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1. Introduction

Chronic non-communicable diseases (NCDs), also 
known as chronic diseases, are a series of diseases 
which don't pass from person to person. They are of 
long duration and generally have slow progression 
(1). The four main types of NCDs are cardiovascular 
diseases (CVD), cancers, chronic respiratory diseases 
(COPD), and diabetes, which make the largest 
contribution to morbidity and mortality of NCDs (2). 
Along with the rapid development of social economy, 
lifestyle changes, urbanization speeding up and 
population aging, NCDs constitute the largest burden 
of morbidity and mortality (3), especially in low and 
middle income countries (LMICs) (4). NCDs pose a 
heavy financial burden on many affected residents, 
which impose insurmountable barriers to access 
essential healthcare for the poor (5). How to effectively 
prevent and control NCDs is no longer a simple health 
problem, but a social problem. Addressing primary 
prevention and equity of health systems by national 
NCD policies needs a long time to wait in most LMICs. 

How to develop potential, intangible resources to 
compensate for insufficient physical resources is urgent.
 With growing recognition of the social determinants 
of health, social capital is an increasingly important 
construct in healthcare (6). Social capital theory 
originated from the interdisciplinary union of sociology 
and economics, activated in every field of social 
development. There are many definitions of social 
capital according to systematic review. Bourdier 
seemed to be the first to dedicate an entire work to the 
concept, while further refinements came from Coleman, 
Putnam, Leonardi, Nanetti, Portes and others (7). The 
most accessible definition of social capital used in 
healthcare originated with Putnam (8).
 According to Putnam, social capital is defined as 
"features of social organization, such as trust, norms 
and networks, which can improve the efficacy of 
society by facilitating coordinated actions" (9). The 
concept represents the resources available to members 
of tightly knit communities, and tends to emphasize 
social capital as a group attribute or contextual 
concept (10), which may work on individual health 
by contextual influence. The contextual level can be 
further divided into 4 analytic levels: the "macro" level 
(social, political and economic context), the "meso" 
level (neighborhood or community), individual-level 
behaviors, and individual-level attitudes (7). The former 
2 levels can be summarized as the ecological level, and 
the latter as individual level. Meanwhile, the concept of 
social capital can be defined as the "network" theory, 

Summary Nowadays, chronic non-communicable diseases have become a significant social problem 
of healthcare which threatens human health along with their rapid progress of morbidity 
and mortality. How to develop potential, intangible resources to compensate for insufficient 
physical resources is urgent. By analyzing literature reporting the association between social 
capital and chronic non-communicable diseases systematically, evidence was found for a 
positive association between social capital and chronic non-communicable disease prevention 
and control. The social capital theory may provide a new idea to solve the problem.
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and is equal to resources which may be acquired 
through individual's social networks (6). This resource 
concept also can be summarized as individual level.
 There are enough consensuses to draw some 
important generalizations about the nature of social 
capital (10). The behavioral manifestations of civic 
engagement or members participation can be classified 
as structural social capital, and those subjective 
attitudes (interpersonal trust and norms of reciprocity) 
as cognitive social capital (11). Social capital also can 
be broken down into bonding, bridging, and linking 
social capital by the interpersonal relationship between 
different social identity (12). Bonding social capital 
represents the strong ties between homogeneous 
groups, such as family and company. In contrast, 
bridging social capital represents the weak ties between 
heterogeneous groups, differing by age, ethnic group, 
class, etc. Linking social capital refers to norms of 
respect and trusting relationships across power or 
authority gradients in society (13). No matter how 
to classify, social capital has still been measured via 
individual cognition and behavior in the health field.
 In this paper, we present a systematic review of 
the quantitative studies that have investigated the 
association between social capital and NCDs (the four 
main types), and explore the role of social capital in 
NCD prevention and control.

2. Methods

2.1. Literature search

In order to identify all quantitative studies investigating 
the association between social capital and NCDs 
published up to 1 July 2014, a review protocol was 
developed. 6 electronic databases (PubMed, Biosis 
Previews, EBSCO, ELSEVIER ScienceDirect, Wiley 
Online Library, SCIE, JCR) in our school library were 
searched using Medical Subject Headings ("Chronic 
Disease" or Cancer or Diabetes or "Cardiovascular 
Diseases" or COPD) and keywords "Social Capital" . 
The search strategy is shown in Supplementary Data. 
First, duplicated studies were excluded. Second, 
the abstracts of all studies were reviewed, and those 
against inclusion criteria were removed. The inclusion 
criteria were as follows: studies were included if they 
had a NCDs outcome, but excluded if NCDs were 
confounding factors. Studies were included if they 
measured social capital, and analyzed the association 
between social capital and NCDs. The references of 
included studies were identified in the same way.

2.2. Data extraction and analysis

The full texts of included studies were reviewed. The 
data of setting, study design, population, sample size, 
social capital measurement, health outcomes, validity 

and results of each study was extracted. Effect estimates 
were extracted separately and later classified by the 
four types of NCDs and two types (structural/cognitive) 
and two levels (ecological/individual) of social capital. 
Because differences in the measurement of social capital 
and NCDs made meta-analysis impossible, we adopted 
the method of grouping results developed by Ramirez 
et al. (14). The association between social capital and 
NCDs of each included study was classified into one 
of three categories as follows: an inverse association 
between social capital and NCDs significant at the 5% 
level (high levels of social capital associated with lower 
risk of NCDs), no association between social capital and 
NCDs not statistically significant at the 5% level, and 
a positive association between social capital and NCDs 
significant at the 5% level (high levels of social capital 
associated with higher risk of NCDs). The combined 
association between social capital and the risk of NCDs 
was evaluated after the number of included studies in 
each category was counted. Each study was evaluated 
using a 9 point validity checklist covering problems (8).

3. Results

3.1. Studies selection

Figure 1 shows the procedure of studies selection. Totally 
316 studies from 6 databases were searched, 87 studies 
were excluded as duplicates. After reviewing the abstract 
of the rest of the studies, only 15 studies met inclusion 
criteria. Two studies were identified through reference 
searching, making a total of 17 studies in this review.

3.2. Characteristics of the included studies

Characteristics of included studies measuring NCDs 
and social capital are shown in Table 1. Only 1 study 
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Figure 1. Procedure of studies selection.
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was set in LMIC according to the World Bank database, 
the majority of the studies were set in European and 
American countries, and nearly one half of the studies 
were set in USA. Seven studies used cohort study, and 
10 used cross-sectional study. Sixteen studies chose 
adults as respondents, and 1 all years. Two studies 
didn't show sample size as they used secondary statistic 
data at the ecological level. Compared to ordinary data, 
sample size of studies referred to respondents with 
NCDs was much less. 
 Even though measurement of social capital was 
diverse, they can be concluded as cognitive and 
structural social capital. Variables of individual cognition 
can be summarized as cognitive social capital, like 
trust, fairness, help, support and reciprocity et al. Other 
variables of individual behavior can be summarized as 
structural social capital, like membership, participation, 
voting or election, homeownership and crime rate et al. 
Ten studies measured social capital at the ecological 
level, and 6 at the individual level, and 1 at both levels.  
The way to measure social capital was usually by 
questionnaire.
 Seven studies used mortality as health outcomes, and 
8 used morbidity, and 2 used glycosylated hemoglobin 
(HbA1c) level. Eleven studies examined CVD, 7 studies 
examined diabetes, 5 studies examined cancer, and 2 
studies examined COPD. Eight studies used ICD-9 or 
ICD-10 to classify NCDs, and the remainder used clinic 
diagnosis. 
 Table 1 shows the methodological validity of 
each study. All included studies had a number of 
methodological limitations. No information in validity 
of social capital measurement was the common 
problem in each study. Thirteen studies were secondary 
analyses of survey data not specifically designed to 
measure social capital, 8 studies only measured one 
aspect of social capital or combined different aspects of 
social capital into one score, 5 studies included problem 
4 and 5, and other limitations were in the minority. The 
sample sizes were not summarized in the late analysis 
as 2 studies did not mention their sample size.

3.3. The association between social capital and NCDs

The results of included studies are extracted and 
summarized in Table 2. There was a little evidence of 
an inverse association between social capital (cognitive/
structural) and cardiovascular diseases, with 9 of 15 
effected estimates reporting high levels of social capital 
associated with lower risk level of cardiovascular 
diseases. Four of 6 effected estimates showed a 
significant inverse association between cognitive social 
capital and diabetes, while 1 study reported a significant 
positive association, and the association between 
structural social capital and diabetes was inclined to 
have no association, while 1 reported a significant 
inverse association. The association between cognitive 
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social capital and cancer was a little inclined to have 
no association, and structural social capital to have an 
inverse association. The association between social 
capital (cognitive/structural) and COPD was inclined to 
have no association. 
 The results of included studies summarized in Table 
3 according to individual and ecological levels of social 
capital, and most of the effected estimates were at the 
ecological level. While at the individual level, there was 
a little evidence of inverse associations between social 
capital and NCDs (CVD and diabetes), and studies 
which referred to cancer and COPD were not found. 
While at the ecological level, there was strong evidence 
of an inverse association between social capital and 
CVD, and a little evidence of inverse associations with 
diabetes and cancer, and no association with COPD.

4. Discussion

In this review, most studies are from Occident in 17 
included articles, while in LMIC these kinds of studies 
are rare (15-31), so the effect of social capital on NCDs 
in these countries is not known. Social capital was 

measured by individual cognition and behavior, and the 
ecological data were aggregated from the individual 
level, and there is no effective method to measure social 
capital precisely and directly at present. As affected by 
individual subject and object factors, the included studies 
had more or less methodological limitations, and there is 
a need to pay attention in future research. 
 According to Table 2, cognitive social capital was 
inclined to be inversely associated with CVD and 
diabetes, and structural social capital was inclined to 
be inversely associated with CVD and cancer. When 
classified at individual and ecological levels, social 
capital was strong evidence of an inverse association 
with NCDs. The quantitative studies of social capital and 
NCDs are few, on the other hand, as the set of included 
studies, residents may have high level of healthcare, 
and the effect of social capital may not emerge in some 
NCDs. The more healthy people are more likely to join 
in leisure participation or organizations (32). These 
biases may influence the association between structural 
social capital and NCDs.
 Social capital is the product of human socialization, 
some research have even regarded it as a public 

Table 2. Summary of data on the association between social capital (cognitive/structural) and NCDs

Items

Cognitive social capital
      CVD 
      Diabetes
      Cancer
      COPD
      Total

Structural social capital
      CVD
      Diabetes
      Cancer
      COPD
      Total

Number of effect estimates

  5
  6
  3
  1
15

10
  3
  5
  2
20

Inverse association

3
4
1
0
8

6
1
3
1
11

Combined social capital and the number of chronic conditions not included.

No association

2
1
2
1
6

4
2
2
1
9

Positive association

0
1
0
0
1

0
0
0
0
0

Number of effect estimates

Table 3. Summary of data on the association between social capital (individual/ecological level) and NCDs

Items

Individual level
      CVD
      Diabetes
      Cancer
      COPD
      Total

Ecological level
      CVD
      Diabetes
      Cancer
      COPD
      Total

Number of effect estimates

3
4
0
0
7

8
4
5
2
19

Inverse association

2
3
0
0
5

7
3
3
1
14

No association

1
0
0
0
1

1
1
2
1
5

Positive association

0
1
0
0
1

0
0
0
0
0

Number of effect estimates
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commodity (33,34). Investment in social capital is the 
result of conscious or unconscious human investment 
strategy, and aimed at minimizing survival risk. Even 
though causal mechanisms through which social capital 
could affect NCDs were unclear. The mechanisms 
that social capital exerts a contextual effect on human 
health may conclude diffusing the knowledge of health 
promotion, keeping healthy behavior by informal social 
control, access to healthcare services and amenities, 
and receiving emotional or material support and mutual 
respect based on social network and participation 
(11). The higher the stocks of social capital the higher 
appearance to health achievement of a given area 
(35). Local residents could increase exposure to health 
messages, influence health promotion by informal 
social control, and eventually result in public health 
outcomes (36). Strengthening the stocks of social capital 
in communities may provide an important buffer for 
reducing socioeconomic disparities and affording a 
relatively equal healthcare system, especially in LMIC. 
 This review was subject to a number of limitations. 
First, 6 electronic databases were searched, other 
published studies which followed our criterion in 
unselected databases may not be included. Still 
there might be unpublished studies by research 
groups who have not published material about social 
capital and NCDs and may be under-represented. All 
included studies in English, and language bias may be 
overlooked. Second, differences in the measurement 
of social capital and NCDs made formal meta-analysis 
impossible. Each effected estimate was not given a 
weight to all included studies and that equivalent effect 
of each study was summarized in this review.
 In conclusion, evidence was found for a positive 
association between social capital and NCD prevention 
and control despite various measurements. The social 
capital theory may provide a new idea to solve the 
shortage problem of physical resources in NCD 
prevention and control, especially in LMIC. Further 
study is urgently required to explore the effect of social 
capital in NCD prevention, control and management in 
LMIC.
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1. Introduction

MicroRNAs (miRNAs) are endogenous small non-
coding RNA molecules that can regulate gene 
expression at the posttranscriptional level by binding 
with 3'-untranslated regions (UTRs) of the target 
mRNAs through base pairing. About 80% of miRNA 
genes are located within introns of defined transcription 
units, and their expression is frequently correlated with 
expression profiles of their host genes (1). Currently, 

it is estimated that a miRNA may regulate hundreds of 
target genes and most of human protein coding genes 
are regulated by miRNAs. miRNA plays critical roles in 
many important biological processes, and it is therefore 
suggested that miRNAs are also involved in human 
complex diseases such as cancers (2), heart diseases (3), 
nervous system damage (4) and so on. 
 On the other hand, in recent years, genome-wide 
association studies (GWAS) have become an increasingly 
effective tool to identify genetic variation associated with 
the risk of complex diseases (5,6). However, currently 
identified genetic variants collectively can explain only 
a small proportion of disease phenotypic variance, and 
the noise causes many of the identified signals to be 
false positive loci. A noteworthy observation is that 
miRNAs are wide and key regulators of gene expression, 

Summary In recent years, microRNAs (miRNAs) were found to play critical roles in many 
important biological processes. On the other hand, the rapid development of genome-wide 
association studies (GWAS) help identify potential genetic variants associated with the 
disease phenotypic variance. Therefore, we suggested a combined analysis of microRNA 
expression profiling with genome-wide Single Nucleotide Polymorphism (SNP) genotyping 
to identify potential disease-related biomarkers. Considering functional SNPs in miRNA 
genes or target sites might be important signals associated with human complex diseases, 
we constructed a miRNA-miRNA synergistic network related to coronary artery disease 
(CAD) by performing a genome-wide scan for SNPs in human miRNA 3' -untranslated 
regions (UTRs) target sites and computed potential SNP cooperation effects contributing 
to disease based on potential miRNA-SNP interactions reported recently. Furthermore, 
we identified some potential CAD-related miRNAs by analyzing the constructed miRNA-
miRNA synergistic network. As a result, the predicted miRNA-miRNA network and miRNA 
clusters were validated by significantly high interaction effects of CAD-related miRNAs. 
Accurate classification performances were obtained for all of the identified miRNA clusters, 
and the sensitivity and specificity were all more than 90%. The network topological analysis 
confirmed some novel CAD-related miRNAs identified recently by experiments. Our 
method might help to understand miRNA function and CAD disease, as well as to explore 
the novel mechanisms involved.
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miRNA-related Single Nucleotide Polymorphisms 
(SNPs) including SNPs in miRNA genes and target 
sites therefore may function as regulatory SNPs through 
modifying miRNA regulation to affect phenotypes and 
disease susceptibility (7,8). More and more evidence 
has shown that SNPs in target sites or miRNA genes 
are associated with diseases (7,8). For example, Chen 
and Rajewsky uncovered that SNP density in conserved 
miRNA sites was lower than in conserved control 
sites, suggesting that a large class of computationally 
predicted conserved miRNA target sites is under 
significant negative selection (9). Their results also 
implicate that SNPs located in miRNA binding sites 
are likely to affect the expression of the miRNA target 
and might contribute to the susceptibility of humans to 
complex diseases. Recent advances in genetic studies 
have systematically identified and analyzed human 
polymorphisms in miRNAs and/or miRNA target sites 
(8,10). However, most of them focus on SNPs in target 
sites and their effects or disease-related miRNAs, 
while few of them mentioned the understanding of the 
synergistic regulation of miRNAs and their potential 
targeted SNPs cooperative effects contributing to 
disease. With the rapid accumulation of disease-related 
miRNAs, it is increasingly needed to uncover their 
functional relationships contributing to diseases at a 
system biology level. 
 Different from those constructed miRNA-miRNA 
networks depending on co-occurrence in 3'-UTRs of the 
same miRNA target genes (11), or using the correlations 
between the gene silencing scores of individual 
miRNAs or the combinatorial effects of co-expressed 
miRNAs in the modulation of a given pathway (12), or 
using the functional information and protein interaction 
data of predicted miRNA targets (13), we attempted 
to construct a miRNA-miRNA synergistic network 
related to coronary artery disease (CAD) by performing 
a genome-wide scan for SNPs in human miRNA 3'-
UTR target sites and computed SNP cooperative effects 
contributing to disease based on the potential miRNA-
SNPs interactions reported recently (7). In this process, 
miRNA expression profiling data and genome-wide SNP 
genotype data were integrated. As a result, predicted a 
miRNA-miRNA network was validated by significantly 
high interaction effects of CAD-related miRNAs. 
Our method can help to understand miRNA function 
and CAD disease, as well as to explore novel miRNA 
biomarkers and infer novel mechanisms connecting 
miRNAs to functions.

2. Materials and Methods

2.1. Data Source

2.1.1. CAD related genome-wide SNP genotype data

For GWAS data, we selected the genome-wide 

Wellcome Trust Case Control Consortium (WTCCC) 
data (http://www.wtccc.org.uk), which examined about 
2000 individuals for seven major diseases, using a 
shared set of about 3000 controls. In the current study, 
only CAD data was used. As a part of the WTCCC, 
482, 428 genome-wide SNPs were genotyped. The 
Standard WTCCC thresholds were applied for SNP 
quality control (genotype call rate > 95%, Hardy 
Weinberg equilibrium p-value > 5 × 10–7, Minor Allele 
Frequency (MAF) > 0.01). In this analysis, we took 
those SNPs with p < 0.01 in single association tests 
as potential risk SNPs in consideration of relaxing the 
cutoff which can avoid losing some true positive loci. 
In fact, we have found some significant CAD-related 
risk SNPs confirmed by experiment, such as rs4299376 
(p = 0.004), rs2505083 (p = 0.008) and rs46522 (p = 
0.008) (14), have become non-risk SNPs in GWAS 
according to the significant level of 0.0001 in previous 
studies (15).

2.1.2. CAD-related miRNA expression profiling data

For miRNA expression profiling data, we selected 
the platform evaluated by Illumina (Illumina Inc, 
San Diego, CA, USA) Human v2 miRNA expression 
beadchip (GEO association: GPL8179, http://www.
ncbi.nlm.nih.gov/geo/). The dataset GSE28858 includes 
1,146 miRNA expression values of 12 CAD patients 
and 12 controls. We downloaded miRNA expression 
values after log2 transformation.

2.2. Scan of 3'-UTR SNPs from the WTCCC CAD-related 
GWAS data

In this analysis, we used an update SNPnexus (http://
www.snpnexus.org) tool to perform the scan of 3'-UTR 
SNPs from the WTCCC CAD-related GWAS data. 
SNPnexus database provides annotation and genomic 
location on clones, contigs or chromosomes for both 
novel and public SNPs by incorporating a broader 
range of variations such as insertions/deletions block 
substitutions, and region-based analysis. In addition, we 
referred to the enhanced functional annotation involved 
in the update SNPnexus tool (16).

2.3. Identification of differentially expressed miRNAs

In this analysis, we applied Significance Analysis of 
Microarrays (SAM) method (http://otl.stanford.edu) 
to extract the statistical significance miRNAs between 
CAD and control groups. SAM can identify statistically 
significant miRNAs by carrying out miRNA specific 
t-tests and computing a statistic for each miRNA, 
which measures the strength of the relationship between 
miRNA expression and the phenotype (17). In this 
method, repeated permutations of the data are used to 
determine if the expression of any miRNA is significant 
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for multiple testing may result in a decrease in power 
to detect weaker associations of susceptibility SNPs. 
On the other hand, when considering interaction effect 
in the logistic regression analysis, such as gene-gene 
interaction or gene-environment interaction, p-values 
can be relaxed (19). 
 For two given miRNA-SNP pairs: miRNA1-SNP1 
and miRNA2-SNP2, if SNP1 interacted with SNP2 (p12 < 
0.05), we defined an interaction score of miRNA1 and 
miRNA2:

                  S12 = E1×E2×(-log(p12))                        (2)

where E1 and E2 are binding energy changes of 
miRNA1-SNP1 and miRNA2-SNP2, respectively. The 
greater S score means stronger interaction between two 
miRNAs. After assembling all miRNA pairs identified 
above, we generated the miRNA-miRNA synergistic 
network related to CAD disease. A node represents 
a miRNA, and two nodes are connected if the 
corresponding miRNA pair has an interaction action. 
Figure 1 shows the workflow to construct the miRNA-
miRNA synergistic network.

2.6. Extraction of miRNA clusters and Randomization 
tests

To validate the constructed miRNA-miRNA network, 
we extracted miRNA clusters to evaluate their co-
expression or combined strength. Note that highly 
connected nodes (hubs) characterized by those nodes 
with high degrees are often considered as important 
targets of networks (20), and sub-networks implicated 
by hubs have also been shown to be highly conserved 
in maintaining the housekeeping biological functions 
of cells (15). We therefore examined all of the miRNA 
clusters implicated by hub miRNAs to see their 
characteristics. Considering hubs might be different in 
terms of the network size, we did not directly define 
hubs as nodes with more than five interactions in the 
network like Taylor's study (21). Instead, we assumed 
the degree of nodes followed a Poisson distribution in a 
random network (22). To determine whether a miRNA 
is a hub miRNA, the following formula was used to 
compute its probability of degree ≥ t (23):

where n is the number of miRNAs and m is the number 
of interacting miRNA-pairs in the miRNA-miRNA 
network. In our analysis, a miRNA was considered as a 
hub when its P value was smaller than the probability 
of this rare event. This filtering criteria was supported 
by some previous studies (15,24). 
 Then, we extracted miRNA clusters implicated by 
hubs, which include all miRNAs linked to the hubs 
directly. We computed the average S scores for each of 

related to the phenotype. In this analysis, we used the 
criterion of p < 0.05 and False Discovery Rates (FDR) < 0.1 
to determine miRNAs variously differentially expressed.

2.4. Identification of differentially expressed miRNA and 
3’-UTR SNP pairs

In this analysis, consider that the gain of a functional 
miRNA target site will repress protein expression and 
affect physiological function and clinical phenotype, 
and thus we used miRNA and 3'-UTR SNP target 
gain predicted by the MiRNASNP tool (http:// www.
bioguo.org/miRNASNP) (7) to extract differentially 
expressed miRNA and 3'-UTR SNP pairs. MiRNASNP 
tool combined results of two popular tools, TargetScan 
(http://www.TargetScan.org/) and miRanda (http://
www.microrna.org), which are regularly updated and 
considered to have relatively good performance. In this 
tool, the UTR sequences were divided into wild type 
and corresponding mutant type, and miRNA and 3'-UTR 
SNP target gain was defined as follows: 

          Gain = (ST ∩ SM) – (WT     WM),               (1)

where ST are the target genes of SNP-miRNAs 
processed by TargetScan and SM are the target genes 
of SNP-miRNAs processed by miRanda; whereas WT 
are the target genes of wild-type miRNAs processed by 
TargetScan and WM are the target genes of wild-type 
miRNAs processed by miRanda (7). That means, if one 
miRNA-SNP pair was predicted in both ST and SM, 
but neither in WT nor WM, this pair is called miRNA 
and 3'-UTR SNP target gain. For each of miRNA-SNP 
pair, minimum hybridization energy of the miRNA–
target interaction is calculated using RNAhybrid (http://
bibiserv.techfak.uni-bielefeld.de/rnahybrid) (7,18). 
In this analysis, we used the binding energy changes 
between wild-type miRNA/target and SNP-miRNA/
target to evaluate the interaction strength of each 
miRNA-SNP pair. More energy change means sharper 
interaction.

