
Abstract. Background/Aim: The main objective of the present
study was to evaluate the significance of apoptosis in the
Fletcher’s risk classification for gastrointestinal stromal tumors
(GISTs). Materials and Methods: Apoptotic cells were identified
by immunostaining for single-stranded DNA (ssDNA). We
assigned each GIST to one of four risk groups: very low risk,
n=32; low risk, n=53; intermediate risk, n=15; high risk, n=6).
Results: The mean ssDNA labeling index for each group was
8.0±44.2, 20.1±86.5, 18.7±38.6 and 5.7±5.7, respectively.
Fletcher’s risk classification for GISTs correlated significantly
with the ssDNA labeling index (p=0.002). Conclusion: The
ssDNA labeling index and Ki-67 labeling index were the most
significant factors corresponding to the risk grade of GISTs.
These findings suggest that the ssDNA labeling index might be
useful for predicting aggressive biological behavior of GISTs.

Gastrointestinal stromal tumors (GISTs) arise from the
interstitial cells of Cajal or a common cellular precursor,
both of which express type III tyrosine kinase receptors;
mutations in the tyrosine kinase receptor c-KIT (CD117) or
related tyrosine kinase receptors contribute to loss of growth
control and tumor formation in GISTs (1). GISTs are found
most commonly in the stomach (50-60%), followed by the
small intestine (30-35%), colon and rectum (5%), esophagus
(<1%), and rarely in locations outside the gastrointestinal
tract (mesentery, omentum, and retroperitoneum; <5%). The
median age at diagnosis is 63 years, and fewer than 1% of
patients are younger than 20 years old (1).

Tumor growth depends on the equilibrium between cell
proliferation and cell death. Apoptosis (programmed cell
death) is considered an important homeostatic mechanism for

balancing cell proliferation and maintaining the correct
number of cells under physiological and pathological
conditions (2). Terminal deoxynucleotidyl transferase dUTP
nick end labeling (TUNEL) is a technique that allows
detection of the initial stages of apoptosis (2). However, the
TUNEL in situ technique for detecting apoptosis is not
completely specific, as overlap between apoptotic and
necrotic cell death has been reported, and may result from
the fact that some of the apoptotic cells do not stain (3).
Single-stranded DNA (ssDNA) labeling is sufficiently
sensitive to show apoptosis and is more specific to apoptosis
by not staining necrotic cells (4, 5). 

The apoptotic rate has been shown to correlate with
clinical behavior and prognosis of a limited number of solid
tumor types (6-9). To our knowledge, there exist few English
language publications on the relationship between GISTs and
apoptosis (10, 11). However, some reports showed a
biological relationship between GISTs and other factors: the
risk classification for GISTs may be significantly associated
with the Ki-67 labeling index, blood vessel invasion (BVI)
and microvessel density (MVD) (12-15).

The main objective of this study was to evaluate the
significance of apoptosis in the Fletcher’s risk classification
(16) for GISTs. Because ssDNA seems to be more specific
for apoptosis, we used ssDNA immunostaining to identify
apoptotic cells. We studied 106 GIST samples using the
ssDNA labeling index in conjunction with Ki-67 labeling
index, BVI, lymphatic vessel invasion (LVI) and MVD.

Materials and Methods

Patients. We examined 103 cases of GIST (106 samples: three cases
had two GISTs each), using samples obtained surgically between
January 2000 and May 2015 at the University of Yamanashi
Hospital and between April 2006 and May 2015 at the Kofu-
Kyoritsu Hospital. Table I summarizes the clinicopathological
findings of the GIST samples. There were 59 men and 47 women,
ranging in age from 35-94 years, with a mean age of 69 years. The
majority of GISTs were located in the stomach (87 samples). We
followed Fletcher’s criteria for histological diagnosis and risk
classification (16). All GISTs showed consistent immunopositivity
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for c-KIT. GISTs were assigned to one of four risk groups (very low
risk, n=32; low risk, n=53; intermediate risk, n=15; high risk, n=6).
Two pathologists (K.M. and R.K.) independently reviewed
hematoxylin and eosin-stained slides blinded to the original
pathological diagnosis. The Research Ethics Committee of Faculty
of Medicine, University of Yamanashi approved this study (approval
number 1639).

