
Abstract. Aim: We sought to address the mechanisms by
which intestinal gastrointestinal stromal tumors (GIST) have
a markedly higher risk of recurrence than gastric GISTs.
Materials and Methods: Gene expression levels were
compared among six primary gastric, three intestinal and six
metastatic liver GISTs using cDNA microarray. Protein levels
of Slit homolog 2 (SLIT2) were analyzed by immunohisto -
chemistry in 25 primary gastric and 10 intestinal GIST.
Results: Intestinal GIST had gene expression profiles similar
to clinically malignant and metastatic GIST. In gene set-
enrichment analysis, the gene sets MITOTIC_CELL CYCLE
and NEURON_DIFFERENTIATION were up-regulated and
down-regulated, respectively, in intestinal GIST compared to
gastric GIST. High-risk gastric GISTs and intestinal GIST,
expressed similar levels of SLIT2 protein, which were lower
than those of low-risk gastric GISTs. Conclusion: The gene-
expression profile of intestinal GISTs was similar to that of
metastatic liver GISTs. Besides higher proliferative activity,
down-regulation of SLIT2 might be involved in clinically
malignant phenotypes of intestinal GIST. 

Gastrointestinal stromal tumors (GIST), originating from the
interstitial cells of Cajal (ICC) or their progenitor cells, are
the most common mesenchymal neoplasm in the human
digestive tract (1, 2). The current consensus is that gain-of-
function mutations in the mast/stem cell growth factor
receptor Kit (c-KIT) or platelet-derived growth factor
receptor alpha (PDGFRA) genes in ICC are the leading
cause of GIST, which results in ligand-independent

activation of the receptors and consequential tumor
progression (3-5). GISTs arise in a variety of organs
throughout the gastrointestinal tract, most commonly in the
stomach (60%), jejunum and ileum (30%), and the
duodenum and colorectum (5%) (6). Their clinical
aggressiveness can be evaluated based on previously reported
risk classification criteria (7-9). In those criteria, tumor size,
mitotic count and tumor site are regarded as key factors that
have a strong impact on the prognosis of patients with GIST.
However, they do not clarify the biological mechanism
underlying the clinical aggressiveness or malignant potential
of the tumors. Although adjuvant imatinib therapy has
proven to prolong recurrence-free survival and overall
survival in patients who are at high risk for GIST recurrence
following resection (10), the selection criteria for patients
who receive adjuvant therapy may be improved by
developing a novel classification of risk of recurrence based
on biological markers.

Compared to gastric GIST, patients with intestinal GIST
have markedly higher risk for recurrence, even after surgical
resection (8, 9, 11, 12). It is assumed that approximately 40-
50% of intestinal GISTs are clinically malignant, while 20-
25% of gastric GISTs are thought to behave in an aggressive
manner (12). Generally, intestinal GISTs are difficult to
diagnose until they present symptoms, such as gastrointestinal
bleeding or acute abdomen, and they tend to be larger in size
by the time diagnoses are made (13, 14). Although tumor size
and mitotic activity are regarded as the best predictive
prognostic features of GIST, even when classified and
compared on the basis of similar size and mitotic index,
patients with intestinal GIST still have a worse prognosis than
those with gastric GIST (8, 9, 13). 

The malignant nature of intestinal GIST has not yet been
characterized. In this study, we performed a microarray
analysis to clarify the differences in gene-expression profiles
between gastric and intestinal GIST, and to identify the genes
that are closely related regarding the relatively malignant
biological potential of intestinal GIST.
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Materials and Methods

Patients and tumors. Surgically-resected frozen tissue specimens of
six primary gastric GISTs (including one gastric GIST with metastasis
to the liver), three primary intestinal GISTs and six liver-metastatic

GIST (five from gastric GIST and one from intestinal GIST) were
used for microarray analysis. None of the patients had received
imatinib therapy before surgery. Formalin-fixed paraffin-embedded
(FFPE) tissue specimens of 25 gastric GISTs and 10 intestinal GISTs
from 34 patients who underwent surgery at the Hamamatsu University
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Table I. Clinicopathological and genetic findings of gastrointestinal stromal tumors used for microarray analysis.

