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Overexpression of activated leukocute cell adhesion molecule

in gastric cancer is associated with advanced stages
and poor prognosis and miR-9 deregulation
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Abstract. Activated leukocyte cell adhesion molecule
(ALCAM) has been identified as a novel potential molecular
marker of human tumors. The present study aimed to assess
ALCAM as a prognostic marker for gastric cancer (GC), and
to explore the mRNA deregulation underlying the abnormal
expression of ALCAM. The mRNA and protein expression
of ALCAM in GC and adjacent non-tumor tissues from
66 patients with GC were analyzed. The association between
miR-9 and ALCAM mRNA expression was determined
by quantitative polymerase chain reaction. Serum soluble
ALCAM (sALCAM) was analyzed by ELISA in 72 patients
with GC, 82 patients with gastric precancerous lesions and
73 controls. ALCAM and sALCAM levels were associated
with certain clinicopathological variables, including overall
survival. Compared with the non-tumor tissues, the expres-
sion of ALCAM mRNA in the GC tissues was significantly
upregulated (P=0.013). The expression of miR-9 was reduced
and inversely correlated with ALCAM mRNA levels in GC
tissues and cell lines. The ALCAM mRNA level was reduced
following ectopic overexpression of miR-9 in SGC-7901 human
gastric cancer cells. The rates of membranous and cytoplasmic
expression of ALCAM in GC tissues were 59.1 and 48.48%,
respectively, and the serum sSALCAM levels were significantly
elevated in patients with GC. Elevated ALCAM mRNA,
membranous ALCAM expression in GC tissues and high
SALCAM levels are associated with advanced tumor stage,
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lymphatic invasion and shorter overall survival duration.
The results of the current study indicated that membranous
ALCAM expression and high serum sALCAM levels are
independent prognostic markers of poor survival for patients
with GC, and that the overexpression of ALCAM may be due
to the downregulation of miR-9.

Introduction

Activated leukocyte cell adhesion molecule (ALCAM), also
known as cluster of differentiation 166 (CD166), is a highly
conserved 110 kDa multidomain transmembrane type 1
glycoprotein of the immunoglobulin superfamily (1). ALCAM
consists of a NH2-terminal hydrophobic signal peptide,
followed by extracellular, transmembrane and cytoplasmic
domains (2). ALCAM was identified as a CD6 ligand and is
expressed on activated leukocytes, fibroblasts, epithelia and
neurons (3). ALCAM is involved in osteogenesis (4), neurite
extension (5), hematopoiesis (6) and embryonal implantation
in the uterus (7), and mediates homotypic/heterotypic interac-
tions between tumor cells and between endothelial and tumor
cells (8). Previously, alterations in the expression of ALCAM
mRNA and protein have been reported in several human
tumors, including prostate cancer (9), colon cancer (10),
breast cancer (11), glioblastoma (12) and non-small-cell lung
cancer (13). In metastatic melanoma,ALCAM controls the
transition from local cell proliferation to tissue invasion and
functions as a cell surface sensor for cell density in metastatic
melanoma (14).

The soluble isoform of ALCAM (SALCAM) is an alterna-
tive short transcript that comprises only the first 3'-exon. The
transcript contains a single Ig domain and lacks a transmem-
brane domain. : In addition to a regulatory effect on ALCAM
function, SALCAM has an ALCAM independent effect in
endothelial cell assays (15). SALCAM serum levels have
been shown to be elevated in patients with pancreatic (16)
and esophageal (17) cancer, and elevated SALCAM levels in
peripheral blood are independent prognostic markers of poor
survival for patients (17).
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microRNAs (miRNAs) mediate translational repression or
direct mRNA cleavage by binding complementary sequences
of the mRNA 3' untranslated region (3' UTR) (18). Candidate
miRNAs of target mRNAs have been computationally
predicted using several bioinformatic tools (19,20). In human
hepatoma cell lines, ALCAM was verified as a target gene
of miR-9 by luciferase reporter and western blot assays (21).
miR-9 is significantly reduced in highly invasive uveal
melanoma cell lines, and has been demonstrated to suppress
migration and invasion partly through downregulation of
the NF-kB1 signaling pathway (22). The anti-proliferative
and pro-apoptotic activity of miR-9 via the direct targeting
of MTHFD2 may contribute to tumor suppressor-like
activity (23).

