
Abstract. To elucidate the prognostic role and relationship of
the p53/p21/PCNA pathway in gastrointestinal stromal tumors
(GISTs), a total of 167 resected gastric and small intestinal
CD117-positive stromal tumor specimens were collected from
January 1987 to December 2000. Immunohistochemical
studies were performed on the paraffin sections with
antibodies of p53, p21/WAF1, proliferating cell nuclear
antigen (PCNA) and Ki-67. The immunoreactivity of four
markers was recorded by labeling index (LI, %) for clinico-
pathologic and survival correlation. The labeling index was
0-83% for p53, 0-81% for p21/WAF1, 0-33% for Ki-67 and
12-92% for PCNA. Completely negative immunostaining
(LI<1%) was found in 54.5% of p53, 25.8% of p21/WAF1 and
44.3% of Ki-67. The LI of four markers strongly correlate with
each other (p<0.05). Furthermore, the LI of all four markers
positively correlate to microscopic tumor mitotic counts
(p<0.05). Only the LI of p53 and PCNA positively correlate to
tumor sizes. Tumors with non-spindle cell type (versus
spindle cell) and high cellular pleomorphism (versus low)
exhibited a higher p53, p21/WAF1 and PCNA LI (p<0.05).
Increased NIH risk significantly correlates to increased p53,
PCNA and Ki-67 (p<0.05) LI. Survival analysis indicated that
a large tumor size (≥5 cm, p=0.003), increased tumor mitosis

(≥5/50 HPF, p<0.001), high NIH risk (p<0.001), non-spindle
cell type (p=0.024), high p53 LI (p<0.001), high p21/WAF1
LI (p=0.007), high Ki-67 LI (p<0.001) and high PCNA LI
(p<0.001) were prognostic factors for poor disease-free
survival. Independent factors are tumor size, NIH risk, p53
and p21/WAF1 LI. We demonstrated the first evidence of the
linear relationship and prognostic role of the p53/p21/PCNA
pathway in gastrointestinal stromal tumors. Abnormalities of
the p53/p21WAF1 pathway lead to increased proliferating
states, thereby triggering the progression of GISTs.

Introduction

Gastrointestinal stromal tumors are interstitial tumors arising
in the wall of the gastrointestinal tract. Gastrointestinal stromal
tumors have strong morphological similarities in their
pathological features, but have heterogeneous immunopheno-
type and biological behavior (1). The gastric and intestinal
smooth muscle tumors in the older data largely would be
classified as GISTs by immunohistochemical methods (2,3).
Concerning prognosis, many studies have established clinico-
pathological correlations, yet the criteria claimed to predict the
prognosis remain vague. Although the proliferating activity in
terms of the mitotic count is generally accepted as a prognostic
indicator (4), other gross and histologic parameters are reported
to influence the course of disease, such as tumor size (4,5),
cellular density (6,7), predominant cell type (6,8), neurnal or
muscular component (9), necrosis (10) and histological grades
(6). It was suggested that in addition to the use of the KIT
expression in the diagnosis of GISTs, c-kit mutation may
correlate to the malignant potential of GISTs (11,12).
Fletcher et al (13), according to the consensus approach at the
National Institute of Health in 2001, recommended the use of
risk assessment in predicting GISTs behavior, in preference to
trying to draw a sharp line between benign and malignant
lesions. They categorized GISTs into 4 groups as very low,
low, intermediate and high risk.
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Molecular markers by immunohistochemical studies
dealing with a proliferating index such as Ki-67 (14-17), a
proliferating cell nuclear antigen (PCNA) (15,16) and a tumor
suppressor gene p53 (17-19) were applied with encouraging
results. The alteration of certain cell cycle regulatory proteins
was implicated in the pathogenesis and tumor progression of
various kinds of tumors. Numbers of down-stream genes
containing wild-type p53 binding sequences were identified.
Among these, p21/WAF1 is the most important one. P21/
WAF1 is a nuclear protein and induces cell cycle arrest in the
G1- and G2-phases by inhibiting cyclin/CDK complexes and
the PCNA function (20). The PCNA and p21/WAF1 actively
interact in the response to DNA damage. After a UV challenge,
p21/WAF1 and PCNA co-localize in the nucleus and become
detergent-insoluble, due to a tight link to DNA (21). P21/
WAF1 can be activated in p53-dependent and -independent
manner (22). Cells lacking a functional p53 express a very low
level of p21/WAF1 and the p21/WAF1 promoter contains a
p53-binding site, suggesting that the expression of p21/
WAF1 depends on a p53 function (22-24). However, p21/
WAF1 can be inducible in p53-null cells, showing that the
expression of p21/WAF1 can also be induced by p53-
independent pathways (22,25,26).

