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Abstract: MiR-22 has been demonstrated to inhibits tumor growth in several cancers. However, its function in the tu-
mor microenvironment is still unclear, especially for T cell differentiation. Here, miR-22 expression in the circulating T 
cells from hepatocellular carcinoma (HCC) patients and healthy controls was analyzed with quantitative polymerase 
chain reaction (qPCR). Diethylnitrosamine (DEN)/phenobarbital (PB)-mediated primary HCC and Hepa1-6 subcuta-
neous tumor mouse models were established and subjected to lenti-miR-22 injection. Mice immunoreconstituted 
with miR-22-overexpressing T cells were employed to investigate the antitumor effect of miR-22 in mice. Luciferase 
assay, immunofluorescent staining, in vitro Th17 cell differentiation assay, and rescue experiments were employed 
to investigate the mechanism underlying the miR-22-mediated regulation of Th17 cell differentiation and liver tumor 
growth. Results confirmed the dramatic downregulation of miR-22 expression in malignant tissues and circulating T 
cells from patients with HCC. MiR-22 expression correlated with good prognosis of patients. Overexpression of miR-
22 impaired the DEN/PB-induced primary HCC formation and the growth of Hepa1-6 subcutaneous tumors by pro-
moting Th17 differentiation. Injection of miR-22-overexpressing T cells in irradiated mice resulted in the inhibition of 
Hepa1-6 subcutaneous tumor growth via Th17 differentiation promotion. MiR-22 could directly bind to Jarid2, which 
played an important role during the miR-22-mediated regulation of Th17 differentiation. Taken together, our study 
expands the understanding of miR-22 function and provides a therapy target for HCC.
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Introduction

Hepatocellular carcinoma (HCC), usually ac- 
companied with poor prognosis, is the third 
leading cause of cancer-associated deaths  
[1]. In particular, the incidence of HCC in China 
is 5-10 times higher than that in developed 
countries [2]. Several factors contribute to the 
risk of HCC, including diabetes, hepatitis virus 
B or C, genetic metabolic diseases, and alco-
holic or nonalcoholic steatohepatitis, [3-6]. 
Diverse tremendous, including surgery, chemo-
therapy, radiation therapy, and immunotherapy 
have developed for HCC treatment, but the 
patients show bad prognosis and high rates of 
postoperative recurrence, which was the main 
reason for the survival rate less than 50% [7]. 
Thus, it’s important to develop new therapeutic 
targets and identify prognostic biomarkers for 
HCC.

Various tumor-supporting cells and tumor epi-
thelium comprised the tumor microenviron-
ment, which is complex and dynamic and has 
attracted the attention of amount of cancer 
researchers [8, 9]. Immune cells and immuno-
suppressive cells are the main effector of 
tumor-supporting cells [8, 9]. CD4+ Th17 cells  
is a subset of CD4+ T cells and provide protec-
tive immunity against infections but are also 
involved in inflammation [10]. In tumor immuni-
ty, Th17 cells take a complex and controversial 
role and exhibit a fluctuating identity in cancer 
[11, 12]. By promoting the secretion of interleu-
kin (IL)-1β, IL-6, IL-23, and transforming growth 
factor (TGF)-β1 and other inflammatory cyto-
kines, Th17 cells facilitate contact between 
tumor cells and tumor-derived fibroblasts and 
consequently promote tumorigenesis [13, 14]. 
However, Th17 cells also cause antitumor 
immune responses via activating effector CD8+ 
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T cells, or producing interferon (IFN)-γ [15]. 
Thus, it is necessary to clarifying the under- 
lying mechanism of Th17 function and diffe- 
rentiation.

MiR-22 serves as a biomarker for the progno- 
sis of several cancers and acts as a tumor  
suppressor. Downregulation of miR-22 in the 
serum and malignant tissues was shown to cor-
relate with bad prognosis of patients with 
breast cancer [16, 17] and pancreatic cancer 
[18]. Overexpression of miR-22 could suppress 
tumorigenesis in breast and gastric cancers 
[19, 20], inhibit epithelial-mesenchymal transi-
tion (EMT) in lung and bladder cancers [21, 22], 
and enhance radiosensitivity in small-cell lung 
and breast cancers [19, 23]. In HCC, high miR-
22 expression correlated with good prognosis 
of patients [24]. Serum miR-22 level could be 
used as an early detection biomarker for HCC 
[25]. Previous functional investigations have 
indicated the antitumor effect of miR-22 on the 
proliferation, tumorigenesis, and metastasis of 
HCC via targeting YWHAZ, CD147, galectin-1, 
CCNA2, and Sp1 [26-30]. Upregulation in the 
expression of miR-22 with berberine and wal-
tonitone was also found to inhibit the prolifera-
tion of HCC cells [26, 29]. However, the function 
of miR-22 in the tumor microenvironment and T 
cell differentiation is indistinct. 