2.5. Construction of miRNA-miRNA synergistic network

Here, for those 3'-UTR SNPs regulated by differentially 
expressed miRNAs, we used logistic regression 
methods based on PLINK software (http://pngu.
mgh.harvard.edu/~purcell/plink/) to detect SNP-SNP 
cooperation effects contributing to coronary artery 
disease. We used 0.05 as the cutoff of significant 
interaction effect between two SNPs, and the multiple 
test corrections were not performed to avoid the loss. 
On one hand, we consider that Bonferroni correction 
assumes that the tests are independent, yet many 
interaction tests are highly correlated. Multiple test 
corrections might be overly conservative due to high 
correlations among the interaction tests, and adjusting 
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the miRNA clusters. To evaluate the significance of co-
expression or combined strength of miRNAs involved 
in these clusters, we performed the randomization tests. 
For each miRNA cluster, we randomly selected the 
same number of miRNA pairs from all SNP (miRNA)-
SNP (miRNA) pairs, and calculated the corresponding 
average S score. This procedure was repeated 1,000 
times, and the significant P-value is the fraction of the 
average S scores under random conditions, which is 
greater than the value in the real condition.

3. Results

3.1. Identification of differentially expressed miRNAs

According to the criterion of p < 0.05 and FDR < 0.1, we 
applied the SAM method to identify 398 significantly 
differentially expressed miRNAs. Where, 6 out of 
the 12 previously identified CAD-related miRNAs in 

miRNA disease association database-HMDD (Human 
MicroRNA Disease Database, http://202.38.126.151/
hmdd/tools/hmdd2.html) (25) exhibited statistically 
significant differential expression between cases and 
controls, and they were miR-126 (p = 0.0007), miR-
130a (p = 0.0278), miR-21 (p = 0.0005), miR-222 (p 
= 0.0181), miR-340 (p = 6.11E-05) and miR-624 (p = 
0.0012). A growing amount of evidence has shown their 
association with CAD. For example, a recent report 
suggested that vascular miR-126 is consumed during 
transcoronary passage, and the differential regulation 
of circulating miRs during the transcoronary passage 
might provide important insights to exploit their role as 
cardiac biomarkers (26). We listed those significantly 
up-regulated (Fold_change > 1.5) or down-regulated 
(Fold_change < 1/1.5) differentially expressed miRNAs 
in Table S1 (http://www.biosciencetrends.com/docindex.
php?year=2014&kanno=5).

3.2. Identification of differentially expressed miRNA and 
3'-UTR SNP pairs

Using the SNPnexus tool, we performed a scan of 3'-
UTR SNPs from the WTCCC CAD-related GWAS 
data, and 3,521 3'-UTR SNPs were identified. Among 
these 3'-UTR SNPs, only 43 (1.2%) were significant 
(p < 0.01). Then, we used miRNA and 3'-UTR SNP 
target gain predicted by the MiRNASNP tool to extract 
126 differentially expressed miRNA and 3'-UTR SNP 
pairs. Among these miRNA and 3'-UTR SNP pairs, the 
average of binding energy changes caused by SNPs in 
3'-UTR was 12.32 kcal/mol, where the miR-770-5p 
and rs9991 pair was up to 36.3 kcal/mol, suggesting a 
greater affect of the differentially expressed miRNA-
target SNP binding.

3.3. Construction of miRNA-miRNA synergistic network

In this analysis, we used logistic regression methods 
based on PLINK software to detect  SNP-SNP 
cooperative effects contributing to coronary artery 
disease. As a result, 7,875 SNP-pairs arose from 126 
3'-UTR SNPs targeted by differentially expressed 
miRNAs. According to our criterion of significant 
interaction, 281 SNP-SNP pairs were selected. While, 
one pair of SNPs: rs175634 and rs1043515 showed 
the most significant interaction (p = 0.000113). There 
are a certain number of SNPs showing interaction with 
multiple other SNPs. For example, SNP rs10802805 
interacts with another 10 SNPs, such as rs2112812 (p = 
0.0017), rs9537 (p = 0.0083), rs6052935 (p = 0.0236) 
and so on. 
 For two given miRNA-SNP pairs: miRNA1-SNP1 

and miRNA2-SNP2, and the corresponding interaction 
effect of SNP1 and SNP2, we computed the interaction 
score of miRNA1 and miRNA2 using the S measure 
as defined in the Methods section. For overlapped 

Figure 1. The workflow to construct the miRNA-miRNA 
network. The process involves three main steps. First, we 
identified differentially expressed miRNAs using CAD-related 
miRNA expression profiling data, and performed a scan of 
3'-UTR SNPs from the WTCCC CAD-related genome-wide 
SNP genotype data. Second, we used the MiRNASNP tool 
to extract differentially expressed miRNA and 3'-UTR SNP 
pairs and their corresponding binding energy changes. Finally, 
we performed logistic regression to detect the significant 
interaction of 3'-UTR target SNPs of differentially expressed 
miRNAs, and then identified miRNA pairs based on the 
corresponding SNP-pairs. After assembling all miRNA pairs 
identified, we constructed the miRNA-miRNA synergistic 
network related to CAD disease.
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miRNA pairs, we took the maximum S scores as their 
interaction strength. After assembling all miRNA pairs, 
we can see that interacting miRNAs formed a miRNA-
miRNA synergistic network related to CAD disease 
(See Figure 2A). For the whole network, the maximum 
interaction strength was seen from miR-665 and miR-
132 (S = 1355.46), followed by miR-140-3p and miR-
198 (S = 1319.96). The average S score was 188.68. 
To determine if this network is a small-world network, 
we constructed 1,000 random small-world networks 
using Cytoscape software (http://www.cytoscape.org) 
(27), and computed the average clustering coefficient 
and average diameter. We found that the network had 
a short diameter of 2.983, which is similar to that of 
a random small world network (2.987 ± 0.091, p = 
0.144). In addition, we calculated the average clustering 
coefficient of the network, and obtained an average 
clustering coefficient of 0.322 which was much higher 
than for random networks (0.166 ± 0.014, p < 0.001) 
and approved the dense local neighborhoods of the 
network. This result suggests that immediate neighbors 
of a miRNA tend to be synergistic and contribute to 
disease (28). 
 With the topological characteristic analysis of this 
constructed miRNA-miRNA network, we can see 
that there were more poorly connected nodes than 
hubs. More than 60% of the nodes had degrees of 
≤ 10. In other words, the degree shows a scale-free 
distribution, which means that most miRNAs only 

have a few connected miRNAs, but some miRNAs 
show an outstanding degree property. For example, 
miR-663b showed the highest degree (degree = 30, p 
< 10-5), suggesting it can connect to a greater number 
of miRNAs than others. This is supported by newly 
published research in which they found miR-663b 
showed the highest sensitivity and specificity for 
discrimination of acute myocardial infarction cases from 
health controls of miRNA expression in peripheral total 
blood samples (29). In addition, miR-144 also showed 
a greater degree (degree = 18, p = 0.0187). A recent 
study has reported that ectopic expression of miR-144 
augmented cardiomyocyte survival, which was further 
improved by over-expression of miR-144, compared 
to control cells in response to simulated ischemia (30). 
This result support our constructed networks not only 
shed light on the relationships between miRNAs, but 
also give insight into those hub miRNAs which are 
more evolutionarily conserved than non-hub miRNAs. 
It also can be explained that hub miRNAs are subject 
to selection pressure and constraints, due to their 
involvements in many biological processes and their 
multiple interacting miRNA partners.

3.4. The validation of miRNA-miRNA network using 
miRNA expression value

It is possible that miRNAs with similar functions 
tend to have similar expression profiles. To further 

Figure 2. The constructed miRNA-miRNA synergistic network related to CAD. (A) CAD-related miRNA-miRNA network. 
Each node represents a miRNA, and two nodes are connected if the corresponding miRNA pair has an interaction. (B) A special 
example: miR-663b related miRNA cluster.
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validate and evaluate the accuracy of our constructed 
miRNA-miRNA network and investigate the expression 
pattern of connecting miRNA-pairs, we analyzed 
their expression similarity using Pearson's correlation 
coefficients. As a result, we found that approximately 
40% of miRNA pairs have positive or negative co-
expression patterns (p < 0.05). In addition, we used 
logistic regression models based on miRNA expression 
values to analyze the cooperative effects of miRNA-
pairs. Interestingly, more than half of miRNA-pairs 
(52.3%) are proved to be significant (p < 0.05). 
Specially, when investigating those miRNA-pairs 
including miR-663b; approximately 80% of them are 
significant (See Table 1 and Figure 2B). This result 
further supports that miR-663b is an important CAD 
association miRNA, which is more likely to interact 
with other miRNAs contributing to disease.

3.5. Randomization test

To evaluate the co-expression or combined strength 
of the miRNA groups involved in the network, we 
extracted miRNA clusters implicated by hubs from the 
constructed network. In our analysis, a hub miRNA 
with ≥ 17 partners in a random network (p < 0.05) was 
considered a rare event under the null hypothesis that n 
miRNAs were connected randomly. According to this 

criterion, when 6 hub miRNAs were extracted, they 
were miR-600 (degree = 17, p = 0.034), miR-548b-5p 
(degree = 17, p = 0.034), miR-1245 (degree = 19, p = 
0.0099), miR-144 (degree = 18, p = 0.0187), miR-1248 
(degree = 20, p = 0.005) and miR-663b (degree = 30, 
p < 10-5). For each miRNA cluster, we calculated the 
average S score to its 1000 random matched miRNA 
clusters. For miRNA clusters implicated by hubs miR-
600, miR-548b-5p, miR-1245, miR-144, miR-1248, 
and miR-663b, each matched set consisted of 17, 17, 
19, 18, 20, and 30 miRNAs randomly selected from 
7,875 SNP (miRNA)-SNP(miRNA) pairs. According 
to the empirical distribution of S scores, we obtained 
a threshold value to determine the significance of 
each miRNA cluster. We found that excluding the 
miRNA cluster implicated by miR-548b-5p (S = 
27.04, p = 0.805), other miRNA clusters implicated 
by hubs all showed outstanding S scores compared to 
random miRNA clusters: miR-600 (S = 138.48, p < 
0.001), miR-1245 (S = 175.24, p < 0.001), miR-144 
(S = 289.60, p < 0.001), miR-1248 (S = 206.52, p < 
0.001) and miR-663b (S = 75.97, p = 0.038). In these 
identified miRNA clusters, some miRNAs have been 
proved to be associated with CAD. For example, in the 
miR-144 cluster, miR-545 has been found to show an 
up-regulation in premature CAD patients compared to 
controls in recent studies (31). In the miR-663b cluster, 

Table 1. miR-663b related miRNA cluster

miRNA1 (SNP1)

miR-663b (rs6052935)
miR-663b (rs6052935)
miR-663b (rs6052935)
miR-663b (rs6052935)
miR-663b (rs175634)
miR-663b (rs6052935)
miR-663b (rs175634)
miR-663b (rs6052935)
miR-663b (rs6052935)
miR-663b (rs6052935)
miR-663b (rs6052935)
miR-663b (rs175634)
miR-663b (rs175634)
miR-663b (rs6052935)
miR-663b (rs6052935)
miR-663b (rs6052935)
miR-663b (rs6052935)
miR-663b (rs6052935)
miR-663b (rs6052935)
miR-663b (rs175634)
miR-663b (rs6052935)
miR-663b (rs6052935)
miR-663b (rs6052935)
miR-663b (rs6052935)
miR-663b (rs6052935)
miR-663b (rs6052935)
miR-663b (rs6052935)
miR-663b (rs6052935)
miR-663b (rs6052935)
miR-663b (rs6052935)

miRNA2 (SNP2)

miR-507 (rs4312485)
miR-548a-3p (rs6654)
miR-1205 (rs165345)
miR-1236 (rs10894557)
miR-1245 (rs1043515)
miR-1248 (rs12218073)
miR-1258 (rs198413)
miR-1284 (rs1052912)
miR-1299 (rs10260499)
miR-144 (rs11543230)
miR-151-3p (rs12174237)
miR-24 (rs12214037)
miR-34c-3p (rs2810)
miR-362-5p (rs10521099)
miR-374a (rs3811610)
miR-455-5p (rs10933164)
miR-505 (rs10864675)
miR-509-5p (rs1064395)
miR-513a-5p (rs11153074)
miR-520g (rs4151045)
miR-548b-5p (rs3737933)
miR-568 (rs8035733)
miR-576-5p (rs435382)
miR-578 (rs10165660)
miR-600 (rs1045291)
miR-641 (rs6880907)
miR-648 (rs8713)
miR-651 (rs10516139)
miR-665 (rs16854011)
miR-922 (rs7677472)

Logistic p-values based on miRNA expression values

0.034
0.016
0.103
0.012
0.866
0.040
0.024
0.301
0.019
0.514
0.035
0.047
0.033
0.040
0.302
0.028
0.040
0.043
0.026
0.021
0.039
0.012
0.026
0.022
0.030
0.376
0.033
0.026
0.919
0.047

Note: P12 indicates the signifi cant interaction p-value of SNP1 and SNP2.

Score = E1 × E2 × P12

    0.708
  99.10
  10.21
  27.12
    3.63
188.91
    2.53
    1.13
  25.25
149.46
130.08
    1.37
  10.04
145.19
    0.70
    3.16
154.42
    6.58
231.30
  20.04
  48.11
  15.66
    2.73
141.50
191.84
    4.62
182.80
  10.28
279.78
201.19
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an increased level of miR-24 was found in idiopathic 
end-stage failing human hearts by northern blot 
analysis of the hypertrophy-regulated miRNAs (32). 
Moreover, when we computed the average correlation 
coefficients using miRNA expression values for 
these five miRNA clusters, the average correlation 
coefficients were all approximately 0.5 (See Table 
2). This result suggests the identified CAD-related 
miRNA clusters have greater average S scores and 
greater relevance than other miRNA clusters expected 
by chance (See Figure 3).

3.5. Validation of classification performances of five 
identified miRNA clusters using miRNA expression 
values

To validate whether the identified miRNA clusters have 
better classification performance, we applied Random 
Forests (RF) method (33) to miRNA expression 
profiling data in which those miRNAs involved in 
miRNA clusters are taken as predictor variables 
to classify samples. RF is an ensemble classifier 
that consists of many decision trees and each tree 
depends on the values of a random vector sampled 
independently. In this analysis, we used 5-fold cross 
validation to assess the classification accuracy rate. All 
samples were divided into five sets and in each analysis 
one set is considered as testing data, whereas the 
others are training data. For Random Forests program, 
5,000 trees were constructed. As a result, accurate 
classification performances were obtained for all 
miRNA clusters, and the sensitivity and specificity were 

Figure 3. The distribution of average S scores for five miRNA clusters implicated by hubs. The random background 
distribution of average S scores for miRNA clusters implicated by miR-663b (A), miR-600 (B), miR-1245 (C), miR-1248 (D) and 
miR-144 (E) are shown in purple colors. The red lines indicate the real average S scores of the corresponding miRNA clusters.

Table 2. The characteristics of CAD related miRNA clusters

miRNA clusters implicated by hubs

miR-600
miR-1245
miR-144
miR-1248
miR-663b

Degree of hub

17
19
18
20
30

S (Scutoff)

138.48 (105.50)
175.24 (84.40)
289.60 (106.80)
206.52 (81.80)
  75.97 (73.50)

Note: * Signifi cant p-value is the fraction of the average S scores in random conditions, which is greater than the value in the real condition.

*p-value

 < 0.001
 < 0.001
 < 0.001
 < 0.001
    0.038

Average correlation coefficient

0.512
0.546
0.479
0.464
0.489
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all more than 90%. The sensitivity, specificity, positive 
predictive value, negative predictive value, and area 
under the ROC curve (AUC) for five miRNA clusters 
used to detect CAD with Random Forest classifier are 
shown in Table 3. 
 Note that it is often interesting to know which 
miRNAs are important in classification in Random 
Forests program. There are two measures of importance 
in RF program, the mean decrease in accuracy and the 
mean decrease Gini index (MDG) (33). In this analysis, 
we used MDG to measure the risk of miRNAs in each 
miRNA cluster. Greater MDG will indicate that the 
degree of impurity arising from a category could be 
reduced furthest by this miRNA, and thus suggests an 
important miRNA. Interestingly, miR-1236 ranked first 
for all miRNA clusters (See Table 3). Recent evidence 
showed that miR-1236 may function as a negative 
regulator of vascular endothelial growth factor receptor 
(VEGFR)-3 (34).

3.7. Comparison with MISIM tool

We also attempted to validate our results to see whether 
miRNAs involved in miRNA clusters have potential 
functional similarity. Currently, the functional similarities 
of miRNAs are often predicted by indirectly inferring 
similarities of their corresponding target genes. These 
prediction methods include Gene Ontology (GO) or 
pathway enrichment analysis for miRNA-targeted gene 
sets (35). However, these methods are not applicable for 
miRNA genes because the function of most miRNAs 
remains unknown and no such function annotation 
database is available. Therefore, in this analysis, we used 
a recent developed tool, MISIM (http://210.73.221.6/), 
which is used to measure miRNA functional similarity 
based on human miRNA-disease association data and 
structures of the corresponding disease relationships 
(13). We used 0.7 as the MISIM threshold to determine 
whether two miRNAs have a link. In other words, those 
miRNA pairs with a MISIM coefficient greater than 
or equal to 0.7 were selected. The results of MISIM 
showed that miR-106a, miR-144, miR-520g, miR-
24, miR-132, miR-505, miR-507 and miR-600 had 
a similar function (See Figure 4). Indeed, recently 
published data have shown some of these miRNAs are 

associated with CAD-related diseases, such as miR-
132, miR-144, miR-106a and miR-24. For example, 
Katare et al. investigated the therapeutic activity and 
mechanistic targets of saphenous vein-derived pericyte 
progenitor cells (SVPs) in a mouse myocardial infarction 
model, and found SVP transplantation produced long-
term improvement of cardiac function through a novel 
paracrine mechanism involving secretion of miR-132 
and inhibition of its target genes (36). In addition, some 
miRNAs such as miR-24, were found to be up-regulated 
in human heart failure patients and transfection of 
neonatal cardiomyocytes with these miRNAs resulted 
in significant cardiomyocyte hypertrophy (37). These 
results suggest miRNA clusters identified by our method 
might have a potential functional aggregated trend 
related to CAD disease.

Figure 4. The evaluation of miRNA clusters based on 
functional similarity using MISIM tool. In graphical 
illustration, each green circle indicates a miRNA and each red 
line connects two miRNAs with similar function.

Table 3. Sensitivity, specifi city, positive predictive value, negative predictive value, and area under ROC curve (AUC) for 
miRNA clusters used to detect CAD with Random Forest classifi er

miRNA clusters
implicated by hubs

miR-600
miR-1245
miR-144
miR-1248
miR-663b

Sensitivity (%)

  92.3(64.0-99.8)
  92.3(64.0-99.8)
100.0(73.5-100.0)
100.0(71.5-100.0)
100.0(73.5-100.0)

Specificity (%)

100.0(71.5-100.0)
  90.9(58.7-99.8)
  91.7(61.5-99.8)
  92.3(64.0-99.8)
  91.7(61.5-99.8)

Area under ROC 
curve (AUC) (%)

  95.8(86.4-105.3)
  91.6(78.5-104.8)
  96.2(87.4-104.9)
  95.8(86.4-105.3)
  96.2(87.4-104.9)

Positive predictive
value (%)

100.0(73.5-100.0)
  92.3(64.0-99.8)
  92.3(64.0-99.8)
  91.7(61.5-99.8)
  92.3(64.0-99.8)

Negative predictive
value (%)

  91.7(61.5-99.8)
  90.9(58.7-99.8)
100.0(71.5-100.0)
100.0(73.5-100.0)
100.0(71.5-100.0)

miRNA with the
maximal MDG

miR-1236
miR-1236
miR-1236
miR-1236
miR-1236

MDG

2.858
2.314
2.864
2.237
2.062

The Prediction Property (95% Confidence Interval)
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4. Discussion

Some recent studies have implicated that SNPs 
located at miRNA binding sites are likely to affect the 
expression of the miRNA target and might contribute to 
the susceptibility of humans to common diseases (7,38). 
In this paper, using the expression profiles of miRNAs 
and genome-wide SNP genotype data, we constructed 
a miRNA-miRNA synergistic network related to CAD 
by performing a genome-wide scan for SNPs in human 
miRNA 3'-UTR target sites and computed potential 
SNP cooperative effects contributing to disease based 
on the potential miRNA-SNPs interactions. Our 
method has effectively identified 5 miRNA clusters 
related to CAD, and a certain proportion of miRNAs 
identified have been reported to have association with 
coronary artery disease. For example, a recent study 
showed that loss of the miR-144 cluster limits ischemic 
preconditioning cardioprotection by up-regulating Rac-
1-mediated oxidative stress signaling (39). Furthermore, 
some novel associations between miRNAs and CAD 
discovered recently have been predicted by our method, 
such as miR-663b.
 It is worthy to note that the origin of our constructed 
miRNA-miRNA network is based on the genome-wide 
SNP-SNP interaction. In practice, when testing millions 
of SNP-pairs for interaction, novel statistic methods are 
required for getting high power, and a large sample size 
is required for estimating logistic regression parameters 
to avoid sparseness problems for modeling interaction 
effects. Fortunately, in our study, only 126 3'-UTR 
SNPs of approximately 5, 000 samples came into the 
interaction analysis, and therefore the "fast-epistasis" 
involved in PLINK could also perform well. Certainly, 
we have to point out that the absence of multiple testing 
corrections and the replication of interaction analysis 
might cause some false positive results. Therefore, 
further validation using other individual studies will be 
performed in the future.
 Note that only 43 3'-UTR SNPs (1.2%) were 
significant (p < 0.01), which indicates that most SNPs 
involved in significant interactions have no marginal 
association. This result is consistent with those reported 
by Wu et al. (40), in which they found that 75% of 
interacting SNPs with p-values (for testing marginal 
association) larger than 0.2 and 44% of interacting 
SNPs with p-values (for testing marginal association) 
larger than 0.5. This strongly suggested that most 
significant SNP interactions have arisen from those 
SNPs with weak marginal association. However, an 
interesting observation was noted that the greatest 
binding energy changes was presented in miR-770-5p 
an rs9991 pair (36.3 kcal/mol), while miR-770-5p (p = 
0.0267) and rs9991 (p = 0.0043) were all significantly 
associated with CAD. Although few matched data in 
this study can't prove the relevance between the binding 
energy changes and the significance of miRNAs or 