Case Age, Sex Lesion Size Histological KIT CD34 SMA S-100 Mitosis MIB-1 c-KIT mutation
no. years (mm) type LI (%)

1 76 M Stomach 33 Spindle + + – +/− 3/50 5 Exon 11: V560A
2 28 M Stomach 52 Mixed + + – – 7/50 3.4 WT
3 75 F Stomach 40 Spindle + + – – 3/50 2.3 Exon 11: T568D
4 67 M Stomach 21 Spindle + + – – 3/50 4 Exon 11: D579 del
5 49 M Stomach 25 Spindle + + – – 5/50 1.6 Exon 11: W557R
6 60 F Stomach 200 Mixed + + – – 50/50 9.5 Exon 11: W557_K558 del
7 70 M Small intestine 25 Spindle + – – – 5/50 1.8 Exon 11: L576P
8 73 M Small intestine 210 Spindle + + – – 10/50 5 Exon 11: V560D
9 58 M Small intestine 230 Spindle + + – – 23/50 30 Exon 9: AY 502_503 dup/ins

10 72 M Liver (S) 60 Spindle + + + – 12/50 4.3 Exon 11: W557, V560 del
11 65 M Liver (S) 28 Mixed + + – – 19/50 20 Exon 11: M552T; Y553, Q556 del
12 70 F Liver (S)* 43 Epithelioid + + – – 17/50 7.8 Exon 11: 578_591 dup
13 71 F Liver (S)* 33 Epithelioid + + – – 13/50 10 Exon 11: 578_591 dup
14 73 F Liver (S)* 20 Epithelioid + + – – 12/50 25 Exon 11: 578_591 dup
15 66 F Liver (I) 40 Spindle + + – – 10/50 4 Exon 9: AY 502_503 dup/ins

*Metachronous liver GIST from the same patient. LI, Labeling index; Liver (S), liver metastasis from gastric GIST; Liver (I), liver metastasis from
intestinal GIST; KIT: mast/stem cell growth factor receptor Kit; SMA, alpha-smooth muscle actin; WT, wild type.

Table II. Gene sets significantly enriched in intestinal gastrointestinal stromal tumors.

Name NES NOM p-val FDR q-val

MITOTIC_CELL_CYCLE 2.3702772 0 0
M_PHASE_OF_MITOTIC_CELL_CYCLE 2.34123 0 0
MITOSIS 2.3158333 0 0
M_PHASE 2.298547 0 0
CELL_CYCLE_PROCESS 2.26355 0 0
CELL_CYCLE_PHASE 2.2261252 0 0
CHROMOSOME_SEGREGATION 2.1056376 0 2.86E−04
CELL_CYCLE_GO_0007049 2.04368 0 6.39E−04
REGULATION_OF_MITOSIS 2.0174766 0 0.001265015
MICROTUBULE_CYTOSKELETON_ORGANIZATION_AND_BIOGENESIS 1.9751652 0 0.002874602
CELL_CYCLE_CHECKPOINT_GO_0000075 1.8226585 0 0.030568955
MITOTIC_SISTER_CHROMATID_SEGREGATION 1.7933866 0.001960784 0.0416475
MITOTIC_CELL_CYCLE_CHECKPOINT 1.7720262 0.005928854 0.048026327
SISTER_CHROMATID_SEGREGATION 1.7408113 0.009615385 0.062364012
INTERPHASE_OF_MITOTIC_CELL_CYCLE 1.7344424 0.001996008 0.062756814
REGULATION_OF_CELL_CYCLE 1.7072936 0 0.080909535
G1_S_TRANSITION_OF_MITOTIC_CELL_CYCLE 1.7037575 0.004210526 0.07925289
RESPONSE_TO_DNA_DAMAGE_STIMULUS 1.666409 0 0.1033265
DNA_REPAIR 1.6448503 0.002197802 0.11462402
INTERPHASE 1.643819 0.004123712 0.110397674
RESPONSE_TO_ENDOGENOUS_STIMULUS 1.5985765 0.004310345 0.15199617
CELL_PROLIFERATION_GO_0008283 1.5216826 0 0.22563174
DNA_METABOLIC_PROCESS 1.5215296 0.002061856 0.21855439



School of Medicine from September 2001 to April 2013 were
included in the immunohistochemical analysis. Ethical approval for
the study was obtained from the Institutional Review Board of
Hamamatsu University School of Medicine (No.21-10).

