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Abstract: B7H4 is a member of the B7 family, which is expressed on antigen-presenting cells (APCs) and which 
negatively regulates the immune response of T cells through the inhibition of their proliferation, cytokine produc-
tion, and cell cycle progression. Acyl-CoA thioesterase 4 (ACOT4) is an isoform of the ACOTs family that catalyzes 
the hydrolysis of fatty acyl-CoA to CoA-SH and free fatty acids. An abnormal metabolism of lipids and fatty acids is 
observed during tumor progression. In our study, a tissue microarray was constructed from 288 cases of gastric 
adenocarcinoma (GC). ACOT4 expression in cancer-associated fibroblasts (CAFs) and B7H4 expression in cancer 
tissues were analyzed by immunohistochemistry. The correlations among B7H4 in GC cells, ACOT4 in CAFs, and sur-
vival were analyzed. The results showed that the expression rate of B7H4 in tumor cells and ACOT4 in CAFs in 288 
tissues was 71.9% (207/288) and 26.4% (76/288), respectively, and a Kaplan-Meier survival analysis showed that 
a low expression of ACOT4 in fibroblasts was positively correlated with poor survival. However, in a subgroup showing 
a high ACOT4 expression, the overall survival rate was associated with a high expression of B7H4 and correlated 
with poor prognosis in GC. In conclusion, ACOT4 expression in CAFs could be an independent prognostic factor for 
GC patients, and the co-expression with B7H4 in cancer tissues was significantly correlated with GC patients’ prog-
nosis. This evidence can represent a comprehensive prediction and a targeted therapy for gastric cancer patients. 
Tumor immunotherapy targeting might be affected by tumor microenvironment metabolism.
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Introduction

Gastric cancer is one of the most prevalent 
malignant tumors, displaying both a high inci-
dence and mortality worldwide [1]. Although 
some efforts have been made in the early diag-
nosis and treatment of gastric cancer, the over-
all survival is still disappointing. Indeed, the 
5-year overall survival rate is only 20-25% due 
to postoperative recurrence and inefficient che-
motherapy [2]. Therefore, a deeper knowledge 
of the molecular mechanism of gastric cancer 
progression for the discovery of other aspects 
still unknown is highly necessary to improve the 
treatment and prognosis of gastric cancer [3].

B7H4 (also called B7S1, B7x, or VTCN1), belong-
ing to the B7 family of costimulatory proteins, is 
mainly expressed in antigenpresenting cells 
(APCs) and is a negative regulator of T cell pro-
liferation, cell-cycle progression and cytokine 
production [4]. B7H4 is implicated in various 
types of human tumors including gastric can-
cer, playing an important role in tumor progres-
sion and is associated with a poor prognosis 
[5-8]. At present, immunotherapy using pro-
grammed cell death-1/programmed cell death 
ligand-1 (PD-1/PD-L1) inhibitors have been 
approved for the treatment of more than nine 
forms of cancer, including gastric cancer [9], 
since the PD-1 surface protein on CD4+ and 
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CD8+ T cells is overexpressed in gastric cancer 
patients after gastric cancer surgery [10]. 
Meyer et al. [11] demonstrated that B7H4 
receptor expression in CD8+ tumor infiltrating 
lymphocytes was positively correlated with 
PD-1 expression. Therefore, in this work the 
expression of the B7H4 gene in gastric adeno-
carcinoma (GC) patients and its relationship 
with prognosis were explored. Acyl-CoA thioes-
terase (ACOT) catalyzes the hydrolysis of acyl-
CoA to the corresponding non-esterified (free) 
fatty acid and coenzyme A (CoA-SH). These 
enzymes play a very important role in lipid 
metabolism by maintaining cellular levels and 
proper ratios of free and activated fatty acids 
and CoA-SH [12]. ACOT4 is located in the per-
oxisome [13] and is a member of the gene fam-
ily of type I acyl CoA thiolase [14], a peroxidase 
that hydrolyzes a variety of coenzyme esters. 
ACOT4 mainly hydrolyzes succinyl CoA, which is 
a peroxisome proliferator-activated receptor 
gene [15]. Recently, Wang et al. [16] demon-
strated an aberrant ACOT1 overexpression in 
gastric cancer tissues, which was significantly 
correlated with the poor prognosis of gastric 
cancer patients. More and more studies on 
tumor immunological effects have been con-
ducted, and tumor metabolism has receiv- 
ed more attention. However, the correlation 
between tumor metabolism and tumor immu-
nity has not been studied yet.

