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1  |  INTRODUC TION

Gastrointestinal stromal tumor (GIST) is defined as a stromal tumor 
of spindle or epithelioid cells that is primary in the gastrointestinal 
tract, greater omentum, and mesentery with a KIT (CD117 stem cell 
factor receptor) positive stain. It is a distinct tumor from the typical 
smooth muscle and neurogenic tumor, and it is a separate disease 
but it can differentiate into either smooth muscle or nerve. GISTs 

are the most common mesenchyme-derived tumors of the gastro-
intestinal tract. They are different from interstitial cells of Cajal.1,2 
GISTs are characterized by the biological characteristics of benign 
or malignant tumors. Complete radical resection is the most effec-
tive treatment for localized GISTs and potentially resectable GISTs.3 
However, some patients have no chance of surgery due to the late 
stage of the tumor or special lesions such as the low rectal GISTs 
that require combined anal resection.4 The emergence of specific 
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Abstract
Background: Fatty acid-binding proteins (FABPs) have been found to be involved 
in tumorigenesis and development. However, the role of FABP4, a member of the 
FABPs, in GISTs (Gastrointestinal stromal tumors) remains unclear. This study aimed 
to investigate the expression of FABP4 and its prognostic value in GISTs.
Methods: FABP4 expression in 125 patients with GISTs was evaluated by immunohis-
tochemical analysis of tissue microarrays. The relationship between FABP4 expres-
sion and clinicopathological features and prognosis of GISTs was analyzed.
Results: Multiple logistic regression analysis showed that expression of FABP4 corre-
lated with tumor size and mitotic index. Furthermore, FABP4 level, tumor size, mitotic 
index, and high AFIP-Miettinen risk were independent prognostic factors in GISTs. 
The Kaplan-Meier survival curve showed that the 5-year survival rate of patients with 
high-FABP4 expression GISTs was lower.
Conclusions: These results suggested that high-FABP4 expression might be a marker 
of malignant phenotype of GISTs and poor prognosis.
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molecular targeted drugs such as imatinib changes the treatment 
mode of GISTs and significantly improves the patient's treatment 
effect.5 For resistant patients, only sunitinib, regorafenib, and other 
second-line and third-line molecular targeting drugs can be used to 
control the development of tumor, but the effect is poor.6 Therefore, 
the discovery of new specific biomarkers with clinical and prognostic 
significance is very important for treating GISTs.

Fatty acid-binding proteins (FABPs) are a member of the intracel-
lular lipid binding protein superfamily, which mainly exists in the cy-
toplasm of vertebrates and invertebrates. FABPs are small-molecule 
proteins widely expressed in mammalian tissues and cells.7-13 They 
are highly conserved in evolution and exhibit certain tissue spec-
ificity. So far, nine FABPs have been identified, named FABP1-9, 
which are liver type, intestinal type, heart type, fat type, skin type, 
ileal type, brain type, peripheral nerve type, and testicular type.14 
Previous studies have shown that FABPs are intracellular fat part-
ners whose main function is to participate in fatty acid absorption, 
accumulation, and intracellular transport. This includes transporting 
fatty acids to fat particles, endoplasmic reticulum, mitochondria, 
lysosomes, and nucleus for storage or oxidative metabolism; par-
ticipating in signal transmission and cell membrane synthesis; reg-
ulating enzyme activity or gene transcription; and even serving as 
an autocrine or paracrine signal transporter out of the cell, thereby 
participating in the regulation of cell proliferation, differentiation, 
apoptosis, and other functions.15,16 These studies also demonstrate 
the enormous potential of FABPs as the indicators of disease diag-
nosis and prognosis.

FABP4 is the most characteristic and most studied protein 
belonging to the FABPs family.17 It is expressed in the cytoplasm 
and is lipophilic. It consists of 134 amino acids and is secreted by 
fat cells and macrophages.18,19 In recent years, FABP4 has gained a 
lot of interest, especially in terms of cell differentiation, glycolipid 
metabolism, and inflammatory response. It is a key factor in link-
ing metabolic diseases and insulin resistance, lipid metabolism dis-
orders, and atherosclerosis.20-25 Also, it is associated with a variety 
of tumorigenesis developments.26 However, whether FABP4 plays a 
role in the occurrence and development of GIST has not been stud-
ied. Therefore, the aim of our study was to detect the expression 
of FABP4 protein in GIST tumor samples, analyze the relationship 
between FABP4 expression level and clinicopathological features of 
patients with GISTs, and further analyzed the effect of FABP4 pro-
tein expression on the prognosis of GIST.

