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ABSTRACT

 miR-21 rs1292037 األهداف: تقييم الوظيفة التنبؤية لتعدد األشكال لـ
A>G في البقاء وإصابة نقص التروية )IRI( في مرضى سرطان اخلاليا الكبدية 

.)HCC(

2019م،  ويوليو  2018م  يوليو  من  الفترة  التجربة خالل  أجريت  املنهجية: 
م   2014 يناير  من  الفترة  خالل  املرتقبة  السريرية  الدراسة  إجراء  مت  حني  في 
التهاب  فيروس  مع   HCC مريضا   62  ، الدراسة  هذه  في  2019م.  ويناير 
الكبد)HBV(، و17 مريضا HCC بدون HBV ، ودراسة 13 من مجموعة 
تفاعل  باستخدام  الدم  في   Micro-RNA-2مستويات حتديد  مت  الشاهد. 
لـ  بأليل  PCRاخلاص  و   )qRT-PCR( الكميه  العكسيه  بوليميراز  سلسلة 
miR-21 rs1292037. أجري استئصال الكبد اجلزئي في جميع املرضى، 
البقاء في متابعة الحقة. استخدم منوذج  الورم ووقت  وتقييم مؤشرات تطور 
وظائف  لتحديد   HCC huh7 خلية  اخلاليا خلط  على  القائم  احملاكي   IRI

miR-21 فيما يتعلق IRI واالنتشار.

في  ملحوظ  بشكل   Micro-RNA-21 مستويات  ارتفعت  النتائج: 
 miR-21 مرضى سرطان الكبد. عالوة على ذلك، وجد أن تعدد األشكال
إصابة  HCC وشدة  مع تشخيص  مرتبط بشكل كبير   rs1292037 A>G
الكبد بعد استئصال الكبد. كشفت الدراسة املختبرية أن miR-21 قد مينع 
حدوث IRI، وميكن أن يؤدي إلى تكاثر خاليا  HCC huh7 . وقد ثبت أن 

.IL-12  يتم تشغيلها بواسطة تثبيط miR-21 هذه الوظائف لـ

اخلالصة: تعدد أشكال Micro-RNA-21 rs1292037 A>G ميكن أن 
.miR-21/IL-12A.axis وتطور الورم من خالل تنظيم IRI يتنبأ بتطور

Objectives: To assess the predictive function of miR-21 
rs1292037 A>G polymorphism in survival and 
ischemia-reperfusion injury (IRI) in hepatocellular 
carcinoma (HCC) patients.

Methods: The experiment was carried out between 
July 2018 and July 2019, whereas the prospective 
clinical study was carried out between January 2014 
and January 2019. In this study, 62 HCC patients with 
hepatitis B virus (HBV), 17 HCC patients without 
HBV, and 13 healthy controls were investigated. 
Micro-RNA-21 levels in the blood were identified 
using quantitative reverse-transcription polymerase 
chain reaction (qRT-PCR) and allele specific PCR  for 
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miR-21 rs1292037. Partial hepatectomy was performed 
in all patients, and the tumor development indicators 
and survival time were evaluated in a subsequent 
follow-up. Cell-based simulated IRI model of HCC 
huh7 cell line was used to determine the functions 
of miR-21 with respect to IRI and proliferation.

Results: Micro-RNA-21 levels were significantly 
increased in HCC patients. Furthermore, an miR-
21 rs1292037 A>G polymorphism was found to be 
significantly associated with HCC prognosis and 
severity of liver injury after hepatectomy. In vitro 
study revealed that miR-21 might prevent IRI from 
occurring, and can induce proliferation in HCC huh7 
cells. These functions of miR-21 were demonstrated 
to be triggered by IL-12A inhibition.

Conclusion: Micro-RNA-21 rs1292037 A>G 
polymorphism can predict IRI and tumor progression 
by regulating the miR-21/IL-12A.axis.