Cancer-associated fibroblasts (CAFs) [17], as 
the main components of tumor stroma, play a 
key role in tumor progression. Previous studies 
[18] showed that a tumor is not just a bunch of 
tumor cells, but an ecosystem composed of 
cells, infiltrating immune cells, stromal cells, 
and other related molecules. In 2009, Pavlides 
[19] discovered that cancer cells mainly induce 
an anti-Warburg effect in the nearby CAFs. A 
recent study showed that CAFs stromal cells, 
which dominate the tumor microenvironment, 
provide energy-rich metabolites to fuel the 
mitochondrial respiration and anabolic metab-
olism of cancer cells [20, 21]. Increased evi-
dence suggested that CAFs play a key role in 
promoting tumor cell invasion and metastasis 
by overexpressing a variety of factors [22-24]. 
However, how CAFs affect tumor cell progres-
sion is still unclear. Therefore, in this study, we 
are the first demonstrating that ACOT4 is ex- 
pressed in CAFs in 26.4% (76/288) of GC pa- 
tients’ tissues, and we characterize the associ-

ation between its expression and the expres-
sion of B7H4, and finally, we evaluate the cor-
relation of the associated results with survival. 

Materials and methods

Patients and tissue samples

A total of 302 GC patients were enrolled in  
this study from June 2006 to November 2011 
according to the diagnosis and treatment re- 
cords of gastric carcinoma patients at the De- 
partment of Pathology, Affiliated Hospital of 
Jiangnan University, China. However, only 288 
patients arrived through the end of the follow 
up on October 2017. The clinicopathological 
characteristics of the 288 GC patients are 
shown in Table 1 and include patient gender, 
age, tumor size, histological grade, primary 
tumor, nodal metastasis, pathologic stage, vas-
cular invasion, neural invasion, and lymphatic 
invasion. Paraffin-embedded specimens were 
provided by the Department of Pathology of the 
Affiliated Hospital of Jiangnan University. The 
clinicopathological parameters were evaluated 
using chi-square and fisher exact tests.

Construction of tumor tissue microarray (TMA) 
and CAFs TMA 

The hematoxylin and eosin-stained sections of 
formalin fixed, paraffin-embedded tumor tissue 
blocks were screened to validate cancerous tis-
sue, adjacent fibroblast tissue, and adjacent 
normal tissue. The corresponding spots on the 
tissue block were marked for a correct tissue 
core punch. TMA was assembled using a manu-
al TMA spotting (Quick-Ray; UNITMA Co, Ltd, 
Seoul, Korea). Two representative tumor cores 
with a diameter of 1.5 mm were obtained from 
each GC tissue block. Two tissue cores per 
case were arranged to increase the concor-
dance rate between the immunohistochemistry 
(IHC) results of the TMA and the integral sec-
tions. Two normal gastric tissue cores from the 
same block were included in each TMA core 
and were arranged according to the corre-
sponding tumor core below. The same method 
was used on the issue of CAFs. Hematoxylin 
and eosin staining was performed on each 
block to confirm tumor tissue integrity and cell 
morphology. Cases with inadequate carcinoma 
tissue or cases that did not contain adenocarci-
noma tissue in the cores were not included.
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Table 1. The correlation between ACOT1 expression in CAFs, B7-H4 expression in tumor cells and the 
clinical pathological variables in 288 gastric adenocarcinoma patients

Clinical parameters
ACOT4

P value
B7H4

P valuePositive  
(N = 76)

Negative  
(N = 212)

Positive  
(N = 207)

Negative  
(N = 81)

