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ABSTRACT 

Mechanistic aggravations of the chronic liver malignancy remain unclear. 

We here investigated roles of TM4SF5 in the liver malignancy progression, 

using multiple in vitro and in vivo cellular, animal, and clinical patient tissue 

models. Transmembrane 4 L six family member 5 (TM4SF5)-transgenic mice 

revealed fatty, fibrotic, and cancerous phenotypes depending on age increase 

and disease-prone property. Following chronic inflammation, the hepatocytes 

accumulated lipids via SOCS1/3-inhibited STAT3 activity. Ligand 

independent and TM4SF5-mediated STAT3 activity promoted fibrotic 

expression of collagen I and laminin/laminin γ2 in hepatic stellate cells (HSCs) 

and hepatocytes, respectively, leading to fibrotic phenotypes. TM4SF5 

overexpression led to induction of HIF1α CD34, and α-fetoprotein, a HCC 

marker, together with robust STAT3 activity and ECM expression. Altogether, 

this study supports that TM4SF5-STAT3 signaling could aggravate liver 

diseases and the laminin induction in hepatocytes also importantly contribute 

to the malignancy, indicating TM4SF5 as a driving player for the liver 

diseases. 
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1. Introduction 

Chronic liver injury can cause inflammation, metabolic dysregulation, and 

excessive extracellular matrix (ECM) production for fibrosis and further 

cirrhosis, ultimately leading to liver failure or hepatocellular carcinoma (HCC) 

[1]. Liver injury occurs due to immune-mediated or direct injury to the 

hepatocytes, and injured hepatocytes can lead to both cell death (and thereby 

inflammation) and regeneration of the cells to compensate for the loss of 

hepatocytes [1,2]. During the battle between injury-mediated cell death and 

regeneration, inflammation and ECM deposition for cell proliferation 

prevalently play critical roles. An excessive ECM deposition without 

reciprocally balanced degradation result in fibrosis with abnormal cell 

proliferation, which can lead further to cirrhosis with scar tissues and HCC [3]. 

ECMs in liver is known to be produced mostly by hepatic stellate cells (HSCs) 

[4], although liver parenchyma hepatocytes comprising the majority at 85% of 

the liver mass [2] can also produce and alter ECM [1]. Interestingly, 

deposition of collagen I as the main component of the fibrous septa is not 

relevant to hepatocyte but to activated-HSCs [5]. Meanwhile, the roles of 

other hepatic cell types including hepatocytes in ECM remodeling eventually 

leading to liver fibrosis is recently emerging to be studied [1]. However, it is 

not clear yet how the hepatocytes can contribute to ECM production while the 

aggravation of liver malignancy. 
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Chronic liver injury leads to inflammation, by which further diverse 

cytokines including TGFβ1 [6], IL-13 [7], and others can be produced for 

ECM production and fibrosis. Furthermore, other molecules and signaling 

pathways in different liver cell types can cause inflammation and ECM 

production, given that mammal ECM consists of about 300 proteins [8], and 

that effects and responses of hepatocytes may be prevalent because 

hepatocytes contributes to the majority (approximately 85%) of the liver mass, 

and because the chronic injury affects primarily the hepatocytes. Therefore, it 

would be interesting to reveal the signaling molecules or pathways in 

hepatocytes to induce ECM production as overall perspective for liver 

diseases from inflammatory fatty liver to fibrotic and cancerous liver. 

Transmembrane 4 L six family member 5 (TM4SF5) is a glycosylated-

membrane protein with 4 transmembrane domains, similar to the tetraspanins 

(TM4SFs). TGFβ1 signaling that cross-talks with EGFR pathway causes 

TM4SF5 expression in CCl4-mediated fibrotic animal system [9,10]. Different 

cancer types including liver and prostate cancer show TM4SF5 

overexpression [11,12] and cancer metastasis from liver to intestinal area in 

liver-orthotopic animal model occurs via cross-talks between TM4SF5 and 

CD44 [13]. TM4SF5 affects c-Src and FAK via direct physical associations 

[14,15], and STAT3 via c-Src activity, independent of IL6 [16]. Therefore, it is 

likely that TM4SF5 may play multi-functional roles during development of 

liver malignancy even from inflammation to HCC, although it has not been 
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explored so far. 

Based on the pivotal observations that TM4SF5 transgenic mice showed 

nonalcoholic fatty liver disease (NAFLD) and fibrosis, we here investigated 

how TM4SF5-mediated signaling axis for lipid or ECM metabolisms could 

promote progression of overall liver diseases. We found that TM4SF5-

mediated STAT3 activity for the alternative modulation of lipid or ECM 

metabolic status could aggravate overall liver malignancy from fatty liver, 

non-alcoholic steatohepatitis, and fibrosis to cancer. 
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2. Materials and Methods 

1. Cells 

TM4SF5-lacking control [hepatocarcinoma SNU449 or SNU761] or TM4SF5 

WT-expressing (endogenously expressing HepG2 and Huh7 or ectopically 

expressing SNU449T7) cells have been described previously [12]. Cells were 

purchased from either Korean Cell Bank (Seoul National Univ. Seoul, Korea) 

or ATCC (Manassas, VA, USA).  Stable cells were maintained in RPMI-

1640 (WelGene, Daegu, Korea) containing 10% FBS, G418 (250 µg/ml), and 

antibiotics (Invitrogen, Grand Island, NY). 

2. Transfection 

siRNA, shRNA, or cDNA plasmids that are properly indicated are transiently 

transfected for 48 h, using Lipofectamine RNAiMAX or Lipofectamine 3000 

following the protocol by manufactures (ThermoFisher Scientific, Waltham, 

MA, USA). 

3. TM4SF5 transgenic or knockout animals 

TM4SF5 transgenic mice were generated and confirmed for its expression. 

pcDNA3-TM4SF5-Flag was digested with NruI and DraIII and the fragment 

consisting of the CMV promoter, whole TM4SF5-FLAG sequence, and BGH 

poly A region was purified and microinjected into fertilized eggs from 

C57BL/6N mice according to standard procedures (Macrogen, Seoul, Korea). 
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Two-week-old founders were screened by PCR using the primer set for CMV-

F1 (forward primer, 5’ CGC TAT TAC CAT GGT GAT GCG 3’) and 

TM4SF5-R1 (reverse primer, 5’ AGA CAC CGA GAG GCA GTA GAT 3’). 

In addition to negative controls, normal mouse genomic DNA or non-

transgenic mouse did not have the PCR constructs of 555 bp covering a part 

of CMV promoter and a part of FLAG-TM4SF5. TM4SF5 transgenic mice 

with FVB/N disease-prone strain were prepared via breeding between normal 

FVB/N and TM4SF5 transgenic C57BL/6N mice more than 10 generations, 

before confirmation of its expression as above. TM4SF5-knockout (TM4SF5
-/-

) 

mice were generated by targeting exon 3-5 coding for the 2nd extracellular 

loop (EC2) in mouse TM4SF5 gene (Macrogen), via embryo injection and 

transfer to normal healthy female C57BL/6N mice of mouse TM4SF5-FLAG 

digested by Cas9 protein and sgRNAs (i.e., RG1 and 2 for exon3 up and down, 

respectively; RG3 for intron between exon 4 and 5; RG4 for exon 5). 

Identification of deletion mutation in F0 founders was performed on tail 

genomic DNA by a T7E1 assay to see a heteroduplex formation between WT 

and mutant PCR products (Macrogen). Further, genotyping was performed 

using primers for Mouse-TM4SF5-FLAG (forward 5′-GTAGTATGCG 

GGAGGCACTG-3′, reverse 5′- GGGTGACCACTCAGACTTCC-3′).  

TM4SF5
-/+

 heterozygotes in F1 little mates were bred to generate TM4SF5
-/-

 

homozygotes. 
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4. Chemical-treated animal models 

Four-week-old mice (BALB/c) were purchased from Orient. Co. Ltd 

(Seungnam, Korea). Mice were housed in a specific pathogen-free room with 

controlled temperature and humidity. All animal procedures were performed 

in accordance with the procedures of the Seoul National University 

Laboratory Animal Maintenance Manual and IRB agreement by Institute of 

Laboratory Animal Resources Seoul National University (ILARSNU). Mice 

aged 5 weeks (n ≥ 5) were injected intraperitoneally with or without CCl4 

(Sigma, 1 mg/kg) in 40% olive oil three times a week for 4 or 16 weeks. 4’-

(p-toluenesulfonylamido)-4-hydroxychalcone (TSAHC) administration (IP at 

50 mg/kg in 40% DMSO) was performed the day after each CCl4 

administration. And diethylnitrosamine (DEN) injected(sigma, 50mg/kg) once 

a week for 28weeks. After 4, 16 or 28weeks, mice were sacrificed with ether, 

the tissues were resected, and one piece of tissue was immediately frozen in 

liquid N2 while a second piece was embedded in paraffin.  

5. Primary cell preparation 

Primary hepatocytes were isolated from 4-6 weeks-old BALB/C mice (Orient. 

Co. Ltd Seungnam, Korea) or 52-78weeks C57BL/6 Mice (Macrogen, Seoul, 

Korea) by perfusion of the liver using collagenase type Ⅱ (Life technologies, 

Carlsbad, CA, USA). The hepatocytes were cultured William’s E 

Medium(Life technologies, Carlsbad, CA, USA)  supplemented with 10% 
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fetal bovine serum (FBS), primary hepatocyte maintenance supplements (Life 

technologies, Carlsbad, CA, USA) on collagen-coated plates. 

For the isolation of Hepatic stellate cells, nonparenchymal sufficient 

supernatant was centrifuged in 50%/30% percoll (Sigma-aldrich). The top 

layer containing Hepatic stellate cells was cultured  RPMI 1640 (WelGene, 

Daegu, Korea) with 10% FBS on collagen-coated plates.  

6. Co-culture 

Cells were co-cultured using cell culture inserts (SPL, 0.4μm pore size) to 

separate the cell populations; Primary hepatocytes were plated on the bottom, 

and primary hepatic stellate cells were plated on the insert. After each 

incubation, shTM4SF5 is transfected only in the primary hepatocytes. And 

after 24 hours, change the serum free medium and inserted primary hepatic 

stellate cells into the well with hepatocytes. After 24h co-culture, the cells 

were harvested for western blotting.  

7. Western blots 

Subconfluent cells in normal culture media, or cells transiently transfected 

with control or siRNA against the indicated molecules for 48 h or animal liver 

tissues harvested for whole cell or tissue extracts using a modified RIPA 

buffer, as explained previously [12,16]. The primary antibodies include anti-

pY
397

FAK (Abcam, Cambridge, UK), -pY
416

Src, -Akt (Santa cruz Biotech., 

Santa cruz, CA) -p-ERKs, -ERKs (Cell Signaling Technol. Danvers, MA), -
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pY
705

STAT3 (Millipore, Bellerica, MA), --tubulin, (Sigma, St Louis, MO), -

c-Src, -pY
577

FAK, -pS
473

Akt (Santa Cruz Biotech., Santa Cruz, CA), -FAK 

(BD Transduct. Lab., Bedford, MA), -STAT3 (Millipore, Solna, Sweden), and 

-collagen I, -laminin γ2 (Santa Cruz Biotech., Santa Cruz, CA), -laminin, -

STAT5, -pY
694

STAT5, -albumin, -pS
727

STST3, -precursor SREBP1 (Santa 

Cruz Biotech., Santa Cruz, CA), -mature SREBP1 (Santa Cruz Biotech., Santa 

Cruz, CA), -PPARγ (Santa Cruz Biotech., Santa Cruz, CA), -PPARα (Santa 

Cruz Biotech., Santa Cruz, CA), -CD36, -pY
701

STAT1, -β-actin (Santa Cruz 

Biotech., Santa Cruz, CA) antibody. 

8. Immunofluorescence 

Cells in normal culture condition on glass coverslips or transiently transfected 

for 48 h with siControl or siSTAT3 (Dharmacon, Pittsburgh PA) together with 

GFP-conjugated control siRNA were immunostained using antibody against 

pY
397

FAK or pY
705

STAT3, in addition to DAPI staining for DNA. 

Immunofluorescent images were acquired on a microscope (BX51TR, 

Olympus, Japan). Randomly saved images for 10 fields in each experimental 

condition were visually counted by two independent individuals. Cells with at 

least similar or increased spreading area and FA numbers upon IL6 treatment 

were counted and their mean ± standard deviation values were presented as a 

graph. 