Keywords: hepatocellular carcinoma, polymorphism, 
ischemia-reperfusion injury, microRNA, 
proliferation
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The incidence and mortality rates associated with 
hepatocellular carcinoma (HCC) rank among the 

top 5 cancer-related mortality and incidence rates in the 
world, and the second in China.1 Techniques such as 
local ablation have been developed to treat HCC, but 
despite these advances, hepatectomy is still the most 
effective treatment. However, the survival rates of HCC 
remain very low mainly because of its high recurrence.2

Hepatic ischemia-reperfusion injury (IRI) has 
recently been reported to be a major factor in accelerated 
tumor growth. Ischemia-reperfusion injury induces 
the release of growth factors and proinflammatory 
factors, causing liver microenvironment changes, thus, 
promotes tumor spread and metastasis. Some studies 
have revealed that the expression disorder of certain 
indicators related to IRI can predict the prognosis of 
HCC patients.3

A new class of short-chain noncoding ribonucleic 
acids (RNAs) called microRNAs (miRNAs) can inhibit 
the post-transcriptional expression of genes, and thus 
can regulate a variety of pathophysiological responses.4 

The abnormal expression of miRNAs caused by external 
stimulation or self-factors can change tumor-related 
signaling pathways, hence regulating many different 
tumor development processes, including HCC. In 
addition, miRNA expression has been shown to be 
useful in understanding hepatocarcinogenesis, its 
diagnosis, and prognosis.4,5

Mutations in the promoter regions of certain miRNAs 
usually cause changes in their expression.6,7 In addition, 
single nucleotide polymorphisms (SNPs) located in 
some miRNAs may be closely related to their binding 
ability to target mRNAs.8 Therefore, these SNPs might 
affect the individualized differences in their expression 
or functions; therefore, it predict the prognosis of 
certain diseases. Our recent study demonstrated that 
miR-21, which has been reported to be involved in the 
proliferation, migration, and invasion cancer cells, was 
significantly upregulated in HCC patients after liver 
resection.9,10 However, whether the miR-21 rs1292037 
A>G polymorphism is related to the expression of 
miR-21, which cell functions are regulated by the 
miR-21 rs1292037 A>G polymorphism, and whether 
the miR-21 rs1292037 A>G polymorphism is related 
to the prognosis of HCC are all still unknown.

The objective of this study is to further investigate 
whether miR-21 and its gene polymorphisms regulate 
the occurrence and development of HCC and to 
determine whether miR-21 inhibits the development of 
cancer by protecting against IRI. 

Methods. This study was carried out in Linyi 
Central Hospital, Linyi, China. The experimental study 
was carried out between July 2018 and July 2019, 
whereas the prospective clinical part was carried out 
between January 2014 and January 2019. We used the 
PubMed Modular of National Center for Biotechnology 
Information (NCBI) website to search for prior related 
publications. 
  Inclusion criteria of the case group are described as 
follows: HCC patients with or without hepatitis B vires 
(HBV) infection who need partial hepatectomy without 
contraindication. Patients younger than 18 years or 
older than 80 years, patients with a history of additional 
ablation or with cardiovascular and cerebrovascular 
complications were excluded from this study. In total, 
62 HCC patients with HBV, 17 HCC patients without 
HBV, who underwent liver resection surgery in Linyi 
Central Hospital, Linyi, China were included in this 
study, together with 13 healthy volunteers as controls 
(HCs). Their bodily functions, sizes and locations 
of their lesions, their blood biochemistry, and liver 
functions were determined and recorded, in accordance 
to our previously reported methods.11 Blood samples 
before and after surgery and of healthy patients were 
collected to monitor liver function. Hepatocellular 
carcinoma tissue samples were also obtained. The study 
performed was according to the principles of Helsinki 
Declaration. Informed consent was obtained from all 
patients before participation. Ethics Committee of the 
Linyi central hospital approve this study.

Ribonucleic acid extraction. Ficoll density gradient 
centrifugation (Amersham Pharmacia Biotech, Tokyo, 
Japan) was used to separate leukocytes from the blood 
samples of HCC patients before surgery and of HCs. 
Then, Qiagen miRNeasy® Mini Kit (Qiagen, Hilden, 
Germany) was used to extract the total RNA from 
blood leukocytes and tissues. Ribonucleic acid was kept 
at -80°C before analysis. 