SNPs, this phenomenon suggests that those significant 
miRNAs or their corresponding targets should also be 
focused on when considering their interaction effects 
contributing to complex disease. Moreover, among 
126 3'-UTR SNPs used in this analysis, 89 SNPs 
(70.6%) have relatively high MAF (MAF ≥ 0.10). 
Excluding 3 SNPs located in chromosome 18, 20, and 
21 respectively, the average MAFs for the other 19 
chromosomes were all greater than 0.14. Specially, 
SNP rs9991 which is significantly associated with CAD 
also has a relatively high MAF (MAF = 0.3115). This 
result agreed with a recent study in which Gong et al. 
demonstrated that those SNPs with a high population 
MAF, or high population frequency difference or 
undergoing positive selection pressure might be 
important candidates for population phenotype research 
and complex trait studies (7). Therefore, those SNP-
associated miRNA target sites may be worthwhile to 
focus on in further experiments.
 Furthermore, it should be pointed out when we 
investigated the relevance between S scores and the 
expression similarity for each connecting miRNA-pair 
involved in the constructed miRNA-miRNA network, 
we found there was no correlation between them (p 
= 0.382). This phenomenon also exists for identified 
miRNA clusters, such as miR-663b (p = 0.920) and 
miR-600 (p = 0.963). On one hand, this might be 
caused by the greater range of S scores (0.04-1355.46) 
due to the increased binding energy changes of miRNA-
SNP pairs, or on the other hand, integration data might 
cause some potential errors due to different data types 
which contain different kinds of information. Moreover, 
we can see that some functionally similar miRNA pairs 
neither have high expression similarity nor belong to 
the same family or cluster. 
 Currently, although advanced laboratory instruments 
and computing systems developed to decipher the 
structure and function of genes, proteins, miRNAs and 
other substances in the human body, the limitations and 
the complexity of biomedical problems causes natural 
obstacles in understanding the etiology of complex 
diseases. Therefore, bioinformatics and computational 
data face a great challenge in discovering new 
biomarkers which can be used to detect, prevent 
and cure complex diseases by performing genomic 
data analysis. Fortunately, various high-throughput 
approaches such as genome sequencing technology, 
microarray technology and proteomic characterization 
of proteins and complexes have allowed us to gather 
vast amounts of data to construct cellular networks. Our 
future work will be enhanced by integrating more data 
types, such as miRNA expression profiling data, gene 
expression profiling data, protein-protein interaction 
data, disease data, genotype data and so on. Specially, 
we know that some novel findings obtained by 
bioinformatics analysis may not be the facts and need to 
be validated using experiment technologies. Therefore, 
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experiment validation is important and will further help 
confirm the identified biomarkers. In the past, we have 
used qRT-PCR, Western blots and luciferase assays to 
validate some breast cancer subtype-related miRNAs 
identified by silico analysis, and the report of this work 
is in press. In the future, we will use experimental 
technologies to further confirm these potential findings. 
We expect our study can provide more clues for other 
researchers to perform experiments and predictions for 
CAD-related biomarkers. 
 In conclusion, we have presented a framework to 
construct a miRNA-miRNA network using miRNA 
expression profiling data and genome-wide SNP 
genotype data. The network topological analysis 
confirmed some novel CAD-related miRNAs identified 
recently by experiment. Our method might help to 
undertand miRNA function and CAD disease, as well 
as explore the novel mechanisms connecting miRNAs 
and function.
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1. Introduction

In transplantation studies, stem cells from various 
tissues such as from the heart or bone marrow have 
become an important alternative source to using 
donor organs or whole tissue for engraftment (1-5). 
The development of new reagents and methods are 
needed for the identification of stem cell markers and 
for monitoring their purification, transplantation and 
differentiation in foreign environments such as with the 
xeno-transplantation of stem cells between different 
animal species, because most of the tools today are 
cross-reactive monoclonal antibodies prepared against 

human antigens and not species specific (6). The swine 
has been an useful animal model for human medical 
science research and transplantation studies (7). For 
example, organ transplantation was extensively studied 
with major histocompatibility complex (MHC)-
defined swine lines, alpha 1, 3-galactosyltransferase 
gene-knockout and/or human decay-accelerating 
factor transgenic swine (8). However, in recent years, 
experimental organ transplantation in swine is also 
gradually being replaced by stem cell transplantation 
involving hematopoietic and other tissue stem cells (9-
11). Concomitant with the development of the swine 
stem cell transplantation research there is a continued 
need to produce stem cell marker-specific monoclonal 
antibodies (Mabs) (6).
 Recently, a hematopoietic stem cell (HSC)-
transplanted severe-immunodeficient mouse system 
(known as  humanized mice)  was extensively 
investigated for its efficacy of engraftment of foreign 
hematopoietic cells (12). Although this and other 

Summary CD117 is a cytokine receptor expressed on the surface of hematopoietic stem cells with 
a likely role in cell survival, proliferation and differentiation. In order to study the 
differentiation activity of porcine CD117 hematopoietic cells in vitro and in vivo we 
prepared an anti-swine CD117 Mab (2A1) with high specificity for flow-cytometrical 
analysis. The 2A1 Mab did not recognize mouse or human mast cells suggesting that 2A1 is 
species-specific. Swine bone marrow (BM) CD117+ cells differentiated in vitro mainly into 
erythroid and monocyte lineages in the methylcellulose-based colony assay. When the swine 
BM CD117+ cells were transplanted in vivo into immunodeficient NOG (NOD/SCID/IL-2gc-
null) mice, a significant amount of swine CD45+ leukocytes, including CD3 positive T cells, 
were developed in the mice. These results revealed that the swine BM CD117+ cells possess 
hematopoietic stem/progenitor activity and when monitored in immunodeficient mice or in 
vitro they can develop into lymphoid, erythroid, and myeloid cells efficiently with the new 
monoclonal antibody.
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mouse systems have limitations, they have been used 
efficiently to clarify the development pathway of 
hematopoietic cells, the efficacy of vaccination or drugs 
(13), and an improved humanized hematopoietic mouse 
system, human leukocyte antigen (HLA)-expressing 
mice, was recently reported (14,15). However, other 
animal stem cell models such as those using non-human 
primates or the swine also may be useful for evaluating 
xeno-reconstituted systems.
 CD117 is a cytokine receptor tyrosine kinase type 
III expressed on the surface of wide variety of tissue 
stem cells including HSC, mesenchymal stem cells 
and multipotent progenitors (16). This molecule is 
also known as mast/stem cell growth factor receptor, 
proto-oncogene c-Kit or tyrosine-protein kinase kit and 
when activated by binding to a stem cell factor may 
play a role in regulating cell survival, proliferation and 
differentiation. As a cell surface marker, CD117 can 
be detected by using specific antibodies to identify 
and monitor the hematopoietic/mesenchymal stem/
progenitor cell types and their stage of differentiation 
and activi ty in mice,  humans and non-human 
primates. We have studied the xeno-transplantation 
of hematopoietic stem/progenitor cells of human, 
common marmoset and mouse and found that the 
cellularity of the reconstituted immune system in the 
transplantation environment was different among 
these animals, suggesting a significant diversity of 
hematopoietic cell characteristics (17-19). Thus, the 
stem cells of swine may have unique and different 
developmental potential compared to the mouse and 
non-human primates. Alternatively, they may have 
similar characteristics to the human and potentially 
could be used in experimental transplantation models 
for studying the pathogenesis and treatments of 
some human diseases. In this regard, Le Guern et al. 
(20) reported on the effect of long-term engraftment 
of swine stem cell factor (SCF)-positive cells in 
immunodeficient mice. However, because there were 
no species-specific Mabs readily available against 
swine CD117, researchers have tended to use the stem 
cell factor as a detectable stem cell differentiation 
marker and not CD117 (21).
 In this study, we prepared a porcine-specific CD117 
Mab and constructed a xeno-transplantation system 
for the engraftment of swine CD117+ hematopoietic 
progenitor cells into immunodeficient NOG (NOD/
SCID/IL-2gc-null) mice. In addition, we studied the 
differentiation of the swine CD117+ hematopoietic 
progenitor cells after transplantation into the mice 
recipients by flow-cytometrical analysis.

2. Materials and Methods

2.1. Animals and cells

Newborn triple hybrid swine ((Landrace x Large While) 

x Duroc) were purchased from a commercial hog 
firm in Gifu prefecture, Japan and used for collection 
of bone-marrow (BM) cells. NOD/Shi-scid, IL-2gc-
null (NOD/SCID/gc-null; NOG) mice were provided 
by Central Institute for Experimental Animals (CIEA, 
Kawasaki, Japan) and kept under specific pathogen-
free conditions. Experiments using mice were approved 
by the Institutional Committee for Animal Care and 
Use and performed at Tokai University following the 
University guidelines.
 Newborn swine or adult Duroc pigs were sacrificed 
under anesthesia (0.02 mg/kg Medetomidine Domitor; 
Nihon Zenyaku Kogyo Co. Koriyama, Japan, 0.2 mg/
kg Midazolam; Dormicum injection 10mg, Astellas, 
Tokyo, Japan, 0.04 mg/kg Butophanol; Vetophale, 
Meiji Seika Pharma Co. Tokyo, Japan, intramuscular 
administration). After the birth of the piglets, the 
umbilical cord blood (CB) cells were collected from 
the umbilical cords of the expelled uterus using a 
5ml syringe with 21Gx1 1/2 needle. The cells were 
centrifuged on Lymphocepal (IBL Co. Takasaki, 
Japan) at 2,000 rpm for 30 min. Mononuclear cells 
(MNCs) were collected and the remaining red blood 
cells (RBCs) were lysed with low osmotic buffer (20 
mM Tris-HCl, pH7.4, 0.15 M NH4Cl). Femurs of the 
BMs were taken from the newborn swine and the cells 
were released from the tissues. RBCs were lysed and 
the cell suspension, prepared as mentioned above, 
was suspended in RPMI1640 medium (Nissui, Tokyo, 
Japan) containing 10% (v/v) heat-inactivated fetal calf 
serum (FCS; SAFC Biosciences, Tokyo, Japan) and 
used for the cytometric analyses.

2.2. Preparation of CD117 transfectant

The cDNA sequence of the swine CD117 gene used 
in this study was based on Sus scrofa KIT mRNA 
sequence (AB250963). RNA was extracted from 
cells by Isogen (Nippon Gene Co. LTD., Tokyo, 
Japan) and reverse-transcribed to cDNA by using the 
Superscript system (Invitrogen, Carlsbad, CA). A 2966 
bp portion of the cDNA sequence that corresponds to 
an extracellular domain of the protein was amplified 
by PCR using cDNA as a template and AccuPrime Pfx 
DNA Polymerase (Invitrogen, Tokyo, Japan). The set of 
forward and reverse primers for PCR amplification of 
the CD117 gene used were as follows: 

F, 5'-TAGAATTCGGTCTCACCGGTCGCCACCATG
AGAGGCGCTCGCCGCGCCTGGGATT-3', 
R, 5'-ATGATATCGGTCTCGGATCCTCAGACGTCT
TCGTGGACAAGCA-3'. 

 Modified S/MAR-based episomal vectors (22) 
expressing swine CD117 cDNA were transfected into 
HEK293 or a mouse lymphoma cell line, A20, by 
electroporation using Gene Pulser (Neon®invitrogen, 
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medium containing SCF at 100 ng/mL and IL-6 at 50 
ng/mL with 2% FCS.

2.5. Flow cytometry

Cells were incubated with appropriately diluted, 
fluorescence-labeled primary Mab for 15 min at 4°C 
and washed with 1% (w/v) bovine serum albumin-
containing PBS. In some cases, cells were re-incubated 
with labeled secondary antibody. The Mabs used were 
as follows: anti-mouse TER119-FITC (eBioscience, 
San Diego, CA), anti-swine CD45-FITC (clone # K252-
1E4, AbD Serotec, Kidlington, UK), anti-swine CD3 
(clone # 8E6, Monoclonal Antibody Center, WA, USA), 
anti-mouse CD117 (clone # 2B8, eBioscience) and 
anti-human CD117 (clone # YB5.B8, BD Bioscience), 
goat anti-mouse IgG1-RPE (Southern Biotech, Uden, 
Netherland) respectively. Cells were washed and further 
incubated with FITC-conjugated mouse anti-human 
IgE Mab (clone # BE5, eBioscience) on ice for 20 min. 
Stained cells were analyzed on FACS Calibur (Becton 
Dickinson, New Jersey, USA).

2.6. Colony assay

Newborn swine BM cells were washed and an aliquot 
was stained with 2A1 Mab as described above. After 
the staining with the Mab, cells were rewashed and 
sorted by employing a magnetic cell sorting system 
(AutoMACS, Miltenyi Biotec, Bergisch Gladbach, 
Germany) to separate CD117+ cells from CD117- cells. 
The isolated cells were replated at 5 × 104/dish in 1 
mL of methylcellulose-containing medium (StemCell 
technologies, Vancouver, Canada) in a 35 mm dish 
with mouse or human SCF (10 ng/mL), IL-3 (10 ng/
mL), erythropoietin (2 U/mL) and granulocyte colony-
stimulating factor (G-CSF) (10 ng/mL) and cultured at 
37°C in a 5% CO2 atmosphere. After 14 days of culture, 
the different types and numbers of hematopoietic 
colonies (colony-forming units (CFU)) were counted 
according to standard criteria. Samples from each 
animal were processed and assayed in triplicate with 
two different animals used for each of two separate 
experiments.

2.7. Transplantation of swine hematopoietic cells into 
NOG mice

CD117+ cells were purified from newborn swine BMs 
by cell sorter as described above in section 2.6. Purity 
was more than 98% based on quantitation by flow 
cytometry. Nine-week-old NOG mice were irradiated 
with 2.5Gy X-ray prior to transplantation and swine 
cells were injected into mice intravenously (Suppl. 
Table 1, http://www.biosciencetrends.com/docindex.
php?year=2014&kanno=6). Peripheral blood was 
collected via orbit under inhalation anesthesia at two and 

Oregon, USA) according to the manufacturer's 
instructions.

2.3. Monoclonal antibody preparation

We initially immunized BALB/c mice with mitomycin 
C (MMC, Kyowahakko-Kirin, Tokyo Japan)-treated 
swine cord blood (CB) MNCs (1 × 106 cells/animal). 
For booster treatments, MMC-treated A20 transfectant 
was used biweekly for 3-6 times with 4 × 105 cells/
animal with each immunization. MMC (final, 0.04 mg/
mL) was added to the culture and incubated at 37°C 
for 30 min in 5% CO2. The serum antibody titers of 
immunized mice were checked by flow cytometry 
analyses using CD117 cDNA-transfected HEK293 
cells as a source of antigen. After 4 days of the final 
boost, mice were sacrificed and splenocytes were fused 
with the mouse myeloma cell line, P3-X63-Ag8-U1, 
according to a standard procedure. Positive clones 
were identified by using flow cytometry or an Imaging 
Analyzer (Array Scan, Thermo scientific, MA, USA). 
Briefly, CD117 transfected HEK293 cells were plated 
into the wells of 96 well plates. Culture supernatants 
were added to each well, incubated for 15 min and 
washed twice. APC-labeled (APC: allophycocyanin) 
anti-mouse IgG polyclonal antibody (Poly4053; Bio 
Legend, San Diego, US) was added and incubated 
for 15 min. Plates were washed and stained with 
Hoechst (Invitrogen, Oregon, USA) for 30 min at 
room temperature and analyzed using the Imaging 
Analyzer. Positive cells were picked according to the 
fluorescent intensity of APC and the co-expressed 
mVenus fluorescent protein. The positive clones were 
then isolated, expanded and stocked.

2.4. Preparation of primary murine and human mast 
cells

Murine mast cells were prepared from the femurs 
of four- to six-week-old C57BL/6J mice. BM cells 
were cultured in RPMI1640 (Sigma-Adrich, St.Louis, 
US) supplemented with 10% (v/v) heat-inactivated 
FCS (SAFC Biosciences, Tokyo, Japan), and 4 ng/ml 
recombinant interleukin (IL)-3 (PeproTech, Rocky Hill, 
US). BM mast cells were used for experiments after 
they were cultured for six to eight weeks. We obtained 
approval of the ethical review boards to prepare 
primary human mast cells from CB-derived CD34+ 
MNCs (RIKEN BioResource Center, Tsukuba, Japan). 
The CD34+ cells were cultured in serum-free Iscove 
methylcellulose medium (Stem Cell Technologies Inc., 
Vancouver, BC, Canada) and Iscove modified Dulbecco 
medium containing SCF at 200 ng/mL, IL-6 at 50 ng/
mL and IL-3 at 1 ng/mL as previously described (23). 
On day 42 of culture, methylcellulose was dissolved 
in phosphate-buffered saline (PBS) and the cells were 
resuspended and cultured in Iscove modified Dulbecco 
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four weeks after transplantation. MNCs were prepared 
and analyzed by flow cytomety. 

2.8. Transplantation of swine hematopoietic cells into 
NOG mice

Student's t-test was performed, and data were expressed 
as mean ± S.D.

3. Results

3.1. CD117 monoclonal antibody preparation

T h e  p r o t o c o l  u s e d  f o r  C D 11 7  m o n o c l o n a l 
antibody preparation is shown in Suppl. Figure 
1 (http://www.biosciencetrends.com/docindex.
php?year=2014&kanno=6). First, swine CD117 cDNA 
was inserted into N576, an expression vector containing 
a monomer Venus yellow-green fluorescent protein 
(mVenus)-reporter gene, and the modified vector was 
transfected into the mouse lymphoma cell line A20 by 
electropolation. The expression of the mVenus gene 
was observed in more than 50% of the transfected cells 
18-24 hr after transfection (Suppl. Figure 1A). Second, 
BALB/c mice were injected intraperitoneally initially 
with mitomycin C (MMC)-treated swine cord blood 
(CB) mononuclear cells (MNCs) and then with MMC 
treated N576-A20 cells as the booster immunizations 
(Suppl. Figure 1B). Third, the titer of the antiserum was 
checked against the CD117 expressed by the N576-
HEK293 cells. The crossreactivity between N576-
HEK293 and the antisera was confirmed by flow 
cytometry (Suppl. Figure 1C). 
 We selected a specific 2A1 subclone (Figure 1 and 
Suppl. Figure 2, http://www.biosciencetrends.com/
docindex.php?year=2014&kanno=6) for further use 
because this clone secreted a Mab that reacted with 
the transfectants expressing CD117 and the mVenus 
fluorescent protein with similar or identical staining 
patterns (Figures 1B and 1C). All of the 2A1 subclones 
showed similar staining patterns, suggesting that they 
were stable expression products. 
 As CD117 is expressed on mast cells, we examined 
if the 2A1 Mab could also interact with the human 
and mouse CD117 molecules using cell lines derived 
from human or mouse primary mast cells. As shown in 
Figure 1D, neither human nor mouse mast cells were 
stained with 2A1. These results suggest that the 2A1 
Mab is specific to swine CD117.

3.2. CD117 expression in swine bone marrow (BM) 
cells

To better clarify the existence of the swine CD117+ cells 
in the lymphoid tissue, we examined their presence in 
the adult and newborn BMs, as hematopoietic stem/
progenitor cells are abundant in the BM. Figure 2 

shows that the newborn BM cells included a high level 
of 2A1-positive cells (ca.10%) compared to the ten fold 
lower levels (1.9%) in the adult BM cells. In addition, 
the ratio of CD117+ cells is very low (0.5%) in the CB 
and no CD117+ cells were detected in the spleen, lymph 
nodes and peripheral blood monocytes. These results 
suggest that CD117+ cells and hematopoietic stem/
progenitor cells exist in the swine bone marrow and 
other lymphoid tissues at a ratio that is comparable with 
human and mouse.

3.3. Colony assay for the multipotency of CD117+ cells

To analyze the multipotency of CD117+ BM cells in 
vitro, the swine BM MNCs were collected and stained 

Figure 1. CD117-specific monoclonal antibody 2A1 
specifically stains swine CD117. (A) Protocol for the 
cloning of swine CD117-specific Mab. Three screenings 
were performed after hybridoma fusion by limiting dilution 
of 2A1 hybridomas. (B) Imaging Analyzer image of the 
HEK293 parent cells (1) and CD117-HEK293 cells (2). 
CD117 expression was monitored by mVenus expression. 
Screening of the hybridoma supernatants was performed by 
staining with the secondary antibody, anti-mouse IgG-APC. 
The encircled CD117-HEK293 cells in (2) are shown at a 
higher magnification (5×) in (3). (C) The positive hybridoma 
supernatant submitted for the reactivity to the transfectant 
cells and analyzed by flow cytometry. The percentage of the 
cell numbers in the respective gates is shown in the quadrant 
panels. Control means the anti-mouse IgG-APC reactivity 
without the supernatants. (D) The reactivity of 2A1 Mab and 
species-specific anti-CD117 Mabs with human and mouse mast 
cells. As shown in the left panels, the human and mouse mast 
cells reacted with their respective species-specific anti-CD117 
Mabs (anti-human CD117 or anti-mouse CD117 antibodies, 
respectively). Right panels; mast cells were stained with 2A1 
and the dotted and solid curves are overlays of the control and 
2A1 culture supernatants, respectively. Representative data of 
five independent assays are shown.
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with 2A1. The CD117+ cells were purified as shown 
in Suppl. Figure 3 (http://www.biosciencetrends.com/
docindex.php?year=2014&kanno=6). CD117+ cells and 
CD117- cell fractions were partially purified by magnetic 
beads sorting at first and then to over 98% purity levels 
by additional sorting using a FACSaria (Suppl. Figure 
3A). Both of the CD117 positive and negative cell 
fractions were then used in a colony assay by culturing 
the cells in the presence of the human cytokines, SCF, 
IL-3, erythropoietin and G-CSF. As a result of the 
cellular purifications and colony assays four types of 
cellular clones were identified in the BM cell cultures. 
These were granulocytes (G), granulocytes/monocytes 
(GM), monocytes (M) and erythrocytes (E). Notably, 
CD117+ cells in the colony assay generated erythroid 
burst-forming units (BFU-E) with significantly higher 
efficiency than either the BM cells or CD117‒ cells. 
The generation of colony forming units (CFU) were 
also observed for G, M and GM, but at significantly 
lower levels for the CD117+ cell fraction (Figure 3A). 
Similar results were obtained when the cells were 
cultured in the colony assay using the mouse instead of 
the human cytokines (Suppl. Figure 3B). In two of these 
experiments, the frequency of BFU-E in the CD117+ 
cell fraction was significantly higher than in the CFU-M 

assay or in the CD117‒ cell fraction. The CFU of the 
other cell types, G and GM, were low or undetectable 
(Figure 3B and Suppl. Figure 3B). Compared to human 
cytokine conditions, the colony forming ability of BM 
cells was less effective with the mouse cytokines. 
 Overall, these results suggest that the swine CD117+ 
BM cells have the potential to develop into erythroid-
monocyte lineage in vitro.

3.3. Development of swine hematopoietic cells in 
immunodeficient NOD/SCID/IL-2gc-null (NOG) mouse

While mouse cytokines can support the development of 
swine erythroid cells and monocytes, other cell lineages 

Figure 3. Swine CD117+ cells extensively develop into 
erythroid-lineage cells in vitro. BM cells were sorted as 
shown in Supplementary Figure 3 and the sorted cells were 
used in the colony assay. (A) Colony assay using the human 
cytokines SCF, IL-3, erythropoietin and G-CSF. (1) CFU-GM, 
(2) CFU-M, (3) BFU-E. (G; granulocyte, GM; granulocyte 
and monocyte, M; monocyte, E; erythrocyte). The data 
were obtained from two separate swine BM experiments, 
BM1 and BM2, for the human cytokine environment. Three 
independent cultures were performed for both of the two BMs 
and the colonies were counted and compared. The mark * 
represents the significant difference by t-test (p < 0.05). Two 
independent assays and representative photographs are shown 
here. (B) Colony assay using the mouse cytokines SCF, IL-3, 
erythropoietin and G-CSF. (1) CFU-G, (2) BFU-E. All pictures 
were taken by KEYENCE BIOREVO BZ-90000, Object lens: 
×10 Plan Fluor NA 0.30 Ph1. The data were obtained from 
two separate swine BM experiments, BM3 and BM4, for the 
human cytokine environment. Three independent cultures 
were performed for both of the two BMs and the colonies were 
counted and compared. The mark * represents the significant 
difference by t-test (p < 0.05). Two independent assays and 
representative photographs are shown here.

