrifugal filter units (3 kDa cutoff) (Millipore) 
and this solution was designated as ③-EW. A similar 
treatment was performed for ②-W control to produce 
③-W, and the very small black dots were efficiently 
removed in ③-EW medium as clear as ③-W medium 
(Figure 3D and 3E). Surprisingly, removing these black 

Figure 3. The effect of ②-W or ②-EW and ○3-EW media on proliferation of HeLa cells. Each ②-W and ②-EW was prepared by 
filtration (0.2 µm) of ①-W and ①-EW, respectively. Cells were seeded at a density of 8 × 104 cells in flasks containing each culture 
medium. After 1 day of incubation, cells were photographed at ×10 (A, B) and counted every day for 3 days (C). The arrows indicate 
very small black dots. Each ③-W and ③-EW was prepared by centrifugation of ②-W and ②-EW in Amicon Ultra-15 3K centrifugal 
filter units. Cells were seeded at a density of 8×104 cells in flasks containing each culture medium. After 1 day of incubation, cells 
were photographed at ×10 (D, E) and then counted for 3 days (F). Filtration of Amicon Ultra-15 3K centrifugal filter units had no 
effect on cell proliferation (data not shown). Data are expressed as the mean ± SD of three independent experiments.

Figure 4. Reversibility of the inhibitory effect of ②-EW 
on the proliferation of HeLa cells. Cells were seeded at a 
density of 8 × 104 cells in flasks containing ②-EW medium 
and counted for 2 days. After 2 days of incubation, cells were 
washed with PBS and reincubated with ②-W control or ②
-EW medium for more 3 days. Cells were photographed a day 
after medium replacement at ×10 (A, B) and then counted for 
more 3 days (C). The arrows indicate very small black dots 
and the arrowheads indicate many very small black dots bind 
to cell surface. Data are expressed as the mean ± SD of three 
independent experiments.
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dots from EW recovered the ability of HeLa cells to 
proliferate in the media (Figure 3F). Cell proliferation 
rates showed no change in the ③-W medium (data not 
shown), indicating that centrifugation using Amicon 
Ultra-15 3K centrifugal filter units (3 kDa cutoff) had 
no influence on cell proliferation in HeLa cells. Thus, 
these results indicate that black dots in EW can inhibit 
proliferation of HeLa cells and can be removed using 
Amicon Ultra-15 3K centrifugal filter units. Therefore, 
we suggest that the very small black dots produced in 
EW have the ability to inhibit tumor cell proliferation 
and exhibit molecular weights ranging from about 3,000 
Da to a molecular weight small enough to enable the 
dots to pass through a 0.2-µm filter. 
 To determine whether inhibition of HeLa cell 
proliferation by EW-containing media was a reversible 
phenomenon, we assessed whether HeLa cells cultured 
in ②-EW medium would regain the capacity to 
proliferate when the medium is replaced with ②-W 
control medium. HeLa cells cultured in ②-EW medium 
for 2 days were washed twice with PBS to remove black 
dots, followed by replacement of the medium with ②-W 
control medium or ②-EW medium. As shown in Figure 
4A, PBS washes were able to decrease the number of 
black dots in the flasks containing the replacement 
②-W medium. In contrast, a number of black dots were 
observed in the flasks containing the replacement ②-EW 
medium and some of them were binding to cell surface 
(Figure 4B). Since the cell surface of many lipid 
bilayers had negative charges, small black dots might 
be electrostatically bounded to cell surface. Removal of 
②-EW medium (black dots) by PBS washing resulted 
in acceleration of the growth rate of HeLa cells (Figure 
4C). These results suggest that the inhibitory effect on 
cell proliferation by EW is reversible, and the black 
dots expected to be associated with the inhibition of 
cell proliferation reversibly stuck on the cell surface. 
These results further indicate that the anti-proliferative 
effect of EW is not due to a cytotoxic effect and can be 
stopped by washing twice with PBS. 
 Growth factors are important for regulating cell 
proliferation. Growth factors bind to cell surface 
receptors to initiate signaling pathways that result in 
the cell proliferation. Insulin-like growth factor 1 (IGF-
1) is one of the major regulators of cell proliferation 
(10). Upon IGF-1 binding, the tyrosine kinase activity 
of IGF-1 receptor (IGF-1R) leads to downstream signal 
activation of the mitogen-activated protein kinase 
and phosphoinositide 3-kinase-Akt pathways, which 
promote cell proliferation (11). Furthermore, IGF-
1R plays a central role in the development of many 
types of tumors (12,13). In our study, we investigated 
the proliferation of HeLa cells in presence of FBS. 
Introduction of the monoclonal antibody alpha-IR3 
against human IGF-1R reduces proliferation of human 
non-autocrine neuroblastoma cells SK-N-SH and LF 
in the presence of FBS (14). Thus, we hypothesize that 

carbon compounds produced in EW may inhibit cell 
proliferation by suppressing the signaling pathway for 
IGF-1R cell proliferation. Future studies are needed 
to test our hypothesis and to elucidate the mechanism 
of the anti-proliferation effect of EW in HeLa cells. 
Furthermore, the electrostatic potential of IGF-1R is 
overwhelmingly negative (15). The C domain of IGF-1 
is electropositive and important for its receptor binding 
activity (16). Therefore, it is possibility that carbon 
compounds electrostatically inhibit the IGF-1 binding 
to IGF-1R and we hope elucidate this possibility in 
further studies. 
 In conclusion, we developed EW from tap water 
using special carbon electrodes and this EW was 
containing carbon compounds observed very small 
black dots with molecular weights 2,000 and 4,000 
Da. We found that the developed EW inhibited HeLa 
cell proliferation and that carbon compounds were 
associated with this significant inhibition of tumor 
cell proliferation. We also found that washing the 
cells with PBS could inactivate the inhibitory effect of 
EW, indicating that there was reversible association 
between HeLa cells and certain carbon compounds 
produced in EW and the inhibitory effect of EW was 
not due to a cytotoxic effect. These findings suggest a 
novel mechanism for EW in the inhibition of tumor cell 
proliferation. 
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Aging of the population means that a population 
consists of more individuals of an older age, which is 
typically defined using the age 65 as a cutoff. A country 
is considered to have an aging population when the 
proportion of the population age 60 over exceeds 10% 
of the total population or age 65 over exceeds 7% (1). 
Population aging has many important socio-economic 
and health consequences, including an increase in the 
old-age dependency ratio, which presents challenges 
for the fields of nursing, public health, and economic 
development (2).