9. Immunohistochemistry 
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Immunohistochemistry of mouse or human liver tissues that informed 

consents were obtained from each patient following a IRB approve were 

performed with primary antibodies for normal rabbit or mouse IgG, TM4SF5 

[12], collagen I, pY
705

STAT3 (Millipore, Solna, Sweden), SREBP (Santa Cruz 

Biotech., Santa Cruz, CA), laminin (Abcam, Cambridge, UK), and laminin γ2 

(Santa Cruz Biotech., Santa Cruz, CA). Alternatively, the tissues were 

processed for Masson’s Trichrome and hematoxylin and eosin staining as 

previously described [17], or for double-immunofluorescence stainings for 

TM4SF5 and either α-SMA or PDGFRα. Incubation with anti-TM4SF5 

primary antibody was followed by anti-rabbit IgG conjugated with TRITC, 

and incubation with anti-α-SMA or -PDGFRα antibodies was followed by 

anti-mouse or -rabbit IgG conjugated with FITC, respectively. In addition, the 

nucleus was stained with DAPI. 

10. RT-PCR 

Total RNA was isolated using TRIzol Reagent (Invitrogen), and 

complementary DNA (cDNA) was synthesized using amfiRivert Platinum 

cDNA synthesis master mix (GenDEPOT Inc.) according to the 

manufacturer’s instructions. The cDNA was subjected to RT-PCR using 

Dream Taq Green PCR master mix (Thermo Scientific, San Jose, CA).  
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11. Adipocyte differentiation 

Mouse 3T3-L1 preadipocytes were seeded using DMEM supplemented with 

10% newborn bovine serum (Gibco), 1% penicillin/streptomycin in 6well 

plates at a density of 1x10
5
.
  

2day postconfluent (day 0) preadipocytes were 

treated with adipocyte differentiation medium(MDI medium) containing 1μM 

Dexamethasone, 0.5mM IBMX, 10μg/ml Insulin (Sigma, USA) for 2 days. 

After that, the media were replaced with DMEM supplemented with 10% fetal 

bovine serum (FBS) and insulin (10 μg/mL) for 2 days. The extent of 

differentiation was determined on day 12. 

12. ECM-luciferase assay 

To construct a vector for the promoter assay, Lamc2 promoters (encoding 

regions of -1871 to +388 and -592 to +388) and Col1a1 promoters (encoding 

regions of -2865 to +89, -2047 to +89 and -845 to +89) were amplified by 

PCR and cloned into the pGL3-basic vector. Primary cultured hepatocytes or 

AML12 were seeded in 48well plates using lipofectamin3000 transfection 

reagent (Invirogen). 24h after transfection, luciferase activity was measured 

according to manufacturer's protocol using luciferase reporter assay kit 

(Promega) with a luminometer (Berthold technologies, DE/Centro LB960). 

13. Anti-TM4SF5 antibody blockade of liver diseases. 

All animal procedures were performed in accordance with the procedures of 

the Seoul National University Laboratory Animal Maintenance Manual and 



24 

Institutional Review Board (IRB) agreement by Institute of Laboratory 

Animal Resources Seoul National University (ILARSNU). Nude mice 

(BALB/c-nude, 5 weeks old, male) were obtained Orient. Co. Ltd (Seungnam, 

Korea). SNU449Cp (control cells) (n=4) and SNU449T7 (TM4SF5-

overexpressing stable cells) (n=21) were injected subcutaneously into the 

back of each mouse. Five million cells resuspended in PBS were mixed with 

Matrigel on ice before injection. On 8th day after the injection with 

SNU449T7 cells, tumor-bearing mice were randomized into control and 

treatment groups (n=7 per group). Ab27 (5 µg/mouse) or Ab79 (16 µg/mouse) 

anti-TM4SF5 antibodies were intratumorally injected into each mouse at 2 or 

3-day intervals for total 5 times. PBS (20 µl/mouse) was injected as a negative 

control. Body weight and tumor volume were measured before antibody 

injection. The tumor volumes were calculated as follows: tumor volume = (a 

 b
2
)  1/2, where a was the width at the widest point of the tumor and b was 

the maximal width perpendicular to a. On 19th day, mice were sacrificed and 

photographed. Tumor masses were lysed as described [12] and subjected to 

immunoblot analysis. 

14. Statistical analysis 

Student’s t-tests were performed for comparisons of mean values to determine 

statistical significance. A p value less than 0.05 was considered statistically 

significant. 
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3. Results 

1. TM4SF5 expression promoted nonalcoholic fatty liver disease 

(NAFLD). 

At 1 year old age, systemic TM4SF5-overexpressing transgenic mice 

(C57BL/6-Tg
TM4SF5

) showed severe abdomen obesity and fatty liver 

phenotypes (Fig.1A). Together with lipid accumulation in livers, collagen I 

deposition was also obvious, compared with normal wildtype mice (Fig.1B). 

Thus, TM4SF5 expression significantly caused phenotypes of fatty liver 

(Fig.1C). Further, Tg
TM4SF5

 mice livers showed elevated levels of hepatic 

triacylglycerol (TG) and alanine aminotransferase (GOT/ALT), although the 

level of albumin was maintained, compared with normal wildtype livers 

(Fig.1D). At molecular levels, acetyl-CoA carboxylase 1 (ACC1) for fatty 

acid synthesis and matured sterol regulatory element-binding protein 1 

(SREBP1) for cholesterol synthesis and uptake were greatly higher in livers of 

Tg
TM4SF5

 mice over than normal wildtype mice (Fig.1E). In addition to lipid 

synthesis, molecules related to lipid uptake by hepatic cells were elevated in 

the Tg
TM4SF5

 mice livers, compared with normal wildtype mice livers, whereas 

molecules for fatty acid oxidation were not clearly differential. Furthermore, 

when TM4SF5 of the primary hepatocytes from Tg
TM4SF5

 mice livers were 

suppressed by shRNA against TM4SF5, levels of diverse mRNAs including 
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PPARγ, CD36, FASN, SREBP1, and FABP1 were reduced, suggesting that 

TM4SF5 play roles in lipid metabolisms. Further interestingly, laminin level 

was parallel to the levels of lipid synthesis-related molecules, but STAT3 

phosphorylation at Tyr705 (i.e., pY
705

STAT3) was lower in the Tg
TM4SF5

 mice 

livers than wildtype mice livers (Fig.1E). Immunohistochemistry also resulted 

in such a positive correlation between TM4SF5 expression, ECM expression, 

and lipid droplets and SREBP1 expression, but a negative correlation between 

TM4SF5 expression and pY
705

STAT3 (Fig.1F). 

Meanwhile, either TM4SF5 transfection or treatment of free fatty acid (FFA) 

to primary mouse hepatocytes resulted in lipid accumulation (Fig.1G) together 

with increased mRNA levels of  lipid metabolism-related genes (Fig.1H). 

Among them, SREBP2, FASN, and LDLR mRNAs were elevated via a 

positive cooperation with IL6 and TM4SF5, but CD36 and FABP1 were not 

depending on IL6 but on TM4SF5 (Fig.1I). When protein levels of SREBP1 

and PPARγ increased by TM4SF5 expression or FFA treatment, furthermore, 

laminin was also elevated (Fig.1J). FFA-treatment-mediated increase in 

matured SREBP1 protein in TM4SF5-expressing hepatocytes were not 

observed anymore when the TM4SF5-positive cells were transfected with 

STAT3 (Fig.1K), indicating that STAT3 activity (pY
705

STAT3) was inversely 

correlated with FFA-treatment-mediated SREBP1 maturation. Thus, 

pY
705

STAT3 decreased by SREBP1 overexpression (Fig.1L). Therefore, while 

TM4SF5-mediated lipid accumulation in hepatocytes, an inverse relationship 
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between SREBP1 maturation and STAT3 might be importantly involved in. 
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Fig. Ⅰ-1. TM4SF5 expression promoted nonalcoholic fatty liver disease 

(NAFLD). (A) Representative images of C57BL/6 WT and C57BL/6 Tg
TM4SF5

 

mice in 52weeks. (B) H&E stained, Oil red O stained and Masson’s trichrome 

stained liver sections from Tg
TM4SF5

 mice and WT mice ; n=5 WT group, n=10 

Tg
TM4SF5

 group. (C) Phenotypes of fatty liver for mice from indicated groups. 

(D) The hepatic levels of triglyceride, ALT and albumin levels were 

determined. (E) Western blots and qRT-PCR analysis in the indicated tissues 

from 52weeks Tg
TM4SF5

 mice. (F) Representative TM4SF5, pY
705

STAT3, 

SREBP1, CollagenⅠ, Laminin and Lamininγ2 immunohistochemical staining 

of paraffin embedded liver samples of WT and Tg
TM4SF5 

(G) Oil red O staining 

using primary hepatocytes. (H),(I) Primary hepatocytes were transfected with 

TM4SF5, treated FFA or IL-6 to identify mRNA levels. (J) Protein levels in 

primary hepatocytes transfected with TM4SF5 or treated FFA. (K) Protein 

levels in primary hepatocytes transfected with STAT3 or treated FFA. (L) 

Primary hepatocytes were transfected with SREBP1 were analyzed by 

western blotting. 
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2. TM4SF5-mediated lipid accumulation involved inactive STAT3 in 

hepatocytes. 

Since adipocytes are involved in hepatic lipid metabolism, we checked how 

TM4SF5 expression affected lipid accumulation, STAT3 activity, and ECM 

production during adipocyte differentiation of 3T3-L1 cells. During 

differentiation of adipocyte 3T3-L1 cells, expression levels of TM4SF5, 

matured SREBP1, and laminin γ2 elevated gradually, whereas pY
705

STAT3 

and other ECMs including fibronectin, collagen I, and laminin increased and 

then gradually decreased as time passed after differentiation. During also 

adipocyte differentiation of the 3T3-L1 cells, STAT3 activity appeared 

positively-correlated with ECM expression but negatively-correlated with 

SREBP1 maturation, although laminin γ2 was different from the other ECMs. 

Suppression of TM4SF5 led to reduced lipid accumulation of the 3T3-L1 cells. 

Thus, TM4SF5 appeared to mediate lipid accumulation in adipocytes and 

hepatocytes. 

Meanwhile, TM4SF5 overexpression in murine primary hepatocytes or 

AML12 hepatocytes led to increases in SOCS1 and SOCS3 expression levels 

(Fig.2A). Either TM4SF5 transfection without FFA treatment to primary 

hepatocytes elevated SOCS1 and SOCS3 levels, whereas TM4SF5 

transfection to FFA-treated hepatocytes did not further increase them (Fig.2B). 

SREBP1 overexpression caused enhanced expression of SOCS1 and SOCS3 
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(Fig.2C). Thus, TM4SF5-mediated SREBP1 expression might be correlated 

with increased SOCSs levels. Further, exogenously TM4SF5-expressing 

murine AML12 hepatocytes showed a higher SOCS3 level than control 

AML12 cells, which was still maintained higher upon treatment with 

conditioned-media (CM) of differentiated 3T3-L1 cells (Fig.2D). Transfection 

of TM4SF5, treatment of FFA, or both to primary hepatocytes led to increase 

SOCS3, but TM4SF5 expression alone elevated SOCS1 mRNA level (Fig.2B). 

And mRNA level of SOCS1, SOCS3 was higher in Tg
TM4SF5

 mice livers  

(Fig.2E). Among different SOCS isotypes, SOCS1 and SOCS3 were elevated 

in Tg
TM4SF5

 mice livers and their protein levels were confirmed by 

immunohistochemistry and western blots (Figs.2F and G). Thus, TM4SF5-

mediated roles in lipid metabolism appeared to involve elevated SOCSs levels. 

Being consistent, TM4SF5-knockout (KO) mice showed lowered levels of 

SOCS1 and SOCS3 mRNA and protein (Fig.2H).   

Since TM4SF5-KO mice showed reduced levels of SOCSs, it could be likely 

that TM4SF5-KO would lead to reduced fatty liver phenotypes. Thus, it was 

checked whether high fat diet (HFD) could lead to much less degree of fatty 

liver phenotypes in TM4SF5-KO mice livers, unlike greater fatty livers in 

normal wildtype mice with HFD. Following HFD (60 kCal% fat) for 5 weeks, 

wildtype male and female mice showed fatty liver phenotypes, whereas 

TM4SF5-KO mice revealed much reduced fatty phenotypes (Fig.2I). mRNAs 

of PPARγ and SREBP-1C (an isoform of SREBP1) in TM4SF5-KO mice 
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livers were less elevated by HFD than those in normal wildtype mice livers 

(Fig.2J). Therefore, during TM4SF5-mediated lipid accumulation, SREBP1 

maturation correlated with enhanced SOCSs-mediated STAT3 inactivation 

might be involved in. 
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Fig. Ⅰ-2. TM4SF5-mediated lipid accumulation involved inactive STAT3 

in hepatocytes. (A) TM4SF5 was transfected into primary hepatocytes and 

AML12 cells to identify SOCS1,3 levels. (B) In addition, western blots and 

qRT-PCR were analyzed with FFA treated sample. (C) SREBP1 was 

transfected into primary hepatocytes to identify SOCS1,3 levels. (D) AML12 

cells were transfected with TM4SF5 to treat 3T3-L1 conditioned medium. (E) 

SOCSs mRNA levels in WT and Tg
TM4SF5

 mice. (F) Representative SOCS1, 

and SOCS3 immunohistochemical staining of paraffin embedded liver 

samples of WT and Tg
TM4SF5

.
 
