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Abstract: MicroRNAs (miRNAs) are associated with human carcinogenesis and tumor development. Moreover, se-
rum miRNAs can reflect the level of tissue miRNAs and be potential tumor markers. Serum microRNA-21 (miR-21) 
is overexpressed in many human cancers including hepatocellular carcinoma (HCC). However, how serum miR-21 
changes during the HCC formation and whether miR-21 plays a regulatory role in this whole process are unknown. 
The current study evaluated the prognostic and diagnostic potential of serum miR-21 in HCC patients. Next, we es-
tablished a HCC rat model and collected the blood and liver tissues at regular time points. AFP from the serum, RNA 
from the serum and liver tissues were collected and quantified separately. The results revealed that tissue and se-
rum miR-21 was upregulated significantly in the groups of cirrhosis, early and advanced HCC compared with normal 
and fibrosis groups. The AFP levels were increased in early and advanced HCC compared with other groups. Then, 
the changes of miR-21 downstream proteins (i.e., programmed cell death 4 [PDCD4] and phosphatase and tensin 
homolog [PTEN]) in the liver tissues were measured. PDCD4 and PTEN expression was decreased gradually after 
tumor induction and negatively correlated with miR-21 expression. All these results suggested that serum miR-21 
was associated with the prognosis of HCC; the changes in serum miR-21 were earlier and more accurately reflected 
the pathogenesis of HCC than AFP; therefore, it could be used as an early diagnostic marker for HCC. Our in vivo 
experiments further confirmed that miR-21 plays an important role in promoting the occurrence and development 
of HCC by regulating PDCD4 and PTEN.
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Introduction

Hepatocellular carcinoma (HCC) is one of the 
most severe gastrointestinal cancers in hum- 
ans, and has the second highest mortality rate 
among malignant tumors in China [1]. Because 
of the rapid carcinogenesis and initially asymp-
tomatic development of HCC, most patients 
have a limited number of therapeutic options at 
the time of diagnosis [2, 3]. Therefore, studies 
on early diagnostic strategies and the treat-
ment of HCC have been the focus of major 
research efforts in the field. Alpha-fetoprotein 
(AFP) is a commonly used tumor marker for the 
early screening of primary HCC. However, not 
all patients with primary HCC have elevated 

AFP levels: ~30% HCC patients have normal 
AFP levels, and its false-positive rate can reach 
~40%.

In recent years, serum microRNAs (miRNAs) 
have received increasing attention from medi-
cal workers. miRNAs are a class of endogenous 
non-coding small RNA molecules sized ~19-25 
nucleotides that regulate gene expression by 
interacting with the 3’ non-translated regions of 
mRNA [4]. They play an important role in cell 
growth, proliferation, and apoptosis [5-7].

miRNAs are potential diagnostic markers for 
cancer [8]. To date, studies have reported the 
detection of miRNAs in many tumor tissues. In 
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addition, circulating miRNAs are potential mark-
ers for the diagnosis and prognosis of many dis-
eases [9-12]. Many scientists believe that 
tumor-derived miRNAs levels are stable in the 
blood and protected from endogenous RNA 
enzymes activity [13]. However, it is unclear 
whether the circulating form of miRNAs accu-
rately reflects miRNAs levels in tumor tissues. 
No systematic study has quantified circulating 
miRNAs during the occurrence and develop-
ment of HCC. Monitoring the variations in circu-
lating miRNA levels is believed to be very impor-
tant, and is the most direct and easiest method 
for disease diagnosis. Therefore, studying the 
correlation between the variations in circulat-
ing miRNAs during disease progression co- 

many malignant tumors [14-17]. The abnormal 
expression of serum miR-21 has been con-
firmed in many malignant tumors including glio-
ma, ovarian cancer, gastric cancer, and pancre-
atic cancer [18-21]. Based on clinical data, the 
current study established an HCC rat model to 
monitor miR-21 expression and determine 
whether miR-21 could be used as a serum 
marker for the early diagnosis of HCC.

