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Abstract As a transcription factor belonging to the basic

helix-loop-helix leucine-zipper subgroup, AP-4 can control

target gene expression by altering cell signal transduction,

and regulate growth, development, and cell apoptosis.

Under pathological circumstances, it is involved in

tumorigenesis. Herein, immunohistochemistry and real-

time PCR were used to detect the transcription factor AP-4

expression in gastric cancer, and these data were examined

for correlation with histology, pTNM stage, and prognosis.

The AP-4 expression rate was 83.67% in a total of 98

gastric cancer tissues, which was significantly higher than

40.91% in non-neoplastic tissues; AP-4 mRNA relative

expression shows a significant difference between gastric

cancer and normal tissues, and AP-4 expression has a

significantly positive correlation with the depth of tumor

invasion (P \ 0.0001), degree of tumor differentiation

(P = 0.0058), lymph node metastasis (P = 0.0255), and

pTNM stage (P = 0.001). Survival analysis showed that

AP-4-positive patients’ median survival time (12.60

months) was significantly shorter than that (41.40 months)

of AP-4-negative patients. AP-4 expression in gastric

cancer is associated with clinicopathological parameters of

gastric cancer, such as differentiation, lymph node metas-

tasis, depth of invasion (P = 0.0010), and pTNM stage.

What’s more, AP-4 overexpression indicated a worse

prognosis for patients. So AP-4 may be a molecular marker

to predict the progression and prognosis of the tumor.
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Introduction

Despite a decrease in incidence in recent decades, gastric

cancer is one of the most common malignant neoplasms in

the world [1]. More than one million new cases are diag-

nosed each year, especially in East Asia, like Japan, Korea,

and China. In these countries gastric cancer remains the

most common cause of cancer related deaths [2]. Until

now, A number of studies have be carried out, but the

precise nosogenesis remains unknown [3].

It is known that transcription factors belong to the helix-

loop-helix family, which are important regulatory compo-

nents [4, 5]; they play an important role in cell proliferation

and differentiation, expression of intracellular genetic

information, and other essential processes [6, 7]. As a

member of the basic helix-loop-helix leucine-zipper

(bHLH-LZ) subgroup of bHLH proteins [8], activating

enhancer binding protein 4(AP-4) is an ubiquitously

expressed transcription factor initially identified as a cel-

lular protein that binds to the simian virus 40 enhancer and

activates viral late gene transcription [9], and may control

transcriptional networks during cellular differentiation by

homodimer formation and binding to the symmetrical

DNA sequence CAGCTG [9–12]. It was reported that AP-4
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could regulate expression of some genes, such as angio-

tensinogen [13], APH-1A [14], Caspase-9 [15], PAHX-

AP1 [16], human proenkephalin [17], and E7 oncoprotein

[18], and it may play a role in the expression of the pan-

creatic exocrine gene family [19]. Recently, the overex-

pression of AP-4 in colorectal cancer, breast cancer, and

prostate cancer was reported [11, 20, 21], but there has

been no research carried out concerning AP-4 in gastric

cancer. In this study, we will examine the AP-4 conditions

of expression in gastric cancer and its relationship with

prognosis.

Patients and methods

Patients and tissue samples

Gastric carcinoma specimens and normal tissue were

obtained from 98 patients who underwent surgical gas-

trectomy with lymphadenectomy between 2005 and 2007.

All the patients received a definite diagnosis by a clinical

pathologist before operation. There were 68 male and 30

female patients with a mean age of 55.07, ranging from 23

to 80 years of age. Pathological types include adenocarci-

noma, signet ring cell cancer, and mucinous carcinoma,

with those that were signet ring cell and mucinous being

considered poorly differentiated [22]. Among the 98 cases,

23, 7, 12, and 56 were classified as pTNM stage I, II, III,

and IV, respectively (UICC, 2009). Folfox4 chemotherapy

regimen was applied to the patients according to the NCCN

guideline.

