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Abstract
Hepatitis C virus (HCV) infection causes abnormal lipid metabolism in hepatocytes, which leads to hepatic steatosis and 
even hepatocellular carcinoma. HCV nonstructural protein 4B (NS4B) has been reported to induce lipogenesis, but the 
underlying mechanism is unclear. In this study, western blots were performed to investigate the effect of NS4B protein levels 
on key effectors of the Hippo and AKT signaling pathways. Yes-associated protein (YAP) and moesin-ezrin-radixin-like 
protein (Merlin) are effectors of the Hippo pathway. NS4B downregulated Merlin and phosphorylated YAP (p-YAP) protein 
expression while increasing the expression of the key AKT pathway proteins p-AKT and NF-κB. By observing the levels 
of AKT pathway proteins when Merlin was overexpressed or silenced, it was determined that Merlin mediates the AKT 
pathway. We suggest that HCV NS4B may mediate the AKT signaling pathway by inhibiting the Hippo pathway. Lipid 
droplets were observed in Huh7.5 cells overexpressing NS4B, and they increased significantly in number when Merlin was 
silenced. Overexpression of NS4B and Merlin silencing enhanced the expression of sterol regulatory element binding proteins 
(SREBPs), which have been demonstrated to be key regulatory factors controlling fatty acid synthesis. NS4B and Merlin 
silencing also enhanced the in vitro proliferative capacity of hepatocellular carcinoma cells. In conclusion, NS4B induces 
lipogenesis via the effect of the Hippo-YAP pathway on the AKT signaling pathway and thereby plays a significant role in 
the pathogenesis of HCV-associated diseases.

Introduction

Hepatitis C virus (HCV) is an enveloped positive-sense 
single-stranded RNA virus that causes chronic liver dis-
ease, cirrhosis, hepatocellular carcinoma (HCC), and other 

HCV-related liver diseases [1]. HCV infection is widespread 
throughout the world and is usually associated with high 
morbidity and mortality, as there is no effective medical 
treatment to contain HCV infection or inhibit its progress. It 
is believed that the pathogenicity of the virus and the intrac-
tability of HCV infection are primarily due to the ability of 
the virus to disrupt the regulation of host processes such 
as innate immunity and lipid metabolism. HCV has been 
linked to lipid and lipoprotein metabolism in clinical studies 
for many years [2, 3]. The efficiency of HCV RNA replica-
tion has been shown to be dependent on the accessibility of 
important lipid elements and membrane fluidity, which is 
positively correlated with host lipid metabolism [4, 5]. HCV 
infection reduces the synthesis of low-density lipoprotein 
(VLDL) in the host and slows down the oxidative decompo-
sition of lipids in infected cells, which is conducive to HCV 
replication and pathogenicity [3].

HCV NS4B is a 27-kDa protein whose central domain 
consists of four transmembrane domains (TMs) and a 
Walker A nucleotide-binding motif. NS4B mainly functions 
in mediating viral replication and functions that affect rep-
lication, such as lipid metabolism [6]. Expression of NS4B 
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alters the endoplasmic reticulum (ER) membrane and pro-
motes the formation of a membranous web that serves as a 
scaffold for viral RNA replication. Mutations in the N-termi-
nal region of NS4B can cause this protein to lose its ability 
to bind to lipid droplets, resulting in the abolishment of viral 
RNA replication and demonstrating the important role of 
NS4B in lipid metabolism and replication of HCV RNA [7]. 
Park and coworkers have shown that the HCV NS4B protein 
regulates SREBP1 through the AKT pathway. SREBP1 is 
a key endoplasmic-reticulum-binding transcription factor 
that controls lipogenesis and lipid uptake [8]. Furthermore, 
Hu et al. have shown that the PI3K/AKT pathway can be 
triggered by NS4B in HCC through upregulation of Snail 
protein synthesis and suppression of the Hippo signaling 
pathway [9].

