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Microarray analysis identifies versican and CD9 as
potent prognostic markers in gastric gastrointestinal

stromal tumors
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Although the main cause of gastrointestinal stromal tumor (GIST)
is gain-of-function mutations in the c-kit gene in the interstitial
cells of Cajal, concomitant genetic or epigenetic changes other
than c-kit appear to occur in the development of metastasis. We
sought to identify the genes involved in the metastatic process of
gastric GIST. Microarray analysis was performed to compare gene
expressions between three gastric GIST and four metastatic liver
GIST. Expression levels were higher for 165 genes and lower for
146 genes in metastatic liver GIST. The upregulation of five onco-
genes and downregulation of four tumor suppressor genes includ-
ing versican and CD9 were confirmed by quantitative reverse
transcriptional PCR. Immunohistochemistry in 117 GIST revealed
that protein levels of versican and CD9 were higher and lower,
respectively, in metastatic GIST. High expression of versican and
low expression of CD9 in 104 primary gastric GIST correlated with
poor disease-free survival (P = 0.0078 and P = 0.0018). In addition
to the c-kit gene mutation, genetic or epigenetic changes other
than c-kit play important roles in the metastatic process. In particu-
lar, versican and CD9 are potential prognostic markers in gastric
GIST. (Cancer Sci 2011; 102: 883-889)

astrointestinal stromal tumor (GIST) is the most common
mesenchymal tumor of the gastrointestinal tract. The main
cause of GIST is gain-of-function mutations in the c-kit gene in
the interstitial cells of Cajal. Most of these mutations are located
in exon 11 that encodes the KIT receptor juxtamembrane
domain, while others are located in exons 9, 13 and 17.0%Ina
small subset of GIST without c-kit mutations, alternative onco-
genic activating mutations (e.g., in exons 12 and 18 of the plate-
let-derived growth factor receptor [PDGRFA] gene) may be
involved.®¢
An orally bioactive tyrosine kinase inhibitor (TKI), imatinib
mesylate (Glivec, Gleevec; Novartis, Basel, Switzerland), has
been shown to inhibit KIT and PDGFR.”’ The safety and effi-
cacy of imatinib treatment in patients with metastatic GIST has
been confirmed by the results of phase I/1I trials.® Although
the benefit of adjuvant imatinib in patients with high-risk GIST
has been reported,“o) it is still controversial which risk classifi-
cation or biological markers should be used for patient selection.
Furthermore, late resistance to imatinib has been observed in
most patients with recurrent or metastatic GIST, and a high inci-
dence of adverse events due to imatinib has also been
reported." "' In the era of TKI, identifying novel biological
markers appears to be important not only in patient selection for
adjuvant imatinib therapy, but also in developing novel thera-
peutic targets that can be effective for the treatment of imatinib-
resistant GIST.
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Although a relationship between c-kit and PDGFRA muta-
tions and clinical outcomes has been reported,"">~'" other
genetic as well as epigenetic changes may enhance the malig-
nant potential of GIST and therefore affect patients’ prognosis.
In 40-90% of patients, postoperative recurrence or metastasis is
often observed after surgical resection and is associated with
poor prognosis.'®!? Therefore, it would be beneficial to deter-
mine the difference between primary and metastatic GIST so
that the patients’ prognosis can be predicted and novel molecu-
lar target therapies can be developed. In earlier papers, we
compared primary gastric and metastatic liver GIST immunohis-
tochemically and genetically, and reported that the loss of
heterozygosity of the c-kit gene or the loss of chromosome 4q
could be responsible for GIST liver metastasis.?**" Other chro-
mosomal changes, such as the loss of 1p, 10, 14q, 15q or 22q
and gene amplifications of 1q, 5, 8q, 17q or 20 in conjunction
with c-kit alteration, have also been reported in metastatic
GIST.?*27 However, it remains unclear how the loss and gain
of these chromosomal sites enhances the malignant potential
of gastric GIST, and whether upregulation of oncogenes or
downregulation of tumor suppressor genes is involved. There-
fore, we have used microarray analysis to identify genes
involved in the GIST metastatic process and prognostic markers
of gastric GIST patients.