1. Aging of the Chinese population

By the end of 2014, China had an elderly population 
age 60 or over numbering 212 million; this population 
accounted for 15.5% of the country's total population 
of 1.37 billion, which means that China has passed the 
threshold for an aging population (3). According to data 
from the United Nations, the world's elderly population 
grew at an average rate of 2.5% from 1990-2010, while 

China's elderly population grew at an average rate of 
3.3% (4). According to the World Health Organization, 
35% of China's total population will be over the age of 
60, making China the world's most elderly society in 
2050 (5).

2. Nursing needs of the elderly

The elderly have greater nursing needs because they 
are primarily a population with common chronic 
conditions and geriatric diseases, such as diabetes, 
dementia, cardiopathy, cerebrovascular disease, and 
respiratory disease (Figure 1) (1,6,7). The prevalence of 
chronic conditions in the elderly is 4.2 times that in the 
population as a whole, and each elderly person usually 
has 2-3 different conditions (8). 
 According to data from the China Health and 
Family Planning Statistical Yearbook 2016, the 
prevalence of hypertension among the elderly age 60 or 
over was six times that of citizens ages 18-44 and twice 
that of citizens ages 45-59 (Figure 2). In addition, the 
elderly had a high mortality from different tumors, and 
lung cancer in particular (Figure 3).
 An increasing number of elderly patients have 
common chronic conditions and geriatric diseases. In 
contrast, patients with intractable and rare diseases such 
as HIV, fragile X syndrome, and Allan-Herndon-Dudley 
syndrome are gradually aging (9,10).
 As China's population ages and the disease 

Summary By the end of 2014, China had an elderly population age 60 or over totaling 212 million; this 
group accounted for 15.5% of the country's total population of 1.37 billion, which means 
that China has passed the threshold for an aging population. As China's population ages 
and the disease spectrum changes, nursing services for the elderly must be expanded. Given 
differences in the health status, financial situation, and family composition of each elderly 
person, modern society is tending towards individual nursing care for the elderly. Adapting 
to the changing composition of society by age will present new challenges.
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spectrum changes, nursing services for the elderly must 
be expanded. How should geriatric nursing adeptly 
respond to these challenges is a significant concern.

3. Individual nursing care for the elderly

When birthrate and mortality trends have been fairly 
regular over time, population growth is positively 
correlated with age, which implies that if the population 

age 65 or over is increasing, then the proportion age 80 
or over is also increasing (11). The health status, financial 
situation, and family composition of 65-year-olds and 
80-year-olds vary greatly, so healthcare and nursing care 
should also vary from person to person. Modern society 
is tending towards individual nursing care for the elderly. 
Adapting to the changing composition of society by age 
will present new challenges.
 Health status. The first challenge concerns expanded 
nursing services for individual elderly with a different 
health status; tailored services are not easily provided 
by social support systems (12). Elderly individuals with 
a different health status need a corresponding level of 
nursing. Elderly who are relatively healthy may need 
little help, elderly with some health problems may need 
some care, and elderly with severe health problems may 
be unable to care for themselves. However, individual 
nursing care for the elderly has not been implemented 
in China because of faults in disease prevention among 
healthy elderly and a lack of nursing care for elderly 
who are unable to care for themselves. At present, care 
is still focused on individuals who are ill.
 Financial situation. As the prevalence of disability, 
frailty, and chronic diseases increases dramatically, 
the burden of disease will become a key issue for the 
elderly and their families (13). Given the need for regular 
insurance when healthy and medical insurance in the 
event of illness, China needs to have long-term care 
insurance for individuals who are unable of caring for 
themselves.
 Family composition. The families of elderly 
individuals in China differ and vary in terms of their 
composition; this is mainly evident from where the 
elderly live (14). Compared to the elderly who live with 

695

Figure 1. Mortality from geriatric diseases for Chinese 
citizens in 2015. The elderly had a high mortality from geriatric 
diseases, and particularly from cardiopathy, cerebrovascular 
disease, and respiratory disease.

Figure 2. Prevalence of hypertension among Chinese 
citizens in 2012. The prevalence of hypertension among the 
elderly age 60 or over was 6 times that of citizens ages 18-44 
and twice that of citizens ages 45-59.