The Hippo signaling pathway is evolutionarily conserved 
and modulates cell proliferation to control organ size in 
various species. Yes-associated protein (YAP) is one of the 
primary downstream effectors of the Hippo pathway [10]. 
Merlin (also known as neurofibromin 2, NF2) and Scrib par-
ticipate in the Hippo signaling pathway as upstream effec-
tors. It has been reported that 65–85% of HCC patients show 
increased YAP protein levels [11, 12]. By mimicking the 
effects of glypican 3 on CD81 expression, HCV activates 
the Hippo pathway in hepatocytes, resulting in an accelera-
tion of the progression of hepatocellular carcinoma [13]. 
Hippo has been shown to affect the p53 signaling pathway to 
regulate SREPB1 activity at various levels and to modulate 
cholesterol and lipid levels [14].

Although HCV NS4B is known to have a significant effect 
on lipid-related metabolism, the pathways and mechanisms 
involved are unknown. In the present study, we found that 
HCV NS4B can induce lipogenesis via the Hippo-YAP and 
AKT signaling pathways by activating effector molecules, 
thereby contributing to the replication and pathogenicity of 
HCV.

Materials and methods

Cell lines and culture

The human hepatocyte cell line Huh7.5 and human embry-
onic kidney cell line HEK293T were purchased from 
CCTCC (Wuhan, China). The cells were cultured in DMEM 
(Gibco) supplemented with 10% (v/v) fetal bovine serum 
(Gibco, USA), 100 U of penicillin per mL, 25 mM NaHCO3 
and 100 μg of streptomycin (Sangon Biotech, China) per mL. 
Cells were incubated in a 5% CO2 incubator at 37℃.

Transient transfection

The entire NS4B gene was amplified by PCR and inserted 
into the plasmid pcDNA3.1 vector to construct the recom-
binant plasmid pcDNA3.1-NS4B. The pFLAG-Merlin plas-
mid was kindly provided by Prof. Huang Laiqiang (Graduate 
School at Shenzhen, Tsinghua University, China). HEK293T 
or Huh7.5 cells were seeded and cultured in 6-well plates, 
and when the cells reached about 80% confluence, they were 
transfected with the plasmid, using Lipofectamine 2000 
(Invitrogen, Karlsruhe, USA) according to the manufac-
turer's instructions.

For siRNA transfection, about 5 × 105 HEK293T or 
Huh7.5 cells were seeded in each well of a 12-well plate, 
cultured until they were about 60% confluent, and then trans-
fected with an siRNA against Merlin or a control siRNA (si-
control) using RNAiMAX (Invitrogen, USA). The cells were 
harvested after 48 or 72 h for further treatments or tests. 
The target sequence of the Merlin siRNA was 5ʹ-GAA​ACA​
TCT​CGT​ACA​GTG​A-3ʹ. The siRNA was purchased from 
Genepharm, China.

Western blot analysis

Cells were harvested by centrifugation and washed twice 
with ice-cold phosphate-buffered saline (PBS). The cell pel-
lets were lysed with cell lysis buffer (QIAGEN, Germany) on 
ice for 30 min, followed by centrifugation at 12,000 × g for 
10 min to collect the supernatant, whose total protein con-
centration was determined using a BCA Protein Assay Kit 
(Thermo Scientific, USA). Then, 10 μg of protein was inacti-
vated by boiling and subjected to SDS-PAGE and wet trans-
fer to a PVDF membrane in a cold bath (Immobilon, USA). 
After blocking with 5% BSA for 2 h at room temperature to 
eliminate the effect of nonspecific binding, the membranes 
were incubated with specific primary antibodies for 4 h at 
room temperature or overnight at 4℃. Antibodies against 
NF-κB, Merlin, and NS4B were purchased from Abcam, 
UK, and the antibodies against AKT1/2/3, phosphorylated 
AKT, Yap, phosphorylated Yap, GAPDH, and SREBP-1 
were purchased from Santa Cruz, USA. After washing three 
times with TBST, the membranes were incubated with HRP-
conjugated secondary antibodies at room temperature for 
2 h. Finally, the immunoblots were developed using ECL 
luminescence reagent (Sangon, China).