Materials and Methods

Patients and tumors. Frozen tissue specimens of three gastric
GIST and four metastatic liver tumors from gastric GIST were
utilized for microarray analysis. None of the patients had
received imatinib therapy before surgery. Formalin-fixed paraf-
fin-embedded tissues of 104 primary GIST and 13 metastatic
GIST from 107 patients who had undergone surgery at Ham-
amatsu University School of Medicine, Hamamatsu Medical
Center, Iwata City Hospital, Shimizu City Hospital, Fukuroi
City Hospital, Shinshiro City Hospital, Osaka University and
Osaka Police Hospital between October1984 and May 2010
were included for immunohistochemistry investigations. Ethical
approval for the study was obtained from the Institutional
Review Board, and all patients provided written informed
consent.

Direct sequencing for c-kit and PDGFRA. Genomic DNA was
extracted from the frozen GIST samples and exons 9, 11, 13 and
17 of the c-kit gene and exons 12 and 18 of the PDGFRA gene
were amplified b;f polymerase chain reaction (PCR) as previ-
ously described.’ 9" The PCR products were electrophoresed
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through 3.0% agarose gels containing ethidium bromide. Each
band was excised from the gel and extracted. Direct sequencing
of the DNA extracted from the gel was carried out as previously
described.*”

Microarray analysis. Total RNA was extracted from frozen
GIST using the RNeasy Mini kit (Qiagen, Valencia, CA, USA).
The intensity and quantity of total RNA was assessed with a
Nanodrop ND-1000 spectrophotometer (Nanodrop Technolo-
gies, Wilmington, DE, USA). The expression profile of primary
GIST and metastatic liver GIST was determined using the
Affymetrix oligonucleotide microarray (Human Gene 1.0 ST)
according to the manufacturer’s protocol. Data were analyzed
using the GeneSpringGX11 software (Agilent, Santa Clara, CA,
USA). Hierarchical clustering analysis and gene ontology
analysis were performed with at least a twofold change and P
value scores of <0.05.

Quantitative reverse transcription PCR. Total RNA was
extracted as described above and reverse transcription was per-
formed using the PrimeScript RT reagent kit (Takara Bio, Shiga,
Japan). The resulting cDNA was amplified by real-time PCR
using the Real Time System (Takara Bio) and SYBR Green
PCR Mastermix (Takara Bio). The primer sequences and
annealing temperatures used are shown in Table S1. Relative
expression levels of each mRNA were normalized to glyceralde-
hydes 3-phosphate dehydrogenase.

Immunohistochemical analysis. To determine protein expres-
sions, we performed immunohistochemical staining using 4-pm
sections of formalin-fixed paraffin-embedded tissues obtained
from surgical specimens. Rabbit polyclonal antibodies against
human versican (Sigma, Milwaukee, WI, USA) and CD9
(Abcam, Cambridge, MA, USA) were used. Tumor sections
were deparaffinized with successive xylene and ethanol treat-
ment, as well as rehydration. Antigen retrieval was conducted
by heating the samples at 90°C for 40 min in 10 mM sodium
citrate (pH 6.0). Endogenous peroxidase was blocked by incuba-
tion in 3% hydrogen peroxide for 30 min. Sections were washed
in PBS and then incubated with the primary antibodies, anti-
versican (1:30 dilution) and anti-CD9 (1:100 dilution) at 4°C
overnight. Sections were incubated with peroxidase-labeled
polymer Histofine Simple Stain MAX PO (Nichirei, Tokyo,
Japan) for 30 min. Signals were developed using 3, 3’-diam-
onobenzidine (Nichirei) and counterstained with hematoxylin
for 1 min. Dehydration was performed following a standard pro-
cedure. We used thyroid and corpus uteri as positive controls,
and liver and pancreas as negative controls for versican. Simi-
larly, we used kidney and lung as positive controls, and lymph
node and liver as negative controls for CD9. To rule out nonspe-
cific immunoreactions, sections were incubated with secondary
antibodies without primary antibodies. The specificity of CD9
antibody was tested by serial dilution and an absorption test.
Versican staining was analyzed using Scion Image software.
The number of pixels in the versican-positive area and the total