However, recent studies reflect a limited experience in the
expression and prognostic role of p21/WAF1 in GISTs
(18,27). There was no linear linkage between p53/p21/
PCNA pathways in the previous literatures. In this study, we
examined by an immunohistochemical technique the possible
role of p53/p21/PCNA pathways, based on a relatively large
sample size of 167 human GISTs (including the stomach and
small intestine) after resection and elucidated their
correlation with clinicopathological features. We then
evaluated the prognostic factors for disease-free survival and
overall survival analysis in GIST patients with at least 5 years
of follow-up and found that patients with a positive expression
of p21/WAF1 in GISTs had a shorter disease-free survival
after resection, which is a novel finding.

Materials and methods

Collection of clinical samples. A total of 167 surgically
resected gastric and small intestinal stromal tumor
specimens (CD117+) were collected at Kaohsiung Chang
Gung Memorial Hospital from January 1986 to December

2000. Patients with tumors which could not be completely
resected or patients with evident metastasis on diagnosis were
excluded. All of the tumors were obtained from curative
resection. The diagnosis of malignant potential of a tumor was
based on the index of NIH risk categories (very low risk, low
risk, intermediate risk and high risk) according to tumor mitosis
and size (13). The closing date of the follow-up was
December 31, 2005. Patients who died due to post-surgical
complications were excluded from this study. In each case,
all slides were reviewed and the following histological
parameters were regarded and recorded by pathologist: a)
predominant cell type: spindle or non-spindle (epithelioid or
mixed); b) nuclear pleomorphism (mild, moderate or high).
The cell type was categorized as being predominantly spindle
(>75% of the tumor), epithelioid (>75% of the tumor), or
mixed if both the spindle and epithelioid components occupied
>25% of the tumor. Nuclear pleomorphism is defined as a
variation in the nuclear size and shape and was judged to be
mild (<10%), moderate (10-30%), or severe (>30%).

Immunohistochemistry. Tissue specimens were maintained in
formaldehyde-fixed, paraffin-embedded blocks. Sections
stained with hematoxylin and eosin (H&E) were also reviewed.
The paraffin sections from specimens were deparaffinized,
blocked with 3% hydrogen peroxide for 10 min and subjected
to antigen retrieval with microwave in 0.01 M citrate buffer for
15 min. The slides were then washed twice with PBS, incu-
bated with primary antibodies of CD117, CD34, smooth
muscle actin (SMA), S-100, desmin, p21/WAF1, p53, Ki-67
and PCNA for 30 min each, then examined with a peroxidase
conjugate using the polymer detection system (Zymed Cat. No.
87-89431) for 30 min. Specific details of the immunohisto-
chemical condition used for each are shown in Table I. The
antibody staining was visualized with 3,3-diaminobenzidine
tetrahydrochloride (DAB; Sigma, St. Louis, MO) in 0.1 M Tris
pH 7.2, containing 0.01% H2O2. The section slides were
counter-stained with Gill's hematoxylin, dehydrated and
mounted.

Scoring of immunostaining. The markers (CD117, CD34,
SMA, desmin and S100) in the tumor cells on each slide were
expressed as a negative or positive stain by estimating the
number of positive tumor cells. Negative was defined as <10%
of area with staining. The labeling index (LI) (%) of nuclear
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Table I. Sources of antibodies and ratio of dilutions used in this study.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Antibodies Source Dilution
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
CD117 monoclonal Dako M7140 Clone104D 1:50
CD34 monoclonal Dako M7161 CloneQBEnd10 1:200
Desmin monoclonal Novocastra NCL-DES-DERII Clone DE-R-11 1:100
Smooth muscle actin monoclonal Novocastra NCL-SMA Cloneαsm 1:50
S-100 polyclonal Novocastra NCL-S100p 1:1500
p53 monoclonal Dako, clone: PAb240 1:200
p21 monoclonal Zymed, clone EA10 1:100
Ki-67 monoclonal Dako MIB1 1:50
PCNA monoclonal Dako M0879 1:5
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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p21/WAF1, p53, Ki-67 and PCNA was calculated in percentage
by two pathologists for each case. The percentage of the
nuclear p21/WAF1, p53, Ki-67 and PCNA-labeled tumor cells
(from counting 1,000 cells) was calculated three times for each
tumor and an average of the three counts was used for
subsequent analyses. There was disagreement between
proportional scores given by the two assessors in <5% of the
cases. The cases with discrepant scores were re-assessed to
produce final scores. Subsequently, the correlation between
LI and clinicopathological parameters of GISTs was
statistically analyzed. Because of different immunostaining
patterns of markers, the labeling index of the nuclear
p21/WAF1, p53, Ki-67 and PCNA were further divided into
two groups (by ROC curve) as high or low expression for
survival analysis.

