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 Background: Allograft inflammatory factor-1 (AIF-1) is a cytoplasmic protein cloned from activated macrophages in human 
and rat allografts. AIF-1 has been identified as a modulator of inflammatory response, and recently published 
studies have shown its increased expression in carcinogenesis. However, there are still limited data on the po-
tential functional role of AIF-1 in hepatocellular carcinoma (HCC).

 Material/Methods: We evaluated the expression of AIF-1 in 104 cases of paired HCC and adjacent non-cancerous liver tissues using 
immunohistochemistry, Western blotting, and qPCR analysis, and sought to determine whether its expression 
was correlated with clinicopathological features. In vitro assays, including cell proliferation and migration as-
says, were used to study the effects of AIF-1 knockdown in L02 human hepatocyte, and Huh7 and SMMC7721 
liver cancer cell lines.

 Results: Expression of AIF-1 was increased in HCC compared to adjacent normal liver tissues and was positively cor-
related with median tumor size (p=0.046), number of tumor deposits (p=0.009), the Barcelona Clinic Liver 
Cancer (BCLC) stage (p=0.004), and portal vein tumor thrombus (PVTT) (p<0.001). Huh7 and SMMC7721 hu-
man HCC cells demonstrated upregulated AIF-1 expression compared to normal hepatocytes. Small interfering 
RNA (siRNA)-mediated silencing of AIF-1 expression resulted in a reduction in cell proliferation and migration 
in human HCC cells.

 Conclusions: These findings suggest AIF-1 may have roles as a diagnostic or prognostic biomarker and a promising thera-
peutic target in HCC.
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Background

Hepatocellular carcinoma (HCC) is the main primary liver can-
cer and ranks third as the leading cause of cancer-related 
deaths worldwide [1,2]. Although available treatment options 
for HCC continue to improve due to developments in hepat-
ic resection, radiofrequency tumor ablation, transarterial che-
moembolization, and liver transplantation, most current ther-
apeutic strategies have only limited efficacy and the mortality 
of patients remains persistently high [3]. Therefore, it is impor-
tant to continue to investigate new and potentially more reli-
able diagnostic and prognostic biomarkers, and the molecular 
mechanisms involved in hepatic carcinogenesis to provide new 
treatment targets. Molecular links between inflammation and 
carcinogenesis continue to be discovered [4–8]. Inflammatory 
cytokines involved in liver carcinogenesis include interleukin 
1 (IL-1), interleukin 6 (IL-6), and tumor necrosis factor-alpha 
(TNF-a) [9–12].

Allograft inflammatory factor 1 (AIF-1) is a novel inflammato-
ry mediator that was originally identified by Utans et al. from 
rat cardiac allografts undergoing chronic rejection [13]. AIF-1 
is a 17-kDa, cytoplasmic, interferon-g-inducible, calcium-bind-
ing, and inflammation-responsive scaffold protein produced 
mainly by circulating monocytes and tissue macrophages [14]. 
Recent studies have shown that AIF-1 participates in modulat-
ing inflammatory responses in rheumatoid arthritis, inflamma-
tory skin disorders, and systemic sclerosis [15–17]. Data from 
several recent studies have also shown that AIF-1 is involved 
in promoting proliferation and migration of breast cancer cells 
in vitro, which indicate a role for AIF-1 in the progression of 
malignant tumors [18,19]. Moreover, AIF-1 is expressed in ac-
tivated Kupffer cells lining the walls of liver sinusoids [20]. 
However, the role of AIF-1 expression in the development and 
progression of HCC and its significance for patients with HCC 
remain unknown.

The aims of this study were to evaluate the expression of AIF-
1 in 104 cases of paired HCC and adjacent non-cancerous liv-
er tissues and to determine whether AIF-1 expression is cor-
related with clinicopathological features of patients with HCC.

Material and Methods

Patients

A total of 104 patients with histologically diagnosed HCC were 
enrolled in the study. All patients underwent partial hepatecto-
my (PH) at Nanfang Hospital, Guangzhou, Guangdong, China, 
from July 2016 to July 2017.

A total of 104 paired HCC and adjacent non-cancerous liv-
er tissues were collected. Patients with other coexisting se-
vere systemic diseases or serious infections were excluded 
from this study.

The Medical Ethics Committee of Nanfang Hospital approved 
the study protocol. Informed consent for using the tissue sam-
ples for research purposes was signed by all patients who par-
ticipated in the study. Patient clinical information is summa-
rized in Table 1.