Immunohistochemistry

Fresh tissues were fixed with 4% paraformaldehyde,

dehydrated in graded alcohols, embedded in paraffin, and

cut into 4-lm sections. The sections were deparaffinized in

xylene, rehydrated, and then washed in phosphate buffered

saline (PBS). Tissue sections were subjected to antigen

retrieval by boiling in 0.01 mol/L sodium citrate through

microwave processing. After being washed with PBS,

nonspecific background reactions were blocked by incu-

bation with 3% H2O2 in methanol for 20 min at room

temperature, and then blocked with 10% normal goat

serum for 30 min. The sections were incubated with mouse

anti-human TFAP4 monoclonal antibody (dilution 1:100,

Sigma–Aldrich, Shanghai) overnight at 4�C, followed by

three washes with PBS after which the sections were

incubated with secondary antibody (goat–anti-mouse IgG,

dilution 1:100, Boster, China) for 1 h at 37�C. After

another three washes, color developing was performed by

incubation with 3-30-diaminobenzene tetrahydrochloride

(DAB). Finally, the sections were counterstained with

hematoxylin and examined microscopically. The primary

antibody was replaced by PBS for negative control

staining.

Evaluation of Immunostaining

AP-4 expression was evaluated by selecting ten fields

randomly and counting a total of 200 tumor cells every

field on high-power field (9400), then the percentage of

stained cells was calculated. The results were graded as:

negative (-), 0 * 10% of tumor cells stained; weakly

positive (?), 11 * 25% of tumor cells stained; moderately

positive (??), 26 * 50% of tumor cells stained; and

strongly positive (???), more than 50% of cancer cells

positive.

Quantitative real-time PCR

For the detection of the differential expression of AP-4,

quantitative real-time PCR was carried out for 50 samples

selected from 98 samples. Total RNA extraction was per-

formed using RNAiso Plus (Takara, Japan) according to

the manufacturer’s protocol. The cDNAs from total RNA

were synthesized using with PrimeScript� RT reagent Kit

(Takara, Japan). The following primers were designed by

Premier Primer 5.0 software: for human AP-4 forward

primer 50-GAGCCAGCCTGGGATTGTC-30 and reverse

primer 50-GTGCTTAAAGGAGAAAGAAGAAAACC-30;
for human GAPDH forward primer 50-TGTTGCCAT

CAATGACCCCTT-30 and reverse primer 50-CTCCAC

GACGTACTCAGCG-30. Real-time PCR was performed

using ABI StepOne Plus (Applied Biosystems, Singapore).

The concentrations of the reagents were adjusted to reach a

final volume of 20 lL, containing 2 lL reverse-transcribed

product, 10 ll of Fast SYBR� Green Master Mix (Applied

Biosystems, Foster City, CA), and 0.5 ll of 10 lM forward

and reverse primers of AP-4 with GAPDH as an internal

control. The reaction was carried out by 45 amplification

cycles of 95�C for 3 s and 60�C for 30 s. The fold change

for gene expression between the cancer and normal sam-

ples was calculated by using 2-DDCt method.

Statistical analysis

The v2 test was used to compare the relationship of over

expression with pathological features and pTNM stage.

The mRNA expression difference was analyzed with paired

t-test. We used the Kaplan–Meier method to construct a

survival curve, and the log-rank test analyzed cumulative

survival durations. Cox’s proportional hazards model with

forced entry of variables was employed for multivariate

survival analysis. SPSS 12.0 for Windows software was
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used. P \ 0.05 was considered significant and all tests are

two-sided.

Results

Expression of AP-4

The expression of AP-4 in human gastric malignant tissues

and normal tissues was analyzed by immunohistochemis-

try. AP-4 was predominantly expressed in the nucleus of

epithelial cells. AP-4 was absent or weakly expressed in

normal tissue, Positive cells tended to locate at the base of

the crypt. In 83.67% (82 of 98 cases) of gastric cancer

tissues AP-4 was overexpressed, significantly higher than

40.91% in nonneoplastic tissues, with a significant differ-

ence in the expression rates of AP-4 between the cancer

and the normal tissues (v2 = 28.7116 P \ 0.0001)

(Table 1, Fig. 1). The relationship between AP-4 expres-

sion and clinical pathological features of the patients was

further analyzed. The relationship is shown in Table 2. The

results revealed a positive association of AP-4 expression

with degree of tumor differentiation (P = 0.0058); in

poorly differentiated tumors, AP-4 showed high expression

(Fig. 2). The intensity of immunostaining in AP-4 positive

gastric cancer was intense in 33 of 98 (33.67%), moderate

in 24 of 98 (24.49%), and mild in 25 of 98 (25.51%) cases.