Statistical methods. The age and tumor size were expressed
as mean ± standard deviation. Comparisons between groups of
independent samples were assessed by the Mann-Whitney U or
Kruskal-Wallis H test. Associations between categorical
variables were assessed using the Chi-square test. The corre-
lation between continuous variables was determined by the
Spearman's rank correlation test. Survival rates were calculated
by the Kaplan-Meier method and the difference in survival was
compared with the log-rank test. The influence of various
clinicopathological features on survival was assessed by Cox's
proportional hazard model. P<0.05 was considered statistically
significant.

Results

Clinicopathological information. A total of 167 cases of
CD117 (+) GISTs were included comprising of 81 males and
86 females, aged from 30 to 80 years (mean: 57.2±12.2 years)
and tumor size from 1 to 26 cm (mean: 7.4±4.4 cm). Tumors
were located in the gastric region in 96 cases and small
intestinal area in 71 cases.  According to NIH risk
categories, 7 cases (4.2%) belong to very low risk, followed

by 48 cases (28.7%) to low risk, 42 cases (25.1%) to
intermediate risk and 70 cases (42%) to high risk. Cell types
consist of 109 spindle cells (65.2%), 24 epithelioid cells
(14.6%) and 34 mixed types (20.2%). There is high pleomor-
phism (moderate + severe) in 92 tumors (51.7%) and low
(mild) in 86 tumors (48.3%). Baseline data bases revealed that
large tumors tend to exhibit high tumor mitotic counts
(p<0.001), non-spindle cell types (p=0.045) and high cell
pleomorphism (p=0.007). Patients with small intestinal
tumors had larger tumor sizes (p=0.002), higher male ratio
(p=0.040), higher cell pleomorphism (p=0.002), and
marginally earlier disease recurrence (p=0.19) and shorter
survival (p=0.09) than patients with gastric tumors. At the
end of the follow-up, 45 out of 167 patients (27.5%) had
disease recurrence and 43 patients died of their tumors. The
1-, 3-, 5-year disease-free survival in each NIH risk category
was 100, 100, 100% (very low risk); 100, 96, 91% (low risk);
95, 89, 86% (intermediate risk); and 74, 53, 47% (high risk),
respectively, which revealed a significant risk in the high risk
group (p<0.001).

Immunostaining analyses. The positive immunoreactivity
rates for panel antibodies were 81% for CD34, 52% for SMA,
23% for S-100 and 3.5% for desmin. Small intestinal tumors
exhibited a lower rate of CD34 (p<0.001), higher rates of SMA
(p<0.001) and S-100 (p<0.001) immunoreactivity than gastric
tumors (data not shown). These markers did not offer clinical
or prognostic significance. Subsequently, the results of
immunostaining for p53, p21/WAF1, Ki-67 and PCNA were
analyzed. The immunoreactivity of these markers was
calculated by the labeling index (LI, %). The labeling index
ranged from 0-83% for p53, 0-81% for p21, 0-33% for Ki-67
and 12-92% for PCNA (Fig. 1A). Completely negative
immunostaining (LI<1%) was found in 54.5% of p53, 25.8%
of p21 and 44.3% of Ki-67 (Fig. 1B). Statistical analyses
revealed that the LI of four markers strongly correlates with
each other by the Spearman's rank correlation test (p<0.05)
(Table II). We also found that the LI of all four markers
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Figure 1. Representive figures of the immunohistochemical studies of p53, p21/WAF1, PCNA and Ki-67 in the two GISTs. (A) Epithelioid type tumor in case 1
showed a high p53, p21/WAF1, PCNA and Ki-67 expression in patients who had disease recurrence 7 months after surgery. (B) In contrast, spindle type
tumor in case 2 exhibited a low p53, p21/WAF1, PCNA and Ki-67 expression in patients who survived more than 5 years after curative surgery.

