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Background : E2F1 plays a critical role in the G1-to-S phase transition by inducing various
genes that encode S phase-activating proteins and that modulate such diverse cellular func-
tions as DNA synthesis, mitosis and apoptosis. The purpose of this study was to assess the
E2F1 expression in relation to the clinicopathologic parameters and other tumor markers in
gastrointestinal stromal tumors. Methods : Immunohistochemical stainings for obtaining the
E2F1, p53, and Ki-67 labeling indices were performed on a tissue microarray of 72 gastroin-
testinal stromal tumor specimens. The clinicopathologic parameters that were analyzed includ-
ing the risk grade system by Miettinen et al. and the disease-free survival (DFS) rate. Results :
1) An E2F1 expression was correlated with a larger tumor size, a p53 expression and a short-
er period of DFS (p=0.014, p=0.007, and p=0.039). 2) A p53 expression was significantly asso-
ciated with a high risk grade, a larger tumor size, high mitotic counts and a shorter period of
DFS (p=0.003, p=0.044, p<0.001, and p<0.0001). 3) A high-risk grade and the epithelioid type
were significantly associated with a shorter period of DFS (p=0.0006 and p=0.0008). Con-
clusions : E2F1, as well as p53, may be a potentially novel independent prognostic factor for
predicting a worse outcome for those patients suffering with Gastrointestinal stromal tumors.

Key Words : Gastrointestinal stromal tumor; E2F1 transcription factor; Ki-67 antigen; Tumor
suppressor protein p53; Immunohistochemistry
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Gastrointestinal stromal tumors (GISTs) comprise 1-2% of
all of malignant gastrointestinal tumors.1 The most common
sites are stomach (60%), small intestine (35%), and colorectum
(<5%). Approximately 20% to 25% of gastric and 40% to 50%
of small intestimal GISTs are clinically malignant.1 Since GISTs
are believed to originate from the interstitial cells of Cajal as sug-
gested by Kindblom et al. in 1988,2 GISTs have been studied for
determining their histologic diagnostic criteria, their malignant
potential and their prognostic factors. The criteria for malignan-
cy are not very clear if the histologic findings alone are examined
because this tumor has a wide spectrum of biologic behavior and
the histologic features among different tumor sites are variable.

There is currently no firmly established specific grading or
staging system for GISTs. The consensus system proposed by the
National Institute of Health in 2001 is the one of the most com-
monly used grading systems, but the consensus system was not
based on specific data sets and they significantly overestimated

the biologic potential of gastric GISTs.3 Therefore, the use of
guidelines for gastric and small intestinal GISTs was introduced,
as was suggested by Miettinen et al. of the Armed Forces Insti-
tute of Pathology3 (the AFIP system). This risk grade system uses
the tumor site as a prognostic factor, and this is anticipated to
provide more correct prognostic information.

The generally accepted prognostic parameters are the tumor
size, the mitotic count, the proliferation index and the tumor
site.4 Several studies have reported other prognostic factors such
as the type of c-kit mutation, a high Ki-67 labeling index (LI),
the overexpression of cyclin B1, the inactivation of p16, a low
expression of p27 and a high expression of p53.5 The cyclin-de-
pendent kinase inhibitor 2A (CDKN2A) tumor suppressor pa-
thway has recently been reported to be the pathogenesis of vari-
ous kinds of tumors.6 A few studies have reported on using cell
cycle regulatory proteins in GISTs.7 E2F1 is a cell cycle regula-
tory protein of the CDKN2A tumor suppressor pathway, and
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it has been recognized as a prognostic factor for various tumors
via its genetic and protein levels.8 There are 8 subtypes in the
E2F family, from E2F1 to E2F8.9,10 They are functionally divid-
ed into 2 groups: E2F1, E2F2 and predominantly act as activat-
ing transcription factors and E2F3b, E2F4, and E2F5 predomi-
nantly act as transcriptional repressors. E2F6, E2F7, and E2F8
have only recently been detected and their functions are not yet
clear.10 In the E2F family, probably only E2F1 seems to be in-
volved in a dual promoting and apoptotic effect.11 The E2F1 tr-
anscription factor plays a key role in G1-to-S phase transition
by attracting numerous upstream signals.12 In normal cellular
physiology, E2F1 modulates such diverse cellular functions as
DNA synthesis, mitosis and apoptosis.12 In tumorigenesis, E2F1
acts either as an oncogene or as a tumor suppressor gene depend-
ing on the tumor type and the predominant signal.12 The over-
expression of E2F1 is significantly associated with higher tumor
proliferation and greater invasive ability. In the previous litera-
ture, E2F1 has been shown to acts as an oncogene and it has a
tumor-promoting effect in non-small cell lung cancer and breast,
thyroid and ovarian epithelial cancers.12-15 On the other hand,
E2F1’s tumor suppressor effect has been studied in colon cancer
and bladder cancer.16,17 E2F1 has been shown in some studies to
have a tumor-promoting effect in GISTs.7