In our study, we aimed to investigate the  
miR-22 expression in the circulating T cells 
from health people and HCC patients by qPCR. 
DEN/PB-mediated primary HCC and Hepa1-6 
subcutaneous tumor mouse models were es- 
tablished and subjected to lenti-miR-22 treat-
ment. Mice immunoreconstituted with miR-
22-overexpressing T cells were used to inve- 
stigate the function of miR-22 in vivo. Lucifera- 
se assay, immunofluorescent staining, in vitro 
Th17 cell differentiation assay, and rescue 
experiments were used to investigate the 
potential mechanism of miR-22-mediated regu-
lation of T cell differentiation and liver tumor 
growth. The results of our study may expand 
the understanding of miR-22 function and sup-
ply a therapy target for HCC.

Materials and methods

Clinical sample

The HCC patients who underwent hepatectomy 
and without radiotherapy or chemotherapy 

prior to the hepatectomy at the Affiliated Eighth 
People’s Hospital, Jiangsu University between 
2013 and 2015 were included in our study. 
After pathologic diagnosis, the liver tissues 
samples were used in the present study. The 
forward tissues of HCC patients were used as 
normal samples. Informed consent for the col-
lection of tissues for the present study was 
signed by the patients. The protocols for collec-
tion of liver tissue samples was approved by 
the Medical Ethics Committee of the Jiangsu 
University.

Animal study

C57BL/6 mice (female, 8- to 10-week-old) were 
purchased from Hfkbio (Beijing, China) and 
housed at a SPF (specific pathogen free) con- 
dition, with free access to water and food.  
For primary HCC mice model, C57BL/6 mice 
received intraperitoneal injections of DEN (20 
mg/kg, Sigma, MA, USA), and feeded with ster-
ile containing 0.05% PB. Between 6 to 12 
weeks post DEN injection, lentivirus-based 
miR-22 overexpression system and lenti-con-
trol were intravenously injected one time a 
week. At 52 weeks later, mice were sacrificed 
and tumors were collected. The liver weight and 
tumors in each liver were analyzed. For subcu-
taneous tumor model, 1 × 107 Hepa1-6 cells 
(dilution in 100 μl sterile PBS) were injected 
into the subcutaneous of right ventral. Between 
11 to 15 days post tumor cell injection, lentivi-
rus-based miR-22 overexpression system and 
lenti-control were intravenously injected one 
time a day for five times. 

Cultivation of spleen-derived T cells

For T cell isolation, spleens of C57BL/6 mice 
(8-weeks old) were collected for preparing sin-
gle-cell leukocyte suspensions. Then, flow 
cytometry was employed to isolate naive CD4+ 
T cells. The isolated naive CD4+ T cells were  
cultured as previous study indicated [31]. 
Briefly speaking, isolated naive CD4+ T cells 
were resuspended in 0.5 ml conditional medi-
um (complete RPMI 1640 medium containing 
10% FCS (Invitrogen, MA, USA), 200 mmol/L 
L-glutamine (Invitrogen, MA, USA), 100 U/mL 
penicillin/streptomycin (Invitrogen, MA, USA), 
and 4.5 g/L glucose (Invitrogen, MA, USA), 10 
mg/mL plate-bound anti-mouse a-CD3 (17A2) 
and 2 mg/mL soluble a-CD28) and cultured in 
48-well flat-bottom plates. CD4+ T cell were 
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infected with lenti-miR-22 over expression sys-
tem with a MOI of 20. 

