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Abstract

Hepatocellular carcinoma (HCC) is increasing as a cause of liver-related mortality largely due to 

the growing burden of nonalcoholic steatohepatitis (NASH). The mechanisms of HCC 

development in nonalcoholic fatty liver disease (NAFLD) are incompletely understood. We 

initially identified apoptosis antagonizing transcription factor (AATF) to be associated with HCC 

in a mouse model of NASH that develops HCC without the addition of specific carcinogens. 

AATF also called che-1, is a transcriptional factor that is highly conserved among eukaryotes. 

AATF is known to be a central mediator of the cellular responses as it promotes cell proliferation 

and also survival by inducing cell cycle arrest, autophagy, DNA repair and inhibition of apoptosis. 

However, the role of AATF in NASH and HCC remains unknown. Here, we provide evidence for 

AATF as a contributory factor for HCC in NAFLD. AATF overexpression was further verified in 

human NASH and HCC and multiple human HCC cell lines. TNFα, known to be increased in 

NASH, induced AATF expression. Promoter analysis of AATF revealed a SREBP-1c binding site; 

inhibition of SREBP-1 by using specific inhibitors as well as siRNA decreased TNFα-induced 

AATF expression. AATF interacted with STAT3 to increase MCP-1 expression. AATF knockdown 

decreased cell proliferation, migration, invasion, colony formation and anchorage-dependent 
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growth in HCC cell lines. Xenograft of QGY-7703 HCC cells with AATF stably knocked down in 

to NSG mice demonstrated reduced tumorigenesis and metastases.

Conclusion: AATF drives NAFLD and hepatocarcinogenesis, offering a potential target for 

therapeutic intervention.
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Introduction

Hepatocellular carcinoma (HCC) is the third leading cause of cancer related deaths 

worldwide (1,2). Non-alcoholic fatty liver disease (NAFLD) that manifest as non-alcoholic 

fatty liver (NAFL) or non-alcoholic steatohepatitis (NASH) is recognized as a common 

underlying risk factor for HCC and liver transplantation (3,4,5). The incidence of HCC 

related to NAFLD is increasing with the growing epidemic of obesity, type 2 diabetes 

mellitus and metabolic syndrome (6,7). While NAFLD-related cirrhosis is a known risk 

factor for HCC, recent clinical studies have also shown that a third of NAFLD-associated 

HCC occurred even prior to development of cirrhosis (8,9). These data underscore the need 

to better understand the molecular mechanisms underlying the development of HCC in 

NAFLD.

We first identified the apoptosis antagonizing transcriptional factor (AATF) to be 

overexpressed while performing an unbiased transcriptomic analysis of HCC in a diet-

induced animal model of NAFLD (DIAMOND) which recapitulates many key features of 

the human disease and develops HCC without requiring additional carcinogen 

administration (10). AATF, also called che-1, is a transcriptional factor that is highly 

conserved among eukaryotes (11,12). AATF is known to promote cell proliferation and also 

survival by inducing cell cycle arrest, autophagy, DNA repair and inhibition of apoptosis 

(13–17). Recent studies have shown that AATF is up regulated in breast and lung cancer and 

leukemia (18–20). The role of AATF in HCC in the setting of NAFLD and the associated 

molecular mechanisms were not known.

The overall objective of the current study was to validate AATF as a potential driver of HCC 

in NAFLD. The specific objectives of the study were to: (1) confirm that AATF expression 

was increased in human and mouse tissue with NASH and HCC, (2) define the mechanisms 

for increased AATF expression in NAFLD, (3) define the impact of AATF on key oncogenic 

properties of HCC, and (4) identify the oncogenic signaling pathways activated by AATF in 

NAFLD and HCC. These provide novel data on AATF expression in NASH and insights in 

to how it augments HCC progression. Together, these findings demonstrate the functional 

significance of AATF in NAFLD and HCC, offering a viable potential target for therapeutic 

intervention.
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Materials and Methods

Cell Culture.

