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Gastric cancer is the sixth leading cause of cancer-related death
in Taiwan, and the identification of related factors is essential to
increase patient survival. ADP-ribosylation factor 1 (ARF1) was
initially identified using 2-D electrophoresis combined with
MALDI–time-of-flight mass spectrometry. ADP-ribosylation factor
1 belongs to the Ras superfamily or GTP-binding protein family
and has been shown to enhance cell proliferation. In the current
study, we evaluated the potential of ARF1 as a biomarker for
gastric cancer detection. ADP-ribosylation factor 1 mRNA was
upregulated in tumor tissues (compared with adjacent non-tumor
tissues, n = 55) in approximately 67.2% of gastric cancer patients.
Expression of ARF1 protein was additionally observed using Wes-
tern blot and immunohistochemistry (IHC) analyses. The clinico-
pathological correlations of ARF1 were further evaluated.
Elevated ARF1 expression was strongly correlated with lymph
node metastasis (P = 0.008), serosal invasion (P = 0.046), lympha-
tic invasion (P = 0.035), and pathological staging (P = 0.010).
Moreover, the 5-year survival rate for the lower ARF1 expression
group (n = 50; IHC score < 90) was higher than that of the higher
expression group (n = 60; IHC score � 90) (P = 0.0228, log–rank
test). To establish the specific function of ARF1 in human gastric
cancer, isogenic ARF1-overexpressing cell lines were prepared.
Our results showed that ARF1-overexpressing clones display
enhanced cell proliferation, migration, and invasion. Furthermore,
ARF1-overexpression might contribute to poor prognosis of
patients. These findings collectively support the utility of ARF1 as
a novel prognostic marker for gastric cancer and its role in cell
invasion. (Cancer Sci 2012; 103: 1136–1144)

G astric cancer is the second most common cancer world-
wide, and the sixth leading cause of cancer-related death

in Taiwan. Surgery remains the only effective cure for this dis-
ease. In a recent study, more than 30% of surgical patients pre-
sented with the disease to an extent that was too advanced to
receive curative resection.(1) To improve poor survival out-
comes and permit earlier diagnosis, new prognostic indicators
or tumor markers are essential.(2)

Gastric cancer is divided into two histomorphologic types,
intestinal-differentiated and diffuse-undifferentiated.(3,4)

Regardless of the similar histomorphologic lesions, the tumor
cells may still differ in their aggressiveness or response to che-
motherapy.(5) The molecular events involved in the develop-
ment and progression of gastric cancer are complex, involving
multiple genes and steps that operate sequentially or in con-
cert.(4) Several risk factors, including genetic alterations, chro-
mosomal instability, and Helicobacter pylori infections, have
been determined for gastric cancer.(6–8) Moreover, the identifi-

cation of numerous biomarkers has contributed to our knowl-
edge of the molecular and cellular mechanisms of gastric
carcinogenesis and progression.(8) The majority of biomarkers
are effective prognostic factors used to identify groups of
patients at risk of relapse or metastasis.(9) However, the useful
biomarkers to elucidate the molecular mechanism of gastric
cancer or to monitor the disease progression are still needed.
Protein expression profiling is another relatively recent

approach for cancer marker detection and facilitates elucidation of
the mechanisms underlying gastric cancer.(10–12) To achieve these
goals, relevant subsets of differentially expressed proteins must be
identified, cloned, and investigated in detail. Proteomics is a
highly effective and sensitive procedure that allows the identifica-
tion of novel diagnostic, prognostic, or therapeutic biomarkers.
In this study, we have attempted to identify novel putative

diagnostic or prognostic markers using 2-D gel electrophoresis
followed by MALDI–time-of-flight mass spectrometry
(MALDI-TOF/TOF MS) analysis. The protein ADP ribosyla-
tion factor 1 (ARF1) displaying high expression in tumor speci-
mens was selected for further study. Expression of ARF1
mRNA was significantly upregulated in 67.2% of gastric cancer
patients. Accordingly, our study focused largely on ARF1
expression, with a view to establishing its role in gastric cancer.
ADP-ribosylation reactions play important roles in a wide