Figure 3. Mortality from different malignancies for Chinese 
citizens in 2015. The elderly have a high mortality from 
tumors, and lung cancer in particular.
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their children, the elderly who live alone have more 
complicated and more difficult issues of healthcare and 
nursing care. As the population ages, nursing care for 
the elderly who live alone will pose an enormous social 
burden in the future.
 On the positive side, the health status of older 
people of a given age is improving over time thanks to 
societal and medical advances. Over time, better health 
will significantly reduce the effort needed to provide 
individual nursing care for the elderly as China's 
population ages.
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1. Introduction

Severe fever with thrombocytopenia syndrome (SFTS) 
is an emerging infectious disease caused by a novel 
bunyavirus; SFTS was first reported in central China in 
2009, and the virus that causes it was first discovered in 
2011 (1,2). Since then, SFTS cases have been reported 
in many countries, like South Korea, Japan, and the US 
(3-5). Prior to 2013, there were as many as 10,000 SFTS 
cases worldwide (6). In China, SFTS was mainly found 
in Henan, Hubei, Shandong, Jiangsu, Zhejiang, and 
Liaoning, with an average case fatality rate of 12% that 
rose to 30% in some areas (7,8). In Zhejiang Province, 
SFTS was first discovered in 2011, and dozens of SFTS 
cases have been reported every year since (data not 
published). Without vaccines or specific drugs to prevent 

or treat SFTS, the condition has become an increasingly 
concerning global health threat (1). 
 The risk factors for infection with SFTS are varied 
(9). SFTS is believed to be transmitted by ticks, and most 
SFTS cases have involved tick bites (2,10-13). Moreover, 
most cases involved farmers living in villages or working 
in the fields (1). In Zhejiang Province, farmers were 
reported to account for 92% of all SFTS cases between 
2011 and 2013 (14). Most patients with SFTS had fed 
or come in contact with livestock like cows and sheep 
or animals like dogs (15-17). In other words, traditional 
farming practices in China are likely to involve contact 
with ticks, and some habits or work practices might 
lead Chinese farmers to be victims of SFTS. However, 
farmers in China usually have a low level of education, 
a limited range of activity, and limited ways to learn 
about protecting themselves from against SFTS. Thus, 
measures need to be taken to inform farmers know SFTS, 
how to protect themselves from tick bites, and how to 
prevent SFTS. Nonetheless, systematic health education 
and promotion for primary prevention of SFTS is rare 
in China, and the same holds true for evaluation of the 
effects of that health education. 
 Since 2013, a pilot health education and promotion 

Summary Severe fever with thrombocytopenia syndrome (SFTS) has spread throughout Asia, including 
China, South Korea, and Japan. In China, the main victims of SFTS were farmers. Measures 
to protect farmers were urgently needed but limited, and health education and promotion was 
proposed as an option. A pilot community trial was conducted to provide health education 
about SFTS in 2013 in Daishan County, Zhejiang Province, China, and results indicated 
that health education had promise. An educational campaign was conducted for three years. 
The incidence of SFTS decreased 0.3 per 1,000 person-years, and rural residents' awareness 
of SFTS increased substantially. Numerous habits or work practices that increased the 
likelihood of tick bites have also been changed. In the future, education could emphasize 
adopting healthy habits or work practices to reduce tick bites and thus reduce the incidence 
of SFTS, like regularly weeding around a house surrounded by shrubs, not sitting or lying on 
the ground when resting, and protecting one's self when doing farm work.
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program has been conducted to teach about SFTS in 
select towns west and south of Daishan County since 
SFTS cases were reported in that area. Health education 
and promotion was provided in Daishan every year 
and it mainly included specialized lectures, educational 
information (illustrated brochures) on SFTS, public 
notices on SFTS, posters, and messages in WeChat (a 
very popular social media app in China). Three years 
have passed, and the effects of that health education have 
not been determined. Thus, the current study randomly 
chose one village where the program was conducted 
and another village with comparable characteristics 
like geography, environment, and incidence of SFTS 
where the program has not been conducted. One aim 
of this study was to evaluate changes in knowledge of 
and attitudes towards SFTS and practices with regard 
to SFTS after 3 years of education. A second aim was 
to examine habits or work practices that could help to 
reduce tick bites and thus reduce the incidence of SFTS. 

2. Study sites and survey methodology

This study was conducted in November 2016 (about two 
months after the last educational session) in Daishan 
county, Zhejiang Province, China. The Village of 
Gaoting Zhakouere (denoted here simply as Gaoting) 
where the educational program was conducted served 
as the study group, and the Village of Daidong Longtou 
(denoted here simply as Daidong) served as the control 
group. Gaoting is south of the City of Daishan and has a 
total population of 1,560, while Daidong is northeast of 
the city and has a population of 2,610. Both places are 
close to the hills. From January 2012 to December 2013, 
there were 3 SFTS cases in Gaoting and 3 in Daidong. 
Gaoting is at a latitude of 30°17'26.24", a longitude of 
122°11'59.57", and an altitude of 2 meters; Daidong is at 
a latitude of 30°14'55.86", a longitude of 122°11'28.20", 
and an altitude of 3 meters. The density of ticks in 
Gaoting and Daidong was comparable from 2013 to 
2016 (data not published). Since 2013, a total of 5,000 
pieces of educational information were sent to residents, 
10 lectures were conducted, 2 specials aired on TV, and 
8 public notices and 12 posters were posted in Gaoting. 
Ten physicians were trained to provide professional 
advice when they were consulted. These physicians were 
stationed in three general hospitals in the City of Daishan 
and one community health service center in Gaoting.
 A unified questionnaire was used in both Gaoting and 
Daidong and stratified random sampling was used. Both 
villages (Gaoting and Daidong) were quartered (east, 
south, west, and north). Forty families were randomly 
chosen from each quarter according to their address, and 
one family member (above the age of 12) in each chosen 
family was asked to consent to participate in this study. 
Thus, respondents were 320 families in total. 
 SFTS cases reported in the two villages between 
January 2014 and November 2016 were tallied. 

 Data were compiled and analyzed using the statistical 
software IBM SPSS 16.0 and MS Excel. Selected 
variables like sex, frequency of farming, location of the 
house, and occupation were compared between Gaotiong 
and Daidong using chi-square tests of independence. 
Odds ratios were calculated to determine association, 
and 95% confidence intervals were calculated for these 
odds ratios. P values less than 0.05 were considered 
significant. 
 This study was approved by the Zhejiang Provincial 
Center for Disease Control and Prevention, China.

