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microRNAs (miRNAs) are important regulators of tumor development and progression. In this study, we aimed to
explore the expression and role of miR-622 in hepatocellular carcinoma (HCC). We found that miR-622 was significantly
downregulated in human HCC specimens compared to adjacent noncancerous liver tissues. miR-622 downregulation
was significantly associated with aggressive parameters and poor prognosis in HCC. Enforced expression of miR-622
significantly decreased the proliferation and colony formation and induced apoptosis of HCC cells. In vivo studies
demonstrated that miR-622 overexpression retarded the growth of HCC xenograft tumors. Bioinformatic analysis and
luciferase reporter assays revealed that miR-622 directly targeted the 30-untranslated region (UTR) of mitogen-activated
protein 4 kinase 4 (MAP4K4) mRNA. Ectopic expression of miR-622 led to a significant reduction of MAP4K4 expression
in HCC cells and xenograft tumors. Overexpression of MAP4K4 partially restored cell proliferation and colony formation
and reversed the induction of apoptosis in miR-622-overexpressing HCC cells. Inhibition of JNK and NF-kB signaling
phenocopied the anticancer effects of miR-622 on HCC cells. Taken together, miR-622 acts as a tumor suppressor in
HCC and restoration of miR-622 may provide therapeutic benefits in the treatment of HCC.

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
malignancy and the second leading cause of cancer-related mor-
tality worldwide.1,2 Chronic hepatitis B virus (HBV) infection is
one of the main causes of HCC, especially in Asian countries.3

Despite advances in the treatment of HCC, the prognosis is still
poor due to delayed diagnosis and high rate of recurrence.4 The
5-year overall survival rate is only about 12%.5 Therefore, identi-
fying key regulators involved in the pathogenesis of HCC is of
importance in developing effective therapeutic strategies against
this disease.

microRNAs (miRNAs) are a class of endogenous, small non-
coding single stranded RNAs with a length of~22 nucleotides.6

They usually bind to the 30-untranslated region (UTR) of target
mRNAs via partial complementarity, leading to mRNA degrada-
tion or translational repression.7 miRNAs play key roles in
human cancers, acting as both tumor suppressors and onco-
genes.8 A large number of miRNAs have been identified to be
involved in the development and progression of HCC.9,10 Sev-
eral lines of evidence indicate that miR-622 is frequently downre-
gulated in human cancers such as gastric cancer,11 colorectal
cancer,12 pancreatic cancer13,14 and glioma 15. Guo et al11

reported that miR-622 downregulation facilitates gastric cancer

invasion and metastasis. Han et al14 showed that miR-622 exhib-
its a growth inhibitory effect on transformed cells via targeting of
K-Ras oncogene. In glioma, increased miR-622 expression has
been found to interfere with cell invasion and migration.15 These
studies suggest that miR-622 functions as a suppressor gene in
tumorigenesis. Despite these findings, relatively little is known
about the role of miR-622 in HCC.

Therefore, in this study we investigated the expression and
prognostic significance of miR-622 in HCC. The effects of resto-
ration of miR-622 on HCC growth were determined in both in
vitro and in vivo studies. Additionally, the potential target gene
(s) of miR-622 was identified.

Results

Downregulation of miR-622 predicts poor prognosis in
HCC patients

We first determined the miR-622 expression in 56 pairs of
fresh HCC and adjacent noncancerous liver tissues. As illustrated
in Figure 1A, the expression of miR-622 was significantly down-
regulated in HCC specimens. Next, we investigated the clinical
relevance of miR-622 downregulation in HCC. Low miR-622
expression was significantly correlated with serum HBsAg
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positivity (PD 0.017), cirrhosis (PD 0.012), vascular invasion (P
D 0.017), intrahepatic metastasis (P D 0.002), and tumor stage
(P D 0.019; Table 1). Kaplan-Meier analysis revealed that
patients with low miR-622 tumors had a shorter median overall
survival than those with high miR-622 tumors (32 vs. 50
months, P < 0.001; Figure 1B). Multivariate survival analysis
indicated that miR-622 expression was an independent predictor
for overall survival of HCC patients (hazard ratio: 4.237; 95%
confidence interval: 1.289–10.451; P D 0.004; Table 2). Addi-
tionally, vascular invasion, intrahepatic metastasis, and tumor
stage were also independently associated with overall survival of
HCC patients (Table 2).