Figure 2. Abundance of swine CD117+ cells in newborn 
BM relative to five other lymphoid tissue cells (adult 
BM, CB, SPL, LN and PBMC). Lymphoid tissue cells 
were stained with 2A1 Mabs. Control means the secondary 
antibody-stained cells. The percentage of 2A1 stained CD117+ 
cells within the lymphoid-gate are shown in each panel. ND; 
not detected. Representative data of five independent assays 
are shown.
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could not be detected by the in vitro colony assay. 
Therefore, we transplanted the swine hematopoietic 
cells into severely immunodeficient NOG mice to 
examine if lymphoid lineage cells could be developed 
from the CD117+ cells in vivo. Swine CD117+ cells 
were purified and transplanted into irradiated NOG 

mice and analysed by cytometry using different gate 
settings to detect erythroid cells, lymphoid cells and 
monocytes (Figure 4A). After 2 and 12 weeks post 
transplantation, lymphoid organs were collected and the 
presence of swine blood cells were examined by flow 
cytometry using the lymphoid gate setting. As a result, 

Figure 4. Repopulation of CD117+ swine BM cells in immunodeficient NOG mice. (A) (1) Protocol for CD117+ cell 
transplantation into NOG mice. In short term (2 w) and long term (12 w) analysis after the transplantation, lymphoid cells were 
analyzed for the swine cell engraftment either two weeks or twelve weeks after transplantation. (2) Flow cytometrical gates used 
for the analyses of erythroid (R4), lymphoid (R2) and monocyte (R3) cells were set by FSC and SSC. B and C. Flow cytometrical 
analysis of engrafted swine cells. Swine leukocytes were detected by swine CD45 expression using an anti-swine CD45-FITC 
antibody. Lymphoid-gated cells are shown in B and monocyte-gated cells in C. (B) (1) Non-transplanted control mice. (2) Two 
weeks after the transplantation. (3) Twelve weeks after the transplantation. Some of the SPL cells are stained with CD45-FITC. 
These are some non-specific binding of the antibodies to the cells as we analyzed by 2D-flow cytometry analysis (data not shown). 
The numbers show the shifted cell percentages compared to control mice without transplantation. In the brackets, shifted percentages 
of no-stain controls are shown. (D) Lymphoid-gated cells were analyzed for the expression of CD3. Swine CD45-FITC and CD3-PE 
double staining of the BM and SPL cells are shown in the panels. The mean fluorescent intensity (MFI) is shown below the panels. 
Representative data of three independent assays are shown.
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swine CD45+ cells were observed in BM, spleen (SPL) 
and the peripheral blood of NOG mice transplanted 
with CD117+ cells 2 weeks after the transplantation 
(Figure 4B). Higher amounts of the CD45+ cells were 
observed through the monocyte gate of the SPL cells 
2 weeks after transplantation (Figure 4C). CD45+ cells 
were also observed in the lymph node 12 weeks after 
transplantation. These results indicate that the engrafted 
swine white blood cells had developed successfully in 
the NOG mice. We used a TER119 antibody, which 
recognizes mouse erythrocyte to distinguish between 
the mouse and swine erythrocytes, and found that the 
NOG mice included TER119‒ cells in the erythrocyte 
gate, and that the swine CD117+ cells might be 
differentiated into erythrocytes, which were TER119 
(mouse erythroid marker) negative, in vivo (Suppl. 
Figure 4, http://www.biosciencetrends.com/docindex.
php?year=2014&kanno=6).
 The CD45+ cells of the mice SPL were examined 
for the CD3 expression in lymphoid gate 12 weeks after 
the transplantation. As shown in Figure 4D, significant 
amount of CD3+ cells were observed in the SPL. 
 These results show that the transplanted swine 
CD117+ cells had developed into erythroid, myeloid 
and lymphoid cells in NOG mice and suggest that the 
swine CD117+ cells are hematopoietic stem/progenitor 
cells that can be transplanted successfully to a different 
species under the right conditions of engraftment.

4. Discussion

CD117 is a cytokine receptor tyrosine kinase type III 
expressed on the surface of hematopoietic stem cells and 
when activated by the cytokine SCF can regulate the 
maintenance, proliferation, migration and differentiation 
of HSCs in the BM. In the swine, the stem cell activity 
of CD117+ cells have been previously evaluated by using 
SCF to activate their stem cell potential to differentiate 
into various cellular lineages (20,21). Although a swine 
CD117 Mab has been developed and characterized 
(24), the species specificity of the Mab and xeno-
transplantation of CD117+ cells have not been reported. 
They checked in vitro development of erythroid and 
myeloid cells from Mab-enriched cells, but they could not 
detect lymphoid cell development. Swine SCF-reacting 
cells previously reported could not develop lymphoid 
cells, either (25). Because the species specificity of both 
tools was unclear, xeno-transplantation experiments using 
a species specific CD117 Mab might not be undertaken 
until we prepared our own highly species-specific anti-
CD117 Mab clone. This Mab clone, 2A1, enabled us to 
evaluate the multipotency of swine CD117+ cells in vitro 
and in vivo. The Mab reacted against the swine CD117 
receptor expressed by a recombinant DNA vector N576 
in HEK293 or A2 cells, was specific for the detection of 
CD117 in swine and did not cross react with the CD117 
cells of mice or humans. This specificity allowed us to 

develop the in vivo xeno-transplantation system using 
NOG mice because the porcine specific CD117 antibody 
did not cross-react with other cells examined. In this in 
vivo system, we demonstrated that CD117+ cells could 
develop into T cells, which indicate that the CD117+ cells 
involve hematopoietic stem cells.
 Consequently, on the basis of the specificity of 
Mab 2A1, we found that CD117+ cells were abundant 
in the newborn swine BM, but not in CB or adult BM. 
Moreover, the CD117+ cells from the newborn BM 
were found to develop into erythroid cells or monocytes 
using the in vitro colony assay and into lymphoid cells 
by the xeno-transplantation in vivo system. Thus, both 
the in vitro and the in vivo experiments confirmed that 
the CD117+ cells from the newborn swine BM are 
hematopoietic stem/progenitor cells.
 The similarity between our in vitro data for CD117+ 
cells from the newborn BM and the data reported by 
Dor et al. (25) in the spleen or BM of young pigs less 
than 1 year old suggests a high efficiency of CD117+ cell 
purification with SCF-binding affinity in their system. 
In our in vitro study, we also confirmed that the CD117+ 
cells differentiated into the erythrocytes in the presence 
of mouse or human cytokines SCF, IL-3, erythropoietin 
and G-CSF. While the swine CD117+ cells developed 
into erythroid colonies in our in vitro studies and those 
of others (24), we could not definitely conclude the 
potential of the CD117+ cells to develop into erythroid 
cells in the mouse transplantation system because of the 
absence of a good erythrocyte monitoring system. We 
could only suggest that the TER119-negative erythroid 
gated cells were observed early after the CD117+ cell 
transplantation. On the other hand, we found white 
blood cells including CD3+ cells in the peripheral lymph 
organs of the transplanted NOG mice, suggesting that the 
CD117+ cells had differentiated into the monocyte and 
lymphoid lineages. Human HSC that were transplanted 
into NOG mice developed into myeloid and lymphoid 
lineages, but not into erythroid lineage cells in vivo 
(13,26). The cytokine, erythropoietin, is a known 
requirement for the differentiation of CD117 stem cells 
into erythroid precursor cells and erythrocytes (27). 
The contrary results obtained in the in vitro and the in 
vivo systems respectively may be due to the presence 
of sufficient amount of erythropoietin in the in vitro 
system and its reduced amount in the in vivo system. 
Alternatively, other synergistic factors are missing or 
inhibitory factors are in play preventing the CD117 stem 
cells from developing into erythrocytes in the xeno-
transplantation environment. 
 In conclusion, we produced a highly specific 
anti-swine CD117 Mab and used it to confirm that 
the swine CD117+ stem cells have a multipotency 
that can differentiate into erythroid cells, monocytes 
and lymphoid cells depending on the in vitro or in 
vivo system chosen for analysis. The swine-NOG 
mouse transplantation system in conjunction with 
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specific detection reagents like the Mabs 2A1 shows 
an important experimental potential for the study of 
hematopoietic cells in vivo, especially for understanding 
the factors required in erythroid cell development from 
hematopoietic stem/progenitor cells.
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1. Introduction

Food safety is a worldwide problem (1). Enterotoxigenic 
Escherichia coli (ETEC) is responsible for many large-
scale foodborne disease outbreaks all over the world 
(2,3). Annually, ETEC is estimated to cause 200 million 
diarrheal episodes and approximately 380,000 deaths 
(4,5). The pathogenesis of ETEC-induced diarrhea is 
similar to that of cholera and includes the production 
of enterotoxins and colonization factors. The clinical 
symptoms of ETEC infection can range from mild 
diarrhea to a severe cholera-like syndrome (6).
 Many methods have been developed to detect ETEC. 
Monoclonal-antibody method is time-consuming and 
requires specialized equipment (7). Rapid detection 
method Real-Time quantitative polymerase chain 
reaction (qPCR) has advantages of rapidity, sensitivity 
and specificity, but it requires expensive instruments: a 
qPCR system (8). Moreover, the wide range of inhibitors 

in biological samples(including organic and inorganic 
substances such as detergents, antibiotics, phenolic 
compounds, enzymes, polysaccharides, fats, proteins 
and salts) can inhibit amplification efficiency (9,10). 
It is essential, therefore, that sensitive, specific, rapid, 
cheap and simple diagnostic methods be developed for 
detection of ETEC. A novel nucleic acid amplification 
technology termed loop-mediated isothermal 
amplification (LAMP) has been developed to amplify 
nucleic acid rapidly (11). LAMP differs from PCR in 
that four to six primers and a strand-displacing Bst DNA 
polymerase recognize and amplify the target gene with 
high specificity at a constant temperature. Since it is 
isothermal, LAMP can be performed in a simple water 
bath, other than an expensive temperature cycling device. 
In addition, the LAMP assay is advantageous over 
Polymerase Chain Reaction (PCR) in that positive results 
can be directly detected through visual observation 
of turbidity changes, so sophisticated electrophoresis 
apparatus is not essential. 
 In the present study, extensive standardization of 
LAMP method was carried out for rapid detection of 
ETEC in raw milk. The purpose of this study is (i) To 
optimize the LAMP reaction in terms of temperature, 

Summary Milk is a common food, which is consumed all over the world. It is an important source 
of calcium. Meanwhile, it provides abundant protein, minerals and vitamins. However, 
pathogenic bacteria which exist in milk not only causes nutrition loss, but also produces 
toxins which may cause diarrhea, food poisoning, and even death. In order to control the 
microbial level of raw milk and eliminate the contamination of materials, this assay applied 
loop-mediated isothermal amplification to explore a new way to detect enterotoxigenic 
Escherichia coli (ETEC) in raw milk. The best reaction condition in detecting ETEC from 
raw milk was confirmed to be: 0.016 μM each of forward outer primer (primer F3) and 
backward outer primer (primer B3), 0.128 μM each of forward inner primer (primer FIP) 
and backward inner primer (primer BIP), 0.45 μM  deoxy-ribonucleoside triphosphate 
(dNTPs), 2IU Bst DNA polymerase large fragment and template DNA were incubated at 
63°C for 60 min. LAMP was proved to be specific, rapid and sensitive in detecting pathogenic 
bacteria which exist in milk.

Keywords: Enterotoxigenic Escherichia coli (ETEC), loop-mediated isothermal amplification 
(LAMP), optimization of reaction condition, rapid detection, raw milk
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time and quantities of primers and Bst DNA polymerase 
fragment; (ii) To analyze the specificity and sensitivity 
of LAMP; and (iii) To establish an effective and low-cost 
method for detecting ETEC from raw milk.

2. Materials and Methods

2.1. Bacterial strains and culture conditions

Ten bacterial strains were used in the present study (Table 
1). They were cultured for 24-48 h at 37°C in nutrient 
broth.

2.2. Artificial contamination of raw milk

Raw milk was purchased from retail shops in Chengdu 
City, Sichuan Province, China. The milk was divided 
into 25-mL test portions. Each test sample (25 mL) was 
then inoculated with 2 mL of ETEC cultures, resulting in 
a spiked level of between 108 and 109 cfu/mL.

2.3. DNA extraction

DNA from the pure culture of ten strains used in this 
study was extracted according to the manufacture's 
instruction of UNIQ-10 Spin Column Oligo DNA 
Purification Kit (Shanghai Bioengineering Co., Ltd., 
Shanghai, China). The DNA extracted was used as 
template in the later assay determining the optimum 
reaction conditions and analyzing the specificity of 
LAMP in detecting ETEC.
 The contaminated raw milk was decimally diluted in 
buffer (20 mM Tris-HCl, pH 8.0; 2 mM EDTA, pH 8.0 
and 1.2% Triton X-100). Then the DNA was extracted 
as follows: First, 1 mL of dilution was centrifuged for 
1 min at 10,000× g (Tabletop refrigerated centrifuge, 
Thermo Fisher Scientific, Chengdu, Sichuan Province, 
China). After the supernatant was removed, the pellet 
was suspended in 200 μL of buffer (20 mM Tris-HCl, 
pH 8.0; 2 mM EDTA, pH 8.0, and 1.2% Triton X-100). 
Then the tubes were incubated at 56°C for 20 min 
(Constant temperature water bath, Jinchengguosheng 
Co.,Ltd, Jintan, Jiangsu Province, China). Finally, after 
vortex mixing (Essenscien, US) again, the tubes were 

centrifuged at 10,000× g for 2 min and the supernatant 
was used as DNA template in the assay comparing 
sensitivities of LAMP and PCR.

2.4. LAMP primers

In the present study, four sets of primers (Synthesized by 
Shanghai Sangon Biological Engineering Technology 
And Service Co., Ltd., China) targeting the heat-labile 
enterotoxin A subunit and B subunit encoding gene 
(Accession number in Genbank: S60731) were designed 
for the LAMP reaction (Table 2). Each set consisted of 
four primers: two inner primers (FIP and BIP) and two 
outer primers (F3 and B3).

2.5. Optimization of reaction conditions of LAMP

2.5.1. Optimum temperature and time

All the four sets of primers were tested to determine the 
set of LAMP primers that would give the clearest strips 
on 2.0% agarose gel(the assay was kept at 60°C for 
60 min) (Electrophoresis equipment, Liuyi instrument 
factory, Beijing, China). Each reaction mixture consisted 
of 16 μM each of primer F3 and primer B3, 128 μM each 
of primer FIP and primer BIP, 4 μL of DNA template, 
8 IU of Bst DNA polymerase large fragment, 0.45 μM 
of dNTPs, 5 μL betaine and 1× Thermopol Buffer (New 
England Biolabs (Beijing, Ltd.) in a total volume of 25 
μL. To determine the optimum time and temperature 
for the reaction, the amplifications were carried out 
for different time periods (15 min, 30 min, 45 min, 60 
min, and 75 min at 63°C) and temperatures (55, 58, 60, 
63, and 65°C for 60 min). The reaction was terminated 
for 5 min at 80°C. LAMP products were subjected to 
electrophoresis on a 2.0% agarose gel and observed 
under UV light after staining with ethidium bromide (Gel 
imager, Bio-rad laboratories, Milan, Italy).

2.5.2. Optimum quantities of reagents

Optimum quantities of primers and Bst DNA polymerase 
large fragment to be added were also standardized at 
60°C for 60 min. The following changes were attempted 
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Table 1. Bacterial strains used in the present study and their sources

No Strain 

  1 Enterotoxigenic E.coli: 44247
  2 Enteroinvasive E.coli ATCC44338
  3 Proteus vulgaris 1.1527
  4 Staphylococcus aureus subsp. aureus 1.8721
  5 Shigella flexneri 1.10599
  6 Salmonella enteritidis 50040
  7 Bacillus subtilis subsp. subtilis 1.4255
  8 Sporosarcina sp.1.192
  9 Bacillus sphaericus
10 Enterobacter  aerogenes 1.2571

Source 

CMCC 
National vaccine and serum institute, PRC
CGMCC
CGMCC
CGMCC
CMCC
CGMCC
CGMCC
Microbiological Culture Collection Center of Xihua University
CGMCC

CGMCC, China General Microbiological Culture Collection Center; CMCC, National Center for Medical Culture Collections.
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ddH2O, 10 μL of products of LAMP, 2 μL of 10× 
NEBuffer and 2 μL restriction endonuclease EcoRI 
(New England Biolabs (Beijing, LTD) and was 
incubated at 37°C for 3 h). The products were subjected 
to electrophoresis on 2.0% agarose gel and observed 
under UV light after staining with ethidium bromide.

3. Results

3.1. Determination of optimum conditions of LAMP 
reaction

In this study, four sets of primers (primer set 1, primer 
set 2, primer set 3, and primer set 4) were designed 
targeting the heat-labile enterotoxin A subunit and B 
subunit encoding gene (Accession number in Genbank: 
S60731) and synthesized. ETEC could only be detected 
successfully by LAMP with primer set 3 (Figure 1A). 
The amplification of the target DNA could be observed 
under UV light. So in the next study, primer set 3 
was chosen as the primer. The amplification of the 
template was successful with primer set 3 when the 
reactions were carried out at 63 and 65°C as observed 
by agarose gel electrophoresis, while the reaction at 55, 
58, and 60°C couldn't produce any visible strips on gel 
electrophoresis (Figure 1B). The shortest time required 
for amplification by primer set 3 was proved to be 60 
min (Figure 1C). Besides, the reaction lasted for 75 
min (the other conditions viz., temperature, amounts 
of ingredients were consistent with the reaction that 
lasted for 60 min) didn't provide clearer strips. So it 
was concluded that a reaction time more than 1 h didn't 
provide a more reliable result. As a result, 60 min was 
proved to be the best reaction duration.

3.2. Optimum quantities of reagents

In this assay, amplification of the template DNA was 
induced only when the concentration of primers was 

in the reaction to optimize the clearness of strips. 
Optimization of (i) amount of primers: the concentrations 
of primer B3 and primer F3 were increased progressively 
from 8 μM to 20 μM, i.e., 8 μM, 12 μM, 16 μM and 20 
μM, and the concentration of primer BIP and primer 
FIP were increased from 64 μM to 160 μM, i.e., 64 μM, 
96 μM, 128 μM, and 160 μM; (ii) amount of Bst DNA 
polymerase large fragment-five different amounts, viz., 2 
IU, 4 IU, 6 IU, 8 IU, and 10 IU were tried.

2.6. Detection of LAMP products 

The presence/absence of a whitish precipitate was 
analyzed visually. To confirm the amplification of 
DNA, 1.0 μL 10−2 diluted SYBR GreenI was added 
to the reaction mixture and the color change was 
observed. Meanwhile, LAMP products were subjected to 
electrophoresis on 2.0% agarose gel and observed under 
UV light after staining with ethidium bromide.

2.7. Sensitivity of LAMP assay in detecting ETEC 
compared with PCR

To compare the sensitivity of LAMP with PCR, 10-fold 
serial dilutions of the ETEC DNA extracted from raw 
milk were used as the template to detect the reaction 
limit. LAMP and PCR products were subjected to 
electrophoresis on 2.0% agarose gel and observed under 
UV light after staining with ethidium bromide.

2.8. Specificity of LAMP assay in detecting ETEC

All ten bacterial strains in Table 1 were used as 
templates to determine the specificity of LAMP 
reaction. The sample without template served as 
negative control. To exclude the false-positive result, 
the products of LAMP with DNA from ETEC as the 
template were digested by restriction endonuclease 
EcoRI (the reaction mixture consisted of 18 μL of 

Table 2. LAMP primers used in this study to detect ETEC by targeting enterotoxin-encoding gene (Accession Number in 
Genbank: S60731)

Primer name

Primer set1-F3
Primer set1-B3
Primer set1-F1P
Primer set1-B1P
Primer set2-F3
Primer set2-B3
Primer set2-F1P
Primer set2-B1P
Primer set3-F3
Primer set3-B3
Primer set3-F1P
Primer set3-B1P
Primer set4-F3
Primer set4-B3
Primer set4-F1P
Primer set4-B1P

Sequence

5'-AGCGGCGCAACATTTCAG-3'
5'-ATCAATTTTGGTCTCGGT-3'
5'-GCCATTGAAAGGATGAAGG-GATATGTGATTCTTAATGTG-3'
5'-ATATCTGAGGGTTTTTTT-CGAAGTCCCGGGCAGTCAAC-3'
5'-CTATGTGCATACGGAGCT- 3′
5'-CTCGGTAGATATGTGATTC- 3′
5'-CTTGTCATTTCG–GTCTATTACAGAACTATGTTCGGAATATAGCAAC- 3′
5'-CGAAGTCCCGGGC–CCTTCATCCTTTCAATGGCTTTTTTTTGGGAG- 3′
5′-CCATTATATGCAAATGGCGA- 3′
5′-GCTAAGTGAGCACTTCTCAA- 3′
5′-GGCATAAGACCTCCGGAAC-GAATTC- TTATACCGTGCTGACTCTAGAC- 3′
5′-TGATCACGCGAGAGGAACACAA-GAGAAGTGGAAACATATCCGTCA- 3′
5′-ATTACATTTAAGAGCGGCGC-3′
5′-GGTTCCTAGCATTAGACATGCTTT-3′
5′-GTATGGAATAATAAAACCCCTAAAGCAAACTAGTTTTCCA-3′
5′-TGTCCTTCATCCTTTCAATGGCAGGTCGAAGTCCCGGGCAGTC-3′
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high enough (primer BIP and primer FIP higher than 
128 μM, primer B3 and primer F3 higher than 16 
μM) (Figure 2A). More primers led to clearer strips 
on agrose gel. ETEC could be successfully detected 
by LAMP with minimal Bst DNA polymerase large 
fragment (2 IU). It is obvious that reaction systems 
containing different amounts of Bst DNA polymerase 
large fragment produced the same results (Figure 2B). 
So we came to a conclusion that Bst DNA polymerase 
large fragment isn't the main influential factor.

3.3. Sensitivity of LAMP assay

Amplified DNA was observed at dilution 8 in LAMP, 
which corresponded to 547 cfu/mL, while amplification 
was observed only up to dilution 5 in PCR (Figure 3). 
So it was concluded that LAMP assay was 1,000 times 
more sensitive than PCR reaction in detecting ETEC 
from raw milk.

3.4. Sensitivity of LAMP assay

Among ten bacterial strains studied in this research 
(one ETEC, one EIEC and eight other bacterial strains), 
DNA from ETEC was amplified very specifically by 

Figure 2. Determination of optimum quantities of reagents. 
(A) LAMP reaction with different amounts of primers. M: 
DL2000 Plus DNA Marker. I: primer B3 and primer F3: 8 μM, 
primer BIP and primer FIP: 64μM. II: primer B3 and primer 
F3: 12 μM, primer BIP and primer FIP: 96 μM. III: primer B3 
and primer F3: 16 μM, primer BIP and primer FIP: 128 μM. IV: 
primer B3 and primer F3: 20 μM, primer BIP and primer FIP: 
160 μM. (B) LAMP reaction with different amount of Bst DNA 
polymerase large fragment. M: DL2000 Plus DNA Marker, I: 2 
IU, II: 4 IU, III: 6 IU, IV: 8 IU, V: 10 IU.

Figure 3. Comparative sensitivities of LAMP and PCR. (A) 
LAMP products with templates of different dilution rate. M: 
Marker, I: 10-8, II: 10-7, III: 10-6, IV: 10-5, V: 10-4, VI: 10-3, VII: 
10-2, VIII: 10-1. (B) PCR products with templates of different 
dilution rate. I: 10-6, II: 10-5, III: 10-4, IV: 10-3, V: 10-2, VI: 10-1.