3. The effects of health education about SFTS

Differences in knowledge, attitudes, and practices (KAP) 
were analyzed using 306 questionnaires, representing a 
total response rate of 95.63% (306/320). In Gaoting, 150 
families responded to the questionnaire, for a response 
rate of 93.75% (150/160), while the response rate was 
97.50% (156/160) in Daidong. There were no significant 
differences in sex, age, or occupation of respondents in 
Gaoting and Daidong (x2 = 0.04, p = 0.84, t = 3.08, p = 
0.20, and Fisher's p = 0.16, respectively).
 Results indicated that the educational campaign since 
2013 had substantially increased the public's awareness 
of SFTS and it had changed many habits that increased 
susceptibility to tick bites. In Gaoting, 83.33% (125/150) 
of respondents knew about SFTS; 129 respondents 
thought ticks could transmit diseases, and 107 of those 
respondents were aware that SFTS could be transmitted 
by tick bites. In Daidong, 32.05% (50/156) of respondents 
knew about SFTS. Only 6 people were aware that SFTS 
could be transmitted by tick bites (Table 1). 
 Based on the current results, people in Gaoting 
were more likely to go to the hospital to receive routine 
treatment when they were bitten by a tick (57/150) than 
people in Daidong (25/156) (x2 = 18.82, p < 0.001) (Table 
1). In Gaoting, 14 families raised animals (including 
dogs, cats, livestock, and poultry), and 9 (64.29%) of 
those families raised them in pens. In Daidong, 60.34% 
(35/58) of families raised animals in pens. Of the 
families that raised animals, 34.72% (25/72) had seen 
ticks on animals. However, 78.57% (11/14) of families 
in Gaoting and 24.14% (14/58) in Daidong regularly 
killed ticks. Eighty-five-point-nine percent (97/114) of 
responding farmers in Gaoting and 17.56% (23/131) in 
Daidong responded that they take measures to protect 
themselves while farming (x2 = 111.2, p < 0.001) (Table 
1). 
 From January 2014 to November 2016, a total of 3 
SFTS cases were confirmed, with an incidence density 
of 0.66 per 1,000 person-years. The incidence density 
before health education was 0.96 per 1,000 person-years, 
and the attributable risk (AR) was 0.30 per 1,000 person-
years. Based on these findings, health education about 
SFTS reduced the incidence of SFTS 0.30 per 1,000 
person-years.
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There were few SFTS cases in one small village, so tick 
bites were chosen as an outcome variable. The aim was 
to analyze which habits or work practices might be risk 
factors for tick bites that could lead to SFTS. Results 
indicated that 35.90% (56/156) of people in Daidong 
had been bitten by ticks. One hundred and fifty-one 

4. Risk factors related to tick bites

SFTS is mainly transmitted by ticks. Tick bites are the 
intermediate link in SFTS transmission. Thus, blocking 
the route of transmission (avoiding being bitten by 
ticks) would effectively reduce the incidence of SFTS. 

Table 1. Comparison of knowledge about SFTS in Gaoting and Daidong

Items

Knowledge
     Will people get ill if bitten by a tick?: yes 
     Can ticks transmit disease?: yes
     Have you heard of SFTS?: yes
     Which of these vectors can transmit SFTS? Ticks, fluids from
          patients (true)
Attitudes & practices
     What would you do if bitten by a tick? Go to the hospital for
          routine treatment and then be followed by medical personnel
          for two weeks (true)
     Avoid contact with wild animals
Percentage of respondents who regularly weed around the house 
Percentage of respondents who raise animals in pens
Percentage of respondents who regularly kill ticks on animals
Percentage of respondents who refrain from sitting or lying on the
     ground when resting
Percentage of respondents who use protection before doing farm work

n

127
129
125
107

  57

  23
  ‒
  ‒
  ‒
  ‒

  ‒

Awareness rate (%)

84.67
86.00
83.33
71.33

38

15.33
85.92
64.29
78.57
78.95

85.09

n

27
18
50
  6

25

21
 ‒
 ‒
 ‒
 ‒

 ‒

Awareness rate (%)

17.31
11.54
32.05
3.85

16.03

13.46
62.07
60.34
24.14
15.27

17.56

p value

< 0.001
< 0.001
< 0.001
< 0.001

< 0.001

0.64
0.014
0.79

< 0.001
< 0.001

< 0.001

Table 2. Risk factors related to tick bites

Items

Occupation

Location of fieldsa,*

Frequency of farm worka,*

Will people get ill if bitten by a tick?*,#

Can ticks transmit diseases?*,#

Location of your house*

Are there any shrubs around your house?*

Do you regularly weed the shrubs around your house?b,* 

Do you raise animals?

Do you regularly kill ticks?c,*

What would you do if you saw a wild animal?

What posture do you adopt when taking breaks from farm work?a,*

Did you take measures to protect yourself before doing farm work?a,*

Items

farmer
non-farmer
hillsides
low lands
≥ once a day
< once a month
≥ once a week
< once a month
≥ once a month
< once a month
yes
no
yes
no
in the middle of the village
on a hillside
yes
no
yes
no
yes
no
yes
no 
Stay away from it 
Catch or kill it
Stand
Sit/lie on the ground
yes
no

Ever been
bitten

49
7
7
42
4
9
27
9
40
9
5
8
4
6
37
19
12
44
3
9
25
31
4
19
4
52
3
43
4
45

*: Missing responses to this question were excluded. #: Respondents who answered "I don't remember/have no idea" to this question were excluded 
from analysis. a: The odds ratio was calculated based on 127 farmers. b: The odds ratio was calculated based on families whose houses were 
surrounded by shrubs. c: The odds ratio was calculated based on families who raised animals.

