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Abstract: Gastric adenocarcinoma (GA) is one of the most common cancer worldwide. ATP citrate lyase (ACLY) is
generally recognized as a key enzyme of de novo fatty acid synthesis responsible for generation of oxaloacetate and
cytosolic acetyl-CoA. This study aimed to investigate the expression level of ACLY in GA and evaluate the relation-
ship between ACLY expression and the prognosis of GA patients. Paraffin archived samples from 83 GA patients
were used to analyze ACLY expression by immunohistochemistry. ACLY was significantly upregulated in GA tissues
compared with adjacent normal tissues (P < 0.001). High ACLY expression was correlated with advanced stages (P =
0.007) and lymph node metastasis (P = 0.022). Furthermore, patients with low ACLY expression had longer survival
time than those with high ACLY expression (P = 0.031). In conclusion, these results indicate that ACLY might serve

as a biomarker to predict the progression and prognosis of GA patients.
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Introduction

Gastric cancer was the fourth most common
cancer in the world [1]. Most cases occur in
developing countries. It's worth noting that
90% of all gastric tumors are malignant, and
95% of the total number of malignancies is
comprised of gastric adenocarcinoma. Although
China has made progress in reducing the inci-
dence and mortality of gastric cancer, the over-
all 5-year survival rate of gastric cancer patients
is still far from satisfactory. Therefore, more
attentions should be given to early diagnosis
and treatments.

Increasing evidence has indicated that cancer
is not only a genetic disease, but also a meta-
bolic disease [2-7]. Lipogenic pathway is one of
the pathways that were reprogrammed in the
development and progression of cancer. ATP
citrate lyase (ACLY) catalyzes the accumulated
citrate in cytoplasm to generate acetyl-CoA, a
pivotal precursor of fatty acids. It is well know

that fatty acid synthesis pathway is significantly
upregulated in many kinds of tumors, and the
dysregulation of ACLY is contributed to these
alterations [8-11]. Although the expression level
of ACLY expression is low in normal cells, it has
been found its expression is obviously increased
in various types of tumors [12-16]. Recently,
researchers have found that inactivation of
ACLY could suppress cancer cells viability and
inhibit cancer growth [8, 17-23]. Moreover, the
latest study found that ACLY depletion induced
cancer growth suppression with altered fatty
acid composition in cancer cells [24]. Con-
sidering all these findings, ACLY might be a
potential biomarker and an effective therapeu-
tic target for cancer.

In the present study, we examined the expres-
sion of ACLY in 73 pairs of gastric adenocarci-
noma (GA) and adjacent normal tissues, and
evaluated the relationship between its expres-
sion and clinical pathological parameters and
outcome of patients.
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Table 1. Clinicopathological characteristics of
GA patients

Characteristics No. of Patients %
Age (years)
median 65
range 37-84
Sex
female 28 33.7
male 55 66.3
Histologic grade
1 1 1.2
2 20 241
3 62 4.7
TNM stage
| 7 8.4
Il 20 24.1
1 37 44.6
% 9 10.8
unknown 5 12.0
Lymph node status
negative 19 229
positive 63 75.9
unknown 1 1.2
Tumor size (cm)
median 5.0
range 1.2-15.0
Distant metastasis
negative 74 89.2
positive 9 10.8

Materials and methods
Samples

A total of 73 pairs of GA and adjacent normal
tissues were obtained from the BioBank of
National Engineering Center for Biochip at
Shanghai. All cases were histologically con-
firmed. Follow-up information of patients was
collected by phone. We calculated survival time
from the surgery date to the date of follow-up
or death date. All patients signed an informa-
tion consent form according to the protocols
approved by the Ethics Committees of National
Engineering Center for Biochip at Shanghai.

Tissue microarray construction

After being fixed with 4% formaldehyde, tissues
were embedded in the paraffin wax. Tissue
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microarray was constructed according to a pre-
viously published method [7]. Representative
GA regions and adjacent nonmalignant tissues
were chosen from each tissue block, and a sin-
gle 0.6 mm core was taken from every donor
block. An automated tissue arrayer (Beecher
instruments) were used to construct microarray
blocks. Adjacent normal gastric tissue was
used as an internal control. Tissues were then
stained with H&E staining to determine the
presence of tumor within each core by two inde-
pendent pathologists.