Real‑time quantitative PCR

Total RNA was extracted from transfected cells using TRIzol 
Reagent (Thermo Fisher, USA), and a RevertAid First Strand 
cDNA Synthesis Kit (MBI Fermentas, Germany) was used to 
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reverse transcribe the RNA into cDNA. The primer sequences 
for PCR were as follows: SREBP-1 forward, 5’-GGA​GCC​
ATG​GAT​TGC​ACA​TT-3’; SREBP-1 reverse, 5’-GGC​CCG​
GGA​AGT​CAC​TGT​-3’; CTGF forward, 5’-CGT​GCC​GGT​
GCC​CGG​ACG​AG-3’; CTGF reverse, 5’-GGC​CGG​GGA​
GCC​GAA​GTC​AC-3’; β-actin forward, 5’-GTG​GGG​CGC​
CCC​AGG​CAC​CA-3’; β-actin reverse, 5’-CTC​CTT​AAT​
GTC​ACG​CAC​GAT​TTC​-3’. The level of expression of each 
gene was estimated by the ΔΔCT method and normalized to 
β-actin.

Oil Red O staining

Huh7.5 cells cultured for 24 h after transfection with a plasmid 
or siRNA were washed with PBS, and the cells were fixed by 
treatment with 10% formaldehyde for 10 min. After washing 
with PBS for 1 min with 60% isopropanol for 15 seconds to 
remove residual reagent, the cells were stained with Oil Red 
O solution in 40% water and 60% isopropanol) for 10 min 
at 37℃, washed twice with 75% alcohol, and washed three 
times with PBS. The cells were then counterstained with 
hematoxylin for 2 min and washed three times with PBS. The 
stained cells were sealed and photographed using a microscope 
(Olympus, Japan) at a magnification of 40×.

Colony formation assay

Approximately 1500 Huh7.5 cells were inoculated onto 
methylcellulose medium in a 35-mm Petri dish and cultured 
at 37℃ in a 5% CO2 incubator. On the 14th day of culture, 
the cell colonies were fixed with methane-acetone (1:1) and 
stained with crystal violet, and the colonies were photo-
graphed, counted, and analyzed.

Statistical analysis

Image J was used to analyze western blot results. Image Pro 
Plus 6.0 software was used to quantify Oil Red O staining 
results. GraphPad Prism 5.0 software (GraphPad Software, 
USA) was used for statistical analysis. The data are shown as 
the mean ± standard deviation (S.D.), and each experiment 
was repeated independently at least three times unless stated 
otherwise. Differences between two groups were assessed 
using Student’s t-test (two-tailed, unpaired). At p < 0.05, the 
results were considered to be statistically significant.

Results

NS4B downregulates Merlin protein expression 
and upregulates expression of key proteins 
of the AKT pathway

To investigate the effect of NS4B on the Hippo-YAP sign-
aling pathway, NS4B was overexpressed in Huh7.5 cells, 
which were collected and analyzed by western blot assay. 
As shown in Figure 1A, NS4B was successfully overex-
pressed, and the expression level increased with time. 
Western blots showed that NS4B overexpression reduced 
the expression of Merlin and the level of YAP phospho-
rylation (p-YAP) at both 24 and 48 hours post-transfection 
(Fig. 1A-C). When Huh7.5 cells were transfected with dif-
ferent amounts of NS4B plasmid for 24 hours, a positive 
correlation was observed between the amount of downreg-
ulation and the plasmid concentration used for transfection 
(Fig. 1D and G). NS4B, however, had no effect on the total 
YAP expression level.

