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Combined low miRNA-29s is an independent risk
factor in predicting prognosis of patients with
hepatocellular carcinoma after hepatectomy
A Chinese population-based study
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Abstract
The prediction of prognosis of hepatocellular carcinoma (HCC) following partial hepatectomy is still an unresolved issue. The aim of
this study is to identify the association betweenmiRNA-29s family and the prognosis of patients with HCC in a large Asian cohort. We
retrospectively reviewed 122 patients with HCC managed in our institution between 2008 and 2015. The expression of miRNA-29s
was detected by real-time polymerase chain reaction (PCR). Prognostic factors were evaluated using Kaplan–Meier curves and Cox
proportional hazards models. For the entire cohort of 122 patients, the normalized real-time PCR results showed that miRNA-29s
(miR-29a, miR-29b, andmiR-29c) were deregulated in tumor tissues as compared with corresponding nontumorous tissue samples.
We then performed survival analysis to investigate the prognostic value of miRNA-29s. We found that low miR-29b was associated
with a decreasing 5-year overall survival (OS) rate from 70.2% to 39.1% and low miR-29c was associated with a decreasing 5-year
OS rate from 53.6% to 23.7%.We further conducted multivariate Cox proportional hazards analysis adding the variable of combined
lowmiR-29b and lowmiR-29c. The results demonstrated that combined lowmiR-29b and miR-29c was an independent prognostic
factor of patients with HCC. In conclusion, we found that the miRNA-29s were down-regulated in tumor tissues as compared with
corresponding nontumorous tissue samples. Combined low miR-29b and miR-29c was an independent prognostic factor of
patients with HCC.

Abbreviations: AFP = alpha-fetoprotein, CT = computed tomography, HCC = hepatocellular carcinoma, HR = hazard ratio,
miRNAs = microRNAs, MRI = magnetic resonance imaging, OS = overall survival, PCR = polymerase chain reaction, ROC =
receiver-operating characteristic, SD = standard deviation, TNM = tumor-node-metastasis.
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1. Introduction

Hepatocellular carcinoma (HCC) is the 5th most frequently
diagnosed cancer worldwide and the 3rd most frequent cause of
cancer death,[1] with the highest incidence in Asian and especially
in China.[2] Partial hepatectomy remains the most commonly
used curative therapy modality for HCC.[3] Although the
prognosis of patients with HCC has been improved recently,
the survival outcomes of patients with HCC following surgical
resection may vary, as several factors are associated with the
prognosis of HCC, including completeness of tumor removal,
serum alpha-fetoprotein (AFP) levels, tumor size, tumor multi-
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focality, microvascular or macrovascular invasion, distant
metastases, etc.[4,5] The poor prognosis of patients with HCC
is attribute to the lack of effective means of prognosis prediction.
Few patients underwent tumor recurrence monitoring based on
the prognostic factors. Discovery of an effective and reliable
modality would play a pivotal role in improving the prognosis of
patients with HCC.
MicroRNAs (miRNAs) are emerging as a new class of

regulatory molecules involved in numerous biologic processes.[6]

MiRNAs are a large class of small, noncoding, single-stranded
RNAs, 19 to 23 nucleotides in length, and constitute a novel class
of gene regulators.[7] By targeting multiple transcripts, miRNAs
are involved in biological processes including cell differentiation,
proliferation, apoptosis, and metastasis.[8] miRNA deregulation
is a common feature of human malignancies as they control the
expression of oncogenes or tumor suppressors acting as onco-
miRNAs or tumor suppressor miRNAs themselves.[9]

The human miRNA-29 family, which has 3 main members
including miR-29a, miR-29b, and miR-29c, plays crucial role in
variety of pathophysiological processes. This group of miRNAs
has been extensively studied and has been shown to be down-
regulated in several cancers, such as gastric, peripheral nerve
sheath tumors, esophageal squamous cell carcinoma, melanoma,
breast cancer, and others.[10,11] Fabbri et al[12] demonstrated that
expression of miR-29a, miR-29b, and miR-29c is down-
regulated in nonsmall cell lung cancer. Plaisier et al[13] found
that the miR-29 family inhibited specific genes associated with
invasion and metastasis of lung adenocarcinoma. In a variety of
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Table 1

Clinicopathological characteristics (N=122).