2  |  MATERIAL S AND METHOD

2.1  |  Research sample

The study included 125 patients with GISTs who were treated at the 
Nanjing First Affiliated Hospital of Nanjing Medical University and 
Affiliated Hospital of Nantong University from 2003 to 2010. The 
inclusion criteria met the requirements as follows: (1) patients un-
derwent R0 radical resection, and tumor has no distant metastasis. 

(2) They were diagnosed with GISTs by histopathological features 
and positive for CD117 immunohistochemical (IHC) analyses. (3) No 
targeted therapy or chemotherapy or radiotherapy was performed 
before surgery. (4) The general clinical and pathological data are 
complete. Exclusion criteria were as follows: (1) Patients who have 
received radiotherapy and chemotherapy. (2) The clinical data are 
incomplete, or routine immunohistochemical testing has not been 
performed. (3) Patients with previous history of other tumors. (4) 
GIST has been a distant transfer. They were not treated with ty-
rosine kinase inhibitors, including imatinib and sunitinib, before the 
surgery. Patients were examined for clinicopathological data such as 
sex, age, tumor size, number of lesions, primary tumor site, mitotic 
figures per 50 high-power field (HPF), Miettinen risk stratification, 
5-year overall survival (OS), and disease-free survival (DFS). OS and 
DFS refer to the interval from the time of surgery to death or recur-
rence, respectively. Postoperative follow-up began in June 2003 and 
ended in June 2015 (median follow-up time was 47 months; Range, 
4–65 months). Postoperative follow-up patients underwent an ab-
dominal computed tomography (CT) examination every 6  months, 
and the patients suspected of gastrointestinal recurrence were 
examined by enhanced CT. Patients with suspected gastrointesti-
nal recurrence were examined for gastroscopy or gastrointestinal 
angiography. Each of the patients involved in this study provided 
informed consent before sample collection, and the study proto-
col was approved by the Clinical Research Ethics Committee of the 
hospital.

2.2  |  Tissue microarray construction and 
IHC analysis

A tissue microarray (TMA) system (Quick-Ray, UT06; UNITMA) was 
used from the Department of Clinical Pathology, at the Affiliated 
Hospital of Nantong University. TMA was performed following a 
previously described protocol.27 Based on the results of HE stain-
ing of pathological sections, the representative cancer nests were 
selected and labeled on the corresponding donor paraffin blocks. 
Then, TMA was analyzed by IHC, and the primary antibody was re-
placed with phosphate-buffered saline (PBS) for negative control. 
The sections were dewaxed and rehydrated, in xylene and gradient 
ethanol, respectively. They were then incubated with primary anti-
body against FABP4 (1:100 dilution, Proteintech, 12802-1-AP) over-
night at 4°C. Further, they were washed with PBS three times and 
incubated with the secondary antibody (horseradish peroxidase–
conjugated anti-mouse antibody) for 1  h at room temperature. 
Immunoreactivity was evaluated using a Vectastain Elite ABC kit 
(Vector Laboratories). The films were viewed in a double-blind man-
ner by two experienced pathologists, and the ratio and strength of 
FABP4-positive cells were evaluated. From weak to strong, the dye-
ing strength was divided into four grades: 0, 1, 2, and 3. The ratio of 
positive cells was scored as follows: 0%–25% for 0 points, 26%–50% 
for 1 point, 51%–75% for 2 points, and 76%–100% for 3 points. The 
FABP4 immunohistochemistry score (IHS) was based on the ratio of 
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positive cells multiplied by the strength score, with the IHS of 3 or 
less being defined as low expression and greater than or equal to 4 
as high expression.27-29

2.3  |  Statistical analysis

SPSS 22.0  statistical software (SPSS) was used for data analysis. 
The clinical significance of FABP4 expression in GISTs and its vari-
ous clinical parameters was analyzed by univariate and multivariate 
statistical analysis, using chi-square test. Kaplan-Meier was used to 
draw the survival curve, and log-rank test was used to compare the 
survival rate. Independent risk factors were identified using the Cox 
model for univariate and multivariate analyses. A p value <0.05 indi-
cated a statistically significant difference.