We also studied the expression and phosphorylation 
level of key proteins of the AKT signal pathway by west-
ern blot assays. Total AKT1/2/3, phosphorylated AKT 
(p-AKT), and NF-κB protein levels were compared in 
HEK293T or Huh7.5 cells transfected with 0.5 μg or 1 μg 
pCDNA3.1-NS4B for 24 h. Whereas AKT1/2/3 protein 
expression showed little change, p-AKT and NF-κB pro-
tein levels were elevated significantly (Fig. 1G-L) in both 
HEK293T and Huh7.5 cells overexpressing NS4B, indicat-
ing that HCV NS4B modulates the AKT and Hippo-YAP 
pathways by phosphorylation of YAP.

Merlin mediates the AKT signaling pathway

We hypothesized that the Hippo-YAP signaling pathway 
and AKT signaling pathway are connected by Merlin. To 
test this, the effects of different amounts of Merlin expres-
sion on the levels of total AKT1/2/3, p-AKT, and NF-κB 
protein were examined using a western blot assay.

Increasing the level of Merlin led to a notable decrease 
in the expression of p-AKT and NF-κB, while the level 
of total AKT1/2/3 expression remained stable (Fig. 2A 
and B). High expression of Merlin resulted in decreased 
expression of key proteins of the AKT signaling pathway. 
To investigate the relationship between the Hippo and 
AKT signaling pathways from another side, the expression 
of Merlin was reduced using siRNA. 50 nM siRNA against 
Merlin was introduced by transfection into HEK293T and 
Huh7.5 cells, and the relative expression levels of total 
AKT1/2/3, p-AKT, and NF-κB were estimated at 72 h 
post-transfection. As shown in Figure 2C-F, p-AKT and 
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NF-κB protein levels increased as Merlin decreased, while 
AKT1/2/3 levels remained unchanged. Based on these 
findings, we hypothesize that NS4B mediates the AKT 
pathway by inhibiting Merlin, thereby influencing the 
Hippo signaling pathway.

NS4B induces an increase in the number 
of intracellular lipid droplets

To investigate further whether NS4B or Merlin affects lipid 
metabolism in hepatocytes, we used Oil Red O tests to detect 

Fig. 1   Downregulation of Merlin protein expression and upregulation 
of expression of key proteins of the AKT pathway by NS4B. (A-C) 
Huh7.5 cells were transfected with plasmid pCDNA3.1-NS4B to 
overexpress the NS4B protein, and plasmid pcDNA3.1 was used as 
a control. The Merlin, p-YAP, and YAP protein levels were estimated 
by western blot at 24 h or 48 h post-transfection. (D and G) Huh7.5 
cells were transfected with 0.5, 1, or 1.5 μg of plasmid pCDNA3.1-
NS4B to overexpress the NS4B protein, and plasmid pcDNA3.1 

was used as a control. The Merlin, p-YAP, and YAP protein levels 
were analyzed at 24 h or 48 h post-transfection. (E and H) The rela-
tive amounts of AKT1/2/3, p-AKT, and NF-κB were estimated in 
HEK293T cells transfected with 0.5 μg of plasmid pCDNA3.1-NS4B 
to overexpress the NS4B protein, and 0.5 μg of plasmid pCDNA3.1 
was used as a control. (F and J) Huh7.5 cells were treated the same as 
in panels E and H (*, p < 0.05).
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the formation of intracellular lipid droplets in Huh7.5 cells 
expressing different amounts of NS4B or Merlin, using cells 
transfected with pcDNA3.1 or si-control as controls. The 

number of intracellular lipid droplets increased 24 hours 
after transfection with the NS4B plasmid and si-Merlin 
compared to the control (Fig. 3A and B). Overexpression 

Fig. 2   Effect of Merlin on the levels of proteins of the AKT pathway 
in HEK293T and Huh7.5 cells. (A and B) Huh7.5 cells were trans-
fected with 0.5, 1, or 1.5 μg of the plasmid pFLAG-Merlin for over-
expression of the Merlin protein, and plasmid pFLAG-CMV2 was 
used as a control. At 48 h post-transfection, the AKT1/2/3, p-AKT, 
and NF-κB protein levels were analyzed by western blot. (C and D) 