Tissue microarrays (TMA) are a high-throughput method for
analyzing large numbers of formalin-fixed, paraffin-embedded
materials with minimum cost and effort.18 We applied TMA
technology to immunohistochemically analyze E2F1 and other
additional markers in GISTs. In this study, we evaluated the ex-
pression of the cell cycle regulatory protein E2F1 and the corre-
lation between the clinicopathologic parameters and the AFIP
risk grade system in GISTs.

MATERIALS AND METHODS

Patients, tumor grouping and grading

Among all the patients who were diagnosed with GISTs and
who underwent surgical resection for primary GISTs from 1990
to 2007 at Kangdong Sacred-Heart Hospital at the Hallym
University College of Medicine, 72 cases that expressed CD117,
as assessed by immunohistochemical staining, were enrolled in
this study. According to the AFIP risk grade system for gastric
and small intestinal GISTs (Table 1), which was based on the
long-term follow-up of more than 1,600 patients by Miettinen
et al., we classified the patients into the low, intermediate and

high-risk groups. The very low and low risk groups were placed
together. GISTs arising in the stomach and esophagus were clas-
sified by the “gastric grading system” and GISTs arising in small
intestine, large intestine, rectum and omentum were classified
by the “intestinal grading system”. Tumor recurrence and the
survival of patients were assessed by outpatient follow-ups and
conducting telephone interviews.

Pathological evaluation

All of the surgical specimens were re-evaluated by two authors.
The clinical evaluation included the patient’s gender, the patient’s
age, the tumor location and tumor size. Tumor size was evaluat-
ed as the greatest dimension taken from the pathology reports.
The GISTs were histologically subclassified into 2 subtypes: the
spindle and epithelioid subtypes. The amount of mitosis was
determined by counting the mitotic activity in 50 adjacent high-
power fields (HPF) in the full section of a hematoxylin and eosin
(H&E) slide at a magnification of ×400. Tumor necrosis and
tumor hemorrhage were determined as being either present or
absent.

Creating the tissue microarray block

After reviewing the cases for diagnostic confirmation, the TMA
was constructed. The representative area was drawn in a circle.
Each paraffin-embedded block that was relevant to an H&E slide
was punched out by using a tissue microarray manufacture tool
(Quick-RayMT, Unitma, Seoul, Korea). A 3 mm punch size was
used. One core from each paraffin-embedded block was punched
out and six cores were embedded in each tissue microarray block
in a 3×2 arrangement. To evaluate the order of the cores, a
punch of palatine tonsil was embedded ahead of each tissue mi-
croarray block.

Immunohistochemical staining

The histologic sections (4 μm) of 12 tissue microarray blocks
of the 10% formalin-fixed, paraffin-embedded materials were
used for the study. The sections of the TMAs were deparaffinized
in xylen and they were rehydrated through a series of graded et-
hanol solutions. Antigen retrieval was achieved by microwave
treatment in 0.01 mol/L citrate buffer (6.0 pH) for two minutes
and then the sections were cooled for two hours. Immunohisto-
chemical staining was performed with using the Dako Chem-
Mate Kit according to the manufacturer’s instructions. The seven
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primary antibodies used were c-kit (polyclonal c-19, 1:200, Santa
Cruz biochemistry, CA, USA), CD34 (monoclonal, 1:50, Dako,
CA, USA), smooth muscle actin (monoclonal, 1:200, Dako), S-
100 protein (polyclonal, 1:400, Dako), Ki-67 (MIB-1, mono-
clonal, 1:100, Dako), p53 (monoclonal, 1:100, Dako) and
E2F1 (monoclonal, 1:200, KH95, Dianova). The sections were
incubated with the primary antibodies at room temperature for
an hour. Each section was treated sequentially with biotinylated
secondary antibody for 20 min and this was followed by strepta-
vidin peroxidase for 20 min.