Immunohistochemistry

Immunohistochemical (IHC) analysis was performed as pre-
viously described [21,22]. Briefly, HCC and matched adjacent 
non-cancerous tissues were fixed in 4% paraformaldehyde, 
embedded in paraffin wax, and sectioned at 4-μm thickness. 
Sections were then deparaffinized in xylene and rehydrated 
with graded concentrations of ethanol. Antigen retrieval was 
performed, followed by blocking of endogenous peroxidase 
with 3% hydrogen peroxide and nonspecific antigen binding 
with normal goat serum. Sections were then incubated with 
primary antibodies to AIF-1 (Abcam, Cambridge, MA, USA) at a 
1: 1000 dilution at 4°C overnight, followed by incubation with 
anti-rabbit horseradish peroxidase-conjugated secondary an-
tibody (Zhongshanjinqiao, Beijing, China) at 37°C for 1 h. The 
tissue sections were stained with 3, 3-diaminobenzidine tet-
rahydrochloride (DAB) and counterstained with hematoxylin.

Images of all histopathological slides were analyzed using 
the image analysis software IMAGE PRO PLUS version 6.0 
(Media Cybernetics, MD, USA) as previously reported [23]. 
Photomicrographs were taken from 5 random visual fields within 
the areas of histologically identified HCC, and from the confirmed 
normal liver tissue, and submitted for software analysis. The 
mean integral optical density (IOD) was measured and used as 
the relative expression levels for AIF-1 in HCC and normal liver.

Cell lines and culture

The following cell lines were used for in vitro experiments: nor-
mal human hepatocyte cell line L02 and HCC cell lines Huh7 
and SMMC7721. The cell lines were purchased from the Cell 
Bank of the Shanghai Institute of Biochemistry and Cell Biology, 
Chinese Academy of Sciences (Shanghai, China).

L02 cells were cultured in Roswell Park Memorial Institute 
(RPMI)-1640 medium (Life Technologies, CA, USA) containing 
10% fetal bovine serum (FBS) (Life Technologies, CA, USA), and 
Huh7 and SMMC7721 cells were cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM) (Life Technologies, CA, USA) con-
taining 10% FBS (Life Technologies, CA, USA). Cells were incu-
bated in an atmosphere of 5% CO2 at 37°C.
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Variable
 Relative AIF-1 Protein Levels

n Value t P

Age (years) 1.097 0.141

 £60 60 64.064±2.989

 >60 44 58.781±3.877

Gender 0.153 0.071

 Female 92 61.961±2.602

 Male 12 60.812±5.535

HBsAg –1.126 0.850

 Negative 28 66.231±4.566

 Positive 76 60.207±2.787

AFP (ng/ml) 1.872 0.154

 £200 76 64.502±2.903

 >200 28 54.571±3.765

Cirrhosis –1.141 0.837

 No 44 58.694±3.505

 Yes 60 64.127±3.223

Tumor size (cm) –7.140 0.046

 £5 52 47.872±2.877

 >5 52 75.785±2.645

Tumor number –5.130 0.009

 Single 92 57.875±2.343

 Multiple 12 92.142±4.224

BCLC stage –5.596 0.004

 0-A 56 50.981±3.074

 B-C 48 74.485±2.776

PVTT –9.559 <0.001

 No 64 48.691±2.436

 Yes 40 82.849±2.282

Encapsulation 3.557 0.110

 Complete 97 89.647±6.021

 Incomplete 8 59.510±2.388

Table 1.  Correlation between allograft inflammatory factor-1 (AIF-1) and clinicopathological characteristics in patients with 
hepatocellular carcinoma (HCC).

AFP – alpha-fetoprotein; BCLC – Barcelona clinic liver cancer; PVTT – portal vein tumor thrombus.
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Western blotting

Western blotting analysis was carried out according to the 
method previously reported [24]. Briefly, cell lysates from liv-
er tissue and cultured liver cancer cells were collected. Total 
protein was extracted from cell lysates using ice-cold lysis buf-
fer (RIPA buffer, a cocktail of protease inhibitors, Sigma, USA), 
and the insoluble material was discarded after 15-min centrif-
ugation at 4°C. The samples were mixed with 5× loading buf-
fer (Thermo Fisher Scientific, MA, USA), and boiled for 5 min 
at 95°C. Equal amounts (30 µg) of total protein were sepa-
rated by 10% SDS-PAGE and then transferred to polyvinyli-
dene fluoride (PVDF) membranes (Bio-Rad Laboratories). The 
PVDF transfer membranes were blocked with 5% skimmed 
milk powder in TBS-Tween solution (0.05% Tween 20 in Tris-
buffered saline) and then incubated overnight at 4°C with AIF-
1 primary antibody at a 1: 1000 dilution (Abcam, Cambridge, 
MA, USA). The protein bands were washed 3 times with TBS-
Tween solution and incubated with horseradish peroxidase-
conjugated secondary antibodies (Cell Signaling Technology, 
Beverly, MA, USA) for 2 h at room temperature. The protein 
bands were washed 3 times again with TBS-tween, detected 
using chemiluminescence reagents, and quantified by mea-
suring protein band intensity using Gel-Pro Analyzer (Media 
Cybernetics, Sarasota, FL, USA).