Variables Number/median %

Age, y (median range) 50.6±8.6 (11–78) —

Gender
Male 87.0 71.3
Female 35.0 28.7

HBsAg
Positive 75.0 61.5
Negative 47.0 38.5

HBeAg
Positive 64.0 52.5
Negative 58.0 47.5

HBV-DNA
<103 copies/mL 72.0 59.0
>103 copies/mL 50.0 41.0

TBL, mmol/L 19.1±12.6 —

ALB, g/dL 40.5±5.3 —

ALT, U/L 51.3±34.6 —

PT, s 12.8±1.2 —

PLT, �109/L 123±61 —

AFP, ng/mL
>400 62.0 50.8
�400 60.0 49.2

Blood transfusion
Yes 25.0 20.5
No 97.0 79.5

Edmondson–Steiner grade
III or IV 76.0 62.3
I or II 46.0 37.7

Cirrhosis
Yes 70.0 57.4
No 52.0 42.6

Tumor encapsulation
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malignant tumors, the decreased expression of miR-29c led to
the dysregulation of its downstream target genes that were
involved in epigenetic modification, metastasis, and cell prolifer-
ation.
With respect to patients with HCC, there were few studies

focusing on miRNA-29s roles in the pathogenesis and prognosis
of patients with HCC after hepatic resection. Based on the crucial
roles of miRNA-29s family in various cancers, we detected the
expression of miRNA-29s in patients with HCC and identified
the association between miRNA-29s family and the prognosis of
patients with HCC in a large Asian cohort of a single institution.
We also aimed to explore the interaction of miRNA-29s with
other independently risk factors in the process of affecting
prognosis of HCC.

2. Materials and methods

2.1. Patients and tissue samples

A total of 122 patients with primary HCC who underwent a
curative liver resection were included in this retrospective study.
These patients were diagnosed as HCC in Department of
Hepatobiliary and Laparoscopic Surgery, Renmin Hospital of
Wuhan University. The tissues were immediately frozen in liquid
nitrogen after surgical removal and stored at �80°C until use.
HCC diagnosis was based on World Health Organization
criteria. Tumor staging was determined according to the 6th
edition of the tumor-node-metastasis (TNM) classification of the
International Union against cancer. The characteristics of
patients were shown in Table 1. The study was approved by
the Research Ethics Committee and Informed consent was
obtained from all patients.
No (no or part) 65.0 53.3
Yes (complete) 57.0 46.7

Tumor diameter (<5 cm)
Median diameter, cm
�5 77.0 63.1
>5 45.0 36.9

MiRNA-29a
High 70.0 57.4
Low 52.0 42.6

MiRNA-29b
High 26.0 21.3
Low 96.0 78.7

MiRNA-29c
High 79.0 64.7
Low 43.0 35.3

Microvascular invasion
Yes 76.0 62.3
No 46.0 37.7

Tumor number
Multiple 23.0 18.9
Solitary 99.0 81.1

AFP= alpha-fetoprotein, ALB= albumin, ALT= alanine aminotransferase, HBV = hepatitis B virus,
PLT=blood platelet, PT=prothrombin time, TBL= total bilirubin.
2.2. Diagnosis and treatment

After a detailed history and a thorough physical examination,
blood was collected for liver function test and tumor markers.
Contrast-enhanced computed tomography (CT) and/or magnetic
resonance imaging (MRI) was used to confirm the TNM staging
at diagnosis.
Liver resection was carried out, taking note of the tumor

diameter, location, tumor extension, and estimated volume of the
remaining liver. Liver resection was performed following
Couinaud segments, sectors, and hemilivers.