Restoration of miR-622 inhibits the growth and induces
apoptosis in HCC cells

To explore the biological roles of miR-622 in HCC, we trans-
fected miR-622 mimic into MHHC-97H and Hep3B cells and
examined its impact on cell proliferation and apoptosis. The two
HCC cell lines were chosen because they had relatively low abun-
dance of miR-622 in a panel of HCC cell lines (i.e. MHHC-
97H, MHHC-97L, SMMU-7721, HepG2, Hep3B, and Huh 7)
(data not shown). CCK8 assay showed that enforced expression
of miR-622 significantly inhibited the proliferation (Fig. 2A)
and colony formation (Fig. 2B) of MHHC-97H and Hep3B
cells. Apoptosis analysis revealed that the percentage of apoptotic
cells was increased by 3-5 fold in miR-622-overexpressing HCC
cells relative to control transfectants (P < 0.05; Fig. 2C).

Overexpression of miR-622 retards HCC xenograft tumor
growth

To assess the effect of miR-622 on HCC growth in vivo, we sub-
cutaneously injected MHHC-97H cells stably expressing miR-622
or control miRNA into nude mice and tumor growth was measured.
Notably, xenograft tumors formed from miR-622-overexpressing
cells grew significantly slower than control xenograft tumors. At the
end of the animal experiments, both the tumor volume and weight
were significantly (P < 0.05) lower in the miR-622-overexpressing

group than those in the control
group (Fig. 3A and B). Immunohis-
tochemical analysis demonstrated
that miR-622-overexpressing xeno-
graft tumors had a marked increase
in Ki-67-positive cells, compared to
control tumors (Fig. 3C).

miR-622 directly targets
MAP4K4 in HCC

Bioinformatics analysis sug-
gested one putative miR-622-
binding site in the 30-UTR of
human MAP4K4 (Fig. 4A). To
verify the regulation of MAP4K4
expression by miR-622, we gener-
ated the luciferase reporter con-
structs containing a wild type or
mutated MAP4K4 30-UTR and

transfected them together with miR-622 mimic or control
miRNA into HCC cells. Compared to transfection of control
miRNA, miR-622 significantly repressed luciferase activity of the
wild-type MAP4K4 30-UTR reporter but not that of the
mutated-MAP4K4 30-UTR reporter (Fig. 4B). We further evalu-
ated the effect of miR-622 overexpression on the expression of
endogenous MAP4K4 in HCC cells. As shown in Figure 4C
and D, ectopic expression of miR-622 significantly (P < 0.05)
decreased MAP4K4 mRNA and protein levels in both the
MHHC-97H and Hep3B cells. Consistent with the in vitro find-
ings, miR-622-overexpressing HCC xenograft tumors displayed a
decline in MAP4K4 protein levels, compared to control tumors
(Fig. 3C and D). Additionally, the phosphorylation of JNK and
NF-kB but not ERK1/2 or p38 was reduced by miR-622 overex-
pression (Fig. 3D).

We also checked the potential associations between miR-622
and MAP4K4 expression in human HCC tissues. miR-622 and
MAP4K4 expression were examined in surgically resected speci-
mens from 56 HCC patients. Pearson correlation analysis
showed that there was a significant inverse correlation between
miR-622 and MAP4K4 expression levels (r D ¡0.324, P D
0.015; Fig. 4E).

Overexpression of MAP4K4 partially reverses the growth-
suppressive effects of miR-622 on HCC cells

Next, we explored whether ectopic expression of MAP4K4
reverses the growth-suppressive effects of miR-622 on HCC cells.
Western blot analysis revealed that co-transfection of MAP4K4-
expressing plasmid prevented the reduction of MAP4K4 expres-
sion in miR-622-expressing cells (Fig. 5A). CCK8 assay
(Fig. 5B) and colony formation assay (Fig. 5C) showed that
enforced expression of MAP4K4 significantly restored, although
not completely, cell proliferation and colony formation ability of
miR-622-expressing HCC cells. Moreover, the pro-apoptotic
activity of miR-622 was significantly (P < 0.01) compromised
by co-expression of MAP4K4 (Fig. 5D).