3  |  RESULT

3.1  |  Clinical features

A total of 125 patients with GISTs were enrolled in this study 
(64  male and 61 female; average age 57  years [16–96  years]): 63 
were aged more than 60 years, and 62 were aged less than or equal 
to 60 years. Further, 35 patients had a tumor diameter of <5 cm, 58 
patients had a tumor diameter of 5–10 cm, and 32 patients had a 
tumor diameter of ≥10 cm. The mitotic index of 59 patients (per 50 
HPF, 0.375-mm-diameter field of view of the microscope) was 0–5/
HPF, the mitotic index of 38 patients was 6–10/HPF, and the mitotic 
index of 28 patients was >10/HPF. The primary site of the tumor was 
the stomach in 58 patients, the intestine in 47 patients, and other 
organs in 20 patients. Also, 117 patients had a single lesion and 8 
patients had multiple lesions. The AFIP-Miettinen risk classification 
assessment revealed that 73 patients were at the low to medium risk 
level and 52 patients at the high-risk level.

3.2  |  Expression level and location of FABP4 
in GIST

In this study, immunohistochemical analysis was used to analyze the 
expression level and cell localization of FABP4 in GIST. FABP4 was 
mainly expressed in the cytoplasm of GIST cells. Of the 125 patients 
with GIST, 37 (29.60%) had high-FABP4 expression and 88 (70.40%) 
specimens had low or no expression (Figure 1).

3.3  |  Correlation between FABP4 expression and 
clinicopathological components

This study further investigated the relationship between FABP4 ex-
pression and clinicopathological components in 125 patients. The 
data showed that FABP4 expression correlated with the increase in 
tumor size (p = 0.002), mitotic index (p < 0.001), and AFIP-Miettinen 

risk stratification (p = 0.001). It is not related to other clinicopatho-
logical parameters such as sex, age, number of lesions, and tumor 
location (p  >  0.05) (Table  1). Multiple logistic regression analysis 
showed that the expression of FABP4 was significantly associ-
ated with tumor size (odds ratio = 2.115, 95% confidence interval 
[CI] = 1.104−4.204, p = 0.024) and mitotic index (odds ratio = 2.623, 
95% confidence interval [CI] = 1.408−4.889, p = 0.002).

3.4  |  Survival analysis

The Kaplan-Meier survival curve showed that the 5-year OS 
(p  <  0.001) and DFS (p  <  0.001) were significantly lower in pa-
tients with high-FABP4 expression GIST compared with patients 
with low and no FABP4 expression (Figure 2A,B). And the median 
survival of the 125 patients was 47 months. The univariate analy-
sis revealed that the prognosis of patients with GIST was related to 
FABP4 expression (p < 0.001), tumor size (p = 0.026), mitotic index 
(p = 0.027), and AFIP-Miettinen risk levels (p < 0.001). The multivari-
ate analysis suggested that poor prognosis in patients with GIST was 
significantly associated with high-FABP4 expression (p = 0.021) and 
high AFIP-Miettinen risk (p < 0.001) (Table 2).

4  |  DISCUSSION

The main function of FABP4 is to control lipid metabolism; partici-
pate in inflammatory response, cell growth, and differentiation; and 
regulate apoptosis. FABP4 expression is regulated by insulin and 
insulin-like growth factor 1 (IGF-1), dexamethasone and fatty acids, 
peroxisome proliferator−activated receptor gamma (PPARγ), and 
PPARγ agonists.30 Lipids have an important regulatory function and 
serve as energy providers in organisms. Previous studies proved that 
FABP4 expression levels were inconsistent in different tumor tissues 
and played different roles. Hancke et al.31 found that the serum lev-
els of FABP4 were relatively high in patients with breast cancer com-
pared with healthy women, and their levels positively correlated with 
tumor size, stage, and lymph node metastasis. Nieman et al.32 found 
that the growth ability of metastatic tumors in FABP4-expressing 
mice decreased in ovarian cancer. Mathis C et al.33 found that exog-
enous FABP4 increased the invasive ability of bladder cancer cells 
in vitro, which might be achieved by binding to fatty acids or the 
phosphatidylinositol 3-kinase-protein kinase pathway. These stud-
ies suggested that FABP4 played a role in promoting cancer in the 
development of tumors. However, studies by Ohlsson et al.34 found 
that the higher the degree of malignancy, the lower the expression 
level of FABP4 mRNA and protein in bladder tumor tissues. Studies 
on the prostate cancer cell line DU145 revealed that FABP4 was not 
expressed in cells; subsequent introduction of FABP4 into DU145 
cells revealed that the proliferation was significantly inhibited.35 
Therefore, whether FABP4 played a role in promoting or suppressing 
cancer growth is controversial.