HepG2 and Hepa1–6 (obtained from ATCC), Huh7 and QGY-7703 cells [kind donation 

from Dr. Devanand Sarkar (21)] were cultured in Dulbecco’s modified eagle’s medium 

(DMEM; Invitrogen, Carlsbad, CA). THLE-3 cells (obtained from ATCC) were cultured in 

Bronchial epithelial cell growth medium (BEGM) along with 5 ng/ml EGF and 70 ng/ml 

phosphoethanolamine on precoated plates. All the media were supplemented with 10% fetal 

bovine serum (FBS; Thermo Fisher Scientific, Waltham, MA) and 100 units/ml penicillin/

streptomycin (Invitrogen, Carlsbad, CA), and the cells were incubated at 37°C in 5% CO2.

Animal Model.

The animals were housed in the animal facility administered by the Division of Animal 

Resources, Virginia Commonwealth University. All procedures were approved by the 

Institutional Animal Care and Use Committee of Virginia Commonwealth University.

DIAMOND mice: A unique isogenic mouse strain derived from C57BL/6J and 129S1/

SvImJ background (B6/129) was maintained with inbreeding as described previously (10). 

Male mice (8–10 weeks of age) were fed ad libitum a high fat diet, high carbohydrate diet 

(Western diet, WD) with 42% kcal from fat and containing 0.1% cholesterol (Harlan TD. 

88137) with a high fructose-glucose solution (SW, 23.1 g/L d-fructose +18.9 g/L d-glucose). 

Control mice were fed a standard chow diet (CD, Harlan TD. 7012) with normal water 

(NW). All mice were maintained on a 12 hour light/dark cycle in a 21–24°C facility and 

were euthanized at varying time points following initiation of dietary intervention.

NSG Mice: For the in vivo tumorigenesis and metastasis study, we used NOD scid gamma 

(NSG) female mice (8–10 weeks) from Jackson laboratory. All mice were maintained on a 

12 hour light/dark cycle with ad libitum access to water and normal chow diet.

Human Subjects.

Human normal, NASH or HCC liver tissue (frozen, tissue blocks or slides) were obtained 

through the Liver Tissue Cell Distribution System (LTCDS), Minneapolis, Minnesota and 

Cooperative Human Tissue Network (CHTN)-western division.

Human serum samples were obtained at the author’s institution. Subjects with NAFLD and 

HCC were recruited from fatty liver disease and primary care clinics. All subjects provided 

informed consent, and the study was approved by the Virginia Commonwealth University 

institutional review board.

Human Angiogenesis Array.

Cells were cultured to 75–80% confluence and the media was changed to serum free media 

for 24 hours. Supernatants of cells cultured in serum free media (conditioned media) were 

analyzed for the expression of angiogenesis associated molecules using human angiogenesis 

antibody array kit following the manufacturer’s instructions (R&D Systems, Minneapolis, 

MN).
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Migration Assay.

Cells were seeded into 24 well culture plate to 70–80% confluence forming a monolayer. 

Gently a scratch was made using a 1 ml pipette tip across the center of the well and another 

scratch perpendicular to the first line creating a cross in each well. The media was replaced 

with fresh media after scratching to remove the detached cells. After 24 hours, the cells were 

observed under the microscope. The images were then analyzed and the gap distance was 

measured using ImageJ software.

Invasion Assay.

Invasion assay was performed using BD BioCoat Matrigel Invasion Chamber (BD 

Biosciences, Franklin Lakes, NJ) following the manufacturer’s instructions. Pre warmed 

serum free media was added to the matrigel for 2 hours at room temperature for rehydration. 

5×104 cells were seeded in the upper chamber in serum free medium while the wells of the 

lower chamber were filled with medium containing 5% FBS. Following incubation for 22 

hours at 37°C, the cells on the upper surface of the filters were removed by wiping with a 

cotton swab and the cells attached on the lower surface of the filters were fixed and stained 

with Diff-Quik stain (IMEB Inc., San Marcos, CA). The membranes were photographed 

using a microscope and invasion was determined by counting the cells using ImageJ 

software.

Anchorage-independent Growth Assay.