Quantitative real-time PCR

Quantitative real-time PCR (qPCR) analysis was performed as 
previously described [25]. Briefly, total RNA was extracted from 
liver tissues using the TRIzol RNA isolation system (Takara, 
Dalian, China) according to the manufacturer’s instructions. 
First-strand cDNA was reverse-transcribed using PrimeScript™ 
RT Master Mix (Takara, Dalian, China) and qPCR was performed 
using SYBR Green mix (Takara, Dalian, China). The conditions 
for qPCR were as follows: 1 cycle at 95°C for 30 s, 40 cycles 
of denaturing at 90°C for 5 s, and annealing at 64°C for 20 s. 
The LightCycler 480 System (Roche, Basel, Switzerland) was 
used for determination of mRNA levels. Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) gene was used as inter-
nal normalization control.

The specific primers for AIF-1 are as follows:
Forward, 5’-ACGTTCAGCTACCCTGACTTTCT-3’;
Reverse, 5’-CCTGTTGGCTTTTCCTTTTCTCT-3’.
The specific primers for GAPDH are as follows: 
Forward, 5’-GCACCGTCAAGGCTGAGAAC-3’;
Reverse, 5’-TGGTGAAGACGCCAGTGGA-3’.

RNA interference

Huh7 and SMMC7721 HCC cell lines were seeded in 6-well 
plates and cultured in complete medium until 60–80% 

confluent. The cells were then transiently transfected with 
AIF-1 small (or short) interfering RNA (siRNA) or negative con-
trol siRNA (Genepharma, Suzhou, China) in serum-free media 
using Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA) ac-
cording to the manufacturer’s instructions. After incubation for 
6–8 h, the transfection medium was replaced with fresh medi-
um containing 10% FBS. Analysis of AIF-1 protein and mRNA 
expression was performed at 48 h post-transfection. The se-
quence of siRNA against AIF-1 is: GAAACGAAUGCUGGAGAAATT.

Cell proliferation assay

Cell proliferation was evaluated using the Cell Counting 
Kit-8 (CCK-8) (Dojindo, Kumamoto, Japan) assay. Huh7 and 
SMMC7721 cells transfected with AIF-1 siRNA and negative con-
trol siRNA were placed in a 96-well plate. Following cultivation 
for 48 h, 10 μl of the CCK-8 reagent was added to each well 
for 2 h at 37°C. Immediately after the incubation, cell prolifer-
ation was detected by measuring absorbance at 450 nm using 
an absorbance microplate reader (Bio-Tek, Seattle, WA, USA).

Wound-healing assay

The AIF-1 siRNA transfected Huh7 and SMMC7721, and nega-
tive control cells were plated in 6-well plates (Corning, PA, USA) 
and cultured to 90% confluence. Cultured cells were starved 
in 0.1% FBS for 24 h and then washed once with Dulbecco’s 
phosphate-buffered saline (PBS). Following scraping with a 
sterile 10-µL pipette tip in 3 separate places in each well, L02 
cells were washed with PBS twice to remove debris and cul-
tured in serum-free medium. After 18 h, cell migration across 
the wounded area was quantified by counting 3 different fields 
using an inverted phase-contrast microscope (Olympus, Tokyo, 
Japan) at 100× objective magnification.