Table 1.
microarray analysis

pixels for the whole image were counted. The dimension of the
versican-positive area was quantified by dividing the versican-
positive pixels by the total pixels. We measured the versican-
positive dimensions in five or more randomly selected X200
high-power fields (HPF), and calculated the mean dimension.
CD9 immunoreactivity was evaluated independently by three
board-certified pathologists with no knowledge of the clinical
data. The staining intensity of CD9 was scored as 0 (none), 1+
(weak), 2+ (moderate) or 3+ (strong). When heterogeneity was
seen, the evaluation was made in the predominant area. Scores
of 0 and 1+ were defined as CD9-negative and scores of 2+ and
3+ were defined as CD9-positive.

Statistical analysis. qRT-PCR data were analyzed by the
Student’s t-test, and P values <0.05 were considered statistically
significant. Correlation between versican expression and risk
grade was analyzed by two-way anNova with the Bonferroni
post hoc test. Patients’ disease-free survival (DFS) rates were cal-
culated using the Kaplan—Meier method, and statistically signifi-
cant differences in DFS were identified using the log-rank test.

Results

Microarray analysis of primary gastric and metastatic liver
GIST. To identify the upregulated and downregulated genes in
the metastatic liver GIST, microarray analyses were performed
using RNA extracted from three primary gastric GIST without
synchronous or metachronous metastasis, and from four meta-
static liver tumors that originated from gastric GIST. Patient
profiles are shown in Table 1. Of 28 869 genes analyzed, 311
genes were differentially expressed between primary and meta-
static liver GIST by at least twofold and with P values <0.05
(Fig. 1A, Table S2). When compared with the primary gastric
GIST, 165 genes were upregulated and 146 genes were down-
regulated in metastatic liver GIST. Gene ontology analysis fur-
ther revealed that the majority of genes altered in the metastatic
process were involved in protein binding, cell division, cell
cycle, cellular organization and other biological process
(Table S3).

Quantitative reverse transcription-PCR. To confirm the micro-
array data, quantitative reverse transcription PCR (qRT-PCR)
was performed using cDNA synthesized from the RNA used in
the microarray analysis. Of the 311 genes for which the expres-
sion differed between primary and metastatic GIST, we focused
on 11 genes based on their loci and their oncogenic or tumor
suppressive functions as reported in other malignancies. Of the
11 genes analyzed, the expression levels of five genes, inhibitor
of DNA binding 2 (ID2), interleukin 1 receptor 1 (ILIRI), low
density lipoprotein receptor (LDLR), versican (VCAN) and aur-
ora kinase A (AURKA) were significantly higher, while four
genes, protocadherinl0 (PCDHI10), CD9, neuronal cell adhesion
molecule (NRCAM) and cadherin (CDHS) were lower in meta-
static liver GIST (Fig. 1B).

Clinicopathological and genetic findings in three primary gastric GIST and four metastatic liver tumors from gastric GIST used for

Case Age Sex Lesion Size Histology KIT CD34 SMA S-100 Mitosis Ki-67 c-kit mutation

no. (years) (mm) Ll (%)