Cells were seeded at 105 cells/plate in 6 cm dishes with culture media containing 0.4% noble 

agar (Sigma-Aldrich, St. Louis, MO) over a 0.8% agar base layer and cultured at 37°C 

incubator with 5% CO2 for 2 weeks. The colonies formed were counted manually under the 

microscope and photographed.

Colony Formation Assay.

Cells were seeded in 6 cm dishes at a density of 1000 cells per plate and cultured for about 2 

weeks until the colonies are visible. The cells were fixed in formaldehyde and stained with 

10% Giemsa (Sigma-Aldrich, St. Louis, MO). After rinsing with water, the plated were air 

dried, visualized under the microscope and photographed. The images were analyzed using 

ImageJ software and colonies counted.

Mice Xenograft studies.

Subcutaneous xenografts were established in the flanks of NSG mice using 6.5×105 control 

and AATF knockdown QGY-7703 cells. Body weight and tumor volume were measured 

twice weekly. The mice were euthanized after 4 weeks.

For the metastasis study, 1×106 cells (control and AATF knockdown QGY-7703 cells) were 

intravenously injected through the tail vein in NSG mice. After 4 weeks, the lungs and liver 

were isolated and analyzed.
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Statistical Analysis.

Data are presented as the means ± SEM. Statistical significance was analyzed using 2-tailed 

unpaired Student’s t test. GraphPad Prism software (version 6) was used for all statistical 

analysis and p values ˂ 0.05 were considered significant.

Results

Upregulation of AATF in NAFLD and HCC

AATF mRNA and protein were measured in the liver of DIAMOND mice, at the stages of 

fatty liver (8 weeks), steatohepatitis with stage 1–2 fibrosis (24 weeks) and advanced fibrosis 

and HCC (52 weeks) after initiation of western diet sugar water (WDSW) compared to chow 

diet normal water (CDNW) (Fig. 1A and Supplementary Fig. 1A and B). AATF expression 

was significantly higher in DIAMOND mice fed with WDSW compared to CDNW (Fig. 

1B, 1C and Supplementary Fig. 2A). Similar results were obtained in human subjects, 

wherein AATF expression was upregulated in NASH and HCC patients compared to healthy 

normal controls (Fig. 1D-F and Supplementary Fig. 2B). Consistent with these observations, 

we also found that AATF expression was robustly upregulated in human and mouse HCC 

cells when compared to normal hepatocytes and normal immortalized human liver cells (Fig. 

2A-C). AATF expression was also detected in the nucleus (Fig. 2A and Supplementary Fig. 

2C). Taken together, these results suggest that AATF is significantly overexpressed in 

NAFLD and HCC both in humans and mice.

AATF is upregulated by TNF-α via SREBP1

To examine the mechanisms underlying the upregulation of AATF in NAFLD, we sought to 

explore whether it is mediated by cytokines that contribute to obesity-associated 

inflammation. Since tumor necrosis factor (TNF)-α is known to play a key role among the 

proinflammatory cytokines in the pathogenesis of NASH (22), the levels of TNF-α was 

measured in the DIAMOND mice. Serum TNF-α levels in mice fed with WDSW were 

significantly higher than those with CDNW (Fig. 3A). In addition, liver tissue TNF-α 
mRNA levels was also found be higher in WDSW fed DIAMOND mice (Fig. 3C). 

Similarly, serum TNF-α levels and liver tissue TNF-α mRNA were higher in human 

subjects with NASH and HCC compared to healthy normal controls (Fig. 3B and 3D). The 

potential role of TNF-α in driving AATF expression was tested by treatment of HepG2 and 

Huh7 cells with a relevant dose (10 ng/ml) of TNF-α. These results demonstrated that TNF-

α increased AATF expression in a time-dependent manner (Fig. 4A, 4B and Supplementary 

Fig. 3A).