range of physiological and pathophysiological processes, includ-
ing cell differentiation, proliferation, necrosis, apoptosis, inter-
and intracellular signaling.(13) However, its role in carcinogene-
sis is still unknown. ADP-ribosylation factor represents a branch
of the small GTPase family that regulates vesicular traffic and
organelle structure, consisting of six isoforms. Among these,
ARF1 and ARF6 have been the most widely characterized.
ADP-ribosylation factor 1 is associated with the Golgi apparatus
to regulate vesicle trafficking, whereas ARF6 is located in the
plasma membrane and is involved in receptor endocytosis and
actin remodeling.(14) Moreover, ARF6 is overexpressed in
highly invasive breast cancer cells, and plays an essential role
during invasion(15) by ERK signaling, which leads to Rac1 acti-
vation in melanoma cells(16) or glioma.(17)

Materials and Methods

Subjects. In total, 110 patients (69 males, 41 females; med-
ian age, 66 years; range, 28–86 years) diagnosed with gastric
cancer at Chang-Gung Memorial Hospital (Chiayi, Taiwan)
from 2000 to 2006 were enrolled in this study. All patients
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provided informed consent. Individual patients were subjected
to gastric resection (32 had total gastrectomy and 78 had par-
tial gastrectomy). No preoperative chemotherapy was used in
our patients. Postoperatively, the patients with stages II/III dis-
ease received adjuvant chemotherapy after curative resection,
whereas those with stage IV received therapeutic chemother-
apy. The study protocol was approved by the Medical Ethics
and Human Clinical Trial Committee at Chang-Gung Memo-
rial Hospital.

Clinicopathology. Resected specimens were examined patho-
logically using the criteria from the Japanese General Rules
for Gastric Cancer Study(18) and the International Union
Against Cancer pTNM classification system.(19) Data included
patient age, gender, tumor location, size, gross (Borrmann)
type, wall invasion, resection margin, histological type, lymph
node metastasis, vascular invasion, lymphatic invasion, and
perineural invasion. After discharge, all patients were sched-
uled for periodic follow-up visits at the outpatient department
at Chang-Gung Memorial Hospital until death or the beginning
of preparation of this article.

Tumor samples. Fresh samples of tumor tissue and adjacent
non-cancerous mucosa were harvested immediately after gastric
resection. Samples dissected from resected specimens were imme-
diately snap-frozen in individual vials using liquid nitrogen.
Frozen specimens were stored at�70°C in a tumor bank until use.

Two-dimensional gel electrophoresis analysis. Tumor and
non-cancerous tissue protein samples (150 lg each) were sepa-
rated by 13 cm Immobiline DryStrip 3–10 linear on the IPG-

phor Isoelectric Focusing System (Amersham Bioscience,
Uppsala, Sweden) in the first dimension. Following equilibra-
tion, the IPG gel strips were transferred onto vertical gels
(10% SDS-PAGE, Hoefer SE600; Amersham Bioscience) for
the second dimension as described.(20)

Mass spectrometric analysis of differentially expressed pro-
teins. The silver-stained spots were excised and in-gel digested
with trypsin according to procedures described previously.(21)

Following trypsin digestion, the tryptic peptides were acidified
with 0.5% trichloroacetic acid (TCA) and loaded onto an MTP
AnchorChip 600/384 TF (Bruker-Daltonik, Bremen, Germany).
Analysis by MALDI-TOF MS was carried out using an Ultra-
flex MALDI-TOF mass spectrometer (Bruker-Daltonik). Mono-
isotopic peptide masses were identified and applied for
database searches using the MASCOT search engine (Matrix
Science, London, UK).

Real-time quantitative RT-PCR (qRT-PCR). Total RNA was
extracted from cells using Trizol Reagent (Life Technologies,
Rockville, MD, USA), and qRT-PCR carried out as described
earlier.(22)

Immunoblot analysis. Total cell lysates from tumors and
adjacent non-cancerous mucosa were prepared and the protein
concentrations determined with the method described by Brad-
ford.(23) Equal amounts of protein per lane were fractioned
with SDS-PAGE on a 10% or 15% gel. Separated proteins
were transferred to a nitrocellulose membrane. The membrane
was blocked for 2 h at room temperature in 5% (w/v) non-fat
dried milk in Tris-buffered saline (TBS). Subsequently, the

(A)

(B) (C)