Quantitative reverse-transcription polymerase 
chain reaction (qRT-PCR). The qRT-PCR detection 
reagents used for miRNA and mRNA were TaqMan™ 
MicroRNA Assay kit and PrimeScript RT-PCR kit, 
which were purchased from Thermo Fisher (item 
no. 4440888, Waltham, USA) and Takara (item no. 
RR037A, Shiga, Japan), respectively. iQ5 real time 
fluorescence quantitative PCR instrument was used 
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for qRT-PCR analyses (Bio-Rad, Hercules, CA, USA). 
The parameters of the reverse transcription and PCR 
reactions were set according to our previous description.11 
The primer sequences for miR-21 were forward, 
5 ’ -GCCGCTAGCTTATCAGACTGATGT-3’ , 
and reverse, 5’-GTGCAGGGTCCGAGGT-3’. 
The primer sequences for U6 were forward, 
5’-GCTTCGGCAGCACATATACTAAAAT-3’, and 
reverse, 5’-CGCTTCACGAATTTGCGTGTCAT-3’. 
The primer sequences for IL-12A were forward, 
5’-CCTTGCACTTCTGAAGAGATTGA-3’, and 
reverse, 5’-ACAGGGCCATCATAAAAGAGGT-3’. 
The primer sequences for β-actin were forward, 
5’-TCCTCTCCCAAGTCCACACAGG-3’, and 
reverse, 5’-GGGCACGAAGGCTCATCATTC-3’. 
Relative expression is calculated by comparing the 
threshold period (CT) between targets and internal 
references.

Genotyping. We extracted genomic deoxyribonucleic 
acid  from patients’ blood samples and the miR-21 
rs1292037 polymorphisms were determined by ligase 
detection reaction-PCR according to the previous 
report.12

Cell culture and simulation of IRI. Primary cultures 
from the HCC tissues were prepared. Fresh HCC tissue 
samples were washed with phosphate-buffered saline, 
cut into pieces, and incubated in trypsin solution. 
Then, it was slowly stirred and digested in a 37°C water 
bath for 15 to 20 minutes, and the product was used 
for biopsy. Subsequently, it was filtered using a 70 µm 
filter paper to remove large pieces of undigested lumps. 
After centrifugation, the precipitates were mixed, and 
the recovered cells were suspended in DMEM/Ham’s 
F12 nutrient mixture (F12). B27, basic fibroblast 
growth factor, (20 mg/ml) and epidermal growth factor 
(20 mg/ml) were added to the medium.   

Human hepatoma cell line, huh7, was identified by 
Short Tandem Repeat (STR) by LMAI Bio (LMAI Bio, 
Shanghai, China), and conventionally cultivated and 
passed on in our laboratory. Ischemia-reperfusion injury 
models were established as previously described.13,14 The 
cells were briefly treated with a ischemic solution to 
simulate an ischemic environment, and were exposed to 
1% O2 (EXP group) 24 hours after they were inoculated 
into the culture plate. Two hours after the ischemia 
treatment (ischemia period), normoxic Krebs-Henseleit 
solution was used to start the reperfusion period.13 After 
180 minutes of conventional cultivation, the cells were 
harvested (reperfusion period). The cells not treated 
with ischemia solution and cultured under normoxic 
conditions were used as controls (CTL group), which 

were inoculated and harvested at the same time as the 
EXP group.

Cellular transfection. Shanghai GenePharma Co., 
Ltd. (Shanghai, China) provided oligonucleotides 
for overexpression (mimics), inhibition (inhibitor), 
and control (miR-control) of miR-21. The cell 
transfection reagent was Lipofectamine™ 2000, which 
was purchased from Item No. 11668027, Waltham, 
USA. Following the manufacturer’s instructions, the 
cells were transfected with these oligonucleotides at 
50 nm to simulate the cell environment of miR-21 
overexpression or inhibition.

Statistical analysis. Statistical Package for Social 
Sciences for Windows, version 19 (IBM Corp, Armonk, 
NY, USA) was used to analyze the experimental 
data. Each experiment was repeated 3 times, and the 
results were expressed as mean±standard deviation. 
The differences between the 2 groups were statistically 
analyzed using 2-tailed t-test. A p-value less than 
0.05 was considered to have a statistical difference. 
Chi-square test or Fisher exact test was used to analyze 
the relationship between miR-21 rs1292037 gene 
polymorphism and clinical indicators.