To further investigate the transcriptional regulation of AATF in NAFLD, we performed 

AATF promoter analysis using the TRANSFAC database and identified the binding site of 

sterol regulatory element binding protein-1 (SREBP1), a master regulator of lipogenesis that 

is well known to be associated with NAFLD (23–25). We first confirmed that the expression 

of SREBP1-c was increased in DIAMOND mice following initiation of a western diet along 

with ad lib administration of sugar water (Fig. 3E). Similarly, SREBP1-c was upregulated in 

liver tissues of human NASH and HCC subjects compared to normal (Fig. 3F). Consistent 
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with these results, the expression of SREBP1-c was upregulated upon TNF-α treatment in 

human HepG2 and Huh7 cells (Supplementary Fig. 3B).

Multiple approaches were then taken to determine whether SREBP1 played a role in the 

increase in AATF expression induced by TNF-α. First, a SiRNA approach was taken to 

silence SREBP1 (Supplementary Fig. 3C) and then a pharmacological approach to inhibit 

SREBP1 activation by 25HC3S (26) was taken in two separate human HCC cell lines 

(HepG2 and Huh7). Both approaches suppressed AATF expression upon TNF-α treatment 

(Fig. 4C-F). Furthermore, transfection of human AATF wild type or SREBP1c binding site 

deleted luciferase promoter construct in HepG2 and Huh7 cells confirmed the role of 

SREBP1c in AATF transactivation (Supplementary Fig. 4A and 4B). Collectively, these data 

demonstrates that the obesity-induced proinflammatory cytokine, TNF-α upregulates AATF 

expression through SREBP1.

AATF influences key oncogenic properties of human HCC cells in vitro and in vivo

Compared to other HCC cell lines, QGY-7703 cells express high levels of AATF (Fig. 2). 

The pathophysiological effects of AATF was determined assessing the impact of its loss of 

function. This was accomplished by first establishing stable QGY-7703 cell lines 

(Supplementary Fig. 5A-C). We hypothesized that knockdown of AATF would affect the 

tumorigenic properties of QGY-7703 cells, a highly aggressive human hepatocellular 

carcinoma cell line (27). Consistent with this hypothesis, we found that knockdown of 

AATF inhibited the proliferative activity, migration, colony formation ability, matrigel 

invasion ability, and anchorage-independent growth in soft agar of QGY-7703 cells in vitro 
(Fig. 5A-E).

We further validated the oncogenicity of AATF by using the xenograft model. In line with 

the in vitro data, AATF knockdown clones of QGY-7703 cells formed significantly smaller 

tumors when implanted subcutaneously in the flanks of NSG mice compared to control 

QGY-7703 cells (Fig. 6A). Analysis of tumor sections revealed low mitotic counts, low 

AATF expression, low proliferative index (Ki67 expression) and reduced angiogenesis 

(CD31 expression) in AATF knockdown compared to control (Fig. 6B-E).

AATF affects the metastasizing potential of human HCC cells

The effect of AATF on the metastasizing potential of QGY-7703 cells was next evaluated 

using the tail vein metastasis assay. Intravenous injection of control QGY-7703 cells resulted 

in the formation of tumors in the lungs and liver of NSG mice, whereas minimal or no 

metastasis was observed in AATF knockdown QGY-7703 cells (Fig. 7A). Staining of the 

lungs and liver identified solid nodules in the NSG mice injected with control QGY-7703 

cells, whereas only few isolated metastatic nodules were seen in the lungs and none in the 

liver of AATF knockdown QGY-7703 cells injected mice (Fig. 7B and 7C). Taken together, 

these findings indicate that AATF promotes growth and invasion of HCC cells.

AATF induces MCP-1 expression through STAT3

Next, we sought to explore the potential mechanisms of AATF could affect NASH and also 

oncogenesis. Two separate approaches were taken. First, since there was no a priori 
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hypothesis to pursue, an unbiased approach was taken by evaluation of the effects of 

supernatants from control- and AATF knockdown QGY-7703 cells in a human angiogenesis 

array. The results demonstrated that the concentration of monocyte chemoattractant protein 1 

(MCP-1), a chemokine that plays an important role in various inflammatory diseases 

including cancer (28, 29) and which was found to be high in control QGY-7703 cells, was 

significantly reduced in AATF KD QGY-7703 cells (Fig. 8A). This was accompanied by 

reduced MCP-1 mRNA expression in the AATF KD QGY-7703 cells (Fig. 8B).

