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INTRODUCTION  
 

Nearly 841,000 new cases and 782,000 deaths were 

reported because of liver cancer in 2018 according to the 

global cancer statistics [1]. The survival rates of liver 

cancer patients is low because it is highly invasions and 

metastasizes rapidly, and the symptoms are not obvious 

during early stages [2]. Therein, hepatocellular carcinoma 

(HCC) accounts for 90% of liver cancer cases and 

represents one of the most common malignant tumors of 

the digestive tract [3]. The overall prognosis of HCC 

patients is poor, and an understanding of this disease and 

its risk factors is crucial for screening at-risk individuals, 

early recognition, and timely diagnosis [4].  

 

In the past few decades, there has been considerable 

progress in the early diagnosis and treatment of HCC. 

Currently, liver resection surgery and liver transplantation 

are the main treatments for HCC patients [5]. However, 

majority of HCC patients are diagnosed in advanced 

stages and are not amenable for surgical treatments. 

Moreover, the 5-year recurrence rate for patients with 

early and middle stage HCC that undergo radical surgery 

is very high [6, 7]. 
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ABSTRACT 
 

We investigated MAPK14-dependent resistance to sorafenib in hepatocellular carcinoma (HCC). Bioinformatics 
analysis and dual luciferase reporter assays in HCC cell lines showed that miR-216a-3p directly binds to the 
оΩ¦¢w of MAPK14 mRNA and downregulates MAPK14 protein expression. Consequently, miR-216a-3p 
expression correlates inversely with MAPK14 protein levels in HCC patient tissues. miR-216a-3p overexpression 
significantly increases the sorafenib sensitivity of HCC cells by suppressing MAPK14 expression and reducing the 
subsequent activation of the MEK/ERK and ATF2 signaling pathways. The growth of xenograft tumors derived 
from miR-216a-3p-overexpression HCC cells was significantly diminished in sorafenib-treated Balb/c nude mice 
compared to controls. High miR-216a-3p levels in HCC tissue samples prior to treatment correlated with a 
better sorafenib response and favorable prognosis. Our findings thus demonstrate that miR-216a-3p enhances 
sorafenib sensitivity in HCC cells and tumor tissues by decreasing MAPK14 levels, thereby inhibiting the 
MAPK14-dependent MEK/ERK and ATF2 signaling. 
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In treatment options, several chemotherapeutic drugs 

are available to treat HCC patients before or after 

surgery [8]. However, most chemotherapy drugs are not 

very effective because of the high rates of resistance of 

HCC cells against these drugs and high toxicity due to 

poor selectivity of the traditional chemotherapy drugs 

[9, 10]. Molecular targeted therapy has emerged as the 

treatment of choice for various malignancies including 

HCC and includes several tyrosine kinase inhibitors and 

monoclonal antibodies, which inhibit tumor cell growth 

by blocking specific tumor cell surface receptors, 

signaling pathways, and angiogenesis [11]. 

 

Sorafenib is a multi-targeted, small molecule tyrosine 

kinase inhibitor that blocks proliferation of tumor cells 

by inhibiting RAF/MEK/ERK and other signaling 

pathways and inhibits VEGF and PDGF receptors to 

suppress tumor-related angiogenesis [12]. Sorafenib is 

safe, well tolerated and highly effective in treating 

advanced HCC patients [13]. So far, the mechanisms of 

HCC patients develop primary or acquired resistance 

against sorafenib involve molecular level of tumor cells 

and the tumor stromal environment [14]. 

 

The activation of MAPK14 is involved in the multidrug 

resistance of hepatocellular carcinoma [15]. However, 

its upstream mechanism in sorafenib resistance of HCC 

cells is not clear. Therefore, we investigated the 

mechanisms that regulate MAPK14 protein expression 

and sorafenib resistance in HCC patients.  

 

RESULTS 
 

MiR-216a-3p enhances sorafenib resistance in HCC 

cells by decreasing the protein levels of MAPK14 

 

Western blot analysis showed that MAPK14 expression 

was significantly up-regulated in sorafenib-resistant 

HCC cell lines compared to normal HCC cells lines 

(Huh-7, HepG2, and PLC/PRF/5 cells, Figure 1A and 

Supplementary Figure 1). However, MAPK14 mRNA 

levels were similar in both sorafenib-resistant and 

normal HCC cells (Figure 1B). These results suggest a 

post-transcriptional regulation of sorafenib resistance in 

HCC cells. Since microRNAs (miRNAs) modulate 

protein levels post-transcriptionally, we searched the 

Targetscan databases to identify miRNAs that bind to 

3ôUTR of MAPK14 mRNA. We identified miR-3681-

3p, miR-128-3p and miR-216-3p as potential miRNAs 

targeting MAPK14 mRNA (Supplementary Table 1). 

