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Purpose: Endometrial cancer (EC) is the sixth most common cancer in women and its 
incidence and mortality have been rising over the last decades. The latest research indicates 
that FABP4 plays a significant role in multiple types of cancer. But few studies were focused 
on EC. The aim of this article is to investigate whether FABP4 can suppress tumor growth 
and metastasis of EC via PI3K/Akt pathway to provide a novel therapeutic target for the 
treatment of EC.
Materials and Methods: FABP4 mRNA levels of EC were analysed through The Cancer 
Genome Atlas database (TCGA), and expression of FABP4 in EC cancer tissues was 
determined by immunohistochemistry (IHC) assays. Stable overexpressing cell lines were 
established using lentivirus infection to analyze the biological function of FABP4 in vitro. 
CCK8 assay and colony formation assay were performed to assess cell proliferation ability. 
Wound healing assay and transwell were performed to analyse migration and invasion of 
cells. The subcutaneous xenograft mouse model was used to evaluate tumor growth in vivo. 
Additionally, all protein levels were detected by Western blotting assay.
Results: We found that the expression of the FABP4 mRNA was decreased in tumor samples 
compared to normal tissue according to TCGA database analysis. Subsequent experimental 
mRNA and protein expression analysis confirmed that FABP4 expression was lower in EC 
tissue than normal endometrial tissue. In addition, we found overexpression of FABP4 
inhibited the proliferation, migration and invasion in vitro and suppressed tumor growth 
in vivo. Further functional and mechanistic analysis of FABP4 demonstrated that its function 
is mediated by restraining the phosphorylation of PI3K/Akt signaling pathway.
Conclusion: Our studies shed light for the first time about the functional role of FABP4 in EC 
and provide a novel biomarker for EC as well as a therapeutic target for the therapy of EC.
Keywords: endometrial cancer, fatty acid–binding protein 4, proliferation, migration, PI3K/ 
Akt signaling

Introduction
Endometrial cancer (EC) is a malignancy that originates from the endometrial 
lining of the uterus, which predominantly occurs in post-menopausal women.1 

According to the Global Cancer Statistics (GLOBOCAN 2020), EC was the fourth 
leading cause of gynecological cancer death in the world. The rate of incidence of 
EC is rapidly increasing, and is expected to increase by more than 50% worldwide 
by 2040 (compared to 2018).2,3 The causes of this trend could be an increased rate 
of advanced cancers, high-risk histology, and patients diagnosed at an older age.4,5 
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Currently, the most commonly used treatment regimen for 
EC, worldwide, is surgical adjuvant chemoradiotherapy 
without effective targeted therapies. Combining che-
motherapy with radiation improves the prognosis of EC 
patients, but usually results in higher toxicity due to their 
negative effects on normal cells or organs.6 Thus, it is 
necessary to identify specific biomarkers for EC diagnosis, 
therapy, and prognosis, and to investigate their role in EC 
development.

Fatty acid–binding protein 4 (FABP4), also called adi-
pocyte FABP (AFABP) or adipocyte P2 (aP2), is 
a member of a large gene family encoding small, cytoplas-
mic fatty acid–binding proteins (FABPs) that is highly 
expressed in macrophages, adipose tissue and mature 
adipocytes.7–9 Previous studies showed that FABP4 is 
mainly involved in metabolic homeostasis and inflamma-
tory diseases. However, recent studies have suggested that 
it is also implicated in the progression of various cancers, 
such as ovarian cancer, cervical cancer, and breast 
cancer.8,10–13 Therefore, the therapeutic targeting of 
FABP4 in tumors has attracted increasing interest in the 
scientific community and understanding its precise role is 
an important challenge that deserves further research.

Although the association of FABP4 with other tumors 
has been previously demonstrated, the precise role of 
FABP4 in EC, and its mechanism of action remain unclear. 
We demonstrated that FABP4 could effectively suppress 
EC cells growth both in vitro and in vivo through the 
PI3K/Akt signaling pathway. Therefore, our study charac-
terizes the biological function of FABP4 in EC and iden-
tifies a potential new target for possible EC therapy and 
prognostic evaluation of EC patients.