Figure 1.miR-622 expression in HCC tissues and its relevance to overall survival of HCC patients. (A) qRT-PCR
showed that miR-622 was downregulated in HCC tissues compared with the adjacent noncancerous liver tis-
sues. **, P < 0.01. (B) Kaplan–Meier curves for overall survival analysis by miR-622 expression in patients of
HCC. P value was obtained by a log-rank test.
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Inhibition of JNK and NF-kB signaling exerts anticancer
effects against HCC cells

Finally, we sought to examine whether the anticancer effects of
miR-622 are mediated through inhibition of both JNK and NF-kB
signaling. To this end, we transfected a plasmid IkB (S32A/S36A)
expressing a dominant negative mutant of IkB into MHHC-97H
cells with or without pretreatment with a specific JNK peptide
inhibitor (L-stereoisomer). Western blot analysis revealed that the
reduction of MAP4K4 expression in MHHC-97H cells transfected
with the plasmid IkB (S32A/S36A) or treated with L-stereoisomer
was shown (Fig. 6A). Cell proliferation assay revealed that in com-
parison with untreated control cells, the proliferation of cells trans-
fected with the plasmid IkB (S32A/S36A) or treated with L-
stereoisomer was significantly (P < 0.01) decreased after incubation
for 2–5 d (Fig. 6B). The combined delivery of IkB (S32A/S36A)
and L-stereoisomer resulted in a greater inhibition of cell prolifera-
tion than either agent alone. Similarly, the percentage of colony for-
mation was significantly (P < 0.01) lowered in cells with combined
delivery of IkB (S32A/S36A) and L-stereoisomer (Fig. 6C). Addi-
tionally, we observed a significantly (P < 0.01) increased apoptotic
response in cells treated with IkB (S32A/S36A) and L-stereoisomer
relative to untreated cells (Fig. 6D).

Discussion

Deregulation of miRNAs is causally linked to tumor develop-
ment. For instance, miR-377 is downregulated in HCC and has
the ability to suppress HCC cell proliferation and invasion.16

miR-622 has also been found to be downregulated in gastric can-
cer11 and transformed human bronchial epithelial cells,14 sug-
gesting its suppressive role in tumorigenesis. Consistently, our
study showed that miR-622 expression was reduced in HCC tis-
sues compared to adjacent noncancerous liver tissues. Moreover,
downregulation of miR-622 was significantly correlated with
serum HBsAg positivity, cirrhosis, vascular invasion, intrahepatic
metastasis, and tumor stage in HCC patients. Survival analysis
further indicated that miR-622 had a positive prognostic impact

Table 1. Clinicopathologic factors and miR-622 expression in hepatocellular
carcinomas (nD 56) based on qRT-PCR

Variables N
miR-622- H
(n D 21)

miR-622- L
(n D 35) P

Sex
Male 40 14 26 0.541
Female 16 7 9
Age (y)
<50 26 10 16 0.890
�50 30 11 19
Serum AFP level (mg/l)
<20 19 7 12 0.942
�20 37 14 23
Serum HBsAg
Positive 42 12 30 0.017
Negative 14 9 5
Serum HBeAg
Positive 34 11 23
Negative 22 10 12
Tumor size
�2 cm 8 4 4 0.430
>2cm 48 17 31
Histological grade
Well differentiated 13 6 7 0.367
Moderately differentiated 32 11 21
Poorly differentiated 11 4 7
Liver cirrhosis
Absent 18 11 7 0.012
Present 38 10 28
Tumor capsule
Intact 12 5 7 0.737
Absent or not intact 44 16 28
Vascular invasion
Absent 14 9 5 0.017
Present 42 12 30
Intrahepatic metastasis
Absent 18 12 6 0.002
Present 38 9 29
TNM stage
I C II 12 8 4 0.019
III C IV 44 13 31

NOTE: Pearson Chi-Square Tests; significant P values are marked in bold.

Table 2. Univariate and multivariate analysis of factors associated with overall survival in patients with hepatocellular carcinoma (n D 56)