For the sections of E2F1, we used the DAKO catalyzed sig-
nal amplification (CSA) system after the E2F1 primary antibody
had been applied for an hour. 3,3′-Diaminobenzidine tetrahy-
drochloride was used as a chromogen and then a hematoxylin
counterstain was applied. A breast cancer section was processed
in parallel as a positive control for E2F1.

Analysis and Interpretation of the staining

Interpretation of the staining results was done by two authors.
There was close agreement (>90%) between both the investi-
gators. For the cases of disagreement, the final grading was deter-
mined by consensus.

Positivity for c-Kit was defined when the staining showed a
strong and uniform membrane Golgi-like zone or a cytoplas-
mic staining pattern that had an intensity equal to an internal
control element such as a mast cell.

CD34 positivity was defined as strong and diffuse staining
along the cell membrane or in the cytoplasm.

SMA and S-100 positivity was considered as diffuse and intense
cytoplasmic staining. The percentage of the tumor cells with
positive staining for Ki-67 was scored as the Ki-67 LI. The cut
off value of Ki-67 LI was determined as 4.92% when the disease-
free survival analysis was evaluated.

For the E2F1 and p53 protein expressions, only nuclear stain-
ing was considered positive. Positive cells were counted by mon-
itoring for a relatively uniform staining density. We considered
the E2F1 and p53 stainings as positive when >5% of the can-
cer cell nuclei showed positive immunostaining. 

These cut-off values were used because they correlate with
the prognosis for GISTs based on histological preparations and
also the data from the previous literature.3,5,7,19

Statistical analysis

Disease-free survival (DFS) was defined as the time from su-

rgery to the first relapse of GISTs, the occurrence of a second pri-
mary tumor or death of any cause. DFS was calculated using the
Kaplan-Meier method with a log-rank test. The time of the anal-
ysis for DFS was as of December 2007. The association of risk
grades with the continuous variables of the clinicopathological
parameters was explored with Student’s t test. Correlation anal-
yses of the expression of E2F1 or p53 with the clinical and pa-
thologic variables were done using the 2-test. Univariate anal-
ysis of DFS was performed by the Kaplan-Meier method with
using the log-rank test. We used the Cox proportional hazards
model for the multivariate analysis of DFS. SPSS statistical soft-
ware (version 12, Statistical Package for Social Science) was used
for all the statistical analyses. A p-value <0.05 was considered
to be statistically significant. 

RESULTS

Clinicopathological features

According to the risk system suggested by Miettinen et al.
(Table 1), 10 cases were classified as very low risk, 25 were clas-
sified as low risk, 9 were classified as intermediate risk and 28
were classified as high risk. As shown in Table 2, the 72 patients
included 36 males and 36 females (mean age: 57.5 years, age
range: 18 to 83 years).

The tumors were located within the esophagus (1 case), stom-
ach (45 cases), small intestine (16 cases), colon (5 cases), rectum
(3 cases), and extra-gastrointestinal sites (2 cases). The GISTs
arising in extra-gastrointestinal (GI) sites were from the omen-

≤2 ≤5 Very low 9 Very low 1
3-5 ≤5 Low 12 Low 3
6-10 ≤5 Low 9 Intermediate 2
>10 ≤5 Intermediate 1 High 2
≤2 >5 Low 1 High 1
3-5 >5 Intermediate 6 High 7
6-10 >5 High 3 High 3
>10 >5 High 5 High 7
Total 46 26

AFIP, Armed Forces Institute of Pathology; GIST, gastrointestinal stro-
mal tumor.

Tumor parameters
Risk grade of

malignant potential

Size, Mitotic rate Gastric No. of Intestinal No. of
cm per 50 HPFs GISTs cases GISTs cases

Table 1. Prognostic grouping and AFIP Risk grade of GIST by
Miettinen et al.
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tum and retroperitoneum and they were of a high-risk grade.
Tumor location was significantly associated with the tumor risk
grade (p<0.001, Spearman rho=0.542).

Fifty-seven tumors were the spindle type and 15 were the epi-
thelioid type. Necrosis was present in 36 cases and hemorrhage
was present in 43 cases. Necrosis was significantly associated
with the risk grade (p<0.000).