Materials and Methods
Cell Culture and Transfections
The human EC cell lines HEC-1A and KLE were pur-
chased from the Beina Chuanglian Biotechnology Institute 
(Beijing, China), and Procell Life Science & Technology 
Co., Ltd. (Wuhan, China), respectively. The Ishikawa cell 
line was a gift from the Department of Obstetrics and 
Gynecology, First Affiliated Hospital of Zhengzhou 
University. The use of the Ishikawa cell line had been 
approved by the Ethics Committee of the Third Affiliated 
Hospital of Zhengzhou University (Protocol # 2021-WZ 
-013). The HEC-1A cells were cultured in Mccoy’s 5A 
medium (Procell Life Science & Technology Co., Ltd.), 
the Ishikawa and KLE cells were cultured in Dulbecco’s 

modified Eagle’s medium (DMEM; Gibco, Thermo Fisher 
Scientific, Inc., Waltham, MA, USA). All cell lines were 
cultured in their corresponding medium containing 10% of 
fetal bovine serum (FBS; Gibco, Thermo Fisher Scientific, 
Inc.) and penicillin-streptomycin at 37°C, with 5% CO2. 
Then, the two low FABP4-expressing cell lines were cho-
sen for lentivirus transfection. The FABP4 lentiviral vector 
used in this process was the G260 vector (Ubi-MCS-firefly 
_Luciferase-IRES-Puromycin; GeneChem, Shanghai, 
China), which can produce luciferase for in vivo imaging. 
Cells were grown to 20–30% confluence in 6-well plates 
and then transfected with the lentiviral vector. Monoclonal 
cell lines were screened with 0.25 μg/mL puromycin, and 
the clones with the highest FABP4 expression levels, as 
determined by quantitative real-time polymerase chain 
reaction (qRT-PCR), were retained for subsequent cellular 
experiments.

Tissue Samples
Tissue specimens were obtained from surgical resection of 
EC performed in the Department of Pathology, of The 
Third Affiliated Hospital of Zhengzhou University 
(Zhengzhou, China). They included 50 EC specimens, 38 
atypical hyperplasia specimens and 29 normal endome-
trium specimens. None of the patients received chemother-
apy or radiotherapy before operation. The study was 
approved by the Medical Ethics Committee of the Third 
Affiliated Hospital of Zhengzhou University (ethics 
approval number: 2019-64) and complies with the 
Declaration of Helsinki. All patients provided informed 
written consent prior to enrollment in this study.

The Cancer Genome Atlas (TCGA) 
Datasets
The EC raw data, including clinicopathological parameters 
and FABP4 mRNA expression level, were downloaded 
from TCGA to analyze the difference in mRNA expres-
sion level and perform further survival curve analysis.

Immunohistochemistry (IHC) Staining 
and Analysis
A standard biotin-streptavidin horse radish peroxidase 
(HRP) detection system was used for visualization of 
immunostained protein. Paraffin-embedded tissues were 
first cut into 5-μm thick sections. Then, after a series of 
steps, including dewaxing and hydration, antigen repair, 
and blocking endogenous peroxidase, the sections were 
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immunoreacted with an FABP4 rabbit monoclonal anti-
body (ab92501; Abcam, Cambridge, UK), by incubating 
overnight. Afterwards, the sections were washed with ster-
ile phosphate-buffered saline (PBS) and incubated with 
rabbit anti-mouse biotin-bound secondary antibody. The 
FABP4-immunoreacted sections were observed under 
a microscope and interpreted by qualified pathologists, 
staining scoring criteria were as previously described.14 

Tissue sections with a final staining score ≥3 were con-
sidered to be positive.

Western Blot Analysis
Tissue proteins were extracted using RIPA lysis buffer 
solution (Solarbio, Beijing, China) containing phenyl-
methylsulfonyl fluoride (PMSF) at a ratio of 100:1. After 
incubation on ice for 30 min, the cell lysate was centri-
fuged at 14,000g for 15 min and the supernatant contain-
ing the proteins were collected. Protein extracts were 
separated by sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE), and transferred to polyviny-
lidene fluoride (PVDF) membranes (Millipore 
Corporation, Billerica, MA, USA). Then, after blocking 
the membranes with skim milk (5%), the membrane blots 
were incubated at 4°C overnight with primary antibodies: 
FABP4 (ab92501, 1:2,000; Abcam), GADPH (60004-1-Ig, 
1:2,000; Proteintech, Rosemont, IL, USA), PI3K (60225- 
1-Ig, 1:1,000; Proteintech), p-PI3K (AF3241, 1:1,000; 
Affinity Biosciences Ltd., Cincinnati, OH, USA), Akt 
(10176-2-AP, 1:1000; Proteintech), p-Akt (ab38449, 
1:1000, Abcam). GAPDH was used as an endogenous 
control. Subsequently, the membranes were incubated 
with the HRP-conjugated secondary antibody for 1 h at 
room temperature. Immunoreacted protein bands were 
detected with the NcmECL Ultra detection system (New 
Cell & Molecular Biotech. Co., Ltd., Suzhou, China) on 
a Bio-Rad Chemi-Doc XRS system (Bio-Rad, Hercules, 
CA, USA) with automatic exposure control.