To corroborate these in vitro data in vivo, MCP-1 levels were measured in the plasma of 

DIAMOND mice at various time points after initiation of a high fat diet with ad lib 

administration of glucose/fructose as previously described (10). MCP-1 levels rose after 24 

weeks corresponding to development of steatohepatitis with stage 2 fibrosis and then 

remained high up to the last time point measured (52 weeks) (Fig. 8C and supplementary 

figure 6A). Of note, the earliest tumors were noted from 32 weeks onwards in this model 

corresponding to steatohepatitis with bridging fibrosis. These data were further corroborated 

in human subjects with NASH and HCC compared to control subjects (Fig. 8D and 

supplementary Fig 6B). Additionally, Serpin F1 and insulin-like growth factor-binding 

protein 3 (IGFBP3), known for their antitumorigenic effects (30,31) were found to be high 

in AATF KD compared to control QGY-7703 cells (Fig. 8A). Similar results were obtained 

in the AATF depleted tumors compared to control (Supplementary Fig. 7A-C).

Next, we explored the interaction of AATF with STAT3, a known oncogenic pathway in 

HCC development. Of note, STAT3 is a known transcriptional modulator of MCP-1, wherein 

STAT3 binds directly to MCP-1 promoter and induces its expression (32, 33). We tested the 

hypothesis that AATF increases MCP-1, a cytokine that is known to play a role in NASH by 

activation of STAT3. Control QGY-7703 cells had high levels of STAT3 (Supplementary Fig. 

6C) and also secreted high levels of MCP-1 compared to AATF Knock down cells (Fig. 8A). 

MCP-1 levels were measured in the presence or absence of STAT3 inhibitor. Upon inhibition 

of STAT3 by the inhibitor S31–201 (50 µM), there was a decrease in MCP-1 secretion (Fig. 

8E). Immunoprecipitation analysis also confirmed the nuclear interaction of AATF and 

STAT3 in QGY-7703 cells (Supplementary Fig. 6C). Overall, the data indicate that AATF 

via STAT3 enhances the expression of MCP-1, a cytokine that is implicated in disease 

progression in NASH (34).

Discussion

HCC is the most prevalent primary malignancy of liver with high rates of mortality (35). 

NAFLD has emerged as the leading etiology of HCC and accounts for almost 50% of all 

HCC reported in the USA in claims-based data sets (36,37). Furthermore, NAFLD related 

HCC is associated with a shorter survival compared to HCC related to other etiologies and 

NAFLD is already the second leading etiology for HCC requiring liver transplantation 

(38,39). These sobering data highlight the need to better understand the complex process of 

NAFLD-associated hepatocarcinogenesis and identify key players that could be targeted for 

therapy. In this study, we have elucidated the unexplored regulatory role of AATF in 

promoting NAFLD progression and HCC (Fig. 8F).
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The first novel finding is that AATF expression is increased in NAFLD, especially NASH as 

well as NASH-associated HCC. The data are concordant both in tissue obtained from 

humans, human HCC cell lines and in the DIAMOND model. The DIAMOND model 

develops HCC after 32 weeks following initiation of a high fat sugar water diet and has a 

transcriptomic signature which is concordant with human HCC (10). In this model, AATF 

expression increased early at a stage when NAFL was present and did not increase further 

with disease progression (Fig. 1). This could have several implications both for NASH and 

the development of HCC.

NASH is associated with endoplasmic reticulum stress and dysregulated activation of the 

unfolded protein response, which in turn perpetuates inflammatory signaling and activation 

of pro-apoptotic signaling (40,41). Furthermore, lipotoxic stress, ambient inflammatory 

cytokine exposure and activation of innate immune pathways all further promote cell death 

and inflammation (42,43). The increase in AATF in the liver may play a role in preventing 

massive hepatocellular injury by its known anti-apoptotic effects. On the other hand, 

increased MCP-1 expression, which is known to be present in NASH (34), is expected to 

promote inflammation. This was not however the focus of this study and the role of AATF in 

modulating the phenotype of NAFLD i.e. as a determinant of development of NAFL vs 

NASH and as a modulator of disease activity awaits experimental elucidation.