Transwell migration assay

The Huh7 and SMMC7721 cells transfected with AIF-1 siRNA 
and negative control cells were seeded at a concentration of 
2×105 cells/well in the upper chamber (Corning, NY, USA). The 
upper Transwell chamber was pre-coated with 8-μm polycar-
bonate sterile membranes (Corning, NY, USA) and filled with 
DMEM without FBS. The lower Transwell chamber was filled 
with complete medium to serve as a chemoattractant. After 
48 h of incubation, non-migrating cells in the upper cham-
ber were cleaned by wiping with cotton swabs, and the filters 
were processed first by fixing in methanol followed by stain-
ing with 0.05% crystal violet. The total number of migrated 
cells was quantified by counting 5 different fields using an in-
verted phase-contrast microscope (Olympus, Tokyo, Japan) at 
40× objective magnifications.
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Statistical analysis

The association between levels of AIF-1 protein and mRNA ex-
pression with clinicopathological parameters of patients stud-
ied was evaluated by the Pearson c2 test. A two-tailed t test 
was used to compare means of data between the 2 types of 
tissue studied: HCC and matched non-tumor control tissue. 
Multiple comparisons were performed by one-way analysis of 
variance (ANOVA), and pairwise comparisons were evaluated 

by the least significant difference (LSD) test or Dunnett’s T3 
method, where appropriate. A two-tailed P value of less than 
0.05 was considered statistically significant. All experiments 
were performed in triplicate. Statistical analysis was carried 
out using SPSS 13.0 software (SPSS Inc., Chicago, USA).
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Figure 1.  Allograft inflammatory factor-1 (AIF-1) protein and mRNA expression in hepatocellular carcinoma (HCC) and non-cancerous 
liver tissues. (A) Representative immunohistochemical analysis of allograft inflammatory factor-1 (AIF-1) expression levels 
in HCC and corresponding adjacent non-cancerous liver tissues (adjacent). (B) The expression of AIF-1 protein was detected 
in 104 HCC tissue specimens (C) and corresponding adjacent non-cancerous liver tissues (N) by Western blotting analysis. 
Glyceraldehyde phosphate dehydrogenase (GAPDH) was used as an internal control. Representative Western blots show an 
enhanced expression of AIF-1 protein in HCC tissue specimens. (C, D) Western blotting and qPCR analysis were conducted 
to measure the protein and mRNA levels of AIF-1, respectively, in 104 HCC and corresponding adjacent non-cancerous liver 
tissue samples. * p<0.05 versus HCC tissues.
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Results

Increased expression of AIF-1 in human HCC tissues

To explore the possible role of AIF-1 in the progression of HCC, 
we detected AIF-1 expression in 104 paired tumor and adja-
cent non-cancerous liver tissues from patients with HCC. IHC 
results showed that AIF-1 was remarkably upregulated in tu-
mor tissues compared to matched non-cancerous liver tissues 
(Figure 1A). To confirm IHC results, Western blotting analy-
sis was performed to further detect AIF-1 protein expression 
(Figure 1B). Compared to adjacent non-cancerous liver tis-
sues, AIF expression was significantly increased in HCC tissues 
(p<0.001) (Figure 1C). Furthermore, we performed qPCR anal-
ysis to determine the expression of AIF-1 mRNA. Consistent 
with the results of IHC and Western blotting analyses, HCC tis-
sues expressed significantly enhanced levels of AIF-1 mRNA 
compared to adjacent non-tumor control tissues (p<0.001) 
(Figure 1D). These results indicate AIF-1 expression was up-
regulated in HCC tissues.

Correlation between AIF-1 expression and 
clinicopathological characteristics of patients with HCC

To evaluate the clinical significance of AIF-1 expression in HCC, 
analysis of correlation between AIF-1 protein expression and 

clinicopathological patient parameters was performed. The 
parameters studied are shown in Table 1 (n=104). We found 
no significant relationship between upregulation of AIF-1 ex-
pression and patient clinicopathological parameters, including 
age, sex, hepatitis B surface antigen (HBsAg), serum alpha fe-
toprotein (AFP) levels, the presence of liver cirrhosis, or tumor 
encapsulation (all p>0.05). However, we found significantly in-
creased AIF-1 expression in patients with large primary liver 
tumor diameters (diameter >5 cm, p=0.046) and multiple tu-
mor nodules (number ³2, p=0.009).