(G) Immunoblot of SOCS1 and SOCS3 in liver. 

(H) mRNA and protein levels in WT and TM4SF5-KO mice. (I) 

Representative images of H&E-stained liver sections from WT, HFD fed WT 

mice, HFD fed TM4SF5-KO mice or TM4SF5-KO mice. (J) Protein levels in 

WT, HFD fed WT, HFD fed TM4SF5-KO or TM4SF5-KO liver tissues.   
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3. TM4SF5-mediated fibrosis phenotypes involved STAT3 activation and 

laminin overexpression in hepatocytes. 

Since one year (52 weeks) -old Tg
TM4SF5

 mice showed fatty livers, we 

rationalized that older aged-mice would show more malignant livers, such as 

fibrotic livers. Being consistent, one and a half year (78 weeks) -old mice 

showed fibrotic phenotypes with extramedullary hematopoiesis (Figs.3A and 

B), suggesting that the older Tg
TM4SF5

 is, the more malignant their livers are. 

Molecular analysis revealed a reduced level of matured SREBP1 and 

concomitantly elevated levels of pY
705

STAT3, laminin, and TM4SF5 

expression (Fig.3C). At the mRNA level, lipid-related genes appeared similar 

in Tg
TM4SF5 

mice
 
or WT mice, whereas fibrosis related genes or hepatic 

inflammation related genes were higer in Tg
TM4SF5 

mice (Fig.3D).  

Immunohistochemistry study showed overexpression of laminin γ2 together 

with higher TM4SF5 and pY
705

STAT3 levels in 78 week-old Tg
TM4SF5

 mouse 

livers, compared with normal wildtype mice livers (Fig.3E). Therefore, 78 

week-old Tg
TM4SF5

 mice revealed fibrotic phenotypes with higher collagen I, 

laminin, and laminin γ2 expression and pY
705

STAT3 levels. In addition to this 

genetically transgenic fibrosis model, CCl4-induced fibrosis and cirrhosis 

models were mimicked via 4 weeks or 16 weeks treatments, respectively. 

Compared with normal control livers, CCl4-treated mouse livers showed 

disturbed liver cell organization with collagen I deposition at the portal area 
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and slightly between the portal areas upon 4 weeks treatment (i.e., moderate 

fibrosis) and at the intensively bridging of portal areas upon 16 weeks 

treatment (incomplete cirrhosis or cirrhosis) (Fig.3F). In these fibrotic and/or 

cirrhotic livers, collagen I and laminin as well dramatically elevated in 

parallel to enhanced pY
705

STAT3 level (Fig.3G). At the levels of mRNAs, 

fibronectin was not differential between untreated control or CCl4treated mice 

livers (Fig.3H). However, in addition to elastin, laminin chains including α2, 

α3, α4, γ2, and γ3 were higher elevated in CCl4-treated livers (Fig.3H). 

Immunohistochemistry revealed enhanced levels of TM4SF5, pY
705

STAT3, α-

smooth muscle actin (SMA), collagen I and IV, laminin, and laminin γ2 in 

CCl4-treated livers, compared with untreated livers (Fig.3I). Interestingly, 

expression patterns of laminin and laminin γ2 were different from those of 

collagens and α-SMA mostly at the septa or bridging areas (Fig.3I), 

suggesting that the cell types might be differential for collagens and laminins. 

Nevertheless, TM4SF5-mediated induction of ECMs including laminins 

supported by STST3 activity could be involved in development of 

fibrosis/cirrhosis phenotypes. 

Either suppression of TM4SF5 or STAT3 in primary hepatocytes prepared 

from the CCl4 treated mice livers led to reduced expression of collagen I and 

laminins (Figs.3J and K). Suppression of endogenous TM4SF5 from Huh7 

cells led to decrease in laminin together with pY
705

STAT3 but not STAT1 or 

STAT5 phosphorylation. The elevated pY
705

STAT3 was not correlated with 
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treatment of extracellular laminins or IL6 (Figs.3M and N), suggesting a 

ligand-independent and TM4SF5-dependent STAT3 activity. The pY
705

STAT3 

level to support laminin expression in the CCl4-treated mouse liver depended 

on c-Src activity (Fig.3O), which depends on TM4SF5 expression [15].  
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Fig. Ⅰ-3. TM4SF5-mediated fibrosis phenotypes involved STAT3 

activation and laminin overexpression in hepatocytes. (A) Representative 

H&E stained and Masson’s trichrome stained sections of livers from C57BL/6 

WT and C57BL/6 Tg
TM4SF5

 for 78weeks. (B) Phenotypes of steatohepatitis for 

mice from indicated groups. (C) Protein levels in WT and Tg
TM4SF5 

mice. (D) 

Hepatic gene expression patterns in WT and Tg
TM4SF5 

mice. (E) Representative 

TM4SF5, pY
705

STAT3, CollagenⅠ, Lamininγ2, SOCS1 and SOCS3  

immunohistochemical staining of paraffin embedded liver samples of WT and 

Tg
TM4SF5 

(F) Representative H&E stained and Masson’s trichrome stained 

sections of livers from WT and CCl4 treated mice. (G) Protein levels of 

Collagen Ⅰ, Laminin, pY
705

STAT3, TM4SF5 in WT and CCl4 treated mice. 

(H) mRNA levels of laminin chain in WT and CCl4 treated mice. (I) 

Representative TM4SF5, pY
705

STAT3, α-SMA, CollagenⅠ, CollagenⅣ, 

Laminin and Lamininγ2 immunohistochemical staining of paraffin embedded 

liver samples of WT and CCl4 treated mice.  (J) Primary hepatocytes 

prepared from the CCl4 treated mice livers were transfected with shTM4SF5 

to identify protein levels. (K) Primary hepatocytes prepared from the CCl4 

treated mice livers were transfected with siSTAT3. (L) Huh7 cells were 

transfected with shTM4SF5 to identify protein levels. (M) Primary 

hepatocytes prepared from the CCl4 treated mice livers were treated with 

laminin for 6 hours or 24 hours. (N) Primary hepatocytes were treated with 
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IL-6. (O) Primary hepatocytes prepared from the CCl4 treated mice livers 

were treated with Src inhibitor PP2 and negative control PP3. 
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4. Differential TM4SF5/STAT3-mediated ECM expression in hepatocytes 

and HSCs. 

We next examined the promoter activities of laminin γ2 (Lamc2) and 

collagen I α1 (Col1a1) chain in hepatocytes to see whether they would be 

differential. Both promoter regions were constructed to have STAT3-binding 

elements upstream of the luciferase gene sequence (Fig.4A). Based on the 

luciferase assay using AML12 murine hepatocytes, TM4SF5 expression 

enhanced their promoter activities at approximately two folds, compared with 

mock control vectors, whereas STAT3 introduction caused much greater 

activation in case for Lamc2 than for Col1a1 (Fig.4B). Thus, TM4SF5/STAT3 

signaling axis in hepatocytes might more greatly functional for the 

transcriptional activity for Lamc2 than for Col1a1. Immunostaining of laminin 

of the animal liver tissues were overlapped in certain cell populations with 

TM4SF5-positive immunostains (Fig.4C). We then examined hepatic cells 

types to express each ECM during the CCl4-induced fibrosis/cirrhosis. When 

CCl4 was gradually treated for 1, 4, or 16 weeks to mice, collagen I 

expression was parallel with α-SMA expression to indicate activated HSCs 

but negatively parallel with albumin to depict the hepatocytes (Fig.4D). In 

case of laminin, it was opposite; laminin expression was parallel with albumin 

immunostains and inversely parallel with α-SMA (Fig.4E). Meanwhile, for a 

short CCl4-treatment of 1 week, α-SMA immunostains were overlapped with 
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laminin stains, but later the overlapping was diminished and rather an 

overlapping between albumin and laminin stains would be obvious (Fig.4E). 

When the conditioned media (CM) collected from activated human HSCs 

(LX2 cells) cultures were treated to endogenously TM4SF5-expressing 

HepG2 cells with shRNA against a control sequence or a sequence in 

TM4SF5, laminin γ2 was not expressed upon TM4SF5 suppression, but 

collagen I was enhanced by the CM treatment nonetheless TM4SF5 

expression (Fig.4F). Such no expression of laminin following TM4SF5 

suppression was not recovered by the CM from even primary murine HSCs 

(Fig.4G). These data suggest that expression behaviors of laminins were 

different from those of collagen I during development of fibrosis/cirrhosis 

phenotypes, and that laminin or collagen I could be expressed mostly in 

hepatocytes and HSCs. 
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Fig. Ⅰ-4. Differential TM4SF5/STAT3-mediated ECM expression in 

hepatocytes and HSCs. (A) Schematic representation of the mouse Lamc2 

promoter and the mouse Col1a1 promoter.  (B) AML12 cells were 

transfected with Lamc2 or Col1a1 promoter-Luc reporters with control, 

STAT3 or TM4SF5. (C) Mouse normal or CCl4 treated liver tissues were 

processed for immunohistochemistry to identify TM4SF5 and Laminin. (D) 

Mouse normal or CCl4 treated liver tissues were processed for 

immunohistochemistry to identify Albumin, collagenⅠand α-SMA. (E) 

Mouse normal or CCl4 treated liver tissues were processed for 

immunohistochemistry to identify Albumin, Laminin and α-SMA. (F) HepG2 

cells were transfected with shTM4SF5 to treat the LX2 conditioned medium. 

(G) HepG2 cells were transfected with shTM4SF5 and co-cultured with LX2 

cells.  
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5. TM4SF5-mediated laminin expression during hepatic carcinogenesis. 

Since Tg
TM4SF5

 mice showed fatty and fibrotic livers, we wondered whether 

disease-prone mouse strain (i.e., FVB/N) to TM4SF5 overexpression might 

show cancerous phenotypes. Livers of one year-old FVB/N Tg
TM4SF5

 mice 

were thus analyzed. Expression of collagen I, α-SMA, laminin, and TM4SF5 

were clearly elevated, and interestingly CD34 and α-fetoprotein (AFP), HCC 

markers [19,20], were dramatically expressed (Fig.5A). This observation 

support cancerous livers of the FVB/N Tg
TM4SF5

 mice. Further, hepatic 

mRNAs for CD34, Hif1α, Ki67, and cyclin D1 of the FVB/N Tg
TM4SF5

 mice 

were higher than normal wildtype mice (Fig.5B). When laminin, pY
705

STAT3, 

and p-ERKs were analyzed together in 54 or 78 weeks of C57BL/6-Tg
TM4SF5

 

and 54 weeks of FVB/N-Tg
TM4SF5

 mice livers, there were highly maintained or 

gradually enhanced toward cancerous phenotypes (Fig.5C). This FVB/N-

Tg
TM4SF5

 mice also showed higher AST, ALT, and LDL levels, compared with 

normal wildtype mice, but comparable levels for albumin and serum 

triacylglyceride (TG) similar to C57BL/6-Tg
TM4SF5

 mice (Fig.5D). Meanwhile, 

livers following diethylnitrosamine (DEN) treatment showed cancerous 

nodules (Fig.5E) with elevated TM4SF5 and laminin expression and enhanced 

pERKs and pY
705

STAT3 (Fig.5F). Further, immunostainings of liver tissues 

from HCC patients for normal, tumor-near, and tumor regions revealed greatly 

elevated TM4SF5, laminin, collagen I, and pY
705

STAT3 in tumor-near and 
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tumor regions, compared normal regions (Fig.5G). Interestingly, the 

immunostains for laminin appeared to be hepatocytes and different from those 

for collagen I (Fig.5G), suggesting a possible role of TM4SF5-mediated 

laminin expression in hepatocytes for hepatic carcinogenesis. 
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Fig. Ⅰ-5. TM4SF5-mediated laminin expression during hepatic 

carcinogenesis. (A) Representative H&E stained and Masson’s trichrome 

stained sections of livers from FVB/N WT and FVB/N Tg
TM4SF5

 for 52weeks. 