Never been
bitten

78
17
6
72
5
21
40
21
57
21
22
6
13
8
84
11
17
76
15
2
32
63
9
19
17
78
17
59
19
59

OR

1.53

2.00

1.87

1.58

1.64

0.17

0.41

0.26

1.23

0.04

1.59

0.44

0.35

0.24

0.28

95% CI

0.59-3.95

0.63-6.35

0.41-8.61

0.63-3.96

0.68-3.95

0.04-0.72

0.09-1.92

0.11-0.59

0.53-2.79

0.01-0.32

0.81-3.13

0.12-1.70

0.11-1.11

0.07-0.88

0.09-0.87

History of tick bites 
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of the respondents in Daidong were divided into two 
groups depending on whether they had or had not been 
bitten by a tick during their lifetime. The remaining 
5 respondents were excluded because of missing 
responses or because they were unable to recall if they 
had ever been bitten. As shown in Table 2, the risk 
factors related to tick bites were not knowing whether 
people would get sick if bitten by a tick, not regularly 
weeding around the house, resting on the ground while 
farming, and not taking measures to one's self while 
doing farm work. Knowing that people will get sick 
if bitten by a tick, regularly weeding around a house 
surrounded by shrubs, not sitting or lying on the ground 
when resting, and protecting one's self before doing 
farm work could significantly reduce the incidence of 
tick bites (Table 2).

5. Health education of rural residents as an effective 
way to help reduce the risk of SFTS 

SFTS is a zoonotic disease transmitted by ticks. 
Elimination of its vectors (ticks) and changes in 
people's habits or work practices to avoid contact with 
ticks or patients are believed to be effective ways to 
prevent SFTS. Tick control has been a topic for almost 
half a century, and numerous problems with safety 
and resistance have occurred because of the use of 
chemical insecticides (18-22). Killing every tick is not 
feasible, but bad habits can be changed to avoid contact 
with ticks while controlling the density of ticks to an 
acceptable level. The current authors are devoted to 
discovering new environmentally friendly insecticides 
to control ticks, but before those discoveries are made 
the only effective way to help prevent SFTS is through 
health education. 
 Based on recent studies, health education about 
SFTS has promise as a way to improve rural residents' 
awareness of SFTS and to change habits or work 
practices to reduce the risk of SFTS. Health education 
has reduced the incidence of SFTS 0.3 per 1,000 
person-years in Gaoting in the City of Daishan, China. 
The current study involved a case control study to 
examine habits or work practices that might be risk 
factors for tick bites. In this study, knowing that people 
will get sick if bitten by a tick, regularly weeding 
around a house surrounded by shrubs, not sitting or 
lying on the ground when resting, and protecting one's 
self before doing farm work were effective at reducing 
tick bites and thus to reducing the incidence of SFTS. 
However, this was a pilot study, and its sample size was 
limited. Further studies need to be conducted to confirm 
the value of these habits or work practices, which could 
then be stressed in future educational campaigns. In the 
future, improved forms of health education could be 
provided, like widespread health education in school 
that in turn results in "children teaching adults" about 
diseases like rabies or AIDS.
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Competency and challenges in malaria microscopy in China
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1. Introduction

The annual incidence rate of indigenous malaria 
in China is decreasing, but malaria is still a very 
significant health problem, especially the importation 
of malaria has been an important challenge against 
malaria elimination in this country (1,2). Precise and 
prompt laboratory diagnosis and appropriate treatment 
is a key strategy to control and eliminate malaria. There 
are many limitations such as low sensitivity within the 
detection limit, poor specificity due to morphological 
changes that are enhanced by staining and similarities 
between several parasites, and operator dependence 
because even highly qualified microscopists can 
make an incorrect or incomplete assessment of the 
Plasmodium spp. A variety of diagnostic methods 

are used for Plasmodium parasites identification and 
speciation. However, malaria microscopy on Giemsa-
stained thick and thin blood smears with species 
identification and parasite counting is still the gold 
standard method recommended by the World Health 
Organization (WHO) for malaria diagnosis, clinical 
trials efficacy evaluation and epidemiological surveys. 
Moreover, qualified microscopy competency is a 
major indicator of WHO procedures for certification of 
malaria elimination (3). 
 However, it is difficult to maintain competency in 
malaria microscopy with the rapid decline of indigenous 
malaria cases, especially in first line clinics, due to its 
complexity and time-consuming and inconsistency of 
results compared with other diagnostic assays such 
as rapid diagnostic tests (RDT) and polymerase chain 
reactions (PCR) (4-6). It is also potentially due to the 
lack of fiscal and personnel investments in malaria 
microscopy (7).
 Therefore, the China malaria diagnosis reference 
laboratory network (8) based on centres for disease 
control and prevention or institutes of parasitic diseases 
at different levels covering all 24 historical malaria-
endemic provinces has been set up. It performs 