Among these, western blot analysis showed that 

MAPK14 protein levels were significantly 

downregulated in HCC cell lines transfected miR-216-

3p mimic (Figure 1C). To identify the miR-216a-3p 

levels responsible for sorafenib unresponsiveness, we 

performed a clinical analysis in a set of pre-treated 

tumor tissues from 20 patients randomly, the IHC 

scores showed miR-216-3p expression negatively 

correlated with MAPK14 protein levels in clinical HCC 

and adjacent normal liver tissues (n=20, p=0.017; 

Figure 1D). Meanwhile, we measured the levels of 

MAPK14 protein on pre-treated tumor tissues from a 

cohort of HCC patients which presented with good or 

poor responses to sorafenib treatment, the result showed 

MAPK14 level were significantly higher in sorafenib-

resistant (No Response) HCC patients compared to 

sorafenib-responsive (Complete Response) patients 

(Figure 1E and Supplementary Table 2). Moreover, miR-

216a-3p levels were significantly reduced in sorafenib-

resistant HCC patients compared to sorafenib-sensitive 

HCC patients (Figure 1F). These results suggest that miR-

216a-3p regulates MAPK14 protein levels in HCC tissues 

post-transcriptionally. Dual luciferase reporter assay 

confirmed that miR-216a-3p directly binds to the wild-

type 3'-UTR sequence of MAPK14 mRNA and does not 

bind mutated 3ôUTR sequence (Figure 2A, 2B). 

Furthermore, western blot analysis showed that MAPK14 

protein levels were significantly reduced in miR-216a-3p 

overexpression HCC cells and significantly increased in 

miR-216a-3p knockdown (KD) HCC cells compared to 

their corresponding controls (Figure 2C, 2D). These 

results confirmed that miR-216a-3p inhibits MAPK14 

protein levels in HCC cells by binding to the 3ôUTR of 

MAPK14 mRNA. 

 

MiR -216a-3p enhances sorafenib sensitivity of HCC 

cells  

 

Next, we analyzed if miR-216a-3p regulates sorafenib 

sensitivity of HCC cells. Colony formation assay results 

showed that sorafenib-treated miR-216a-3p 

overexpression (OE) significantly reduced colony 

formation and sorafenib-treated miR-216a-3p KD 

significantly increased colony formation in Huh-7 and 

HepG2 cell lines compared to corresponding controls 

(Figure 3A and 3E). MTT cell viability assay showed 

that sorafenib-treated miR-216a-3p OE significantly 

reduced cell viability, whereas, sorafenib-treated miR-

216a-3p KD significantly increased cell viability in 

Huh-7 and HepG2 cells compared to corresponding 

controls (Figure 3B and 3F). Flow cytometry analysis 

showed that sorafenib-treated miR-216a-3p OE 

significantly increased apoptosis, whereas, sorafenib-

treated miR-216a-3p KD significantly decreased 

apoptosis in Huh-7 and HepG2 cells compared to the 

corresponding controls (Figure 3C, Supplementary 

Figure 2A and Figure 3G, Supplementary Figure 2B). In 

addition, western blot analysis confirmed significant 

increase in PARP-1, caspase-9 and caspase-3 cleavage 

protein in sorafenib-treated miR-216a-3p OE groups, 

whereas, sorafenib-treated miR-216a-3p KD 

significantly decreased in Huh-7 and HepG2 cells 
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compared to the corresponding controls (Figure 3D and 

3H). However, apoptosis ratio and degree of miR-216a-

3p OE and KD HCC cells in the absence of sorafenib 

treatment was similar (Figure 3C, 3G). Taken together, 

these results show that high miR-216a-3p levels 

increase sorafenib sensitivity in HCC cells.  

MiR -216a-3p enhances sorafenib sensitivity by 

decreasing the protein levels of MAPK14 in HCC cells  

 

To further demonstrate that miR-216a-3p regulates 

sorafenib resistance of HCC cells through MAPK14, 

we performed a functional rescue experiment by 

 

 
 

Figure 1. MiR-216a-3p levels correlate with MAPK14 protein expression and sorafenib sensitivity in HCC cells and tumor 
tissues. (A) Representative western blot images show MAPK14 protein expression in sorafenib-resistant and normal HCC cell lines. N: 
normal, R: resistance. GAPDH was used as loading control. (B) Q-PCR analysis shows relative MAPK14 mRNA levels in sorafenib-resistant 
and normal HCC cell lines. (C) Representative western blot shows MAPK14 protein expression in HCC cells transfected with miR-NC 
(negative control), miR3681-3p, miR128-3p and miR216a-3p mimics. GAPDH was used as loading control. (D) Pearson correlation 
analysis of MAPK14 protein and miR-216a-3p expression in 20 HCC patient tissue samples by IHC scores. (E) Representative western 
blot shows MAPK14 protein expression in tumor tissues from 3 CR (Complete response) to sorafenib and 3 NR (No response) to 
sorafenib HCC patients. (F) Q-PCR analysis shows relative miR-216a-3p levels in tumor tissues from 3 sorafenib-sensitive and 3 
sorafenib-resistant HCC patients (n=3).  
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overexpressing miR-216a-3p and MAPK14 alone or in 

combination in Huh-7 cells. Western blot analysis 

showed that sorafenib-treated miR-216a-3p OE 

significantly down-regulated MAPK14 protein levels, 

whereas, sorafenib-treated MAPK14 OE significantly 

increased MAPK14 protein levels (Figure 4A). 