And liver tissues were processed for immunohistochemistry to identify 

TM4SF5, CD34, α-SMA, AFP, Laminin, Lamininγ2 and CollagenⅠ. (B) 

mRNA levels in WT and Tg
TM4SF5

. (C) Protein levels in WT and Tg
TM4SF5

. (D) 

AST, ALT, albumin and serum TG  levels were determined. (E) 

Representative H&E stained sections of livers from WT and DEN treated 

mice. (F) Western blot analyses of WT and DEN treated liver tissues. (G) 

Liver tissues from HCC patients for normal, tumor-near, and tumor regions 

were processed for immunohistochemistry to identify TM4SF5, CollagenⅠ, 

Laminin and pY
705

STAT3. 
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6. Anti-TM4SF5 reagents abolished TM4SF5-mediated fibrosis and 

carcinogenesis.  

Anti-TM4SF5 reagents would be beneficial for the therapeutic purposes 

against liver diseases. A small compound of TSAHC and a chimeric anti-

TM4SF5 antibody have been tested for the influence to block the TM4SF5-

mediated fatty liver, fibrosis, and carcinogenesis. CCl4-treated fibrotic livers 

with collagen I deposition were abolished with concomitant treatment of 

TSAHC but not of control vehicle (Fig.6A). During the TSAHC-mediated 

blocking of the TM4SF5-mediated fibrosis were paralleled also with 

decreases in CCl4-treatment-induced collagen I and laminin expression and 

pY
705

STAT3 levels (Fig.6B,C). Such CCl4-mediated fibrotic phenotypes were 

also blocked by treatment of chimeric anti-TM4SF5 monoclonal antibodies 

(i.e., #27 and #79Ab) (Fig.6D). Consistently, the anti-TM4SF5 antibodies 

clocked the CCl4-mediated collagen I and laminin expression and pY
705

STAT3 

levels, but not pERKs and TM4SF5 levels (Fig.6E). In case of DEN-mediated 

HCC models, TSAHC treatment inhibited the nodule formation in livers 

(Fig.6F) and supported longer survivals (Fig.6G). The anti-TM4SF5 

antibodies (#27 and #79) also blocked tumor growth during the TM4SF5-

mediated xenografts (Fig.6H). Thus, these observations indicated that 

blocking of TM4SF5 function or activity rather than expression could block 

the fibrosis and hepatic carcinogenesis presumably via abolishing the 
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TM4SF5-mediated activation of STAT3 activity and in turn collagen I and 

laminin expression. Laminin, collagenⅠ Lamininγ2 and pSTAT3 were 

decreased when DEN-induced HCC was treated with TSAHC in 

immunohistochemistry (Fig.6I). 
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Fig. Ⅰ-6. Anti-TM4SF5 reagents abolished TM4SF5-mediated fibrosis 

and carcinogenesis. (A) Representative Masson’s trichrome stained sections 

of livers from Control, CCl4 treated livers, and CCl4-TSAHC treated livers for 

4weeks. (B) Western blot analyses of Control, CCl4 treated livers and CCl4-

TSAHC treated lives. (C) Primary hepatocytes prepared from the CCl4 treated 

mice livers were treated with TSAHC to identify protein levels. (D) 

Representative H&E stained and Masson’s trichrome stained sections of livers 

from Control, CCl4 treated livers, and CCl4-TM4SF5 Ab(#27,#79) treated 

livers for 4weeks. (E) Western blot analyses of Control, CCl4 treated livers 

and CCl4- TM4SF5 Ab(#27,#79) treated lives. (F) Representative H&E 

stained sections of livers from Control, DEN treated livers, and DEN-TSAHC 

treated livers for 28weeks. (G) Survival curves of BALB/C male mice 

injected with DEN or DEN-TSAHC. (H) Protein levels in Control, DEN 

treated livers and DEN-TSAHC treated livers. (I) Mouse normal, DEN treated 

liver tissues or DEN-TSAHC treated liver tissues were processed for 

immunohistochemistry to identify TM4SF5, pY
705

STAT3, Laminin, Collagen

Ⅰand Lamininγ2.  
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4. Discussion 

This study evidences that TM4SF5-overexpressing transgenic (Tg
TM4SF5

) 

mice revealed phenotypes from fatty liver to fibrosis or from fibrosis to cancer 

depending on ages or disease-proneness, respectively. During TM4SF5-

mediated phenotypes of such liver diseases, STAT3 phosphorylation at Tyr 

705 residue could play a turning-point factor from fatty to fibrotic liver; 

SOCS1/3 expression was highly kept for lower STAT3 activity leading to 

fatty liver phenotypes in 1 year-old C57BL/6-Tg
TM4SF5

 mice, and during 

further aggravation toward fibrosis, SOCS1/3 decreased for elevated STAT3 

leading to ECM production 1.5 year-old C57BL/6-Tg
TM4SF5

. TM4SF5 

activated ligand-independently STAT3, which could in turn trigger 

transcription of collagenⅠin HSCs and laminins (especially laminin γ2) in 

hepatocytes, during developments of fibrotic/cirrhotic phenotypes animals 

following treatment with CCl4 for 4 or 16 weeks. Such TM4SF5/STAT3-

mediated ECM expression including laminin γ2 in hepatocytes was involved 

in the hepatic fibrosis/cirrhosis and carcinogenesis in 1 year-old disease-prone 

FVB/N-Tg
TM4SF5

. These observations on SOSCs/STAT3 as a turning-point 

factor(s) from fatty to fibrotic liver phenotypes and laminins (including 

laminin γ2 chain) expression in hepatocytes during hepatic fibrosis/cirrhosis 

and carcinogenesis could be confirmed in not only in vitro cell but also in vivo 

transgenic/knock-out mice and clinical tissue systems. Furthermore, anti-
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TM4SF5 small compound or chimeric antibody could abolish such TM4SF5-

mediated phenotypes in cells and animal systems. Therefore, TM4SF5-

mediated STAT3 signaling activity could be modulated to drive the chronic 

processes from inflammatory/fatty, fibrotic/cirrhotic, and cancerous liver, 

suggesting that TM4SF5 can be a promising target therapeutic against liver 

diseases. 

Liver diseases are chronically aggravated via severe inflammation, metabolic 

dysfunctions, and abnormal ECM production, regeneration, cell proliferation 

leading to cancer, which involve diverse cellular activities and functions. 

Although different studies using diverse models or systems have been 

reported, most of them have focused on limited aspects or categories of the 

diseases. The factors to drive chronically step-wise processes of the liver 

diseases have rarely been studied. Although one single molecule might not be 

reasonably considered to contribute to the complicated processes with 

different cellular functions, cross-talks between pathways emanated from the 

molecule(s) may be importantly involved in the chronical processes. Thus, 

TM4SF5-mediated such a signaling hub may play roles in different disease 

steps. 

On cell surface, there are certain domains where a specifically categorized 

membrane proteins or receptors to assign certain signaling pathways; they 

include focal adhesion, lipid raft, caveolae, and tetraspanin-enriched 

microdomain (TERM). Like the focal adhesion with integrin/ECM 
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engagement and lipid rafts/caveolae with glycosylphosphatidylinisotol (GPI)-

linked proteins [21,22], TERM would form massive protein-protein 

complexes involving the tetraspanins, integrins, growth factor receptors, and 

so on [23]. TM4SF5, as a member of transmembrane 4 L six family similar to 

the tetraspanins or TM4SFs [24], binds to integrins α2 [25], α5 [26], EGFR 

[27], CD44 [13], and CD151 [28]. Recently, TM4SF5 is shown to associate 

with EGFR and integrin α5 depending on cellular level of cholesterol and 

post-translational modification of TM4SF5, which coordinated modulation of 

their association and trafficking can lead to spatiotemporal migration 

properties [27]. Further, TM4SF5 interacts with IL6R via its extracellular loop 

2 (EC2) that has N138 and N155 of N-glycosylation residues and leads to 

STAT3 activation in hepatic cancer cells even without a sufficient IL6 ligand 

expression [16]. Indeed, IL6 and IL22 are known to activate STAT3 in HCC 

growth [29]. However, 60% of inflammatory hepatocellular adenomas harbor 

small in-frame deletion around the binding site of gp130 for IL-6 and 

expression of such mutants in hepatocytes leads to activation of STAT3 and 

induction of its downstream targets even without ligand binding [30]. Thus, 

ligand-independent STAT3 signaling may play roles in malignant conversion 

from adenomas to carcinomas. Similarly, TM4SF5 may mediate ligand-

independently STAT3 activation through cooperation between TM4SF5 and 

integrins for FAK/JAK2 activation [31] or between TM4SF5 and EGFR in 

hepatocytes [32]. In addition, TM4SF5 directly binds to c-Src [15], which is 
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an upstream of STAT3 [33], so that TM4SF5-mediated c-Src/STAT3 

activation can be possible. Therefore, TM4SF5 expression and cooperation 

with other receptors in hepatocytes can lead to STAT3 activation even without 

ligand engagement, playing as an important component of a signaling 

platform or hub, T5ERM, during malignant aggravation of hepatic cancer 

from fibrosis, following fatty liver. 

Interestingly, this study also reveals that during the aggravation from fatty to 

fibrotic liver phenotypes, STAT3 activity appeared to be a turning-point factor; 

a lower activity of STAT3 is kept during fatty liver, but its activity is elevated 

as fibrotic phenotypes follows. This turnover of the STAT3 activity was 

correlated with expression levels of SOCSs, which is a negative regulator [34]. 

In case of fatty liver, TM4SF5 expression was correlated with elevated 

expression of certain mRNAs and proteins related to lipid/fatty synthesis and 

accumulation. Among them, sterol regulatory element binding proteins 

(SREBPs) are clearly enhanced in parallel with TM4SF5 expression. Among 

the three SREBP isoforms, SREBP-1a and SREBP-1c functions in FFA 

synthesis and SREBP-2 in cholesterol synthesis.[34] Tg
TM4SF5

 mouse liver 

showed higher TG and SREBP-1 and SREBP-2 mRNA and/or protein levels 

and TM4SF5 transfection into primary hepatocytes resulted in elevated 

SREBP-1 mRNA level. Thus, FFA synthesis and uptakes in hepatocytes could 

be by TM4SF5 expression. Meanwhile, during the fatty acid synthesis and 

accumulation leading to fatty liver, TM4SF5 expression reduced STAT3 
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phosphorylation. Thus, during fatty liver, TM4SF5-mediated SREBPs 

expression was inversely correlated with STAT3 phosphorylation (and 

activity); Lower STAT3 phosphorylation was correlated with higher 

expression of SOCS1/3. Then, TM4SF5-mediated STAT3 activation was 

followed during fibrotic/cirrhotic ECM production, with concomitantly 

reduced SOCSs levels in TM4SF5-positive cells. Activated STAT3 could 

transcriptionally induce ECMs; laminin γ2 transcriptional activation was more 

obvious in hepatocytes, compared with collagen α1. TM4SF5-mediated 

transcriptional activation for laminin γ2 and collagen αI were comparable, but 

STAT3 expression-mediated transcriptional activation for laminin γ2 was 

more dramatically elevated in hepatocytes than for collagen α1. Thus, in 

hepatocytes, TM4SF5/STAT3 signaling activity was more effective for 

laminin γ2 rather than collagen α1. Such a preferential expression of laminin 

γ2 in hepatocytes was also shown in liver tissues of mice treated with CCl4 or 

human liver disease patients. Therefore, it is quite interesting that laminin 

expression in hepatocytes is involved in the processes for fibrosis/cirrhosis 

and hepatic carcinogenesis. Such chronically-injured hepatocytes appeared to 

induce laminin γ2 and/or laminins for the processes toward fibrosis and 

carcinogenesis, being importantly additional to HSCs-mediated collagen I 

expression [35]. Being consistently, laminin γ2 is highly immunostained in 

cytoplasm of hepatic carcinoma cells at invasive front of a tumor [36]. Very 

recently it is shown that serum monomeric laminin γ2 is a novel biomarker for 
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HCC [37]. Thus, our FVB/N-Tg
TM4SF5

 cancerous mice showed hepatic 

carcinoma biomarkers of CD34 [19], α-FTP [38], and laminin γ2 [37], in 

addition to HIF-1α. Beyond the chemical-induced fatty, fibrotic and/or 

cancerous liver models of mice, these genetic Tg
TM4SF5

 mice models would be 

very beneficial for the mechanistic studies for the liver diseases and 

pharmaceutical screening of anti-liver diseases reagents. Indeed, TM4SF5
-/+

 

or TM4SF5
-/-

 knockout mice showed abnormal metabolic phenotypes, 

although their studies are going currently on, which is consistent with the fact 

that dysregulated metabolic activities would be importantly involved in the 

aggravation of the liver diseases. 