Fig. 1. Representative images of 2-D gel electrophoresis. (A) Total protein (150 lg) extracted from intestinal-type carcinoma (T) and adjacent
non-tumor (N) tissues were separated on linear strips with a pH range of 3.0–10.0, followed by protein separation using 10% SDS-PAGE. The
ADP-ribosylation factor 1 (ARF1) protein is marked with circles. Molecular weight standards are indicated. (B) Analysis of ARF1 protein with
MALDI–time-of-flight mass spectrometry. Matched peptides from mass spectrometric analysis of the amino acid sequence of human ARF1 are
underlined. (C) Expression of ARF1 was cropped from three pairs of gastric carcinoma tissues and non-cancerous counterparts (the patient num-
ber is indicated on the left). Elevated density of ARF1 protein (circles) is shown on the right.
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membrane was washed three times with TBS, and incubated
for 18 h with rabbit mAbs to ARF1 (1:2000 dilution in TBS;
Epitomics, Burlingame, CA, USA). After further washing, the
membrane was incubated for 1 h with HRP-conjugated, affin-
ity-purified antibodies to mouse (1:6000 dilution; Santa Cruz
Biotechnology, Santa Cruz, CA, USA). Immune complexes
were visualized by chemiluminescence with an ECL detection
kit (Amersham Bioscience). The following antibodies were
used: N-cadherin (1:1000 dilution; Invitrogen, Carlsbad, CA,
USA); vimentin (1:6000 dilution; Santa Cruz Biotechnology);
snail (1:3000 dilution; Cell Signaling Technology, Beverly,
MA, USA); slug (1:3000 dilution; Cell Signaling Technology);
twist (1:3000 dilution; Abcam, Cambridge, MA, USA), active
b-catenin (1:5000 dilution; Millipore, Billerica, MA, USA),
GAPDH (1:8000 dilution; Chemicon, Lansing, NC, USA);
lamin A/C (1:8000 dilution; Santa Cruz Biotechnology); and
b-actin (1:8000 dilution; Chemicon).

Immunohistochemistry (IHC). Formalin-fixed and paraffin-
embedded tissues were examined with IHC using a mAb to
human ARF1 (dilution 1:150; Epitomics) following the avidin–
biotin complex method, as described previously.(24) Staining
intensities of carcinoma cells and benign superficial epithelium
on the same slide were compared. The negative group con-
sisted of cancer cells with no detectable (�) or trace ARF1
immunoreactivity (+1); the positive group consisted of cancer

cells with moderate (+2) or high levels (+3) of ARF1 immuno-
reactivity. Numerical scoring (Q) was confirmed by a second
independent examiner who was blinded to the initial score.
Results were scored by multiplying the percentage of positive
cells (P) by intensity (I), that is, Q = P 9 I. For example, for
a tissue section in which 10%, 60%, and 30% of cells showed
intensities of +1, +2, and +3, respectively, Q is calculated as
10 9 1 + 60 9 2 + 30 9 3 = 220.

Establishing stable ARF1-overexpressing AGS cell lines. ARF1
cDNA was amplified by RT-PCR and cloned into the pcDNA3
vector. Transfection of the pcDNA3-ARF1 gene was carried
out using Lipofectamine reagent (Invitrogen). After 24 h of
incubation, cells were transferred to G418 medium for selec-
tion. Overexpression of the ARF1 gene was confirmed by
detection from culture medium using Western blot analysis.
The pcDNA3 vector served as the control.

In vitro assay of invasive activity. The effect of ARF1 overex-
pression on the invasive activity of the AGS cell line was
assessed using a rapid in vitro assay (Transwell technique), as
described previously.(25) Briefly, cell density was adjusted to
7 9 104/mL, and 250 lL of this suspension added to each
well coated with Matrigel (Becton Dickinson, Franklin Lakes,
NJ, USA) in duplicate. The upper chamber contained serum-
free RPMI 1640, whereas the lower chamber contained RPMI
supplemented with 20% FBS. After incubation for 20 h at