A B
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positively correlate to microscopic tumor mitotic counts
(p<0.05). But only LI of p53 (p<0.011) and PCNA (p=0.003)
positively correlate to tumor sizes (Table II). In addition, male
patients tend to have increased p53 and PCNA LI (p<0.05)
(Table III). Tumors with a non-spindle cell type exhibited a

higher p53, p21/WAF1, PCNA and Ki-67 LI than the spindle
cell type (p<0.05) (Table III). Tumors with higher cellular
pleomorphism usually exhibit higher p53, p21/WAF1 and
PCNA LI (p<0.05) (Table III). Increased NIH risk also
significantly correlated to increased p53 (p=0.002), PCNA
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Table II. Correlation between labeling index of molecular markers and pathological parameters.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Age Tumor mitosis Tumor size p53 p21/WAF1 PCNA Ki-67
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age CC=1.00 CC=-0.043 CC=-0.077 CC=-0.039 CC=-0.048 CC=-0.084

p=0.695 p=0.583 p=0.322 p=0.616 p=0.534 p=0.279

Tumor mitosis CC=1.00 CC=0.368 CC=0.460 CC=0.154 CC=0.570 CC=0.352
p=0.695 p<0.001a p<0.001a p=0.045 p<0.001a p<0.001a

Tumor size CC=-0.043 CC=0.368 CC=0.196 CC=-0.072 CC=0.225 CC=0.084
p=0.583 p<0.001a p=0.010a p=0.355 p=0.003a p=0.283

p53 CC=-0.077 CC=0.460 CC=0.196 CC=0.315 CC=0.370 CC=0.386
p=0.322 p<0.001a p=0.010a p<0.001a p<0.001a p<0.001a

p21/WAF1 CC=-0.039 CC=0.154 CC=-0.072 CC=0.315 CC=0.225 CC=0.249
p=0.616 p=0.045 p=0.355 p<0.001a p=0.003a p=0.001a

PCNA CC=-0.048 CC=0.570 CC=0.225 CC=0.370 CC=0.225 CC=0.325
p=0.534 p<0.001a p=0.003a p<0.001a p=0.003a p<0.001a

Ki-67 CC=-0.084 CC=0.352 CC=0.084 CC=0.386 CC=0.249 CC=0.325
p=0.279 p<0.001a p=0.283 p<0.001a p=0.001a p<0.001a

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
CC; correlation coefficient. aCorrelation is significant at the 0.05 level (2-tailed) by the Spearman's rank correlation test.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table III. Correlation between nuclear labeling index and clinicopathological parameters of GISTs.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

No. p53 (%) p p21/WAF1 (%) p PCNA (%) p Ki-67 (%) p
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Gender 0.038a 0.310 026a 0.065

Female 86 9.6±18.7 16.9±20.3 69.7±13.2 2.8±5.8
Male 81 15.4±22.3 19.1±19.2 72.3±15.1 4.1±6.5

Cell type 0.012a 0.001a <0.001a 0.012a

Spindle 109 9.3±17.4 14.3±18.1 69.0±13.7 2.52±5.23
Non-spindle 58 18.4±25.0 24.7±20.9 74.8±14.4 5.10±7.41

Pleomorphism 0.005a 0.010a <0.001a 0.10
Low 81 7.1±14.1 14.6±18.9 66.1±15.8 2.5±4.8
High 86 17.4±24.4 21.0±20.0 75.6±10.6 4.2±7.2

NIH risk 0.002b 0.094 <0.001b 0.002b

Very low 7 0±0 3.0±4.16 63.7±23.6 1.0±1.15
Low 48 5.3±10.5a 18.1±20.4 66.7±13.4 1.41±1.91
Intermediate 42 9.0±16.6a 18.5±18.5 69.0±11.6 1.58±2.61
High 70 20.6±25.8b 19.5±20.8 75.8±13.7 6.20±8.54

Tumor location 0.20 0.29 <0.001a <0.001a

Stomach 96 11.4±17.3 20.2±21.9 67.5±16.1 2.89±6.18
Small intestine 71 13.8±24.6 14.8±15.8 75.7±9.20 4.19±6.22