Follow-up information was available for all 72 patients and
the follow-up period ranged from 11 to 250 months. Metasta-
sis was seen in 10 (13.8%) of the 72 patients, including 8 cases
of liver metastasis, 1 case of omentum metastasis and 1 case of
lymph node metastasis. Local recurrence or direct invasion to the
mesentery was seen in 4 (5.5%) of the 72 patients. One case of
gastric GISTs was accompanied with rectal GIST and all the tu-
mors in this case were high-risk grade tumors. Five cases of gas-
tric GISTs were synchronously accompanied with adenocarci-
noma of the stomach (4 cases) and adenocarcinoma of the colon
(1 case).

The 5-year survival rate was 75% and the 10-year survival rate
was 72%. Overall, 52 of the 72 patients are still alive. Forty-nine
of those patients (68%) are alive without any evidence of recur-
rence after the initial operation, 3 (4.1%) are alive with a recur-
rent tumor, 15 (20.8%) died of GIST (including 14 cases with

a high risk grade GIST and 1 case with an intermediate risk
grade GIST) and 5 died of other diseases.

Correlations of the E2F1 and p53 expressions with the
clinicopathological variables

To evaluate the significance of the E2F1 and p53 expressions
in the patients with GISTs, we compared the clinicopathologi-

Sex 0.280
Male (36) 16 3 17
Female (36) 19 6 11

Age (year) 60.14 56.55 54.50 0.084
(18-83 years,
mean: 57.5)

Location <0.001*
Esophagus (1)+ 1+30 0+6 0+9
stomach (45)

Small intestine (16) 4 3 9
Colon (5)+Rectum (3) 0+0 0+0 5+3
Extra-GI site (2) 0 0 2

Histologic type 0.402
Spindle (57) 29 8 20
Epithelioid (15) 6 1 8

Necrosis <0.001*
Present (36) 9 5 22
Absent (36) 26 4 6

Hemorrhage 0.101
Present (43) 18 4 21
Absent (29) 17 5 7

Metastasis & 1 1 12 <0.001*
recurrence (14)

*, statistically significant.
GIST, gastrointestinal stromal tumor.

Very low+low Intermediate High risk
p

risk (n=35) risk (n=9) (n=28)

Table 2. Clinicopathological data for 72 GISTs

Age 0.683 0.386
≤60 (35) 8 9
>60 (37) 10 13

Tumor location 0.436 0.376
Esophagus (1)+ 14 11
stomach (45)

Small intestine (16) 2 6
Colon+rectum (8) 2 4
Extra-GI site (2) 0 1

Tumor size 0.014* 0.044*
≤2 cm (13) 0 2
2-5 cm (27) 12 8
6-10 cm (19) 4 4
>10 cm (13) 2 8

Risk grade 0.192 0.003*
Low (35) 12 5
Intermediate (9) 1 2
High (28) 5 15

Histologic type 0.241 0.372
Spindle (57) 16 16
Epithelioid (15) 2 6

Necrosis
Present (36) 8 0.586 16 0.011*
Absent (36) 10 6

Hemorrhage
Present (43) 14 0.071 15 0.332
Absent (29) 4 7

Mitotic counts 0.544 <0.001*
<5/50 HPF (37) 11 5
5-10/50 HPF (8) 1 1
>10/50 HPF (27) 6 16

Ki-67 LI 0.753 0.140
≤4.92% (54) 13 14
>4.92% (18) 5 8

CD34 0.302 0.266
Positive (58) 16 16
Negative (14) 2 6

S-100 1.000 0.529
Positive (32) 8 11
Negative (40) 10 11

SMA 0.682 0.325
Positive (39) 9 10
Negative (33) 9 12

*, statistically significant.

E2F1 (+)
p

p53 (+)
p

(n=18) (n=22)

Table 3. The correlation of E2F1, p53 with clinicopathologic pa-
rameters 
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cal characteristics of the patients whose samples displayed posi-
tive staining (Table 3). An E2F1 expression was observed in 18
patients (25%) and a p53 expression was observed in 22 patients
(30.5%) (Fig. 1). Age was not significantly different between
the E2F1 and p53 expression groups (p=0.683 and p=0.386).