Altogether, we found that TM4SF5 could be involved in the aggravation of 

chronically complicated processes of liver diseases, via modulation of 

TM4SF5-mediated SOCSs/STAT3 signaling activity to convert NAFLD to 

fibrosis and TM4SF5-mediated laminin γ2 induction in hepatocytes during 

fibrosis and carcinogenesis. Thus, TM4SF5 is a promising target candidate for 

the liver diseases, and therapeutic reagents to block TM4SF5-mediated 

cellular signaling and functions [18,41] would be pharmaceutically and 

clinically beneficial. 
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Cross Talk between the TM4SF5/Focal Adhesion 

Kinase and the Interleukin-6/STAT3 Pathways 

Promotes Immune Escape of Human Liver Cancer 

Cells 
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ABSTRACT 

TM4SF5 overexpressed in hepatocellular carcinoma activates focal adhesion 

kinase (FAK) during tumor cell migration. However, it remains unknown how 

TM4SF5 in hepatocellular carcinoma cells compromises with immune actions 

initiated by extracellular cytokines. Normal and cancerous hepatocytes with or 

without TM4SF5 expression were analyzed for the effects of cytokine 

signaling activity on TM4SF5/FAK signaling and metastatic potential. We 

found that interleukin-6(IL-6 was differentially expressed in hepatocytes 

depending on cancerous malignancy and TM4SF5 expression. IL-6 treatment 

activated FAK and STAT3 and enhanced focal adhesion(FA) formation in 

TM4SF5-nullcells, but it decreased TM4SF5-dependent FAK activity and FA 

formation in SNU761-TM4SF5 cells. STAT3 suppression abolished the IL-6-

mediated effects in normal Chang cells, but it did not recover the TM4SF5-

dependent FAK activity that was inhibited by IL-6 treatment in cancerous 

SNU761-TM4SF5 cells. In addition, modulation of FAK activity did not 

change the IL-6-mediated STAT3 activity in either the Chang or SNU761 cell 

system. TM4SF5 expression in SNU761 cells caused invasive extracellular 

matrix degradation negatively depending on IL-6/IL-6 receptor (IL-6R) 

signaling. Thus, it is likely that hepatic cancer cells adopt TM4SF5-dependent 

FAK activation and metastatic potential by lowering IL-6 expression and 

avoiding its immunological action through the IL-6-STAT3 pathway. 
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1.Introduction 

Cell migration and invasion are critical for the homeostatic maintenance of 

multicellular organisms as well as for cancer metastasis [1], which involves 

highly complex processes regulated by coordinated signaling pathways 

responding to extracellular matrix (ECM) or soluble factors [2]. As one of the 

most important signaling molecules activated by cell adhesion, focal adhesion 

kinase (FAK) plays critical roles in cell migration and invasion [3]. FAK is 

overexpressed in a diverse set of primary and metastatic tumor tissues 

including hepatocellular carcinoma (HCC), supporting its pro-tumorigenic 

and -metastatic roles [4-6]. 

Tetraspanins (TM4SFs) collaborate with integrins during cell adhesion and 

migration [7]. Similar to tetraspanins, transmembrane 4 L six family member 

5 (TM4SF5) is a membrane glycoprotein with four transmembrane domains 

whose intracellular loop and NH2- and COOH-terminal tails are oriented 

toward the cytosol [8,9]. TM4SF5 is overexpressed in a diverse set of cancers, 

and its overexpression in hepatocytes enhances their tumorigenic 

proliferation, migration, and invasion [8]. TM4SF5 binds and activates FAK 

thereby directing motility, and this interaction can be the basis for adhesion-

dependent FAK activation by TM4SF5 [10]. Therefore, TM4SF5 causes 

abnormal cell growth and enhances the metastatic potential of liver cancer 

cells [8,9]. 
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Tumor progression is often driven by inflammatory cells, which produce 

cytokines that influence the growth and survival of malignant cells. The 

identifications of these cytokines and their mechanisms of action are 

important because the inhibition of protumorigenic cytokine actions or the 

enhancement of anti-tumorigenic cytokine actions may allow therapeutic 

strategies [11]. Immune cells that often infiltrate tumors produce various 

cytokines, which propagate a localized inflammatory response and also 

regulate the growth/survival of premalignant cells [12]. IL6 is a 

multifunctional cytokine that is important for immune responses, cell fate, and 

proliferation [13]. IL6 is produced by immune cells and tumor cells [14]. 

IL6 signaling requires the membrane-bound IL6-receptor  subunit (mIL-

6R, CD126) of the IL6 receptor and glycoprotein 130 (gp130) on target cells, 

and the expression of these proteins is limited to hepatocytes and certain 

leukocytes [15], suggesting possible autocrine effects by IL6 on 

hepatocellular carcinoma cells. By binding to its gp130-associated receptor, 

IL-6 transduces the signaling pathway that activates JAK1/2-STAT3 [13]. The 

binding of IL6 to the receptor complex activates the protein tyrosine kinases 

JAKs, leading to the phosphorylation of IL6R and the recruitment and 

activation of STAT3. The IL6/JAKs/STAT3 signaling pathway can be 

negatively regulated by the actions of the SOCS3 and PIAS proteins [16]. The 

activation of STAT3 induces a diverse group of target genes in diverse tumor 
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types, including HCC [16]. In addition, IL-6-independent STAT3 activation 

[17] or somatic mutation mediated activation of STAT3 [18] has been reported 

in hepatocellular tumors. The effect of IL6-mediated JAKs/STAT3 signaling 

on breast cancer proliferation can be either inhibitory or stimulatory [19]. 

We were interested in understanding how TM4SF5-mediated 

migration/invasion may interact with the cytokine-mediated immune 

responses. In particular, we examined how TM4SF5/FAK-based signaling, 

which promotes invasion, might be influenced by IL6/STAT3 signaling, 

which could be effective in an autocrine manner. We found that the cross-talk 

between FAK and STAT3 depended on TM4SF5 expression in both normal 

and cancerous hepatocytes; IL6/STAT3 signaling activity in Chang cells 

promoted TM4SF5/FAK activity, whereas IL6/STAT3 signaling in SNUU761 

cells appeared to block TM4SF5/FAK activity. Owing to reduced IL6 

expression, TM4SF5 expression in cancerous cells appears to increase FAK 

activity, thus avoiding IL6/STAT3-mediated inhibition. 
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2.Material and Methods 

1. Cell culture 

Control (normal hepatocyte AML12, Chang, hepatocarcinoma SNU449, or 

SNU761, Huh7-shTM4SF5, non-small-cell lung cancer [NSCLC] HCC827) 

or TM4SF5 WT-expressing (Chang-TM4SF5, Huh7-shControl, SNU449-

TM4SF5, SNU761-TM4SF5, or HCC827-TM4SF5) cells have been described 

previously [20] or were prepared by G418 (A.G. Scientifics, San Diego, CA) 

selection following transfection of FLAG-mock or FLAG-TM4SF5 wild type 

(WT) into the parental cells. Stable cells were maintained in RPMI 1640 

(WelGene, Daegu, South Korea) containing 10% fetal bovine serum (FBS), 

G418 (250 µg/ml), and antibiotics (Invitrogen, Grand Island, NY). 

2. Extract preparation and Western blotting 

Subconfluent cells in normal culture medium or cells transiently transfected 

with short interfering  RNA (siRNA; control or siRNA against 

STAT3,termed siSTAT3) for 48h  were either kept in suspension or reseeded 

onto collagen I-, laminin I-, or fibronectin (10  µg/ml; BD Biosciences, San 

Jose, CA)-precoated dishes with or without IL-6 (50 ng/ml) and/or 

dimethylsulfoxide (DMSO; vehicle) or diverse pharmacological inhibitors for 

the indicated periods, as previously explained [10]. PF271 (1.0 µM), 

specifically against FAK [21], and AG490 (100 µM), specifically against 
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JAK2 (LC Laboratories, Woburn, MA), were added in the middle of rocking 

prior to replating. Cells were either kept in suspension or replated on different 

extracellular matrix (ECM;10 µg/ml)-precoated culture dishes for the 

indicated times. Normal human or cancer liver or colon tissues were obtained 

after informed consent from each patient according to institutional review 

board (IRB)-approved methods of the Institute of Laboratory Animal 

Resources, Seoul National University (ILARSNU). The whole-tissue extracts 

were prepared as explained previously [20]. Whole-cell lysates were prepared 

with a lysis buffer (1% Brij58, 0.1% SDS, 150 mM NaCl, 20 mM HEPES, 

pH7.4, 2mM MgCl2, 2mM CaCl2, and protease inhibitors). The primary 

antibodies included anti-pY
397

FAK (Abcam, Cambridge, United Kingdom), 

anti-pY
416

 Src, anti-FLAG, anti-Akt, anti-pY
165

 p130Cas, anti-phospho-

extracellular signal-regulated kinases (anti-p-ERKs), anti-ERKs (Cell 

Signaling Technology, Danvers, MA), anti-pY
705

 STAT3, anti-pY
486

 cortactin 

(Millipore, Billerica, MA), anti-tubulin, anti-FLAG (Sigma, St. Louis, MO), 

anti-c-Src, anti-pY
577

 FAK, anti-pY
118

 paxillin, anti-PIAS3, anti-SOCS3, anti-

IL-6R, anti-pS
473

 Akt (Santa Cruz Biotech, Santa Cruz, CA), anti-paxillin, 

anti-FAK (BD Transduction Laboratory, Bedford, MA), and anti-STAT3 

(Millipore, Solna, Sweden). 

3. Cytokine antibody array 

Cytokine analysis using whole-cell extracts from the subconfluent cells was 
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performed using RayBio human cytokine antibody array 3 by following the 

manufacturer’s protocols (RayBiotech Inc., Norcross, GA). 

4. Coimmunoprecipitation 

Cells were subjected to mock transfection or were transiently transfected with 

TM4SF5 WT or the TM4SF5 N138A/ N155Q (NANQ) mutant (of N-

glycosylation residues) together with or without the extracellular domain of 

human IL-6R [amino acids 1 to 365; pTarget-hIL-6R (ECD); a kind gift from 

Soohyun Kim, Medical Immunology Center, KonKuk University, Seoul, 

South Korea] for 48 h, and whole-cell lysates were prepared as described 

above. Whole-cell extracts prepared as described above were 

immunoprecipitated with biotin-precoated beads for 2 h (IBA, Germany) prior 

to immunoblotting for the indicated molecules. 

5. Indirect immunofluorescence 

Cells under normal culture conditions on glass coverslips or transiently 

transfected for 48 h with siRNA against a control scramble sequence 

(siControl) or siSTAT3 (Dharmacon, Pittsburgh, PA), together with green 

fluorescent protein (GFP)-conjugated control siRNA, were  immunostained 

using antibody against pY
397

 FAK or pY
705

 STAT3 and subjected to 4’,6-

diamidino-2-phenylindole (DAPI) staining for DNA. Immunofluorescent 

images were acquired on a microscope (BX51TR; Olympus, Japan). 
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Randomly saved images for 10 fields in each experimental condition were 

visually counted by two independent individuals. Cells with at least similar or 

increased spreading area and FA numbers upon IL-6 treatment were counted, 

and the mean ± standard deviation values are presented as a graph.  

6. Transwell migration assay 

Cells were analyzed for migration using Transwell chambers with 8-µm pores 

(Corning Inc., Corning, NY). The assay was performed with or without IL-6 

treatment (50 ng/ml) for 5 h (Chang cells), 7 h (HCC827 cells), or 12 h 

(SNU761 cells) with serum-free medium containing 10 µg/ml collagen I 

(Sigma) in the lower chambers. In the case of antibody blocking, anti-IL-6R 

antibody (20 µg/ml; US Biological, Salem, MA) was incubated with the cells 

before loading into the chambers. More than at least 5 random images of 

migrated cells were saved for each experimental condition. After independent 

visual counts of cells in each image, mean values ± standard deviations were 

graphed.  

7. ECM degradation analysis 

Cells were transiently transfected with siControl or siSTAT3 (Dharmacon) for 

48 h or were treated with DMSO or 1.0 µM PF271 [21] for 1 day. ECM 

degradation by cells on Oregon Green 488-conjugated gelatin (Invitrogen), 

with or without IL-6 treatment (50 ng/ml) for 4 h, were analyzed as described 
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previously [22]. Antibody neutralizing was performed by a preincubation of 

the cells using anti-IL-6R antibody (20 µg/ml; US Biological). 

8. Immunohistochemistry 

Immunohistochemistry of human liver tissues was performed with primary 

antibodies for normal rabbit IgG, TM4SF5 [20], pY
397

 FAK (Abcam, 

Cambridge, United Kingdom), or pY
705

 STAT3 (Millipore, Solna, Sweden)  

9. Statistical methods 

Student’s t tests were performed for comparisons of mean values to determine 

statistical significance. A P value of less than 0.05 was considered statistically 

significant. 
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3. Results 

1. Differential expression of IL-6 in normal and cancerous cells depends 

on TM4SF5 expression.  