Figure 1. Determination of optimum primer set , 
temperature and time. (A) LAMP reaction with different 
primer set. M: DL2000 Plus DNA Marker, I: Primer set 1, II: 
Primer set 2, III: Primer set 3, IV: Primer set 4. (B) LAMP 
reaction at different temperatures. M: DL2000 Plus DNA 
Marker, I: 65°C, II: 63°C, III: 60°C, IV: 58°C, V: 55°C. (C) 
LAMP reaction lasted for different times. M: DL2000 Plus 
DNA Marker, I: 15 min, II: 30 min, III: 45 min, IV: 60 min, V: 
75 min.
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the LAMP reaction. The other nine bacterial strains 
did not provide any precipitate or strips on 2.0% agar 
gel, nor induce color reaction. After being digested 
by restriction endonuclease EcoRI, the Lamp product 
with DNA from ETEC as the template was cut into 
fragments. The electrophoresis result in Figure 4D 
proved that the lengths of fragments were consistent 
with the expected viz., 372, 285, 240, and 200 bp. This 
successfully proved the specificity of LAMP reaction in 
detecting ETEC.

4. Discussion

LAMP has been widely used as a tool in disease 
diagnosis (12,13), detection of food-borne Pathogenic 
microorganisms (14) and rapid authentication of 
ingredients (15). In the present study, the LAMP 
method developed was specific for ETEC strain and 
had no amplified product for 9 non-E.coli strains. 
We reasonably considered that primer set 3 had high 
specificity for ETEC. Six independent sequences 
recognized the target gene in the initial stage, and four 
independent sequences amplified the target sequence in 

the later stage of LAMP reaction (16), while the PCR 
reaction only had a pair of primers to amplify the target 
gene. Considering the high sensitivity of LAMP might 
lead to false-positive strips, we digested the LAMP 
product with restriction endonuclease EcoRI. The 
lengths of the fragment digested were consistent with 
the expected result. This proved the amplification of 
ETEC DNA, other than background amplification.
 The figures presented in this study suggest that the 
LAMP assay is 1,000 times more sensitive than PCR for 
detection of ETEC from raw milk. Most studies using 
the LAMP reaction for detection have found sensitivity 
to be equal to or 10 times more than conventional PCR/
RT-PCR (17-20). 
 In the present study, it was established that the 
LAMP reaction for the detection of ETEC works well at 
both 63 and 65°C (21). The present study demonstrated 
the minimum time for formation of electrophoresis 
strips at 60 min. This was similar to earlier studies 
(21,22). Following the standardization of temperature 
and time, optimization of the LAMP assay was also 
carried out with regard to the effect of the amount 
of primers and Bst DNA polymerase large fragment 
on formation of electrophoresis strips on agrose. The 
electrophoresis strips were found to form with at least 
16 μM each of outer primers and 128 μM each of inner 
primers. In the LAMP reaction, there was no increase 
of amplification with increasing amounts of Bst DNA 
polymerase large fragment used. This is an advantage 
of LAMP assay, which could lower detection cost.
 In conclusion, LAMP is a rapid (about 60 min), 
sensitive (1,000 times more sensitive than conventional 
PCR assay), cheap (the reaction can be carried out 
in an isothermal water bath, other than an expensive 
isothermal-cycling device), convenient (the result could 
be observed by naked eye, so tedious electrophoresis is 
not essential), exclusive and inclusive (no false-positive 
and specific) detection tool for detection of ETEC from 
raw milk. LAMP technology is friendly for farmers 
as the detection can be carried out in any simple 
field laboratory without any professional knowledge. 
Visualization of the result is convincing to the farmer. It 
is suitable as a routine diagnostic tool in private clinics 
and field laboratories.
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1. Introduction

Pancreatic cancer (PaC) ranks as the fourth or fifth 
leading cause of cancer death in the world (1). At 
diagnosis, more than 85% of patients with PaC are at 
an advanced stage and unresectable, with an extremely 
poor survival. Therefore, there is an urgent need to 

identify novel early biomarkers for PaC. 
 New-onset diabetes pancreatic cancer (PaC-DM) 
frequently occurs within about 2 years prior to cancer 
diagnosis (2). Therefore, new-onset diabetes may be a 
useful clue to screen early PaC patients (3-5). However, 
although several putative biomarkers such as S100-A8 
have been proposed, currently, it is still difficult to 
clinically distinguish cancerous and non-cancerous 
new-onset diabetes (6). 
 Accumulating evidence suggests that some 
circulating proteins or cytokines secreted by the tumor 
cells may exert a para-neoplastic effect on islets, and 
cause insulin resistance and β-cell dysfunction, which 
results in new-onset diabetes in patients with PaC (7). 
 In this study, in searching for the publicly available 
gene expression microarray datasets, we identified 
osteoprotegerin (OPG), a potential diabetes-related 

Summary New-onset diabetes might help to yield biomarkers for the early diagnosis of pancreatic 
cancer (PaC). In this study, we computationally predicted and experimentally validated 
osteoprotegerin (OPG) being associated with pancreatic cancer related new-onset diabetes. 
We first performed a meta-analysis on microarray datasets to search for genes specifically 
highly expressed in PaC, and then filtered for cytokines involved in islet dysfunction. The 
expression of OPG in PaC and normal pancreas were validated by immunohistochemistry. 
Serum OPG levels in healthy controls, non-cancerous diabetes and PaC patients with or 
without diabetes were detected by enzyme-linked immunosorbent assay (ELISA). In silico 
assay found that OPG up-regulated in PaC tissues in comparison to normal pancreas. 
Immunohistochemical data further confirmed that OPG was overexpressed in PaC samples. 
Furthermore, increased expression of OPG in PaC tissues correlated to the occurrence of 
new-onset diabetes, and adversely affected the patients' overall survival in both univariate 
and multivariate analysis. In addition, the serum levels of OPG were significantly higher in 
pancreatic cancer patients with new-onset diabetes than other groups including pancreatic 
patients without diabetes, new-onset type 2 diabetes and healthy controls.  In conclusion, 
there is a close association between OPG and pancreatic cancer related new-onset diabetes, 
and OPG might serve as a potential biomarker for the early diagnosis of pancreatic cancer 
from populations with new-onset diabetes.

Keywords: Pancreatic cancer, diabetes, OPG, immunohistochemistry, serum
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cytokine, selectively upregulated in PC tissues. We 
further investigated the clinical and pathological 
significance of OPG in a pancreatic cancer cohort, and 
its utility as a serum biomarker to distinguish cancerous 
and non-cancerous new-onset diabetes was also 
evaluated.

2. Materials and Methods

2.1. Data mining

The Oncomine database (https://www.oncomine.org) 
was used to interrogate 7 publicly available datasets for 
mining cytokine gene expression in human pancreatic 
carcinomas as described previously (8). We first 
identified a p-value below 0.05 and a fold-change of 
1.5 for differently expressed genes in pancreatic cancer 
tissues compared to control. The gene ranks across 
7 datasets were compared, and then a concept filter 
"cytokines" was used to identify known diabetes-related 
factors up-regulated in pancreatic cancer tissues at the 
mRNA level.

2.2. Immunohistochemical expression of OPG in 
pancreatic cancer tissues

For immunohistochemical analysis, 83 stage I-II 
pancreatic cancer tumors and paired normal adjacent 
pancreas from patients who underwent primary surgical 
resection between September 2004 and December 
2008 were analyzed. Forty patients were determined to 
be in stage I, and 43 in stage II. No patients received 
previous radiotherapy and/or chemotherapy before 
surgical resections. Clinicopathological information for 
each subject, including gender, age, TNM classification, 
history of diabetes, perineural invasion status, and 
overall survival, was collected retrospectively and is 
summarized in Table 1. 
 Each pathological section was subjected to 
immunohistochemical staining with an avidin-
biotin-peroxidase complex system. Briefly, after 
deparaffinization and rehydration, epitope retrieval 
was carried out in 10 mmol/L citrate buffer (pH = 6.0) 
for 15 min. The activity of endogenous peroxidases 
was blocked with 3% hydrogen peroxide for 10 min at 
room temperature. The sections were then incubated 
with anti-OPG antibody (Santa Cruz Biotechnology, 
Inc, Santa Cruz, CA, USA) at a dilution of 1:100 
overnight at 4°C, followed by incubation with an HRP-
conjugated secondary antibody for 30 minutes at room 
temperature. 3,3'-Diaminobenzidine (DAB) was used 
as a chromogenic substrate. The positivity index was 
expressed as the percentage of moderate or strong 
staining cancer cells in each lesion. The cases with 
an index more than the median value were defined as 
high-OPG expression level, and the others as low-OPG 
expression level.

2.3. Evaluation of serum OPG levels

After excluding poor quality samples, we measured 
fasting serum OPG levels in 24 healthy subjects with 
normal fasting glucose levels, 23 non-cancer patients 
with new-onset type 2 diabetes, 20 pancreatic cancer 
cases with normal fasting glucose levels, and 25 
pancreatic cancer patients with new-onset diabetes. 
All these four groups were age and sex matched. 
Among the patients with pancreatic cancer, 27 cases 
were at early-stage (I/II) and 18 were at late-stage (III/
IV). The TNM stage of two pancreatic cancer groups 
were not significantly different. The levels of serum 
OPG were quantified using a commercial enzyme-
linked immunosorbent assay (ELISA) kit according 
to the manufacturer's instructions (R&D Systems Inc. 
Minneapolis, Minnesota, USA).

2.4. Statistics

The correlation between OPG expression levels and 
clinicopathological characteristics was analyzed using 
the Pearson χ2 test. The Kaplan-Meier method was 
used for survival analysis in terms of OPG expression, 
and evaluated by the log-rank test. Multivariate 
analysis was performed using a Cox proportional 
hazard model. Statistical comparisons of serum OPG 
levels between groups were performed using t tests. 
Differences were considered statistically significant at 
p value less than 0.05.

3. Results

3.1. In silico assay identified OPG up-regulated in PaC 
tissues in comparison with normal pancreas.

We performed a meta-analysis on 7 gene expression 
microarray datasets from the Oncomine database to 
identify up-regulated pancreatic cancer-related genes, 
then filtered for cytokines with known involvement 
in diabetes. Among the top 20 up-regulated cytokines 
in pancreatic cancers, OPG has been validated to 
inhibit islet function using multiple lines of evidence. 
Therefore, OPG may be a candidate cancer-derived 
mediator for pancreatic cancer-related diabetes. Our 
in silico results indicated that a significant increase in 
OPG mRNA level was observed in pancreatic cancer 
samples compared to adjacent non-tumor or normal 
tissues in 5 (including the largest two cohorts) out of 7 
databases.

3.2. Immunohistochemical results of OPG expression

To further evaluate the potential clinical implication 
of OPG in pancreatic cancer progression, we next 
analyzed its expression by immunohistochemistry in 83 
pairs of pancreatic cancer specimens at early stages. As 
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was been identified between OPG expression levels 
compared to other clinicopathological characteristics 
(Table 1). Furthermore, increased OPG adversely 
affected survival in univariate analysis, and remained a 
strong independent prognostic factor for patients with 
pancreatic cancers in multivariate analysis (Table 2).

3.4. Serum OPG levels in PaC-DM patients compared 
with other groups

A Box-and-whisker plot of OPG serum levels in two 
non-cancer subject groups (with and without new-
onset diabetes) and two cancer subject groups (with 
and without new-onset diabetes) is shown in Figure 2. 
PaC-DM patients had the highest level of serum OPG. 
In particular, the receiver operating characteristic 
curve (ROC) revealed that serum OPG had an Area 
under the ROC curve (AUC) of 0.737 (P = 0.0012) 
with a sensitivity of 68.0% and a specificity of 73.9% 
to distinguish PaC-DM cases from new-onset DM 
patients.

4. Discussion

Identification of the mediators to distinguish new-
onset PaC-DM from the more common type 2 diabetes 
mellitus could serve as an important tool for screening 
for PaC at an asymptomatic time. Recent studies have 

seen in Figure 1, normal adjacent and normal pancreas 
showed weak OPG immunostaining, while prominent 
staining was observed in the tumor samples compared 
to that in the normal tissues. The positive staining 
is diffuse, cytoplasmic/nuclear in cancer cells, but 
occasionally in stromal cells.

3.3. Association between OPG expression levels in 
pancreatic cancer tissues with clinicopathological 
characteristics and survival

In tumor samples, high OPG expression level was 
more frequently observed in patients with new-onset 
diabetes compared with patients without new-onset 
diabetes (40.9% vs. 66.7%, p = 0.0311) (Table 1). 
Except for diabetes history, no significant association 

Table 1. ACorrelation of the expression of OPG expression 
with clinicopathological characteristics in 83 pancreatic 
cancers

Variable

Age (years)
     <65
     ≥65
Gender
     Male 
     Female
Grade
     1-2
     3
Tumor size
     T1
     T2
     T3
Lymph node metastasis
     Negative
     Positive
TNM stage
     I
     II
Neural invasion
    Negative
    Positive
Diabetes history
     No
     New-onset
     Type 2

No.

49
34

52
31

60
23

  5
65
13

48
35

40
43

35
48

44
33
  6

   Low 
(n = 41)

20
19

25
14

31
  8

  1
33
  5

24
15

22
17

18
21

26
11
  2

   High 
(n = 42)

29
15

27
17

29
15

  4
32
  8

24
20

18
26

17
27

18
22
  4

p value

0.2590

0.9760

0.2569

0.3305

0.6736

0.2338

0.6387

0.0311

OPG Expression

Figure 1. Representative images of osteoprotegerin 
immunostaining. Positive staining in pancreatic cancer 
tissues (A); negative staining in normal adjacent pancreas 
tissues (B) and pancreatic cancer tissues (C).



www.biosciencetrends.com

BioScience Trends. 2014; 8(6):322-326.325

found several diabetogenic secretory products of 
pancreatic cancer, such as adrenomedullin, macrophage 
migration inhibitory factor (9-11). 
 Osteoprotegerin (OPG) is a soluble decoy receptor 
for tumor necrosis factor (TNF)-related apoptosis 
inducing ligand (TRAIL), and belongs to the tumor 
necrosis factor receptor superfamily (TNFRSF) (12,13). 
In this study, for the first time, we discovered several 
lines of evidence supporting that OPG may serve as 
a novel diabetogenic cytokine of pancreatic cancer. 
First, OPG expression was significantly increased in 
PaC tissues compared with normal pancreas. Second, 
in PaC tumors, OPG overexpression is associated with 
new-onset PaC-DM. Third, Patients with new-onset 
PaC-DM had a higher serum OPG level than those 
without diabetes mellitus. Toffoli et al. (14) found that 
OPG induces morphological alterations and reduction 
of islet function in mouse pancreatic islets, and islet 
RAS overactivity represents one possible mechanism 
responsible for this effect. Together with our findings, 
we suggest that at least in part of PaC tissues, islet 
cells would face high OPG stress, and thus be more 
susceptible to damage than normal human islets. This 
study also provides the rationale to consider OPG as 
a candidate target for new approaches to retard the 

development of PaC-DM. 
 Moreover, this study further found that over-
expression of OPG predicts poor prognosis for PaC, and 
acts as an independent prognostic factor. These findings 
strongly indicated that except as a diabetogenic factor, 
OPG may play a critical role in PaC development and 
progression, and recent evidence also support that OPG 
acts as key modulator on a metastasis-promoting effect 
and resistance to TRAIL-induced apoptosis in cancers 
including PaC (15).
 Serum OPG levels increased in both patients with 
diabetes and patients with pancreatic cancer (16-18). 
Our results are consistent with the previous findings, 
and further demonstrated that PaC-DM had a higher 
serum OPG level than the new onset common diabetes 
mellitus and PaC without DM. Interestingly, serum 
OPG levels could distinguish patients with PaC-DM 
from those with new-onset type 2 DM, suggesting the 
potential utility of OPG as a candidate serum biomarker 
of new-onset PaC-DM. 
 In conclusion, this present study indicates OPG is 
a candidate diabetogenic cytokine for new-onset PaC-
DM, and may also serve as a novel prognostic factor 
for PaC and a new serum biomarker for patients with 
early PaC. Further experimental and clinical studies are 
required to investigate the exact role of OPG in PaC as 
well as its utility in the screening of PaC-DM among 
subjects with new-onset diabetes mellitus.
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1. Introduction

Cryptococcal meningitis is the most common life 
threatening fungal infection and the most common 
neurological complication in patients with HIV (1,2). 
After Pneumocystis jirovecii pneumonia (PCP) and 
tuberculosis, cryptococcal meningitis is the third 

leading cause of death in patients with HIV in Shanghai. 
Despite the advent of new antifungal drugs and modern 
imaging techniques, the mortality and morbidity of 
HIV-associated cryptococcal meningitis remain high. 
Persistently increased intracranial pressure (ICP) is the 
most accurate predictor of poor prognosis in patients 
with HIV-associated cryptococcal meningitis (3-5), 
which can cause deterioration of neurological status and 
mental acuity and impairment of vision (6). Although 
serial high-volume lumbar puncture remains the 
standard of care for Cryptococcus-associated intracranial 
hypertension, some patients cannot tolerate intermittent 
cerebrospinal fluid (CSF) drainage. Additionally, the risk 

Summary Extremely elevated intracranial pressure (ICP) in patients with HIV and cryptococcal 
meningitis is a poor prognostic predictor of death during initial therapy. The risks 
associated with implanting a cerebrospinal fluid (CSF) shunt into immunocompromised 
patients with ongoing CSF infection have historically discouraged surgeons from implanting 
CSF shunts in patients with HIV and cryptococcal meningitis. An unanswered question 
is whether ventriculoperitoneal (VP) shunts can effectively provide long-term treatment 
for patients with intracranial hypertension and HIV-associated cryptococcal meningitis 
in China. Outcomes for 9 patients with HIV-associated cryptococcal meningitis who were 
given VP shunts for increased ICP were retrospectively analyzed. Each patient's age, sex, 
clinical manifestations, CD4+ lymphocyte count, HIV viral load, neurological status, CSF 
features, image findings, anad other opportunistic infections were recorded for analysis. 
All patients had signs and symptoms of increased ICP, including headaches, nausea, and 
vomiting. Seven patients (77.78%) had visual loss due to persistent papilledema. The 
median time from diagnosis of cryptococcal meningitis to VP shunting in the 9 patients 
was 5 months (range 0.5-12.5 months). Seven patients (77.78%) had good outcomes, with 
recovery from 1 month to 48 months. Two patients had poor outcomes; one died six months 
after shunting due to severe adverse reactions to antiretroviral drugs, and the other died 
two weeks after surgery. Patients with intracranial hypertension and HIV-associated 
cryptococcal meningitis who cannot tolerate cessation of external lumbar CSF drainage 
or frequent lumbar punctures may be eligible for VP shunt placement, despite severe 
immunosuppression and persistent CSF cryptococcal infection.

Keywords: Intracranial pressure, ventriculoperitoneal shunts, HIV, cryptococcal meningitis
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of brain herniation caused by frequent lumbar punctures 
for elevated ICP has been a major concern among 
clinicians (7). Cerebrospinal fluid shunts may allow 
patients with HIV who have intracranial hypertension to 
leave the hospital with sustained alleviation of symptoms. 
The risk of shunt infection in the context of severe 
immune-suppression, shunt obstruction by elevated CSF 
protein, and peritoneal Cryptococcus seeding from direct 
transport of infected fluid has historically discouraged 
surgeons from implanting CSF shunts in patients with 
HIV and cryptococcal meningitis. However, several 
cases of ventriculoperitoneal (VP) shunt placement in 
HIV-infected patients with elevated ICP and cryptococcal 
meningitis have been reported (8), and most of these 
cases succeeded in long-term symptomatic improvement 
(9). However, no such cases have been reported in China. 
The question remains whether VP shunts can effectively 
provide long-term treatment for patients with intracranial 
hypertension and HIV-associated cryptococcal meningitis 
in China. 
 Reported here are 9 HIV-infected patients with 
extremely elevated ICP and active cryptococcal 
meningitis who were successfully treated with VP 
shunts. One patient has been treated for almost 4 years 
without complications. In contrast, two patients died 
after surgery. Nonetheless, the key task is to determine 
the effectiveness and safety of VP shunts in HIV-
infected patients with cryptococcal meningitis.

2. Patients and Methods

2.1. Patients

During a period of 5 years (2009-2013), 90 HIV-
infected patients with cryptococcal meningitis were 
identified at Shanghai Public Health Clinical Center. Of 
these patients, 9 were treated with VP shunts. 
 HIV infection was defined as a positive result on 
a screening test and confirmation of the presence of 
antibodies to HIV. Cryptococcal meningitis was defined 
as isolation of Cryptococcus neoformans from ≥ 1 CSF 
culture, a positive CSF cryptococcal antigen titer, or 
positive results of CSF India ink studies. Hydrocephalus 
was diagnosed based on the presence of a dilated 
temporal horn of the lateral ventricle, without obvious 
brain atrophy on the initial and/or follow-up CT or MRI. 
To avoid interference in statistical results, the exclusion 
criteria for this study were as follows: (i) evidence of 
concomitant acute meningitis not due to C. neoformans, 
(ii) lack of follow-up data on antifungal treatment, (iii) 
presence of recurrence of cryptococcal meningitis, and 
(iv) neurological deficits due to previous head injury, 
cerebral infarction, or intracranial hemorrhage.

2.2. Data collection

This retrospective study was approved by the ethics 

committee of Shanghai Public Health Clinical Center. 
All patient records were anonymous and a de-identified 
ID number was used prior to analysis.
 For each patient, the age, sex, clinical manifestations, 
CD4+ lymphocyte count, HIV viral load, neurological 
status, CSF features, image findings, and presence of 
other opportunistic infections were all recorded for 
analysis.

2.3. CSF opening pressure

The CSF opening pressure measured via a lumbar 
puncture was recorded.

2.4. CSF analysis

Samples of CSF obtained via a lumbar puncture were 
sent to the laboratory for cell analysis and determination 
of glucose and protein levels before and after VP 
shunting.

2.5. Treatment 

Antifungal regimens including amphotericin B plus 
flucytosine and voriconazole were added in the first 2 
weeks of treatment. Patients with increased ICP were 
given intravenous mannitol or underwent repeated 
lumbar punctures. If there was further deterioration 
of neurological status, decreased mental acuity, or 
impaired vision due to increased pressure, the patient 
was transferred to Neurosurgery for surgery. Eight 
patients were treated with a VP shunt (Medtronic 
system). All patients underwent antiretroviral therapy 
(ART) after 2 to 4 weeks of antifungal treatment. Only 
one patient was ART- naïve when undergoing VP 
shunting.

2.6. Therapeutic outcome

Therapeutic outcomes 1, 3, 6, and 12 months after 
placement of the VP shunt were determined based 
on the results of CSF analysis and relief of clinical 
symptoms. Asymptomatic status, mild disability, and 
moderate disability were considered to be favorable 
outcomes. Major disability, vegetative status, and death 
were considered to be poor outcomes. Some patients 
were followed-up in the Outpatient department after 
discharge from hospital, and others were interviewed 
by telephone to determine their neurological outcomes.

3. Results

The general characteristics of the 9 patients after 
admittance to the hospital are shown in Table 1. All 
patients were in the late stage of AIDS with very low 
CD4+ T lymphocyte levels and a very high plasma 
HIV viral load. When cryptococcal meningitis was 
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before surgery. One of these two patients died two 
weeks after surgery. 
 All patients (100%) had an increased CSF opening 
pressure (> 400 mm H2O) over a prolonged period. 
The cell count, protein levels, and glucose levels of 
the CSF were all within the normal ranges. The CSF 
opening pressure returned to normal after shunting 
in all patients. CSF protein levels were elevated in 5 
patients (55.56%), with levels in 4 between 1,000 and 
2,000 mg/L. Only one patient had a CSF protein level 
over 3,000 mg/L, and this patient died two weeks after 
shunt placement. 
 Of the 9 patients, 7 (77.78%) had good outcomes 
with recovery from 1 month to 48 months. The first 
patient has been treated with VP shunting for almost 4 
years without complication. Only two patients had poor 
outcomes. One died half a year after shunt placement 
due to severe adverse reactions to antiretroviral drugs, 
and the other died two weeks after surgery. The CSF 
protein levels in this patient increased to 3,770 mg/L 
after surgery. These levels increased again to 13,000 
mg/L 2 days later and the cell count was 260 cell/L. The 
patient experienced a loss of consciousness 7 days after 
shunt placement and a CT scan revealed hypodense 
lesions in the basal ganglia and periventricular areas 
on the left. Infection was clinically diagnosed, so the 
patient was treated with both antibiotics and anti-TB 
drugs because the pathogen could not be identified. The 
shunt became obstructed, and eventually the patient 
died.