Results. The  expression  of miR-21 in HCC patients was  
significantly up-regulated. The detailed demographics 
of the subjects were described. No differences in gender, 
age, smoking, and alcohol consumption were found 
among the 3 groups. The expression of miR-21 in HCC 
patients was significantly up-regulated compared with 
that of HCs, whereas HBV infection does not affect the 
expression of miR-21 (Figure 1A). Additionally, miR-21 
expression in leukocytes was consistent with that in 
HCC tissues (Figure 1B), and the level of miR-21 in 
HCC tissues was significantly higher than that in 
adjacent tissues (Figure 1C). The HBV infection group 
exhibited enhanced miR-21 levels in HCC tissues, as 
compared to that of HBV-negative patients (Figure 
1D). Based on the receiver operating characteristic 
(ROC) curves, we found that miR-21 levels in blood 
leukocytes discriminated HCC patients from HCs. 
The area under the curve (AUC) of miR-21 was 0.797 
(95% CI = 0.694-0.901). For the control group, the 
AUC of serum alpha fetoprotein (AFP) was 0.723 
(95% CI = 0.584-0.861), as shown in Figure 2. We then 
divided HCC patients into high (33 cases) and low (46 
cases) leukocyte miR-21 level groups, according to the 
optimal cut-off value (relative miRNA value = 1.51). 
As shown in Table 1, leukocyte miR-21 levels correlate 
with large tumor volume, late stage, and lymphatic 
metastasis. From the Kaplan-Meier analysis, we found 
that low levels of miR-21 were associated with higher 
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Table 1 - Micro-RNA-21 level in hepatocellular carcinoma patients.

Low 
(n=46)

High 
(n=33) P-value OR (95% CI)

Age
>55 26 18 0.862 1.083 (0.441-2.664)
<55 20 15

Gender
Male 34 23 0.680 1.232 (0.457-3.322)
Female 12 10

HBV infection
Negative 14 3 0.023 4.375 (1.142-16.754)
Positive 32 30

Stage
I or II 28 8 0.001 4.861 (1.802-13.111)
III or IV 18 25

Lymphatic 
metastasis

No 27 12 0.050 2.487 (0.990-6.244)
Yes 19 21

Tumor size
≤5 31 16 0.091 2.196 (0.875-5.509)
>5 15 17

HBV: hepatitis B virus,  OR: odd ration, CI: confidence interval 

Figure 1 - Micro-RNA-21 expression increased in hepatocellular carcinoma (HCC) patients. A) Quantitative polymerase chain reaction results comparing 
miR-21 levels in blood leukocyte among hepatitis B virus negative (HBV-) HCC patients, HBV positive HCC patients and healthy controls. 
Significant differences were calculated by non paired student-t test. B) Quantitative polymerase chain reaction results demonstrating the 
relationship between blood leukocyte miR-21 levels and HCC tissues miR-21 levels. C) Quantitative polymerase chain reaction results 
comparing the expression levels of miR-21 in HCC tissues and matched tumor-adjacent tissues. Significant differences were calculated by 
paired student-t test D) Quantitative polymerase chain reaction results comparing miR-21 levels between HBV negative and HBV positive 
HCC tissues. Significant differences were calculated by non paired student-t test.

Figure 2 - The receiver operating characteristic curve for blood 
leukocyte miR-21 level and serum AFP level in relation to the 
hepatocellular carcinoma patients.

Figure 3 - Kaplan-Meier curves for time to A) overall survival and 
B) disease-free survival of patients according to different 
miR-21 level. 
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Table 2 -  Genotype distributions of miR-21 rs1292037 polymorphism 
in hepatocellular carcinoma patients.

AA 
(n=22)

AG/GG 
(n=57)

P-value OR (95% CI)

Age
>55 13 31 0.706 1.211(0.447-3.283)
<55 9 26

Gender
Male 16 41 0.943 1.041(0.346-3.132)
Female 6 16

HBV infection
negative 8 9 0.046 3.048(0.991-9.374)
Positive 14 48

Stage
I or II 14 22 0.146 2.248(0.747-6.764)
III or IV 8 35

Lymphatic 
metastasis

No 12 27 0.098 0.390(0.126-1.208)
Yes 10 30

Tumor size
≤5 14 33 0.071 0.37(0.124-1.107)
>5 8 24

HBV: hepatitis B virus,  OR: odd ration, CI: confidence interval

overall survival (OS) prognosis (Figures 3A-B) and longer 
disease-free survival (DFS), as shown in Figures 3A-B.