Materials and methods

Patients 

Serum was collected from 97 patients suffering 
from primary hepatocellular carcinoma betw- 
een 2005 and 2008. All subjects were admit-
ted to and received surgical resection in the 
Department of Hepatobiliary Surgery, Xijing 
Hospital, the Fourth Military Medical University 
Hospital, Xian, China. The patients did not 
receive treatment using any drug, hepatic 
artery embolization, or percutaneous ethanol 
injection prior to surgical resection to exclude 
patients with other cancers or with accompany-
ing serious infections. The study enrolled 66 
males and 31 females; the clinical and patho-
logical data of the patients are listed in Table 1. 
Thirty healthy volunteers matched for age and 
gender were selected from Xijing Hospital, and 
serum was collected. Tumor markers, such as 
CEA, CA199, PSA (for males), and CA153 (for 
females), were within the normal range in all 
volunteers, who had no medical history of can-
cer (Table 1). The Ethics Committee of Fourth 
Military Medical University approved the study 
protocol. All participants were fully informed 

Table 1. Basic clinicopathological characteristics of hepatocellular carci-
noma patients (HCC) and healthy volunteers (H)

HCC patients
(n = 97)

Healthy volunteers 
(n = 30)

P-values
(HCC vs. H)

Gender (Female/Male) 66/31 19/11 0.632
Age (years) 50 ± 10 53 ± 9 0.139
Hepatitis B (-/+) 37/60
Liver cirrhosis (Absence/Presence) 66/31
AFP (ng/ml) 1566 ± 6091 4 ± 2 0.164
Tumor number (Single/Multiple) 65/32
Tumor size (≤ 5 cm/> 5 cm) 47/50
Venous invasion (-/+) 79/18
Metastasis (-/+) 71/26
AJCC staging (I/II/III, IV) 16/17/64

uld greatly improve 
the accuracy of early 
diagnosis.

This current study 
focused on miR-21, 
which is located on 
the FRA17B brittle 
zone of chromosome 
17q23.2. It is a miRNA 
with independent tra- 
nscription units. A pre-
vious histopathologi-
cal study demonstrat-
ed that miR-21 plays a 
role in the occurrence 
and development of 

Figure 1. The relative expression of serum miRNA-21. 
Serum miRNA-21 levels (2-ΔΔCT) in HCC patients (n = 
97) and Healthy volunteers (n = 30) measured by 
qRT-PCR (*P < 0.05). In the box-and-whisker plot, 
the lines within the boxes represent median values; 
the upper and lower lines of the boxes represent the 
25th and 75th percentiles, respectively; and the up-
per and lower bars outside the boxes represent the 
10th and 90th percentiles, respectively.
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the details of research study, and the partici-
pants or legal guardians of the participants 
signed written informed consent before inclu-
sion in the study.

Establishment of an HCC model using diethyl-
nitrosamine (DENA) induction

Eighty male F344 rats (Grade SPF, Super-B&K 
Laboratory Animal Corp., Ltd., Shanghai, China) 
were divided randomly into the experimental (n 

Serum RNA was isolated from the prepared 
serum samples using a miRNeasy Serum/
Plasma Kit (Qiagen, Hilden, Germany) accord-
ing to the manufacturer’s instructions. Total 
RNA, including miRNAs, was isolated from the 
prepared rat liver samples using TRIzol reagent 
(Invitrogen, CA, USA) following the manufactur-
er’s instructions. The concentration of RNA was 
determined by measuring the absorbance at 
260 nm (A260) in an Ultrospec 1100 spectro-
photometer (GE Healthcare, NJ, USA).

Table 2. Association of serum miR-21 expression with clini-
copathological factors of 97 HCC patients

Characteristics n
Serum miR-21 level

P-values χ2

High Low
All case 97 49 (50.5%) 48 (49.5%)
Gender
    Male 66 36 (54.5%) 30 (45.5%) 0.247 1.342
    Female 31 13 (41.9%) 18 (58.1%)
Age
    ≥ 50 53 29 (54.7%) 24 (45.3%) 0.364 0.825
    < 50 44 20 (45.5%) 24 (54.5%)
Liver cirrhosis
    Presence 31 18 (58.1%) 13 (41.9%) 0.308 1.039
    Absence 66 31 (47.0%) 35 (53.0%)
AFP
    ≥ 400 62 30 (48.4%) 32 (51.6%) 0.577 0.311
    < 400 35 19 (54.3%) 16 (45.7%)
Hepatitis B
    Positive (+) 60 35 (58.3%) 25 (41.7%) 0.050 3.846
    Negative (-) 37 14 (37.8%) 23 (62.2%)
Tumor size (cm)
    > 5 47 26 (55.3%) 21 (44.7%) 0.359 0.842
    ≤ 5 50 23 (46.0%) 27 (54.0%)
Tumor number
    Single 65 30 (46.2%) 35 (53.8%) 0.221 1.499
    Multiple 32 19 (59.4%) 13 (40.6%)
Differentiation
    High 46 17 (37.0%) 29 (63.0%) 0.011* 6.435
    Low 51 32 (62.7%) 19 (37.3%)
Venous invasion
    Yes 18 13 (72.2%) 5 (27.8%) 0.041* 4.166
    No 79 36 (45.6%) 43 (54.4%)
Metastasis
    Yes 26 18 (69.2%) 8 (30.8%) 0.026* 4.977
    No 71 31 (43.7%) 40 (56.3%)
AJCC staging
    I + II 33 11 (33.3%) 22 (66.7%) 0.015* 5.907
    III + IV 64 38 (59.4%) 26 (40.6%)
*Statistically significant difference.