Studies showed that lipid biosynthesis increased dramatically in 
highly invasive GISTs to meet the needs of rapidly proliferating tumor 
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cells.36 Fatty acid synthase (FASN) is expressed in highly invasive 
GISTs, can be used as a predictor of survival alone, and may serve as a 
therapeutic target for GISTs.37 FASN and FABP4 play important roles 
in the synthesis and transport of long-chain fatty acids, respectively. 
Hence, the role of FABP4 in GISTs needs further exploration.

TMA IHC was used in this study. Only 38 (30.4%) of 125 patients 
with GISTs were observed to have high-FABP4 expression. However, 
FABP4 expression was found to be associated with clinicopathologi-
cal features such as large tumor size, multiple lesions, and high AFIP-
Miettinen risk stratification. The results suggested that FABP4 could 
be used as a malignant phenotype of GIST.

The clinical studies focused on GIST tumor size, primary site, 
mitotic index, number of lesions, and, so forth, as indicators to 
determine the degree of GIST risk and prognosis. However, some 

patients with disease progression could not be judged very well 
using these indicators. For example, tumors measuring less than 
2 cm had distant metastasis, and some patients with a high level of 
malignancy had long-term survival. Therefore, finding molecules 
that affect the progress of GISTs is very important to judge the 
degree of GIST risk and prognosis. Studies found that the expres-
sion of miR-148b-3p in GIST increased with increasing risk, while 
the low expression of miR-148b-3p in high-risk GIST suggested 
that recurrence and metastasis were more likely to occur.38 
Studies suggested that the level of DKK4 was significantly higher 
in high-risk patients with GIST than in low-risk patients and could 
be used as a prognostic indicator.39 The present study found 
high-FABP4 expression in some GIST tissues. Further, patients 
with increased FABP4 expression had poor prognosis. The 5-year 

F I G U R E  1 Immunohistochemical 
staining of FABP4 in clinical tissue 
samples of GISTs. A1: High cytoplasmic 
staining of FABP4 in the tissue microarray 
samples. A2: Specific high positive 
staining for FABP4 in the cytoplasm. B1: 
Low cytoplasmic staining of FABP4 in 
gastrointestinal stromal tumor tissues. B2: 
Specific low positive staining for FABP4 
in the cytoplasm. C1 and C2: Negative 
staining for FABP4. Original magnification: 
A1, B1, C1 × 40; A2, B2, C2 × 400

(A1) (A2)

(B1) (B2)

(C1) (C2)
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survival rate significantly reduced. Hence, FABP4 expression is a 
novel and valuable marker for judging the prognosis of GIST and 
is an independent indicator of the degree of risk. There are some 

limitations to this study. We lack larger samples and multi-regional 
studies. In addition, we still lack the related cytology and RNA 
level of deeper studies. Further research is needed to explore 

Groups No.
Low or no 
expression (%)

High expression 
(%) p Value

Total 125 88 (70.40) 37 (29.60)

Gender

Female 61 44 (72.13) 17 (27.87) 0.679

Male 64 44 (68.75) 20 (31.25)

Age (years)

≦60 62 43 (69.35) 19 (30.65) 0.800

>60 63 45 (71.43) 18 (28.57)

Tumor size (cm)

<5 35 30 (85.71) 5 (14.29) 0.002*

5–10 58 43 (74.14) 15 (25.86)

≧10 32 15 (46.88) 17 (53.12)

Mitotic index (per 50 HPFs)

0–5 59 52 (88.14) 7 (11.86) <0.001*

6–10 38 25 (65.79) 13 (34.21)

>10 28 11 (39.29) 17 (60.71)

Number of lesions

Single nodule 117 83 (70.94) 34 (29.06) 0.613

Multiple nodules 8 5 (62.50) 3 (37.50)

Tumor location

Stomach 58 44 (75.86) 14 (24.14) 0.370

Intestine 47 32 (68.09) 15 (31.91)

Others 20 12 (60.00) 8 (40.00)

AFIP-Miettinen risk

Very low–Moderate risk 73 60 (82.19) 13 (17.81) 0.001*

High risk 52 28 (53.85) 24 (46.15)

Note: *p < 0.05.
Abbreviations: FABP4, fatty acid-binding protein 4; GIST, gastrointestinal stromal tumors; HPFs, 
high-power fields.

TA B L E  1 Association of FABP4 
expression with clinical characteristics 
and selected biological markers of GIST

F I G U R E  2 Kaplan-Meier survival curves of patients with GIST. (A, B) Patients with high-FABP4 expression (red line) had a poor overall 
survival (OS) and disease-free survival (DFS) compared with patients with low and no FABP4 expression (blue line). OS and DFS curves were 
performed using GraphPad software (Prism Version 8, Inc.)
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the therapeutic value of FABP4 and to study the potential role of 
FABP4 in GIST.