Gender 0.883 0.123
    Female 18 (23.7%) 52 (24.5%) 46 (22.2%) 24 (29.6%)
    Male 58 (76.3%) 160 (75.5%) 161 (77.8%) 57 (70.4%)
Age 0.612 0.336
    < 60 29 (38.2%) 74 (34.9%) 72 (34.8%) 31 (38.3%)
    ≥ 60 47 (61.8%) 138 (65.1%) 135 (65.2%) 50 (61.7%)
Tumor size 0.561 0.429
    < 3 cm 29 (38.2%) 89 (42.0%) 86 (41.5%) 32 (39.5%)
    ≥ 3 cm 47 (61.8%) 123 (58.0%) 121 (58.5%) 49 (60.5%)
Histological grade 0.249 0.023*
    Well/moderately 19 (25.0%) 68 (32.1%) 55 (26.6%) 32 (39.5%)
    Poorly 57 (75.0%) 144 (67.9%) 152 (73.4%) 49 (60.5%)
Vascular invasion 0.634 0.362
    Absent 56 (73.7%) 162 (76.4%) 155 (74.9%) 63 (77.8%)
    Present 20 (26.3%) 50 (23.6%) 52 (25.1%) 18 (22.2%)
Neural invasion 0.913 0.391
    Absent 45 (59.2%) 124 (58.5%) 123 (59.4%) 46 (56.8%)
    Present 31 (40.8%) 88 (41.5%) 84 (40.6%) 35 (43.2%)
Lymph node metastasis 0.867 0.452
    N0 35 (46.1%) 100 (47.2%) 98 (47.3%) 37 (45.7%)
    N1/N2/N3 41 (53.9%) 112 (52.8%) 109 (52.7%) 44 (54.3%)
Distant metastasis 0.911 0.550
    Absent 73 (96.1%) 203 (95.8%) 198 (95.7%) 78 (96.3%)
    Present 3 (3.9%) 9 (4.2%) 9 (4.3%) 3 (3.7%)
TNM stage 0.505 0.303
    I-II 68 (89.5%) 195 (92.0%) 111 (53.6%) 40 (49.4%)
    III-IV 8 (10.5%) 17 (8.0%) 96 (46.4%) 41 (50.6%)
T stage 0.194 0.403
    T1-2 35 (46.1%) 116 (54.7%) 190 (91.8%) 73 (90.1%)
    T3-4 41 (53.9%) 96 (45.3%) 17 (8.2%) 8 (9.9%)
NOTE: Values are n (%). *P < 0.05 by the χ2 test.

IHC staining

Formalin-fixed, paraffin-embedded tissues we- 
re cut into 4-μm thick sections, deparaffinized 
in xylene and rehydrated in decreasing concen-
trations of ethanol. An antigen retrieval proce-
dure was applied in boiling water using a sodi-
um citrate solution for 20 minutes. Endogenous 
peroxidase was blocked by incubating the sec-
tions with hydrogen peroxide for 5 minutes. 
Next, sections were incubated with primary 
polyclonal antibodies overnight at 4°C against 
ACOT4 (1:150, ab133948; Abcam, Hong Kong, 
China), and B7H4 (1:100, 12080-1-AP; prote- 

inch, Wuhan, China). Sections were washed, in- 
cubated with an amplification agent and poly-
merase (reagent A; GTVisionTM III Kit supply, 
Shanghai, China), and then stained with 3,3’- 
diaminobenzidine (reagent B and C; GTVisionTM 
III Kit supply). Nuclei were counterstained with 
hematoxylin. The negative control was treated 
with phosphate buffered saline instead of the 
primary antibody.

IHC staining evaluation

B7H4 expression was mainly found in the cyto-
plasm of carcinoma cells. Gastric cancer ACOT4 
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lymphatic metastasis (N1-N3) accounted for 
41.3%, 24.3%, and 53.1% of the total cases, 
respectively. According to the pathological clas-
sification, 263 (91.3%) cases were stage I-II 
disease and 25 (8.7%) cases were stage III-IV 
disease.

Expression of ACOT4 and B7H4 in GC patients

GC histomorphology was assessed by hema-
toxylin and eosin staining (Figure 1A). Similar to 
previous studies, ACOT4 positive expression 
was mainly found in the cytoplasm of CAFs 
(Figure 1B). B7H4 was highly expressed in GC 
tissues and the staining indicated its localiza-
tion in the cytoplasm (Figure 1C). The positive 
rate of ACOT4 and B7H4 in 288 tissues was 
26.4% (76/288) and 71.9% (207/288) respec-
tively, by immunohistochemical staining.

Univariate and multivariate analysis of survival

The ACOT4 expression in the CAFs of GC pati- 
ents was independent from several factors 
including age, gender, tumor stage, and metas-
tasis (Table 1). The positive rate of B7H4 ex- 
pression in cancer cells was associated with 
histological grade (P = 0.023), but not with gen-
der, age, tumor size, vascular invasion, neural 
invasion, lymph node metastasis, histological 
grade, distant metastasis, clinical stage, or pri-
mary tumor stage (Table 2).