= 60) and control (n = 20) groups. The 
experimental group received 30-mg/
kg diethylnitrosamine (DENA, Sigma, 
NY, USA) by intraperitoneal (i.p.) injec-
tion once every 3 days for 12 weeks. 
The control group received a saline i.p. 
injection once every 3 days for 12 
weeks. After cancer had been induced, 
10 animals were selected randomly 
from the experimental group on weeks 
8, 10, 12, 14, and 16, whereas three 
animals were selected randomly from 
the control group on weeks 0, 8, 10, 
12, 14, and 16. The selected animals 
were anesthetized using sodium pen-
tobarbital. Next, an abdominal median 
incision was performed following the 
skin preparation and disinfection. 
Approximately 4-5 ml of blood was col-
lected from the abdominal aorta of 
each animal. The liver was resected 
from each animal and placed in DEPC 
water in an RNase-free glass dish. A 
portion of the liver tissue was dissect-
ed and placed in an RNase-free 
Eppendorf PCR tube, and was then 
cryopreserved in liquid nitrogen. The 
remaining liver tissue from each ani-
mal was fixed in 10% formalin solution 
for tissue embedding in paraffin 
blocks and tissue sectioning. Tissue 
sections were stained with hematoxy-
lin and eosin (H&E) and were then 
observed under a light microscope. 
Blood samples were placed at room 
temperature for 30 min, and centri-
fuged at 1,500 rpm at 4°C for 15 min. 
The serum was then transferred to a 
new 1.5 ml Eppendorf PCR tube, and 
stored at -80°C until use.

RNA extraction
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Serum AFP levels were measured by ELISA kits 
(Lengton Biological Technology Co., Ltd., Sh- 
anghai, China) according to the manufacturer’s 
instructions. Briefly, monoclonal antibody spe-
cific for AFP was precoated onto the micro-
plates. Then 50 μl samples were loaded onto 
the plates and incubated at 37°C for 45 min. 
Subsequent to being washed four times with 
washing buffer, 50 μl/well anti-IgG conjugated 
with biotin was added and incubated at 37°C 
for 30 min. The plates were washed again, 
streptavidin-HRP solution was added and incu-
bated at 37°C for another 30 min. Color devel-
oping agents A and B (50 μl/well) were added in 
sequence and incubated in the dark for 15 min. 
The reaction was terminated with stop buffer. 
Absorbance was measured at 450 nm on a 
microplate reader. The normal range of AFP re- 
commended in manufacturer’s instructions is 
0-2.85 ng/ml.

Immunohistochemistry and evaluation of stain-
ing

Formaldehyde-fixed and paraffin-embedded 
sections of liver tissue were subjected to immu-
nohistochemistry and stained with antibodies 
against PDCD4 or PTEN using the avidin-biotin-
peroxidase complex method. All sections were 

Figure 2. Postoperative survival for HCC according to serum miR-21 
expression levels. Patients with low serum miR-21 expression (n = 48, 
solid line) tended to have a longer time-to-live compared to those with 
high serum miR-21 expression (n = 49, dotted line) (open circles; cen-
sored) (*P < 0.001). 

Quantitative RT-PCR

For microRNA analysis, reverse transcription 
(RT) and real-time quantitative RT-polymerase 
chain (qRT-PCR) were performed using a miR-
Neasy Serum/Plasma Kit (Qiagen) according to 
the instructions supplied by the manufacturer. 
Ce_miR-39_1 was used as the internal control 
standard as recommended by the serum miR-
21 detection kit. The expression of tissue miR-
21 was analyzed according to the manufactur-
er’s instructions provided with the miScript 
PCR System (Qiagen; miScript reverse tran-
scription kit, miScript primers, and miScript 
SYBR® Green PCR kit). The human and rat miR-
21 primers were purchased from Qiagen (cata-
log numbers MS00009079 [Hs-miR-21-5p] 
and MS00013216 [Rn-miR-21-5p]). Small 
nuclear RNA U6 was used for normalization. 