There were no significant differences in tumor location among
the groups with an E2F1 or a p53 expression (p=0.436 and p=
0.376). An E2F1 expression was observed in 30.4% of the esoph-
agus/stomach cases (14 of 46 cases), in 12.5% of the small intes-
tine cases (2 of 16 cases), in 25% of the colon/rectum cases (2 of
8 cases) and in 0% of the extra-GI site GIST cases (0 of 2 cases).
In addition, a p53 expression was observed in 24% of the esoph-
agus/stomach cases (11 of 46 cases), in 37.5% of the small intes-
tine cases (6 of 16 cases), in 50% of the colon/rectum cases (4 of
8 cases) and in 50% of the extra-GI site GIST cases (1 of 2 cases).
Although E2F1 and p53 were expressed more strongly in the
larger tumors (p=0.014 and p=0.044), an E2F1 expression was
not related to tumor risk grade (p=0.192), while a p53 expres-
sion was associated with the tumor risk grade (p=0.003). There
were no significant differences in the E2F1 expression or the p53
expression with regard to the histologic type of tumor (p=0.241,
p=0.372). An E2F1 expression was observed in 28.1% of the
spindle type cases (16 of 57 cases) and in 13.3% of the epithelioid
type cases (2 of 15 cases). An E2F1 expression was not significant-
ly associated with the mitotic counts (p=0.544) or with the KI-
67 LI (p=0.753). By contrast, although p53 was expressed more
often in the cases with an increased mitotic count (p<0.001), the
p53 expression was not related to the KI-67 LI (p=0.140).

There were no significant differences in the E2F1 expression
between the tumors with hemorrhage-present group and the
tumors with hemorrhage-absent group (p=0.071), and nor were
there significant differences of the p53 expression between the

above mentioned groups (p=0.332). Although an E2F1 expres-
sion was not related to necrosis (p=0.586), a p53 expression
showed a statistically significant association with necrosis (p=
0.011).

The rate for a positive CD34 expression was 80% (58), the
rate for a positive SMA expression was 54% (39) and that for S-
100 was 44% (32). There was no statistical difference in the reac-
tivity of these 3 antibodies in the cases with an E2F1 or p53 ex-
pression.

Correlation of the E2F1 expression with the p53
expression

The E2F1 and p53 labeling indices revealed that the cases with
an elevated E2F1 expression exhibited elevated p53 expression
and vice-versa. This correlation between E2F1 and p53 was con-
firmed statistically (Spearman rho=0.315 and p=0.007) (data
not shown). 

Relationship of the E2F1 and p53 expressions with
disease-free survival

Kaplan-Meier survival curves were constructed to assess the
prognostic significance of the E2F1 and p53 expressions (Fig.
2). The patients with E2F1-positive GISTs experienced signifi-
cantly shorter DFS times than did the patients with E2F1-neg-
ative GISTs. The median DFS time of the patients in the E2F1-
positive group was 107 months and that of the patients in the
E2F1-negative group it was 160 months. These differences are
statistically significant (p=0.039, log-rank test). The patients
with p53-positive GISTs experienced significantly shorter DFS
times than did the patients with p53-negative GISTs. The medi-

Fig. 1. Immunohistochemical expression of E2F1 (A) and p53 (B) in GISTs.

A B



E2F1 and p53 Expressions in Gastrointestinal Stromal Tumors  217

an DFS time of the patients in the p53-positive group was 57
months and that of the patients in the p53-negative group was
176 months. These differences are statistically significant (p<
0.0001, log-rank test). 

Using forward stepwise Cox proportional hazards regression
modeling, the following variables were tested for their influence
on DFS: gender, age (≤60 vs >60), the risk grade (low/inter-
mediate versus high), the histologic type (the spindle type ver-
sus the epithelioid type), the Ki-67 LI (≤4.92% vs >4.92%),
the E2F1 expression and the p53 expression. Multivariate anal-
ysis revealed that the risk grade (p=0.003), the histologic type
(p=0.001) and the expressions of E2F1 (p=0.001) and p53 (p=
0.004) were significant prognostic indicators of disease-free pa-
tient survival (Table 4). There were no significant correlation
between the prognosis and the other clinicopathological features.
An E2F1 expression was an independent predictor of poor DFS
(hazard ratio=5.790, 95% confidence interval [CI]=2.100-
15.965, p=0.001). In addition, a p53 expression was an inde-
pendent predictor of poor DFS (hazard ratio=4.978, 95% CI=
1.664-14.894, p=0.004). Comparing the prognostic significance

between the expressions of E2F1 and p53, the risk of mortality
or disease-recurrence in the E2F1-positive patients was higher
than in the p53-positive patients (hazard ratio=5.790, 4.978,
respectively). Therefore, an E2F1 expression is a more powerful
independent prognostic factor than a p53 expression in GISTs.