Univariate Multivariate

Variable HR (95/ CI) P HR (95/ CI) P

Gender (male vs. female) 0. 783 (0.156–3.36) 0.525 0. 635 (0.162–2.370) 0. 426
Age (�50 vs. >50 y) 1. 86 (1.030–5.485) 0.514 1. 835 (1.251–5.160) 0.539
Serum AFP level (�20 vs. >20 mg/l) 1.469 (0.558–3.423) 0. 410 1. 546 (0.6222–7.823) 0.392
Serum HBsAg (positive vs. negative) 5.607 (2.04–16.357) 0.004 5. 128 (1.941–16.464) 0.009
Tumor size (�2 vs. >2 cm) 1.107 (0.860–1.690) 0.821 1. 102 (0.972–1.612) 0.669
Histological grade (well vs. moderate and poor) 2.248 (1.706–5.194) 0.164 2.254 (1.502–4.536) 0.157
Cirrhosis (no vs. yes) 1.374 (0.359–4.819) 0. 049 1.427(0.385–4.877) 0. 057
Tumor capsule (no vs. yes) 2.571 (1.619–11.083) 0.401 2. 743 (1.753–10.121) 0.463
Vascular invasion (no vs. yes) 3.929(1.724–8.017) 0.021 3.619 (1.630–8.371) 0.025
Intrahepatic metastasis (no vs. yes) 3.507 (2.307–6.849) <0.001 5.867 (1.491–12. 723) 0.002
TNM stage (I, II vs. III, IV) 6.921 (3.181–17.585) <0.001 5.865 (2.571–18.643) 0.009
miR-622 expression (high vs. low) 4.617 (1.399–10.947) <0.001 4.237 (1.289–10.451) 0.004

Abbreviations: HR, hazard ratio; 95/ CI, 95/ confidence interval.
Significant P values are marked in bold.
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on overall survival of HCC patients. These observations suggest
that miR-622 may act as a tumor suppressor in HCC develop-
ment and progression.

To explore the biological relevance of miR-622 downregula-
tion in HCC, we transfected miR-622 mimic into HCC cells
and examined cell proliferation and apoptosis. Our data showed
that overexpression of miR-622 significantly suppressed HCC
cell proliferation and colony formation and accelerated apoptotic
death. Furthermore, in vivo study revealed that overexpression of
miR-622 retarded HCC xenograft tumor growth in nude mice,
compared to control xenograft tumors. These results argue that
miR-622 functions as a tumor suppressor in HCC. Consistently,
miR-622 also exerts growth suppression activity in lung cancer.14

The growth-suppressive role of miR-622 offers an explanation
for our clinical findings that miR-622 downregulation was signif-
icantly associated with aggressive parameters and poor prognosis
in HCC.

Identification of downstream targets is of importance in deci-
phering the function of an miRNA. Bioinformatics analysis sug-
gest MAP4K4 as a potential target of miR-622. MAP4K4 has
been documented to be upregulated in many types of human
cancers, such as HCC,17 lung adenocarcinoma,18 and pancreatic
ductal adenocarcinoma.19 Our previous work showed that
MAP4K4 overexpression is correlated with poor prognosis in
HCC.17 Moreover, silencing of MAP4K4 using small interfering
RNA technology was found to inhibit the growth of HCC cells
and xenograft tumors. Likewise, Zhao et al20 reported that
knockdown of MAP4K4 significantly suppresses pancreatic can-
cer cell growth. These studies, combined with our present data,
indicate that MAP4K4 knockdown and miR-622 overexpression
exert similar growth suppression effects against tumor cells. To
confirm the regulation of MAP4K4 by miR-622 in HCC cells,
we performed MAP4K4 30-UTR luciferase reporter assay. miR-
622 was found to target MAP4K4 mRNA via directly binding to

Figure 2.miR-622 inhibits the proliferation and induces apoptosis in HCC cells. MHHC-97H and Hep3B cells were transfected with miR-622 mimic or con-
trol miRNA (NC mimic) and tested for cell proliferation and apoptosis. (A) Assessment of cell proliferation by the CCK8 assay. The proliferation of MHHC-
97H and Hep3B cells was significantly inhibited by overexpression of miR-622. (B) The colony formation assay showed that overexpression of miR-622
reduced cell colony formation after 10-day incubation. Bar graph (right panel) represents quantification of colonies containing >50 cells. Data represent
the means § SD of 3 independent experiments. (C) Apoptosis detection by Annexin-V/PI staining. Left panel: Representative dot plots of flow cytometry
analyses. Right panel: Quantification of apoptotic cells from 3 independent experiments. **, P < 0.01.
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its 30-UTR, as miR-622 failed to repress the luciferase activity of
the reporter harboring mutated MAP4K4 30-UTR. miR-622
overexpression significantly reduced the expression of endoge-
nous MAP4K4 in HCC cells and xenograft tumors. Moreover,
there was a significant inverse correlation between miR-622 and
MAP4K4 expression levels in human HCC specimens. These
data indicate that MAP4K4 is a bona fide target gene of miR-
622 in HCC. To explore to what extent the suppressive activity
of miR-622 is mediated through targeting MAP4K4, rescue
experiments with overexpression of functional MAP4K4 was per-
formed. We found that enforced expression of MAP4K4 partially
restored cell proliferation and colony formation and reversed the
induction of apoptosis in miR-622-overexpressing HCC cells.
Taken together, miR-622 exerts its growth-suppressive effects
against HCC cells largely through targeting of MAP4K4.