American Association for the Study of Liver Diseases and 
European Association for the Study of the Liver guidelines have 
recommended the Barcelona Clinic Liver Cancer (BCLC) classi-
fication staging system for the management of HCC [26]. The 
clinical staging of cancers was classified according to the BCLC 
staging systems. In this study, increased expression of AIF-1 
was detected in the group of patients with advanced BCLC 
stage (B-C) compared to early BCLC stage (0-A) (p=0.004). HCC 
cells could invade the portal venous system and subsequent-
ly develop into portal vein tumor thrombosis (PVTT), which is 
the main route for intrahepatic metastasis of HCC [27]. Our re-
sults also showed that elevated AIF-1 expression was signifi-
cantly associated with the presence of PVTT (p<0.001). These 
findings suggest that AIF-1 expression may be involved in the 
progression of human HCC.
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Figure 2.  Allograft inflammatory factor-1 (AIF-1) expression and the effect of siAIF-1 transfection in hepatocellular carcinoma (HCC) 
cells. (A) Western blotting analysis was used to examine the expression levels of AIF-1 in 2 human liver cancer cell lines, 
Huh7 and SMMC7721, as well as in an L02 normal human liver cell line. (B) Bar graphs show that AIF-1 expression was 
higher in both liver cancer cell lines than that in L02 normal human liver cell line. Data are shown as mean ±SD. # p<0.05 
versus L02 cells. (C) Western blotting analysis confirms the effect of AIF-1 siRNA transfection in Huh7 cells. (D) Bar graphs 
show that siRNA transfection effectively silenced the AIF-1 expression in Huh7 cells. Data are shown as mean ±SD. * p<0.05 
versus control. (E) Western blotting analysis confirms the effect of AIF-1 siRNA transfection in SMMC7721 cells. (F) Bar 
graphs show that siRNA transfection effectively silenced the AIF-1 expression in SMMC7721 cells. Data are shown as mean 
±SD. * p<0.05 versus control.
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Effect of AIF-1 on in vitro proliferation of HCC cell lines

The findings of this study, described in sections 3.1 and 3.2 
above, show that AIF-1 expression was significantly increased 
in HCC compared to normal liver tissues, and this was sup-
ported by in vitro cell studies. We also analyzed AIF-1 expres-
sion levels in 2 liver cancer cell lines (Huh7 and SMMC7721) 
and a normal liver cell line (L02) by Western blotting and qPCR. 
The data showed that, compared to normal liver cells, AIF-1 
expression was increased in both liver cancer cell lines (all 
p<0.05) (Figure 2A, 2B).

To characterize the functional significance of AIF-1 in cell pro-
liferation, the transfection experiment included a specific siR-
NA to silence endogenous AIF-1 expression. Figure 2C–2F 
shows that the efficiency of siRNA transfection against AIF-1 
was effectively tested by Western blotting analysis of Huh7 
and SMMC7721 cells. We further investigated the proliferation 

rate of AIF-1-silenced cells using CCK-8 assay. Data indicated 
that the proliferation rate was inhibited in liver cancer cells in-
fected with AIF-1 siRNA compared to control cells (all p<0.05) 
(Figure 3A–3D). These findings indicate AIF-1 might have a role 
in the proliferation of liver cancer cells.

Effect of AIF-1 on migration of HCC cell lines

The findings from this study showed that AIF-1 expression was 
significantly correlated with PVTT (p<0.001), which suggests 
AIF-1 has a role in HCC cell metastasis. To investigate this hy-
pothesis, we studied the effect of AIF-1 on cell migration using 
Huh7 and SMMC7721 cells. The in vitro wound-healing assay 
showed that the both liver cancer cell lines transfected with 
siRNA stimulated reduced wound closure ability compared to 
control cells (Figure 4A–4D). Furthermore, the Transwell mi-
gration assay also showed that silenced AIF-1 expression in 
Huh7 and SMMC7721 cells was associated with reduced cell 
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migration properties into the lower Transwell chamber com-
pared to control cells (Figure 5A–5D). Taken together, these 
data suggest increased expression of AIF-1 may be associat-
ed with metastatic potential of human HCC cells.

Discussion

The findings of this study reveal increased expression of AIF-1 
protein and mRNA in human liver cancer compared to adjacent 
non-cancerous liver tissues. We also investigated the correlation 

between the increased AIF-1 expression and clinicopatholog-
ic parameters in patients with HCC. The main clinical associa-
tions with increased expression of AIF-1 were in the group of 
patients with advanced BCLC stage (stage B and C, p=0.004) 
and the presence of PVTT (p<0.001). These findings suggest 
that AIF-1 expression may be involved in the progression of 
human HCC and may have potential as a prognostic marker.