Immunohistochemistry. Sections 4-μm thick were cut from
formalin-fixed, paraffin-embedded tissue blocks and then
dewaxed and rehydrated. Immunohistochemical staining was
performed on representative slides. Table II lists the primary
antibodies used, their dilutions and their sources. Antigen
retrieval was accomplished through heat treatment before
performing the primary antibody reactions: autoclaving at 120˚C
for 10 min in citrate buffer pH 6 for c-KIT and Ki-67, or in
Antigen Retrieval Solution pH 9 (Nichirei Biosciences, Tokyo,
Japan) for CD31 or citrate buffer pH 7 for podoplanin. After
inhibiting endogenous peroxidase, we used positive controls (c-
KIT: GIST; ssDNA: tonsil; Ki-67: GIST; CD31: vascular
endothelium; podoplanin: lymphatic endothelium) to perform the
primary antibody reactions. We used the N-Histofine Simple Stain
MAX PO (MULTI) (Nichirei Biosciences, Tokyo, Japan) with
diaminobenzidine as a chromogen and a light counterstain with
hematoxylin to perform immunohistochemistry. K.M. and R.K.
simultaneously reviewed immunostained sections using a double-
headed light microscope. 

ssDNA labeling index. K.M. and R.K. assessed apoptotic cells using
ssDNA labeling. They considered cells with immunostaining in the
nuclei or immunostaining in apoptotic bodies as being positively
labeled, and we used the percentage of immunostained cells out
1,000 cells counted in areas of the strongest nuclear labelling (‘hot
spots’) as the ssDNA labeling index (17). 

Ki-67 labeling index. We chose the field that had the maximum
density of Ki-67-immunopositive nuclei and evaluated the Ki-67
labeling index as proliferative activity by using ‘GunmaLI’ (18).

Vessel invasion. BVI was defined as the presence of clusters of
GIST cells within areas surrounded by elastic fibers of the vessel
wall stained with elastica-van Gieson (EVG) stain. During this
process, sections 4-μm thick were cut from formalin-fixed, paraffin-
embedded tissue blocks. After deparaffination, they were transferred
to 70% ethanol. They were stained with Weigert’s Resorcin Fuchsin
solution for 60-120 min and washed in 100% ethanol. After rinsing,
they were stained with iron hematoxylin for 10 min, and washed in
running water. After differentiation with 1% HCl-water, they were
stained with van Gieson solution for 5 min. The slides were
dehydrated with ethanol series and cleared with xylene. LVI was
then defined as the presence of clusters of GIST cells within areas
surrounded by lymphatic endothelial cells immunostained for
podoplanin (14). 

Microvessel density. We evaluated MVD by immunohistochemistry
of tumor vessels for CD31. Any single immunopositive cell or
cluster of cells clearly separated from adjacent clusters and
background, with or without lumen, was considered an individual
vessel, and we excluded areas of fibrosis, necrosis and inflammation
from the counting (19). The immunostained sections were scanned

at low magnification (40×). Then K.M. and R.K. together selected
three tumor areas with positive CD31 staining having the highest
density of distinctly highlighted microvessels (‘hot spots’) within
each section. They counted the MVD in the three most vascularized
areas within a 400× microscopic field of an Olympus BX50 (Tokyo,
Japan) microscope (19).

Statistical analysis. We used the Kruskal-Wallis test or Fisher’s
exact test to evaluate differences between the Fletcher’s risk
classification for GISTs regarding ssDNA labeling index, Ki-67
labeling index, BVI, LVI and MVD. Differences with a p-value of
less than 0.05 indicated statistical significance. Statistical analysis
was carried out using IBM SPSS Statistics version 22 (IBM Corp.,
NY, USA).

Results
Using immunohistochemistry, the means for the ssDNA
labeling indices by risk group were 8.0±44.2 for very low
risk, 20.1±86.5 for low risk, 18.7±38.6 for intermediate risk
and 5.7±5.7 for high risk GISTs (Figure 1C). The
corresponding mean Ki-67 labeling indices obtained through
immunohistochemistry were 1.7±1.6, 3.1±2.4, 3.5±4.5 and
9.1±9.3 GISTs (Figure 1D). 

There was BVI in 23 samples (very low risk, n=2; low
risk, n=16; intermediate risk, n=3; high risk, n=2) observed
using EVG stain (Figure 1E), and LVI was detected in only
one sample using podoplanin immunostaining (Figure 1F). 

The means for MVD obtained by CD31 immunostaining
were 31.3±22.3, 44.3±27.1, 49.9±27.4 and 45.2±18.2,
respectively (Figure 1G).

Table III summarizes the statistical analyses. Fletcher’s risk
classification for GISTs correlated significantly with the
ssDNA labeling index, Ki-67 labeling index, BVI and the
MVD (p=0.002, p=0.002, p=0.035 and p=0.042,
respectively). However, we were unable to demonstrate
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Table I. Clinicopathological characteristics of gastrointestinal stromal
tumor samples.