For mRNA analysis, complementary DNA 
(cDNA) was generated with oligo-dT primers 
using the Primescript RT reagent Kit (TaKaRa, 
Dalian, China). Amplification of the generated 
cDNA was performed using SYBR Premix EX 
Taq II (TaKaRa) on IQ5 Detection System. The 
human housekeeping gene GAPDH was used 
as an internal control to normalize mRNA 
expression levels of target genes. All of the 

above experiments were performed 
according to the manufacturer’s 
instructions. Real-time PCR was per-
formed using an IQ5 real-time PCR 
detection system (Bio-Rad, CA, USA). 
The relative expression of each 
miRNA was calculated using the 
comparative cycle threshold (CT) 
method (2-ΔΔCT). The primers used in 
the PCR reaction are as follows: 
PDCD4, forward primer (5’-AGTGAC- 
GCCCTTAGAAGTGG-3’) and reverse 
primer (5’-TCATATCCACCTCCTCCACA- 
3’); PTEN, forward primer (5’-GCGT- 
GCAGATAATGACAAGG-3’) and rever- 
se primer (5’-GGATTTGACGGCTCCT- 
CTAC-3’); GAPDH, forward primer (5’- 
CAAGGTCATCCATGACAACTTTG-3’) 
and reverse primer (5’-GTCCACCA- 
CCCTGTTGCTGTAG-3’). The primers 
were designed and synthesized by 
Sangon Biotech, Co., Ltd (Shanghai, 
China).

Enzyme-linked immunosorbent as-
say (ELISA)
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deparaffinized in xylene and dehydrated thr- 
ough a graduated alcohol series before endog-
enous peroxidase activity was blocked with 
0.5% H2O2 in methanol for 10 min. Nonspecific 
binding was blocked by incubating sections 
with 10% normal goat serum in PBS for 1 h at 
room temperature. The sections were incubat-
ed with anti-PDCD4 (1:100, #9535) or anti-
PTEN (1:200, #9559, both from Cell Signaling 
Technology, Boston, USA) in PBS at 4°C over-
night in a moist box. The sections were incu-
bated with biotinylated IgG for 2 h at room tem-
perature and detected with a streptavidin-per-
oxidase complex. The brown color indicative of 
peroxidase activity was obtained by incubating 
the section with 0.1% 3,3-diaminobenzidine 
(DAB) in PBS with 0.03% H2O2 for 10 min at 
room temperature. PDCD4 and PTEN expres-
sion in tissues were evaluated by scanning the 
entire specimen under low magnification (× 
100) and then confirmed under high magnifica-
tion (× 400). Positive intensity of each slice was 
calculated through following standard: 100 
tumor cells were counted and the ratio of posi-
tive cells was calculated. The tissue specimens 
were scored independently by two pathologists 

using an immunoreactivity score system des- 
cribed previously [22].

Protein extraction and Western blotting

One hundred milligrams of tissue was collected 
from each group and ground in liquid nitrogen 
using a mortar and pestle. The crushed powder 
was transferred to a new Eppendorf PCR tube, 
mixed with 1 ml lysis buffer (P0013B, Beyotime, 
Shanghai, China) containing 1 mmol/1 PMSF, 
and incubated on ice for 20 min. Tissue lysates 
from all groups were then centrifuged at 
12,000 rpm at 4°C for 20 min; the superna-
tants were then collected for later use. The pro-
tein concentrations were determined using the 
Bio-Rad assay system (Bio-Rad). Total proteins 
were concentrated and separated using 8% 
SDS-PAGE and transferred to nitrocellulose 
membranes. The membranes were blocked 
with 5% nonfat dried milk in 1 × TBST, and were 
then incubated with primary antibodies against 
PTEN and PDCD4. Horseradish peroxidase 
(HRP)-conjugated anti-rabbit IgG (Zhongshan 
Goldenbridge, Ltd., Beijing, China) was used as 
the secondary antibody, and the protein bands 