Gastric cancer (GC) is one of the most common malig-
nancies and a major leading cause of cancer-related mortality
worldwide (24). Subsequent to curative surgery and multi-
modal therapeutic approaches, certain patients with GC
undergo an unexpected postoperative course, largely due to a
lack of adequate predictive biomarkers and valid therapeutic
targets. Ishigami er al (25) suggested that membranous
CD166-positivity may be a promising prognostic marker
in GC (25). However, ALCAM and SALCAM expression
profiles have not previously been investigated in GC. The
current study aimed to investigate the expression patterns of
ALCAM mRNA and protein in GC tissues and the serum
SALCAM levels, and to correlate ALCAM expression with
clinicopathological parameters, including survival duration. It
was hypothesized that miRNAs are associated with ALCAM
overexpression in GC, therefore the functions of computation-
ally predicted miR-9 in GC cells were analyzed.

Materials and methods

Patients. All blood and tissue samples were obtained from
patients who had presented to the Guangzhou First People's
hospital (Guangzhou, China) and the study protocol was
approved by the Ethics Committee. Written consent was
obtained from all participants prior to surgery or blood sample
collection.

Primary GC (n=66) and adjacent non-tumor tissues (>5 cm
away from the margin of the tumor) were snap-frozen in liquid
nitrogen immediately subsequent to surgery, and then stored
at -80°C until use. The patients were composed of 41 (62.12%)
males and 25 (37.88%) females, with ages ranging from
31 to 78 years (median 63 years). None of the patients had
received chemotherapy and/or radiotherapy prior to surgery.
The tissue samples were formalin (10%;Shjisbio, Shanghai,
China)-fixed and paraffin (Shjisbo)-embedded, then sliced
into 4-ym sections for immunohistochemistry. For serum
SALCAM quantification, peripheral blood samples were
obtained from 72 patients with GC (26 females and 46 males,
median age 67 years), 82 patients with precancerous lesion of
gastric cancer (PLGC; 30 females and 52 males, median age
62 years) and 73 blood-bank donors (28 females and 45 males,
median age 64 years) as healthy controls. Exclusion criteria
included patients with other malignant tumors and severe
diseases in other organs. Lauren's pathohistological classifica-
tion (26) of GC was used, and PLGC was diagnosed according
to the World Health Organization classification system (27).
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The histological diagnosis of each case was confirmed by two
experienced pathologists independently.

For patients with GC, data were collected on age, gender
and tumor histology, and the tumor stage was determined
according to the 2010 tumor-node-metastasis (TNM) clas-
sification of the Union for International Cancer Control
and American Joint Committee on Cancer (27). The clinical
follow-up data were obtained from outpatient medical records
and phone interviews with patients and their family members.
Overall survival (OS) was defined as the duration between the
date of diagnosis and the date of mortality or last follow-up
appointment. Patients with GC who died of unrelated diseases
were regarded as censored cases.

Cell culture. The human GC cell lines MGC-803, BGC-823,
HGC-27 and SGC-7901, and the normal human gastric epithelial
cell line GES-1 were purchased from Landerbio (Guangzhou,
China). HGC-27 cells were cultured in DMEM/F12 complete
medium (Hyclone Laboratories, Inc., Logan, UT, USA), while
the other cell lines were cultured in RPMI 1640 (Gibco Life
Technologies, Grand Island, NY, USA) medium supplemented
with 10% heat-inactivated fetal bovine serum plus 1% penicillin
and streptomycin. The cell lines were kept in a humidified
atmosphere with 5% CO, at 37°C.

Transfection. Synthesized miR-9 mimic and negative control
(NC) were purchased from Guangzhou RiboBio Co., Ltd.
(Guangzhou, China). The cells were transfected with the mimic
or the NC at 50 nM, according to the manufacturer's instruc-
tions. The cells were transfected using Lipofectamine 2000
(Invitrogen Life Technologies, USA) at 30-50% conflu-
ence, according to the manufacturer's instructions and were
harvested following 12, 24 and 48 h of transfection.