1 76 M Stomach 33 Spindle type + + - + 3/50 5.0 Exon 11: T568D

2 28 M Stomach 60 Mixed type + + - - 7/50 34 Wild type

3 75 F Stomach 40 Spindle type + + - - 3/50 2.3 Exon 11: V559A

4 72 M Liver 55 Spindle type + + + - 12/50 4.3 Exon 11: W557_V560del

5 65 M Liver 28 Mixed type + + - - 19/50 20 Exon 11: M552T,Y553_Q556del
6t 71 F Liver 33 Epithelioid type + + - - 13/50 10 Exon 11: 578-591 duplication
7t 73 F Liver 20 Epithelioid type + + - - 12/50 25 Exon 11: 578-591 duplication

tMetachronous liver metastases of the same patient. F, female; GIST, gastrointestinal stromal tumor; LI, labeling index; M, male: +, positive; —,

negative.
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(GIST). (A) Hierarchical clustering. Of 28 869 genes
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between primary and metastatic liver GIST by at —
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Clinicopathological findings of 117 gastric GIST. Of the nine
genes confirmed by qRT-PCR to be upregulated or downregula-
ted in metastatic liver GIST, we selected CD9 and versican for
further study, because of their reported important roles in regu-
lating tumor metastasis.**>? The CD9 and versican proteins
were stained immunohistochemically in 104 primary gastric
GIST and 13 metastatic liver GIST originating from gastric
GIST. While mitosis was significantly higher in metastatic liver
GIST, there was no significant difference between primary and
metastatic GIST that was related to the sex and age of the
patient (Table 2). According to Miettinen’s risk classification
for GIST,®" 11, 40, 11, 22 and 20 primary GIST were classified
into none, very low risk, low-risk, moderate-risk and high-risk

Table 2. Clinicopathological features of primary gastric GIST and
metastatic liver GIST

Factor Primary GIST ~ Metastatic GIST P-value
Sex
Male 56 6 0.5958
Female 48 7
Age (years)
<65 50 7 0.6803
>65 54 6
Histology
Spindle 82 7 0.0453*
Epithelioid/mixed 22 6
Mitosis
<5/50 66 1 0.000143**
>5/50 38 12
Immunohistochemistry
KIT positive 100 13 0.4982
KIT negative 4 0
SMA positive 16 3 0.4720
SMA negative 88 10
Ki-67 LI <5% 78 2 0.00001**
Ki-67 LI >5% 26 11
VCAN <£10% 60 1 0.0006**
VCAN >10% 44 12
CD9 positive 51 4 0.1757
CD9 negative 53 9

*P < 0.05. **P < 0.001. GIST, gastrointestinal stromal tumor; LI, labeling
index; SMA, smooth muscle actin; VCAN, versican.
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groups, respectively. Immunohistochemical analysis revealed
that the Ki-67 labeling index was higher in metastatic liver
GIST compared with primary gastric GIST. It is important to
note that none of the patients had received imatinib before sur-
gery as an adjuvant therapy.

Immunohistochemistry of versican and CD9 in 117 gastric
GIST. Versican in the extracellular matrix has been reported to
recruit myeloid-derived inflammatory cells and to enhance the
metastatic potential of Lewis lung cell carcinoma.®® We stained
117 gastric GIST samples (104 primary and 13 metastatic liver
GIST) for versican (Fig. S1) and measured positive dimensions
in five or more randomly selected HPF (x200). Compared with
primary gastric GIST, metastatic liver GIST had higher immu-
noreactivity to versican (P < 0.001, Table 2 and Fig. 2A).
Among primary gastric GIST, the ratio of the versican-positive
area was significantly higher in high-risk GIST compared with
none, very low or low-risk and moderate-risk GIST. These find-
ings suggest that versican plays an important role in the meta-
static transformation of GIST and could be used as a prognostic
marker of gastric GIST to predict the prognosis of patients with
the tumors.

As the mRNA levels of CD9 between primary and metastatic
liver GIST were the most significantly different of all the genes
that we studied (Fig. 1B), we further analyzed CD9 protein lev-
els by immunohistochemistry. We classified staining strength
against CD9 into two groups: negative (no staining or weak
staining); and positive (moderate to strong staining), as shown
in Figure S2. Interestingly, high risk GIST and metastatic GIST
showed relatively weak immunoreactivity to CD9 (Fig. 2B).
These data suggest that downregulation of CD9 in primary GIST
could be responsible for the tumor acquiring malignant poten-
tial, resulting in a high incidence of recurrent GIST in which
CD9 is further suppressed.