Microarray analysis. Total RNA was extracted from the frozen tumor
samples using an RNeasy Mini Kit (Qiagen, Valencia, CA, USA). The
intensity and quantity of total RNA was assessed with a Nanodrop
ND-1000 spectrometer (Nanodrop Technologies, Wilmington, DE,
USA). The gene-expression profiles of primary gastric GIST, primary
intestinal GIST and metastatic liver GIST were determined using the
oligonucleotide microarray Human Gene 1.0 ST (Affymetrix, Santa
Clara, CA, USA) according to the manufacturer’s protocol. Data were
analyzed using the GeneSpringGX11 software (Agilent, Santa Clara,
CA, USA). Hierarchical clustering analysis was performed with at
least a two-fold change and p-value of less than 0.05.

We also used the Gene Set Enrichment Analysis (GSEA)
application (Broad Institute of Massachusetts Institute of
Technology and Harvard University, http://www.broad.mit.edu/gsea)
to define gene sets that were differentially expressed between

primary gastric and intestinal GIST. The gene set database
c5.bp.v4.0 gene_set.symbols.gmt was used for the analysis. Gene
sets with false-discovery rates of <25% and nominal p-values of
<0.01 were defined as being significant.

Immunohistochemical analysis. For evaluation of Slit homolog 2
(SLIT2) protein expression in GIST, immunohistochemical analysis
was performed using 3-μm sections of FFPE surgically-resected tissue
specimens. Tumor sections were de-paraffinized with successive
xylene and ethanol treatment, as well as rehydration. Antigen retrieval
was conducted by heating the samples at 95˚C for 40 min in Target
Retrieval Solution, pH 9 (DAKO, Glostrup, Denmark). Slides were
rinsed with phosphate-buffered saline (PBS) and endogenous
peroxidase was blocked by incubation in 3% hydrogen peroxide in
absolute methanol for 10 min. Sections were washed in PBS,
incubated with rabbit polyclonal antibody for human SLIT2 (1:25
dilution; Sigma-Aldrich, St. Louis, MO, USA) at 4˚C overnight.
Sections were then incubated with EnVision (DAKO) for 30 min.
Signals were developed using 3,3’-diamonobenzidine (Nichirei,
Tokyo, Japan) and counterstained with hematoxylin for 1 min then
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Figure 1. cDNA microarray analysis of primary gastric and intestinal gastrointestinal stromal tumors (GIST) and liver-metastatic GIST. A: Hierarchical
clustering. Fifteen GISTs were classified into two groups according to their gene expressions. One group consisted of clinically malignant GIST,
intestinal GIST and liver-metastatic GIST (cluster A), and the other consisted of all five primary gastric GISTs without postoperative recurrence and
one liver-metastatic GIST from the stomach (cluster B). Of 28,869 genes analyzed, 194 genes were up-regulated and 274 genes were down-regulated
in cluster A. B: Principal component analysis. Clinically malignant GIST, intestinal GIST and liver-metastatic GIST had similar gene-expression
profiles with common components that are distinct from primary gastric GIST without postoperative recurrence. S: Stomach; I: intestine.



mounted with a permanent mounting medium. Human normal colonic
mucosa was used for positive control, and immunostaining specificity
was examined by omission of primary antibodies.

SLIT2 staining intensity was evaluated using a light microscope
under ×200 magnification in 10 high power fields from every
tumor specimen by two independent researchers with no
knowledge of the clinical data.

Statistical analysis. Data are presented as mean±SE. Statistical
significance of differences were assessed using the Mann–Whitney
U-test. For comparisons among three or more groups, data were
statistically evaluated using one-way analysis of variance, followed

by the Holm–Sidak multiple comparisons test. Statistical analysis
was performed using GraphPad Prism version 6.0 for Windows
(GraphPad Software, San Diego, CA). A p-value of less than 0.05
was considered statistically significant.

Results

Microarray analysis of primary gastric, intestinal and liver-
metastatic GIST. To address the mechanisms underlying the
clinically malignant phenotype of intestinal GIST, gene
expression profiles in six primary gastric GIST, three intestinal
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Figure 2. Continued
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Figure 2. cDNA microarray analysis comparing primary gastric and intestinal gastrointestinal stromal tumors (GIST). A: Gene Set Enrichment
Analysis. Gene sets enriched and down-regulated in intestinal GIST were mainly those related to cell proliferation or mitosis (upper panels) and those
related to the development or differentiation of neuronal cells (lower panels) respectively. B; Gene-expression clustering. The majority of genes up-
regulated and down-regulated in intestinal GISTs were those involved in cell proliferation or mitosis (upper panel) and those involved in neuronal
differentiation (lower panel), respectively.