4. Discussion

CSF shunts have been used to manage increased ICP 
after cryptococcal meningitis in patients with and 
without HIV (6,10). The presumed increase in risk of 
shunt infection resulting from immunosuppression, 
shunt obstruction from elevated CSF protein, and 
peritoneal Cryptococcus seeding from direct transport 
of infected fluid has traditionally discouraged the 
placement of CSF shunts in patients with HIV and 
cryptococcal meningitis (9). In addition, the historically 

diagnosed, patients received antifungal treatment. 
All patients had headaches and vomiting, and some 
presented with other neurological symptoms including 
visual loss, convulsions, and impaired eye movement 
(Table 1). 
 The general characteristics of these patients 
who underwent shunting and various outcomes are 
shown in Table 2. After effective treatment, the CSF 
cultures of 7 patients (7 of 9, 77.78%) tested negative 
for Cryptococcus neoformans when they underwent 
shunting (Table 2). The other two patients tested 
positive for Cryptococcus neoformans at the time of 
surgery. Eight patients had received ART before VP 
shunting, and the median time from ART to surgery 
was 4.5 months (range 0.5-12.5 months). Notably, 6 
of these patients had complete viral suppression (HIV 
viral load below the test limit, Table 2) when they 
underwent surgery. The CD4+ lymphocyte count in 
these patients increased after ART but remained below 
100 cells/μL. Two patients had a high HIV viral load at 
the time of surgery - one was ART-naïve and the other 
had undergone 0.5 months of ART.
 All patients underwent VP shunting because 
of deteriorating neurological status or loss of 
consciousness, decreased mental acuity, or vision loss 
associated with persistently increased ICP. All patients 
had signs and symptoms of increased ICP including 
headaches, nausea, and vomiting. Seven patients 
(77.78%) had visual loss due to persistent papilledema. 
One of these 7 patients presented with deafness, another 
with ptosis, and another with impaired eye movement. 
Five patients (55.56%) had convulsions or a loss of 
consciousness due to greatly increased ICP. Only 3 
patients (33.33%) had hydrocephalus with ventricular 
dilatation according to brain CT or MRI scans. The 
median time from diagnosis of cryptococcal meningitis 
to VP shunting in these 9 patients was 5 months (range 
0.5-12.5months).
 Two patients underwent anti-tuberculosis therapy 
at the time of surgery. One patient had been on anti-
TB therapy for 5 months and the other for 2 months. 
Sputum TB cultures for both patients were negative 

Table 1. Clinical characteristics of patients upon admission

Patient

1
2
3
4
5
6
7
8
9

Age/sex

31/M
38/M
23/M
30/M
35/M
28/M
34/M
43/M
28/M

CD4 count
 (cells/μL)

  2
  1
11
  9
15
  4
32
12
  7

LOC indicates loss of consciousness; FE, fever; HA, headaches; N/V, nausea and vomiting; VL, visual loss; CO, convulsions; DEM, impaired eye 
movement; Amph B, amphotericin B; 5FC, 5-fl ucytosine; Fluc, fl uconazole; ND, not done.

HIV viral load
  (copies/mL)

      ND
   581000
   110000
     62700
     30800
   251000
     98300
   969000
 1310000    

CSF pressure
   (cm H2O)

     > 400
     > 400
     > 400
     > 400
     > 400
     > 400
     > 400
     > 400
     > 400

CSF protein
    (mg/L)

       171
       228
         85
         57
       342
         86
       257
       114
       257

CSF glucose
(mmol/L)

       3.5
3.64
2.33
3.36

       2.6
2.89
2.09
2.47

       3

    Symptom

FE, HA, N/V
FE, HA, N/V
HA, N/V, CO
HA
HA, N/V, LOC
HA, VL, CO, DEM
HA, VL
HA, N/V, LOC
HA, N/V

CT/MRI
scan fi ndings

No
No
No
No
No
No
No
No
No

Anti-fung. therapy

Amph B,5-FC,Fluc
Amph B,5-FC,Fluc
Amph B,5-FC,Fluc
Amph B,5-FC,Fluc
Amph B,5-FC,Fluc
Amph B,5-FC,Fluc
Amph B,5-FC,Fluc
Amph B,5-FC,Fluc
Amph B,5-FC,Fluc
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poor life expectancy of patients with end-stage HIV/
AIDS has caused further questioning of the long-term 
benefits of VP shunting. Reported here are outcomes 
for 9 patients with elevated ICP secondary to HIV-
associated cryptococcal meningitis. Eight patients 
were successfully treated with VP shunts for several 
months without complication, and only one patient 
died two weeks after surgery. Although 4 patients had 
CSF protein levels between 1,000 and 2,000 mg/L, and 
shunt obstruction did not occur. Shunt infection did not 
occur as a complication despite severely compromised 
immune function (median CD4 count: 27 cells/μL). 
Two patients died. One died half a year after shunt 
placement; death was due to severe adverse reactions to 
antiretroviral drugs and unrelated to VP shunting. The 
other patient died two weeks after the surgery because 
of a severe central nervous system infection. The patient 
had significantly increased CSF protein levels and an 
elevated cell count, suggesting infection. The pathogen 
of infection was unclear. Eventually, the patients died 
despite receiving antibiotics and anti-TB medications. 
The cause of death could not be verified because the 
patient's relatives refused an autopsy. Because the 
patient was also infected with tuberculosis, tuberculosis 
was assumed to have disseminated to the central 
nervous system after surgery because of poor control. 
The use of VP shunts in patients co-infected with other 
uncontrolled opportunistic infections should be carefully 
evaluated.
 Among the 7 patients who had good outcomes, 6 
had complete HIV viral suppression. One ART-naïve 
patient who underwent VP shunting only 0.5 month 
after diagnosis with a very high HIV viral load but also 
had a very good outcome. No studies have examined 
whether a high HIV viral load is a factor related 
to the prognosis for VP shunting in such patients. 
The suppression of HIV could promote immune 
reconstitution, protecting patients from other infections 
after surgery and providing surgeons with protection 
from HIV infection after possible exposure. The limited 
sample in the current study precluded determination of 
whether a high viral load affects prognosis.
 VP shunting resolved symptoms for a number 
of months after surgery. The first patient has been 
treated with VP shunting for almost 4 years without 
complication. The median time from diagnosis of 
cryptococcal meningitis to VP shunting in these 9 
patients was 5 months (range: 0.5-12.5 months). The 
symptoms of decreased mental acuity and impaired 
vision due to persistently increased ICP resolved soon 
after VP shunting. Ptosis eventually disappeared, and 
vision was gradually restored. Woodworth et al. (9) 
reported two patients with intracranial hypertension 
and HIV-associated cryptococcal meningitis who 
underwent VP shunting but who were unable to tolerate 
cessation of external lumbar CSF drainage or frequent 
lumbar punctures. In these two patients, the time from 
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when cryptococcal meningitis was diagnosed to when 
VP shunting was performed was 5 and 0.5 months, 
respectively. These patients remained asymptomatic 
for 12 and 16 months after surgery without evidence 
of shunt infection or malfunction. Two of the current 
patients underwent surgery with no control of 
Cryptococcus neoformans infection. One had a good 
outcome, and the other died of infection after surgery. 
The duration of anti-cryptococcal treatment is not a key 
factor when choosing VP shunting.
 Several factors contributed to the decision to place 
a VP shunt. Patients had a typical presentation of HIV-
associated cryptococcal meningitis with substantially 
increased opening pressures along with severe 
headaches, nausea and vomiting, loss of consciousness, 
marked visual changes, ptosis, or ataxia. Patients 
responded favorably to removal of a large volume of 
CSF via a lumbar puncture but required continuous 
lumbar CSF drainage to remain neurologically 
asymptomatic. However, continuous papilledema 
can cause vision loss in some patients, severely 
impacting their daily lives. Of the 9 current patients, 7 
(77.78%) had visual loss due to persistent papilledema. 
In addition, the inability to tolerate cessation of 
continuous CSF drainage, due to acute symptom 
recurrence despite maximal antifungal therapy, 
suggested the need for VP shunting. VP shunting 
should be given priority when vision loss appears 
despite continuous lumbar punctures. Only three 
patients (33.33%) had hydrocephalus with ventricular 
dilatation according to brain CT or MRI scans. In 
fact, extremely increased ICP without hydrocephalus 
associated with cryptococcal meningitis can also be 
resolved using VP shunting (11).
 External lumbar drainage via daily lumbar puncture, 
insertion of a lumbar drain, or placement of a VP shunt 
is recommended if focal neurologic signs and altered 
consciousness are not noted and radiographic images 
reveal no space-occupying lesions (3). However, 
frequent lumbar punctures and large-volume drainage 
in the face of elevated ICP have raised concerns among 
clinicians about the risk of brain herniation (7). Lumbar 
shunts in patients with HIV-associated cryptococcal 
meningitis have been described with slightly greater 
frequency. However, Woodworth et al. (9) suggested 
that these shunts are more prone to failure compared 
to VP shunts. Fessler et al. (12) studied the role of 
lumbar peritoneal shunts in the treatment of 8 patients 
with HIV-associated cryptococcal meningitis. They 
found that nearly half of the lumbar shunts failed. 
One of these patients responded favorably after a 
switch to VP shunting and the patient benefited from 
long-term shunting. In another study of cryptococcal 
meningitis in HIV-infected patients, Stevens et al. (8) 
suggested that managing elevated ICP with a VP shunt 
in this patient population may result in better long-
term outcomes. The current findings corroborate these 

observations because most of the current patients have 
had a satisfactory course several months after VP shunt 
placement. 
 The current findings suggest that VP shunts 
remove a large amount of CSF and lower ICP, thereby 
significantly improving outcomes for patients with HIV-
associated cryptococcal meningitis and persistently 
increased ICP. The benefits of placing VP shunts (long-
term symptom control, elimination of the use of a 
percutaneous spinal catheter and the associated risk 
of infection, ability to provide care outside a hospital 
setting) in this patient population may outweigh the 
risks of potential infection, cryptococcal dissemination, 
and shunt obstruction. The limited sample in the current 
report implies that larger prospective studies are needed 
to better assess the potential utility of VP shunts in these 
patients. However, the placement of VP shunts in this 
patient population may be a reasonable and effective 
treatment modality with potentially beneficial outcomes.
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Adjuvant sorafenib reduced mortality and prolonged overall 
survival and post-recurrence survival in hepatocellular carcinoma 
patients after curative resection: A single-center experience

Wei Zhang*, Gang Zhao*, Kai Wei*, Qingxiang Zhang, Weiwei Ma, Tianqiang Song**, 
Qiang Wu, Ti Zhang, Dalu Kong, Qiang Li

Department of Hepatobiliary Cancer, Tianjin Medical University Cancer Institute and Hospital, National Clinical Research 
Center for Cancer and Key Laboratory of Cancer Prevention and Therapy, Tianjin

1. Introduction

Hepatocellular carcinoma (HCC) is a leading cause of 
cancer-related death worldwide and the most deadly 
cancer in China (1), and its incidence continues to 
increase, especially in North America (2,3). Surgery, 
tumor ablation, and liver transplantation are the main 
potentially curative treatments for HCC. However, tumor 
recurrence rate is very high after liver resection and 
tumor ablation, which is a major problem affecting long 

term survival (4,5). Various postoperative interventions, 
such as adjuvant therapy with interferon, Vitamin E or 
K2, or I131, are used to reduce the incidence of tumor 
recurrence after curative treatment (6,7). The adjuvant 
application of interferon (7-10) and antiviral treatment 
(11,12) seems promising but should be confirmed in 
further multi-center phase III clinical trials. 
 Sorafenib is an oral, multitargeted inhibitor of 
tyrosine kinases (such as the vascular endothelial 
growth factor receptor, Raf kinase, and the platelet-
derived growth factor receptor), and it has been shown 
to inhibit tumor angiogenesis and to induce apoptosis 
of HCC tumor cells (13). Two independent randomized 
Phase III clinical trials showed that sorafenib was the 
only effective systemic drug to improve survival in 
patients with advanced HCC (14,15). Furthermore, 
sorafenib is reported to be well tolerated and safe 
in patients who received liver transplantation and 
is associated with a survival benefit (16-18). In a 

Summary Adjuvant therapy after resection of hepatocellular carcinoma (HCC) is limited. Here, 
we evaluated the effects of postoperative sorafenib on recurrence and survival in HCC 
patients. Recurrence-free survival and overall survival were analyzed as the main endpoint, 
recurrence rate, and mortality rate were analyzed as second endpoint. Furthermore, post-
recurrence survival was also analyzed. Clinicopathological factors were compared between 
sorafenib and control groups. Seventy-eight patients were eligible for final data analysis (46 
in control group; 32 in sorafenib group). Sorafenib did not significantly prolong recurrence-
free survival (11.0 months in the control group vs. 11.7 months in the sorafenib group, 
p = 0.702), but significantly prolonged overall survival (32.4 vs. 25.0 months, p = 0.046). 
Sorafenib did not reduce recurrence rate (67.7% vs. 78.3%, p = 0.737), but significantly 
reduced mortality rate (28.1% vs. 60.9%, p = 0.004). The increased post-recurrence 
survival (22.2 vs. 4.4 months, p = 0.003) may have contributed to the survival benefit after 
recurrence in the sorafenib group. Adjuvant sorafenib did not decrease tumor recurrence, 
but significantly reduced mortality and prolonged overall survival of HCC patients after 
curative resection, probably by inhibiting tumor growth after tumor recurrence.
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randomised controlled phase III clinical trial (STORM), 
sorafenib was administrated to patients with a median-
high risk of recurrence, the clinical trial is still 
ongoing and waiting for final results (19). Recently, 
a retrospective study with 31 patients using sorafenib 
as an adjuvant therapy after liver resection for HCC 
showed that time to recurrence in the sorafenib arm was 
significantly prolonged (by 8 months) compared to that 
in the control arm (20). However, because of the small 
sample size in this study, the effects of sorafenib in the 
adjuvant setting remain unclear. 
 Here, we describe our preliminary results regarding 
the efficacy of adjuvant sorafenib after liver resection 
for patients with hepatocellular carcinoma.

2. Materials and Methods

2.1. Patients and follow-up 

This study was a single-institutional retrospective 
analysis of the effects of sorafenib in patients with HCC 
after curative resection. Between August 1, 2009, and 
December 31, 2011, 248 cases of HCC received liver 
resection. HCC was diagnosed by two independent 
pathologists (Cao WF and Zhan ZL). Curative resection 
was defined as complete removal of tumor without 
residual tumor by microscopy and free of tumor within 
one month after operation. One hundred and sixty-two 
patients without microvessel invasion were regarded 
as low-risk for recurrence and were excluded; and 8 
patients with tumor thrombosis in the main trunk of 
the portal vein were regarded as un-curative resection 
and were also excluded. Among 78 patients who were 
eligible for the final analysis, 32 patients received 
sorafenib treatment after hepatectomy within one month 
after hepatectomy and 46 patients who did not receive 
adjuvant sorafenib treatment were included in the control 
group. The protocol for adjuvant sorafenib treatment 
has been approved by the Ethics Committee of Tianjin 
Medical University Cancer Hospital.
 Relevant  c l in ica l  da ta ,  inc luding medica l 
history, demographic data, laboratory results, tumor 
characteristics, and follow-up data were recorded 
prospectively. The primary end points were recurrence-
free survival (RFS) and overall survival (OS); the 
secondary end points were recurrence rate and mortality 
rate; and another end point was post-recurrence survival. 
After operation, patients were followed up in our clinic 
every 1-2 months for routine blood tests, liver function 
tests, tumor markers including AFP and ultrasound 
for the first year, and every 3 months one year after 
operation. If recurrence was suspected, enhanced 
magnetic resonance imaging or computed tomography 
scan was performed immediately. If recurrence was 
confirmed, surgical resection, radiofrequency ablation or 
trans-arterial remobilization were given to the patients 
accordingly.

2.2. Clinicopathological factors

Clinicopathological factors in this study were selected 
for their potential relationship to the prognosis on 
the basis of the previous studies, including age (< 54 
or ≥ 54 years, mean age = 54 years), gender (male 
or female), tumor size (< 5 cm or ≥ 5 cm), number 
of tumor nodules (single or multiple), microvascular 
invasion (yes or no), intrahepatic metastasis (yes or no), 
tumor differentiation (Edmondson's classification I or 
II was classified into the high-differentiation group, 
and classification III or IV was classified into the low-
differentiation group), portal vein thrombosis (PVTT) is 
defined as direct invasion of a second branch of portal 
vein. Invasion of main portal vein or main trunks of 
portal vein were excluded.

2.3. Sorafenib treatment and evaluation

All the patients in the sorafenib (Bayer Healthcare, 
Leverkusen, Germany) group received an initial dosage 
of 400 mg twice daily continuously, except in cases in 
which the drug was discontinued owing to death, tumor 
progression, or adverse effects such as deterioration of 
liver function. Blood pressure, coagulation function, 
hematological parameters and CT scan were monitored 
every month. If adverse events classified as CTCAE-3 
or higher occurred, the dosage of sorafenib was reduced 
or administration of sorafenib was withdrawn.

2.4. Statistical analysis

Survival analysis was computed by the Kaplan-Meier 
method and the log-rank test for univariate analysis, 
and Cox regression was used for multivariate analysis. 
Overall survival (OS) was calculated from the date 
of surgery to the date of death or the last follow-up. 
Recurrence-free survival (RFS) was calculated from 
the date of surgery to the date of recurrence or the last 
follow-up. Post-recurrence survival was calculated 
from the date of first recurrence to the date of death or 
the last follow-up. The χ2 test, Fisher's exact probability, 
and Student's t test were used for comparisons between 
groups. Statistical analyses were performed with SPSS 
16.0 for Windows (SPSS Inc., Chicago, IL). Two-
tailed p < 0.05 was considered to indicate a statistically 
significant difference.

3. Results

3.1. Patient demographics and tumor characteristics

Table 1 shows the demographic data and tumor 
characteristics for all the patients. Median age was 54 
years (range 21 to 81 years), and the age of patients in 
the sorafenib group were similar to that of patients in 
the control group (54.5 ± 1.6 vs. 51.7 ± 1.4, p = 0.224). 
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to than of patients in the control group (5.7 ± 0.6 cm 
vs. 7.7 ± 0.8, p = 0.064). Multiple tumors were present 
in 18 of 46 patients in the control group and in 11 of 
32 patients in the sorafenib group (p = 0.669). Portal 
vein thrombosis was present in 12 of 46 patents in the 
control group, whereas 8 of 32 patients in the sorafenib 
group had portal vein thrombosis (p = 0.914). Tumor 
differentiation was low (Edmondson III or IV) in 
16 patients in the control group and 7 patients in the 
sorafenib group (p = 0.536) (Table 1). Major resection 
(≥ 3 segments) was performed in 16 of 46 patients 
in control group and in 11 of 32 patients in sorafenib 
group (34.8% vs. 34.4%, p = 0.97).

3.2. Treatment efficacy

Sorafenib significantly prolonged OS: the 1-, 2-, and 
3-year OS rates were 79.8%, 68.1%, and 45.4% for the 
sorafenib group and 60.9%, 52.2%, and 38.0% for the 
control group. Median OS was 25.0 months (95% CI: 
7.3-42.7 months) in the control group and 32.4 months 
(95% CI: 24.3-40.5 months) in the sorafenib group, and 
the difference was statistically significant (p = 0.046, 
Figure 1A). 
 Sorafenib did not prolong RFS: the 1-, 2-, and 3-year 
RFS percentages were 46.9%, 25.2%, and 18.9% for the 

The male/female ratio was 42:4 in the control group 
versus 25:7 in the sorafenib group. All the patients 
had good Eastern Cooperative Oncology Group 
performance status scores (0-1) before commencement 
of sorafenib therapy, and the liver function of all the 
patients was classified as Child-Pugh A. Patients in 
the sorafenib group have similar tumor size compared 

Figure 1. The effects of adjuvant sorafenib on RFS, OS and post-recurrence survival. (A) Overall survival, (B) Recurrence-
free survival, and (C) Post-Recurrence Survival of HCC patients treated with adjuvant sorafenib after curative resection.

Table 1. Patient demographics and tumor characteristics 
at baseline

Demographic or characteristic

Gender (male/female)
Age, years (mean ± S.D.)
Age (< 54 years/ ≥ 54 years)
Hepatitis status (HBV/non-HBV)
Tumor size (cm, mean ± S.D.)
Tumor size (< 5 cm/ ≥ 5 cm)
AFP (< 20/ ≥ 20 ng/mL)
No. of tumors (single/multiple)
Portal vein thrombosis (yes/no)
Tumor differentiation (high/low)
Intrahepatic metastasis (yes/no)
TNM stage (II/III)
Recurrence (yes/no)
Death (yes/no)

Control 
(n = 46)

42/4
54.5 ± 1.6

21/25
38/8

7.7 ± 0.8
17/29
22/24
28/18
12/34
30/16
26/20
26/20
36/10
28/18

Sorafenib 
(n = 32)

25/7
51.7 ± 1.4

15/17
28/4

5.7 ± 0.6
15/17
16/16
21/11
8/24
25/7
17/15
22/10
24/8
9/23

Abbreviations: HBV, hepatitis B virus; SD, standard deviation; TNM, 
tumor-node-metastasis.

p-value

0.100
0.224
0.915
0.912
0.064
0.381
0.850
0.669
0.914
0.536
0.767
0.275
0.737
0.004
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sorafenib group and 47.8%, 37.0%, and 20.8% for the 
control group. Median RFS was 11.0 months (95% CI: 
1.5-20.1 months) in the control group and 11.7 months 
(95% CI: 10.1-13.2 months) in the sorafenib group (p = 
0.702, Figure 1B). 
 Tumor recurrence occurred in 36 patients (78.3%) 
in the control group and 24 patients (67.7%) in the 
sorafenib group (p = 0.737); 28 patients (60.9%) died 
in the control group, compared to 9 patients (28.1%) 
in the sorafenib group (p = 0.004) (Table 1). Recurrent 
tumor was not significantly different in location, for liver 
recurrence occurred in 33 of 46 in control group and 22 
of 32 in the sorafenib group (71.7% vs. 68.8%, p > 0.05), 
and lung metastasis occurred in 3 of 46 in control group 
and 2 of 32 in sorafenib group (28.3% vs. 31.2%, p > 
0.05).
 Post-recurrence survival was significantly longer 
in the sorafenib group than that in the control group; in 
the control group, the median post-recurrence survival 
was 4.4 months (95% CI: 2.9-5.9 months), and in the 
sorafenib group, the median post-recurrence survival 
was 22.2 months (95% CI: not reached) (p = 0.003, 
Figure 1C).
 Univariate analysis showed that adjuvant sorafenib, 
multiple tumors, portal vein thrombosis, intrahepatic 
metastasis and TNM stage III were risk factors for OS, 
while only adjuvant sorafenib was an independent risk 
factor of overall survival (HR: 0.490, 95% CI: 0.224-
1.071, p = 0.040). As for Recurrence Free Survival, 
univariate analysis showed that multiple tumors, portal 
vein thrombosis and TNM stage III were risk factors, 
however, only multiple tumors (HR = 1.871, 96% CI: 
1.045-3.349, p = 0.035) and portal vein thrombosis 
(HR = 2.601, 95% CI: 1.119-6.049, p = 0.026) were 
independent risk factors (Table 2).