Fig. 2. Disease-free survival rate curves based on E2F1 (A), p53 (B), risk grade (C), and histologic type (D).
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E2F1 0.039 0.001 5.790 (2.100-15.965)
Positive 18
Negative 54

P53 <0.0001 0.004 4.978 (1.664-14.894)
Positive 22
Negative 50

Risk grade 0.0006 0.003 5.436 (1.799-16.420)
Low, intermediate 44
High 28

Histology 0.0008 0.001 6.114 (2.198-17.004)
Spindle 57
Epithelioid 15

CI, confidence intervals; DFS, disease-free survival.

Variables n
Univari- Multivari- Hazard ratio
ate p ate p (95% CI)

Table 4. Univariate and multivariate analyses of various param-
eters for DFS in 72 patients 
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The median DFS time was 71 months. The median DFS time
for the patients with a high-risk grade was 102 months, which
was shorter than the 174 months for the patients with a low/
intermediate risk grade (p=0.0006). On multivariate analysis,
a high-risk grade had a more statistically significant association
with DFS (p=0.003) than did the other risk grades, and a high-
risk grade was an independent prognostic factor for a poor out-
come (hazard ratio= 5.436, 95% CI=1.799-16.420).

The median DFS time for the patients with an epithelioid
histologic type of GIST was 53 months, which is shorter than
the 161 months for the patients with a spindle type GIST (p=
0.0008). On multivariate analysis, the epithelioid type showed
a statistically significant association with a shorter DFS period
than did the spindle type, and the epithelioid type was the most
powerful independent prognostic factor of a poor outcome (haz-
ard ratio=6.114, 95% CI=2.198-17.004).

DISCUSSION

E2F1 is a transcriptional factor that has dual roles as an onco-
gene or a tumor suppressor depending on the various kinds of
human cancers.12,13 In normal physiology, inactive E2F1 is in
complex with retinoblastoma protein (pRB).12 When pRB is
hyperphosphorylated during the transition from the G1 phase
to the S phase, the E2F1 protein is released from the E2F1-pRB
complex and the free E2F1 becomes available to transcription-
ally activate various target genes that are required for DNA syn-
thesis.8 The transcriptional factor E2F1 is a relevant target for
pRB in the cell proliferation pathway and the activation of E2F1
through the inactivation of pRB was found to contribute to tu-
mor development in a murine model.20 As E2F1 plays a distinct
biologic role in the nucleus, it is localized in the nuclei of can-
cer cells. Only a few studies concerned with the correlation be-
tween E2F1 and GISTs have been published and they suggest
that E2F1 acts as an oncogene in the tumorigenesis of GISTs.7

In this study, a E2F1 expression was significantly correlated with
a larger tumor size and shorter DFS (p=0.014, p=0.039), but it
was not correlated with necrosis or hemorrhage (p=0.586, p=
0.071). These results suggest that E2F1 may act as oncogene
rather than as a tumor-suppressor in the tumorigenesis of GISTs.
However, an E2F1 expression was not related to the mitotic co-
unts or the Ki-67 LI, which are known to be related to prolifer-
ative activity (p=0.544, p=0.753). There may be that complex
mechanisms are involved in the proliferation of GISTs.

p53 is one of the most well-documented tumor suppressor

genes, and its immunohistochemical staining can reflect the alter-
ation of the p53 gene. A previous study has shown that a p53
expression is correlated with a E2F1 expression and both the p53
and E2F1 expressions were significantly elevated together in ma-
lignant ovarian cancers.15 Likewise in GISTs, a p53 expression
is significantly correlated with an E2F1 expression (Spearman
rho=0.315 and p=0.007). These results suggest that E2F1 is
connected with the p53 pathway in the tumorigenesis of GISTs.
Several studies have shown that E2F1 is related to p53.21 In nor-
mal cells, E2F1 physiologically induces apoptosis via the p53
pathway.9,21 In tumor cells, E2F1 can have a tumorigenic effect
only on intact p53-containing cells, and when E2F is defect or
damaged, then the tumor cells can be alternatively proliferated
by the p53 pathway.12,21