However, a single miRNA has been found to simultaneously reg-
ulate a large number of target genes.21 The partial rescue of
growth suppression with MAP4K4 overexpression suggests that
other relevant targets, which have not been identified yet, may be
also involved in the action of miR-622 in HCC.

The tumor-promoting activity of MAP4K4 has been found to
be associated with activation of JNK and NF-kB.17,22 Here, we
examined the effect of miR-622 overexpression on JNK and NF-
kB phosphorylation in HCC xenograft tumors. Consistent with
the effect of MAP4K4 silencing, overexpression of miR-622
impaired the phosphorylation of JNK and NF-kB, but not
ERK1/2 or p38. JNK has been suggested to play a dual role in
the development of HCC.23 Pharmacological inhibition of JNK
was reported to suppress the proliferation and invasion24 and
induce apoptosis25 of HCC cells. Similarly, suppression of

Figure 3. Overexpression of miR-622 suppresses tumor growth in vivo. (A) (top) Tumor growth curves determined after injection of MHHC-97H cells
infected with miR-622-expressing or control lentivirus into nude mice. (bottom) Tumor weight was measured at the end of the experiment. **, P < 0.01.
(B) Photographs of tumor-bearing mice and resected tumors. (C) Representative tumor sections stained with H&E and anti-Ki-67 and anti-MAP4K4 anti-
bodies. Original magnification,£400. (D) Western blot analysis of indicated proteins in miR-622-overexpressing and control xenograft tumors. Represen-
tative blots of 3 independent experiments are shown. The phosphorylation of JNK and NF-kB but not ERK1/2 or p38 was reduced by miR-622
overexpression.
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NF-kB activation was found to interfere with cell invasion26 and
trigger apoptotic death27 in HCC cells. These studies suggest a
possibility that inactivation of JNK and NF-kB signaling may
contribute to miR-622-mediated suppression of HCC growth.
To test this possibility, we specifically inhibited the activation of
JNK and NF-kB signaling and examined their effects on HCC
cell growth and apoptosis. We found that specific inhibition of
JNK and NF-kB signaling significantly inhibited cell prolifera-
tion and colony formation and increased apoptotic death, which
mimicked the anticancer effect of overexpression of miR-622.

These data suggest that miR-622-mediated growth suppression
in HCC is associated with inhibition of JNK and NF-kB activity.

In conclusion, our results show that miR-622 is downregu-
lated in HCC and has an independent prognostic impact on
overall survival. Ectopic expression of miR-622 inhibits the
growth of HCC cells and xenograft tumors, suggesting its tumor
suppressor function. The anticancer effect of miR-622 is associ-
ated with direct targeting of MAP4K4 and inhibition of JNK
and NF-kB signaling. Our data suggest that restoration of miR-
622 expression may have therapeutic significance in HCC.

Figure 4.miR-622 directly targets the 30-UTR of MAP4K4 in HCC. (A) A putative binding site for miR-622 in the 30-UTR of MAP4K4 predicted by TargetScan
software. (B) Dual-luciferase assay showed that overexpression of miR-622 repressed luciferase activity of the wild-type MAP4K4 30-UTR reporter but not
that of the mutated-MAP4K4 30-UTR reporter. (C and D) MHHC-97H and Hep3B cells transfected with miR-622 mimic and control miRNA were tested for
MAP4K4 mRNA and protein levels by real-time PCR and Western blot analysis, respectively. **, P< 0.01. (E) Pearson correlation analysis revealed a signifi-
cant inverse correlation between miR-622 and MAP4K4 expression levels in human HCC specimens.
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Materials and Methods

Cell lines and tissue specimens
Human HCC cell lines

(HepG2, Huh7, HepG3B,
SMMC-7721, MHHC-97H and
MHHC-97L) were purchased
from the Institute of Cellular
Research, Chinese Academy of
Science, Shanghai, China. Cells
were cultured in RPMI1640
medium or Dulbecco’s modified
Eagle’s medium with 10% fetal
bovine serum (Invitrogen, Carls-
bad, CA, USA), 50 U/mL penicil-
lin, and 50 mg/mL streptomycin
in a 5/ CO2 incubator at 37