The effect of the combined expression of 
B7H4 and ACOT4 in GC patients’ prognosis

Among the gastric cancer patients, the short-
est survival time was 25 days, while the long- 
est was 2672 days, and the median survival 
time was 768.07 days. The Kaplan-Meier sur-
vival curve showed a positive correlation be- 
tween ACOT4 expression in the CAFs and sur-
vival (log-rank P = 0.024). The correlation be- 
tween B7H4 expression in the cancer tissues 
and overall survival was not statistically signifi-
cant (log-rank P = 0.903). A Kaplan-Meier sur-
vival curve of the co-expression of ACOT4 and 
B7H4 showed that the overall survival of the 
ACOT4(-)/B7H4(-) patients was the highest, and 
the overall survival of ACOT4(+)/B7H4(-) was 
the lowest (Figure 2).

Correlation between B7H4 and ACOT4 protein 
expression

As shown in Table 3, a correlation analysis was 
used to determine whether the B7H4 expres-

expression was mainly observed in the cyto-
plasm of CAFs. Each case was scored accord-
ing to the percentage of positively stained cells 
in the entire section (0, no positive staining or ≤ 
5%; 1, 6%-25% positive staining; 2, 26%-50% 
positive staining; 3, 51%-75% positive staining; 
and 4, 76%-100% positive staining). The scor-
ing intensity was determined as previously 
described: 0, no staining; 1, weak staining; 2, 
moderate staining; and 3, strong staining. The 
score was obtained by multiplying the stain 
mode score by the intensity score. Each case 
had 2 cores that were observed in 2 different 
fields, with one score viewed under high magni-
fication (×400), and the final score was calcu-
lated by the average of the four scores. This 
was a double-blinded study, and the two pathol-
ogists who scored the staining did not know the 
clinical parameters. In case of serious differ-
ences, the final score was determined by reas-
sessing the staining using a multi-head micro-
scope. The expressions of B7H4 in the tumor 
tissue and ACOT4 in the CAFs tissue were eval-
uated using chi-square and Fisher’s exact tests.

Statistical analysis

The statistical analysis was performed using 
SPSS 19.0 software (IBM, Chicago, IL USA). The 
clinicopathological parameters and the expres-
sion of B7H4 in the tumor tissue and ACOT4 in 
the CAFs tissue were evaluated using chi-
square and Fisher’s exact test. The Pearson 
chi-square test or Fisher’s exact test methods 
were used to analyze the relationship between 
the B7H4 and ACOT4 expressions. The propor-
tional hazard model was calculated by multi-
variate survival analysis using Cox regression 
analysis, and the overall survival was calculat-
ed using the Kaplan-Meier curve (log-rank  
test). P < 0.05 was considered statistically 
significant.

Results 

Patient characteristics

The clinicopathological characteristics of the 
288 GC patients are shown in Table 1. The 
study cohort included 218 males (75.7%) and 
70 females (24.3%). The age at initial diagnosis 
was classified as < 60 years (35.8%) or ≥ 60 
years (64.2%), and the tumor size was classi-
fied as < 3 cm (41.0%) and ≥ 3 cm (59%). 
Peripheral neuropathy, vascular invasion and 
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Table 2. Correlation analysis of ACOT4 and 
B7H4 expression levels

B7H4 expression
Negative Positive

ACOT4 expression Negative 52 160
Positive 29 47

p value 0.018*
*P < 0.05 by the χ2 test.

Figure 1. Representative results of hematoxylin and eosin staining, ACOT4 and B7H4 levels in gastric cancer pa-
tients. A. Show the hematoxylin and eosin (HE) staining of gastric adenocarcinoma tissues and in CAFs. B. Are 
representative images showing the expression of ACOT4 in gastric carcinoma tissue and in CAFs, respectively. C. 
Show the expression of B7H4 in gastric carcinoma tissue and in CAFs. The photomicrographs were taken at 50× 
and 200× magnification. 

sion in GC was associated with ACOT4 expres-
sion in CAFs. A total of 47 (22.7%) GC patients 
showed positive ACOT4 and B7H4 co-expres-
sion, while in 52 (64.2%) patients, ACOT4 
expression in CAFs and B7H4 in GC tissue were 
expressed in the opposite way. These findings 
indicated a significant correlation between the 
expression of B7H4 in GC tissue and ACOT4 
expression in CAFs (P = 0.018).