Th17 differentiation assay

For Th17 differentiation, cultured naive CD4+ T 
cells were stimulated with 1 mg/mL anti-mouse 
CD3 (BioLegend), 5 mg/ml anti-mouse CD28 
(eBioscience), 10 ng/ml recombinant IL-2 (Bio- 
legend) in RPMI-1640 medium with 10% fetal 
bovine serum (FBS) with 50 ng/mL IL-6 (Bio- 
Legend), 10 ng/mL IL-1β (eBioscience), 10 ng/
mL IL-23 (BioLegend), 10 ng/mL TGF-β (eBiosci-
ence), 10 μg/mL anti-mouse IFN-γ (eBiosci-
ence) and 10 μg/ml anti-mouse IL-4 (BioLe- 
gend). After culture for 4 days, the cells were 
collected for flow cytometry analysis.

Immunoreconstituted mouse model 

Immunoreconstituted mice were established 
as previous study indicated [32]. In short, 
RS-200 Biological Irradiator was used to irradi-
ate the recipient mice (8- to 10-week-old 
C57BL/6) with 7.0 Gray. Then 2 × 106 T-miR-22 
cells and T-control cells were intravenously 
injected into the irradiated mice. At 8 weeks 
after T cells injection, mice blood was collected 
for miR-22 determination by qPCR.

Quantitative PCR

Liver tissues and cells were collected for total 
RNA extraction by Trizol (Invitrogen, MA, USA) 
following the instruction of producer. cDNA was 
prepared with reverse transcription kit with 
gDNA eraser (Takara, Tokyo, Japan) was used 
to synthesize cDNA and SYBR Green (Applied 
Biosystems; Thermo Fisher Scientific, Inc.) kit 
was used for qPCR analysis. 

The qPCR conditions: denaturation at 94°C for 
2 min, amplification at 94°C for 30 s for 40 
cycles, annealing at 58°C for 30 s and exten-
sion at 72°C for 60 s, followed by a terminal 
elongation step for 10 min at 72°C. All of the 
data was calculated following the 2-ΔΔCq method 
after normalization to U6 [33]. U6 was deter-
mined as a internal control. The primer of miR-
22 and U6 were purchased from Ruibio 
(Guangzhou, China) and the sequence was not 
supplied according to the rule of the company.

H&E staining and immunofluorescent staining

Liver tissues and tumors were fixed with 4% 
paraformaldehyde for 48 hours before process-

ing into paraffin-embedded blocks. After cut-
ting into 4 μm sections, the slides were then 
stained with H&E kit (Beyotime, Beijing China). 
The tumor area in each slide were calculated 
based on the image of H&E staining. For immu-
nofluorescent staining, the sections were per-
formed for antigen retrieval for 3 mins in citrate 
under high pressure, after dewaxing and hydra-
tion. Then the slides were incubated with  
primary antibody against Jarid2 (abcam, CA, 
UK) for overnight at 4°C. The sections were 
washed with PBS for 3 times and incubated 
with tetramethylrhodamine-conconjugated se- 
condary antibody (Invitrogen, MA, USA) at 37°C 
for 1 hour. 4’,6-diamidino-2-phenylindole (DAPI; 
Beyotime, Beijing, China) was used to stain the 
nucleus. The Jarid2 positive cells in each sec-
tion were counted and analyzed.

Flow cytometry

For flow cytometry analysis, the tumors were 
prepared as previous study indicated [34]. 
Briefly speaking, tumors were collected, wash- 
ed with ice-cold PBS, and digested in RPMI-
1640 medium containing collagenase IV (0.1%; 
Gibco), nuclease, and 1% FBS for 40-60 min at 
37°C. Then the cells were collected and filtered 
with 40 μm sieve. Dead and live cells were dis-
criminated by Fixable Viability Stain 620 stain-
ing (BD Biosciences, CA, USA). After washing 
with ice-cold PBS for three times, the cells were 
fixed and incubated with primary antibodies 
(FITC-CD4, Cy7-CD8, PE-FoxP3 and APC-IL-17). 
Then the cells were measured on a NovoCyte 
flow cytometer.