In addition, AP-4 expression demonstrated a signifi-

cantly positive correlation with the depth of tumor invasion

(P \ 0.0001), and AP-4 expression in patients with lymph

node metastasis was significantly higher than that in

patients without metastasis (P = 0.0255). According to

TNM classification, stage I and II tumors showed signifi-

cantly lower rates compared to stages III and IV

(P = 0.0455). However, there was no significant difference

in AP-4 expression and distant metastasis (P = 0.1559).

There was no significant relationship found between AP-4

expression and gender or age (P = 0.3009, P = 0.4042)

(Table 2).

We further detected the relative mRNA expression in a

subtotal of 45 patients making use of quantitative real-time

PCR and found that the mRNA level in the tumor tissue

was 4.82-fold higher than in the normal tissue, with sig-

nificant differences between them (P \ 0.0001)(Fig. 3).

Survival analysis

Follow-up information was available on 98 gastric carci-

noma patients for periods ranging from 6 months to

5 years. The median survival time of AP-4-positive

patients (12.60 months) was significantly shorter than that

of AP-4-negative patients (41.40 months). Univariate

analysis using log-rank test and Kaplan–Meier test indi-

cated the cumulative survival rate of patients with positive

AP-4 expression to be obviously higher than without its

Table 1 The expression of AP-4 in cancer and normal tissues

Samples AP-4 Total

- ? ?? ???

Cancer tissue 16 (16.33%) 25 (25.51%) 24 (24.49%) 33 (33.67%) 98

Normal tissue 39 (59.09%) 9 (13.63%) 12 (18.18%) 6 (9.09%) 66

Total 55 34 36 39 164

v2 = 28.7116, P \ 0.0001

Fig. 1 Expression patterns of AP-4 in normal gastric mucosa and

gastric cancer tissues. Positive cells widely distribute in gastric cancer

tissues, strongly staining. In normal tissues, positive cells tended to

locate at the base of the crypt. a–d tumor tissues, e–f normal tissues.

Original magnification, a, b, e, f 9400, c, d, g, h 9200
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expression (P = 0.0011; Fig. 4a and Table 3). This indi-

cates that AP-4 expression decreased patients’ survival

durations. In addition, the depth of tumor invasion

(P \ 0.0001) (Fig. 4b), TNM stage (P \ 0.0001) (Fig. 4e),

differentiation degree (P = 0.0075) (Fig. 4f) but not sex

(P = 0.5410), age (P = 0.3894), lymph node metastasis

(P = 0.0654) (Fig. 4c), or distant metastasis (P = 0.6201)

(Fig. 4d) significantly influenced patient survival time

(Table 3).

Multivariate analysis using Cox’s proportional hazard

model indicated that depth of invasion (P = 0.0077),

lymph node metastasis (P \ 0.0001), differentiation degree

(P = 0.0159), TNM stage (P = 0.0005), and AP-4

expression (P \ 0.0001), but not patient sex (P = 0.3009),

age (P = 0.4042), or distant metastasis (P = 0.7279), were

independent prognostic factors of gastric carcinomas

(Table 3).

Discussion

It was the pathologic stage and histologic grade that

influenced the prognosis of patients with gastric cancer in

this study, but these indicators do not always predict the

Table 2 Correlation between AP-4 expression and clinicopathologic

factors

Variables Total AP-4 P

- ? ?? ???