RNA extraction, reverse transcription (RT) and quantitative
polymerase chain reaction (qPCR). Total RNA was extracted
from the tissues and cell lines using TRIzol® (Ambion Life
Technologies, Carlsbad, CA, USA) according to the manufac-
turer's instructions. Total cDNA was obtained from the RT
reaction using PrimeScript RT Reagent Kit (Takara Bio, Inc.,
Otsu, Japan). ALCAM expression was anlayzed by qPCR using
a Stratagene SYBR Green I assay (Agilent Technologies, Inc.,
Santa Clara, CA, USA) and normalized to that of GAPDH. The
sequences of the primers (Invitrogen, Lige Technologies) were
as follows: ALCAM F 5-TTTTACTTACCAGGACAGC-3'
and R 5-GACATAGTTTCCAGCATC-3'; GAPDH F 5-GCA
CCGTCAAGGCTGAGAA C-3' and R 5"-TGGTGAAGAC
GCCAGTGGA-3'. The expression levels of miR-9 in the cell
lines and tissues were determined using miRACLE cDNA
Synthesis Kit and miRACLE qPCR miRNA Master Mix
(Genetimes Technology, Inc., Shanghai, China). The miR-9
levels were normalized to the U6 snRNA levels.

Immunohistochemical staining. For 66 pairs of GC and
adjacent non-tumor tissues, antigen retrieval was achieved
by pressure cooking in citric acid antigen repairing buffer
(pH 6.0; Shjisbio). The sections were treated with 3%
H,0,, followed by treatment with bovine serum (Hyclone
Laboratores, Inc.,). The primary mouse-derived monoclonal
anti-CD166 antibody (Abcam, Cambridge, MA, USA) was
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Table I. Correlations between mRNA expression of activated leukocyte cell adhesion molecule and clinicopathological features

of gastric cancer.

No. of patients with elevated

No. of patients with

Characteristics No. of patients expression in cancer (%) expression in cancer (%) P-value®

Gender 0.300
Male 41 28 (42.42) 13 (19.70)
Female 25 20 (30.30) 5(7.58)

Age (years) 0.920
<60 30 22 (33.33) 8 (12.12)
>60 36 26 (39.40) 10 (15.15)

Tumor histology® 0.156
Intestinal 54 37 (56.06) 17 (25.76)
Diffuse 12 11 (16.67) 1(1.51)

TNM stage® 0.027
I/ 18 9 (13.64) 9 (13.64)
1100Y% 48 39 (59.08) 9 (13.64)

Lymphatic invasion 0.010
Yes 49 40 (60.60) 9 (13.64)
No 17 8 (12.12) 9 (13.64)

“Pathohistological classification of gastric cancer was based on the Lauren classification system. "According to the 2010 TNM classification of

the UICC/AJC. Fisher's exact or % test. TNM, tumor node metastasis.

diluted to 1:100 and incubated. The EnVision system (Dako,
Glostrup, Denmark) was used to visualize the immunos-
taining. The tissue sections were independently evaluated
by two researchers blinded to the patient characteristics and
outcomes.

Sandwich ELISA. For the detection of SALCAM, Costar flex-
ible 96-well microtiter plates (Corning Incorporated, New York,
NY, USA) were coated with a monoclonal human anti-mouse
ALCAM antibody (#MAB6561; R&D Systems, Inc.,
Minneapolis, MN, USA). Bound protein was detected using a
biotinylated polyclonal human anti-goat antibody (#BAF656;
R&D Systems, Inc.), followed by streptavidin-horseradish
peroxidase (#4800-30-06; R&D Systems, Inc.) using tetra-
methylbenzidine as the substrate. The color reaction was
stopped, then analyzed at 450 nm using a Dynatech MR5000
Plate Reader (Dynex Technologies, Vienna, VA, USA).
Human ALCAM-Fc protein (R&D systems, Inc.) was used
as an internal standard control. Reproducibility and linearity
were examined to ensure that the immunoassay was suitable
for measuring clinical serum samples.

Statistical analysis. Group differences were calculated with a
t-test or Mann-Whitney test. The Fisher's exact test or y* test
was used for the comparison of frequencies. The correlation
between two factors was evaluated with the Spearman's rank
correlation test. Univariate survival analysis was performed
using the Kaplan-Meier method and the differences were
assessed with the log rank statistic. Independent prognostic
factors were estimated by the Cox proportional hazards
stepwise regression model. The cut-off level for sSALCAM

quantification was determined using the Youden index. P<0.05
was considered to indicate a statistically significant difference.
All data were analyzed using the SPSS software, version 16.0
(SPSS, Inc., Chicago, IL, USA).