The autocrine effects of cytokines on TM4SF5-mediated tumorigenic 

functions were studied in normal and cancerous epithelial cells with or 

without TM4SF5 expression by using an antibody array. Whole-cell lysates 

from normal Chang hepatocytes, HCC827 lung cancer cells, and SNU449 and 

SNU761 hepatocellular carcinoma cells lacking or overexpressing TM4SF5 

were processed for the array analyses. Interestingly, IL-6 was expressed at 

higher levels in the Chang TM4SF5 cells than in parental Chang cells (Fig.1A, 

left). However, for the cancer cells, parental TM4SF5-negative cells showed 

higher IL-6 expression than the TM4SF5-expressing cells (Fig.1A, right, 

white boxes). Meanwhile, another cytokine, IL-12 (p40 and p70), which was 

located 4 rows directly below the IL-6 spots, showed a similar expression 

pattern, although its intensity was less than that of IL-6 (Fig. 1A). Although 

IL-12 and other cytokines not tested in this study might be similarly 

differential in the cellular systems with or without TM4SF5 expression, we 

focused on IL-6 for further experiments. In contrast, the SNU761 cancer cells 

and the Chang hepatocytes with or without TM4SF5 expression showed 

similar IL6R mRNA levels (Fig.1B). Further, quantitative PCR analyses of 
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downstream target genes in the cells, such as CCL2 (chemokine[C-C motif] 

ligand 2) and MCL1 (myeloid cell leukemia sequence 1) [23, 24], showed no 

significant differences in their mRNA levels (Fig. 1B, C, and D). These 

observations indicated that signaling activities for gene expression by IL-6/IL-

6R were comparable between TM4SF5-null and -expressing cells. Thus, the 

differential effects of IL-6 on TM4SF5-mediated cellular function may be 

attributed to tumorigenic malignancy. Normal liver or colon tissues were 

compared to their counterpart cancer tissues for levels of TM4SF5 expression, 

FAK Tyr397 phosphorylation, or STAT3 Tyr705 phosphorylation. Cancer 

tissues clearly showed higher levels than those seen in normal tissues for 6 out 

of 7 TM4SF5-positive tumors (Fig. 1E). Immunohistochemistry analysis of 

tumor liver tissues resulted in higher TM4SF5, pY
397

 FAK, and pY
705

 STAT3 

levels (Fig. 1F) than those in normal tissues, indicating that these factors are 

correlated with liver tumorigenesis. Throughout Western blotting and 

immunohistochemistry using limited sample numbers, TM4SF5-positive liver 

or colon  cancer cells were highly correlated with increased FAK and STAT3 

phosphorylation (6/6 and 3/4, respectively) (Fig. 1E and F). 
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Fig. Ⅱ-1. Differential expression of IL-6 between normal and cancer 

cells depending on TM4SF5 expression. (A) Cytokine antibody array using 

whole-cell lysates from diverse mock- or TM4SF5-expressing cells showed 

differential expression levels of IL-6 (white boxes). (B) Equal expression 

levels of IL6R mRNA (left) or of certain genes downstream of IL-6/IL-6R 

(right) in normal Chang and SNU761 cancerous hepatocytes with or without 

TM4SF5 expression were confirmed by RT-PCR. (C and D) Quantitative real-

time PCR analyses for CCL2 (C) or MCL1 (D) were performed using normal 

Chang and SNU761 cancerous hepatocytes with or without TM4SF5 

expression. P values larger than 0.05(**) depict statistically insignificant 

differences. (E) Whole extracts prepared from normal (N) or cancer (T) 

tissues of liver or colon cancer patients were immunoblotted for the indicated 

molecules. Patient case numbers in red showed a positive relationship among 

TM4SF5 expression, FAK Tyr397 phosphorylation, and STAT3 Tyr705 

phosphorylation. (F) Immunohistochemistry of human liver tissues shows 

increased TM4SF5, pY
397

 FAK, or pY
705

 STAT3 in tumor tissues compared to 

levels in normal tissues. The data represent three independent experiments 
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2. TM4SF5-mediated FAK phosphorylation and focal adhesion formation 

were maintained or enhanced upon IL-6 treatment of Chang cells but 

abolished by IL-6 treatment of SNU761 cells. 

To understand the TM4SF5 dependency of the adhesion-related signaling 

activities, the cells were reseeded onto a variety of ECM proteins before being 

analyzed by immunoblotting. Chang cells that were grown on collagen I for 

30 min but not 60 min showed obvious TM4SF5-dependent enhancements of 

the adhesion-related signaling activities compared to cells grown on 

fibronectin or laminin I (Fig. 2A). Therefore, the cells were analyzed 15 or 30 

min after being suspended or reseeded onto collagen I with or without IL-6 

treatment. In either the mock-transfected or TM4SF5-expressing cells, the 

adhesion onto collagen I increased the phosphorylation levels of FAK and 

paxillin (Pax); this increase was more obvious in cells expressing TM4SF5 

than in TM4SF5 null mock-transfected cells (Fig.2B and C, lanes 1 to 3 and 7 

to 9). IL-6 treatment was functional because it increased the Tyr705 

phosphorylation of STAT3 (i.e., pY
705

 STAT3) (Fig. 2B and C). Chang and 

SNU761 mock-treated cells maintained or increased adhesion-dependent FAK 

and paxillin phosphorylation upon IL-6 treatment, whereas these 

phosphorylation levels decreased in the SNU761-TM4SF5 cells; the Chang-

TM4SF5 cells maintained the phosphorylation levels (Fig. 2B and C, lanes 4 

to 6 and 10 to 12). Thus, IL-6 signaling seemed to negatively affect TM4SF5 
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dependent FAK activity in SNU761 cancer cells. Such differential TM4SF5-

dependent effects on FAK and paxillin phosphorylation following IL-6 

treatment also were observed in NSCLC HCC827 cells replated on collagen I 

(Fig.2D) and in SNU761 cells replated on fibronectin (Fig.2E). This point is 

interesting because the IL-6 levels in TM4SF5-positive cancer cells were 

lower than those in the TM4SF5-null tumor cells (Fig. 1), which suggests that 

there was no effective inhibition of TM4SF5 activity by IL-6 signaling in the 

cancerous cells. Although normal Chang hepatocytes showed IL-6-dependent 

pY
705

 STAT3 levels (Fig. 2A, B, and C), pY
705

 STAT3, even without IL-6 

treatment (i.e., IL-6-independent pY
705

 STAT3), might be a characteristic of 

liver cancer cells. The IL-6-dependent pY
705

 STAT3 level in Chang cells or in 

SNU761 mock-treated cells was increased or sustained following cell 

adhesion, whereas IL-6 independent pY
705

 STAT3 in SNU761-TM4SF5 cells 

declined after cell adhesion (Fig.2C and E, lanes 7 to 9). However, in the case 

of NSCLC HCC7827, IL-6-independent pY
705

 STAT3 was  observed even 

without TM4SF5 (Fig.2D), indicating the presence of tissue-specific IL-6-

independent pY
705

 STAT3 in TM4SF5-positive cells. The effects of IL-6 

treatment on FA formation were examined. TM4SF5 expression in Chang or 

SNU761 cells resulted in obvious pY
397

 FAK-enriched FA formation (Fig. 2F, 

left). Although the mock-transfected Chang (Chang-mock) cells had enhanced 

FA formation following IL-6 treatment, IL-6-treated Chang-TM4SF5 cells 

maintained their ability to form FAs and formed more than did the mock cells 
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(Fig. 2F, upper). In addition, SNU761-mock cells showed an IL-6-mediated 

increase in FA formation similar to that of the Chang cells, but the TM4SF5-

dependent FA formation in SNU761-TM4SF5 cells was lost following IL-6 

treatment (Fig. 2F, lower). Such observations showing unchanged phospho 

Tyr397 FAK-enriched FA formation or decreased FA formation upon IL-6 

treatment to TM4SF5-expressing cells also were valid in normal mouse 

hepatocyte AML12 or NSCLC HCC827 cells that were transiently or stably 

transfected with TM4SF5, respectively (Fig.2G). Furthermore, IL-6 treatment 

enhanced the nuclear translocation of pY
705

 STAT3, indicating IL-6-mediated 

STAT3 activation (Fig.2H). Interestingly, SNU761-mock cells showed 

obvious localization of pY
705

 STAT3 at the cellular periphery after IL-6 

treatment; it is currently not clear how this occurred (Fig.2H). 
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Fig. Ⅱ-2. TM4SF5-mediated FAK phosphorylation and focal adhesion 

formation were maintained upon IL-6 treatment of Chang cells but was 

abolished upon IL-6 treatment of SNU761 cells. (A) Chang cells without (C) 

or with (T) TM4SF5 expression were trypsinized, washed in serum-free 

medium with 1% bovine serum  albumin (BSA), and kept rolling for 1 h 

prior to being kept in suspension (Sus) for 60 min or reseeding onto collagen I 

(CL)-, fibronectin (FN)-, or laminin I (LN)-precoated (10 µg/ml) dishes for 30 

or 60 min prior to whole-cell lysate preparation. The indicated molecules were 

immunoblotted using the lysates.(B to H) Chang (B, F, and H), SNU761 (C, F, 

and H), HCC827 (D and G), or AML12 (G) cells lacking FLAG-TM4SF5 

(mock) or overexpressing FLAG-TM4SF5 (TM4SF5) were kept in suspension 

(S) or were reseeded onto collagen I-or fibronectin (10 µg/ml)-precoated 

dishes (E) for the indicated times (min) or on cover glasses for 30 min. 

Vehicle or IL-6 was added as cells were reseeded. The cells were harvested 

prior to immunoblotting using antibodies against the indicated molecules (B 

to E) or processed for immunostaining for pY
397 

FAK (F and G) or pY
705

 

STAT3 in addition to DAPI staining for the nucleus (H). (F) Randomly saved 

images for 10 fields in each experimental condition were visually counted by 

two independent individuals. Cells with at least similar or increased spreading 

areas and FA numbers upon IL-6 treatment were counted, and their mean ± 

standard deviation values were graphed. Positive y values depict relative 
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ratios of cells with at least similar or increased spreading areas and FA 

numbers upon IL-6 treatment, and negative y values depict decreased 

spreading and FA numbers upon IL-6 treatment. Asterisks in panels B and C 

denote nonspecific bands by the anti-FLAG antibody. One or two asterisks in 

panel F depict statistically significant or insignificant differences, respectively. 

The data represent three different experiments. 
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3. SNU761 cells differentially regulated migration and invasive ECM 

degradation in a TM4SF5-dependent manner after IL-6 treatment.  

We next examined how IL-6 treatment affected the TM4SF5-mediated 

migration and invasive ECM degradation. IL-6 treatment or TM4SF5 

expression in Chang cells each increased the migration of the cells, but 

treating Chang-TM4SF5 cells with IL-6 did not enhance the TM4SF5-

mediated migration (Fig.3A); instead, the migration rate was maintained. In 

addition, treatment of SNU761-TM4SF5 cells with IL-6 decreased their 

migration compared to that of untreated SNU761-TM4SF5 cells; however, IL-

6 treatment and TM4SF5 expression in SNU761 cells each increased cellular 

migration (Fig.3B). Interestingly, preincubation of cells with anti-IL-6R 

antibody reduced migration of TM4SF5-null SNU761 cells but did not 

decrease that of SNU761 TM4SF5 cells (Fig. 3B, right, 2nd and 5th bars), 

supporting endogenous IL-6 expression in SNU761-mock cells but not IL-6 

expression in SNU761-TM4SF5 cells (Fig. 1A). Such IL-6 treatment-

mediated decreases in migration of TM4SF5-positive cells but increases in 

TM4SF5-negative cells compared to levels in untreated cells also were valid 

in NSCLC HCC827 cells (Fig. 3C). We next examined invasive ECM 

degradation by culturing cells on OG
488

-gelatin-precoated cover glasses. 

Chang hepatocytes did not exhibit ECM degradation under our experimental 

conditions (Fig.3D). However, SNU761 cells treated with IL-6 or 
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overexpressing TM4SF5 both exhibited enhanced ECM degradation. 

Interestingly, treating SNU761-TM4SF5 cells with IL-6 abolished the 

TM4SF5-enhanced ECM degradation (Fig.3E). Consistent with these findings, 

MMP2 activity in the culture medium was not observed in the Chang cells, 

but the TM4SF5-mediated MMP2 activity of the SNU761-TM4SF5 cells was 

slightly reduced following IL-6 treatment (Fig. 3F). Neutralization of the 

SNU761-TM4SF5 cells with an anti-IL-6R antibody was performed to 

examine whether IL-6R is critically involved in ECM degradation. 