HEK293T cells were transfected with si-Merlin to silence the Merlin 
gene. si-control was used as a control, and PBS buffer was used as 
a blank control. At 48 h post-transfection, the relative levels of the 
AKT1/2/3, p-AKT, and NF-κB proteins were estimated. (E and F) 
The same procedures as in panels C and D were done using Huh7.5 
cells. (*, p < 0.05)

Fig. 3   Effect of NS4B on formation of intracellular lipid droplets. 
(A) pCDNA3.1 + si-control. (B) pCDNA3.1-NS4B + si-control. 
(C) pCDNA3.1 + si-Merlin. (D) pCDNA3.1-NS4B + si-Merlin. (E) 

pCDNA3.1-NS4B + pFLAG-Merlin. (F) Quantification of Oil Red O 
areas. Values are the mean ± SD (n = 3). (*, p < 0.05). Scale bar = 
25 μm
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of NS4B plus si-Merlin increased the number of lipid drop-
lets (Fig. 3D) more strongly than overexpression of NS4B 
or si-Merlin alone (Fig. 3B and C), suggesting that NS4B 
and Merlin both mediate lipogenesis in hepatocytes, but in 
opposite ways.

Overexpression of NS4B and Merlin together did not 
result in a higher level of formation of intracellular lipid 
droplets than overexpression of NS4B alone, indicating that 
NS4B may enhance the formation of intracellular lipid drop-
lets by controlling Merlin.

Upregulation of lipid droplet formation by NS4B 
is related to protein expression and transcript levels

The mechanism of lipogenesis induced by NS4B was fur-
ther investigated by studying the effect of NS4B on proteins 
known to be related to lipid droplet formation. We studied 
the protein SREBP-1, a crucial endoplasmic-reticulum-
binding transcription factor governing lipogenesis and lipid 
uptake by transfecting Huh7.5 cells with various concentra-
tions of pCDNA3.1-NS4B, pFLAG-Merlin, or si-Merlin. 
The results showed that the SREBP-1 expression level was 
upregulated by NS4B (Fig. 4A-B) and si-Merlin (Fig. 4E-
F) and downregulated by Merlin (Fig. 4C-D). When cells 

were cotransfected with NS4B and si-Merlin, the amount 
of SREBP-1 expression was significantly higher than with 
either alone (Fig. 4G), which is consistent with the results 
of the Oil Red O assays (Fig. 3).

To confirm that NS4B induces lipogenesis by affecting 
SREBP-1 through the YAP-Hippo and AKT pathways, the 
relative mRNA levels of SERBP-1 and CTFG, which is 
one of the direct target molecules of YAP, were studied in 
Huh7.5 cells transfected with pCDNA3.1-NS4B, pFLAG-
Merlin, or si-Merlin. As shown in Figure 4H, Merlin was 
able to block the enhancement caused by NS4B, whereas 
both NS4B and si-Merlin were able to increase the transcrip-
tion of SREBP-1C. As expected, the combination of NS4B 
and si-Merlin boosted the SREBP-1 mRNA level sharply. 
The effect of each treatment on CTFG mRNA levels was 
similar to that on SREBP-1 mRNA levels. We inferred that 
HCV NS4B triggers lipogenesis by suppressing Merlin 
through the Hippo and AKT pathways.