Results

ALCAM mRNA expression is upregulated in GC, and asso-
ciated with advanced TNM stage and lymphatic invasion.
ALCAM mRNA was upregulated in 72.73% (48/66) of
GC tissues, with an average of a five-fold increase compared
with the matched non-tumor (NT) tissues (P=0.013; Fig. 1A).
Elevated ALCAM mRNA in GC tissues was significantly
associated with an advanced TNM stage (P=0.027) and
lymphatic invasion (P=0.010) (Table I). No association was
observed with other clinicopathological variables, including
gender, age and histology.

ALCAM expression is under the regulation of miR-9. Based
on the Sanger miRNA database (http:/www.mirbase.org) and
TargetScan (http:/www.targetscan.org) software, miR-9 was
selected, due to a predicted high complementarity between the
seed sequence of miR-9 and the two potential binding sites in
the 3'-UTR of ALCAM.

Compared with GES-1 cells, ALCAM mRNA expression
levels in the gastric cancer cell lines BGC-823, HGC-27 and
SGC-7901 were elevated, however, miR-9 levels in these
three cell lines were reduced (Fig. 1B). The expression levels
of miR-9 were reduced in 62.12% (41/66) of GC tissues
compared with the level in NT tissues (P=0.023; Fig. 1C).
The expression levels of miR-9 were inversely correlated with



YE et al: OVEREXPRESSION OF ALCAM IS A PROGNOSTIC MARKER FOR GASTRIC CANCER

>

P=0.013

204

15+

10+

ALCAM mRNA level

(=]

Q

10+

P=0.023

miR-9 level

24

o

NT GC

®Hoo| 4

20,00

a
"
f :
10,00 -

-
L
s B L

T

00

r=-0.382
P=0.014

ALCAM mRNA level inGC T

T
600 1000 16.00 2000

miR-9 level in GC

2007

ALCAM mRNA level in cells 10

miR-9 level in cells

ALCAM mRNA

miR-9

Figure 1. Analysis of ALCAM mRNA and miR-9 expression levels in gastric tissues and cell lines. (A) Comparison of ALCAM mRNA expression levels in
66 paired GC and NT tissues by qPCR. GC tissues (median 5.49) presented significantly higher expression levels than the adjacent NT tissues (median 1.30)
(P=0.013). (B) ALCAM mRNA and miR-9 expression levels in four human GC cell lines (MGC-803, BGC-823, HGC-27, SGC-7901) and one normal human
gastric epithelium cell line (GES-1). Compared with GES-1, ALCAM mRNA expression levels in the gastric cancer cell lines BGC-823, HGC-27 and SGC-7901
were significantly elevated, whilst the mRNA expression level in MGC-803 cells was significantly reduced. The expression levels of mature miR-9 in BGC-823,
HGC-27 and SGC-7901 cell lines were significantly reduced, while the levels significantly increased in MGC-803 cells ('P<0.05 vs. GES-1 cells). (C) Comparison
of miR-9 expression levels, which were significantly reduced in GC tissues (median 0.55) compared with NT tissues (median 2.87) (P=0.023). (D) Linear regres-
sion analysis indicated a significant negative correlation between miR-9 and ALCAM mRNA (r=-0.382, P=0.014). (E) miR-9 and ALCAM mRNA expression
level at 0, 12, 24 and 48 h following transfection of miR-9 mimic. The expression of miR-9 was significantly downregulated, while the level of ALCAM mRNA
was markedly upregulated, at 12, 24 and 48 h ("P<0.05 vs. 0 h). ALCAM, activated leukocyte cell adhesion molecule; GC, gastric cancer; NT, non-tumor.

those of ALCAM mRNA in GC tissues (r=-0.293, P=0.014;
Fig. 1D).

miR-9 and ALCAM mRNA levels were quantified
following transfection of SGC-7901 cells with the miR-9
mimic and NC. SGC-7901 cells were selected due to having
the lowest endogenous miR-9 expression level among the four
GC cell lines. At 12,24 and 48 h subsequent to transfection of
the miR-9 mimic, the expression of miR-9 was significantly
decreased, while the level of ALCAM mRNA was markedly
increased (P<0.05, Fig. 1E). However, there were no signifi-
cant differences in the miR-9 or ALCAM mRNA levels in the
NC-transfected cells (data not shown).