2.3. RNA extraction and miRNA quantification

Total RNA was extracted from fresh frozen tissues using Trizol
(Invitrogen, Carlsbad, CA) following the manufacturer’s proto-
col; 100 to 150mg tumor tissue and nontumor tissue were used to
extract RNA. We typically extracted 2 to 9mg of total RNA, and
OD260/280 ratios typically ranged from 1.8 to 2.0, indicating
high RNA purity; 10 ng of total RNA was used for each miRNA
quantification. miRNA detection was performed run on the
Eppendorf Mastercycler EP Gradient S (Eppendorf, Germany)
using commercial assays (TaqMan microRNA assays; Applied
Biosystems, Foster City, CA) for miRNAs. Relative quantifica-
tion was calculated using 2�DDCt, where Ct is cycle threshold.
Normalization was performed with universal small nuclear RNA
U6 (RNU6B). Each sample was examined in triplicate, and the
mean values were calculated. mRNA levels in tumor samples/
nontumorous samples of 0.5-fold were defined as under-
expression of the gene, whereas a ratio of 2.0-fold was defined
as over-expression.
2

2.4. Follow-up

Postoperative serum AFP and abdominal ultrasound were carried
out in all patients monthly. Patients received abdominal contrast-
enhanced CT scan or MRI once every 3 months in the first 2 years
after surgery, and once every 6 months thereafter. Further
investigations were carried out when clinically indicated or when
tumor recurrence was suspected. Outcome definitions: Complete



Table 2

Descriptive survival statistics.

Variables 1-y OS, % 3-y OS, % 5-y OS, %

Overall 87.5 53.3 44.1
AFP, ng/mL
�400 90.3 63.4 53.4
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resection was defined as resection of all tumor sites on the basis of
surgical findings and postsurgical images. Overall survival (OS) was
defined as the period from the date of surgery until death or last
contact. Patients who did not experience an event were censored on
thedate of last contact.OSwasdefinedas the period from thedateof
surgery until an occurrence of death or last contact.
>400 84.5 44.4 34.3
Median diameter, cm
�5 96.1 63.1 53.1
>5 72.4 36.3 28.6

Microvascular invasion
Yes 95.5 65.6 57.1
No 80.1 45.9 34.4

Tumor number
Solitary 88.7 56.5 48.7
Multiple 78.1 39.7 24.8

MiRNA-29a
High 78.6 52.6 46.9
Low 68.4 50.4 41.6

MiRNA-29b
High 94.7 76.8 70.2
Low 83.4 54.2 39.1

MiRNA-29c
High 96.5 64.7 53.6
Low 81.2 43.2 23.7

AFP= alpha-fetoprotein, OS=overall survival.
2.5. Statistical analysis

Continuous variableswere expressedasmean± standarddeviation
(SD) and compared using a 2-tailed unpaired Student t test;
categorical variables were compared using x2 or Fisher analysis.
The cut-off of AFP level was defined by the receiver-operating
characteristic curve analysis.[14] Life-table estimates of survival
time were calculated according to the Kaplan–Meier methodolo-
gy.[15] The Greenwood formula was used for the SD. A Cox
proportional hazards regression approach[16] was chosen for the
evaluation of OS as the primary end-point. Potential prognostic
variables were analyzed both univariately with 1 factor taken at a
time, and then in a multivariate model combining all factors.
Results were showed as hazard ratios (HRs) and their 95%
confidence intervals. An HR > 1 indicated an elevated risk with
respect to the reference category. A confidence interval which did
not include the value 1 indicated statistical significance at the 5%
level. It shouldbenoted that thiswasa retrospective evaluation and
therefore statistical significance shouldbe interpretedwith caution.
All statistical evaluations were carried out using SPSS software
(Statistical Package for the Social Science, version 15.0, SPSS Inc.,
Chicago, IL). A value of P< .05 was considered to be statistically
significant in all the analyses.

3. Results

3.1. Patients’ characteristics

One hundred twenty-two patients with HCC after hepatectomy
were recruited into this study. The median follow-up was 6.5
Figure 1. miR-29a (A, B), miR-29b (C, D), andmiR-29c (E, F) expressions in tumor
chain reaction quantitation.