Table 3. Univariate and multivariate Cox regression analyses of overall survival in 97 patients with 
HCC
Tumor characteristic RR (95% CI) P-value Wald
Univariate
    Gender (Female/Male) 1.008 (0.623-1.632) 0.974 0.001
    Age (< 50/≥ 50) 0.693 (0.439-1.093) 0.114 2.491
    Liver cirrhosis (Absence/Presence) 0.648 (0.405-1.035) 0.069 3.297
    AFP (≥ 400/< 400) 1.271 (0.796-2.027) 0.315 1.010
    Hepatitis B (-/+) 0.973 (0.612-1.546) 0.907 0.014
    Tumor size (≤ 5 cm/> 5 cm) 0.617 (0.389-0.979) 0.040* 4.205
    Tumor number (Single/Multiple) 1.231 (0.761-1.991) 0.397 0.716
    Differentiation (High/Low) 7.001 (4.168-11.758) < 0.001* 54.115
    Venous invasion (-/+) 0.062 (0.030-0.127) < 0.001* 57.237
    Metastasis (-/+) 0.041 (0.018-0.092) < 0.001* 59.404
    AJCC staging (I, II/III, IV) 0.262 (0.150-0.458) < 0.001* 22.183
    Serum miR-21 (Low/High) 0.443 (0.280-0.702) 0.001* 12.039
Multivariate
    Tumor size (≤ 5 cm/> 5 cm) 1.639 (0.760-3.534) 0.207 1.589
    Differentiation (High/Low) 2.364 (1.180-4.734) 0.015* 5.896
    Venous invasion (-/+) 0.299 (0.125-0.717) 0.007* 7.333
    Metastasis (-/+) 0.178 (0.059-0.541) 0.002* 9.251
    AJCC staging (I, II/III, IV) 0.318 (0.118-0.858) 0.024* 5.113
    Serum miR-21 (Low/High) 2.229 (1.328-3.743) 0.002* 9.197
RR = Relative risk; CI = Confidence Interval. *Statistically significant difference.
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Figure 3. Morphological changes of rat liver in H&E staining, dynamic changes in miR-21 expression in the tissue/
serum of the rats by qRT-PCR and changes in AFP levels in the serum of the rats by ELISA. A-E. Liver tissue sections 
that exhibited signs of normal, fibrosis, cirrhosis, early and advanced HCC separately. Original magnification × 400. 
F. Tissue miR-21 levels were increased significantly in groups of fibrosis, cirrhosis, early and advanced HCC com-
pared normal group (*P < 0.05). There was no significant difference in tissue miR-21 levels with early and advanced 
HCC. G. Serum miR-21 levels were increased significantly in cirrhosis, early and advanced HCC compared with the 
normal and fibrosis groups (*P < 0.05). Serum miR-21 levels were significantly higher in advanced HCC compared 
with early HCC (*P < 0.05). H. AFP levels were increased significantly in early and advanced HCC compared with the 
normal, fibrosis, and cirrhosis groups (*P < 0.05). And there was no significant difference in AFP levels with early 
and advanced HCC.
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were visualized using the ChemiDoc™ XRS+ 
system with Image Lab™ software (Bio-Rad). 
The Western blots were quantified using laser 
densitometry, and the relative protein expres-
sion was normalized to β-actin (#4970, Cell 
Signaling Technology).

Statistical analysis

HCC staging was determined according to the 
AJCC TNM staging system (seventh edition). 
Statistical analyses were performed using 
SPSS Statistics version 17.0 software (IBM, 
USA). All Figures were generated using 
GraphPad Prism 5.01 (GraphPad software, 
USA). All experiments were repeated at least 
three times, and the data are summarized and 
presented as means ± SDs. The differences 
between means were analyzed statistically 
using t-tests. The differences between serum 
miR-21 expression and various clinicopatho-
logical factors were assessed using χ2 tests or 
Fisher’s exact tests. Survival curves were calcu-
lated using the Kaplan-Meier method and com-
pared using log-rank tests. Cox’s proportional 
hazard analysis was used for univariate and 
multivariate analyses to assess the effect of 
clinicopathological factors and serum miR-21 
levels on survival. A P value < 0.05 denoted the 
presence of a statistically significant differe- 
nce.

Results

Upregulated expression of serum miR-21 in 
HCC patients

To assess the relationship between serum miR-
21 and HCC, we analyzed serum miR-21 levels 
in 97 HCC patients and 30 healthy volunteers. 
Serum RNA was isolated and qPR-PCR revealed 
that serum miR-21 levels were significantly 
higher in HCC patients than in healthy volun-
teers (P < 0.001) (Figure 1). 

Relationship between serum miR-21 expres-
sion and clinicopathological characteristics

To determine the relationship between serum 
miR-21 levels and the clinical data of HCC 
patients, 97 HCC patients were separated into 
high miR-21 expression (n = 49) and low miR-
21 expression (n = 48) groups according to the 
median relative miR-21 expression (the 50th 
percentile). Their clinicopathological factors, 
including gender, age, the incidence of liver cir-

rhosis, the incidence of hepatitis B infection, 
tumor size, tumor number, degree of differenti-
ation, the incidence of portal or hepatic venous 
invasion, metastasis, and AJCC cancer stage 
were then summarized and compared (Table 
2). Data revealed that serum miR-21 levels 
were significantly associated with tumor differ-
entiation (P = 0.011), the incidence of portal or 
hepatic venous invasion (P = 0.041), metasta-
sis (P = 0.026), and AJCC cancer stage (P = 
0.015). This suggests that serum miR-21 might 
be associated with HCC differentiation, inva-
sion, and metastasis.