�C.
Fifty-six tumor specimens cou-

pled with adjacent nontumor liver
tissues were collected from patients
with HCC, who underwent surgical
resection for the disease at Changhai
Hospital and Institute of Liver Dis-
eases (Shanghai, China) between
August 2007 and June 2009. One
part of each sample was embedded
in paraffin and the other was imme-
diately snap-frozen and stored at
¡80�C until RNA extraction. The
patients were selected on the basis of
(a) distinctive pathologic diagnosis
of HCC, (b) receiving curative resec-
tion, defined as macroscopically
complete removal of the neoplasm,
and (c) availability of detailed clini-
copathologic data. Patients with pre-
operative anticancer treatment or
with evidence of other malignancies
were excluded from the study. The
study protocol was approved by the
Ethics Committee of Second Mili-
tary Medical University (Shanghai, China), and written informed
consent was obtained from each patient.

Of the 56 studied patients, 42 (75%) patients were positive
for hepatitis B surface antigens (HBsAg). Liver cirrhosis was
found in 38 (68%) cases. Eleven patients (20%) showed alcohol
abuse and 2 (4%) had non-alcoholic steatohepatitis. All the sub-
jects were negative for hepatitis C virus RNA. Large tumors
(>2 cm) were found in 85.7% patients and intrahepatic metasta-
sis in 67.9% patients. Tumors were staged according to the 2010
TNM Classification of Malignant Tumours.28 A total of 12
(21%) patients were of stage I or II, and 44 (79%) of stage III or
IV. Histologic grading of tumors was made according to the
2010 World Health Organization histologic classification of
tumors of the liver and intrahepatic bile ducts (well, n D 13;
moderate, n D 32; poor, n D 11). The median follow-up time

was 34 months (range, 6–72 months). By the end of follow-up,
44 patients (79%) died.

Cell transfection and inhibitor treatment
miR-622mimicandnegativecontrolmiRNAwerepurchasedfrom

GenePharmaCompany(Shanghai,China).Thesequencesoftheoligo-
nucleotides were as follows: miR-622 mimic: 50-ACAGUCUGCU-
GAGGUUGGAGC-30 and 50-UCCAACCUCAGCAGACUGUU
U-30; negative control miRNA: 50-UUCUCCGAACGUGUCAC-
GUTT-30 and 50-ACGUGACACGUUCGGAGAATT-30. The
MAP4K4 expression construct was obtained from JRDUN Biotech-
nology(Shanghai)Co.,Ltd,China.Aplasmidexpressingthedominant
negative mutant of IkB, IkB (S32A/S36A) that is unable to undergo
phosphorylation and degradation was purchased from Upstate Bio-
technology Inc. (Waltham, MA, USA). Transient transfections were

Figure 5. Overexpression of MAP4K4 partially reverses the growth-suppressive effects of miR-622 on HCC
cells. (A) Western blot analysis of MAP4K4 protein levels in MHHC-97H cells transfected with indicated con-
structs at 72 h after transfection. Representative blots of 3 independent experiments are shown. (B) Cell pro-
liferation detected by the CCK8 assay. The proliferation of MHHC-97H cells was significantly restored by co-
expression of MAP4K4. (C) The colony formation assay after 10-day incubation showed that ectopic expres-
sion of MAP4K4 attenuated the suppression of colony formation by miR-622 overexpression. Bar graph (bot-
tom panel) represents quantification of colonies containing >50 cells. Data represent the means § SD of 3
independent experiments. (D) Apoptosis detection by Annexin-V/PI staining. Top panel: Representative dot
plots of flow cytometry analyses. Bottom panel: Quantification of apoptotic cells from 3 independent experi-
ments. **, P< 0.01.
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carriedoutusingLipofectamine2000,accordingtothemanufacturer’s
instructions (Invitrogen). In brief,MHHC-97Hcellswere seeded and
incubated overnight. Cells were transfected with indicated constructs
andcollectedforgeneexpressionanalysisor forcellgrowthandapopto-
sis assays. In inhibitor experiments, we treated cells with the JNKpep-
tide inhibitor L-stereoisomer (10mM;Alexis Biochemicals, Carlsbad,
CA,USA)1 hbeforetransfectionwiththeIkB(S32A/S36A)plasmid.