Clinical significance of ALCAM protein expression and
subcellular localization. ALCAM protein expression was
identified in the cellular membrane and cytoplasm (Fig. 2). In
GC tissues, the positive rates of membranous and cytoplasmic

ALCAM were 59.1% (39/66) and 48.48% (32/66), respectively
(Table II). In the NT tissues the rates were 27.27% (18/66) and
22.72% (15/66), respectively. A total of 23 GC tissues were
positive for membranous and cytoplasmic ALCAM expression
simultaneously.

The upregulated membranous ALCAM expression in
cancer tissues was significantly associated with advanced
tumor TNM stage (P=0.041) and lymphatic invasion
(P=0.040); however, the cytoplasmic ALCAM was not associ-
ated with any of the clinicopathological variables (P>0.05)
(Table II). The log-rank test indicated that the median OS
was significantly reduced in tumors positive for membranous
ALCAM (20 months, n=39) compared with tumors nega-
tive for membranous ALCAM (41 months, n=27) (P=0.012;
Fig 3A). OS was not significantly associated with cytoplasmic
ALCAM in cancer tissues, and the OS median durations in
tumors positive for cytoplasmic ALCAM and negative for
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Table II. Association between activated leukocyte cell adhesion molecule subcellular localization in cancer tissues and clinico-

pathological factors.

Membranous ALCAM in cancer tissues Cytoplasmic ALCAM in cancer tissues
No. of Positive Negative Positive Negative
Characteristics patients (%) (%) P-value (%) (%) P-value
Gender 0.526 0.569
Male 41 23 (34.85) 18 (27.27) 21 (31.82) 20 (30.30)
Female 25 16 (24.24) 9 (13.64) 11 (16.67) 14 (21.21)
Age (years) 0.715 0.208
<60 30 17 (25.76) 13 (19.70) 12 (18.18) 18 (27.27)
>60 36 22 (33.33) 14 (21.21) 20 (30.30) 16 (24.24)
Tumor histology 0.953 0.450
Intestinal 54 32 (48.48) 22 (33.33) 25 (37.88) 29 (43.94)
Diffuse 12 7(10.61) 5(7.58) 7 (10.61) 5(7.58)
TNM stage 0.041 0.880
/11 18 7 (10.61) 11 (16.67) 9 (13.64) 9 (13.64)
/v 48 32 (48.48) 16 (24.24) 23 (34.85) 25 (37.88)
Lymphatic invasion 0.040 0.891
Yes 49 34 (51.52) 15 (22.73) 24 (36.36) 25 (37.88)
No 17 5(7.58) 12 (18.18) 8 (12.12) 9 (13.64)

ALCAM, activated leukocyte cell adhesion molecule; TNM, tumor node metastasis.
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Figure 2. Representative immunohistochemical staining for ALCAM in primary GC and adjacent non-tumor tissues. (A) Strong membranous immunoreac-
tivity for ALCAM in GC tissue. (B) Strong cytoplasmic staining of ALCAM in GC tissue. (C) Strong cytoplasmic and membranous ALCAM expression in GC
tissues. (D) Normal gastric mucosa with negative cytoplasmic and membranous staining. (Magnification, x200). ALCAM, activated leukocyte cell adhesion

molecule; GC, gastric cancer.
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Table III. Multivariate analysis of factors contributing to overall survival in patients with gastric cancer.
Characteristics RR 95% CI P-value®
Gender 1.280 0.702-2.332 0.420
Age 1.763 0.960-3.238 0.068
Tumor histology 1.289 0.876-1.896 0.198
TNM stage 5.149 2.003-13.233 0.001
Lymphatic invasion 5.562 2.164-14.300 0.000
ALCAM membrane expression 2.251 1.170-4.330 0.015
ALCAM cytoplasmic expression 1.612 0.877-2.964 0.124
SALCAM high level 1.909 1.043-3.493 0.036

*Cox's regression test. RR, relative risk; CI, confidence interval; TNM, tumor node metastasis; ALCAM, activated leukocyte cell adhesion

molecule; SALCAM, serum-soluble ALCAM.
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Figure 3. Kaplan-Meier survival curves according to ALCAM subcellular localization of cancer tissues. (A) Overall survival (OS) of patients with gastric
cancer, with positive and negative membranous expression of ALCAM. The log-rank test indicated that the median OS was significantly reduced in tumors
positive for membranous ALCAM (20 months, n=39) compared with tumors negative for membranous expression of ALCAM (41 months, n=27) (P=0.012).
(B) OS of patients with positive and negative cytoplasmic expression of ALCAM. The median OS durations in tumors positive or negative for cytoplasmic
expression of ALCAM were 21 (n=32) and 31 months (n=34), respectively (P=0.117). ALCAM, activated leukocyte cell adhesion molecule.

cytoplasmic ALCAM were 21 (n=32) and 31 (n=34) months,
respectively (P=0.117; Fig. 3B).