Table 1. Clinicopathological correlations of ADP-ribosylation factor 1 (ARF1) expressions detected by immunohistochemistry (IHC) in 110

gastric cancer patients

Parameter No. Mean ± SE† P‡ Parameter No. Mean ± SE† P‡

Age (years) Lymph node metastasis

<65 53 94.5 ± 6.6 NS No (N0) 32 76.9 ± 5.1 0.008

� 65 57 99.7 ± 6.1 Yes (N1, N2, N3) 78 105.5 ± 5.7

Gender Distant metastasis(pM)

Male 69 101.6 ± 6.2 NS No 85 96.0 ± 5.0 NS

Female 41 89.7 ± 5.9 Yes 25 101.2 ± 10.3

Location Pathological stage (pStage)

Upper third 24 95.0 ± 8.5 NS Stage I 30 78.3 ± 6.1 0.039

Middle third 28 91.1 ± 8.9 Stage II 9 86.7 ± 13.2

Lower third 55 99.6 ± 6.3 Stage III 42 112.0 ± 7.9

Whole 3 126.7 ± 57.8 Stage IV 29 93.5 ± 9.0

Gross type Pathological stage

Localized 43 85.4 ± 6.0 NS Stages I, II 39 80.3 ± 5.5 0.010

Infiltrative 67 104.8 ± 6.1 Stages III, IV 71 106.5 ± 6.0

Size (cm) Liver metastasis

<5 60 99.2 ± 6.4 NS No 108 96.5 ± 4.5 NS

�5 50 94.8 ± 6.2 Yes 2 135.0 ± 45.0

Histological type Peritoneal seeding

Intestinal 41 100.2 ± 7.5 NS No 91 97.8 ± 4.8 NS

Diffuse 69 95.4 ± 5.6 Yes 19 94.2 ± 12.5

Depth of invasion (pT) Vascular invasion

T1 24 78.3 ± 7.5 NS No 91 97.2 ± 5.0 NS

T2 17 98.8 ± 12.5 Yes 19 96.8 ± 10.7

T3 56 103.8 ± 6.3 Lymphatic invasion

T4 13 101.5 ± 14.6 No 45 84.0 ± 5.3 0.035

Serosal invasion Yes 65 106.3 ± 6.4

No (T1, T2) 43 88.8 ± 6.8 0.046 Perineural invasion

Yes (T3, T4) 72 100.7 ± 5.9 No 71 94.5 ± 5.0 NS

Lymph node status (pN) Yes 39 102.0 ± 8.7

N0 32 76.9 ± 5.1 0.043 ARF1 (IHC score)

N1 36 106.9 ± 8.6 <90 (median) 50 – –

N2 22 108.2 ± 9.9 �90 60 –

N3 20 100.0 ± 12.2

†ADP-ribosylation factor 1 scores detected by IHC method in mean ± standard error (SE). ‡Mann–Whitney U-test (for two groups) and
Kruskal–Wallis test (for >2 groups). P < 0.05 was considered significant. NS, not significant.
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37°C, the number of viable cells that had traversed the filter to
the lower chamber was determined. Colony formation ability
or proliferation assays using cell counting were carried out as
described previously.(25)

Statistical analysis. Where appropriate, the Mann–Whitney
U-test or Fisher’s exact test was used for comparisons between
two independent groups, and the Kruskal–Wallis test or Pear-
son’s chi-square-test was used for comparing more than two
independent groups. The correlation between the results of two
different examinations was analyzed with the Spearman’s cor-
relation test. Patients were monitored until the time of manu-
script preparation or death. Cancer-specific survival outcomes
were expressed by applying the Kaplan–Meier method for all
patients, except those who died from surgical complications.
The log–rank test was used to compare the prognostic signifi-
cance of individual variables on survival. Cox’s hazards model
was used in a multivariate analysis to identify the independent

predictors of survival. A P-value of <0.05 was considered
statistically significant.

Results

Proteomic results for gastric patients. Earlier 2-D gel electro-
phoresis and MALDI TOF/TOF MS analysis of gastric cancer
tissues, compared with normal stomach tissues, revealed more
than 200 upregulated proteins (Fig. 1A).(20) ADP-ribosylation
factor 1 was selected for study due to its high expression in
tumor cells and unknown function in gastric carcinogenesis.
The tryptic peptide mass fingerprint and matched peptide are
underlined in Figure 1(B). Two-dimensional gel analysis was
carried out on at least three specimens. Figure 1(C) shows
cropped images from three paired 2-D gels indicating differen-
tial expression of ARF1 proteins. Overexpression of ARF1 in
tumor versus normal tissue in the three gels was 3.1, 1.8, and
4.7-fold.