Discussion 

ACOT4 in CAFs of cancer cells

IHC showed ACOT4 protein expression in the 
cytoplasm, and this result was consistent with 
the findings of Hunt et al. [25]. The ACOT4 posi-
tive rate in the CAFs among the 288 tissues 
was 26.4% (76/288). This expression was inde-
pendent from the genders, ages, tumor stages, 

and tumor sizes of the gastric cancer patients. 
ACOT4 is a peroxisome protein expressed in the 
cytoplasm [26]. There are two known possible 
pathways for the production of succinyl CoA, 
such as the breakdown of amino acids and the 
oxidation of dicarboxylic acids. ACOT4 is 
expressed in the kidney, liver and proximal 
intestine, it regulates the oxidation of dicarbox-
ylic acid in peroxisomes, and may hydrolyze 
succinyl-CoA under certain conditions. Wang et 
al. [16] demonstrated an aberrant ACOT1 over-
expression in gastric cancer tissues, which was 
significantly correlated with patients’ poor prog-
nosis. ACOT1 [27] catalyzes a reaction that pro-
duces free fatty acids, reducing the flux of fatty 
acids to downstream metabolic pathways. 
ACOT7 [28] ACOT11, and ACOT13 [29] are also 
associated with a poor overall survival rate in 
lung adenocarcinoma patients. Hunt [26] iden-
tified and characterized a mouse ACOT gene 
cluster made up of six genes that apparently 
arose from gene duplications encoding ACOTs 
localized in the cytosol (ACOT1), mitochondria 
(ACOT2), and peroxisomes (ACOT3-6), and the 
data strongly suggest that the human ACOT4 
gene acquired the functions of three mouse 
genes by a functional convergent evolution, 
providing an explanation for the unexpected 
complexity of the ACOT4 gene. Therefore, we 
assumed that the promotion of fatty acid 
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metabolism is closely related to the regulation 
of tumor apoptosis or proliferation, depending 
on the circumstances.

Relationship between B7H4 and prognosis

PD-L1 is overexpressed in tumor cells and its 
blockage has a significant effect on human 
tumors. However, most patients did not respond 
to this therapy, suggesting that there may be 
other mechanisms of T cell failure. In our result, 
the positive rate of B7H4 in 288 tissues was 
71.9% (207/288), it was highly expressed in GC 
cells, and its expression was significantly cor-
related with histological grade. B7H4 expres-

sion in gastric cancer tissues with low histologi-
cal grades was higher than it was in the high/
moderate histological grades, suggesting that 
B7H4 might be involved in the development of 
GC. Nevertheless, unlike most of the previous 
results [30-32], our analysis showed that B7H4 
was not an independent prognostic factor. The 
reason might be that most of the patients with 
gastric cancer enrolled in this study were early 
stage patients (91.3% cases in stages I-II). 
B7H4 expression is mostly negatively correlat-
ed with cancer patient outcomes [30-33]. 
Whether and how B7H4 regulates tumor-specif-
ic CD8+ T cell responses, in particular, CD8+ T 
cell exhaustion in the context of tumors remains 

Figure 2. Kaplan-Meier curves showing the impact of CAFs ACOT4 expression and carcinoma B7-H4 expression 
on overall survival in 288 gastric cancer patients. A. Kaplan-Meier survival method showed the survival curves of 
patients with ACOT4 negative expressions with a significantly poor prognosis compared with the ACOT4 positive ex-
pressions in the CAFs, (log-rank P = 0.024). B. The correlation between B7H4 expression in cancer tissues and total 
survival was not statistically significant (log-rank P = 0.903). C. The relationship between survival and the combined 
expressions of ACOT4 and B7-H4 (P = 0.005). D. The potential mechanism involved. +, positive; -, negative.
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Table 3. Univariate and multivariate analyses of clinicopathological variables for overall survival rate 
in 288 gastric adenocarcinoma patients

Clinical parameters
Univariate analysis

P value
Multivariate analysis

P value
HR (95% CI) HR (95% CI)

Sex (female vs male) 1.027 (0.777-1.358) 0.851 1.056 (0.791-1.411) 0.710
Age (≥ 60 y vs < 60 y) 1.039 (0.810-1.333) 0.764 1.031 (0.793-1.341) 0.818
Tumor size (≥ 3 cm vs < 3 cm) 0.910 (0.714-1.159) 0.446 0.913 (0.710-1.175) 0.480
Histologic grade (poor vs well to moderately) 0.880 (0.679-1.140) 0.334 0.900 (0.691-1.172) 0.432
Vascular invasion (present vs absent) 1.238 (0.939-1.634) 0.131 1.137 (0.845-1.531) 0.397
Neural invasion (present vs absent) 0.998 (0.783-1.272) 0.987 0.983 (0.762-1.270) 0.898
T stage (T1-2/T3-4) 0.950 (0.748-1.206) 0.673 0.955 (0.741-1.230) 0.720
Lymph node metastasis (present vs absent) 1.116 (0.878-1.418) 0.371 1.086 (0.835-1.413) 0.540
Distant metastasis (present vs absent) 0.789 (0.419-1.485) 0.463 0.759 (0.395-1.456) 0.407
TNM stage (III-IV vs I-II) 0.785 (0.507-1.215) 0.277 0.828 (0.529-1.296) 0.408
ACOT4 (positive/negative) 0.722 (0.546-0.954) 0.022* 0.748 (0.563-0.994) 0.045*
B7H4 (positive/negative) 0.984 (0.753-1.285) 0.903 0.892 (0.673-1.182) 0.427
*P < 0.05.