Correlation between serum miR-21 expression 
and HCC patient prognosis

Because of the association between serum 
miR-21 expression and tumor differentiation, 
portal or hepatic venous invasion, metastasis, 
and tumor staging, we next used Kaplan-Meier 
survival analysis to compare the postoperative 
survival curves of the two groups of HCC 
patients. The log-rank test demonstrated a sig-
nificant difference in the postoperative survival 
between HCC patients with high and low levels 
of serum miR-21 expression (P < 0.0001) 
(Figure 2). Patients with high serum miR-21 lev-
els had a significantly decreased postoperative 
survival time. Patients with low serum miR-21 
levels had a 29.2% 5-year survival rate; where-
as those with high expression had a 14.3% 
5-year survival rate.

To assess the prognostic value of serum miR-
21 we first performed univariate analysis, 
which revealed that tumor size (P = 0.040), the 
degree of differentiation (P < 0.001), venous 
invasion (P < 0.001), metastasis (P < 0.001), 
AJCC staging (P < 0.001), and serum miR-21 
expression (P = 0.001) were significantly asso-
ciated with overall survival of HCC patients 
(Table 3). A subsequent multivariate analysis 
demonstrated that serum miR-21 expression (P 
= 0.002), the degree of differentiation (P = 
0.015), venous invasion (P = 0.007), metasta-
sis (P = 0.002), and AJCC cancer staging (P = 
0.024) were independent factors for the predic-
tion of the overall survival of HCC patients 
(Table 3).

Establishing and analyzing an HCC rat model

A month after DENA tumor induction, rats in the 
experimental group exhibited reduced food and 
water consumption. Two months after induc-
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Figure 4. Changes in miR-21 downstream proteins PDCD4 and PTEN in rat livers. A-E. The immunohistochemical staining of PDCD4 of liver tissue sections that 
exhibited signs of normal, fibrosis, cirrhosis, early and advanced HCC separately. F-J. The immunohistochemical staining of PTEN of liver tissue sections. Both of 
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tion, the hair of the rats turned yellow. They also 
exhibited darker color urine, thinning stools, 
and a rough liver surface; various sized nodules 
were also visible in the liver. Three months after 
induction the rats had deteriorated mobility, 
abdominal distension, hemorrhagic ascites in 
the opened abdominal cavity, and protrusions 
from the nodular hepatic surface with partially 
visible lumps. Six animals died in the experi-
mental group during the establishment of the 
model (one in week 13, one in week 15, and 
four in week 16). All rats in the control group 
were normal, with a fast increased weight, a 
ruddy and shiny liver surface, and no obvious 
abnormalities.

Observation of the tissue sections under a light 
microscope showed that the structure of the 
hepatic lobules was normal in the control rats. 
Specifically, the hepatic cords were arranged 
neatly, and cells were arranged radially from 
the central veins (Figure 3A). The synthesis of 
the hepatic extracellular matrix was increased 
in week 8 of the experimental rats. In addition, 
there was proliferation of fibrous tissue in the 
portal area, and the hepatic lobules showed 
features of liver fibrosis (Figure 3B). The forma-
tion of pseudolobules occurred in week 10, and 
space separated the central venous area and 
portal area, consistent with the development of 
cirrhosis (Figure 3C). Atypical liver cells were 
detected in the pseudolobules around week 
12, with increased mitosis and visible patho-
logical mitosis. These are all early signs of HCC 
(Figure 3D). On week 16, the liver cells were 
arranged in lumps and had infiltrated into the 
normal peripheral liver cells. Hemorrhagic 
necrosis and inflammatory cell infiltration 
occurred with visible lung metastases, which 
are signs of advanced HCC (Figure 3E).

Changes in miR-21 expression in the liver and 
serum of the rats

Classical AJCC staging of liver cancer and the 
above H&E staining results were used to screen 
HCC progression (i.e., fibrosis, cirrhosis, early 
HCC, and advanced HCC) in the experimental 
group (n = 40, 10 separately on weeks 8, 10, 
12, and 16). The control group was treated as 

normal stage (n = 15, 3 separately at the same 
time points as well as week 0). The qRT-PCR 
results revealed that miR-21 levels were 
increased significantly in the liver tissues that 
exhibited signs of fibrosis, cirrhosis, and early 
and advanced HCC compared normal tissues 
(P < 0.05) (Figure 3F). However, there was no 
significant difference in miR-21 levels in the liv-
ers with early and advanced HCC. Serum miR-
21 levels were increased significantly in the cir-
rhosis, early and advanced HCC compared with 
normal and fibrosis groups (P < 0.05) (Figure 
3G). In addition, serum miR-21 levels were sig-
nificantly higher in advanced HCC compared 
with early HCC groups (P < 0.05) (Figure 3G).