Gender 0.1505

Male 68 8 17 19 24

Female 30 8 8 5 9

Age 0.8884

B55 50 13 6 13 18

[55 48 3 19 11 15

Differentiation degree 0.0058

Well differentiated 18 8 3 5 2

Moderately differentiated 21 4 7 3 7

Poorly differentiated 59 4 15 16 24

Node status 0.0255

N0 17 1 3 2 11

N1 38 7 10 9 12

N2 29 4 9 6 10

N3 14 4 3 7 0

Depth of invasion 0.0010

T1/T2 34 12 9 6 7

T3/T4 64 4 16 18 26

Metastasis 0.1559

M0 93 13 23 24 31

M1 7 3 2 0 2

TNM stage 0.0445

I 23 8 7 3 5

II 7 1 2 1 3

III 12 1 1 3 7

IV 56 6 15 17 18

Fig. 2 Expression of AP-4 in gastric cancer of different differenti-

ation. In gastric cancer, higher AP-4 expression of statistical

difference was found to correlate with histological grade: a well

differentiated, b moderately differentiated, c poorly differentiated.

Original magnification, 9400

Fig. 3 AP-4 relative expression in gastric cancer was analyzed by

real-time PCR; GAPDH was used as an internal control. The relative

amount of AP-4 mRNA in cancer was higher than in normal tissue,

the difference was statistically significant (P \ 0.0001)
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progression of the tumor. There are a few studies which

have indicated that some molecular markers may play

important roles in the progression of gastric carcinomas

[23, 24].

AP-4, belonging to the rapidly growing group of HLH

proteins [10] which include enhancer binding proteins and

transcription factors involved in differentiation and cellular

proliferation [25–29], affects cell cycle events and apop-

tosis [12] and is located at chromosome 16p13.3 [30].

Recently, it has been reported that AP-4 was upregulated in

colon carcinoma, breast cancer, and prostate cancer [11,

20, 21]. In addition, AP-4 positive expression indicated bad

prognosis, with significance over grade, node status, size in

ER ? breast cancer, and a possible association with

chemo-sensitivity [31].

In the present study, the AP-4 expression pattern was

observed in gastric normal mucous and carcinomas, and it

was significantly higher in carcinoma than in normal tissue,

which indicated that the expression of AP-4 was upregu-

lated in gastric cancer. Previous studies have suggested that

AP-4 may repress apoptosis of gastric cancer cells to play

an important role in the development and progression of

stomach malignant tumors [11, 12]. It was reported that

loss of p21 expression correlated with promotion of neo-

plasia, tumorigenesis, and progression in gastric cancer

[32, 33]. Overexpression of c-myc may also play a role in

the development and metastasis of stomach carcinomas

[34, 35], and negative expression of p21 and positive

expression of c-myc has been reported to be associated

with an unfavorable prognosis [36, 37]. AP-4 could encode

a c-MYC-inducible repressor to inhibit p21 expression

[11], so AP-4 may be involved in carcinogenesis and tumor

progression by inhibition of p21.

Analyzing the relationship between AP-4 expression

and clinicopathological parameters of gastric cancer, we

found that expression of AP-4 was significantly correlated

with the progression of stomach carcinoma, the differen-

tiation, lymph node metastasis, depth of invasion, and

pTNM stage. Additionally, survival time in the AP-4

positive cases was much shorter than the AP-4-negative

cases. These results indicate a relationship between AP-4

overexpression and gastric cancer development and

metastasis. However, there was no statistical significance

between AP-4 expression and distant metastasis, or sur-

vival time and distant metastasis although the reason may

be that there were few patients with distant metastasis in

this study.

In summary, AP-4 expression in gastric cancer is asso-

ciated with worse prognosis; therefore it may be a useful

prognostic factor for predicting progression of carcinoma

and the outcome of gastric cancer patients. We believe that

the control of AP-4 expression may be of far reaching

importance for the regulation of carcinogenesis and pro-

gression, although further investigation is still needed

to explore the exact function of AP-4 in gastric

carcinogenesis.

Fig. 4 Kaplan–Meier survival curves of gastric cancer patients with

respect to AP-4 expression, depth of invasion, lymph node metastasis,

distant metastasis, TNM stage, and pathological types. A significant

difference in survival was observed between the AP-4-positive and

AP-4-negative groups (a); depth of tumor invasion (b), lymph node

metastasis (c), and TNM stage (e) significantly influenced patient

survival time; differentiation degree (f), and distant metastasis (d) had

no affect on the extension of survival time
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