largely unknown. According to Li et al. [34], 
B7H4 can potentially become a new immuno-
therapy checkpoint in cancer treatment.

The relationship between tumor metabolism 
and immunity

In this study, we were the first to demonstrate 
that ACOT4 was expressed in gastric cancer-
related CAFs and that ACOT4 was positively cor-
related with survival. It was interesting to see 
that the B7H4 positive expression rate was not 
significantly correlated with the survival of gas-
tric cancer patients, since ACOT4 is known as  
a protective gene. In low B7H4 expression 
patients, the prognosis of low ACOT4 expres-
sion patients was significantly better than that 
of the high ACOT4 expression patients; in 
patients with positive B7H4, no difference in 
survival was observed between patients with 
negative ACOT4 and those with positive ACOT4. 
Multiple studies showed that cancer cells 
increased fatty acid synthesis, providing lipids 
for membrane components, beta-oxidation, 
and lipid modification of lipoproteins [35, 36]. 
Fatty acid can serve as the main energy source 
for many carcinoma types [37-39]. Our results 
suggest that there might be an intersection 
between tumor metabolism and tumor im- 
munity, and the correlation between the two 
proteins was statistically significant. However, 
further studies are needed to confirm our dis- 
covery. 

The altered metabolic landscape of the tumor 
microenvironment restrains the infiltration of 
immune cells and other antitumor immunity 
functions through the production of immuno-
suppressive metabolites. Metabolic dysregula-
tion in cancer cells may affect the expression of 
cell surface markers, which interferes with 
immune surveillance. An in vitro study also 
showed that both co-inhibitory (PD-L1 and 
B7H4) and co-stimulatory (CD86) molecules 
are up-regulated when fibroblasts are cultured 
[40]. We hypothesized that ACOT4 might inhibit 
the infiltration of immune cells and other anti-
tumor immunity functions through the combi-
nation of fatty acid metabolites with APCs, 
thereby mutating the immune response of 
B7H4. The partial antibody experiment previ-
ously performed on B7H4 also demonstrated 
the expression instability of B7H4, which is 
easy to be identified and abnormally expressed 
[41].

Immune checkpoint therapies revolutioniz- 
ed the standard treatment in some cancer 
patients, but cancer in many other patients is 
resistant to immunotherapy. Regarding immu-
notherapy in gastric cancer, Keytruda (PD-1 
antibody), as a second-line drug, failed to 
improve the overall survival and non-progres-
sive survival of patients with PD-L1 positive 
gastric cancer compared with standard chemo-
therapy, according to the research of Keynote 
061 [42]. According to ROBIN [43], specific 
metabolic pathways involved in immunothera-
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py resistance include PI3K-Akt-mTOR, hypoxia-
inducible factor (HIF), adenosine, JAK/STAT, 
and Wnt/Beta-catenin. It is known that there is 
a metabolic symbiosis among cancer cells and 
mesenchymal cells (especially CAFs) [44]. 
Cancer cells demonstrate a metabolic hetero-
geneity, and immunotherapy has become a 
promising approach in a selective anticancer 
therapy. In the future, combination strategies 
with the addition of antistromal drugs should 
be considered. As a matter of fact, end-stage 
disease patients with cachexia may be more 
affected by lipid metabolism [45]. Thus, more 
patients with advanced tumors should be 
included in further studies.

Conclusion

Our study revealed that ACOT4 and B7H4 were 
both expressed in GC. ACOT4 overexpression in 
CAFs was associated with survival rate among 
GC patients. In addition, a strong correlation 
between ACOT4 in CAFs and B7H4 in GC tissue 
was found. These findings suggested that a 
pre-individualized therapy targeting both ACOT4 
and B7H4 might serve as a promising treat-
ment modality in GC patients. Thus, our results 
provided new ideas for studying the correlation 
between immune and tumor microenvironment 
metabolism in GC.
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