Changes in AFP levels in the serum of the rats

In order to analyze the relationship between 
AFP levels and serum miR-21 in the process of 
tumor formation. The ELISA was used to detect 
the levels of AFP in the extracted serum. The 
results revealed that AFP levels were increased 
significantly in early and advanced HCC com-
pared with the normal, fibrosis, and cirrhosis 
groups (P < 0.05) (Figure 3H). And there was no 
significant difference in early and advanced 
HCC. From this result we can find that, compar-
ing with the changes in AFP levels, changes in 
serum miR-21 were earlier and more accurately 
reflected the process of the formation of HCC. It 
showed the superiority of miR-21 as a new 
serum HCC marker.

Changes in miR-21 downstream proteins in rat 
livers

In order to verify whether miR-21 was involved 
throughout the regulation of tumor formation, 
the proteins PDCD4 and PTEN which were regu-
lated by mir-21 were chosen. First, the immuno-
histochemical staining of these two proteins 
exhibits different positive degrees (Figure 
4A-J). And we can clearly find that their intensi-
ties of the staining decreased gradually in the 
process of tumor formation (Figure 4A-J). Next, 
RNA was isolated from the liver tissues of dif-
ferent groups as described above. The qRT-PCR 
results revealed that mRNA levels of PDCD4 
and PTEN were decreasing gradually in the liver 

them were original magnification × 400. The intensities of the staining of two proteins decreased gradually in the 
process of tumor formation. K. The mRNA levels of PDCD4 and PTEN detected by qRT-PCR were decreasing gradu-
ally at different stages of HCC. L. The expression of proteins PDCD4 and PTEN assessed by western blot decreased 
gradually in the groups described above.
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tissues that exhibited signs of normal, fibrosis, 
cirrhosis, early and advanced HCC tissues sam-
ples (Figure 4K). Finally, proteins were extract-
ed from the liver tissues of different groups. 
Western blotting was then used to assess the 
expression of these two proteins. The expres-
sion of both proteins decreased gradually 
(Figure 4L), and was negatively correlated with 
the gradual increase in miR-21 expression in 
the liver. All these results suggested that 
PDCD4 and PTEN were negatively regulated by 
miR-21 and involved throughout the formation 
of HCC.

Discussion

HCC is the most common malignant tumor 
worldwide, and has the fifth highest mortality 
rate [23]. In vivo animal models are a major 
method of studying HCC; commonly used mod-
els include spontaneous HCC, HCC transplan-
tation, inducible HCC, and HCC transgenic ani-
mals [24-26]. Among these, the chemically 
induced HCC model is relatively common in 
both clinical and basic research. DENA is a car-
cinogenic N-nitroso compound that induces 
single-stranded DNA breaks in liver cells and 
involved in changing the DNA repairing enzyme. 
It is generally used to induce HCC in experimen-
tal animals [27]. DENA-induced HCC in rats has 
an insidious onset, a long disease course, and 
specific carcinogenesis [28, 29]. Our previous 
study used a small dose of DENA (20 mg/kg) 
via i.p. injection to construct an HCC rat model 
that achieved a tumor induction rate of 76.2% 
by week 16 and a mortality rate of 8% [30]. The 
dose was increased to 30 mg/kg in the current 
study to accelerate the progression of HCC. 
This successfully improved the tumor induction 
rate to 100% within 16 weeks, with a mortality 
rate of 10%.

Statistical data confirmed that, because of the 
insidious nature of HCC, only 10% of patients 
diagnosed with HCC are eligible for surgery 
[31]. In addition, imaging has only limited value 
for the early diagnosis of HCC; therefore, serum 
tumor markers are mainly used for HCC diagno-
sis. The most widely used marker is AFP, but it 
has only a low sensitivity (sensitivity, 0.39-
0.65; specificity, 0.76-0.94). Nearly one-third of 
early stage, small HCC tumors (< 3 cm) cannot 
be detected using AFP screening [32, 33].

The discovery of miRNAs was followed by re- 
search exploring their potential as markers for 

the early diagnosis of multiple diseases. Data 
revealed that the specific expression of miR-
NAs could be used as diagnostic and prognos-
tic markers for a variety of cancers [34]. 
Subsequent studies also identified circulating 
miRNAs. Some authors hypothesized that cir-
culating miRNAs originate from tumor tissues, 
and that they are present in a certain form in 
the blood and are resistant to RNase activities 
[13]. However, it remains unclear how circulat-
ing miRNAs originate from tumor tissues. It was 
suggested that miRNAs could be derived from 
dying or lysed tumor cells, invasive lymphoma 
cells, cells from tissues affected by long-term 
disease, or the active secretion of tumor cells 
[35].

miR-21 is a prominent miRNA that is associat-
ed with tumor occurrence and development. 
The first study showed that miR-21 was upregu-
lated in malignant gliomas. In addition, the miR-
21 expression activated caspases and promot-
ed apoptosis in malignant glioma cell lines [36]. 
Subsequent studies demonstrated that the 
overexpression of miR-21 promoted prolifera-
tion and protected against apoptosis in various 
tumors (e.g., breast, lung, colon, and liver can-
cers) [37-42]. In addition, studies of circulating 
miRNAs revealed that serum miR-21 levels 
were elevated in patients with malignant 
tumors such as diffuse large B-cell lymphoma 
and ovarian cancer [20, 43].