RNA isolation and quantitative real-time RT-PCR
Total RNA, containing miRNA, was extracted from either tissue

samples or transfected cells using TRIzol reagent (Invitrogen, Carls-
bad, CA, USA) a according to the manufacturer’s instructions. The

reverse transcription was conducted
by using a reverse transcription kit
(Invitrogen). The expression of
mature miRNAs and potential tar-
get genes were measured by quanti-
tative real-time PCR (qRT-PCR)
with SYBR Green PCRMaster Mix
(Life Technologies Corporation,
Foster City, CA, USA)on an ABI-
7500 Sequence Detection System
(Applied Biosystems, Foster City,
CA, USA) . For evaluating miRNA
expression, human U6 RNA was
amplified as an internal control. For
the detection of target gene mRNA,
humanb-actin transcripts was used
as a control. Primer sequences were
shown in Table S1. All samples
were run in triplicate, and the rela-
tive mRNA or miRNA levels were
calculated according to the 2¡DDCt

method.29

Western blot analysis
Total protein was lysed in lysis

buffer (50 mmol/L Tris–HCl, pH
7.4; 150 mmol/L NaCl; 1% NP-
40, and 0.5% sodium deoxycho-
late) with proteinase inhibitors
(Roche Diagnostics, Mannheim,
Germany). Equal amounts of pro-
tein (50 mg) was loaded, separated
by sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis
(SDS-PAGE), and transferred
onto polyvinylidene difluoride
membranes. After blocking, the
membranes were probed with pri-
mary antibody overnight at 4�C,
followed by incubation with
appropriate secondary antibody
for 1 h. Details of the primary
antibodies used are shown in
Table S2. Blots were developed

using an enhanced chemiluminescence kit from Santa Cruz Bio-
technology. The intensities of immunoreactive bands were mea-
sured by computerized image analysis (QuantityOne-software,
Bio-Rad, Hercules, CA, USA) and normalized to b-actin levels.

Immunohistochemistry
Immunohistochemistry was performed by DAKO EnvisionC

Reagent (DakoCytomation, Carpinteria, CA, USA) as previously
described.17 Briefly, paraffin sections (4-mm thick) were deparaffi-
nized with xylene, rehydrated, and heated for 10 min in a steamer
containing 10 mM of sodium citrate (pH 6.0) to retrieve antigen.
Sections were incubated with primary antibodies against rabbit

Figure 6. Inhibition of JNK and NF-kB signaling exerts anti-growth effects on HCC cells. MHHC-97H cells were
transfected with the IkB (S32A/S36A) plasmid with or without pretreatment with the JNK peptide inhibitor L-
stereoisomer (10 mM) and tested for cell proliferation, colony formation, and apoptosis. (A) Western blot anal-
ysis of MAP4K4 protein levels in MHHC-97H cells transfected with the plasmid IkB (S32A/S36A) or treated
with L-stereoisomer. Representative blots of 3 independent experiments are shown. (B) Cell proliferation
detected by the CCK8 assay. The proliferation of MHHC-97H cells was significantly inhibited by the delivery
of IkB (S32A/S36A) and L-stereoisomer, either alone or in combination. (C) Colony formation was examined
after 10-day incubation. Bar graph (bottom panel) represents quantification of colonies containing >50 cells.
Data represent the means § SD of 3 independent experiments. (D) Apoptosis detection by Annexin-V/PI
staining. Top panel: Representative dot plots of flow cytometry analyses. Bottom panel: Quantification of
apoptotic cells from 3 independent experiments. **, P< 0.01.
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polyclonal anti-mitogen-activated protein 4 kinase 4 (MAP4K4)
(HGK, sc-25738; 1:50) for 1 h, followed by the secondary reac-
tion with DAKO EnvisionC Reagent (DakoCytomation, Carpin-
teria, CA, USA). Negative controls were included by omitting the
primary antibody, and a known positive control was included
with each batch. The staining results were blindly evaluated by 2
experienced pathologists without known the information of the
patients.

Cell proliferation and colony formation assay
Cell counting kit-8 assays (Dojindo, Japan) were used to mea-

sure cell viability according to the manufacturer’s instructions.
MHHC-97H and HepG3B cells (3,000 cells/well) were seeded
in 96-well plates and transfected with miR-622 mimic, control
miRNA or together with MAP4K4-expressing plasmid. After
incubation for 1 to 5 days, each well was added 10 ml of CCK8
solution and the plates were continued to be incubated for
another 4 h at 37�C. The absorbance was measured at 450 nm
using a microplate reader (Bio-Rad). The CCK8 assay was
repeated 3 times with 6 replicates.