(A)

(C) (D)

(B)

Fig. 2. Overexpression of ADP-ribosylation factor 1 (ARF1) mRNA in gastric carcinoma. The ARF1 gene is overexpressed in gastric carcinoma, as
determined with quantitative RT-PCR. (A) Quantitative RT-PCR results. Levels of ARF1 mRNA were examined in 55 paired tumor (T) and adjacent
normal (N) tissues. (B) Comparison of ARF1 mRNA expression in the advanced stages (III/IV) and early stages (I/II) of gastric carcinoma. (C) Wes-
tern blot analysis of the 20-kDa ARF1 protein. An equal amount (60 lg) of protein was loaded for each specimen and Coomassie blue stain was
used as a loading control. The blots were exposed to film for ~3 min for stages I/II, and ~30 s for stages III/IV. (D) Immunohistochemical staining
of ARF1 in two types of gastric carcinomas including intestinal (G02, G29) and diffuse type (G86, G95, G43, G99, G44, G40), stages I–IV. Positive
staining of ARF1 is indicated by a dark-brown color. ADP-ribosylation factor 1 was observed mainly in the gastric cancer cells and barely in
stromal cells.
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Clinical characteristics of patients. Table 1 lists the character-
istics of study patients (n = 110). The average tumor size
(maximum diameter) was 5.2 cm (median, 4.0 cm; range, 0.5–
18 cm). Tumors were located in the proximal third of the
stomach in 24 cases (21.8%), middle third in 28 (25.5%), dis-
tal third in 55 (50%), and the whole stomach in 3 (2.7%)
cases. Histologically, tumor types were classified as intestinal
(n = 41, 37.3%) or diffuse (n = 69, 62.7%). Early gastric can-
cer (T1; mucosa and submucosa), defined by the depth of wall
invasion, was diagnosed in 24 (21.8%) cases, advanced cancers
(T2; muscle proper and subserosa) in 17 (15.5%) cases, serosa
(T3) in 56 (50.9%), and invasion into adjacent organs (T4) in
13 (11.8%) cases. Lymph node metastasis was identified in 78
cases (70.9%). During surgery, peritoneal seeding was detected
in 19 (17.3%) patients and liver metastasis in 2 (1.8%)
patients. Pathological staging was distributed as follows: stage
I in 30 cases (27.3%); stage II in nine cases (8.2%); stage III
in 42 cases (38.2%); and stage IV in 29 cases (26.4%).

Expression of ARF1 in gastric cancer tissues. To validate the
expression of ARF1 mRNA, real-time qRT-PCR was carried
out in 55 frozen tumor samples and adjacent non-tumorous
mucosa. The median of ARF1 mRNA expression estimated
using qRT-PCR was 2.3-fold higher in tumor samples (range,
0.04–49.87). Based on the definition of overexpression as
� 1.5-fold higher than the normal level in qRT-PCR analyses,
ARF1 was found to be overexpressed in 67.2% of patients
(Fig. 2A). Thus, ARF1 mRNA expression at stages III/IV was
significantly (P < 0.001, Mann–Whitney U-test) higher than
that in stages I/II (Fig. 2B). Moreover, we further confirmed
ARF1 protein expression with Western blot analysis. Expres-
sion of ARF1 in eight representative patients is presented in
Figure 2(C,D). The 20 kDa ARF1 protein was detected in all
cancer tissues. Cancer tissues from gastric cancer stage I (G86,
G95) or stage II (G29, G43) displayed no changes of ARF1
expression. However, stage III (G99, G44) and stage IV (G40,
G02) tissues showed increased ARF1 expression (1.46- to

6.56-fold), compared with matched non-cancerous adjacent
mucosa (Fig. 2C).