A p53 expression was also significantly correlated with a high-
risk grade, a larger tumor size, and shorter DFS in our study (p=
0.003, 0.044, and <0.0001, respectively). A p53 expression sh-
owed strong correlation with tumor proliferation, which was
similar to E2F1, in the present study. These results demonstrate
both direct and indirect mutual control by p53 and E2F1 in the
tumorigenesis of GISTs.12 It has long been suggested that a p53
expression in GISTs could be an adverse prognostic factor.22 On
comparing the prognostic significance between E2F1 and p53,
the risk of mortality or disease-recurrence for the E2F1-positive
patients was higher than that for the p53-positive patients (haz-
ard ratio=5.790, 4.978, respectively). Therefore, an E2F1 expres-
sion is a more powerful independent prognostic factor than a
p53 expression in GISTs.

The histologic type was significantly correlated to both the
risk grade and DFS. This suggests that the epithelioid type is a
powerful independent prognostic factor for predicting a poor
DFS outcome (hazard ratio=6.114, 95% CI=2.198-17.004). 

We found no correlation for the tumor location as a prognos-
tic factor. However, the prognostic outcome of extra-GI GISTs
(EGISTs) was interesting among the various GIST sites. The
frequency of EGIST is low (approximately 1% of all GISTs).23

We had two cases of EGIST of the omentum and retroperito-
neum with each follow-up period being 38 months and 136
months, respectively. These patients were both females and they
were 67 years of age at the time of diagnosis. Although both
were classified into a high risk grade, they are healthy now and
they showed favorable outcomes. The results of the previous stud-
ies have demonstrated that EGISTs of the omentum and retro-
peritoneum had a good prognosis and this corresponded with
our results.24 It seems impracticable that the criteria for small
intestinal GISTs in the AFIP system should be applied to the
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EGISTs of the omentum and retroperitoneum.
The immunopositivity rate for CD34, S-100 and SMA was

80%, 44%, and 54%, respectively. Some review articles have
showed that 80% to 85% of gastric GISTs, 50% of small intesti-
nal GISTs, and 95% to 100% of esophageal and rectal GISTs
were positive for CD34.23 Among gastric GISTs, the spindle
types were usually CD34-positive (>90%), whereas the epithe-
lioid ones were more variably CD34-positive (58%). Twenty
percent of gastric GISTs and 35% of small intestinal GISTs were
SMA-positive.

Less than 1% of gastric GISTs and 14% to 50% of the small
intestinal GISTs were S-100-positive. The discrepancies in the
percentages of positivity may be due to the differences of the
employed antibody and the tissue fixation methods and the vari-
ations in the staining methods among the different studies. In
the previous large studies of GISTs, SMA positivity was seen as
a favorable prognostic factor for both gastric and small intestinal
GISTs.23 S-100 positivity was previously reported as an adverse
prognostic factor for gastric GISTs.23 In our study, there was no
statistically significant difference between CD34, SMA, or S-
100 in regards to DFS (p=0.321, 0.264, and 0.918, respective-
ly) (data not shown).

We did not find any prognostic correlation with the KI-67
LI and the mitotic counts when they were categorized by each
cut-off value (4.96%, and <5/50HPF, 5-10/50 HPF and >10/
50 HPF) (p=0.908, p=0.730) (data not shown). In addition,
tumor size was not significantly correlated with the prognostic
outcome when the tumor size was categorized into <2 cm, 2-5
cm, 5-10 cm, and >10 cm (p=0.458) (data not shown). A high-
risk grade that included both the tumor size and the mitotic
counts was strongly correlated with a poor DFS outcome (haz-
ard ratio=5.436, 95% CI=1.799-16.420).

In conclusion, we have found a significant correlation between
a high-risk grade (using the AFIP system) and a poor prognosis
according to the 18 year follow-up data at our hospital. Further-
more, we recommend E2F1 as being a potential biologic mark-
er that is predictive of a worse prognosis for GISTs. p53 is also
a useful prognostic marker, which is consistent with the previ-
ous literature. Further studies are needed to molecularly ana-
lyze E2F1 and p53 and the tumor/biochemical pathways they
are involved in.
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