Serum sALCAM level and its clinical relevance. No
significant difference was observed between the genders
or ages of the three groups (P>0.05; data not shown). The
serum level of SALCAM was significantly elevated in
GC patients (50.79+25.86 ng/ml), compared with PLGC
patients (41.10+£16.30 ng/ml) and healthy blood donors
(37.54+24 .42 ng/ml) (P<0.05; Fig. 4A). The sensitivity-spec-
ificity associations for SALCAM to discriminate between
GC patients and healthy donors was established using a
receiver operating characteristic curve. The optimal cut-off
value determined by the Youden index was 44.89 ng/ml,
and the area under curve was 0.618 (P=0.008; Fig. 4B). The
specificity of SALCAM >44.89 ng/ml in diagnosing GC was
69.33% with a sensitivity of 41.67% compared with healthy
donors (data not shown). According to the cut-off value,
37 patients with GC were defined as the high-level group,
and the other 35 were considered as the low-level group.
The Kaplan-Meier survival curve demonstrated a signifi-
cant difference (P=0.031) indicating that OS duration was

significantly shorter in the high-level group compared with
the low-level group (Fig. 4C).

Regarding the OS, the Cox proportional hazards model
(Table IIT) identified TNM stage (P=0.001), lymphatic invasion
(P=0.000), membranous ALCAM expression in the primary
tumor (P=0.015) and high serum sALCAM level (P=0.036)
as independent prognostic indicators. Gender, age and tumor
histology did not present significance following multivariate
analyses (P>0.05).

Discussion

In the current study, the results demonstrated that the
ALCAM mRNA expression level is elevated in GC tissues
and cell lines. In addition, an inverse correlation was observed
between miR-9 and ALCAM mRNA expression in the GC
tissues and cell lines, and enforced expression of miR-9 led
to a reduction of ALCAM mRNA level in the cellular model.
Membranous ALCAM was associated with an advanced
TNM stage, lymphatic invasion and poor prognosis. The
serum SALCAM levels were significantly elevated in GC
patients in addition to the membranous ALCAM expression,
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Figure 4. Analysis of serum soluble (s) ALCAM. (A) Analysis of SALCAM levels in patients with gastric cancer (GC), precancerous lesions of gastric cancer
(PLGC) and healthy controls (HC). The level of SALCAM was significantly elevated in patients with GC (50.79+25.86 ng/ml), compared with patients with
PLGC (41.10£16.30 ng/ml) (P=0.034) and HC (37.54+24.42 ng/ml) (P=0.010). (B) Receiver operating characteristic curve of SALCAM to discriminate between
patients with GC and HC. The optimal cut-off value, determined by the Youden index, was 44.89 ng/ml, and the AUC was 0.618 (P=0.008). (C) The overall
survival of patients with GC patients with high and low sSALCAM levels. The overall survival was significantly shorter in the high-level group (21 months,
n=37) compared with the low-level group (31 months, n=35) (P=0.031). SALCAM, soluble activated leukocyte cell adhesion molecule; AUC, area under curve.

and SALCAM was identified as an independent prognostic
indicator.

The association of ALCAM with disease progression in
human malignancies was first suggested in malignant mela-
noma (28). To the best of our knowledge, the current study
is the first to present data with respect to ALCAM expres-
sion in gastric cancer. The results demostrated that ALCAM
levels were significantly increased in cancer tissues with
advanced TNM stages and lymphatic invasion. The pres-
ence of membranous ALCAM may serve as an indicator of
poor prognosis in GC. Consistent with these results, elevated
expression levels of ALCAM have previously been detected
in all 20 malignant mesothelioma (MM) cell lines, and over-
expression of ALCAM was demonstrated to contribute to
tumor progression in MM (29). Ishigami et al (25) reported
the rates of membranous and cytoplasmic ALCAM expres-
sion as 25.4 and 34.4%, respectively, which are lower than
the present findings. This may be due to the inclusion of a
greater number of patients with an advanced TNM stage
(72.72 vs. 24.64%) in the present cohort, or the innate hetero-
geneity of GC pathogenesis.