Summary Precise diagnosis is a key measure for malaria control and elimination, and malaria 
microscopy is still the gold standard method recommended by the World Health 
Organization (WHO) for malaria diagnosis. Analysis of the competency in malaria 
microscopy in China will benefit to identify the challenges in this skill and provide some 
suggestions for improvement in order to reach the requirement of WHO procedures for 
certification of malaria elimination, and finally contribute to malaria elimination by 2020 
in China. According to a series of external assessment activities about malaria microscopy, 
malaria microscopists from both the national and provincial level but not the levels below 
provincial level performed quite well in Plasmodium spp identification, but their competency 
in differentiation of P. ovale and P. vivax and parasite counting by microscopy were not 
good enough at all levels. Therefore, it is necessary to strengthen the competency in species 
identification and parasite counting especially at the lower levels in the first line through 
training and practice as well as regular quality assurance with enough policy support.
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quality assurance to guarantee and maintain the 
performance of diagnostic assays including malaria 
microscopy in clinics and in the field. Meanwhile, 
China participates in different external assessment 
activities about malaria microscopy organized by 
WHO. In addition, competency in malaria microscopy 
at different administrative levels was expected to 
improve through systematic training before technique 
competitions for malaria parasite detection (9). Above 
all, a comprehensive analysis of the competency in 
malaria microscopy in China can help us identify the 
challenges in this skill and provide some suggestions 
for improvement, and contribute to the achievement of 
malaria elimination by 2020 in China.

2. Competency in malaria microscopy

First of all, three rounds of External Competency 
Assessment (ECA) of malaria microscopists were held 
in China organized by WHO by 2015. Microscopists 
(35 person-times) from the malaria endemic provinces 
including Anhui, Yunnan, Henan, Hubei, Hainan, 
Jiangsu, Sichuan, Shanghai, Guangxi, Fujian and 
National Institute of Parasitic Diseases (NIPD) in the 
year 2010; Yunnan, Anhui, Jiangsu, Henan, Hainan, 
Shanghai, Shandong, Guizhou, Guangxi and NIPD in 
the year 2012; and Yunnan, Jiangsu, Sichuan, Henan, 
Guangxi, Shanghai, Fujian, Guizhou, Shandong, Anhui, 
Tengchong of Yunnan and NIPD in the year 2015, 
were assessed through a scheduled examination of 
Plasmodium spp identification and parasite counting 
respectively. Overall, their performance was generally 
good (χ2 = 2.520, p = 0.112). In detail, there was one 
microscopist ranked in Level 1, seven Level 2 and four 
Level 3 in 2010; five Level 1, four Level 2 and two 
Level 3 in 2012; and eight Level 1, two Level 2 and two 
Level 4 in 2015. And five microscopists were assessed 
repeatedly, and two of them raised their competency 
from level 2 to level 1 and the other three remained the 
same (two remained level 1, one remained level 2). 
 Moreover,  two rounds of External  Quali ty 
Assessment (EQA) Programme for malaria microscopy 
(10) in NIPD each year were also organized by WHO 
during 2013 and 2015, 15 slides were included per 
round, totally covering 34 slides of P. falciparum, 23 
slides of P. vivax, 3 slides each of P. malariae and P. 
knowlesi, 2 slides of P. ovale and 25 negative slides. 

As a result, all the P. falciparum-positive slides and 
negative slides were identified correctly, while 3 slides 
of P. vivax-positve were misdiagnosed as P. ovale, one 
slide of P. malariae-positive was misdiagnosed as P. 
knowlesi, one P. knowlesi-positive was misdiagnosed 
as P. ovale, one P. knowlesi-positive and one P. 
ovale-positive as P. vivax (Table 1). As a result, no 
significance was found in the identification of species 
(χ2 = 2.217, p = 0.330), while parasite counting was 
statistically different among these three years (χ2 = 
13.665, p = 0.001): 2014 was better than 2013 (χ2 = 
8.627, p = 0.003), no difference in 2015 vs. 2013 (χ2 
= 3.391, p = 0.066) and 2015 vs. 2014 (χ2 = 0.996, p = 
0.318).
 Since then, a national competency assessment 
programme concerning Plasmodium spp identification 
only has been organized by national laboratory (8). 
Briefly, nineteen microscopists from 19 provincial 
malaria diagnosis laboratories took part in the activity. 
Only two participants correctly identified all 20 slides, 
seven failed in one slide, six incorrectly identified 
two slides, two individuals failed in three slides, and 
one each incorrectly identified four and six slides, 
respectively. Particularly, twelve participants identified 
the P. vivax-positive slide as P. ovale. There existed a P. 
ovale positive slide that was the most difficult one for 
participants with nine failing to identify it with most of 
them (6/9) incorrectly identifying it as P. vivax. 
 Last but not least, malaria microscopy including blood 
slide preparation and Plasmodium spp identification and 
parasite counting is a very important part of National 
technique competition for diagnosis of parasitic diseases 
carried out in China, four representatives working 
for disease control and prevention at different levels 
were selected as contestants (age < 45 and at least two 
contestants from county-level) per province every year 
with no duplicates in the entries between years. Although 
a quite good performance was found in every year, the 
competency in malaria microscopy was not good enough 
(Table 2). There was significance of performance in 
blood film preparation (F = 17.3, p < 0.01) and malaria 
microscopy on the whole (F = 4.5, p < 0.01) from 
2011 to 2015 (Table 2). Moreover, malaria parasite 
identification of P. falciparum (F = 14.2, p < 0.01) and 
P. vivax (F = 3.4, p < 0.01) were also different among 
these five competitions (Table 2). Additionally, P. ovale-
positive slides were added into the competition from the 
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Table 1. Results of malaria microscopy in EQAs, 2013-2015

Scoring

Win
Lose
Total

2013-1

39
6
45

2013-2

43
2
45

EQA, External Quality Assessment.