MiR-21 rs1292037 polymorphism of HCC patients 
was correlated with miR-21 expression, clinical 
characteristics, and prognosis. We subsequently 
explored the association of rs1292037 polymorphism 
in HCC patients with clinical characteristics and 
prognosis. There were 22 patients with the AA genotype 
at miR-21 rs1292037, whereas 57 patients carried the 
AG/GG genotype. First, we found that levels of miR-21 
in leukocytes has significantly decreased in patients 
with the AA genotype, as compared with those in the 
AG/GG group (Figure 4). As shown in Table 2, those 
with the AA genotype exhibited less susceptibility 
to HBV, as compared with those with the AG/GG 
genotype. Additionally, those with the AA genotype 
possessed less late stage (III or IV) diseases, larger tumor 
size (greater than 5 cm), and lymphatic metastasis than 
AG/GG cases, but the difference in their p-values 
compared with each other is not less than 0.05. Kaplan-
Meier analysis indicated that the AA genotype showed 
more accurate OS prognosis (Figure 5A) and longer 
DFS, as seen in Figure 5B. Next, we tested whether the 
combination of miR-21 rs1292037 polymorphism and 
HBV positive results is a more accurate predictor of OS 
and DFS. Patients with the AA+HBVnegative phenotype 
showed the highest OS and DFS rates, and significant 
differences in the survival rates between AA+HBVnegative 
and AA+HBpositive patients were found. However, 
the difference between AG/GG+HBVnegative and 
AG/GG+HBVpositive types was found to be insignificant 
(Figure 6). 

Micro-RNA-21 rs1292037 polymorphism was 
related to hepatic IRI of HCC patients after hepatectom. 
Some groups’ findings suggest that the indicators of 
IRI severity after hepatectomy can function as potent 
markers for HCC prognosis because severe IRI at the 
early phase after hepatectomy or live transplant provides 
a good environment for tumor growth.3 Serum alanine 
aminotransferase (ALT) levels a day post-resection 
were significantly increased compared with baseline, 
gradually decreasing until seven days post-resection. 
Compared to AA cases, AG/GG genotype group had 
higher serum ALT levels a day post-resection. However, 
after 7 days, both ALT and aspirate aminotransferase 
(AST) values of group AG+GG were lower than those of 
the AA group, and were lowest in the AG+GG genotype 
group (Figure 7A). Similar results were also observed 
with AST (Figure 7B). However, total bilirubin test and 
DBIL, which were also potent indicators for IRI, did 
not correlate with miR-21 rs1292037 polymorphism 
(Figures 7C-D). 

MiR-21 prevents HCC cell injury and promotes 
proliferation in an in vitro simulated IRI model. We 
next established an in vitro simulated IRI model using 
the human HCC cell line Huh7. The miR-21 expression 
increased in Huh7 cells during the ischemic and 
reperfusion periods, compared with that of the control 
group. Furthermore, compared with the ischemic 
period, miR-21 levels increased in the reperfusion 
period (Figure 8A). Previous reports demonstrated 
that receiver operating characteristics (ROS) pathway 
mediates the cell injury upon exposures to ischemia and 

Figure 4 - Association of miR-21 rs1292037 polymorphism with 
the miR-21 level in blood leukocyte of the hepatocellular 
carcinoma patients.
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Figure 5 - Kaplan-Meier curves for time to A) overall survival  and B) disease-free survival of patients according 
to different genetic polymorphism at genetic polymorphism at miR-21 rs1292037 SNP site.

Figure 6 - Kaplan-Meier curves for time to A) overall survival  and B) disease-free survival of patients according to combined 
miR-21 rs1292037 polymorphism and hepatitis B virus infection status.

Figure 7 - Serum A) Alanine aminotransferase, B) aspirate aminotransferase, C) total bilirubin test, and D) direct bilirubin levels before and after partial 
hepatectomy of hepatocellular carcinoma patients with different genetic polymorphism at miR-21 rs1292037 polymorphism single nucleotide 
polymorphisms site. AA: miR-21 rs1292037 genotype is AA; AG/GG: miR-21 rs1292037 genotype is AG or GG. PRE: before hepatectomy 
AS 1 day: 1 day after hepatectomy; AS 3 day: 3 day after hepatectomy; AS 7 day: 7 day after hepatectomy.
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reperfusion. In this study, Huh7 cells were transiently 
transfected with miR-21 overexpressing or inhibitor 
oligonucleotides, and then were exposed to an IRI 
environment. We found that ROS accumulated during 
the acute ischemic process and persisted through 
reperfusion in Huh7 cells, whereas pre-treatment 
with miR-21 mimics decreased ROS accumulation 
(Figure 8B), indicating that miR-21 could attenuate 
ischemia-reperfusion-induced injury. Additionally, the 
IRI environment up-regulated Huh7 cell proliferation, 

whereas miR-21 inhibitor reversed the regulation of 
IRI-induced proliferation (Figure 8C).