The current study also identified SREBP1 as a key activator of AATF in the setting of 

NAFLD. This data is consistent with the observation that AATF expression increases early 

in the course of the disease at a time when SREBP1 activation is already increased. SREBP1 

is activated by hyperinsulinemia (25) and AATF is thus a novel mechanism by which 

hyperinsulinemia may modulate the NAFLD phenotype and hepatocarcinogenesis. It would 

also be expected that therapeutic agents that decrease SREBP1 activity would also reduce 

the risk of HCC development via decrease in AATF. The present study sets the stage for 

confirmation of this hypothesis in appropriately designed animal and human studies.

Perhaps the strongest evidence to support a role for AATF in hepatocarcinogenesis is the 

demonstration of decreased tumor burden and metastasis in the xenograft model (Fig. 6 and 

Fig. 7). This is further corroborated by confirmation of its impact on the key oncogenic 

properties of the QGY-7703 cells such as increased cell proliferation, mitosis, decreased 

apoptosis, cell migration, angiogenesis and anchorage-independent growth. These provide a 

rationale to continue to develop AATF as a target for the prevention and treatment of HCC in 

NAFLD.

The current study also provides initial insights in to the mechanisms by which AATF may 

promote hepatocarcinogenesis. It was already known that it promoted cell cycle progression 

and prevented apoptosis, specifically apoptosis induced by DAP-like kinase (44). This study 

demonstrates AATF interaction with STAT3 to promote MCP-1 expression, a novel pathway 

which potentially explains how AATF promotes HCC. There may also be other NAFLD 

associated HCC pathways and a key future direction will be to evaluate if targeting AATF 

alone is sufficient for HCC prevention and if the current ongoing long-term pivotal clinical 

trials blocking CCR2-CCR5, the receptors for MCP-1 lead to decreased HCC formation 

(45).
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As with many novel observations, new questions arise that need to be answered. The impact 

of AATF knockdown at various phases of NAFLD (NAFL vs NASH with early or advanced 

fibrosis) on HCC development needs to be determined. The specificity of the AATF pathway 

for NAFLD-associated HCC also warrants evaluation. Further work on the oncogenic 

signaling networks in HCC and how these are impacted by AATF (Supplementary fig. 2D) is 

another key area worthy of future investigation. While it is clear that much additional work 

is needed before the observations of this study can be translated in to human trials, the 

present study provide a novel target for intervention and direction for studies to reduce the 

burden of HCC due to NAFLD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HCC hepatocellular carcinoma

TNF-α tumor necrosis factor-α

MCP-1 monocyte chemoattractant protein- 1

STAT3 signal transducer and activator of transcription 3

mRNA messenger ribonucleic acid

DIAMOND diet-induced animal model of non-alcoholic fatty liver disease

CDNW chow diet normal water

WDSW western diet sugar water

SREBP1-c sterol regulatory element binding transcription factor 1-c

siRNA small interfering RNA
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NSG NOD (non-obese diabetic) scid gamma mice

CD31 cluster of differentiation 31

KD knockdown

C control

IGFBP3 insulin-like growth factor binding protein 3

DLK DAP (death associated protein) like kinase.
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Figure 1. Expression of AATF in DIAMOND mice and human liver tissue
(A) Representative Hematoxylin and Eosin (H&E) stained liver sections of DIAMOND 

mice fed with CDNW or WDSW for 8, 24 and 52 weeks. (B and C) AATF protein and 

mRNA expression in the liver tissues of DIAMOND mice fed with CDNW or WDSW for 8, 