ALCAM is bimodular, and the two modules are required
for stable cell adhesion and aggregation (30). ALCAM clus-
tering is essential to obtain stable adhesion and, at the cell
surface, actin cytoskeleton-dependent clustering of ALCAM
molecules regulate ALCAM mediated cell adhesion (31).
In metastatic melanoma BLM cells, ALCAM acts as a
cell density sensor and initiates a signal to induce MMP-2
activation (14). According to the type of cadherin adhe-
sion complexes and the cadherin status of the tumor cells,
ALCAM may differentially enhance or reduce invasive-
ness (32). Membranous and cytoplasmic ALCAM expression
patterns were identified in GC tissues, as reported in other
types of malignancies; however, the biological relevance of
these patterns of ALCAM distribution is largely unclear.
With respect to subcellular localization, Tomita et al (33)
hypothesized that membranous ALCAM may be an activated
form that can interact with extracellular components, as it
consists of five extracellular domains, which fulfill its original

function in homophilic interactions (33). By contrast, loss of
ALCAM membrane expression has been implicated as an
independent factor of unfavorable prognosis in epithelial
ovarian cancer patients (34). The above evidence indicates
that the evaluation of the prognostic impact of ALCAM
expression should be considered for each type of tumor,
based on the subcellular localization and expression levels
of ALCAM. The molecular mechanisms by which ALCAM
participates in tumor proliferation, motility and metastatic
invasion require further investigation.

The extracellular domain of ALCAM (SALCAM) is shed
by metalloproteases and functions as an active messenger
interacting with surrounding tissues (35). It has been described
as a promoter of endothelial cell migration and an inhibitor of
endothelial tube formation. SALCAM modulates endothelial
cell function through ALCAM-dependent and -independent
pathways, and its expression is differentially regulated upon
inflammatory stimulation (15). Several studies have reported
its potential as a biomarker for different tumor entities.
Concurrent with the present study, patients with elevated
SALCAM level were identified in a previous study to have
significantly worse OS durations, thus it may serve as a poten-
tial diagnostic and prognostic serum marker for esophageal
cancer (17). The sensitivity and specificity of SALCAM was
clearly inferior to the tumor marker most frequently used for
pancreatic cancer, CA19-9 (16).

No significant association was identified between the
elevated tissue expression and serum level in the patients.
The tissue levels of ALCAM may not have correlated with
the serum values for several reasons. For example, TNF-a
has been demonstrated to induce moderate and persistent
upregulation of SALCAM expression in HMVECs, although
it exhibits minimal early effects (15). The expression of
ALCAM protein does not necessarily result in increased
cleavage of SALCAM by proteases such as ADAMI17 (36).
The flushing of SALCAM into the vascular system may
be a consequence of the disruption of anatomical barriers
between tumor cells and the bloodstream. In view of these
studies (32,37), it is clear that the mechanisms regulating the
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shedding of ALCAM, its dissemination into the surrounding
tissue and its entry into the blood system are not clearly
understood.

The exact mechanisms involved in the regulation of
ALCAM have yet to be elucidated, particularly the mechanism
underlying the aberrant expression of ALCAM during malig-
nant transformation. In a study by Wang et al (21), ALCAM
mRNA and protein expression levels were upregulated
following serum deprivation (SD) in HepG2 and GQY-7701
cells, partly due to the SD-mediated NF-xB P50/P65 increase,
which enhances open chromatin accessibility around the kB
motif independent of SWI/SNF complexes. miRNAs bind the
3'-UTR of target mRNAs and direct mRNA cleavage (38).
miR-9 was selected as a candidate in the current study, as
two potential binding sites in the 3-UTR of ALCAM were
identified by computational prediction, and there is phylogenic
conservation of the binding site sequence among mammals.
In human hepatoma cell lines, it was verified that miR-9
targets ALCAM, as ALCAM protein levels were suppressed
by miR-9. Following miR-9 mimic transfection, the level of
ALCAM mRNA was significantly reduced, indicating that
miR-9 is able to downregulate the ALCAM mRNA expression
level in GC. Further studies are required to investigate whether
miR-9 translationally represses ALCAM protein expression in
GC cell lines.
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