The findings of increased expression of AIF-1 in human malig-
nancy are supported by some recently published studies. Liu et 
al. showed increased expression of AIF-1 in breast cancer duct 
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Figure 4.  Effects of allograft inflammatory factor-1 (AIF-1) on migration of hepatocellular carcinoma (HCC) cells. (A) Representative 
photomicrographs of wound-healing assay using Huh7 cells following transfection with siAIF-1 or empty vector for 24 h. 
(B) Distance traveled in μM by Huh7 cells was measured and shown as a histogram, after normalization. Data are shown 
as mean ±SD. * p<0.05 versus control. (C) Representative photomicrographs of wound-healing assay using SMMC7721 cells 
following transfection with siAIF-1 or empty vector for 24 h. (D) Distance traveled in μM by SMMC7721 cells was measured 
and shown as a histogram, after normalization. Experiments were performed in triplicate. Data are shown as mean ±SD. 
* p<0.05 versus control.
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Figure 5.  Effects of allograft inflammatory factor-1 (AIF-1) on migration of hepatocellular carcinoma (HCC) cells in vitro. (A) 
Representative photomicrographs of Transwell cell migration assay using Huh7 cells following transfection with siAIF-1 
or empty vector for 48 h. (B)The number of migrated Huh7 cells per field was quantified and shown as a histogram, after 
normalization. Data are shown as mean ±SD. * p<0.05 versus control. (C) Representative photomicrographs of Transwell 
migration assay using SMMC7721 cells following transfection with siAIF-1 or empty vector for 48 h. (D) The number of 
migrated SMMC7721 cells per field was quantified and shown as a histogram, after normalization. Experiments were 
performed in triplicate. Data are shown as mean ±SD. * p<0.05 versus control.

epithelial cells, which was associated with increased prolifera-
tion of breast cancer cell line MDA-MB-231 via activation of the 
NF-kappaB/cyclin D1 pathway [18]. Additionally, Liu et al. pro-
vided further evidence that AIF-1 enhanced migration of breast 
cancer cell lines MDA-MB-231 and MCF-7 through activation of 
the p38 MAPK signaling pathway [19]. Consistent with these 
previously published studies, we found increased expression 
of AIF-1 in HCC cell lines compared to control L02 cells, and 
further demonstrated that suppression of AIF-1 expression re-
sulted in reduced HCC cell proliferation in vitro. The findings 
also provide new data in support of reduced HCC cell migra-
tion through blockage of AIF-1 in vitro. When combined with 
the results from previous studies, we have evidence suggest-
ing that AIF-1 has a role in promoting the progression of HCC.

Inflammatory mediators, including inflammatory cytokines, have 
been shown to be involved in carcinogenesis, tumor progres-
sion, and metastasis in several tumor types [28,29]. AIF-1 is a 

key inflammatory cytokine that has been demonstrated to be 
involved in malignancy, as shown by the 2012 study by Song 
et al. showing increased expression of AIF-1 mRNA levels in 
human cervical cancer compared to adjacent normal cervical 
tissues [30]. Deininger et al. identified increased expression 
of AIF-1 in activated microglial cells and a subset of tumor-in-
filtrating macrophages within tumors in rat and human glio-
mas [31]. These previous studies support the possibility that 
AIF-1 acts as an oncogene. However, in contrast to our find-
ings, Ye et al. showed significantly lower AIF-1 protein levels in 
gastric cancer tissues than in matched adjacent non-cancerous 
tissues and provided novel evidence of a negative correlation 
between AIF-1 expression and clinical and histopathological 
parameters [32]. These data suggest that the mechanisms by 
which AIF-1 is involved in cancer progression remain unclear. 
Currently, there have been few studies on the expression of 
AIF-1 and its clinicopathological significance in HCC.
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In HCC, tumor burden has been shown to be an important 
prognostic marker [33]. Maximal tumor size and number of 
tumor nodules are related to overall survival of patients with 
HCC [34]. Therefore, we initially categorized the patients into 
subgroups according to maximal tumor size and number of tu-
mor nodules. Our results showed that increased AIF-1 expres-
sion was associated with maximal tumor size (diameter >5 cm) 
and presence of multiple tumor nodules. Also, siRNA-mediat-
ed AIF-1 silencing inhibited liver cancer cell proliferation and 
migration. These findings suggest that AIF-1 plays an essen-
tial role in the progression of human HCC. This was a prelim-
inary study and is limited because it had a small sample size 
and was conducted in a single center. Based on the above re-
sults, further studies with larger sample sizes are needed to 
confirm our findings.

Conclusions

This study revealed that AIF-1 was upregulated in HCC. 
Expression of AIF-1 was closely associated with distinct clin-
ical characteristics in HCC patients. Furthermore, silencing of 
AIF-1 expression resulted in a reduction in cell proliferation 
and migration in human HCC cells. Thus, AIF-1 may be a novel 
prognostic biomarker and therapeutic target for HCC patients.
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