ACKNOWLEDG MENTS
This study was supported by the Postgraduate Research and Practice 
Innovation Program of Jiangsu Province (Grant No. SJCX20_1159) 
and the Foundation of Nantong Science and Technology Bureau 
(JC2019033).

CONFLIC T OF INTERE S T
The authors report no proprietary or commercial interest in any 
product mentioned or concept discussed in this article.

AUTHOR CONTRIBUTIONS
Peng Ma and Hua Huang led study design and prepared the study. 
Wei-Jie Zang performed data analysis and interpretation. Zi-Niu 
Wang provided data collection. Yi-Lin Hu provided data collec-
tion. All authors read and approved the final study.

DECL AR ATION OF FIGURE S AUTHENTICIT Y
All figures submitted have been created by the authors who confirm 
that the images are original with no duplication and have not been 
previously published in whole or in part.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available on re-
quest from the corresponding author.

ORCID
Peng Ma   https://orcid.org/0000-0002-4060-2773 

R E FE R E N C E S
	 1.	 Guerin A, Martire D, Trenquier E, et al. Lix1 regulates yap activity 

and controls gastrointestinal cancer cell plasticity. J Cell Mol Med. 
2020;24(16):9244-9254. https://doi.org/10.1111/jcmm.15569

	 2.	 Obata Y, Hara Y, Shiina I, et al. N822k- or v560g-mutated kit ac-
tivation preferentially occurs in lipid rafts of the golgi apparatus 
in leukemia cells. Cell Commun Signal. 2019;17(1):114. https://doi.
org/10.1186/s1296​4-019-0426-3

	 3.	 Landi B, Blay JY, Bonvalot S, et al. Gastrointestinal stromal tu-
mours (GISTs): French Intergroup Clinical Practice Guidelines for 
diagnosis, treatments and follow-up (SNFGE, FFCD, GERCOR, 
UNICANCER, SFCD, SFED, SFRO). Dig Liver Dis. 2019;51(9):1223-
1231. https://doi.org/10.1016/j.dld.2019.07.006

	 4.	 Ij NS, Mohammadi M, Tzanis D, et al. Quality of treatment and sur-
gical approach for rectal gastrointestinal stromal tumour (gist) in 
a large European cohort. Eur J Surg Oncol. 2020;46(6):1124-1130. 
https://doi.org/10.1016/j.ejso.2020.02.033

	 5.	 Casali PG, Abecassis N, Aro HT, et al. Gastrointestinal stromal tu-
mours: ESMO–EURACAN Clinical Practice Guidelines for diagno-
sis, treatment and follow-up. Ann Oncol. 2018;29:iv68-iv78. https://
doi.org/10.1093/annon​c/mdy095

	 6.	 Yeh CN, Wang SY, Tsai CY, et al. Surgical management of patients 
with progressing metastatic gastrointestinal stromal tumors re-
ceiving sunitinib treatment: a prospective cohort study. Int J Surg. 
2017;39:30-36. https://doi.org/10.1016/j.ijsu.2017.01.045

	 7.	 Bao Z, Malki MI, Forootan SS, et al. A novel cutaneous fatty acid-
binding protein-related signaling pathway leading to malignant pro-
gression in prostate cancer cells. Genes Cancer. 2013;4(7–8):297-314. 
https://doi.org/10.1177/19476​01913​499155

	 8.	 Dharmarajan S, Newberry EP, Montenegro G, et al. Liver fatty 
acid-binding protein (l-fabp) modifies intestinal fatty acid com-
position and adenoma formation in apcmin/+ mice. Cancer Prev 
Res. 2013;6(10):1026-1037. https://doi.org/10.1158/1940-6207.
CAPR-13-0120

	 9.	 Kheirelseid EA, Miller N, Chang KH, Nugent M, Kerin MJ. 
Clinical applications of gene expression in colorectal cancer. J 

TA B L E  2 Univariate and multivariate analysis of prognostic factors in GIST for 5-year overall survival rate