Immunostaining reveals overexpression of ARF1 protein in gas-
tric cancerous tissues. To further validate the expression and
localization of ARF1 protein in surgical specimens, IHC was
carried out in 110 patients. Figure 2(D) shows the ARF1 IHC
staining of the same specimens with their Western blots to val-
idate the staining intensity in eight representative patients.
Dark-brown immunostaining was most prevalent in cancer
cells, and low levels were observed in stromal cells or fibro-
blasts in gastric cancer tissues. Notably, no or weak staining
for ARF1 was observed in tumor or normal gastric epithelial
cells in stages I/II (Fig. 2D, G86, G95, G29, and G43). Stain-
ing was more intensive in the advanced stages (III/IV) of the
tumors. Stages III/IV are depicted in tumor tissues of Fig-
ure 2(D) (G99, G44, G40, and G02) compared to adjacent nor-
mal tissues (Fig. 2D). The mean IHC score of gastric cancer
tissues was 97.2 (median, 90; range, 0–240), whereas that
of the matching adjacent non-cancerous mucosa was 43.1
(median, 50; range, 0–150), which was significantly different
(P < 0.001, Wilcoxon signed rank test) (Fig. 3A). Paired com-
parison of immunoreactivity for ARF1 (n = 68) revealed that
the IHC scores of cancerous tissues were higher than those of
their non-tumorous counterparts in 52 (76.5%), equivalent in 7
(10.3%), and lower in 9 (13.2%) patients. However, ARF1
expression levels in surgical specimens determined by IHC
show no significant difference between intestinal and diffuse
types (Fig. 3B, Table 1). Expression of ARF1 was significantly
higher (P = 0.01 for IHC) in patients with more advanced
pathologic stage (stages III/IV) than for those in an earlier
pathologic stage (stages I/II) (Fig. 3C and Table 1).

Expression of ARF1 and clinicopathological correlations.
Expression of ARF1 in tumor tissue was not significantly
associated with age, gender, tumor location, tumor size, or
histological type (Table 1). However, elevated ARF1 expres-
sion was strongly correlated with lymph node metastasis

(A)

(C) (D)

(B)

Fig. 3. Immunohistochemical (IHC) detection of ADP-ribosylation factor 1 (ARF1) expression in human gastric cancer tissues (T) and matching
non-cancerous mucosa (N). (A) Comparison of the ARF1 IHC scores in T/N. The differences were analyzed with the Wilcoxon signed rank test.
Comparison of the ARF1 expression in two types (B) or various stages (C) of cancer by the Mann–Whitney U-test. (D) Kaplan–Meier survival curves
of two groups of gastric cancer patients defined by the ARF1 expression level cut-off value of 90, as determined with IHC scoring. The 5-year sur-
vival rate of the lower expression group (n = 50) was significantly better than that of the higher expression group (n = 60; P = 0.0288, log–rank
test).
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(P = 0.008), serosal invasion (P = 0.046), lymphatic invasion
(P = 0.035), and pathological staging (P = 0.010) (Table 1
and Fig. S1). Increased ARF1 expression was not associated
with vascular invasion or distant metastasis, including perito-
neal seeding or liver metastasis.

Survival outcomes. The mean duration of the follow-up per-
iod for 50 survivors was 65.5 months (range, 26–126 months).
Two patients died of postoperative complications, and six died
of other diseases. In total, death occurred in 52 cases as a
result of gastric cancer progression. The overall cumulative
5-year survival rate of 110 patients with gastric resection was
50.3%. Figure 3(D) show the cumulative survival curves of
patients in the lower and higher ARF1 expression groups. The
lower expression group included patients with scores below
median (IHC score = 90) ARF1 expression, whereas the higher
expression group comprised patients expressing levels above
the median value. The 5-year survival rate of the lower expres-
sion group was significantly improved relative to that of the
higher expression group (62.9% vs 40.9%; P = 0.0288, log–
rank test).
Univariate analysis disclosed a number of significant prog-

nostic factors, including status of lymph node metastasis, sero-
sal invasion, distant metastasis, peritoneal seeding, vascular
invasion, lymphatic invasion, and perineural invasion, in addi-
tion to ARF1 expression. Other significant parameters were
histological type, tumor size, and gross type. Further, in multi-
variate analysis, the independent prognostic factors influencing
patient survival were lymph node metastasis (P = 0.006), dis-
tant metastasis (P = 0.034), and higher ARF1 expression (IHC
score � 90) (P = 0.036) (Table 2). Although the pTNM fac-
tor is the most useful indicator to predict outcome for survival,
the current results indicate that higher ARF1 expression can be
used as a novel prognostic factor influencing gastric cancer
patient survival.