qRT-PCR Analysis
The total RNA was extracted from cells grown 80% con-
fluence in a six-well plate using 1 mL Trizol reagent 
(Invitrogen, Carlsbad, CA, USA), following the manufac-
turer’s protocol. Then, the total RNA was reversed tran-
scribed into cDNA using a reverse transcription kit 
(Takara, Dalian, China). The qRT-PCR was performed on 
an ABI 7500 real-time PCR system (Applied Biosystems, 
Foster City, CA, USA). The β-actin gene was used as 
internal reference and the 2−∆∆CT method was used to 

analyze the data and determine expression levels.15 The 
sequences of the primers for β-actin were 5ʹ-CACCA 
TTGGC AATGA GCGGTTC-3ʹ (forward) and 5ʹ- 
AGGTC TTTGC GGATG TCCACGT-3ʹ (reverse). The 
FABP4 primers were 5ʹ-ACTGG GCCAG GAATT 
TGACG-3ʹ (forward) and 5ʹ-CTCGT GGAAG TGACG 
CCTT −3ʹ (reverse).

Cell Counting Kit-8 (CCK-8) Assay
The cell viability was determined by CCK-8 assays. Cells 
were plated into 96-well plates at a density of 2 × 103cells/ 
well and incubated for 1, 2, 3 or 4 days before the addition 
of CCK-8 solution (Dojindo Molecular Technologies, Inc., 
Kumamoto, Japan). Then, the incubation was continued 
under the same conditions for another 2 h. The absorbance 
or optical density (OD) value of each well was measured 
at 450 nm using a Varioskan Flash microplate reader 
(Thermo Fisher Scientific Inc.).

Colony Formation Assay
For clonal experiments, 1×103 cells were plated into 
6-well plates and cultured for 2 weeks at 37°C with 5% 
CO2, replacing the medium every 3 days. After fixation 
with methanol for 10 min, the colonies were stained with 
0.1% crystal violet for 15 min, and colonies (≥50 cells) 
were counted and photographed with a digital camera.

Transwell Migration and Invasion Assay
For the migration assays, a 100-µL aliquot of a cell sus-
pension in serum-free medium was added to the upper 
chambers, and 600 µL of medium with 15% FBS was 
added to the lower chamber. After culturing for 24 h, the 
cells were fixed in 4% paraformaldehyde and stained with 
1% crystal violet. Then, samples were washed with PBS, 
visualized and photographed under an Olympus BX51 
light microscope (Olympus Corporation, Tokyo, Japan). 
For the invasion assays, the only difference was that the 
100-µL aliquot of cell suspension in serum-free medium 
was added to the apical chamber of the Transwell covered 
with Matrigel matrix glue (Corning Inc., Cambridge, 
MA, USA).

Wound Healing Assay
The wound healing assay was performed in 6 well-plates, 
1×106 cells were plated into 6-well plates overnight until 
the cells reached a confluence of 90–95%. Then, scratch 
wounds were made by scratching a straight line in the cell 
layer with a sterile 200-µL pipette tip. At 0, 24, 48, 72, and 
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96 h, plates were photographed to monitor the wound 
healing process at those time points. The wound healing 
area was quantified using the ImageJ software (NIH, 
Bethesda, MD, USA), and the percentage of wound heal-
ing was expressed as the ratio of the original wound area 
that had healed.