3

years (ranging from 6.2 months to 8.2 years). The baseline
characteristics of patients at diagnosis were summarized in
Table 1. Overall, most patients were male (M:F=2.49:1). Most
patients had tumor size <5 cm (63.1%), microvascular invasion
(62.3%), and solitary tumor (81.1%). The under-expression of
miR-29a, miR-29b, and miR-29c was 42.6%, 78.7%, and
35.3%, respectively.
and nontumorous tissues detecting by relative reverse transcription polymerase
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3.2. The expression of miRNA-29 family members was
significantly down-regulated in human HCC tissues

We detected miRNA-29s levels in 30 paired tumor and nontumor
tissues of patients with HCC after hepatectomy. The normalized
real-time PCR results showed that all 3 miRNAs (miR-29a, miR-
29b, and miR-29c) were deregulated in tumor tissues as
compared with corresponding nontumorous tissue samples
(P< .01, showed in Fig. 1).

3.3. Survival descriptions with different risk factors

For all 122 patients, the overall 1-, 3-, and 5-year OS were
87.5%, 53.3%, and 44.1%, respectively (Table 2). Descriptive
survival statistics and Kaplan–Meier curves suggested that AFP
levels > 400 ng/mL, tumor size > 5cm, microvascular invasion,
tumor multifocality, and low expression of miR-29b and miR-
29c had prognostic significance in this relatively selected cohort
Figure 2. Overall survival estimates. (A) The overall survival curves stratified by AFP
(C) the overall survival curves stratified byMVI (P= .009); (D) the overall survival curve
miR-29b levels (P= .020); and (F) the overall survival curves stratified by miR-29c

4

(Fig. 2). Low expression of miR-29a showed no significantly
prognostic value (not shown). AFP > 400 ng/mL was associated
with a decreasing 5-year OS rate from 53.4% to 34.3% (P= .010,
Fig. 2A). Tumor size >5cm was associated with a decreasing 5-
year OS rate from 53.1% to 28.6% (P< .001, Fig. 2B).
Microvascular invasion was associated with a decreasing 5-year
OS rate from 57.1% to 34.4% (P= .009, Fig. 2C). Multiple
tumors was associated with a decreasing 5-year OS rate from
48.7% to 24.8% (P= .036, Fig. 2D). Low miR-29b was
associated with a decreasing 5-year OS rate from 70.2% to
39.1% (P= .020, Fig. 2E). Low miR-29c was associated with a
decreasing 5-year OS rate from 53.6% to 23.7% (P= .012,
Fig. 2F). After that we performed further analysis to combined
low miR-29b and low miR-29c as 1 predictor. Survival analysis
showed that combined low miR-29b and low miR-29c was
associated with a decreasing 5-year OS rate from 51.7% to
30.5% (P= .006, Fig. 3).
levels (P= .010); (B) the overall survival curves stratified by tumor size (P< .001);
s stratified by tumor number (P= .036); (E) the overall survival curves stratified by
levels (P= .012). AFP = alpha-fetoprotein, MVI = microvascular invasion.



Figure 3. Overall survival curves stratified by combined low miR-29b and miR-
29c levels (P= .006).
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3.4. Cox proportional hazard analysis

Cox proportional hazard models were then used to quantify the
prognostic significance of risk factors after multivariable
adjustment. A multivariable analysis was performed to assess
the factors that demonstrated significant effects as in univariate
analysis. We identified that AFP levels >400 ng/mL, tumor size
>5cm, microvascular invasion, tumor multifocality, and low
expression of miR-29b and miR-29c were associated with a
worse prognosis in the univariable analysis. After adjusting for
competing risk factors, we found that low expression of miR-29b
(HR: 1.269, P= .067) and miR-29c (HR: 1.179, P= .102)
showed no significantly prognostic value in the multivariable
adjusted analysis (Table 3). We believed that some interaction or
collinearity existed among these 2 variables or with other
significant factors. We further conducted multivariate Cox
proportional hazard analysis adding the variable of combined
low miR-29b and low miR-29c. The results demonstrated that
combined low miR-29b and miR-29c (HR: 2.561, P= .012) was
an independent prognostic factor of patients with HCC (Table 3).
4. Discussion

Although the prognosis of patients with HCC had been improved
since multiple therapeutic modalities had been applied, the OS
was still unsatisfied.[17,18] Many risk factors were associated with
the prognosis of patients with HCC after hepatectomy.[19,20]

Based on Asian population, researchers had confirmed prognos-
Table 3

Multivariable Cox proportional hazard analyses.