Western blotting

The tissues and T cells were collected for total 
protein extraction by lysing with RIPA Lysis 
Buffer (Beyotime, Beijing, China), containing 1% 
protease inhibitor cocktail (Roche, MA, USA) for 
30 min on ice. Total 20 μg protein samples 
were used for SDS-PAGE electrophoresis. After 
transferring to PVDF membranes (Merck 
Millipore, MA, USA), TBST buffer containing 5% 
nonfat milk was used to block the membranes 
for 2 h and immunoblotted with anti-Jarid2 anti-
body (abcam, CA, USA) for overnight at 4°C. 
After incubating with peroxidase conjugated-
secondary antibodies (Zs bio, Beijing, China), 
the bands were detected by an ECL kit (Millipore, 
Bedford, MA) with iBright 2000 (Thermo Fisher, 
MA, USA). GAPDH was detected as an internal 
control.
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Figure 1. Downregulation of miR-22 in T cells of HCC patients. A. qPCR analysis of miR-22 expression in 30 pairs of 
liver normal and malignant tissues. U6 was used as a loading control, P=0.0036. B. Differential expression of miR-
22 in different stage of patients with HCC. C. The correlation analysis between miR-22 expression and prognosis 
of HCC patients. The patients were divided based on the median expression of miR-22 in malignant tissues. D. The 
correlation analysis between miR-22 expression and prognosis of HCC patients from TCGA data base. The patients 
were divided based on the average expression of miR-22 in malignant tissues. E. qPCR analysis of miR-22 expres-
sion in circulating T cells from HCC patients (n=29) and healthy controls (n=11). U6 was used as a loading control, 
P<0.0001. F. Differential expression of miR-22 in circulating T cells from HCC patients with (n=14) or without me-
tastasis (n=15). (P=0.0033).

Luciferase assay

The pMIR-REPORT Luciferase vector based 
plasmid of Jarid2 3’-UTR and 3’-UTR mutant 
were supplied by Fulengen (Guangzhou, China). 
The plasmids (2 μg) were transfected into 293T 
cells by Lipofectamine 3000 (Invitrogen, MA, 
USA), accompanied with 1 μg of Renilla lucifer-
ase reporter plasmid pRL-SV40. After transfec-
tion with these plasmids, lenti-miR-22 and miR-
control were used to infect 293T cells sepa-
rately. At 24 h later, the cells were collected  
for luciferase activity determination by Dual-
Luciferase Reporter Assay System (Promega). 
Results were normalized to Renilla activity.

Statistical analysis

GraphPad Prism 5 was used for statistical anal-
ysis and all of the data were presented as the 
mean ± standard deviation. The data were ana-
lyzed using Students’ t test between two groups 
and one-way analysis of variance among three 
or more groups with Dunnett’s multiple com-
parisons. The survival rate was analyzed by the 

Kaplan-Meier method. P<0.05 was considered 
as a statistically significant difference.

Results

Downregulation of miR-22 in T cells from HCC 
patients

To determine the expression level of miR-22 in 
HCC, 30 pairs of liver malignant tissues and 
normal tissues were collected for quantitative 
PCR analysis. The result demonstrated the sig-
nificant downregulation of miR-22 expression in 
malignant tissues, compared with that in nor-
mal tissues (Figure 1A). Further analysis indi-
cated the lower levels of miR-22 in the malig-
nant tissues from patients with higher HCC 
stage (Figure 1B). Based on miR-22 expression, 
80 patients were divided into two groups as  
follows: one group with high miR-22 expression 
and other with low miR-22 expression. Pro- 
gnosis analysis demonstrated that those with 
low miR-22 expression showed poor prognosis 
and overall survival time (Figure 1C). Similar 
results were observed in the data from The 
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but promoted the infiltration of CD8-positive T 
cells in tumors (Figure 3A, 3B). Furthermore, 
miR-22 inhibited Treg differentiation (Figure 
3C) but promoted Th17 differentiation (Figure 
3D). Enzyme-linked immunosorbent assay 
(ELISA) results showed that miR-22 enhanced 
IL-17 and IFN-γ expression but inhibited IL-6 
expression in Hepa1-6 subcutaneous tumors 
(Figure 3E). No significant change was observed 
in IL-4 and tumor necrosis factor (TNF)-α levels 
(Figure 3E). Furthermore, similar expression of 
cytokines was observed in DEN/PB-induced 
primary liver tumors (Figure 3F). To confirm the 
regulatory role of miR-22 on T cell differentia-
tion, the T cells from the spleen were extracted 
for in vitro experiments. qPCR results confirmed 
the significant upregulation of miR-22 expres-
sion in the T cells infected with lenti-miR22 
(Figure 3G). After stimulation with several  
cytokines (IL-6, IL-1β, IL-23, and TGF-β) and 
antibodies (anti-IFN-γ and anti-IL-4) for Th17 
differentiation induction, more IL-17-positive 
cells were detected in miR-22-overexpressing T 
cells (Figure 3H). This was accompanied with  
a significant upregulation in IL-17 expression 
(Figure 3I). Thus, miR-22 promoted Th17 
differentiation.