Univariate analysis Multivariate analysis

HR p > |z| 95% CI HR p > |z| 95% CI

FABP4 expression
High vs. Low

2.611 <0.001* 1.523 4.476 2.052 0.021* 1.116 3.775

Age (years)
≤60 vs. >60

1.364 0.247 0.806 2.309

Gender
Male vs. Female

0.901 0.695 0.536 1.516

Tumor size (cm)
5 vs. 5–10 vs. ≥10

1.487 0.026* 1.050 2.106

Mitotic index (per 50 HPFs)
0–5 vs. 6–10 vs. >10

1.450 0.027* 1.044 2.015

Number of lesions
Single vs. Multiple

1.330 0.543 0.531 3.333

Tumor location
Stomach vs. intestine

1.051 0.788 0.732 1.508

AFIP-Miettinen risk
Very low–Moderate risk vs. High risk

3.701 <0.001* 2.163 6.333 3.576 <0.001* 1.961 6.519

Note: *p < 0.05.
Abbreviations: CI, confidence interval; FABP4, fatty acid-binding protein 4; GIST, gastrointestinal stromal tumors; HPFs, high-power fields.

https://orcid.org/0000-0002-4060-2773
https://orcid.org/0000-0002-4060-2773
https://doi.org/10.1111/jcmm.15569
https://doi.org/10.1186/s12964-019-0426-3
https://doi.org/10.1186/s12964-019-0426-3
https://doi.org/10.1016/j.dld.2019.07.006
https://doi.org/10.1016/j.ejso.2020.02.033
https://doi.org/10.1093/annonc/mdy095
https://doi.org/10.1093/annonc/mdy095
https://doi.org/10.1016/j.ijsu.2017.01.045
https://doi.org/10.1177/1947601913499155
https://doi.org/10.1158/1940-6207.CAPR-13-0120
https://doi.org/10.1158/1940-6207.CAPR-13-0120


    |  7 of 7ZANG et al.

Gastrointest Oncol. 2013;4(2):144-157. https://doi.org/10.3978/j.
issn.2078-6891.2013.010

	10.	 Li J, Dong L, Wei D, Wang X, Zhang S, Li H. Fatty acid synthase 
mediates the epithelial-mesenchymal transition of breast cancer 
cells. Int J Biol Sci. 2014;10(2):171-180. https://doi.org/10.7150/
ijbs.7357

	11.	 Nevo J, Mai A, Tuomi S, et al. Mammary-derived growth inhibitor 
(mdgi) interacts with integrin alpha-subunits and suppresses in-
tegrin activity and invasion. Oncogene. 2010;29(49):6452-6463. 
https://doi.org/10.1038/onc.2010.376

	12.	 Song JY, Bae HS, Koo DH, et al. Candidates for tumor markers 
of cervical cancer discovered by proteomic analysis. J Korean 
Med Sci. 2012;27(12):1479-1485. https://doi.org/10.3346/
jkms.2012.27.12.1479

	13.	 Zhou J, Deng Z, Chen Y, et al. Overexpression of fabp7 pro-
motes cell growth and predicts poor prognosis of clear cell renal 
cell carcinoma. Urol Oncol. 2015;33(3):113e19-117. https://doi.
org/10.1016/j.urolo​nc.2014.08.001

	14.	 Amiri M, Yousefnia S, Seyed Forootan F, Peymani M, Ghaedi K, Nasr 
Esfahani MH. Diverse roles of fatty acid binding proteins (fabps) 
in development and pathogenesis of cancers. Gene. 2018;676:171-
183. https://doi.org/10.1016/j.gene.2018.07.035

	15.	 Storch J, Thumser AE. Tissue-specific functions in the fatty acid-
binding protein family. J Biol Chem. 2010;285(43):32679-32683. 
https://doi.org/10.1074/jbc.R110.135210

	16.	 Thumser AE, Moore JB, Plant NJ. Fatty acid binding proteins: tissue-
specific functions in health and disease. Curr Opin Clin Nutr Metab 
Care. 2014;17(2):124-129. https://doi.org/10.1097/MCO.00000​
00000​000031

	17.	 Esteves A, Paulino M. In silico studies of echinococcus granulo-
sus fabps. J Biomol Struct Dyn. 2013;31(2):224-239. https://doi.
org/10.1080/07391​102.2012.698246

	18.	 Hotamisligil GS, Bernlohr DA. Metabolic functions of fabps–
mechanisms and therapeutic implications. Nat Rev Endocrinol. 
2015;11(10):592-605. https://doi.org/10.1038/nrendo.2015.122

	19.	 Shum BO, Mackay CR, Gorgun CZ, et al. The adipocyte fatty acid-
binding protein ap2 is required in allergic airway inflammation. 
J Clin Invest. 2006;116(8):2183-2192. https://doi.org/10.1172/
JCI24767

	20.	 Ohira H, Fujioka Y, Katagiri C, et al. Butyrate attenuates inflamma-
tion and lipolysis generated by the interaction of adipocytes and 
macrophages. J Atheroscler Thromb. 2013;20(5):425-442. https://
doi.org/10.5551/jat.15065