OS

Variables HR 95% CI

AFP >400, ng/mL 2.104 1.251–3.284
Microvascular invasion 1.932 1.424–3.219
Tumor number 1.977 1.431–3.093
Tumor size >5 cm 2.671 1.763–6.572
Low miRNA-29b 1.269 0.858–1.724
Low miRNA-29c 1.179 0.803–1.682
Combined low miR-29b and miR-29c — —

AFP= alpha-fetoprotein, CI= confidence interval, HR = hazard ratio, OS = overall survival.
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tic factors including AFP levels, vascular invasion, tumor
metastases, multiple tumors, and other clinicopathological
features. Besides with these factors, many novel biomarkers
had been investigated and explored.[21,22] However, the predic-
tion of prognosis of patients with HCC following partial
hepatectomy is still an unresolved issue.
MiRNAs could bind to complementary sites on the 30

untranslated region of target genes, and consequently regulate
post-transcriptional gene expression by mRNA degradation and
translational repression.[6,9] The role of miRNAs in cancer has
often been discussed. There is increasing evidence that miRNAs
widely participate in the regulation of oncogenes or tumor
suppressors in cancer.[23,24] A growing amount of evidence has
suggested that miRNAs play important roles as prognostic and
predictive biomarkers in cancers.[25,26] Recent studies demon-
strated that the miR-29 family is involved in many diseases and
pathophysiological processes. For example, miR-29 was found to
play an important role in aneurysm formation,[27] systemic
sclerosis,[28] preeclampsia,[29] and irritable bowel syndrome,[30]

and also was found to have an impact on pathophysiological
processes of liver fibrosis,[31] cardiac fibrosis,[32] renal fibrosis,[33]

and myocardial ischemia–reperfusion injury.[34] More and more
research indicates that miR-29 participates in the processes of
apoptosis, proliferation, and epithelial–mesenchymal transition
in cancer.
In the present study, our results showed that miRNA-29s were

under-regulated in tumor tissues as compared with correspond-
ing nontumorous tissue samples. Moreover, we found that low
miR-29b was associated with a decreasing 5-year OS rate from
70.2% to 39.1% and low miR-29c was associated with a
decreasing 5-year OS rate from 53.6% to 23.7%, respectively.
We further conducted multivariate Cox proportional hazard
analysis after combined low miR-29b and low miR-29c as 1
variable. The result demonstrated that combined low miR-29b
and miR-29c was an independently prognostic factor of patients
with HCC.
To the best of our knowledge, there are many recognized

prognostic and predictive markers for HCC, including several
clinicopathological features and serum biomarkers. The present
study is the first to explore the potential implications for miRNA-
29s related to HCC prognosis. Meanwhile, there are limitations
of this study: the study was based on the data of Chinese patients
with a majority background of HBV infection. There were many
background factors influencing this disease including alcohol
consuming, virus hepatitis, obesity, and type 2 diabetes mellitus.
Further studies were needed to take these factors into
consideration; in this study, there were 70 (57.4%) patients
with cirrhosis which progressed into HCC. Whether the
OS

P HR 95% CI P

.004 2.219 1.439–4.736 .011

.011 2.204 1.378–5.127 .008

.007 1.853 1.272–3.639 .014

.002 2.251 1.371–4.682 .001

.067 — — —

.102 — — —

— 2.561 1.158–4.182 .012
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expression of miRNA-29s influenced by cirrhosis, stratified
studies were needed though we performed multivariate analysis;
and this is a retrospective study and the sample size is small,
further studies with larger samples or multicenters are needed.
In conclusion, this study showed that the miRNA-29s were

down-regulated in tumor tissues as compared with correspond-
ing nontumorous tissue samples. Combined low miR-29b
and miR-29c was an independent prognostic factor of patients
with HCC.
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