GIST and six liver-metastatic GIST were analyzed using a
cDNA microarray. Patient profiles are shown in Table I.
Unsupervised hierarchical clustering classified them into two
groups according to their gene expressions (Figure 1A). One
group consisted of clinically malignant GIST, intestinal GIST
and liver-metastatic GIST (Figure 1A, cluster A), and the other
consisted of all five primary gastric GISTs without postoperative
recurrence and one liver-metastatic gastric GIST (Figure 1A,
cluster B). Out of 28,869 genes analyzed, 194 genes were up-
regulated and 274 genes were down-regulated in cluster A. 

Principal component analysis further revealed that
clinically malignant GIST, intestinal GIST and metastatic
liver GIST have similar gene-expression profiles, with
common components that are distinct from primary gastric
GIST without postoperative recurrence (Figure 1B). These
findings suggest that intestinal GISTs are more likely to
express gene sets related to the malignant phenotype of
GIST, and potentially explain mechanisms by which
intestinal GISTs differ from gastric GISTs in their clinically
malignant phenotype. 

GSEA comparing primary gastric and intestinal GIST. We
next addressed details of distinct gene-expression profiles for
gastric and intestinal GIST using the GSEA application.
GSEA comparing primary gastric and intestinal GIST revealed
that 23 gene sets were significantly enriched (Table II) and 16
gene sets significantly down-regulated (Table III) in intestinal
GIST, with a false-discovery rates of <25% and nominal
p-values of <0.01. Gene sets enriched in intestinal GIST were
mainly those related in the gene ontology terms to cell
proliferation or mitosis, such as “MITOTIC CELL CYCLE”
and “M PHASE OF MITOTIC CELL CYCLE” (Figure 2A,

upper panels). Conversely, gene sets related to the
development or differentiation of neuronal cells such as
“NEURON DIFFERENTIATION” and “NEUROGENESIS”,
were noticeably down-regulated in intestinal GIST (Figure 2A,
lower panels). Gene-expression clustering further indicated
that the majority of genes up-regulated in intestinal GISTs are
those involved in cell proliferation or mitosis (Figure 2B,
upper panel) and those genes down-regulated are those
involved in neural differentiation (Figure 2B, lower panel).

Immunohistochemical analysis of gastric and intestinal GIST.
In the gene sets down-regulated in intestinal GIST, we
further focused on SLIT2, which is involved in axon
guidance and known as a tumor-suppressor gene. We
performed immunohistochemical staining for SLIT2 using
the specimens from 25 gastric GISTs and 10 intestinal
GISTs. The staining intensity of SLIT2 was scored as 0
(none), 1+ (weak), 2+ (moderate), or 3+ (strong) (Figure 3).
Compared with intestinal GIST, gastric GIST exhibited more
intensive staining for the SLIT2 protein (Figure 4A).
Furthermore, staining intensities of SLIT2 protein in high-
risk gastric GIST were weaker than those at lower risk, but
not significantly different from intestinal GIST (Figure 4B).
These findings suggest that SLIT2 expression might be
suppressed in GIST with higher malignant potential.

SLIT2 expression in primary gastric and intestinal GIST, and
clinicopathological findings. To examine whether SLIT2
expression in primary GIST is correlated with clinico -
pathological findings, the dominant SLIT2 staining property
of each tumor was compared to tumor size, mitotic counts
and the Ki-67 (MIB-1) index. There was an inverse tendency
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Table III. Gene sets significantly down-regulated in intestinal gastrointestinal stromal tumors.

Name NES NOM p-val FDR q-val

NEURON_DIFFERENTIATION 2.1070282 0 0.001021739
NEUROGENESIS 2.0330827 0 0.008952599
GENERATION_OF_NEURONS 1.9483331 0 0.022843536
GENERATION_OF_A_SIGNAL_INVOLVED_IN_CELL_CELL_SIGNALING 1.8808601 0 0.04376223
GLUTAMATE_SIGNALING_PATHWAY 1.8564562 0.00390625 0.047250714
NERVOUS_SYSTEM_DEVELOPMENT 1.7903109 0 0.09083874
NEURON_DEVELOPMENT 1.789628 0 0.07884737
AXON_GUIDANCE 1.7715006 0.00610998 0.083677895
CENTRAL_NERVOUS_SYSTEM_DEVELOPMENT 1.7361389 0 0.10065687
AXONOGENESIS 1.7247437 0.005758158 0.10397816
CELL_CELL_ADHESION 1.7152455 0.005825243 0.10543167
PHOSPHOINOSITIDE_MEDIATED_SIGNALING 1.6775249 0 0.14332075
SECRETORY_PATHWAY 1.6401086 0.003676471 0.19084
CELLULAR_MORPHOGENESIS_DURING_DIFFERENTIATION 1.6213338 0.00984252 0.1853054
G_PROTEIN_COUPLED_RECEPTOR_PROTEIN_SIGNALING_PATHWAY 1.5846605 0 0.22777387
SECRETION_BY_CELL 1.572067 0.0078125 0.24053718