Preincubation of the SNU761-mock cells with the anti-IL-6R antibody 

abolished both basal and IL-6-enhanced ECM degradation, whereas 

preincubation with the antibody recovered the IL-6-suppressed ECM 

degradation of the SNU761-TM4SF5 cells to the level of TM4SF5 mediated 

ECM degradation (Fig. 3G). Again, preincubation of SNU761-mock, but not 

SNU761-TM4SF5, cells with anti-IL-6R antibody decreased ECM 

degradation (Fig.3G), supporting the roles of endogenous IL-6 expression in 

TM4SF5-negative cells. Further, the IL-6 treatment-mediated decrease in 

ECM degradation by TM4SF5 positive cancer cells also was observed with 

Huh7 cells (Fig.3H). We then tested whether IL-6R could associate with 

TM4SF5. Streptavidin (Strep)-tagged TM4SF5 coimmunoprecipitated IL-6R 

in both Chang and SNU761 cell systems (Fig. 3I). Interestingly, a mutant of 

TM4SF5 where the N-glycosylation residues were mutated (i.e., NANQ for 

N138A and N155Q) did not bind to IL-6R (Fig. 3J, 3rd lane in each IP 



111 

sample). The ectopic extracellular domain of IL-6R (amino acids 1 to 365) 

resulted in binding to TM4SF5 WT but not to the NANQ mutant (Fig.3J, 4th 

and 5th lanes in each IP sample), indicating that their extracellular domains 

were important for the interaction. Thus, IL-6/IL-6R may differentially 

regulate adhesion-related signaling and cellular functions of TM4SF5-

expressing cells depending on the degree of  their malignancy, possibly via 

extracellular association(s) between IL-6R and TM4SF5.   
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Fig. Ⅱ-3. IL-6 treatment of cells differentially regulates migration and 

invasive ECM degradation depending on TM4SF5 expression. (A to C) 

The migrations of Chang (A) and SNU761 (B) cells preincubated without or 

with anti-IL-6R antibody (α-IL-6R; 20 µg/ml) in suspension at 37°C for 1 h or 

of HCC827 cells (C) stably expressing TM4SF5 or mock transfected were 

analyzed using Transwell chambers in the presence or absence of IL-6. (D to 

H) Cells were cultured on cover  glasses precoated with Oregon Green 488-

conjugated gelatin and were treated with either vehicle or 50 ng/ml IL-6 for 

4h prior to fluorescence imaging. The dark spots indicate ECM degradation, 

and 10 random regions were imaged under each set of experimental 

conditions; the means ± standard deviations for the relative ECM degradation 

are shown in percentages. (E) Conditioned media from the cultures of cells 

lacking (mock) or ectopically expressing FLAG-TM4SF5 (TM4SF5)  in the 

absence(-) or presence(+) of IL-6 (10 µg/ml) were collected and concentrated 

before analysis of MMP2 activity by gelatin zymography. (G) Neutralizing 

anti-IL-6R antibody (20 µg/ml) was added to the cells before analysis. In 

panels A to D and E to H, one or two asterisks depict statistically significant or 

insignificant differences, respectively. (I and J) Whole-cell lysates prepared 

from cells transfected with control-Strep (Control), TM4SF5 WT-Strep 

(TM4SF5 WT), or TM4SF5 N138A/N155Q-Strep (NANQ) mutant with or 

without cotransfection of IL-6R (ECD) for 48h were immunoprecipitated (IP) 
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with streptavidin before immunoblotting using the anti-Strep-tag monoclonal 

antibody (MAb) conjugated to horse radish peroxidase or an anti-IL-6R 

antibody. The asterisks in panel J denote nonspecific bands by the anti-Strep 

tag MAb–horseradish peroxidase (HRP) antibody. The data represent three 

isolated experiments. shControl,  short hairpin control RNA; shTM4SF5, 

short hairpin TM4SF5 RNA; WCL, whole-cell lysate. 
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4. Suppression of JAK/STAT3 signaling inhibited IL-6-mediated FAK 

phosphorylation in Chang-TM4SF5 cells, but it did not recover the IL-6-

suppressed FAK phosphorylation in SNU761-TM4SF5 cells.  

We next explored whether the suppression or inhibition of JAK/STAT3 

signaling affected the TM4SF5 dependent FAK phosphorylation. STAT3 

suppression, through introduction of siSTAT3, did not significantly alter the 

FAK activity in the Chang-mock cells compared to that of the nonsuppressed 

cells (Fig. 4A, lanes 1 to 3 and 7 to 9). However, STAT3 suppression in the 

Chang-TM4SF5 cells abolished IL-6-mediated enhancement of FAK activity 

(Fig.4A, lane 6 versus 12); the IL-6/STAT3 signaling pathway did not affect 

the basal FAK activity (TM4SF5 independent) of the Chang-mock cells but 

enhanced the TM4SF5-dependent FAK activity of the Chang-TM4SF5 cells.  

Additionally, pharmacological inhibition of JAK2 using the AG490 inhibitor 

blocked the IL-6-mediated FAK activity in both the Chang-mock and Chang-

TM4SF5 cell lines (Fig.4B, lanes3, 6, 7, 10, 13, and 14). This discrepancy in 

FAK activities between IL-6-treated Chang-mock cells following STAT3 

suppression (Fig. 4A lane 9) and IL-6-treated Chang-mock cells following 

JAK2 inhibition (Fig.4B. lane7) may reflect nonspecific effects of AG490 on 

FAK activity, in contrast to the effects observed after siRNA-based specific 

suppression of STAT3. Furthermore, STAT3 suppression or AG490 treatment 

in the SNU761-TM4SF5 cells did not recover the FAK activity that was 
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inhibited by IL-6 treatment (Fig. 4C and D). IL-6-independent pY
705

 STAT3 

was undetectable in the SNU761-TM4SF5 cells kept in suspension after 

STAT3 suppression or AG490 treatment (Fig. 4C and D, lanes 1 and 4), 

indicating that the IL-6-independent STAT3 activity in the SNU761 cancer 

cells was obvious, dependent on STAT3 level and JAK2 activity, and 

presumably competitive with adhesion dependent TM4SF5/FAK activity. 
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Fig Ⅱ-4. Suppression of STAT3/JAK signaling inhibited IL-6-mediated 

FAK phosphorylation of Chang-TM4SF5 cells but did not recover IL-6-

suppressed FAK phosphorylation of SNU761-TM4SF5 cells. Cells were 

manipulated, as explained in the legend to Fig. 2, after transfection of siRNA 

against control sequence (siCont) or siSTAT3 for 48 h or after AG490 (a 

specific JAK2 inhibitor) treatment in the middle of the rolling step. The 

asterisks in panels A and C depict nonspecific bands to anti-FLAG antibody. S, 

suspension. Data represent three independent experiments. 
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5. STAT3 suppression inhibited IL-6-mediated FA formation by Chang-

TM4SF5 cells but did not recover the IL-6-suppressed FA formation and 

ECM degradation by SNU761-TM4SF5 cells. 

The effects of STAT3 suppression on FA formation and ECM degradation 

were examined next. To mark the siSTAT3-transfected cells, siSTAT3 was 

cotransfected with a GFP-conjugated siRNA control that forms foci in 

perinuclear regions [25]. Transfection of Chang cells with siControl did not 

alter FA formation, regardless of IL-6 treatment, compared to FA formation by 

untransfected cells (Fig. 5A, upper), and the Chang-mock cells after STAT3 

suppression did not alter FA formation regardless of IL-6 treatment (Fig. 5A, 

lower). However, STAT3 suppression in the Chang-TM4SF5 cells decreased 

FA formation upon IL-6 treatment (Fig. 5A, lower, cells marked by an arrow), 

although the siSTAT3-untransfected Chang-TM4SF5 cells showed an obvious 

increaseinTM4SF5-mediated FA formation upon IL-6 treatment (Fig. 5A, 

lower, cells without an arrow). In addition, SNU761-mock cells that were 

transfected with siControl still exhibited enhanced FA formation in response 

to IL-6 treatment, whereas siControl-transfected SNU761-TM4SF5 cells 

exhibited reduced FA formation upon IL-6 treatment (Fig. 5B, upper), as 

shown in Fig. 2F. STAT3 suppression in the SNU761 mock cells did not alter 

IL-6-mediated FA formation compared with FA formation by nonsuppressed 

cells (Fig. 5B, 3rd row). STAT3 suppression in SNU761-TM4SF5 cells did 
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not alter the IL-6-mediated decrease in FA formation; in other words, IL-6 

treatment also decreased FA formation in the cells in which STAT3 had been 

suppressed (Fig. 5B, lower right, arrow), similar to nonsuppressed cells (Fig. 

5B, lower, no arrow). Statistically, STAT3 silencing in Chang-TM4SF5 

blocked and decreased spreading and FA formation upon IL-6 treatment 

(Fig.5C, upper, bars 7 and 8), but STAT3 silencing in SNU761-TM4SF5 did 

not change the IL-6-mediated decrease in spreading and FA formation (Fig. 

5C, lower, bars 7 and 8). The importance of STAT3 for the IL-6-mediated FA 

formation in normal hepatocytes was confirmed with mouse normal AML12 

hepatocytes (Fig.5D), whereas a STAT3-independent decrease in FA 

formation upon IL-6 treatment of TM4SF5-expressing cancer cells also was 

verified with NSCLC HCC827 cells stably expressing TM4SF5 (Fig. 5E). 

Furthermore, STAT3 suppression in the SNU761-TM4SF5 cells resulted in no 

ECM degradation following IL-6 treatment, again similar to the behavior of 

nonsuppressed cells (Fig. 5F). 
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Fig Ⅱ-5. STAT3 suppression inhibited IL-6-mediated FA formation by 

Chang-TM4SF5 cells but did not recover the IL-6-suppressed FA 

formation and ECM degradation by SNU761-TM4SF5 cells. (A to E) 

Normal Chang (A and C), AML12-TM4SF5 (D), cancerous SNU761 (B and 

C), or HCC827-TM4SF5 (E) cells transiently transfected with siRNAs (either 

siControl or siSTAT3 together with the GFP-tagged siControl) were 

immunostained for pY
397

 FAK (red) following treatment with vehicle or IL-6, 

as explained in the legend to Fig.2. The arrowheads indicate the GFP-tagged 

siRNA cotransfected with siControl or siSTAT3. (C) Randomly saved images 

for 10 fields in each experimental condition were quantitated as explained in 

the legend to Fig.2E. One or two asterisks depict statistically significant or 

insignificant differences, respectively. (F) SNU761-TM4SF5 cells transfected 

with siControl or siSTAT3 were analyzed for ECM degradation following 

vehicle or IL-6 treatment for 4 h, as explained in the legend to Fig. 3. The data 

shown represent three different experiments.  
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6. Inhibition of FAK activity did not alter IL-6-mediated pY
705

 STAT3 in 

Chang or SNU761 cells. 

We next wondered whether FAK affected STAT3 phosphorylation. To test 

this, we used the specific FAK inhibitor PF271 [10]. FAK inhibition in Chang 

cells did not alter pY
705

 STAT3 or its translocation into the nucleus under any 

circumstances, although FAK activity and FA formation were decreased (Fig. 

6A and B). Furthermore, the SNU761 TM4SF5 cells did not show any change 

in pY
705

 STAT3 levels or nuclear localization, even after FAK inhibition; 

however, FAK activity, FA formation, and ECM degradation were diminished 

after treatment with the inhibitor (Fig. 6C, D, and E). These data support the 

hypothesis that FAK does not function in the regulation of IL-6/STAT3 

signaling. 
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Fig. Ⅱ-6. Inhibition of FAK activity did not alter IL-6-mediated pY
705 

STAT3 in Chang or SNU761 cells. 