In vivo Subcutaneous Tumor Xenograft 
Model
Ethical approval for the animal study was granted by the 
Ethics Committee for Animal Research of Zhengzhou 
University (ethics approval number: ZZU-LAC20201023 
[04]). Animal experiments adhered to the Guide for the 
Care and Use of Laboratory Animals. Female nude mice 
(BALB/c, 3-4 weeks old) were purchased from SPF 
Biotechnology Co., Ltd. (Beijing, China). Ishikawa cells 
stably transfected with FABP4-overexpressing lentivirus 
and control lentivirus were implanted in the right flanks of 
nude mice (2 × 106 cells, 5 mice per group). Mice were 
anesthetized with isoflurane, and D-luciferin (15 mg/mL; 
US Everbright Inc., Suzhou, China) was injected into each 
mouse at a dose of 10 µL/g. The fluorescence signal inten-
sity of the tumor was determined weekly using the IVIS 
Living Image software v4.3.1 (Caliper Life Sciences Inc., 
Hopkinton, MA, USA), and at the same time, the tumor 
volume was determined with a Vernier caliper. Each tumor 
volume was separately calculated using the formula of 
volume = (width)2 × length/2. The nude mice were sacri-
ficed after 4 weeks and tumors were removed and weighed. 
Excised tumor tissues were used for Western blot analysis.

Statistical Analysis
Data were analyzed using the SPSS software (IBM 
Corporation, Armonk, NY, USA) and Graphpad Prism 
8.0 (GraphPad Software Inc., San Diego, CA, USA). All 
the experimental data were collected from at least three 
repeated experiments, if not otherwise stated. The data are 
presented as the mean ± SD and the p-value <0.05 was 
considered to indicate statistically significant difference.

Results
FABP4 is Downregulated and Correlates 
with High Survival Rate in EC Patients
To investigate FABP4 expression in EC, we downloaded the 
EC raw data and gene expression data of FABP4 from TCGA 
database (https://tcga-data.nci.nih.gov/tcga). The mining of 
the original data showed that FABP4 was downregulated in 

EC tissue compared with normal tissues (p<0.05; Figure 1A). 
We assessed the relationship between FABP4 mRNA expres-
sion levels and clinicopathological parameters using the clin-
ical staging system proposed by the International Federation 
of Gynecology and Obstetrics (FIGO). In the FIGO system, 
“G stage” represents tumor differentiation and higher grades 
mean lower differentiation and higher malignancy degree; 
advanced tumor is expressed with higher clinical stage; the 
“Endometrioid” represents endometrioid endometrial adeno-
carcinoma, while the ‘Serous’ represents serous endometrial 
adenocarcinoma, the latter shows a higher degree of malig-
nancy than the former; the “M” refers to the distant metas-
tasis of tumor cells; the “Pre-”, “Peri-” and “Post-”, denote 
female premenopausal, perimenopausal and postmenopausal 
status, respectively.

Using univariate analyses of TCGA data set, some clin-
ical factors, including age, G stage, clinical stage, histologi-
cal types, distant metastasis and menopause status, were 
significantly associated with FABP4 expression levels 
(Figure 1B–G). The overall survival (OS) and relapse-free 
survival (RFS) were estimated using the Kaplan–Meier 
method. The results revealed that patients with high expres-
sion of FABP4 have a better prognosis (p=0.016, Figure 1H; 
p=0.024, Figure 1I). We then performed multivariate analysis 
for further analysis on the relationship between FABP4 
expression and clinicpathological parameters. Results 
revealed that reduced FABP4 expression in EC was signifi-
cantly associated with high G stage (OR=1.88, Figure 2, 
p=0.002), histological types (OR=1.96, Figure 2, p=0.007) 
and distant metastasis (OR=3.64, Figure 2, p=0.028). This 
suggested that ECs with low FABP4 expression are prone to 
progress to a more advanced stage and distant metastasis than 
those with high FABP4 expression.

Expression of FABP4 Was Decreased in 
Human Endometrial Tumor Tissues
The IHC analysis results showed that the intensity of the 
staining of the FABP4 protein decreased gradually during the 
tumor progression process. FABP4 was highly expressed in the 
normal proliferative phase of the endometrium (Figure 3A and 
B) and normal secretory phase of the endometrium (Figure 3C 
and D), whereas the staining intensity was significantly 
reduced in atypical hyperplasia tissues (Figure 3E and F). 
FABP4 was almost not expressed in EC tissues (Figure 3G 
and H). All three differences were statistically significant (P <  
0.05; Figure 3I). These results suggested that FABP4 might 
have a possible tumor-suppressive role in EC.