Injection of miR-22-overexpressing T cells im-
pairs the growth of the liver tumor in mice

To exclude the antitumor effect of miR-22 on 
tumor cells, miR-22-overexpressing T cells were 
used for constructing an immunoreconstituted 
mouse model. As shown in Figure 4A, miR-
22-overexpressing T cells and control cells 
were injected into irradiated mice, which were 
then injected with Hepa1-6 cells to generate 
subcutaneous tumors. The results demonstrat-
ed that miR-22 expression in circulating T cells 
was significant upregulated at 4 and 8 weeks 
post-injection of miR-22-overexpressing T cells 
(Figure 4B). Furthermore, a dramatic increase 
in miR-22 level was also detected in the tumors 
from mice injected with miR-22-overexpressing 
T cells (Figure 4C). As shown in Figure 4D, 4E, 
the injection of miR-22-overexpressing T cells 
significantly inhibited the tumor volume by 
67.5% and tumor weight by 73.3%. More Th17 
cells were detected in the tumors from mice 
injected with miR-22-T cells than in those from 
the control group (Figure 4F), consistent with 
the higher levels of IL-17 (Figure 4G). Thus, the 
injection of miR-22-overexpressing T cells could 
impair the growth of liver tumors in mice.

Cancer Genome Atlas (TCGA) database (Figure 
1D). Furthermore, circulating T cells were col-
lected from patients with HCC and healthy con-
trols and the expression of miR-22 was found to 
be lower in the circulating T cells from patients 
than in those from the healthy controls (Figure 
1E). The expression of miR-22 in circulating  
T cells was dramatically downregulated in 
patients with metastasis (Figure 1F). Thus, low 
expression of miR-22 in circulating T cells and 
malignant tissues correlated with poor progno-
sis in HCC patients.

MiR-22 inhibits liver tumor growth in mice

To study the functional role of miR-22 in HCC, a 
diethylnitrosamine (DEN)/phenobarbital (PB)-
induced primary liver cancer mouse model was 
established. Lentivirus-based miR-22 overex-
pression system and lentivirus-based control 
were injected at 6 weeks post DEN administra-
tion (Figure 2A). After 52 weeks, the liver tis-
sues and T cells from tumors were collected for 
further analysis. Quantitative PCR (qPCR) anal-
ysis confirmed the significant upregulation in 
the expression of miR-22 in the liver tumor tis-
sues (Figure 2B) and T cells (Figure 2C). Lower 
tumor weight (Figure 2D) and tumor mass 
(Figure 2E) were observed in miR-22 treatment 
group. Hematoxylin and eosin (H&E) staining of 
the liver tissue also confirmed the lower tumor 
area for miR-22 treatment group (Figure 2F). To 
investigate the functional role of miR-22 in 
HCC, lenti-miR-22 was injected into Hepa1-6 
subcutaneous tumors for five times (Figure 
2G). The tumors and T cells from tumors were 
collected for further analysis after sacrificing 
the mice. qPCR analysis confirmed the signifi-
cant upregulation of miR-22 expression both in 
tumors (Figure 2H) and T cells from tumors 
(Figure 2I) derived from miR-22-injected mice. 
As shown in Figure 2J-L, the ectopic expression 
of miR-22 resulted in a significant inhibition in 
the tumor volume by 70.5% and tumor weight 
by 70.2%. These results show that the ectopic 
expression of miR-22 could inhibit HCC growth.