Characteristic                                                            Value

Gender, n (%)
   Male                                                                    59 (56%)
   Female                                                                47 (44%)
Age, years
   Mean (range)                                                      69 (35-94)
Anatomical location
   Stomach                                                              87 (82%)
   Small intestine                                                    19 (18%)
   Very low                                                             32 (30%)
Fletcher’s risk classification
   Low                                                                     53 (50%)
   Intermediate                                                        15 (14%)
   High                                                                      6 (6%)
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Figure 1. Representative microscopic images of gastrointestinal stromal
tumors. A: Spindle cell type (hematoxylin and eosin stain, original
magnification 200×). B: c-KIT immunoreactivity in the cytoplasm and
cytoplasmic membrane (original magnification 200×). C: Single-
stranded DNA immunoreactivity in the nuclei (original magnification
400×). D: Ki-67 immunoreactivity in the nuclei (original magnification
200×). E: Blood vessel invasion (elastica-van Gieson stain, original
magnification 200×). F: Lymphatic vessel invasion (podoplanin
immunostain, original magnification 200×). G: Microvessel density
(CD31 immunostain, original magnification 200×). 



statistical significance between Fletcher’s risk classification
for GISTs and LVI (p=1.000).

Discussion

Apoptosis is an inborn process preserved during evolution.
It allows cells to systematically inactivate, destroy and
dispose of their own components thus leading to their death
(20). This cycle can be activated by both intra and
extracellular mechanisms. The intracellular components
involve a genetically defined development process, while the
extracellular aspects depend on endogenous proteins,
cytokines and hormones, as well as xenobiotics, radiation,
oxidative stress and hypoxia (20). The apoptotic GIST cells
(ssDNA-labeled cells) were situated locally and together in
the tumor, frequently around hemorrhagic areas (ischemic
areas). Furthermore, we found that a higher ssDNA labeling
index correlated significantly with Fletcher’s higher risk
GIST (p=0.002). Therefore, our results suggest that hypoxia
induced by ischemia may induce apoptosis of the GIST cells,
and ischemic conditions may be more prevalent in higher
risk GISTs than in lower risk GISTs. On the other hand,
Cunningham et al. showed that apoptosis in GISTs was not
significantly associated with tumor size and mitotic index
(10), and Wang et al. indicated that the apoptotic index
gradually decreased in specimens from patients with benign

GISTs, potentially malignant GISTs and malignant GISTs, as
demonstrated by TUNEL (11). The discrepancy between our
results and their results may be due to the different
determination methods used (ssDNA immunostaining vs
TUNEL) for identifying GIST cells in a state of apoptosis.

We also studied the biological relationships between GISTs
and other factors and found that the Fletcher’s risk classification
for GISTs was significantly associated with the Ki-67 labeling
index (p=0.002), BVI (p=0.035) and MVD (p=0.042). We were
unable to demonstrate statistical significance of association
between Fletcher’s risk classification for GISTs and LVI
(p>0.99). This is almost identical to previous reports (12-15). 

In conclusion, the ssDNA labeling index and the Ki-67
labeling index were the most significant factors associated
with the risk grade of GISTs. These findings suggest that the
ssDNA labeling index might be useful for predicting
aggressive biological behavior of GISTs. Nevertheless, the
number of intermediate- and high-risk case was not high in
this study. Further studies of more intermediate- and high-
risk cases are needed to determine the accurate usefulness of
ssDNA labeling index as a biomarker for GIST.
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Table II. Antibodies used in this study.

Antibody for                                                                                                                    Source                                                                   Dilution

c-KIT                                Rabbit polyclonal                                         Santa Cruz Biotechnology, TX, USA                                              1:50
ssDNA                              Rabbit polyclonal                                Immuno-Biological Laboratories, Gunma, Japan                                   1:200
Ki-67                                MIB-1                                                                     Dako, Glostrup, Denmark                                                      1:100
CD31                                JC/70A                                                                   Dako, Glostrup, Denmark                                                 Pre-diluted
Podoplanin                       D2-40                                                                      Dako, Glostrup, Denmark                                                      1:200

Table III. Association between Fletcher’s risk classification of the gastrointestinal stromal tumors and study variables.

                                                                                                                                            Risk group

Factor                                                                              Very low (n=32)          Low (n=53)        Intermediate (n=15)             High (n=6)           p-Value

ssDNA labeling index                  Mean±SD                         8.0±44.2                 20.1±86.5                   18.7±38.6                      5.7±5.7                 0.002 
Ki-67 labeling index                    Mean±SD                         1.7±1.6                     3.1±2.4                       3.5±4.5                        9.1±9.3                 0.002 
Blood vessel invasion                  Absent, n (%)                30 (94%)                  37 (70%)                    12 (80%)                       4 (67%)                 0.035 
                                                     Present, n (%)                 2 (6%)                    16 (30%)                      3 (20%)                       2 (33%)                   
Lymphatic vessel invasion          Absent, n (%)                32 (100%)                52 (98%)                    15 (100%)                     6 (100%)            >0.99
                                                     Present, n (%)                 0 (0%)                      1 (2%)                        0 (0%)                         0 (0%)                     
Microvessel density                     Mean±SD                       31.3±22.3                 44.3±27.1                   49.9±27.4                    45.2±18.2               0.042 

SD: Standard deviation.
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