MiR-21 protects against HCC cell injury and 
promotes proliferation by targeting proinflammatory 
factors IL-12A. Previous studies  revealed that 
inflammation plays an important role in promoting 
IRI. Our luciferase reporter vector-based experiments 
demonstrated that interleukin (IL)-12A was a viable 
target of miR-21 in vitro (Figures 9A-B). Furthermore, 
miR-21 mimics downregulated the IL-12A mRNA level 

Figure 8 - Micro-RNA-21 protect hepatocellular carcinoma cell injure and promote proliferation. A) Huh7 cells were exposed to simulated IRI 
environment or not, and then quantitative polymerase chain reaction were used to determine the miR-21 levels in both ischemic period and 
reperfusion period; B) Huh7 cells were transfected with miR-21 mimincs or miR-21 NC, following with simulated IRI exposure, and then 
intracellular ROS levels were measured by a fluorometry assay using intracellular oxidation of DCFH-DA; C) Huh7 cells were transfected with 
miR-21 mimincs or not, following with simulated IRI exposure or not, and then the cell proliferation were determined.

Figure 9 - Relative lucifer activity. A) The region of the human TNFα mRNA 3’UTR predicted to be targeted by miR-21. B) 293T cells were transiently 
co-transfected with luciferase reporter vectors for TNFα, and either miR-21 mimics, inhibitor or negative control. Luciferase activities were 
normalized to the activity of Renilla luciferase. C) Huh7 cells were transfected with miR-21 mimincs, inhibitor or miR-21 NC, following with 
simulated ischemia-reperfusion injury  (IRI) exposure, and then intracellular IL-12A mRNA expression were determined by qRT-PCR assay. 
D) Huh7 cells were transfected with miR-21 mimincs or miR-21 negative control, together with IL-12 treatment (10ng/mL) or not, following 
with simulated IRI exposure, and then the cell proliferation were determined
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in the simulated IRI model (Figure 9C). Huh7 cells were 
transiently transfected with miR-21 mimics, together 
with IL-12 treatment (10 ng/mL) or not, followed by 
simulated IRI exposure. We found that the regulatory 
functions of miR-21 in Huh7 cell proliferation were 
reversed by IL-12A treatment (Figure 9D). 

MiR-21 rs1292037 polymorphism was associated 
with the miR-21 functions in HCC cells by regulating 
IL-12A expressions. We isolated and cultured HCC cells 
from 79 patients and found that miR-21 expression 
in cells with AA genotype was lower than that with 
AG/GG (Figure 10A). When these cells were exposed to 
an IRI environment, the AA group exhibited enhanced 
ROS accumulation and inhibited cellular proliferation, 
compared with AG/GG cases (Figures 10B-C). 
Furthermore, IL-12A expressions in both HCC 
cells and blood leukocytes were higher in AA group 
(Figures 10D-E). Collectively, the cell-based results and 

clinical findings demonstrated that miR-21 rs1292037 
polymorphism functions on miR-21 expression of 
HCC cells, and therefore regulates IL-12A-mediated 
cell injury and proliferation.

Discussion.  Different genetic characteristics 
are one of the important factors accounting for the 
differences in prognosis of patients with HCC; therefore, 
they could function as potential biomarkers.15 Single 
nucleotide polymorphisms of certain inflammatory 
cytokines, such as tumor necrosis factor alpha and 
IL-10, can regulate important carcinogenic signals 
and can affect the prognosis of HCC.16 Furthermore, 
genetic variation in miRNAs can alter their functions 
and that of their targets; hence, may be conducive to 
cancer progressions.17

Micro-RNA-21 has been reported to act as an 
inflammatory inhibitor, suppressing the expression of 
proinflammatory targets by binding to their 3’UTR.18-20 