MiR-22 promoted Th17 differentiation

To investigate the function of miR-22 in the 
tumor microenvironment, T cells from Hepa1-6 
subcutaneous tumors were analyzed by flowy 
cytometry. Our results indicated that the ecto-
pic expression of miR-22 had no significant 
effect on the infiltration of CD4-positive T cells 
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Figure 2. Overexpression of miR-22 inhibits liver tumor growth in mice. A. Process of miR-22 treatment in DEN/
PB-mediated primary HCC model. B. qPCR analysis of miR-22 expression in tumor tissues from mice after lenti-ctrl 
or lenti-miR-22 treatment (n=4, P<0.0001). C. qPCR analysis of miR-22 expression in circulating T cells from mice 
after lenti-ctrl or lenti-miR-22 treatment (n=4, P<0.0001). D. Weight of liver from mice after lenti-ctrl or lenti-miR-22 
treatment (n=5, P=0.0008). E. Number of tumors in mice after lenti-ctrl or lenti-miR-22 treatment (n=5, P=0.0093). 
F, H. E. staining of livers from mice after lenti-ctrl or lenti-miR-22 treatment. Scale bar =200 μm. Black arrows indi-
cated the tumor area. The percent of tumor area was analyzed in each slides (n=5, P=0.0001). G. Process of miR-22 
treatment in Hepa1-6 subcutaneous tumor model. H. miR-22 expression in subcutaneous tumors from lenti-ctrl or 
lenti-miR-22 treatment group (n=4, P<0.0001). I. miR-22 expression in circulating T cells from lenti-ctrl or lenti-
miR-22 treatment group (n=4, P<0.0001). J. Image of tumors from lenti-ctrl or lenti-miR-22 treatment group. K. The 
curve of tumor volume from lenti-ctrl or lenti-miR-22 treatment group (n=5, **, P<0.01). L. The weight of tumors 
from lenti-ctrl or lenti-miR-22 treatment group (n=5, **, P=0.0014).

MiR-22 directly targets Jarid2

To determine the direct effect of miR-22 on T 
cell differentiation, the potential direct target of 
miR-22 was predicted with bioinformatic tools 
(miRbase and TargetScan). The results revealed 

a potential binding site of miR-22 on the 
3’-untranslated region (UTR) of Jarid2. To deter-
mine this analysis, the Jarid2 3’-UTR carrying 
the miR-22-binding site and Jarid2 mutant 
3’-UTR carrying a mutated miR-22 binding site 
were cloned into the luciferase-report plasmid 
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Figure 3. miR-22 regulated T cell differentiation. A-D. Flow cytometry analysis of CD4 T cells, CD8 T cells, FoxP3 positive T cells and IL-17 positive T cells in tumors 
from lenti-ctrl or lenti-miR-22 treatment group (n=4). E. Expression of IFN-γ, IL-17, IL-4, IL-6 and TNF-α in Hepa1-6 tumors from lenti-ctrl or lenti-miR-22 treatment 
group (n=4). F. Expression of IFN-γ, IL-17, IL-4, IL-6 and TNF-α in primary liver tumors from lenti-ctrl or lenti-miR-22 treatment group (n=4). G. qPCR analysis of miR-22 
expression in T cells that were infected with lenti-miR-22 or control group (n=3, P<0.0001). H. Flow cytometry analysis of IL-17 T positive cells that were infected with 
lenti-miR-22 or control group (n=4, P=0.0001). I. Determination of IL-17 expression in T cells that were infected with lenti-miR-22 or control group (n=3, P<0.0001).
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(Figure 5A). qPCR results showed that the 
expression of miR-22 in lenti-miR-22-infected 
cells was higher than that in the control cells 
(Figure 5B). After luciferase-Jarid2-3’-UTR tran- 
sfection, the expression of luciferase in miR-
22-transfected 293T cells was significantly 
downregulated (Figure 5C), whereas no dra-
matic reduction in luciferase expression was 
observed in luciferase-Jarid2-mutant 3’-UTR-
transfected cells (Figure 5C). Immunofluore- 
scence staining showed fewer Jarid2-positive 
cells in Hepa1-6 tumors (Figure 5D) and prima-
ry liver tumors (Figure 5E). We also detected 
upregulation in Jarid2 expression in malignant 
tissues (Figure 5F) and circulating T cells 
(Figure 5G) from patients with HCC. Pearson’s 
analysis revealed the inverse correlation 
between miR-22 and Jarid2 in the malignant 
tissues from patients with HCC (Figure 5H). 
These results suggest that miR-22 could direct-
ly target Jarid2 and inhibit the expression of 
Jarid2. 