Influence of ectopic ARF1 overexpression on AGS cell prolifera-
tion and migration. The AGS cells expressing low levels of
endogenous ARF1 were transfected with pcDNA3-ARF1. After
2 weeks of transfection, stable expression of ARF1 protein
was established. Figure 4(A) shows 2.08-fold and 2.35-fold
higher ARF1 expression in two AGS-ARF1 sublines (ARF-1
and ARF-2), respectively, compared to cells transfected with
control vector (C-1 and C-2). To determine the effects of over-
expression of ARF1 in AGS cells, cell proliferation, migration,
and invasion activities were assayed. Cell proliferation was
determined by cell counting and indicated as a percentage of
the control for up to 5 days. Cells overexpressing ARF1
showed significantly (P < 0.01) higher proliferation rates
(1.77- or 1.61-fold) and colony formation ability (2.19- or
2.14-fold) than those transfected with control vector on day 5
and day 10, respectively (Fig. 4B,C). Moreover, ARF1-overex-
pressing cells showed significantly (P < 0.01) higher migration
rates (4.53- or 4.8-fold) and invasive abilities (3.53- or 3.8-
fold) than their control counterparts (Fig. 4D,E). Therefore,
several MMPs were examined. Higher proMMP2, MMP2
activities were observed in the ARF1-overexpressing but not in
the control AGS lines (Fig. 4F). Furthermore, higher expres-
sion of epithelial–mesenchymal transition (EMT) markers
including N-cadherin, vimentin, snail, slug, twist, as well as b-
catenin, were also detected in the ARF1-overexpressing lines
(Fig. 4G). However, the AGS cell line does not express detect-
able endogenous E-cadherin (data not shown). Collectively,
our results indicate that ARF1-overexpressing cells show
enhanced cell proliferation, migration, and invasion.

Discussion

Gastric cancer, the second most frequent cause of cancer-
related death,(1) remains a significant therapeutic challenge,

and the molecular pathways implicated in pathogenesis require
further elucidation. With the aid of proteomic technology, we
identified ARF1 as a protein upregulated in gastric cancer
patients. Upregulation of ARF1 expression was strongly corre-
lated with depth of invasion, lymph node metastasis, pathologi-
cal stage, and lymphatic invasion. Furthermore, increased
ARF1 expression correlated strongly with poor survival rate.
Numerous biomarkers for diagnosis or prognosis, including

SPARC,(26) claudin-18,(27) CD54,(28) hepatoma-derived growth
factor,(29) vascular endothelial growth factor (VEGF)-D and its
receptor VEGFR-3,(30) melanoma inhibitory activity and MMP-
10,(31) secretory leukocyte protease inhibitor,(22) chloride intra-
cellular channel 1 (CLIC1),(20)and chemokine (C-X-C motif)
ligand 1 (CXCL1, also termed GRO-1)(32) have recently been
identified for gastric cancer. Some of these biomarkers have
been effectively applied to elucidate the molecular and cellular
mechanisms of gastric carcinogenesis and progression.(33)

Data from the current study confirmed that ARF1 is fre-
quently overexpressed in gastric cancer cells. Among the
patients examined, higher ARF1 expression was significantly
associated with tumor progression and advanced stages of

Table 2. Analysis of risk factors for 5-year survival rate in 110 gastric

cancer patients

Risk factors No.

Univariate

analysis†
Multivariate analysis‡

P HR 95% CI P

ARF1 (IHC � 90 score)

Low

expression

62.9 0.0288 1.987 1.045–3.776 0.036

High

expression

40.9

Gross type

Localized 78.8 <0.0001 0.556 0.214–1.441 NS

Infiltrative 31.0

Size (cm)

<5 69.3 <0.0001 1.986 0.929–4.247 NS

�5 25.3

Histological type

Intestinal 72.2 0.0001 2.063 0.924–4.607 NS

Diffuse 36.7

Serosal invasion

No (T1, T2) 82.3 <0.0001 1.584 0.578–4.340 NS

Yes (T3, T4) 30.3

Lymph node metastasis

No (N0) 93.7 <0.0001 9.985 1.913–52.125 0.006

Yes (N1, N2,

N3)