Figure 10 - MiR-21 rs1292037 polymorphism was associated with the miR-21 functions in hepatocellular carcinoma cell (HCC) cells by regulating 
IL-12A expressions. A) Primary HCC cells were isolated from 22 cases of rs1292037 AA and 57 cases of AG/GG and were incubated for 24 
h. The cells were harvest and the miR-21 expressions were assayed by quantitative reverse-transcript polymerase chain reaction (qRT-PCR). 
B) Cells in (A) were simulated IRI exposure, and then intracellular receiver operating characteristic levels were measured by a fluorometry 
assay using intracellular oxidation of DCFH-DA. C) Cells in (A) were simulated IRI exposure or not, and then the cell proliferation were 
determined. D) Cells in (A) were harvest and the IL-12A expressions were assayed by qRT-PCR. E) quantitative polymerase chain reaction 
results demonstrating the relationship between miR-21 rs1292037 polymorphism and IL-12A expressions in blood leukocyte of the HCC 
patients. 
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Although substantial research has been conducted 
to investigate the functions of miR-21 in tumors, 
the results remain inconclusive. Similarly, studies 
on miR-21 expression patterns in HCC patients are 
also conflicting. Zhuang et al21 reported that miR-21 
increased in HCC serum samples and can serve as 
a potential biomarker. Huang  et al22 also found that 
increased expression of miR-21 could predict poor 
prognosis of HCC patients. In contrast, Yi et al23 did 
not find any association between miR-21 level and 
HCC prognosis. Our study found that higher miR-21 
levels exist in blood leukocytes of HCC patients and 
HCC tissues than in non-HCC control patients. 
Subgroup analysis indicated that in patients with HCC, 
HBV infection can cause up-regulation of miR-21. 
Combined with previous evidence, these results suggest 
an association between miR-21 and HBV-related HCC 
pathogenesis.

The highlight of this study was finding out that 
miR-21 rs1292037 polymorphism in HCC patients 
is correlated with clinical indicators and prognosis. 
Increased OS and DFS rates were observed for patients 
carrying the rs1292037 AA phenotype. Moreover, the 
combined survival analysis of patients with the miR-21 
rs1292037 polymorphism and HBV infection revealed 
that the AA+HBVnegative phenotype predicted the highest 
OS and DFS rates. It revealed that miR-21 level and 
polymorphism, either separately or in combination, 
could be indicators of HBV-related HCC progressions 
and prognosis.

 Notably, our results also indicated that some patients 
who carry miR-21 rs1292037 AG+GG phenotype had 
higher ALT and AST levels a day after hepatectomy. 
This may be attributed to larger and more aggressive 
tumors in AG+GG patients, resulting in stronger IRI 
after surgery. However, interestingly, the recovery from 
this injury was faster in AG+GG patients one to 7 days 
after surgery, and this might be due to high miR-21 
levels in AG+GG cases, contributing to protection 
against IRI.

The polymorphisms of miRNAs can affect their 
expression or their binding to target genes, thus altering 
their biological functions.24 In this study, the cell-based 
experiments revealed that miR-21 protects against 
IRI and promotes the proliferation of HCC cells by 
directly inhibiting IL-12A expression. Interleukin-12A 
(P35) and IL-12B (P40) can form IL-12 dimer and 
have inflammatory roles in tumor cells.25 Previous 
reports indicated that deletion of IL-12A (P35) altered 
the inflammation patterns in the liver, subsequently 
inducing liver fibrosis.26 Liver IRI is the major 

complication in the early phase after hepatectomy 
due to an over-activated inflammatory response, and, 
as a response, cells increase their ability to proliferate 
to protect against this damage. This may be one of the 
reasons why severe IRI is prone to the recurrence of 
tumors.27

The current study revealed that miR-21 inhibited 
IL-12A-induced inflammation, and therefore prevented 
IRI and promoted cell proliferation in HCC cells. This 
may be one of the mechanisms by which miR-21 acts 
as a tumor promotor. Additionally, we found that 
the AA phenotype of miR-21 rs1292037 decreased 
miR-21 expression and increased IL-12A expression 
in both cell-based experiments and clinical results. 
This weakened the tumorigenic function of miR-21 
compared to that of AG/GG patients, thus providing a 
more accurate prognosis.

Study limitations. One is that our findings 
have not been validated in animal models. Also, 
multicenter research on the relationship between 
the miR-21 rs1292037 A>G polymorphism and 
HCC development should be performed further. The 
follow-up research on the above limitations makes the 
focus of our further study.

In conclusion, we found that the AA genotype of 
miR-21 can down-regulate miR-21 expression in HCC 
patients, thereby weakening the inhibitory effect of 
miR-21 on IL-12A. This promotes IRI, but inhibits the 
proliferation of cancer cells, and can thus predict a more 
accurate prognosis. 
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