Jarid2 plays an important role during miR-
22-mediated regulation of T cell differentiation

To determine the role of Jarid2 during the miR-
22-mediated regulation of T cell differentiation, 
T cells from the spleen were extracted for in 
vitro experiments. qPCR analysis confirmed the 
significant upregulation in miR-22 expression in 
the T cells infected with lenti-miR-22 (Figure 
6A). Western blotting results also suggested 
that the ectopic expression of miR-22 could 
inhibit Jarid2 expression in T cells (Figure 6B). 
Infection of T cells with lenti-Jarid2 overexpres-
sion system rescued Jarid2 expression in miR-
22-infected T cells (Figure 6C). Th17 differenti-
ation analysis indicated that miR-22 promoted 
the differentiation of T cells into Th17 cells (IL-
17 positive), whereas the ectopic expression  
of Jarid2 attenuated this effect on Th17  
differentiation by miR-22 (Figure 6D). Taken 
together, Jarid2 plays an important role during 
the miR-22-mediated regulation of T cell 
differentiation.

Discussion

Our study clarfied the decrease of miR-22 
expression in malignant tissues and circulating 
T cells from patients with HCC and an inverse 
correlation between miR-22 expression and 
poor prognosis of patients. Ectopic expression 
of miR-22 impaired the DEN/PB-induced pri-
mary HCC formation and the growth of Hepa1-6 
subcutaneous tumors by promoting Th17 dif-
ferentiation. Injection of miR-22-overexpress-
ing T cells in irradiated mice resulted in the inhi-
bition of Hepa1-6 subcutaneous tumor growth 
via Th17 differentiation promotion. MiR-22 
could directly bind to Jarid2, which played an 
important role during the miR-22-mediated reg-
ulation of Th17 differentiation. Together the 
results of our study expand the understanding 
of miR-22 function and provide a therapeutic 
target for HCC.

Several microRNAs have been employed as 
prognostic factors in various cancers. Low 
expression of miR-22 correlates with unfavor-
able prognosis in osteosarcoma, epithelial 
ovarian cancer, breast cancer, and gastric can-
cer [16, 35-37]. Furthermore, serum miR-22 
level was found to be significantly associated 
with a short survival and poor prognosis in all 
patients with breast cancer and different sub-
groups of B-cell lymphoma [17, 38]. In advanced 
non-small cell lung cancer, circulating miR-22 
level could act as a predictive biomarker of 
pemetrexed-based treatment [39]. Our study 
also demonstrated that the downregulation of 
miR-22 expression in malignant tissues corre-
lated with poor prognosis of patients with HCC, 
consistent with the results of a previous study 
by Zhang et al [24]. Furthermore, we clarified 
the downregulation of miR-22 expression in T 
cells from patients with HCC and the inverse 
correlation between miR-22 expression in T 
cells and cancer metastasis. Thus, the down-
regulated expression of miR-22 in malignant 
tissues, serum, and T cells acts as a prognostic 
factor for HCC.

Figure 4. Injection of miR-22 overexpressed T cells impairs liver tumor growth in mice. A. Process of Hepa1-6 subcu-
taneous cancer model based on immunological reconstitution mice. B. qPCR analysis of miR-22 expression in blood 
from mice at 4 and 8 weeks post T cells injection (n=3). C. miR-22 expression in subcutaneous tumors from lenti-
ctrl or lenti-miR-22 treatment group (n=4, P<0.0001). D. The curve of tumor volume from lenti-ctrl or lenti-miR-22 
treatment group (n=5, **, P<0.01). E. The weight of tumors from lenti-ctrl or lenti-miR-22 treatment group (n=5, **, 
P=0.0014). F. Flow cytometry analysis of IL-17 T positive cells in subcutaneous tumors from lenti-ctrl or lenti-miR-22 
treatment group (n=3, P<0.0001). G. Determination of IL-17 expression in subcutaneous tumors from lenti-ctrl or 
lenti-miR-22 treatment group (n=4, P<0.0001).
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Figure 5. miR-22 regulates Jarid2 expression in T cells. A. Direct binding between miR-22 and Jarid2. B. qPCR analysis of miR-22 expression in HEK293 cells that 
infected with miR-22 or group (n=4, **, P<0.01). C. Relative luciferase activity in HEK293 cells that infected with miR-22 or group (n=4, **, P<0.01). D. Immu-
nofluorescent staining of Jarid2 expression in Hepa1-6 tumors. Scale bar = 100 μm. Analysis of Jarid2 positive cells in Hepa1-6 tumors (n=4, **, P<0.01). E. Im-
munofluorescent staining of Jarid2 expression in primary liver tumors. Scale bar = 100 μm. Analysis of Jarid2 positive cells in primary tumors (n=4, **, P<0.01). F. 
Western blotting analysis of Jarid2 expression in liver normal and malignant tissues. GAPDH was used a loading control. Relative expression analysis of Jarid2 (n=4, 
**, P<0.01). G. Western blotting analysis of Jarid2 expression in circulating T cells from healthy controls and patients with HCC. GAPDH was used a loading control. 
Relative expression analysis of Jarid2 (n=4, **, P<0.01). H. Correlation analysis between Jarid2 expression and miR-22 expression in malignant tissues from HCC 
patients (n=33, r=-0.5302, P<0.0001).