Versican and CD9 expressions in primary gastric GIST and
disease-free survival. Of the 104 patients with gastric GIST, 16
recurred after primary resection during a median follow up of
16 months. The 5-year disease-free survival (DFS) rate for all
the patients was 85.6%. To clarify the factors that might predict
postoperative prognosis in patients with gastric GIST, the rela-
tionships between the clinicopathological findings of the pri-
mary GIST and patients’ DFS after surgery were evaluated
using univariate analysis. Consistent with previous reports, large
tumor size, high mitotic index and high-risk classification were
significantly associated with poor DFS (Table 3). In addition,
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Fig. 2. Immunohistochemistry for versican (VCAN) and CD9 in 117

gastric gastrointestinal stromal tumor (GIST). (A) Dimension of versican-
positive area in primary gastric and metastatic liver GIST. The versican-
positive dimension was measured in five or more random x200
high-power fields, and the mean dimension was calculated. Compared
with primary GIST, metastatic GIST had a significantly higher ratio of
versican-positive area. Among primary gastric GIST, the ratio of versican-
positive area was significantly higher in high-risk GIST compared with
none, very low or low-risk and moderate-risk GIST. (B) Correlation
between CD9 staining and risk classification of GIST. Staining intensity
of CD9 was scored as negative (no staining or weak staining) or positive
(moderate to strong staining). High-risk GIST and metastatic GIST show
relatively weaker immunoreactivity to CD9.

patients with a versican-positive dimension >10% (versican-
high) had significantly shorter DFS than patients with <10%
(versican-low) GIST (P = 0.0078, Table 3 and Fig. 3A). Fur-
thermore, patients with a CD9-positive tumor had significantly
longer DFS compared with patients with CD9-negative GIST
(P =0.0018, Table 3 and Fig. 3B). These data suggest that the
expression of versican and CD9 in primary GIST may identify
them as novel prognostic markers in patients with gastric GIST.
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Table 3. Relationship between clinicopathological factors and

postoperative DFS in 104 gastric GIST patients

5-year DFS
Factor Number rate (%) P-value
Sex
Male 56 82.6 0.8932
Female 48 79.9
Age (years)
<65 50 85.9 0.4658
>65 54 75.7
Histology
Spindle 82 81.0 0.8719
Epithelioid/mixed 22 81.5
Size (cm)
<2/>2 and <5 68 (10/58) 92.7 <0.0001**
>5and <10 24 73.8
>10 12 36.5
Mitosis
<5/50 66 93.8 0.0001**
>5/50 38 60.0
Risk
None/very low/low 62 (11/40/11) 94.9 <0.0001**
Moderate 22 82.2
High 20 39.0
Immunohistochemistry
KIT positive 100 81.2 0.6621
KIT negative 4 NA
SMA positive 16 85.2 0.7034
SMA negative 88 80.5
Ki-67 LI <5% 78 85.5 0.1883
Ki-67 LI >5% 26 68.2
VCAN <10% 60 90.3 0.0078*
VCAN >10% 44 68.6
CD9 positive 51 93.6 0.0018*
CD9 negative 53 68.7

*P < 0.01. **P < 0.001. DFS, disease-free survival; GIST, gastrointestinal
stromal tumor; LI, labeling index; NA, not applicable; SMA, smooth
muscle actin; VCAN, versican.

Versican and CD9 in intestinal GIST. We stained 36 intestinal
GIST (29 primary and seven metastatic liver GIST) for versican
and CD9. As shown in Table S4, the expression of CD9 but not
of versican or other clinicopathological factors differed between
primary and metastatic liver GIST. Interestingly, CD9 expres-
sion in primary intestinal GIST was not associated with patients’
DEFS, while versican expression positively correlated with poor
DFS (Table S5 and Fig. S3). These findings indicate that the
expression pattern of CD9 and its roles in the metastatic process
could be dependent on the primary site or tumor microenviron-
ments.