2014-1

42
3
45

2014-2

42
3
45

2015-1

42
3
45

2015-2

42
0
42

2013-1

11
4
15

2013-2

9
9
18

2014-1

15
0
15

2014-2

16
2
18

2015-1

16
2
18

2015-2

14
4

18

                                Identification of species                                                                         Quantification of parasite counts
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be considered in routine malaria diagnosis, especially 
because of its advantages in detecting asymptomatic 
infections. In addition, quality assurance of malaria 
diagnosis must be carried out regularly.
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The 2017 Japan-China Joint Medical Workshop on 
Aging and Health was held at The University of 
Tokyo on December 2, 2017. The workshop started 
with introductory remarks by the workshop chairs, 
Drs. Kazuhisa Sekimizu (Teikyo University, Japan) 
and Wei Zhang (Shandong University of Traditional 
Chinese Medicine, China). Next were a series of 
speeches by 11 experts from Japan and China. Closing 
remarks were given by Dr. Wei Tang (The University 
of Tokyo, Japan). The theme of this workshop was 
the management of chronic obstructive pulmonary 
disease (COPD). More than 50 experts in the fields of 
respiratory medicine, emergency medicine, traditional 
Chinese medicine, and Kampo (traditional Japanese 
medicine) from Japan and China discussed related 
topics in depth and they shared their experiences 

treating COPD.
 COPD is a progressive disease that causes chronic 
bronchitis and emphysema in older people. As of 2016, 
251 million people worldwide had COPD, and COPD is 
currently the fourth leading cause of death. The World 
Health Organization (WHO) has predicted that the 
COPD will become the third leading cause of death by 
2030 (1-4). In order to facilitate COPD management, 
more than 50 experts from China and Japan discussed 
the treatment of COPD from different perspectives 
at the workshop. The guidelines for diagnosis and 
management of COPD in different countries were 
described. In addition, advances in recent research 
into treatment of COPD with Kampo and traditional 
Chinese medicine were discussed in depth.
 Dr. Yasuhiro Yamauchi from Respiratory Medicine, 
The University of Tokyo Hospital described clinical 
guidelines for COPD diagnosis and care in Japan. 
According to annual reports from the Ministry of 
Health, Labor, and Welfare, the mortality of patients 
with COPD in Japan has decreases since 2010. Over 
16,000 patients died from COPD in 2011. Deaths 

Summary As the number of elderly and the size of the total population increase, population aging 
will become a major problem because of an increase in diseases associated with aging, such 
as chronic obstructive pulmonary disease (COPD).  The 2017 Japan-China Joint Medical 
Workshop on Aging and Health was held at The University of Tokyo on December 2, 2017 
with a focus on management of COPD. More than 50 experts in the fields of respiratory 
medicine, emergency medicine, traditional Chinese medicine, and Kampo (traditional 
Japanese medicine) from Japan and China presented the results of their research and shared 
their experiences treating COPD from different perspectives. Guidelines for diagnosis and 
management of COPD in different countries were described at the workshop, and advances 
in recent research into the treatment of COPD with Kampo and traditional Chinese medicine 
were fully discussed. The results of the workshop should help to improve GOLD guidelines 
and they should greatly help to optimize COPD treatment.
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decreased to 15,000 (5,6) prior to 2016. According 
to Dr. Yamauchi, "This is due to the increased use 
and improvement of COPD guidelines in Japan; the 
dissemination of clinical guidelines on COPD has 
greatly helped to decrease the mortality of COPD".
 Dr. Wei Zhang of the Shandong University of 
Traditional Chinese Medicine Hospital described 
treatment of COPD with traditional Chinese medicine 
in China. COPD can be graded based on the extent of 
air flow limitation and the severity of the symptoms. 
Patients are divided in four groups: A, B, C, and D 
(7). Group A have low-risk COPD and few symptoms. 
Group B has low-risk COPD but more symptoms. 
Groups C has high-risk COPD but few symptoms. 
Group D has high-risk COPD and more symptoms. 
As Dr. Zhang explained, "In traditional Chinese 
medicine, the ABCD assessment can be described as a 
righteous qi or an evil qi". Group A, for example, has 
an abundance of righteous qi but a slight amount of evil 
qi, so broad-spectrum antivirals such as ShuFengJieDu 
Capsule (SFJDC) are recommended. A clinical study 
on COPD has indicated that a combination of SFJDC 
and conventional therapy can improve lung function 
and reduce the duration of hospitalization (8).
 Dr. Masayuki Hojo of the NTT Medical Center, 
Tokyo described the prevalence and features of 
eosinophilic COPD in Japan. According to guidelines 
from the Global Initiative for Chronic Obstructive Lung 
Disease (GOLD), an inhaled corticosteroid (ICS) is 
recommended for severe to very severe COPD when 
frequent exacerbations are not adequately controlled by 
optimized long-acting bronchodilation (9). According 
to Dr. Hojo, fewer patients in Japan receive a regimen 
including an ICS than in Western countries. Post hoc 
analysis of the FLAME trial indicated that an ICS is just 
one of many options and that an ICS is not always the 
most appropriate treatment for a patient who had more 
than two exacerbations a year (10).
 Dr. Xiaolan Cui of the Institute of Chinese Materia 
Medica, China Academy of Chinese Medical Sciences 
described the substances in and the efficacy of SFJDC. 
SFJDC contain rhizoma Polygoni cuspidati, fructus 
Forsythiae, radix Bupleuri, herba Patriniae, herba 
Verbenae, rhizoma Phragmitis, and radix Glycyrrhizae. 
An in vitro study by Dr. Cui and his colleagues 
indicated that SFJDC have broad-spectrum antiviral 
activity against viruses such as respiratory syncytial 
viruses, the Sendai virus, the Coxsackie virus, the 
H1N1 influenza virus, and the H3N2 influenza virus 
as well as antibacterial activity against bacteria such as 
Staphylococcus aureus, Staphylococcus epidermidis, 
Staphylococcus albus, Escherichia coli, Pseudomonas 
aeruginosa, beta hemolytic Streptococcus, Candida 
albicans, Proteus spp., and Neisseria gonorrhoeae (11). 
The study by Dr. Cui and his colleagues indicated that 
SFJDC can reduce the incidence of respiratory infections 
leading to lung damage. 