https://doi.org/10.2147/OTT.S311792                                                                                                                                                                                                                                  

DovePress                                                                                                                                                            

OncoTargets and Therapy 2021:14 3932

Wu et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://tcga-data.nci.nih.gov/tcga
https://www.dovepress.com
https://www.dovepress.com


FABP4 Suppresses the Proliferation of EC 
Cell
Uncontrolled proliferation is one of the most critical character-
istics of cancer cells associated with tumor progression. 
Accordingly, we investigated the biological function of 
FABP4 in EC cells in vitro. We used 3 different EC cell lines 

to analyze their FABP4 mRNA and protein expression levels 
by qRT-PCR analysis (Figure 4A) and Western blot analysis 
(Figure 4B), respectively. Since HEC-1A and Ishikawa cells 
showed lower expression of FABP4 than KLE, they were used 
to establish stably FABP4-overexpressing cell lines using an 
FABP4 lentivirus. The efficiency of lentiviral transfection in 

Figure 1 Clinicopathological correlation between FABP4 and EC. (A) The FABP4 mRNA expression level is downregulated in tumor samples. The FABP4 mRNA 
expression levels were analyzed together with the following clinical pathological parameters: (B) age, (C) G stage, (D) clinical stage, (E) histological subtypes, (F) metastasis, 
(G) menopause status. (H and I) Kaplan–Meier survival curve analysis based on TCGA datasets with different FABP4 expression levels. Non-significant comparisons are not 
shown. Data are shown as the mean ± SD. ***P<0.001, **P<0.01, *P<0.05. 
Abbreviations: Endometrioid, endometrioid endometrial adenocarcinoma; Serous, serous endometrial adenocarcinoma; “Pre-”, “Peri-” and “Post-”, female premenopau-
sal, perimenopausal and postmenopausal status, respectively.
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two EC cell lines is shown in Figure 4C–F, which indicates that 
the transfection efficiency is high in both cell lines. 
Noteworthy, the transfection efficiency was quite high and 
similar in both cell lines. Using these EC cell lines, we inves-
tigated the influence of FABP4 on cell proliferation using the 
CCK-8 assay. The results indicated that overexpression of 
FABP4 suppresses cell proliferation (Figure 4G and H). In 
addition, the results of the colony formation assay demon-
strated that FABP4 reduces the clonogenic capacity of EC 
cell lines (Figure 4I and J).

FABP4 Suppresses the Migration and 
Invasion of EC Cells in vitro
To evaluate the effects of FABP4 expression on the meta-
static ability of EC cells, we conducted migration and 
invasion experiments. The number of migrated and 

invading cells was significantly decreased in FABP4- 
overexpressing cell lines (Figure 5A–D). These results 
indicated that overexpression of FABP4 inhibits EC cell 
migration and invasion.

FABP4 Suppresses Tumor Growth in 
Mouse Models
To investigate the role of FABP4 in vivo, we examined the 
role of FABP4 on tumor formation and progression in an 
experimental xenograft tumor model. The Ishikawa cells 
stably overexpressing FABP4 were implanted subcuta-
neously in the right armpit region of nude mice (n=5) 
and tumors were collected and weighed at 28 days after 
tumor cell transplantation. The luciferase activity and 
tumor volume were decreased in FABP4-overexpressing 
mice (Figure 6A–C), and the tumor weight was signifi-
cantly decreased in FABP4-overexpressing mice 

Figure 2 Multivariate logistic analysis of FABP4 expression and other clinical pathological factors (as G stage, histological types and distant metastasis are independent 
factors).
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Figure 3 Expression of FABP4 in human endometrial tissues. (A) Normal proliferative stage endometrium, (C) Normal secretory phase endometrium, (E) Atypical 
hyperplasia endometrium (G) carcinoma. (B, D, F and H) are their corresponding enlarged images. (I) Immunohistochemical intensity scores of FABP4 staining in 117 
specimens. Data are shown as the mean ± SD. ***P<0.001, **P<0.01, *P<0.05.
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Figure 4 Overexpression of FABP4 inhibits cell proliferation in vitro. FABP4 protein expression levels (A) and mRNA expression levels (B) in endometrial carcinoma cell 
lines (Ishikawa, HEC-1A, and KLE). (C–F) Identification of two low FABP4-expressing cell lines (Ishikawa, HEC-1A) lentiviral transfection efficiency by qRT-PCR analysis and 
Western blot analysis. (G and H) Cell viability was assessed by the CCK-8 assay. (I and J) Colony formation of EC cells assay was performed to evaluate cells proliferation. 
Data are expressed as the mean ± SD. ***P<0.001, **P<0.01, *P<0.05.
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Figure 5 Overexpression of FABP4 inhibits cell migration and invasion in vitro. (A) Transwell migration and invasion assays were performed with FABP4-overexpressing EC 
cells. (B) Quantification of the Transwell migration and invasion assay results. (C and D) Wound-healing assays indicating impaired migration capability of FBP4- 
overexpressing EC cells, the bar graphs represent quantification of the wound-healing assay results. Data are shown as the mean ± SD. ***P<0.001, **P<0.01, *P<0.05.