32.4

Distant metastasis (pM)

No 64.0 <0.0001 2.502 1.071–5.848 0.034

Yes 4.2

Peritoneal seeding

No 59.6 <0.0001 1.070 0.441–2.597 NS

Yes 5.6

Vascular invasion

No 57.7 <0.0001 1.435 0.726–2.836 NS

Yes 12.1

Lymphatic invasion

No 79.2 <0.0001 0.769 0.295–2.004 NS

Yes 29.5

Perineural invasion

No 64.9 <0.0001 1.138 0.589–2.197 NS

Yes 22.7

†Log–rank test, P < 0.05. ‡Cox regression method, P < 0.05. ARF1,
ADP–ribosylation factor 1; CI, confidence interval; HR, multivariate-
adjusted hazard ratio; IHC, immunohistochemistry; NS, not significant.

Tsai et al. Cancer Sci | June 2012 | vol. 103 | no. 6 | 1141
© 2012 Japanese Cancer Association



gastric cancer. In addition, patients with lower ARF1 expres-
sion had better prognosis. ADP-ribosylation factor appears to
be involved in several important cellular processes, including

membrane trafficking and activation of phospholipase D.(34,35)

Further recent studies have shown that ARF1 controls cell
proliferation, dependent on its ability to regulate pRB/E2F1

(A)

(C)

(E)

(G)

(B)

(D)

(F)

Fig. 4. Influence of ectopic overexpression of ADP-ribosylation factor 1 (ARF1) on AGS gastric cancer cells. Two AGS-ARF1 sublines (ARF-1 and -2)
and control lines (C-1 and C-2) were established, as described in “Materials and Methods” (A) Expression of ARF1 was determined using Western
blot analysis. (B) Proliferation, (C) colony formation, (D) migration, and (E) invasion abilities were assayed as described in “Materials and Methods”.
Data are presented as means ± SE obtained from at least three independent experiments carried out in duplicate. Values are presented as colony
numbers or fold (C–E) of vector control, and differences examined with Student’s t-test, compared to the average of vector. *P < 0.05; **P < 0.01.
(F) Western blot of MMP2, N-cadherin, vimentin, snail, slug, twist, and b-catenin proteins. Actin was used as a loading control.
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activity and gene expression for enhanced proliferation and
breast cancer progression.(36) Similarly, inhibition of endoge-
nous ARF1 expression results in the suppression of breast can-
cer cell migration and proliferation through activation of the
phosphatidylinositol 3-kinase pathway.(37)

Similar to our results, Kon et al.(38) reported that ARF6 iso-
form SMAP1 regulated E-cadherin turnover involved in EMT.
Jang et al.(39) found that PMA-stimulated ARF4 expression
increases AP-1 promoter activity, leading to induction of
breast cancer cell migration. However, the underlying mecha-
nism is still unknown. Our findings showed that ARF1 shows
oncogenic potential, which is mediated at least partially by the
EMT.(37)

Several studies have used similar techniques to identify dif-
ferentially expressed proteins in gastric cancer. In a study by
Ebert et al.,(40) cathepsin B expression was upregulated in
60% of patients and associated with distant metastases and
reduced survival rate. Upregulation of CLIC1 was strongly
correlated with lymph node metastasis, lymphatic invasion,
perineural invasion, advanced pathological stage, and poor sur-
vival. The expression of 14-3-3b was highly correlated with
the number of lymph node metastases, tumor size, and reduced
survival rate.(41) However, to our knowledge, the significance
of those proteins during carcinogenesis has not been further

elucidated. The possible roles underlying the effects on carci-
nogenesis, development of human gastric carcinoma, or inter-
actions with cellular ARF1 are yet to be established.(42)

In summary, we have confirmed the dysregulation of ARF1
in gastric carcinoma and a strong association with more
advanced stages of the disease. As ARF1 is overexpressed in a
variety of malignancies, it is unsuitable as a diagnostic biomar-
ker for a specific tumor, although the protein shows promise
as a prognostic marker of tumor progression and advanced
cancers. Further investigation of ARF1 is warranted in view of
its potential as a prognostic and therapeutic agent.
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