24 and 52 weeks. (D) Representative Hematoxylin and Eosin (H&E) stained liver sections of 

human normal, NASH and HCC subjects. (E and F) AATF protein and mRNA expression 

(n=18–20) in the liver tissues of human normal, NASH and HCC subjects. Data are 

expressed as the mean ± SEM (n= 6–8) (*p<0.05; **p<0.001).
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Figure 2. Expression of AATF in mouse and human HCC cells
(A-C) Analysis of AATF expression by immunofluorescence (A), q-PCR (B) and western 

blot (C) in normal and HCC cells of mouse and human origin. Data are expressed as the 

mean ± SEM of three experiments (*p<0.05; **p<0.001).
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Figure 3. Upregulation of TNF-α and SREBP1c in DIAMOND mice and human NASH and 
HCC subjects.
(A and C) ELISA and qPCR detection of TNF-α in DIAMOND mice fed with CDNW or 

WDSW at 8, 24 and 52 weeks. (B and D) ELISA and qPCR detection of TNF-α in human 

normal, NASH and HCC subjects. (E and F) SREBP1c mRNA expression in DIAMOND 

mice (E) and human normal, NASH and HCC subjects (F). Data are expressed as the mean ± 

SEM (mice, n= 8–10, human samples, n= 18–20) (*p<0.05; **p<0.001).
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Figure 4. Upregulation of AATF expression by TNF-α via SREBP1
(A and B) AATF protein expression in Hep2 and Huh7 cells upon TNF-α treatment. (C and 

D) AATF protein expression upon TNF-α treatment in the presence or absence of 25HC3S 

in HepG2 and Huh7 cells. (E and F) AATF protein expression in HepG2 and Huh7 cells 

transfected with control SiRNA or SREBP1 SiRNA with or without TNF-α treatment. Data 

are expressed as the mean ± SEM of three experiments (*p<0.05; **p<0.001).
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Figure 5. Knockdown of AATF inhibits proliferation, migration, anchorage-independent growth, 
invasion and colony formation of QGY-7703 cells
(A) Cell proliferation was determined by the WST-1 assay in control and AATF knockdown 

cells of HepG2, Huh7 and QGY-7703. (Inset- AATF expression by western blot). (B-E) 

Representative images of migration assay (B), colony formation assay (C), invasion assay 

(D) and anchorage-independent growth assay (E) performed using control and AATF KD 

clones of QGY-7703 cells.

Data are expressed as the mean ± SEM of three experiments (*p<0.05; **p<0.001).
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Figure 6. Knockdown of AATF decreases tumorigenesis of QGY-7703 cells in NSG mice
(A) Representative excised tumors from NSG mice implanted with control or AATF 

knockdown clones of QGY-7703 cells and graphical representation of tumor weight and 

volume. (B) Representative images of mitotic cells in the tumor sections of control and 

AATF knockdown QGY-7703 cells. (C-E) Immunohistochemistry analysis of AATF (C), 

Ki67 (D) and CD31 (E) in the tumor sections of control and AATF Knockdown clones. Data 

are expressed as the mean ± SEM of n= 10–12 per group (*p<0.05; **p<0.001).
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Figure 7. Knockdown of AATF inhibits metastasis of QGY-7703 cells in NSG mice
(A) Representative images of the lungs and liver of NSG mice after tail vein metastasis 

assay. (B and C) H&E stained sections and graphical representation of metastatic tumors in 

the lungs and liver of NSG mice injected with control or AATF KD clones of QGY-7703 

cells. Data are expressed as the mean ± SEM of n= 10–12 per group (*p<0.05; **p<0.001).
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Figure 8. MCP-1, the downstream target of AATF is regulated by AATF-STAT3 complex
(A) Profiling of angiogenesis related proteins in the conditioned media of control and AATF 

KD clones by human angiogenesis antibody array. (B) mRNA expression of MCP-1 in 

control and AATF KD clones of QGY-7703 cells. (C and D) ELISA detection of MCP-1 in 

DIAMOND mice fed with CDNW or WDSW at 8, 24 and 52 weeks and in human normal, 

NAFL, NASH and HCC subjects. (E) MCP1 measurement by ELISA in the supernatant of 

control and AATF KD clones treated in the presence or absence of S31–201 (STAT3 

inhibitor). (F) Mechanism of AATF-mediated regulation in the pathogenesis of NAFLD and 

HCC. Data are expressed as the mean ± SEM (n= 6–8) (*p<0.05; **p<0.001).
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