Immunohistochemistry (IHC)

Tissue microarray was dewaxed in xylene, rehy-
drated in alcohol and immersed in 3% hydrogen
peroxide for 10 min. The slides were then treat-
ed with antigen in 0.01 mol/L sodium citrate
buffer for 20 minutes. After being rinsed with
phosphate-buffered saline (PBS) for three
times, sections were incubated with primary
ACLY antibody at room temperature. Three
hours later, sections were washed with PBS
for three times, each for 10 minutes. The
samples then were treated with horseradish
peroxidase-conjugated streptomycin working
solution for 30 minutes and washed with PBS
for three times. Finally, envision staining was
performed.

To evaluate IHC results, two independent
pathologists randomly selected 5 visual fields
for every spot and counted the number of total
tumor cell, positive cell and recorded staining
intensity. To determine the staining intensity of
samples, the semi-quantitative method was
used. We divided the staining intensity (I) into 4
grades O, none; 1, poor; 2, moderate and 3
strong. The percentage of positive cells (P) was
scored as: 0, 0%; 1, 1%-25%; 2, 26%-50%; 3,
50-75%; and 4, > 75%. The total score (I x P) <
4 was defined as low expression, and score > 4
was defined as high expression.

Statistical analyses

X2 test and Fisher's exact test were used to
analyze the associations between ACLY and
clinicopathological features. To measure the
survival rates in different groups, the Log-rank
test and Kaplan-Meier method were analyzed.
The Cox proportional hazard model was used
for multivariate analysis. All analyses were per-
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Figure 1. Immunohistochemical analysis of ACLY in GA and adjacent normal tissues. ACLY showed weak positive ex-
pression in normal paracancerous tissues (A) and TNM stage | cancers (B) TNM stage Il cancers showed moderate
ACLY expression (C) whereas stages Ill and IV cancers showed strong ACLY expression (D and E).

formed using the SPSS 19.0 statistical soft-
ware package. A two-tailed P value < 0.05 was
considered statistically significant.

Results
Clinicopathological features

Histological and clinical data of 83 patients
were displayed in Table 1, including 28 females
and 55 males. The median age was 65 (range
37-84). According to the TNM staging system,
there were 7 cases in stage |, 20 in stage Il, 37
in stage Ill, and 9 in stage IV. Nineteen cases
had no regional lymph node metastasis (LNM),
and 63 cases had regional LNM. The median
of tumor size was 5 cm (range, 1.2-15.0 cm)
(Table 1).

ACLY expression in GA and adjacent normal
tissues

Ten cases had no cancer tissues were excluded
from further analysis. IHC results revealed that
ACLY was located predominately in the cyto-
plasm but rarely in nucleus. Cancer tissues
showed a strongly positive ACLY expression,
whereas adjacent normal tissues showed a
weakly positive expression (Figure 1). The
expression level of ACLY in GA tissues was sig-
nificantly higher than that in adjacent normal
tissues (P < 0.001).
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The relationship between ACLY expression and
clinicopathological features of GA

We further evaluated the relationship between
ACLY expression and clinicopathological char-
acteristics. High ACLY expression was signifi-
cantly related to LNM (P = 0.022) and advanced
stages (P = 0.007). There was a weak but not
significant difference in distant metastasis
between low and high ACLY expression groups
(P = 0.052). There were no significant differ-
ences between ACLY expression and age, sex,
tumor size, and histologic grade (all P > 0.05)
(Table 2).

Survival analysis

The median survival time (MST) for all the
patients was 47 months (95% CI: 39.772-
54.506). During follow-up period, 38 (73.1%) of
52 patients with high ACLY expression and 10
(47.6%) of 21 cases with low ACLY expression
died of the disease. Patients with high ACLY
expression had a shorter MST than those with
low ACLY expression (23 months vs 78 months;
log-rank test, P = 0.031) (Figure 2). Cox regres-
sion analyses showed that advanced TNM stag-
es [hazard ratio (HR) = 1.985; 95% confidence
interval (Cl), 1.058-3.723; P = 0.033) and high
ACLY expression (HR = 2.103; 95% Cl, 1.047-
4.226; P = 0.037) were associated with worse
survival time (Table 3). However, these differ-
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Table 2. Associations between ACLY expres-
sion and the clinicopathological features of
GA patients

ACLY expression

Variables -
Low High P value
Age (years)
<60 10 (47.6) 19 (37.3) 0.440
> 60 11 (52.4) 32 (62.7)
Sex
male 16 (76.2) 32(61.5) 0.284
female 5(23.8) 20(38.5)
Tumor size (cm)
<6 16 (76.2) 28(54.9) 0.202
>6 5(23.8) 23(45.1)
Histologic grade
1+2 5(23.8) 14(26.9) 1.000
3 16 (76.2) 38(73.1)
LNM
positive 12 (60.0) 45 (86.5) 0.022
negative 8(38.1) 7(13.5)
TNM stage
I+11 10 (58.8) 10 (21.3) 0.007
H+1v 7(41.2) 37(78.7)
Distant metastasis
negative 21 (100.0) 43(82.7) 0.052
positive 0 (0) 9 (17.3)

ences were disappeared when multivariate Cox
model analysis was performed (P > 0.05).