3.3. Patients' adherence and tolerability for sorafenib 
treatment

All the patients had good adherence in both the 
sorafenib group and control group. Grade 3 adverse 

effects occurred in 6 patients with sorafenib treatment 
but with a reduction to half dosage, all the patients 
recovered and 4 patients received full dose again. None 
of the patients withdrew sorafenib treatment

4. Discussion

The results of the current study showed that sorafenib 
neither reduced recurrence rate nor prolonged RFS. 
However, sorafenib reduced mortality rate and 
prolonged overall survival; furthermore, sorafenib 
prolonged post-recurrence survival, perhaps because 
the recurrent tumors that developed after sorafenib 
treatment progressed more slowly.
 Sorafenib has two main types of effects: an anti-
angiogenic and a direct antitumoral effect (13). Tumor 
angiogenesis occurs only after a tumor grows to a 
certain minimum size (e.g., 1 cm) (21), and anti-
angiogenic agents are mostly tumor-static agents, that 
is, they retard tumor growth rather than reduce tumor 
size (22). Therefore, the anti-angiogenic effect of 
sorafenib can be expected to play a role only when a 
tumor is sufficiently large, and sorafenib is unlikely 
to decrease tumor growth before tumor recurrence. It 
has been reported that sorafenib delays the progression 
of recurrent tumors following liver transplantation, 
and this delay is associated with a survival benefit (6). 
Wang et al. found that in two cohorts of patients (n = 39 
patients, 24 of whom received best supportive care and 
15 of whom received sorafenib) who presented with 
HCC recurrence after liver transplantation, patients' 
outcome in the sorafenib group was significantly better 
than that in the other group, with a median survival 
from recurrence of 21.3 vs. 11.8 months (HR = 5.2, 
p = 0.0009), and a median survival from untreatable 
presentation/progression of 10.6 vs. 2.2 months (HR = 
21.1, p < 0.0001).
 Resistance to anti-angiogenic therapy is common, 
and some tumors possess intrinsic mechanisms of 
resistance to sorafenib (23). Despite the success 
of sorafenib in the treatment of some patients with 

Table 2. Univariate and multivariate analysis for Overall Survival (OS) and Recurrence-Free Survival (RFS)

Factors

Sorafenib
Gender (male/female)
Age (< 54 years/ ≥ 54 years)
Tumor size (< 5 cm/ > 5 cm)
AFP (< 20 vs. ≥ 20)
No. of tumors (single/multiple)
Portal vein thrombosis (yes/no)
Tumor differentiation (high/low)
Intrahepatic metastasis (yes/no)
TNM stage (II/III)

Univariate p

0.046
0.432
0.722
0.576
0.631
0.173
0.106
0.284
0.071
0.051

HR, hazard ratio; TNM, tumor-node-metastasis; CI, confi dence interval; *, p = 0.040 if forward stepwise (likelihood ration) is used in the COX 
analysis.

HR

0.490

1.358
1.533

1.550
1.037

95% CI

0.224-1.071

0.637-2.893
0.561-4.193

0.761-3.154
0.371-2.895

p

0.074*

0.428
0.405

0.227
0.945

Univariate p

0.702
0.816
0.823
0.734
0.604
0.063
0.022
0.628
0.209
0.155

HR

1.871
2.601

0.655

95% CI

1.045-3.349
1.119-6.049

0.287-1.492

p

0.035
0.026

0.314

OS RFS
Multivariate Multivariate
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advanced HCC (24), most such patients do not respond 
to sorafenib, and some patients who initially respond 
subsequently develop resistance and experience tumor 
progression (25). Sorafenib also directly targets tumor 
cells, but perhaps only tumor cells with a specific 
activated signaling pathway and the drug may thus 
exert its direct effects only in patients whose tumors 
exhibit that specific molecular pathway. Molecular 
markers may be useful for predicting the efficacy of 
sorafenib. Specifically, mitogen-activated protein kinase 
and signal transducer and activator of transcription 3 
are known targets of sorafenib in HCC (26), but the 
prognostic value of these markers has not yet been 
confirmed. Results obtained in a mouse model indicate 
that the efficacy of sorafenib against HCC may depend 
on the level of expression of HIV-1 Tat interactive 
protein 2 (HTATIP2) in tumors (27).
 Meanwhile ,  factors  in  the  tumor and host 
microenvironment should also have been considered 
in the resistance of sorafenib, for studies have shown 
that progression-free survival under sorafenib treatment 
is significantly shorter in patients with high levels 
of angiogenin-2 (Ang-2) and granulocyte colony-
stimulating factor (G-CSF), and that as the number 
of cytokines present at high concentrations increases, 
the treatment response deteriorates (28). Short-term 
and high-dose sorafenib treatment is associated with 
decreased survival in multiple preclinical animal models 
(29,30). Thus, molecular markers in serum and in 
tumor tissue will be of prognostic value and may permit 
prediction of the efficacy of sorafenib. 
 The current study has several limitations. First, it 
was a retrospective study, and the cases included in 
the control and treatment groups were not randomized. 
Second, the sample size was small. Randomized 
controlled clinical trials should be carried out to confirm 
the present findings in a larger population. Finally, 
molecular prediction of efficacy of sorafenib should 
be emphasized, and a molecular classification of HCC 
based on genome-wide investigations and identification 
of patient subclasses according to drug responsiveness 
will lead to a more personalized medicine. 
 In conclusion, adjuvant sorafenib did not decrease 
tumor recurrence, but significantly reduced mortality 
and prolonged overall survival of HCC patients after 
curative resection, probably by inhibiting tumor growth 
and prolonging post-recurrence survival after tumor 
recurrence. Randomized controlled clinical trials with 
specific emphasis on molecular markers are needed for 
selecting optimal candidates for sorafenib treatment and 
prediction of its efficacy.
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1. Introduction

Hepatitis C virus (HCV) infection is the leading 
indication for liver transplantation in both Western 
countries and Japan. Unfortunately, liver transplantation 
does not cure HCV-infected recipients, and re-infection 
of HCV universally occurs with accelerated disease 
progression compared with that in the nontransplant 
population, resulting in poor outcomes for HCV-
infected recipients. Graft and patient survival could 
be improved with successful antiviral treatment, 
but the efficacy of the standard antiviral treatment 
with peginterferon (PEG-IFN) and ribavirin (RBV) 

is unsatisfactory and poorly tolerated for recurrent 
hepatitis C in the posttransplant setting compared 
with nontransplant patients, with sustained virologic 
response (SVR) rates ranging from 0% to 56% (median: 
33%) (1).
 Telaprevir  (TVR),  a direct  acting protease 
inhibitor, was recently approved for clinical use, 
and the administration of TVR in combination with 
PEG-IFN/RBV substantially improves SVR rates in 
comparison with standard treatment using PEG-IFN/
RBV in nontransplant HCV-positive patients, including 
treatment-naïve patients, null-responders to previous 
treatment, and even relapsers after previous treatment. 
Triple combination therapy with TVR/PEG-IFN/RBV 
is now a standard treatment for patients with genotype 1 
chronic hepatitis C (HCV) (2). 
 Validation of the triple therapy for recurrent 
hepatitis C after liver transplantation is urgently needed, 
but there are significant concerns regarding the safety 
and efficacy of TVR administration for posttransplant 

Summary Telaprevir (TVR), a direct -acting protease inhibitor, was recently reported to improve 
treatment efficacy when used in combination with peg-interferon (PEG-IFN) and ribavirin 
(RBV) as triple therapy for HCV in non-transplant patients. The aim of the present study 
was to investigate the feasibility of TVR-based triple therapy among Japanese living donor 
liver transplant (LDLT) recipients who had been resistant to dual treatment with PEG-IFN 
and RBV. Among 133 HCV-positive LDLT recipients, 8 null responders during or after dual 
treatment with PEG-IFN and RBV were finally indicated for TVR-based triple therapy 
after treatment. All 8 patients had been resistant to dual treatment with PEG-IFN and 
RBV. While the cyclosporine trough level was well controlled with an 80% dose reduction 
during TVR administration, the end - of - treatment response rate was only 25% (2/8), with 
63% (5/8) of patients developing anemia that required a blood transfusion and 50% (4/8) 
of patients developing leukopenia that required filgrastim. Dose reduction or treatment 
discontinuation was required in all cases. Based on the poor efficacy and the unacceptable 
high rate of cytopenic events, TVR-based triple therapy is not indicated for those resistant 
to dual treatment with PEG-IFN and RBV.

Keywords: Hepatitis C, Telaprevir, living donor liver transplantation, Japanese, null responder
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recipients due to the severe side effects and potentially 
strong drug-drug interaction with calcineurin inhibitors 
(CNI). Several preliminary reports regarding triple 
therapy for deceased donor liver transplantation (DDLT) 
in Western countries were recently published (3,4). 
However, efficacy and safety was not well describe 
in a living donor liver transplant (LDLT) setting in an 
Japanese population (5). Here we report the preliminary 
experience of TVR-based triple therapy in Japanese 
living donor liver transplant recipients who had been 
resistant to dual treatment with PEG-IFN and RBV.

2. Patients and Methods

Between January 1996 and July 2013, 133 adult-to-adult 
LDLTs were performed for HCV-positive recipients at 
the University of Tokyo Hospital. The transplantation 
procedures, including donor selection criteria, surgical 
procedures, and postoperative management, are 
described elsewhere (6). As previously reported (7), 
preemptive PEG-IFN /RBV treatment was administered 
for 119 of our 133 HCV-positive LDLT recipients, 
excluding cases of early death (within 3 months) after 
LDLT (n = 4), cases with spontaneous SVR (n = 5), and 
cases without antiviral treatment due to clinical decision 
(n = 5). Briefly, preemptive treatment was initiated just 
after the recipient's condition stabilized (approximately 
1 month after LDLT) with low-dose IFN alpha 2b and 
RBV (400 mg/day), followed by escalation to PEG-IFN 
(1.5 μg/kg per week) and RBV (800 mg/day) depending 
on the patient's tolerance. The treatment duration was 
not predetermined, and continued for 12 months more 
after the serum HCV-RNA became negative. The 
response was considered to be SVR if the serologic 
results were negative for another 6 months after therapy 
was discontinued. That is, a continuous peg-IFN/RBV 
approach was applied for null-responders. SVR was 
achieved in 42 patients, and 27 patients discontinued 
preemptive treatment due to patient death, clinical 
reasons, intolerance, or refusal of treatment.

2.1. Patient selection for triple therapy

Inclusion criteria for TVR-based triple therapy in 
this study were null responders during or after the 
preemptive treatment described above. Consequently, 
candidates for triple therapy had already undergone our 
preemptive antiviral treatment regimen for at least 12 
months, except for 2 patients: 1 with early recurrent 
hepatitis C and high aspartate transaminase and alanine 
transaminase levels during preemptive treatment at 
5 months after liver transplantation, and the other 
with fibrosing cholestatic hepatitis during preemptive 
treatment at 2 months after liver transplantation. 
Patient selection is shown in the flowchart in Figure 1. 
A total of 8 patients (6 men, 2 women) were enrolled 
in this study. The study protocol was approved by the 

University of Tokyo Ethics Committee (No. 2140) 
and registered in the UMIN-clinical trials registry 
(UMIN000013628, https://center.umin.ac.jp/ctr/index.
htm). Informed consent was obtained from all patients. 
The follow-up period was 13 month in all participants.

2.2. The triple therapy regimen and immunosuppression

The protocol for TVR-based triple therapy comprised 
TVR (Telaprevir, Mitsubishi Tanabe Pharma Corp. 
Osaka, Japan), PEG-IFN (Pegintron, peginterferon 
Alfa-2b, MSD K.K., Tokyo, Japan), and RBV (Rebetol, 
MSD K.K.) for 12 weeks without a lead-in phase. After 
triple therapy for 12 months, treatment with PEG-IFN/
RBV was continued for at least 36 weeks more, and 
even further in cases without viral eradication. TVR 
was administered orally at 1,000 to 1,500 mg/day, PEG-
IFN was administered subcutaneously at 0.8 to 1.7 μg/
kg/week, and RBV was administered orally at 200 mg/
day. Dose adjustments were made based on patient 
tolerance, side effects, and laboratory results. 
 Our regimen for postoperative immunosuppression 
is described in detail elsewhere (8). Basically, 
dual  immunosuppression with tacrolimus and 
methylprednisolone was used, and conversion from 
tacrolimus to cyclosporine (CsA) was performed 
without delay if patients developed adverse events due 
to tacrolimus (9). Considering the strong drug-drug 
interaction between TVR and CNI (10), especially 
tacrolimus, tacrolimus was converted to CsA before 
initiating the triple therapy in all cases, and all patients 
were admitted to the hospital for 7 to 14 days to measure 
blood trough levels of CsA and to adjust the CsA dose. 
On the first day of triple therapy, the CsA dose was 
reduced to 20% of the original daily dose, and adjusted 
according to therapeutic monitoring. Close monitoring 
with daily measurement of the trough levels of CsA was 
performed during hospitalization, and once a week for 
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Figure 1. Flow diagram of the patients enrolled in the 
Telaprevir (TVR)-based triple therapy. Abbreviations: 
HCV-LDLT, living donor liver transplantation for hepatitis C; 
SVR, sustained virological response; PEG/INF, peginterferon; 
RBV, ribavirin; FCH, fibrosing cholestatic hepatitis.
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according to the principles expressed in the Declaration 
of Helsinki. The current human subject research was 
approved as project number G3515 by Graduate School 
of Medicine and Faculty of Medicine, the University of 
Tokyo Research Ethics Committee and Human Genome, 
Gene Analysis Research Ethics Committee. All subjects 
have been properly instructed and participated by 
signing the appropriate informed consent paperwork. In 
the preparation of this manuscript, all efforts have been 
made to protect patient privacy and anonymity.

2.5. Statistical analysis

CsA levels and eGFR before initiating therapy were 
compared with those at 1 week after initiating the triple 
therapy by Student's t test using GraphPad Prism 5 
(GraphPad Software, San Diego, CA, USA). Data are 
expressed as mean and ± standard deviation (S.D.). 
A p value less than 0.05 was considered statistically 
significant.

3. Results

The patient characteristics of the eight recipients 
are summarized in Table 1. The time from LDLT to 
initiation of the triple therapy was 4.4 ± 3.6 y. Mean 
recipient age was 59 ± 5.3 y. The HCV genotype was 
1b in all patients except for one with a 2a genotype. 
All eight patients were null-responders to preemptive 
treatment. Among them, two patients with early 
recurrent hepatitis C and fibrosing cholestatic hepatitis 
were switched to triple therapy during preemptive 
treatment with conventional dual drugs.

3.1. Immunosuppressant modification 

Among the eight patients, six had already been 
converted to CsA before the induction of triple therapy. 
Consequently, two patients were newly changed from 
tacrolimus to CsA as a maintenance immunosuppressant 
before initiating TVR. The CsA trough levels before 
(81 ± 45 ng/mL) and 1 week after (82 ± 30 ng/mL) 
initiating the triple treatment did not differ significantly 
(p = 0.54 ; Table 2). The maintenance dose of CsA after 

12 weeks at the outpatient clinic. After the completion of 
TVR, the original daily dose of CsA was resumed.

2.3. Monitoring for hepatitis C virus and adverse events

The HCV genotype was determined before liver 
transplantation. The nucleotide sequences of the core 
and non-structural 5A (NS5A) regions of genotype 1b 
were determined using a direct sequencing method, as 
described previously (11). The interleukin 28B (IL28B) 
genotype was examined using the Invader assay (Third 
Wave Technologies, Madison, WI, USA) (12). Liver 
biopsy was performed before initiating the triple 
therapy and evaluated by a pathologist according to the 
Ishak score for assessing the stage of fibrosis and the 
degree of necroinflammatory activity (13). HCV-RNA 
was measured by reverse-transcriptase polymerase 
chain reaction (TaqMan HCV; Roche Diagnostics Japan 
K.K., Tokyo, Japan) before starting the treatment and 
monthly after that. Serum HCV-RNA was considered 
negative when the results were below the lower limit of 
quantification (15 IU/mL).
 After initiating the triple therapy, blood counts, 
and liver and renal function were examined every day 
during admission, and once a week for 12 weeks until 
the end of TVR administration. Thereafter, these were 
measured every 4 weeks. The estimated glomerular 
filtration rate (eGFR; mL/min/1.73 m2) was calculated 
using the following formula: 194 × serum creatinine 
(‒ 1.094) × age (‒ 0.287) × 0.739 (if female), Japanese 
equation (equation 4) (14). 
 Filgrastim (75 μg; Gran, Kyowa Hakko Kirin Co., 
Ltd., Tokyo, Japan) was administered subcutaneously 
to patients with neutrophil counts below 1,000/mm3. 
Packed red blood cell transfusion was performed when 
the hemoglobin level dropped below 8 g/dL.

2.4. Ethics statement

All LDLTs were performed after individually obtaining 
informed consent from recipients and donors. LDLT 
program at The University of Tokyo Hospital has 
been approved by it's Institutional Review Board, and 
all aspects of the procedures have been conducted 

Table 1. Patient characteristics

Patient No.

1
2
3
4
5
6
7
8

Sex

M
M
F
M
M
M
M
F

Age

56
64
55
66
61
60
50
63

Abbreviations: LT, liver transplantation; NR, null responder, HCV, hepatitis C virus; NS5A, non-structural 5A; IL-28B, interleukin 28B.

Weight

65
52
46
63
60
59
63
36

Time from 
LT (Y)

9.5
7.8
0.4
6.3
4.0
6.2
0.6
0.2

Previous
treatment

NR
NR
NR
NR
NR
NR
NR
NR

HCV genotype

1b
1b
1b
1b
1b
1b
1b
2a

NS5A

intermediate
wild 
wild 
NA

intermediate
NA

mutant
mutant

IL-28B
polymorphism

T/C
T/C
T/C
C/C
T/C
T/T
T/T
T/T

Liver biopsy

A2F3
-

A1F1
A1F1
A2F0
A1F1
A1F1
A2F0
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the adjustment was 17% (range 10-25%) of the original 
daily dose (Table 2).

3.2. Efficacy of the triple treatment

At 4 weeks after initiating TVR-based triple therapy, all 
8 patients had HCV-RNA levels under 200 IU/mL, and 
HCV-RNA was undetectable in 50% (4/8) of patients 
showing a rapid virologic response (undetectable 
serum HCV at 4 weeks after treatment). At the end of 
the treatment period (48 weeks), 38% (3/8) of patients 
showed a partial response (> 2 log HCV decrease) 
and 25% (2/8) of patients had become HCV-negative, 
achieving the end-of-treatment response, but re-
elevation of HCV-RNA titer occurred in 50% (4/8) of 
the patients during the subsequent dual therapy period. 
Changes in the HCV-RNA levels in all patients treated 
with TVR-based triple therapy are shown in Figure 2. 
 One patient who did not achieve negative-HCV 
status at all through the treatment period had a C/C IL-
28B polymorphism. 
 One patient (Patient No.8) developed fibrosing 
cholestatic hepatitis 2.4 months after liver transplantation. 
The total bilirubin level was 2.6 mg/dl. Liver biopsy 
revealed no acute rejection, but A2/F0 was noted. After 
initiating TVR-based triple therapy for this patient, 
aspartate transaminase, alanine transaminase, and total 
bilirubin levels returned to the normal range.

3.3. Tolerance to the treatment and adverse events

TVR-based triple therapy was discontinued in one 
patient at 6 weeks due to cytomegalovirus infection. 
TVR was temporally discontinued in another two 
patients at 4 and 10 weeks, respectively, due to elevated 
transaminase levels, and subsequently resumed. PEG-
IFN and RBV were discontinued in two patients at 
13 weeks due to severe fatigue with anemia. Other 
adverse events were as follows: requiring PEG-IFN 
dose reduction, 50% (4/8); leukopenia with filgrastim 
use, 50% (4/8); anemia with packed red blood cell 
transfusion, 63% (5/8); symptomatic skin rashes, 
13% (1/6); and infectious complications, 38% (3/8). 
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Figure 2. Changes in HCV-RNA level in all patients treated 
with the TVR-based triple therapy. Each solid gray to black 
line represents an individual patient. The dotted line represents 
the lower limit of quantification (15 IU/mL).
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In contrast, we observed no acute rejection, hepatic 
decompensation, or treatment - related mortality among 
the eight recipients.

3.4. Renal function

In 63% (5/8) of patients, eGFR decreased during the 
initial 4 weeks, but there was no significant difference 
between the eGFR level before (53 ± 18 mL/min/1.73 
m2) and at the end (47 ± 27 mL/min/1.73 m2) of the 
treatment (p = 0.53). One patient developed end-stage 
renal disease at end of the study, eventually requiring 
hemodialysis. Changes in the eGFR during TVR-based 
triple therapy in each patient are shown in Figure 3.