	21.	 Gu P, Xu A. Interplay between adipose tissue and blood vessels 
in obesity and vascular dysfunction. Rev Endocr Metab Disord. 
2013;14(1):49-58. https://doi.org/10.1007/s1115​4-012-9230-8

	22.	 He Y, Li Y, Zhang S, et al. Radicicol, a heat shock protein 90 inhibitor, 
inhibits differentiation and adipogenesis in 3t3-l1 preadipocytes. 
Biochem Biophys Res Commun. 2013;436(2):169-174. https://doi.
org/10.1016/j.bbrc.2013.05.068

	23.	 Kajimoto K, Takayanagi S, Sasaki S, Akita H, Harashima H. Rna 
interference-based silencing reveals the regulatory role of fatty 
acid-binding protein 4 in the production of il-6 and vascular en-
dothelial growth factor in 3t3-l1 adipocytes. Endocrinology. 
2012;153(11):5629-5636. https://doi.org/10.1210/en.2012-1456

	24.	 Pasterkamp G. Lipid-immunity cross-talk: a role for adipocyte fatty 
acid binding protein? Arterioscler Thromb Vasc Biol. 2012;32(9):2043-
2044. https://doi.org/10.1161/ATVBA​HA.112.254797

	25.	 Wei S, Zan LS, Wang HB, et al. Adenovirus-mediated interference 
of FABP4 regulates mRNA expression of ADIPOQ, LEP and LEPR in 
bovine adipocytes. Genet Mol Res. 2013;12(1):494-505. https://doi.
org/10.4238/2013.Janua​ry.4.21

	26.	 Tang Z, Shen Q, Xie H, et al. Elevated expression of FABP3 and 
FABP4 cooperatively correlates with poor prognosis in non-small 
cell lung cancer (NSCLC). Oncotarget. 2016;7(29):46253-46262. 
https://doi.org/10.18632/​oncot​arget.10086

	27.	 Xian H, Zhang H, Zhu H, et al. High april expression correlates with 
unfavourable survival of gastrointestinal stromal tumour. Pathology. 
2014;46(7):617-622. https://doi.org/10.1097/PAT.00000​00000​
000162

	28.	 Chen R, Lu M, Wang J, et al. Increased expression of trop2 cor-
relates with poor survival in extranodal nk/t cell lymphoma, nasal 
type. Virchows Arch. 2013;463(5):713-719. https://doi.org/10.1007/
s0042​8-013-1475-4

	29.	 Chen X, Hu SL, Feng Y, Li P, Mao QS, Xue WJ. Expression of fatty 
acid-binding protein-3 in gastrointestinal stromal tumors and its 
significance for prognosis. J Surg Res. 2021;260:462-466. https://
doi.org/10.1016/j.jss.2020.11.003

	30.	 Furuhashi M, Saitoh S, Shimamoto K, Miura T. Fatty acid-binding 
protein 4 (fabp4): pathophysiological insights and potent clini-
cal biomarker of metabolic and cardiovascular diseases. Clin Med 
Insights Cardiol. 2014;8(Suppl 3):23-33. https://doi.org/10.4137/
CMC.S17067

	31.	 Hancke K, Grubeck D, Hauser N, Kreienberg R, Weiss JM. 
Adipocyte fatty acid-binding protein as a novel prognos-
tic factor in obese breast cancer patients. Breast Cancer Res 
Treat. 2010;119(2):367-377. https://doi.org/10.1007/s1054​
9-009-0577-9

	32.	 Nieman KM, Kenny HA, Penicka CV, et al. Adipocytes promote 
ovarian cancer metastasis and provide energy for rapid tumor 
growth. Nat Med. 2011;17(11):1498-1503. https://doi.org/10.1038/
nm.2492

	33.	 Mathis C, Lascombe I, Monnien F, et al. Down-regulation of a-
fabp predicts non-muscle invasive bladder cancer progression: 
investigation with a long term clinical follow-up. BMC Cancer. 
2018;18(1):1239. https://doi.org/10.1186/s1288​5-018-5137-4

	34.	 Ohlsson G, Moreira JM, Gromov P, Sauter G, Celis JE. Loss of ex-
pression of the adipocyte-type fatty acid-binding protein (A-FABP) 
is associated with progression of human urothelial carcinomas. Mol 
Cell Proteomics. 2005;4(4):570-581. https://doi.org/10.1074/mcp.
M5000​17-MCP200

	35.	 De Santis ML, Hammamieh R, Das R, Jett M. Adipocyte-fatty acid 
binding protein induces apoptosis in DU145 prostate cancer cells. J 
Exp Ther Oncol. 2004;4(2):91-100.