NS4B enhances the proliferative capacity of human 
hepatoma carcinoma cells in vitro

One of the primary causes of pathogenesis and intractability, 
including the development of liver cancer, is the capacity of 

Fig. 4   Upregulation of proteins involved in lipid droplet forma-
tion and their transcripts by NS4B and si-Merlin. (A and B) Huh7.5 
cells were transfected with plasmid pcDNA3.1-NS4B to overexpress 
NS4B, using plasmid pcDNA3.1 as a control. The relative levels of 
NS4B and SERBP-1 were estimated by western blot at 48 h post-
transfection. (C and D) Huh7.5 cells were transfected with 0.5, 1, and 
1.5 μg of pFLAG-Merlin plasmid to overexpress Merlin, and plas-
mid pFLAG-CMV2 was used as a control. The levels of the Merlin 
and SERBP-1 proteins were analyzed by western blot at 48 h post-

transfection. (E and F) Huh7.5 cells were transfected with 0.5, 1, or 
1.5 μg of si-Merlin, and si-control was used as a control. The expres-
sion of Merlin and SERBP-1 was analyzed at 48 h post- transfection. 
(G) Huh7.5 cells were transfected with pCDNA3.1-NS4B, pFLAG-
Merlin, and/or si-Merlin, and the expression of NS4B, Merlin, and 
SERBP-1 was analyzed. (H) The relative levels of SERBP-1 and 
CTFG mRNA were estimated by real-time PCR in Huh7.5 cells after 
transfection with pCDNA3.1-NS4B, pFLAG-Merlin, or si-Merlin. *, 
p < 0.05, compared to the control
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HCV to interfere with the regulation of processes such as 
lipid metabolism in the host and triggering of lipogenesis 
by HCV NS4B. To investigate the effect of NS4B on the 
survival of human hepatoma carcinoma cells in vitro, colony 
formation assays were performed using Huh7.5 cells trans-
fected with pCDNA3.1-NS4B, si-Merlin, or pFLAG-Merlin. 
Cells transfected with NS4B plus si-Merlin formed signifi-
cantly more and larger colonies than other cells (Fig. 5). 
Cells expressing NS4B plus Merlin did not differ signifi-
cantly from the controls, whereas those expressing NS4B or 
si-Merlin produced more colonies than the controls (Fig. 5), 
indicating that Merlin counteracts the enhancement induced 
by NS4B. The results show that NS4B enhances the capa-
bility of a single carcinoma cell to grow into a large colony 
via clonal expansion, potentially contributing to accelerated 
tumor growth.

Discussion

The Hippo pathway, which controls cell growth, apoptosis, 
and proliferation and hence plays a key role in controlling 
tissue size, has been shown to be highly significant in mam-
mals [15, 16]. Numerous cell types, particularly hepato-
cytes, have been demonstrated to be under the control of 
the Hippo signaling pathway [17], of which Yes-associated 
protein (Yap) is one of the essential downstream effectors 
[10]. Hippo regulates tissue growth by phosphorylation 
and inactivation of the transcriptional co-activator YAP. 
Direct phosphorylation of YAP by LATS1/2 produces 

phosphorylated YAP (p-YAP), which is then linked to pro-
teins in the cytoplasm and remains there while being ubiq-
uitinated and degraded, reducing its capacity to promote 
growth and prevent apoptosis [18–20]. The Merlin protein, 
a tumor suppressor [21], has been linked to the Hippo path-
way as an upstream regulator [22, 23]. In this study, it was 
demonstrated that the HCV NS4B protein, which is known 
to induce lipogenesis, effectively downregulated the level of 
the Merlin protein (Fig. 1A-D). Hence, we speculated that 
NS4B might affect processes in cell biology in which the 
Hippo pathway is involved. To test this, we examined the 
relationship between p-YAP expression and NS4B and dis-
covered a negative correlation between the levels of NS4B 
and p-YAP (Fig. 1 A-D). Consequently, we believed that the 
NS4B protein influences the Hippo pathway via YAP.