Discussion

According to a systematic analysis based on
Globocan 2008, gastric cancer is one of the
most common causes of cancer death
(738,000 deaths, 9.7%) [25]. It's a devastating
cancer with obscure early symptom, rapid pro-
gression and poor prognosis. The mortality of
gastric cancer remains a huge health burden in
China. Therefore, it's urgent to find more poten-
tial biomarkers for early diagnosis and progno-
sis of gastric cancer.

Cancer cells tend to display a high rate of glu-
cose utilization with redirecting the excess
glycolytic end product pyruvate toward lipid
synthesis. ACLY is one of the key enzyme that
link glucose metabolism to lipid synthesis.
Distinctive upregulation of ACLY expression and
activity has been found in prostate, bladder,
breast, liver, lung, colon, and gastric cancers
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Figure 2. Kaplan-Meier curves of the overall survival
of 73 GA patients with low and high ACLY expression.

[8, 13, 14, 26]. ACLY is mainly a cytosolic
enzyme. It's regarded that ACLY is bound to
endoplasmic reticulum. However, it's also
detected in nuclei of different cells [27, 28]. In
this study, we found ACLY was mainly located in
the cytoplasm of GA cells and its expression in
cancer tissues was significantly higher than
that in adjacent normal tissues. High ACLY
expression was associated with metastasis
and advanced stages. These results indicate
that higher ACLY confers growth advantage to
cancer cells.

Previous study showed that p-ACLY expression
was significantly associated with tumor differ-
entiation and poorer prognosis in non-small cell
lung cancer [8]. In the present study, our find-
ings revealed that high ACLY expression pre-
dicted poor prognosis in GA. ACLY expression
might be served as a biomarker for prognosis
of cancer patients. Since it's an important
building block for fatty acid, cholesterol and iso-
prenoid biosynthesis, more and more attention
was focused on cancer therapy through ACLY
inhibition. Previous studies reported that inhibi-
tion of ACLY suppressed cancer cells prolifera-
tion both in vivo and in vitro [9, 22]. Hanai et al.
[29] reported that knockdown of ACLY promot-
ed lung cancer cells differentiation and apopto-
sis, leading to inhibition of tumor growth in vivo.
Although underlying molecular mechanisms of
such regulation is not fully elucidated, these
findings hold promise that ACLY could be a
potential target for therapy.
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Table 3. Univariate Cox regression analysis of overall survival

Univariate analysis

Features
HR (95% Cl)

Age (years), > 60 vs <60
Sex, female vs male
Histologic grade, 3 vs 1+2
Tumor size (cm), >6vs <6

1.656 (0.925-2.963)
1.419 (0.810-2.485

1.875 (0.940-3.741

1.499 (0.868-2.586)

LNM, positive vs negative 1.750 (0.877-3.494)
TNM, [H+1V vs [+] 1.985 (1.058-3.723)
( )

( )

)
)

Distant metastasis, positive vs negative 2.105 (0.983-4.507
ACLY expression, high vs low 2.103 (1.047-4.226

[5] Sebastian C. Tracking down
the origin of cancer: metabolic
reprogramming as a driver of

P value stemness and tumorigenesis.
0.089 Crit Rev Oncog 2014; 19: 363-
0.221 382.
0.074 [6] Bobrovnikova-Marjon E and
0.146 Hurov JB.. Targeting metabolic
changes in cancer: novel ther-
0.112 apeutic approaches. Annu Rev
0.033 Med 2014; 65: 157-170.
0.055 [71 Zhang X, He C, He C, Chen B,
0.037 Liu Y, Kong M, Wang C, Lin L,

In conclusion, we found that ACLY was upregu-
lated in GA and its expression was associated
with the prognosis of GA patient. Cytoplasmic
ACLY may serve as a potential biomarker for
GA. However, further studies are required to
elucidate these findings.
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