	36.	 Garber K. Energy deregulation: licensing tumors to grow. Science. 
2006;312(5777):1158-1159. https://doi.org/10.1126/scien​
ce.312.5777.1158

	37.	 Li CF, Fang FM, Chen YY, et al. Overexpressed fatty acid syn-
thase in gastrointestinal stromal tumors: targeting a progression-
associated metabolic driver enhances the antitumor effect of 
imatinib. Clin Cancer Res. 2017;23(16):4908-4918. https://doi.
org/10.1158/1078-0432.CCR-16-2770.

	38.	 Wang Y, Li J, Kuang D, et al. miR-148b-3p functions as a tumor 
suppressor in GISTs by directly targeting KIT. Cell Commun Signal. 
2018;16(1):16. https://doi.org/10.1186/s1296​4-018-0228-z

	39.	 Wang M, Ni B, Zhuang C, et al. Aberrant accumulation of dick-
kopf 4 promotes tumor progression via forming the immune 
suppressive microenvironment in gastrointestinal stromal tumor. 
Cancer Med. 2019;8(11):5352-5366. https://doi.org/10.1002/
cam4.2437

How to cite this article: Zang W-J, Wang Z-N, Hu Y-L, 
Huang H, Ma P. Expression of fatty acid-binding protein-4 in 
gastrointestinal stromal tumors and its significance for 
prognosis. J Clin Lab Anal. 2021;35:e24017. https://doi.
org/10.1002/jcla.24017

https://doi.org/10.3978/j.issn.2078-6891.2013.010
https://doi.org/10.3978/j.issn.2078-6891.2013.010
https://doi.org/10.7150/ijbs.7357
https://doi.org/10.7150/ijbs.7357
https://doi.org/10.1038/onc.2010.376
https://doi.org/10.3346/jkms.2012.27.12.1479
https://doi.org/10.3346/jkms.2012.27.12.1479
https://doi.org/10.1016/j.urolonc.2014.08.001
https://doi.org/10.1016/j.urolonc.2014.08.001
https://doi.org/10.1016/j.gene.2018.07.035
https://doi.org/10.1074/jbc.R110.135210
https://doi.org/10.1097/MCO.0000000000000031
https://doi.org/10.1097/MCO.0000000000000031
https://doi.org/10.1080/07391102.2012.698246
https://doi.org/10.1080/07391102.2012.698246
https://doi.org/10.1038/nrendo.2015.122
https://doi.org/10.1172/JCI24767
https://doi.org/10.1172/JCI24767
https://doi.org/10.5551/jat.15065
https://doi.org/10.5551/jat.15065
https://doi.org/10.1007/s11154-012-9230-8
https://doi.org/10.1016/j.bbrc.2013.05.068
https://doi.org/10.1016/j.bbrc.2013.05.068
https://doi.org/10.1210/en.2012-1456
https://doi.org/10.1161/ATVBAHA.112.254797
https://doi.org/10.4238/2013.January.4.21
https://doi.org/10.4238/2013.January.4.21
https://doi.org/10.18632/oncotarget.10086
https://doi.org/10.1097/PAT.0000000000000162
https://doi.org/10.1097/PAT.0000000000000162
https://doi.org/10.1007/s00428-013-1475-4
https://doi.org/10.1007/s00428-013-1475-4
https://doi.org/10.1016/j.jss.2020.11.003
https://doi.org/10.1016/j.jss.2020.11.003
https://doi.org/10.4137/CMC.S17067
https://doi.org/10.4137/CMC.S17067
https://doi.org/10.1007/s10549-009-0577-9
https://doi.org/10.1007/s10549-009-0577-9
https://doi.org/10.1038/nm.2492
https://doi.org/10.1038/nm.2492
https://doi.org/10.1186/s12885-018-5137-4
https://doi.org/10.1074/mcp.M500017-MCP200
https://doi.org/10.1074/mcp.M500017-MCP200
https://doi.org/10.1126/science.312.5777.1158
https://doi.org/10.1126/science.312.5777.1158
https://doi.org/10.1158/1078-0432.CCR-16-2770
https://doi.org/10.1158/1078-0432.CCR-16-2770
https://doi.org/10.1186/s12964-018-0228-z
https://doi.org/10.1002/cam4.2437
https://doi.org/10.1002/cam4.2437
https://doi.org/10.1002/jcla.24017
https://doi.org/10.1002/jcla.24017