Discussion

Risk classification of GIST on the basis of tumor size, tumor site
and mitosis is the most valuable criteria for predicting out-
come.®132 However, it does not reflect the mechanism of
acquiring GIST malignant potential. Until now, the genetic or
epigenetic mechanisms underlying malignant change and the
GIST metastatic process are not well understood. In the present
study, we show for the first time differences in gene expression
between primary gastric GIST and metastatic liver GIST using
microarray.

Microarray analysis detected 165 upregulated and 146 down-
regulated genes in the metastatic process. According to gene
ontology, protein binding, cellular organization, cell division
and cell cycle are significantly different between primary and
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Fig. 3. Versican (VCAN) and CD9 expressions in primary gastric
gastrointestinal stromal tumor (GIST) and in patients’ prognosis. (A)
Disease-free survival (DFS) by versican positivity in primary gastric
GIST. Patients with a versican-positive dimension >10% had
significantly shorter DFS than those with <10% GIST (P = 0.0078). (B)
Disease-free survival by CD9 positivity in the tumor. Patients with CD9-
positive tumors had significantly longer DFS compared with CD9-
negative GIST (P = 0.0018).

metastatic liver GIST (Table S3). Because the Ki-67 labeling
index has been widely used as a relevant marker of cell prolifer-
ation,m) we chose to focus on the cellular organization and bio-
logical process rather than on cell cycle.

We first selected cell adhesion molecules, downregulation of
which is known to correlate with progression and metastasis in
some malignancies.*** Neuronal cell adhesion molecule
(NRCAM) is a member of the immunoglobulin super family and
is involved in the pathogenesis and invasive/metastatic behavior
of pancreatic cancers.”* PCDHI10 and CDHS belong to the
cadherin super family.®> Among them, PCDHI0 is a tumor
suppressor gene located on chromosome 4q. It has been reported
that in gastric and cervical cancers PCDHIQ is silenced or
downregulated due to hypermethylation.®®*”  Furthermore,
PCDHI10 has been shown to inhibit cell proliferation, induce
apoptosis and repress tumor invasion.®® The downregulation of
PCDHI0 in metastatic liver may partially explain how the loss
of heterozygosity of the c-kit gene or the loss of chromosome 4q
was associated with liver metastasis of gastric GIST.**?" We
failed to stain for PCDHI10 and so whether or not the PCDH10
protein is suppressed in metastatic liver GIST remains uneluci-
dated. The qRT-PCR analysis showed that mRNA expression of
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CD9 was most significantly suppressed in metastatic liver GIST.
CD9 is a member of the tetraspanin family. Tetraspanin crosses
the membrane four times and interacts with other tetraspanins
and with a variety of transmembrane proteins, such as inte-
grin.®? Tetraspanin is also known to be associated with some
growth factors, and therefore takes part in a wide variety of cel-
lular functions. Although converse functions were also reported
in some tumors, downregulation of CD9 correlates with tumor
progression or metastasis in bladder, breast, lung and colon can-
cers.®? In the present study, CD9 staining in gastric GIST was
negatively correlated with the high-risk grade and with poor
DFS, suggesting that the cell-adhesion molecule is downregulat-
ed during malignant transformation in gastric GIST, resulting in
the high incidence of metastasis and recurrence. In contrast,
CD9 expression in intestinal GIST was not associated with
patients’ DFS. CD9 expression has been shown to differ in dif-
ferent organs®” indicating that the role of CD9 in the regulation
of GIST metastasis may be organ dependent.