Previous studies [24–28] have demonstrated an associa-
tion between lipid buildup and HCV infection in hepatic 
tissue, and hepatic steatosis occurs in between 40% 
and 86% of HCV-infected individuals. It has also been 
observed that HCV NS4B can increase the rate of lipo-
genesis via the AKT pathway [8]. In this study, we inves-
tigated and verified the impact of HCV NS4B on the AKT 
pathway. We found that NS4B upregulates the phospho-
rylation of AKT, which is in line with earlier reports [8]. 
We hypothesized that Merlin is associated with lipogenesis 
regulation networks, including NS4B and the AKT path-
way, as HCV NS4B influences the Merlin protein level, 
and a relationship between Merlin and the AKT pathway 
has been reported [29, 30]. In this work, total AKT expres-
sion remained constant regardless of whether Merlin was 

Fig. 5   Enhancement of the in 
vitro proliferative capacity of 
Huh7.5 cells by NS4B. (A) 
pcDNA3.1 + si-control. (B) 
pcDNA3.1-NS4B + si-control. 
(C) pcDNA3.1-NS4B + si-
Merlin. (D) pcDNA3.1-NS4B + 
pFLAG-Merlin. (E) pcDNA3.1 
+ si-Merlin. (F) Quantification 
of foci. Values are the mean ± 
SD (n ≥ 3) (*, p < 0.05, com-
pared with the control group).
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overexpressed or silenced. However NF-κB and p-AKT 
protein levels exhibited a negative association with Merlin 
expression (Fig. 2). This is consistent with NS4B-induced 
increases in the expression of phosphorylated AKT and 
NF-κB (Fig. 1E, F, H and J). Therefore, the AKT path-
way may be regulated upstream by the Merlin protein, and 
HCV NS4B may mediate the AKT pathway by modulating 
the Merlin protein.

Because Merlin is involved in fatty acid synthesis and 
lipid droplet formation is regulated via the AKT path-
way [31], we investigated whether Merlin and NS4B are 
involved in lipid droplet formation. Our results suggest that 
Merlin reduces NS4B-induced lipid synthesis, while NS4B 
causes an increase in intracellular lipid production (Fig. 3). 
SREBP-1 transcription and expression levels exhibited a 
similar trend to lipid production (Fig. 4). SREBPs are a class 
of proteins that are crucial transcriptional regulators of lipid 
absorption and lipogenesis [32]. In mammals, there are two 
types of SREBPs: SREBP-1 and SREBP-2 [33, 34]. Two 
isoforms of SREBP-1 – SREBP-1a and SREBP-1c – can be 
produced from the SREBP-1 gene by transcription from dis-
tinct promoters [35, 36]. The PI3K/AKT oncogenic signal-
ing pathway in cancer stabilizes and activates SREBP-1 [37, 
38]. Additionally, it has been suggested that NS4B could 
stimulate fatty acid production by boosting SERBP-1 expres-
sion via the PI3K-AKT pathway [8, 26]. One of the main 
direct targets of YAP, PIK3CB (PIK3 catalytic subunit), 
has been shown recently to activate the PI3K-AKT pathway 
through PIK3CB and control the proliferation and survival 
of cardiocytes [39]. We therefore deduced that HCV NS4B 
might be linked to the AKT pathway through the Hippo 
pathway and that it is one of the crucial proteins involved in 
lipogenesis in hepatocytes.

Colony formation assays showed that NS4B overexpres-
sion and Merlin silencing enhanced the ability of single can-
cer cells to grow into large colonies. It has been observed 
that inactivation of the Hippo signaling pathway, which is 
oncosuppressive in the liver, promotes tumor formation [40]. 
Fatty acids may promote hepatic fibrosis by activating the 
transcriptional coactivator YAP1 [41]. Our observation that 
NS4B decreases Yap phosphorylation and Merlin protein 
levels, resulting in adipogenesis, suggests that NS4B might 
hasten tumor growth.

In conclusion, our findings suggest that HCV NS4B can 
cause lipogenesis by influencing the AKT signaling pathway 
via the Hippo-YAP pathway, thereby promoting the progres-
sion of HCV-associated diseases such as tumor growth.
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