4. Discussion

The present report describes our initial experience 
treating recurrent hepatitis C with TVR-based triple 
therapy in Japanese LDLT recipients. In contrast 
to several Western reports of the triple therapy 
demonstrating moderate success for genotype 1 
recurrent hepatitis C after DDLT (3,15,16), the present 
results were discouraging, with an end-of-treatment 
response rate of only 25% (2/8). It is important to 
note, however, that all eight recipients indicated for 
the triple therapy in our study had been resistant to 
standard dual treatment with PEG-IFN and RBV. In 
the aforementioned Western reports (3,15,16), triple 
therapy was used as the initial antiviral treatment for 
recurrent disease after liver transplantation. Unlike this 
report, Ikegami and colleagues reported that 82% of 
patients achieved SVR after LDLT, however, 18% (2/11) 
of patients did not have previous IFN treatment history 
(5). Thus, based on the present study: 1) TVR-based 
triple therapy provided disappointing results for HCV-
positive recipients who did not respond to standard 
dual therapy, 2) TVR-based triple therapy could be 
performed safely in Japanese LDLT recipients but 
requires meticulous CNI management and will result in 
a high incidence of cytopenic events. 
 Previous reports in a DDLT setting demonstrated 

the efficacy of TVR-based triple therapy against HCV 
recurrence after liver transplantation. Pungpapong 
and colleagues (15) reported that 67% (14/21) of 
patients receiving TVR-based triple therapy achieved 
undetectable HCV-RNA levels at 24 weeks after 
finishing treatment without viral breakthrough. Another 
study described an SVR rate of 56% (5/9) (17). Coilly 
and colleagues (16) reported that a complete virologic 
response was obtained after 12 weeks of TVR-based 
triple therapy in 58% of patients treated with TVR. 
The end-of-treatment virologic response rate was 
40% (4/10) and 20% (1/5) of the patients achieved an 
SVR. In the present study, however, only 25% (2/8) 
of patients achieved HCV-negative status at the end of 
therapy. Accumulating reports from Western countries 
in a DDLT setting suggest the efficacy of triple therapy 
for recurrent hepatitis C with genotype 1b (3,15,16), 
but the present results demonstrated dismal results for 
non-responders to standard dual therapy. Documented 
drug-drug interactions with protease inhibitors have 
raised concerns about the safety of protease inhibitors 
in the post-transplant setting. In a previous study, TVR 
increased the area under the blood concentration time-
curve of cyclosporine by 4.6-fold, while tacrolimus 
led to a 70-fold increase (10). Hence, we, as other 
institutions, used cyclosporine rather than tacrolimus 
because of the relatively fewer drug-drug interactions. 
A key finding of the present study is that Japanese 
LDLT recipients could safely be managed with an 
initial 80% reduction of the CsA dose in adjusting the 
trough level of CsA during TVR administration. The 
dose reduction necessary to maintain the same trough 
level of CsA seems comparable to that recommended in 
Western DDLT populations (15). 
 As emphasized in other studies using TVR in the 
treatment of recurrent HCV after liver transplantation 
(3,15,16), the high frequency of hematologic adverse 
events is a major concern of TVR-based triple therapy, 
and is higher than that in the non-transplant population 
and more severe than that in the standard dual treatment 
among transplant recipients. In our study, 63% (5/8) of 
patients developed anemia requiring a blood transfusion 
and 50% (4/8) of patients developed leukopenia 
requiring filgrastim. The RBV dose was minimized 
(200 mg/day) from the beginning of the treatment in 
our protocol. Pungpapong and colleagues (15) similarly 
described that 46% (16/35) of patients required a 
packed red blood cell transfusion, 77% (27/35) required 
an erythropoiesis-stimulating agent for anemia, 
and 17% (6/34) required filgrastim for leukopenia. 
Accumulating preliminary reports (15) confirmed that 
the dose reductions of PEG- IFN and RBV are universal 
in triple therapy for posttransplant recipients. Although 
recent data suggest that the RBV dose can be lowered 
in nontransplant patients treated with TVR-based triple 
therapy without a loss of efficacy (18), the optimal 
doses of RBV and PEG- IFN for transplant recipients 

Figure 3. Changes in the estimated glomerular filtration 
rate (eGFR; mL/min/1.73 m2) during TVR-based triple 
therapy. Each solid gray to black line represents an individual 
patient.
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under triple therapy requires further study. 
 Another concern regarding antiviral treatment with 
TVR is its impact on renal function. Liver transplant 
recipients have impaired renal function, mainly due 
to long-term use of CNIs. In this study, the recipients 
showed impaired renal function with a mean eGFR 
of 53 mL/min/1.73 m2 at the beginning of the triple 
therapy. After initiating TVR-based triple therapy, the 
eGFR decreased in 63% (5/8) of patients within the 
first 4 weeks with a mean eGFR of 47 mL/min/1.73 m2. 
The pretreatment eGFR and that at the end of TVR-
based triple therapy, however, were not significantly 
different from each other. Similar reversible renal 
dysfunction during the TVR-based triple therapy was 
reported by Pungpapong and colleagues (15). Because 
TVR has never been reported to be nephrotoxic in non-
transplant setting trials, the renal impairment could be 
due to changes in CNI pharmacokinetics during triple 
therapy, despite strict CNI trough level monitoring and 
dose adjustment. 
 There are several limitations to our report. First, 
the main limitation is that treatment was arbitrarily 
performed for a small number of cases, which makes 
the data inadequate to support the findings. Second, in 
addition to the high rate of treatment discontinuation, 
the dose of TVR and RBV were unacceptably reduced 
to appropriately assess the efficacy of TVR. Third, 
none of the patients were naïve for antiviral treatment 
after transplant but were resistant to the standard dual 
treatment, making it difficult to compare the findings 
with those from other studies. In conclusion, we report 
our preliminary experience of triple therapy with TVR 
and PEG- IFN /RBV to treat recurrent HCV resistant 
to the standard dual treatment among Japanese LDLT 
recipients. The efficacy of TVR-based triple therapy 
was disappointing, and associated with difficulty 
controlling CNI trough levels and an unacceptable high 
rate of cytopenic events. Therefore, we conclude that 
TVR-based triple therapy is not indicated for those 
resistant to standard PEG/ IFN and RBV treatment. 
Recently, simeprevir, a new direct - acting protease 
inhibitor, was approved for clinical use in both the 
United States and in Japan. Preliminary reports indicate 
that simeprevir, when used in association with PEG- 
IFN /RBV among nontransplant patients, has a more 
potent effect for achieving SVR with fewer adverse 
events (19,20), and has no drug-drug interaction with 
CNIs (21). Triple therapy for recurrent HCV with 
simeprevir is currently under investigation in our 
institution.
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1. Introduction

More affordable international travel, the development 
of global trade and commerce, and the exporting of 
labor have all contributed to international population 
mobility. Migration is a major factor that has led to 
changes in infectious diseases, such as the reappearance 
of controlled malaria (1) and an increasing number of 
dengue outbreaks (2). 
 Every year, 20%-70% of travelers from the 
industrialized world to the developing world report 
travel-associated illness, including fever, diarrhea, 
dermatologic conditions (3). According to the China 

National Tourism Administration, more than 9.8 million 
Chinese traveled internationally in 2013, representing an 
increase of 18% from the figure in 2012. This indicates 
massive migration. The popularity of international 
travel is overshadowed by threats to travelers' health 
from imported infections and illness such as malaria, 
Chagas disease, African trypanosomiasis, leishmaniasis, 
toxoplasmosis, and babesiosis (4). According to the 
Canadian Travel Medicine Network, 90.3% of travelers 
in Canada acquired a travel-related arthropod bite, 
giardiasis, malaria, or strongyloidiasis from 2009 to 
2011 (5). Herbinger et al. also reported that travelers 
in sub-Saharan Africa had the highest relative risk of 
acquiring skin disorders (6). 
 In recent years, cutaneous myiasis, a type of 
skin lesion, often occurring among travelers, has 
garnered attention. This condition has been reported 
in several countries, including Spain (7), Japan (8), 
the UK (9), and the US (10). Twenty-nine cases 
of cutaneous myiasis were reported in China from 

Summary More affordable international travel, global trade and commerce, and the exporting of 
labor have all contributed to international population mobility. Furthermore, population 
migration leads to the incidence or recurrence of once-controlled diseases. Evidence shows 
that the popularity of travel can impact health through imported infections and illness. 
Imported cutaneous myiasis, a type of skin lesion, has attracted the attention of the current 
authors. This condition often occurs among travelers and it has been reported in several 
non-endemic countries. However, diagnosis of myiasis and identification of the larvae are 
difficult. Advances in molecular detection techniques could provide a new way to identify 
larvae. This study used sequencing of the 28S rRNA gene and morphology to identify the 
larva infesting the upper arm of a Chinese woman returning from Uganda. The larva 
was identified as Cordylobia anthropophaga (C. anthropophaga) and the sequences were 
submitted to GenBank (accession number: KM506761). As foreign interaction increases, 
imported health problems may become more common in China. Knowledge about various 
pathogens needs to be increased and molecular methods need to be used to accurately 
identify those pathogens.

Keywords: Larva, imported, molecular identification, morphology 
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1995-2001, occurring frequently in nomadic areas 
and most involved Hypoderma bovis, H. lineatum, 
or Gastrophilus nigricornis (11). Cutaneous myiasis 
caused by other species has seldom been reported in 
China. 
 Currently, methods for diagnosis of myiasis and 
identification of the larvae are limited to clinical 
manifestations, an epidemiological history, and 
morphology of the larvae or identification of the adult 
fly when the larvae mature. Nevertheless, identification 
could be indeterminate if a clear picture is unavailable. 
Advances in molecular detection techniques may 
provide a new way to identify larvae, particularly 
when the larvae are dead or only partially intact. The 
28S rRNA gene has been used as a genetic marker for 
molecular identification of larvae in Japan and Nigeria 
(8,12) but its use in China has never been reported. 
The current study used a new method of molecular 
identification to identify an ivory white worm from 
the upper arm of a Chinese woman who returned from 
Uganda.

2. Case presentation

2.1. General information

A 26-year old woman from Zhejiang Province, China 
travelled to Uganda for 10 days at the end of July 
2014. During her time in Uganda, the woman claimed 
to have suffered mosquito bites. When she returned 
to China, she noted swelling, slight itching, and pain 
from a bite on her left upper arm. A lesion appeared 
and then developed into a nodule approximately 2-3 
cm in diameter. In order to drain the nodule, the patient 
pressed hard on the lesion and she removed an ivory 
white worm. Swelling partially subsided the next 
day and the woman sent the worm to the Provincial 
Center for Disease Control and Prevention. A physical 
examination of the woman revealed a hard red nodule 
covered with a thin scab on the left upper arm (Figure 
1A). The woman was in good condition overall with 
no fever or lymphadenectasis. The patient was advised 
to dab iodine and erythromycin ointment onto the skin 
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Figure 1. Characteristics of a larva. (A) A furuncular lesion on the upper arm after the larva was removed; (B) Intact larva 
under the anatomical lens; (C) The larva's two black-toothed hooks; (D) Posterior spiracles under a light microscope.
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Local Alignment Search Tool (BLAST). The current 
sequences were subsequently submitted to GenBank 
and given the accession number KM506761.

3. How does infestation with C. anthropophaga 
happen?

Myiasis was first described by Hope in 1840 and refers 
to the infestation of human and vertebrate animal tissue 
by the larvae of Diptera (adult flies with two wings). 
Myiasis usually occurs in tropical and subtropical areas 
including Central America, South America, Africa, 
and the Caribbean Islands (13,14). Based on the site 
of infestation, myiasis is classified as cutaneous, 
enteric, ophthalmic, nasopharyngeal, auricular, oral, or 
urogenital (15). 
 Depending on the species of larvae responsible, 
cutaneous myiasis presents clinically in three main 
forms: furuncular, migratory, and wound myiasis (16). 
Furuncular myiasis is commonly caused by the larvae 
of Dermatobia hominis, Cordylobia anthropophaga (C. 
anthropophaga), Cuterebra spp., Wohlfahrtia vigil, and 
W. opaca (14). The geographic location of these larvae 
varies. As an example, Dermatobia hominis is common 
in Central and South America while C. anthropophaga 
is common in Tropical Africa (14,17).
 The Cordylobia genus, which falls under the 
family Calliphoridae, includes three species: C. 
anthropophaga, C. ruandae, and C. rhodhaini. All 
three of these species can cause furuncular myiasis 
but C. anthropophaga is the most common cause. C. 
anthropophaga is commonly known as the tumbu 
fly (14) and it infests a variety of different hosts but 
particularly rodents and dogs (17). The adult female C. 
anthropophaga lays batches of 100-300 eggs in sandy 
soil and damp clothing that are often contaminated with 
urine or feces. Humans are readily susceptible to the 
tumbu fly during the rainy season (17). When the host 
lays in sand or comes in contact with contaminated 
clothing, the larvae can approach and penetrate the skin 
unnoticed in 60 sec (17). In the current case, the larva 
may have penetrated the tissue via a lesion caused by a 

lesion. Three days later, the lesion scabbed and the 
swelling subsided. Ten days later, the nodule gradually 
disappeared. The patient developed no additional skin 
lesions.

2.2. Identification of the larva

2.2.1. Morphological identification

The larva was kept in normal saline so that it 
would remain alive when placed on a glass slide 
for morphological identification. The larva had a 
cylindrical body about 5 mm in length that was ivory 
white in color. Light microscopy revealed that the 
body of the larva had 10 segments and each segment 
had a number of black mucrones arranged uniformly 
in transverse rows (Figure 1B). In addition, a pair of 
black-toothed hooks was noted near the mouth (Figure 
1C). Distinctive posterior spiracles with two linear slits 
on each side were noted on the caudal region of the 
larva (Figure 1D). 

2.2.2. Molecular identification

DNA was gradually extracted from the larva with 
a QlAamp DNA Mini kit (Qiagen, Germany) in 
accordance with the manufacturer's instructions. 
Nested PCR amplification of the 28S rRNA gene 
was performed with uniquely designed primers 
(Figure 2A). Two successive runs of nested PCR 
were both carried out under the following conditions: 
initial denaturation at 94°C for 5 min, 30 cycles of 
denaturation at 94°C for 30 sec, annealing at 60°C for 
30 sec, and elongation at 72°C for 2 min, followed by 
a final elongation step at 72°C for 5 min. Amplified 
target fragments were verified using 1.5% agarose gel 
electrophoresis (Figure 2B). The PCR product was 
purified and bi-directionally sequenced by BGI, China. 
The sequences had 99% (918/919) similarity to partial 
28S rRNA gene sequences from C. anthropophaga in 
the GenBank database (isolated by Yaounde in 1999, 
accession number: AJ551432) according to the Basic 

Figure 2. PCR amplification of the 28S rRNA gene. (A) Primers for PCR identification; (B) Agarose gel electrophoresis of the 
PCR product.
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mosquito bite. The larval infestation causes a protruding 
lesion below the skin and the host may feel pain of 
varying degrees. If the host is not treated, the mature 
larva will emerge from the skin, fall to the ground, and 
pupate in 8-12 days (18).

4. Challenges in identification

Outside endemic regions, diagnosis of imported illness 
is challenging and requires experienced specialists. 
Identification of larvae is also demanding and requires 
specialists in parasitology and entomology. When 
travelers with symptoms seek care after they return 
from endemic areas, their travel history can easily be 
overlooked by both doctors and patients. Moreover, 
a lack of knowledge and experience on diagnosing 
imported illness of part of doctors often results in 
failure to identify the parasite responsible. However, 
molecular identification requires few specific skills 
related to morphology and can easily be performed by 
most hospitals in China.
 This study described a typical case of furuncular 
myiasis caused by C. anthropophaga. To the extent 
known, few studies in China have described the 
identification of myiasis based on molecular methods 
and morphology. Sequencing of the 28S rRNA gene of 
the larva provides a simpler method of diagnosis and 
provides better evidence than morphology. 
 Given the potential for an increase in imported 
health problems in China, both doctors and CDC 
personnel should pay more attention to these rare 
microorganisms and parasites. Knowledge about 
various pathogens needs to be increased and accurate 
methods of molecular identification need to be used 
to identify these pathogens. These steps should help 
patients receive adequate and timely treatment and 
result in a good prognosis.
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1. Introduction

The typhoon stroked the Philippines on November 
8, 2013, which was the strongest in local history, 
causing massive destruction and 25 million people 
were affected. More than 5,000 people were confirmed 
dead, and many others had lost their homes (1). Health 
facilities were damaged or completely destroyed across 
large swathes of the affected regions, and, as a result of 

the breadth and severity of the storm, health services 
in the worst affected areas have ceased to exist or have 
been severely stretched, with medi¬cal supplies in very 
short supply.
 Following Typhoon Haiyan, the World Health 
Organization (WHO) has been supporting the 
Government of the Philippines in coordinating the 
incoming relief supplies from more than 30 international 
humanitarian health organizations. 
 After the disaster, a national medical rescue team 
consisting of 50 experts specialized in clinical medicine 
and disease prevention and control was organized 
by Chinese government, which arrived in Abuyong, 
Philippines to provide medical rescue to the hospitals 
in Abuyong, where the local medical system has been 
paralyzed, and the only local hospital does not have 
the ability to admit patients after Haiyan. During the 
10 days in Abuyong, measures of medical treatment, 
environmental disinfection and health education, 

Summary Following Typhoon Haiyan, the World Health Organization (WHO) has been supporting 
the Government of the Philippines in coordinating the incoming relief supplies from 
more than 30 international humanitarian health or¬ganizations. During the 10 days in 
Abuyong, Philippines, the Chinese medical rescue team consisting of 50 experts specialized 
in clinical medicine and disease prevention and control action was taken including, medical 
treatment, environmental disinfection and health education. A total of 1,831 cases and 
2,144 outpatients were treated, blood tests, B-ultrasound, electrocardiogram (ECG) and 
other laboratory examinations were carried out for more than 615 patients; a cumulative 
90,000 square meters in external environment were disinfected, and more than 500 health 
education materials were handed out. Besides, measures of purifying drinking water, and 
rebuilding the local hospital have also been carried out. The international emergency 
response to the Haiyan typhoon in Philippines contributed to reconstruct the local disaster 
health system by the activities from international medical emergency rescue. To improve 
the capacity of international medical emergency rescue in disaster, the special project of 
foreign medical emergency rescue should be set in countries' medical emergency rescue, 
and disaster emergency medical rescue should be reserved as a conventional capacity.

Keywords: Medical emergency rescue, typhoon, disaster, emergency response
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purifying drinking water, and rebuilding the local 
hospital were carried out by our team.

2. Medical emergency rescue measures

Medical treatment  In Abuyong, common clinical 
projects and public health programs were carried out 
by our team. According to the needs of the local health 
system, we set up pediatrics, obstetrics and gynecology 
departments, respiratory medicine, orthopedics, infection, 
as well as blood tests, B-ultrasound, electrocardiogram 
(ECG) and other ancillary departments. A sterile room 
was set up, the room and medical equipment were 
carefully disinfected using adenosine triphosphate (ATP) 
bioluminescence assay to detect infection during surgery 
- 11 times forceps and 6 times surgical scissors were 
sampled before surgery, which showed that the forceps 
surface fluorescence was four times 1 relative light unit 
(RLU), and the remaining test results were 0 RLU, which 
was in line with requirements.
 During the 10 days of joint operation, we provided 
medical assistance to about 200 patients per day, and a 
total of 1,831 cases and 2,144 outpatients were treated 
(Figure 1). Among the diseases diagnosed, the top 5 
were tuberculosis, upper respiratory tract infection, 
skin infection, pregnancy and scabies (Figure 2). The 
blood tests, B-ultrasound, ECG and other laboratory 
examinations were carried out for more than 615 
patients; by effective disinfection of operating room and 
medical equipment, 26 units of surgical operations were 
conducted successfully. Because of the large amount of 
patients, drugs we brought were not enough. So after 
consulting the embassy staff, many common drugs were 
bought, such as cloxacillin, erythromycin, paracetamol, 
amoxicillin, paracetamol, cotrimoxazole, and povidone 
iodine, mediplast, needles.
 Besides, we also gave some guidance to the 
hospitals in Abuyong on the aspects of disinfection 
of medical pre-screening of clinics, obstetrics and 
the operating room, especially disinfecting support 
for the first medical surgery, disinfection testing, 

and sterilization of surgical instruments to prevent 
nosocomial infections.
 Environmental disinfection and health education 
Microbiological indicators on surroundings were 
monitored by ATP bioluminescence assay of medical 
equipment and surgical instruments, while the quality of 
water was detected using a chlorine analyzer (H293711, 
Italy HANA) and density of mosquitoes was measured 
by visual method in the external environment (Figure 
3). With one effervescent tablet (500mg/tablet) plus 1L 
water to allocate 500mg/L of disinfectant for residual 
spraying, and treatment tablets and medical instruments 
with wipe disinfection; and added chlorine to water 
which had inadequate residual chlorine by detection; the 
external environment insecticide used was deltamethrin 
(content of 2.5%, EC, Bayer UK). A cumulative 
90,000 square meters in the external environment were 
disinfected, besides, more than 500 health education 
materials were handed out, which effectively prevented 
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Figure 1. The first case of hip tumor resection carried out 
by Chinese medical rescue team.

Figure 2. The team member disinfected and used 
insecticide around the camp.

Figure 3. Classification of patients for the Chinese 
emergency rescue team diagnosis and treatment in 
Abuyong.
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Chinese Government and many departments, including 
the Embassy, the Civil Aviation Bureau, the Customs 
Head Office, and General Administration of Quality 
Inspection. They facilitated material preparation, 
charter transportation and so on. Specific workers are 
assigned to accompany the medical team, help contact 
our own country and communicate with the local 
people. With their help, our medical team members 
could communicate fluently with the local government, 
local people and local army, and then participate in 
disaster relief activities together, which have improved 
efficiency and effectiveness of relief activities, as well 
as safety of the medical team. 
 Our experience suggests that the WHO guidelines 
(2) are sound and appropriate when there is a total 
collapse of the local medical infrastructure. When 
the local medical system was in paralysis or semi 
paralyzed, the cooperation between the rescue teams 
from other countries and the local medical institutes can 
help gain confidence of the local people to the foreign 
rescue teams on one hand, and on the other hand, the 
cooperation could contribute to the recovery of the local 
medical system. 
 In international rescue especially in typhoon rescue, 
the water would always be polluted. When self-brought 
water could not satisfy need during the long period of 
rescuing, turbidity meter and total chlorine meter could 
be used to test the total particulate matter and the total 
chlorine quickly. It would be easy to satisfy the need 
in a disaster area, if we filter the local water with PP, 
activated carbon and gradocol membranes.
 The devastation in the Philippines is only one of 
many recent examples of destruction from weather 
phenomena (3), a special project of international medical 
emergency rescue should be set in countries' medical 
emergency rescue, and disaster emergency medical 
rescue should be reserved as a conventional capacity. 
Unfortunately, lopsided development of medicine is 
generally worldwide. Some countries with a low-level 
medical system are always subjected to natural disasters. 
They are not always capable of carrying out rescues. In 
such situations, border countries or even some developed 
countries should carry out international medical 
emergency rescue. With the development of international 
communication, such foreign medical emergency 
rescue would increase. Thus, medical emergency relief 
teams with miniaturized and portable equipment, with 
a capability of distant transportation and with standard 
logistic support should be built. When disasters happen, 
one country should bear the social and public opinion on 
long - term development with border countries in mind 
and act according to its ability. 
 We should also point out that there are still some 
shortages of Chinese medical rescue teams which 
have to improve the capacity of its own for all the 50 
medical rescue staff - there are only 6 professional 
public health experts (6/50), who play an important role 

the occurrence of infectious diseases after Haiyan.
 Purifying drinking water  Because of Haiyan, 
running water, electricity, and communication were all 
interrupted, and there was a lack of enough drinking 
water. Thus, we immediately communicated with the 
local residents after arrival, and found that drinking 
water was mainly from wells and rivers without special 
disinfection. In addition, it was rainy season at that 
time when the amount of rain was three times more 
than normal per day. To ensure enough clean and 
healthy drinking water, chlorine was added and timely 
detected in water. The turbidity of untreated water was 
3.62, with total chlorine zero. After estimation of the 
size and depth of the well, 30 disinfection tablets were 
put in, then we purified the water by polypropylene 
cotton, activated carbon and ultra filtration; after these 
measures, the turbidity of water declined to 0.2. As 
local residents and us shared the same well and did 
not like the sense of chlorine, we controlled the total 
chlorine to less than 0.2. Until December 1st, luckily 
local residents did not object drinking water with 
chlorine. When local residents got used to the sense, we 
increased the amount of disinfection tablets to 0.3 in tap 
water. 
 Rebuilding the the local hospital  Because of the 
impact of the typhoon, the only one hospital - Abuyong 
Aeneral Hospital in Abuyong was on the verge of 
paralysis. The diagnostic equipment in hospital cannot 
work because of lack of power, which also brought 
great difficulty for rebuilding the local hospital system. 
On the recommendation of the local government, we 
took over the local hospitals to gradually restore their 
treatment capacity. We helped and trained them to carry 
out medical work after the disaster, when they had no 
drugs, no instruments and irregular medical materials, 
and also when we evacuated from Abuyong, we donated 
lots of prerequisite materials and medical supplies, such 
as generators, medical monitors, ECG, clinical urinary 
analyzers, infrared thermometers, oxygen generators, 
suction equipment, glucometers and operation lamps, 
disposable surgical packages, disposable surgical 
gowns, infusion apparatus, N95 masks, disposable latex 
gloves and a large quantity of pharmaceuticals.

3. Discussion

From SARS (2003) to Wenchuan earthquake (2008), 
from Yushu earthquake (2010) to Ludian earthquake 
(2014), from the supporting medical team fighting 
against Haiyan typhoon in Philippines in 2013 and that 
for Ebola in Africa in 2014, the Chinese rescue teams 
against public disasters have made great progress and 
played a more important role, not only for national 
medical emergency rescue, but also for international 
public health emergency rescue.
 This international medical aid to the Haiyan 
typhoon in Philippines gained much support from the 
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in guaranteeing the public health of a rescue camping 
site (safety of drinking water and food, density control 
of vectors, etc.). Due to limited human resources and 
the local special environment, we could not be able to 
launch large-scale help in the rescue area, including 
case searching, safety of drinking water and food and 
other public health work.
 Of course, we have shortages in collected data, 
which were produced during the process of rescue, 
such as, we do not have the density data of mosquitos 
before insecticide use, we also did not calculate the 
amount of disinfectant to use every day for living water 
disinfection.
 In conclusion, the international emergency response 
to the Haiyan typhoon in Philippines contributed to 
reconstruct the local disaster health system by measures 
from international medical emergency rescue. To 
improve the capacity of international medical emergency 
rescue in disasters, the special project of international 

medical emergency rescue should be set in countries' 
medical emergency rescue, and disaster emergency 
medical rescue should be reserved as a conventional 
capacity.
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