Next we selected prometastatic genes that were reported in
other malignancies. Upregulation of ID2, AURKA and bone
morphogenetic protein 4 (BMP4) g)rornotes cell migration and
correlates with tumor metastasis.®**? Interleukin-1 (IL-1) has
been shown to be produced by a variety of tumor cells leading
to the induction of many genes, such as MMP, VEGF, bFGF
and IL-8, which play important roles in tumor metastasis.*> IL-
1R1 is a main signaling receptor for IL-1. A family of LDLR is
reported to promote cancer cell migration and invasion.“** The
versican gene is located on chromosome 5q12 and the protein is
a member of the extracellular matrix proteoglycan. Many studies
have demonstrated that versican regulates many cellular pro-
cesses including adhesion, proliferation, apoptosis, migration
and invasion. Elevated levels of versican have been found in
many malignancies, such as osteosarcoma, breast, prostate,
colon, lung, pancreatic and other cancers.*” In addition, upreg-
ulation of versican correlates with poor prognosis. Recently,
Kim et al. reported that versican activated macrophage through
toll-like receptor 2 (TLR2) and its co-receptors TLR6 and
CD14.%® Activation of TLR2 in macrophage results in induc-
tion and secretion of tumor necrosis factor (TNF)-o and strongly
enhances Lewis lung cell carcinoma metastasis.*® In the pres-
ent study, upregulation of versican (>10%) in primary gastric
GIST was associated with a high incidence of recurrence
(Fig. 2B, P =0.0078). However, it remains to be analyzed
whether versican expressed in GIST cells activates macrophage
to enhance liver metastasis via induction of TNF-a.

To date, the propensity of GIST to acquire malignant poten-
tial has been investigated by several tools. In microsatellite anal-
ysis, deletion of HoxIILI resulted in poor prognosis.*> Others
showed that loss of heterozygosity of p/6INK4A and the pl4
alternate reading frame (ARF) may contribute to progression
and/or malignant transformation of GIST.*>*® Yamaguchi
et al. reported that microarray analysis in 32 primary GIST
resulted in two major groups, and that the CD26 protein corre-
lated with poor overall and disease-free survival.*” By 2-D dif-
ference gel electrophoresis, Suehara and coworkers showed that
pfetin distinguished good and poor GIST outcomes, although its
role in malignant transformation has not been elucidated. ® In
most previous reports, primary GIST were utilized to reveal
potential prognostic markers. In this study, we have identified
differences between primary gastric and metastatic liver GIST
using microarray. Our data may reflect the biological changes in
the metastatic process of gastric GIST.

Although the activating mutation of the c-kit gene is the main
cause of GIST, a high incidence of small GIST, known as occult
or incidental GIST, which carry a mutation in the c-kit gene,
have recently been reported by several groups.“*>* Therefore,
it appears that the incidence of GIST is frequent and that
substantial genetic changes other than in the c-kit gene are
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necessary for the development of clinical GIST. As a part of
such mechanisms, the loss of chromosome 14q and 22q has been
reported in primary GIST.**?%1% These chromosomal altera-
tions seen in the early stage of GIST could be involved in the
development of clinical GIST.

Taken together, there appears to be at least three steps in the
development of metastatic GIST. First, the gain-of-function
mutations in the c-kit or PDGFRA gene occur in the interstitial
cells of Cajal, resulting in the occurrence of small GIST as non-
clinical GIST or as small submucosal tumors. Second, epige-
netic changes occur in the small GIST that include chromosomal
alterations such as loss of 14q and 22q, and result in the devel-
opment of clinical GIST that generally needs to be resected.
Third, genetic or epigenetic changes occur in oncogenes and
tumor suppressor genes that cause malignant transformation and
metastasis of the GIST. In particular, alterations of the extracel-
lular matrix, interactions with inflammatory cells and the down-
regulation of adhesion molecules, such as versican and CD?9,
appear to play important roles in the regulation of metastasis.

Genetic changes other than c-kit or PDGFRA mutations may
be responsible for GIST acquiring malignant potential. Until
now, molecular targeted therapies for GIST have been designed
for KIT receptors. However, these therapies against KIT are
cytostatic and even though they responded to the initial therapy,
GIST are known to relapse due to the acquisition of a second
c-kit mutation."'~'® Alternative therapies, other than targeting
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