The cells were manipulated as explained in the legend to Fig.2 and were 

treated with or without PF271 (a specific FAK inhibitor) prior to being kept in 

suspension(S) or reseeding onto collagen I-precoated dishes. The cells were 

treated with IL-6 when they were reseeded. The cells were harvested for 

immunoblot analysis (A and C) or were immunostained for pY
397

 FAK (red) 

and pY
705

 STAT3 (green); the nuclei were counterstained with DAPI (blue) (B 

and D). The asterisk in panel A denotes nonspecific bands by the anti-FLAG 

antibody. (E) SNU761-TM4SF5 cells were cultured on OG
488

-conjugated 

gelatin for 4 h in the presence or absence of DMSO or PF271 together with 

vehicle or IL-6. Visualization of ECM-degraded black spots around cells 

(stained with actin; blue) using an immunofluorescence microscope then was 

performed to save at least 10 independent images for each experimental 

condition. Representative images are shown. The data shown represent three 

independent experiments. 
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4. Discussion 

This study shows that forced expression of TM4SF5 reduced expression of 

the cytokine IL-6 in cancerous hepatocytes compared to TM4SF5-null cancer 

cells but increased IL-6 expression in normal Chang hepatocytes. IL-6/STAT3 

signaling activity appeared to promote FAK activity in Chang or AML12 

normal cells but blocked FAK activity in SNU761, Huh7, and HCC827 cancer 

cells. Furthermore, TM4SF5 expression in cancer cells but not in normal cells 

caused an increase in IL-6-independent pY
705

 STAT3 under suspended 

conditions which declined following cell adhesion to ECM, indicating 

TM4SF5-mediated aberrant STAT3 activation that is competitive with 

adhesion-dependent FAK activity. However, in both the Chang and SNU761 

cell lines, FAK activity did not affect IL-6-dependent pY
705

 STAT3. The 

enhanced IL-6 expression in the Chang cells might regulate homeostatic cell 

functions, such as migration, whereas reduced IL-6 expression and enhanced 

FAK activity upon TM4SF5 expression in the SNU761 cancer cells might 

allow the cells to escape from IL-6/ STAT3-mediated immune activity. Thus, 

in cancer cells, TM4SF5 plays a tumorigenic role by promoting immune 

escape (Fig. 7). TM4SF5, a member of the tetraspan(in) family [9], is 

overexpressed in various cancers, including liver cancers [20]. TM4SF5 can 

localize to tetraspanin-enriched microdomains (TEMs) [26], where 

tetraspan(in)s form complexes with other tetraspan(in)s, integrins, or growth 
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factor receptors [27] and transduce signals that lead to a diverse set of cellular 

functions. TM4SF5 collaborates with integrins and regulates cell migration 

and invasion [28]. In addition, the cytosolic region of TM4SF5 interacts with 

and activates FAK and c-Src, promoting directional migration and invasive 

protrusions [10, 29]. Therefore, TM4SF5-mediated FAK activation can be 

critical during tumor progression [8]. Given the influence of extracellular cues 

on cancer cell behavior, the TM4SF5-mediated activation of FAK/c-Src can 

be compromised by the activity of soluble extracellular factors. Although 

immune cell-produced cytokines can affect the behavior of cancer cells, it is 

also known that cancer cells themselves express cytokines that can exert 

autocrine effects [14]. The current study showed that IL-6/STAT3 signaling 

might play different roles depending on the degree of malignancy of the 

hepatocytes. IL-6 has either pro- or anti-inflammatory roles during liver 

disease [30], and IL6-mediated JAK/STAT3 signaling activity either inhibits 

or promotes breast tumorigenesis [19]. Therefore, reduced IL-6 expression 

could be a strategy by which TM4SF5-positive tumors avoid IL-6-mediated 

anti tumorigenic immunological actions. Furthermore, enhanced IL-6 levels in 

the Chang-TM4SF5 cells correlated with adhesion-mediated FAK activity and 

migration, so that crosstalk between the (ectopic) TM4SF5-FAK and IL-6-

STAT3 signaling pathways in normal hepatocytes supports homeostatic 

migration-related signaling activity, although normal hepatocytes only 

minimally express TM4SF5 [20]. The preincubation of TM4SF5null SNU761 
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cells with anti-IL-6R antibody reduced migration and invasive ECM 

degradation, but the antibody preincubation of SNU761-TM4SF5 cells did not 

change the TM4SF5-dependent migration and invasion capacities. These 

observations suggested roles of IL-6 endogenously expressed in TM4SF5-null 

cells that are more important than those in TM4SF5-positive cancer cells, 

which is shown in the antibody array in Fig.1. Meanwhile, normal or cancer 

cells with or without TM4SF5 expression showed comparable signaling 

activities for expression of certain genes downstream of IL-6/IL-6R, 

suggesting that certain signaling pathways in the cells emanated by the IL-

6/IL-6R system were comparably intact. In contrast, adhesion-enhanced FAK 

activity in the SNU761-TM4SF5 cells was inhibited by IL-6 treatment, 

indicating that IL-6-mediated regulation of TM4SF5-FAK signaling would 

not occur because of the reduced IL-6 expression, leading to immunological 

escape; however, the roles played by immune cell-secreted IL-6 should be 

considered further. Diverse tumors have enhanced STAT3 activity [31]. Here, 

STAT3 was shown to be overactivated in suspended SNU761cells even in the 

absence of IL-6 but not in normal Chang hepatocytes.  Furthermore, 

TM4SF5 was shown to interact with IL-6R, and the interaction appeared to be 

through their extracellular domains, especially extracellular loop 2, containing 

N-glycosylation residues, in the case of TM4SF5. These results suggest that 

the IL-6R/ STAT3 pathway is activated by TM4SF5 even in the absence of 

ligand binding. TM4SF5 causes Tyr845 phosphorylation of enhanced growth 
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factor receptor (EGFR) via TM4SF5-mediated c-Src activation even in the 

absence of EGF [29]. The ligands for most TM4SFs, including TM4SF5, 

currently are not known. TM4SF5 associates with integrins [8], and 

interactions between tetraspanins and integrins can regulate integrin functions 

[7]. These observations suggest that interaction with TM4SF5 mimics ligand 

binding to IL-6R. Interestingly, the IL-6-independent STAT3 activity appeared 

to be negatively correlated with FAK activity in the SNU761-TM4SF5 cells. 

FAK is also hyperactivated in TM4SF5-positive liver cancer cells [10, 20]. 

Therefore, FAK downstream of TM4SF5 might compete with IL-6-

independent STAT3 activity; however, FAK did not affect IL-6-dependent 

STAT3activity. Growth hormone-mediated FAK activity in CHO cells is not 

required for STAT3-mediated transcription [32]. Therefore, during TM4SF5-

mediated tumorigenesis, a balance between TM4SF5-mediated FAK and 

STAT3 signaling activity can be subtly modulated. It is currently unknown 

how TM4SF5 in liver cancer cells activates STAT3 in the absence of IL-6. 

The negative regulators of STAT3, such as PIAS3 and SOCS3 [31], do not 

seem to be involved in IL-6-dependent and -independent STAT3 activation in 

SNU761 cells under the experimental conditions we used, as PIAS3 and 

SOCS3 levels did not correlate with pY
705

 STAT3 levels. Therefore, instead of 

the negative regulators, the upstream tyrosine kinases may contribute to the 

overactivation of STAT3 in TM4SF5-positive cancers. EGF/EGFR activates 

STAT3, but it does not lead to mitogenic effects [33], and fibronectin-initiated 
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adhesion activates STAT3, leading to epithelial-mesenchymal transition (EMT) 

by EGFR-dependent and -independent mechanisms [34]. Interestingly, both 

FAK and EGFR can associate with TM4SF5 [10, 35]. TM4SF5-mediated c-

Src activity [29] also may be a candidate for causing STAT3 overactivation, as 

c-Src is upstream of STAT3 [36]. Therefore, IL-6-independent STAT3 

activation may involve various molecules in TM4SF5-expressing hepatic 

cancer cells. Because JAK2 inhibition abolished IL-6-independent pY
705

 

STAT3 in the SNU761-TM4SF5 cells, presumably integrin/ECM 

engagement-mediated FAK/JAK2 activity would lead to STAT3 activity [34]. 

FAK and STAT3 activities in Chang cells did not promote ECM degradation, 

although the activities in SNU761 cells correlated with migration and invasive 

ECM degradation. Thus, during TM4SF5-mediated tumor progression, FAK 

and STAT3 activities can regulate metastatic potentials, presumably via their 

cross talk during communication between TM4SF5-positive cancer cells and 

extracellular cues, such as IL-6. 
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5. Conclusion 

 

Fig. Ⅱ-7  Crosstalk between the TM4SF5/FAK and IL-6/STAT3 

pathways.  

In normal and cancerous hepatocytes lacking TM4SF5 expression, IL-6 

treatment causes FAK activation (not depicted). TM4SF5-expressing cancer 

cells exhibited IL-6-independent and -dependent STAT3 activity. IL-6-

independent pY
705

 STAT3 presumably is influenced by the FAK/c-Src 

signaling activity caused by the membrane receptors within the TM4SF5-
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enriched microdomain and is competitive with TM4SF5-mediated FAK 

activity in adhered cells [10]. (Top) IL-6-dependent STAT3 activity in the 

TM4SF5-positive cancer cells negatively regulates adhesion- and TM4SF5-

dependent FAK activity. However, TM4SF5-expressing cancer cells express 

less IL-6 than TM4SF5-null cells, presumably leading to TM4SF5-mediated 

immune escape. (Bottom) In normal Chang-TM4SF5 cells, IL-6-dependent 

STAT3 activity results in TM4SF5/FAK activity and migration, suggesting a 

regulatory role for IL-6 in homeostatic migration but not in invasive ECM 

degradation. In both cell lines, FAK activity does not modulate IL-6-

dependent STAT3 activity. 
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요약 (국문초록) 

간질환 심화과정에서 TM4SF5/STAT3의  

상호작용과 그 역할에 관한 연구 

 

TM4SF5는 세포막 단백질로 여러 가지 암 종에서 발현되고 있는데 

그 중에서도 간암이나 간경화에서 높게 발현되고 있는 것은 이미 

선행연구에서 확인되었다. 하지만 지방간에서의 TM4SF5의 역할은 

밝혀진 바가 없으며 간질병의 진행 정도에 따른 TM4SF5/STAT3의 

상호작용으로 인한 역할 또한 밝혀내고자 한다. 본 연구에서 

TM4SF5가 과 발현 되어있는 마우스모델에서 52주령이 되었을 때 

지방간이 유도되는 것을 확인하였고, 이것이 더 심화되어 78주령이 

되었을 때는 간경화가 보이는 지방간 염증을 발견하였다. 이 때 

TM4SF5와 STAT3의 상호작용에 의해서 질병이 심화된다고 생각되

어 신호전달을 확인한 결과, 지방간에서는 TM4SF5가 STAT3보다는 

지방대사와 관련된 단백질 중 하나인 SREBP1을 증가시키게 되어 

지방간을 유도하는데 반대로 STAT3의 인산화는 줄어드는 것을 확

인하였다. 그래서 지방축적과 관련 있는 동시에 STAT3의 활성을 저

해하는 것으로 알려진 SOCS1,3의 발현을 확인하였더니 TM4SF5가 

있을 때 조직과 간세포 모두에서 증가하는 것을 보았다. 이것은 

SOCS1,3의 발현이 올라가고 또한 STAT3와 SREBP1이 서로 상반되

는 역할을 함으로써 지방간을 유도하는 것이라고 보여 진다. 그리고 

78주령 마우스에서 보여 지는 지방간 염증은 지방간에서와는 다르
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게 SREBP1의 수준은 낮아지고 SOCS1,3의 발현 또한 TM4SF5 유무

와 상관없이 비슷한 수준으로 나타나는 것을 확인하였다. 그러면서 

STAT3의 인산화가 다시 증가하고 간경화의 주요인자 중 하나인 

ECM이 높게 발현하여 질병을 심화시키게 되는 것이라고 예상된다. 

여기서 세포의 종류에 따라서 발현하는 ECM이 다르다는 것을 알게 

되었는데 간세포에서는 collagen 보다 Laminin이 상대적으로 높게 발

현되어 있고 이것은 TM4SF5와 STAT3에 의해서 조절될 수 있다는 

것을 확인하였다.  

이러한 결과는 각 간질병 진행 상태에 따라서 TM4SF5의 역할이 다

르게 움직임으로써 전달하는 신호가 다르다고 생각되어지는데 이전 

연구결과에서는 간암세포의 TM4SF5 발현이 Integrin과의 crosstalk을 

통하여 FAK/STAT3와 함께 혈관형성의 activity나 세포증식속도와 면

역회피에 영향을 주는 것으로 증명되었다. 그래서 이후의 연구에서

는 간암세포나 간경화가 일어난 세포에서 TM4SF5의 발현유무에 따

라서 STAT3를 통한 ECM(collagen, laminin, fibronectin 등)의 발현 양

이 달라지는 것을 확인하였고 또한 TM4SF5의 억제제를 이용한 세

포실험이나 동물실험을 통해서도 TM4SF5의 발현을 낮춤으로써 

STAT3의 인산화와 ECM의 발현 양이 감소하는 것을 확인하였다. 그

리고 지방간에서도 TM4SF5/STAT3를 조절하여 지방의 축적을 저해

시킬 수 있다는 것을 알 수 있었다. 이 연구는 두 가지 basic하고 

clinical 관점에서 중요성을 내포하고 있는데 각 질병에 관련된 세포

의 미세 환경을 조절함으로써 지방간, 간경화, 암 전이의 진행속도

를 낮출 수 있다는 것을 규명할 수 있다.  
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