The colony formation was performed as follows: At 24 h post-
transfection with miR-622 mimic, control miRNA or together with
MAP4K4-expressing plasmid, 1,000 cells were seeded into each well
of a 6-well plate and then incubated for another 10 d. Culture media
were replaced on day 5. At the end of the experiment, the wells were
washed, fixed with 4% paraformaldehyde, and stained with 0.1%
crystal violet. Colonies that consisted of>50 cells were scored. Each
experiment was repeated 3 times in duplicate.

Apoptosis analysis
At 72 h posttransfection, cells were collected and stained with

the Annexin V-FITC/Propidium Iodide Kit (LHK601–100,
MBI) according to the manufacturer’s instructions. Data were
analyzed with Multicycle software (Phoenix Flow Systems, San
Diego, CA, USA). All experiments were repeated 3 times.

miRNA target prediction
To identify putative targets for the indicated miRNAs, we

used 4 miRNA databases including miRBase (http://www.mir-
base.org/), TargetScan (y), PicTar (http://pictar.bio.nyu.edu/)
and miRDB (http://mirdb.org/miRDB/), and predicted targets
were converged and overlapped for further analysis.

Dual luciferase assay
To check whetherMAP4K4was a target ofmiR-622, the pMIR-

REPORT assay was applied. Briefly, MHHC-97H were seeded in
96-well plates (5£ 103 cells per well) and cotransfected with
100 ng pMIR-REPORT Luciferase vector (Shanghai JRDUNBio-
technology Co., Ltd) containing MAP4K4 30UTR (3,441 bp,
termed wt-MAP4K4) or mutated forms (termed mt-MAP4K4)
with or without 50 nmol/L miR-622 mimic or control miRNA.
After incubation for 48 h, luciferase activity was determined using
the Dual-Luciferase Reporter Assay system according to the man-
ufacturer’s instructions (Promega, Madison, WI, USA). All experi-
ments were performed in triplicate and relative luciferase activity
was normalized to that of Firefly luciferase.

Tumorigenicity in nude mice
Tumor formation was studied by establishing a mouse xeno-

graft model as described previously.17,30 Lentiviral vectors
(Shanghai JRDUN Biotechnology Co., Ltd) expressing miR-622
(LV-miR-622) or control miRNA were used to infect MHHC-
97H cells according to the manufacturer’s instructions. BALB/c
female nude mice (4 weeks old) were purchased from Experimen-
tal Animal Center of Shanghai, Shanghai, China. Mice were ran-
domly divided into 2 groups with 3 mice in each group. Infected
MHHC-97H cells (5£106 cells/mouse) suspended in PBS solu-
tion were injected subcutaneously into the mice. Tumor volumes
were measured every 5 d using calipers along 2 major axes, and
calculated according to the formula V D 0.5 £ L (length) £ W2

(width). At 30 d after cell inoculation, mice were sacrificed. All
excised tumors and lungs of the mice were evaluated for volume
and weight, and fixed in 10/ formalin before paraffin embedding,
then were sectioned and stained in hematoxylin and eosin
(H&E). The expression of MAP4K4 in tumors was detected by
Western blot and immunohistochemical staining. All experimen-
tal manipulations were undertaken in accordance with the guide-
lines for Institutional and Animal Care and Use Committees,
with the approval of the Scientific Investigation Board of the
Shanghai Jiaotong University, Shanghai, China.

Statistical analysis
Unless otherwise stated, data are expressed as mean § stan-

dard deviation (SD) and were analyzed using the SPSS 13.0 soft-
ware (SPSS, Chicago, IL, USA). Differences between groups
were assessed using the Student t test and Fisher exact test. The
relationship between the expression of MAP4K4 and miR-622 in
tissues or cell lines was analyzed with Pearson correlation. The
relationship between miR-622 expression and clinicopathologic
features of pancreatic cancer was analyzed using the Pearson x2

test. Kaplan–Meier method was used to calculate overall survival
of 2 patient groups, and differences were analyzed by log-rank
test. The survival data were evaluated using a multivariate Cox
regression analysis. P < 0.05 was considered statistically
significant.
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