OncoTargets and Therapy 2021:14                                                                                                 https://doi.org/10.2147/OTT.S311792                                                                                                                                                                                                                       

DovePress                                                                                                                       
3937

Dovepress                                                                                                                                                              Wu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


(Figure 6D and E). These results indicated that overex-
pression of FABP4 also has EC tumor-suppressive roles 
in vivo.

FABP4 Inhibits the Activation of PI3K/ 
Akt in EC
The PI3K/Akt signaling pathway, which is often aberrantly 
activated in EC, has been shown to regulate cell prolifera-
tion, differentiation and apoptosis, and to be regulated by 
FABPs in other cancers.30,31 Therefore, we investigated 
whether FABP4 inhibits the development of EC by inhi-
biting the activation of the PI3K/Akt signaling pathway. 
As shown in Figure 6, overexpression of FABP4 in EC 
cells suppressed phosphorylation of PI3K/Akt and thereby 
their signaling activity (Figure 7A and B). This finding 
was also confirmed in controlled animal experiments 
(Figure 7C). Overall, these results indicated that FABP4 
may suppress the PI3K/Akt signaling pathway by decreas-
ing the phosphorylation of PI3K and Akt.

Discussions
EC is one of the most common gynecological malignancy 
and the fourth most prevalent cancer in women 
worldwide.16 As the incidence and mortality of EC con-
tinue to increase, the burden of EC continues to increase 
compared to various cancers.17 Although surgery is the 
mainstay of the treatment of EC, there are still 25% of the 
patients who are in an advanced stage of cancer at the time 
of surgery, with an expected 5-year survival rate of 40– 
70% for stage III patients, and an extremely poor 5-year 
survival rate of 0–10% for stage IV patients.18 With the 
advances in molecular biology technology and research on 
signal transduction pathways, biomarker-guided cancer 
treatments have brought a new breakthrough in prognosis, 
diagnosis, and therapeutic treatment. For instance, in 
breast cancer, HER2-targeted therapy has been used clini-
cally to improve the survival of patients with both early- 
stage and metastatic breast cancers.19,20 In lung cancer and 
hematologic malignancies, biomarker-guided management 
has been routinely used for patients with advanced or 
recurrent cancer.21,22 However, biomarker-guided treat-
ment of EC is in its infancy and remains largely unex-
plored. Therefore, it is necessary to find new therapeutic 
targets to advance the development of treatments and 
theranostics for EC.

FABPs are a family of intracellular lipid chaperones 
with at least 12 members, which have been identified since 

its first member was initially discovered in 1972.23 

Although these isoforms differ in various tissues, they all 
perform significant biological functions.7 FABP4 is one of 
the most widely studied FABPs, the function of FABP4 in 
tumors is extremely complex and sometimes contradictory. 
Nieman et al reported increased FABP4 expression in 
ovarian cancer omental metastases, but not in primary 
tumors.24 In cholangiocarcinoma, FABP4 overexpression 
was found to enhance the intracellular lipid accumulation 
and promote cholangiocarcinoma cells invasion and 
metastasis.25 Conversely, some studies found that FABP4 
was significantly decreased in tumor cells compared with 
normal prostate epithelial cells and overexpression of 
FABP4 could induce apoptosis of prostate cancer cells 
by increasing tumor necrosis factor and decreasing trans-
forming growth factor-alpha activity.26–28 Similar results 
were reported in hepatocellular carcinoma (HCC). For 
instance, Zhong et al, found that FABP4-overexpressing 
HCC cell lines exhibited obvious decrease in cell 
proliferation.29 These findings indicate that FABP4 may 
play different roles depending on the tumor type. 
A possible explanation for such discrepancies is that 
FABP4 might play multi-dimensional roles by participat-
ing in the regulation of various signaling pathways.