 Dr. Jing Yu of the Faculty of Pharmacy, Yokohama 
University explained how Kampo medicine is used 
to treat COPD. He also described the general concept 
of Kampo, its history, and Kampo medicines used in 
Japan. As Dr. Yu explained, Kampo originated from 
traditional Chinese medicine and developed in Japan 
after the 7th century (12,13). Japanese practitioners 
of Kampo developed their own unique formulations 
and treatments. In Japan, Kampo is strictly managed 
and assessed. Crude drugs must be identified and 
assessed to produce Kampo medicines. Crude drugs 
must undergo many processes such as morphological 
evaluation, chemical evaluation, molecular biological 
evaluation, serum pharmacological evaluation, 
biological evaluation, and 3D-HPLC (14). Hochuekkito 
is prescribed to treat COPD in Japan. Hochuekkito 
contains radix Astragali, rhizoma Atractylodis lanceae, 
radix Panacis ginseng, radix Angelicae, radix Bupleuri, 
fructus Zizyphi, pericarpium Aurantii nobilis, radix 
Glycyrrhizae, rhizoma Cimicifugae, and rhizoma 
Zingiberis. Studies on Hochuekkito have indicated 
that it has anti-inflammatory and anti-viral action and 
that it aids the digestive system and immune system, 
alleviating a patient's symptoms (15,16). 
 Dr. Wei Zhang of the Shuguang Hospital affiliated 
with the Shanghai University of Traditional Chinese 
Medicine described the clinical use of traditional 
Chinese medical in pulmonary rehabilitation for patients 
with COPD. In China, traditional Chinese medicine is 
used to prevent and relieve pulmonary symptoms of 
patients with COPD. In a study by Dr. Zhang and his 
colleagues, the respiratory function of patients with 
COPD improved after 4 months of traditional Chinese 
breathing training (17). 
 Dr. Zhijun Jie of Respiratory Medicine, the Fifth 
People's Hospital of Shanghai described the mechanism, 
treatment of viral infection, and management of acute 
deterioration of COPD (AECOPD) in China. AECOPD 
is a phenomenon whereby patients with COPD have an 
aggressive airway obstruction, difficulty breathing, and 
increased sputum in a short amount of time. Patients with 
AECOPD have a higher rate of infection with respiratory 
viruses and atypical clinical manifestations; this is 
especially true for patients over the age of 65 (18,19). 
Studies by Dr. Jie and his colleagues have examined 
the pharmacological action of Chinese medicine against 
influenza. SFJDC markedly reduced the inflammation 
caused by influenza viruses through the ERK-NK-kB 
pathway (20,21). Although research on antiviral therapy 
for AECOPD is still underway, traditional Chinese 
medicine may benefit patients with AECOPD.
 Dr. Tiejun Zhang of the Tianjin Institute of 
Pharmaceutical Research, State Key Laboratory of Drug 
Delivery Technology and Pharmacokinetics, Tianjin 
Engineering Laboratory of Quality Control Technology 
of Traditional Chinese Medicine described mechanisms 
of action of SFJDC as a treatment for pulmonary 
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inflammation. In a study on SFJDC by Dr. Zhang 
and his colleagues, HPLX-Q/TOF-MS identified 94 
chemical components of SFJDC. Forty-six compounds 
were identified as potential bioactive constituents (8 
flavonoids, 4 anthraquinones, 4 stilbenes, 2 iridoids, 
2 lignans, 2 naphthalenes, 1 phenylglycoside, 1 
triterpenoid saponin, 3 other compounds, and 19 
metabolites). Moreover, 28 compounds in SFJDC acted 
on 22 pathways through 41 related targets and 10 active 
components acted on 3-phosphoinositide dependent 
protein kinase-1 (PDPK1), mitogen-activated protein 
kinase 10 (MAPK10), and inflammatory response 
pathways including mitogen-activated protein kinase 
(MAPK), extracellular regulated protein kinases (ERK), 
and arachidonic acid metabolism. In vivo studies using 
a rat and mouse model of pneumonia, a rat model of 
pharyngitis, a mouse model of peritonitis, and a rat 
model of fever have indicated that SFJDC have anti-
inflammatory and antipyretic action.
 Dr. Jufeng Xia of the Graduate School of Medicine, 
The University of Tokyo described how the anti-tumor, 
anti-inflammatory, and anti-viral action of SFJDC can be 
used. In a study by Dr. Xia and his colleagues, SFJDC 
markedly inhibited the proliferation of HepG2.2.15 
cells, which are derived from a hepatoma cell line and 
transfected with the HBV genome, and they inhibited the 
Akt/mTOR, and Ikba/NF-kB pathways. These results 
indicate that SFJDC may serve as a potential component 
of anti-tumor therapy. In addition, Drs. Atmika 
Paudel and Suresh Panthee of the Graduate School of 
Pharmaceutical Sciences, The University of Tokyo 
described the pharmacokinetic analysis of therapeutically 
effective antimicrobials using a silkworm model of 
infection and use of in vivo transcriptomic analysis to 
identify virulence factors in Staphylococcus (22). Studies 
have indicated that this new antimicrobial has promise as 
a novel approach for COPD management.
 As has been indicated by the topics mentioned here, 
more than 50 experts from China and Japan discussed 
the management of COPD in depth at the Japan-
China Joint Medical Workshop. Information shared 
at the workshop will help to further refine the clinical 
guidelines on COPD in both countries and it should 
help to improve treatment for patients with COPD.
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