FDR q-val, False-discovery rate q-value; NES, normalized enrichment score; NOM p-val, nominal p-value.



between SLIT2 expression and tumor size (Figure 5A),
whereas the mitotic count and the MIB-1 index were not
significantly different among the three groups, according to
SLIT2 intensity (Figure 5B and C).

Discussion

GISTs are known to arise from the ICC or their progenitor
cells, and are the most common mesenchymal neoplasms in
the human gastrointestinal tract (1-3). Although surgical
resection is widely accepted as the therapy-of-choice, suitable
risk classification for tumor recurrence is very important for
the application of adjuvant therapy and prediction of overall
outcome. The known risk classifications of GIST are based
mainly on tumor size, tumor site and number of mitoses (7-
9). However, they do not clearly show or reflect the biological
mechanisms underlying the nature of GISTs.

In the present study, we showed for the first time the
differences in gene-expression profiles of primary gastric
GIST and intestinal GIST using a microarray analysis. Firstly,
we compared gene-expression profiles of gastric, intestinal
and liver-metastatic GIST using microarray. The analysis
showed that intestinal GISTs possess gene profiles that are
more similar to those of malignant GIST and liver-metastatic
GIST, but distinct from gastric GIST. These findings suggest
that intestinal GISTs potentially express genes involved in the

malignant transformation of GIST, perhaps from early in the
development of intestinal GIST. In our previous studies, we
compared primary gastric GIST and liver-metastatic GIST
immunohistochemically 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 (15, 16). Furthermore, we performed a microarray
analysis and an immunohisto chemical analysis to reveal that
versican and CD9 are novel prognostic markers in gastric
GIST and may serve as potential therapeutic targets (17).
Besides c-KIT gene and PDGFRA gene mutations, other
potential genetic and epigenetic changes that regulate the
biological behavior of GIST might contribute to the
prognoses of patients with GIST.

In addition, we performed a GSEA of our microarray data
to focus on the important biological processes regulated in
intestinal GIST and found that 23 gene sets were significantly
enriched and 16 gene sets were significantly down-regulated
in intestinal GIST. In intestinal GIST, gene sets involved in
mitosis or cell-cycle regulation were enriched, suggesting that
these tumors have more aggressive proliferative activities than
those arising in the stomach. As previously reported, the
MIB-1 labeling index has been widely used as a relevant
marker of cell proliferation (18-20) and mitotic index is the
key factor for risk classifications of GIST. In the present
study, we focused on biological processes other than
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Figure 3. Representative photographs of immunohistochemical staining for Slit homolog 2 (SLIT2). The staining intensity of SLIT2 was scored as 0
(none), 1+ (weak), 2+ (moderate), or 3+ (strong).



proliferation or cell-cycle regulation in order to find out
mitosis-independent mechanisms underlying the clinically
malignant phenotype of intestinal GIST. Interestingly, gene
sets related to the development or differentiation of neuronal
cells were down-regulated in intestinal GISTs compared with
gastric GISTs. Although further studies are needed, intestinal
GIST might consist of ICC that are undifferentiated.

SLIT proteins are secreted glycoproteins known as
molecular cues for axon guidance in developing neuronal

tissue. They are the main ligands for the transmembrane protein
roundabout (ROBO) receptors and have an evolutionarily-
conserved role in repulsive axon guidance and neural tube
development (21-23). In the development of the central nervous
system, SLIT/ROBO signals control axon out-growth and
neuronal cell migration through modulation of cytoskeleton
dynamics (24). To date, three SLITs (SLIT1-3) and four ROBO
receptors (ROBO1-4) have been characterized in mammals
(25). Importantly, SLIT2 has been reported to be involved in
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Figure 4. Immunohistochemical analysis of 25 gastric gastrointestinal stromal tumors (GIST) and 10 intestinal GISTs. A: Staining intensities of Slit
homolog 2 (SLIT2) protein were significantly stronger in gastric GISTs than in intestinal GISTs. B: Staining intensities of SLIT2 protein in high-risk
gastric GISTs were weaker than those at lower risk, but similar to those of intestinal GISTs. *p<0.01;**p<0.0001; n.s., p>0.05.