To further explore the biological role of FABP4 in EC, 
we obtained the clinical data from TCGA. We found that 
FABP4 was markedly downregulated in EC tissues com-
pared to the corresponding adjacent non-cancerous tissue. 
Moreover, high expression of FABP4 was negatively asso-
ciated with G stage, distant metastasis, and worse patholo-
gical types, whereas it was positively correlated with better 
OS. We also confirmed these results at the tissue level. The 
IHC results showed that the staining intensity of FABP4 
protein gradually decreased in normal endometrial tissues, 
dysplasia tissues and cancer tissues. These results suggested 
that FABP4 may have a key role in the progression of EC. 
To test this assumption, we designed and conducted a series 
of in vitro and in vivo experiments. The results of the 
in vitro assays showed that FABP4 effectively inhibited 
the proliferation, growth, migration and invasion of EC 
cells. The in vivo studies, in the nude mouse model, 
revealed that overexpression of FABP4 led to a decrease 
of tumor size compared to mock-transfected cells. These 
results are consistent with the effects of FABP4 on liver 
tumor growth.29

Further research is required to gain a better under-
standing the potential underlying mechanism by which 
FABP4 influences EC development. The PI3K/Akt 
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Figure 6 Overexpression of FABP4 suppresses tumor growth in a mouse model. (A) Effects of FABP4 upregulation on tumorigenesis in nude mice evaluated by 
bioluminescence imaging in vivo. (B) Images were captured immediately after mice were sacrificed, FABP4-overexpressing cell lines were injected into the mice in lower 
panel image while the mice in the upper panel image were the control group. (C) Tumor volume was measured weekly. (D) Tumors removed from nude mice. (E) Tumor 
weight. Data are expressed as the mean ± SD. ***P<0.001, **P<0.01, *P<0.05.
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Figure 7 Overexpression of FABP4 suppresses the phosphorylation of PI3K and AKT. (A and B) Protein expression levels of PI3K/Akt pathway in the two cell lines were 
determined by Western blot analysis. The histogram shows the relative quantification of p-PI3K/PI3K and p-Akt/Akt. (C) Levels of expression of PI3K/Akt pathway proteins 
in mice were determined after animals were sacrificed. Data are expressed as the mean ± SD. ***P<0.001, **P<0.01, *P<0.05.
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signaling pathway is a classic and extensively studied 
intracellular signaling pathway in tumorigenesis, which is 
usually abnormally activated in most cancers.30,31 

Therefore, certain inhibitors targeting the PI3K/Akt signal-
ing pathway have been regarded as therapeutic potential 
targets in various cancers.32,33 Moreover, recently, Deng 
et al reported that FABP4 silencing inhibited endoplasmic 
reticulum (ER) stress-induced cell apoptosis by activating 
the PI3K/Akt signaling pathway.34 Another study by 
Uehara et al found that exogenous FABP4 promoted 
human prostate cancer cell progression by activating the 
PI3K/Akt signaling pathway, independently of binding to 
fatty acids.35 These studies suggested that FABP4 primar-
ily functions upstream of the PI3K/Akt signaling pathway. 
This suggestion was also confirmed by our experimental 
results (Figure 6), indicating that overexpression of 
FABP4 regulated the PI3K/Akt pathway by inhibiting its 
phosphorylation.

However, interestingly, a recent review proposed 
another possible explanation for the discrepancies in 
the function of FABP4.36 The author proposed that adi-
pocyte-derived FABP4 enhances tumor progression as 
mentioned earlier,24,25 but peritumor-derived FABP4 
impairs tumor progression.29 This partly explains why 
the increase of FABP4 induced by co-culture with fat 
accelerates the tumor progression, while overexpressing 
FABP4 in cells that do not express FABP4 themselves 
weakens tumor progression. In conclusion, gene regula-
tion is a complicated process and is finely tuned in 
various cellular processes. However, little is known 
regarding the interacting protein partners and how lipids 
regulate the subcellular localization of FABP4. 
Addressing these problems may contribute to a more 
complete understanding of the function of FABP4.

Conclusions
We firstly demonstrate that upregulated the expression of 
FABP4 in EC tissues led to a better outcome. These find-
ings revealed that FABP4 may be a potential therapeutic 
target for EC treatment and offer new insights for further 
investigations of EC pathogenesis.
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