Figure 6. Jarid2 plays a necessary role during miR-22 regulating T cell differentiation. A. qPCR analysis of miR-22 expression in T cells that infected with miR-22 or 
control group (n=4, **, P<0.01). B. Western blotting of Jarid2 expression in T cells that infected with miR-22 or control group. C. Western blotting of Jarid2 expres-
sion in T cells that infected with miR-22, miR-22+Jarid2 or control group. D. Flow cytometry analysis of IL-17 positive cells in T cells that infected with miR-22, miR-
22+Jarid2 or control group (n=4).
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The antitumor effect of miR-22 has been dem-
onstrated in several cancers, including HCC. 
miR-22 inhibits the proliferation, metastasis, 
and EMT of HCC [26, 27, 40]. In the present 
study, we confirmed the tumor suppressor role 
of miR-22 in DEN/PB-induced primary liver can-
cer and Hepa1-6 subcutaneous tumor models. 
The results observed in DEN/PB-induced pri-
mary liver cancer mice demonstrate for the first 
time the antitumor effects of miR-22 in a spon-
taneous tumor model. Tumor microenviron-
ment analysis indicated that miR-22 exerted no 
significant effect on CD4+ T cell infiltration but 
promoted their differentiation into Th17 cells. 
Th17 cells play opposite roles under different 
conditions and exert antitumor effects by acti-
vating effector CD8+ T cells [41]. Thus, the 
upregulation in the expression of CD8+ T cells in 
miR-22-overexpressing tumors would be attrib-
uted to the enhanced population of Th17 cells. 
IFN-γ overexpression provides further evidenc-
es of the antitumor effects of Th17 in miR-
22-overexpressing tumors [15, 42]. To exclude 
the direct antitumor effect of miR-22 on tumor 
cells [43], including inhibition of proliferation, 
miR-22-overexpressing T cells were injected 
into irradiated mice to construct an immunore-
constituted mouse model. As a result we found 
that the injection of miR-22-overexpressing T 
cells could impair the growth of the liver tumor, 
suggestive of the miR-22-mediated inhibition of 
the liver tumor growth through the regulation of 
the differentiation of T cells into Th17 cells. 
Thus, miR-22-overpressing T cells impaired 
liver tumor growth by promoting Th17 cell dif-
ferentiation, indicative of the important role of 
miR-22 in cancers. 

Jarid2 is a non-catalytic member of the poly-
comb-repressive complex 2 and functions as 
an oncogene in different cancers [44-46]. 
Jarid2 plays an important role in embryonic 
development [47], vascular patterning [48], 
and differentiation of lineage-committed cells 
[49]. A recent study by Renata et al suggested 
that Jarid2 controls the maturation of invariant 
natural killer T cells and influences Th17 differ-
entiation through recruiting Polycomb Repre- 
ssive Complex 2 to epigenetically silence the 
IL-22 locus. Our study shows that miR-22 direct-
ly binds to and inhibits the expression of Jarid2 
in T cells. As a result, it promotes the differen-
tiation of Th17 cells in miR-22-overexpressing T 
cells, consistent with the results of miR-155 
[51]. Furthermore, rescuing Jarid2 expression 

in T cells resulted in the attenuation of the 
effect on Th17 differentiation mediated by miR-
22, suggesting that Jarid2 plays an important 
role during the miR-22-mediated regulation of 
Th17 differentiation. 

Thus, the present study provides solid evidenc-
es on the function of miR-22. These results 
suggest that miR-22 would be a prognostic fac-
tor and a potential therapeutic target for HCC. 
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