Figure 5. Features of primary gastric and intestinal gastrointestinal stromal tumors (GIST) according to staining score for Slit homolog 2 (SLIT2)
expression: A: Tumor size; B: mitotic count; C: MIB-1 index. There was an inverse tendency between SLIT2 expression and the tumor size. Mitotic
counts and MIB-1 index were not significantly different among the three groups according to SLIT2 intensity score. *p<0.05; n.s., p>0.05.



human cancer and down-regulation of SLIT2 is considered to
be associated with aggressive phenotypes in glioma (26), acute
lymphatic leukemia (27), and breast, lung and colorectal cancer
(28-30). In the present study, immunohistochemical evaluation
of SLIT2 revealed that staining intensities were relatively
higher in gastric GIST than intestinal GIST, and low SLIT2
expression was correlated with a trend for an increase in risk
classification of gastric GIST. These data suggest that
suppression of the SLIT/ROBO axis in GIST cells may be
involved in the malignant transformation of GIST, possibly via
acquisition of an undifferentiated phenotype.

Although it is not well-understood how SLIT2 affects
tumor progression, SLIT2 is considered to function mainly
through mechanisms that are related to tumor cell migration
and adhesion (31). Werbowetski-Ogilvie et al. reported that
SLIT2 inhibited medulloblastoma cell invasion rate through
down-regulating activated cell division cycle (CDC) 42
without affecting cell direction or proliferation (32). Recent
reports showed that low expression of SLIT2 correlates with
poor prognosis and promotes metastasis in esophageal
squamous cell carcinoma, which may be regulated by the
CDC 42-mediated pathways (33) and that inactivation of
SLIT2 and/or ROBO1 is one of the early events in
development of dysplastic lesions of head and neck and has
prognostic importance (34). Yiin et al. also reported that
SLIT2 was expressed at lower levels in primary glioma
specimens and invasive glioma cells, compared with normal
neuronal cells or astrocytes, and ectopic expression of
SLIT2 inhibited glioma cell migration and invasion (26).
Prasad et al. reported that overexpression of SLIT2 led to
decreased proliferative and migratory capabilities in breast
cancer cells. It has also been reported that SLIT2
overexpression increases localization of E-cadherin in cell
borders at cell-cell adhesion and translocation of β-catenin
to the membrane. Furthermore, SLIT2 inhibited
phosphorylation of AKT/ glycogen synthase kinase-3β,
resulting in an increase in the phosphorylation of β-catenin
(35). Thus, SLIT2 may induce its tumor suppressive effect
by regulating E-cadherin-mediated cell-to-cell adhesion.
Considering these findings, it is possible that the loss of
SLIT2 expression enables a GIST cell to lose its
adhesiveness and gain migratory capacity, resulting in a
higher risk for metastasis or recurrence.

In the present study, we also found that there was an inverse
tendency between SLIT2 expression and tumor size, whereas
mitotic counts and the MIB-1 index were not significantly
different among the three groups classified according to SLIT2
intensity score. These results show that SLIT2 has less impact
on the tumor’s proliferative potential, implying that it acts in a
mitosis-independent manner rather than regulating
proliferative activities of GIST. Although it is unclear how
tumor size affects SLIT2 expression, it could reflect the loss of
neural characteristics of GISTs as they differentiate. The origin

and developmental process of GISTs have been sought with
much interest and it is understood that they arise from the
ICC, or their progenitor cells in the gastrointestinal wall. One
possibility is that the different characteristics of ICC may be
responsible for regulating the distinct clinical differences
between gastric and intestinal GIST, although this hypothesis
needs to be addressed in future study.

In conclusion, besides higher proliferative activity, down-
regulation of SLIT2 might be involved in clinically
malignant phenotypes of intestinal GIST. Although the
functional mechanism of SLIT2 in GIST remains to be
elucidated, it could be helpful as a biological marker to
evaluate the recurrence risk and even to reveal the
developmental process of GIST.
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