However, MAPK14 protein overexpression was 

reduced by miR-216a-3p in miR-216a-3p OE plus 

MAPK14 OE Huh-7 cells (Figure 4A). Subsequently, 

colony formation assay showed that sorafenib 

sensitivity was highest for miR-216a-3p OE Huh-7 cells 

followed by miR-216a-3p OE plus MAPK14 OE Huh-7 

cells, whereas, MAPK14 OE Huh-7 cells were resistant 

to sorafenib (Figure 4B). Flow cytometry assay results 

showed that the apoptotic rates of miR-216a-3p OE plus 

MAPK14 OE Huh-7 cells were significantly higher than 

MAPK14 OE Huh-7 cells, but, lower than miR-216a-3p 

OE Huh-7 cells (Figure 4Cï4E). However, MTT assay 

results confirmed that overexpression of miR-216a-3p 

and MAPK14 alone or in combination did not alter the 

proliferation of Huh-7 cells in the absence of sorafenib 

treatment (Figure 4D). These data demonstrate that 

miR-216a-3p increases sorafenib sensitivity of HCC 

cells by decreasing MAPK14 protein expression. 

 

MiR -216a-3p enhances sorafenib sensitivity by 

attenuating MAPK14-dependent MEK/ERK and 

ATF2 signaling pathways in HCC cells 
 

Next, we analyzed the MAPK signaling pathway to 

determine the mechanism through which miR-216a-3p 

sensitizes HCC cells to sorafenib treatment via 

MAPK14. Western blot analysis showed that phospho-

MEK1, phospho-Erk1/2 and phospho-ATF2 levels were 

significantly reduced in sorafenib-treated miR-216a-3p 

OE and MAPK14 KD Huh-7 cells and significantly 

increased in the sorafenib-treated miR-216a-3p KD 

Huh-7 cells, compared to the corresponding controls 

(Figure 5A). This demonstrates that miR-216a-3p 

increases sorafenib sensitivity of Huh-7 cells by 

suppressing MAPK14-dependent MEK/ERK and ATF2 

signaling pathways. 

 

 
 

Figure 2. MiR-216a-3p directly targets 3ôUTR region of MAPK14 mRNA. (A) Schematic representation shows potential miR-216a-
3p binding sites in the WT and mutated 3ôUTR of MAPK14 mRNA. (B) Dual luciferase reporter assay results show the luciferase activity from 
WT and mutant MAPK14-3ôUTR luciferase constructs in HCC cells. (C) Representative western blot and (D) histogram plot shows relative 
MAPK14 protein expression in HCC cells transfected with miR-NC, miR-216a-3p mimic or miR-216a-3p inhibitor. GAPDH was used as loading 
control. 
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Figure 3. Sorafenib treatment response of miR-216a-3p-overexpression and knock down HCC cells. (A) Representative colony 
formation images show crystal violet staining of DMSO or sorafenib-treated NC-, miR-216-3a OE-, and miR-216a-3p KD-Huh-7 cells. (B) MTT 
assay results show viability of DMSO or sorafenib-treated NC-, miR-216-3a OE-, and miR-216a-3p KD-Huh-7 cells. (C) Flow cytometry assay 
results show percentage apoptosis in DMSO or sorafenib-treated NC-, miR-216-3a OE-, and miR-216a-3p KD-Huh-7 cells. (D) Representative 
western blot images show cleaved-PARP1/caspase9/caspase3 levels in DMSO or sorafenib-treated NC-, miR-216-3a OE-, and miR-216a-3p 
KD-Huh-7 cells. (E) Representation colony formation images show crystal violet staining of DMSO or sorafenib-treated NC-, miR-216-3a OE-, 
and miR-216a-3p KD-HepG2 cells. (F) MTT assay results show viability of DMSO or sorafenib-treated NC-, miR-216-3a OE-, and miR-216a-3p 
KD-HepG2 cells. (G) Flow cytometry assay results show percentage apoptosis in DMSO or sorafenib-treated NC-, miR-216-3a OE-, and miR-
216a-3p KD-HepG2 cells. (H) Representative western blot images show cleaved-PARP1/caspase9/caspase3 levels in DMSO or sorafenib-
treated NC-, miR-216-3a OE-, and miR-216a-3p KD- HepG2 cells. 
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Figure 4. MiR-216a-3p regulates sorafenib sensitivity in HCC cells by decreasing the protein levels of MAPK14. (A) 
Representative western blot shows MAPK14 protein expression in control and sorafenib-treated miR-216-3p OE, MAPK14 OE or miR-216a-3p 
OE plus MAPK14 OE Huh-7 cells. (B) Colony formation assay results of control and sorafenib-treated miR-216-3p OE, MAPK14 OE or miR-
216a-3p OE plus MAPK14 OE Huh-7 cells. (C, D) Flow cytometry assay shows percentage apoptosis in control and sorafenib-treated miR-216-
3p OE, MAPK14 OE or miR-216a-3p OE plus MAPK14 OE Huh-7 cells. (E) MTT assay results show viability of control and sorafenib-treated miR-
216-3p OE, MAPK14 OE or miR-216a-3p OE plus MAPK14 OE Huh-7 cells. 