Many studies have reported that serum miR-21 
levels were significantly higher in HCC patients 
carrying the hepatitis B or C virus compared 
with those with chronic hepatitis and healthy 
individuals [44-46]. However, other reports 
demonstrated that serum miR-21 levels were 
higher in patients with hepatitis B than in those 
with HCC [47]. An additional study revealed that 
serum miR-21 levels were lower in patients with 
hepatitis B than healthy individuals [35]. The 
differences in these studies might be due to 
different sample sizes or sample selection. 
They might also be due to differences in the 
RNA extraction procedures or internal controls 
used. There is no consensus for the selection 
of stably expressed internal miRNA controls in 
serum or plasma samples. The current study 
used the exogenous internal control recom-
mended by Qiagen by adding a Caenorhabditis 
elegans miR-39 miRNA analog to the sample 
and then detecting its expression as a standard 
reference gene.
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As expected, the results of the clinical case 
analysis in the current study were consistent 
with previous studies. On the premise of these 
clinical data, the current study linked the serum 
and liver tissue miR-21 levels with the occur-
rence and development of HCC and presented 
the dynamic changes in miR-21 levels at differ-
ent stages of HCC. Data revealed that tissue 
and serum miR-21 expression increased gradu-
ally as HCC progressed in the rat model; the dif-
ference between the early two stages (i.e., nor-
mal and fibrosis) and liver cirrhosis, and early 
and advanced HCC was statistically significant. 
In particular, serum miR-21 levels were signifi-
cantly higher in advanced HCC compared with 
early HCC groups. This phenomenon indicated 
that serum miR-21 significantly increased in 
advanced HCC which might result from tumor 
secretion. It also suggested the occurrence of 
malignant signs, such as metastasis etc. On 
the other hand, there was no significant differ-
ence in serum AFP levels until tumor appears. 
Therefore, compared with AFP, changes in 
serum miR-21 are earlier and more accurately 
reflect the process of the formation of tumors. 

Previous studies revealed that miR-21 specifi-
cally targets and regulates PTEN and PDCD4 to 
promote cell proliferation and tumor invasion in 
HCC [48]. The current study extracted proteins 
and mRNA from livers isolated at different stag-
es to analyze the changes in PTEN and PDCD4 
expression. Data revealed that both proteins 
were involved in the occurrence and develop-
ment of HCC. Their expression patterns were 
negatively correlated with miR-21 levels, sug-
gesting that PTEN and PDCD4 are negatively 
regulated by miR-21.

This current study suggested that serum miR-
21 was associated with the prognosis of HCC 
and changes in serum miR-21 are earlier and 
more accurately reflect the process of the for-
mation of tumors than AFP; therefore, serum 
miR-21 could be used as an early diagnostic 
marker for HCC. Maybe combined detection of 
serum miRNA-21 and AFP would be better. 
Nevertheless, we did not stratify the data 
according to hepatitis B virus (HBV) infection 
because the DENA-induced HCC rat model 
does not simulate the progression of hepatitis 
B. Large sample clinical studies are necessary 
to analyze the correlation between serum miR-
NAs, HCC and other factors to assess if the 
expression of serum miRNAs is affected by 

other factors such as cirrhosis, HBV infection, 
and hepatitis C virus (HCV) infection. Our in vivo 
study demonstrated that serum miR-21 levels 
were 5.064-fold lower in control rats than in 
early HCC. To confirm if this fold value could be 
used as a diagnostic standard for HCC rats, a 
refined classification of the stages between 
liver cirrhosis and early HCC is needed. By 
detecting the levels in serum miRNAs at these 
refined stages, this fold value could be used as 
a diagnostic standard for HCC rats and be fur-
ther verified by histopathological examinations. 
A similar strategy could also be applied to 
large-scale clinical samples. By comparing the 
miRNA levels of HCC patients with healthy vol-
unteers, a fold-increase could be obtained and 
further verified. It is an arduous work and 
requires large amount of data, and only then 
miRNAs might become diagnostic biomarkers 
for cancers.
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