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aMann-Whitney U test and bKruskal-Wallis H test. Statistically significant (p<0.05).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Figure 2. Kaplan-Meier analyses revealed that patients with a large tumor size (A); high mitotic activity (B); poor NIH risk (C); non-spindle cell type (D); high
p53 LI (E); high p21/WAF1 LI (F); high PCNA LI (G), high Ki-67 LI (H) in their tumors had a shorter disease-free survival than comparison groups. The
difference in survival was compared with the log-rank test.
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(p<0.001), Ki-67 (p=0.002) and p21/WAF1 (p=0.094) expres-
sion (Table III). Tumors located in the small bowel are found to
have more proliferating index (higher PCNA and Ki-67) than
tumors in the stomach region, although there is no difference
in cell cycle regulators (p53 and p21/WAF1) (Table III). These
may explain why patients with small bowel tumors had
relatively earlier disease recurrence and shorter survival.

Survival analysis. We divided the nuclear LI of p21/WAF1,
p53, Ki-67 and PCNA into two groups as high or low
expression by the ROC curve according to reference of disease
recurrence. The cut-off levels are 7.9% for p53, 16.5% for
p21/WAF1, 4.5% for Ki-67 and 76% for PCNA. Univariate
survival analysis revealed that patients with large tumor size
(≥5 cm, p<0.001, Fig. 2A), high tumor mitosis (≥5/50 HPF,
p<0.001, Fig. 2B), high NIH risk (p<0.001, Fig. 2C), non-
spindle cell type (p=0.024, Fig. 2D), high p53 LI (p<0.001,
Fig. 2E), high p21/WAF1 LI (p=0.007, Fig. 2F), high PCNA
LI (p<0.001, Fig. 2G) and high Ki-67 LI (p<0.001, Fig. 2H)
were prognostic factors for poor disease-free survival. Further
multivariate analysis by Cox's proportional hazard model
revealed that only tumor size, NIH risk, p53 and p21/WAF1
LI were independent prognostic factors for disease-free
survival of GIST patients after operation (Table IV). These
four factors also independently predict patients' overall survival
after recurrence (data not shown).

Discussion

Several studies have suggested that tumor size and mitotic
count, alone or in combination (16) and Ki-67 (14-17) or

PCNA (15,16) proliferative index, tumor suppressor gene
p53 (17-19) and p21/WAF1 (18,27) were useful in predicting
the clinical behavior of GISTs. However, the varying
conclusions drawn from previous studies were matched by
their deficiency: relatively small case numbers studied, and
many studies were done before KIT detection was available
(especially for PCNA). The distinction between GISTs and
pure neural or smooth muscle tumors is important as the
latter may portend a better prognosis (16). There is also a
lack of linear correlation of the p53/p21/PCNA pathway in
the previous literatures.

To overcome these deficiencies, we conducted a large case
review of 167 KIT-positive GISTs which were located in the
gastric and small intestinal areas. We also adopted a linear
linkage of the p53/p21/PCNA pathway for analysis. Through
a combination of these molecular markers and other
clinicopathological factors, the results may shed a light to
elucidate the clinical behavior of GISTs. We provided
prognostic evidence of the two cell cycle regulators p53 and
p21/WAF1, their target PCNA and well-known proliferating
marker Ki-67 in GISTs. The expression of each single gene
closely correlates with each other. Each single gene had a
diagnostic value of malignant potential (positive correlation to
tumor mitosis) of GISTs. These findings suggested that high
proliferating states and a high p53 and p21/WAF1 expression
occur in a portion of GISTs (non-spindle cell type, high cell
pleomorphism) and may constitute poor prognosis. In addition
to traditional factors such as NIH risk categories and tumor
size, p53/p21/PCNA cell cycle regulators can help to predict
the prognosis of disease recurrence and survival for GIST
patients.
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Table IV. Univariate and multivariate analyses for disease-free survival rates of individual parameters of GIST patients.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Univariate Univariate
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Risk 95% CI p Risk 95% CI p

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age 1.060 0.59-1.91 NS (0.83) - - -
Gender 1.740 1.74-3.16 NS (0.063) - - -
Tumor size 6.460 2.54-16.3 <0.001a 2.76 1.02-7.47 0.028a

Tumor mitoses 5.660 3.01-10.6 <0.001a - - 0.42
NIH risk category 7.670 3.68-15.9 <0.001a 4.58 4.58-10.1 <0.001a

Tumor location 1.580 0.88-2.84 NS (0.12) - - -
Cell type 1.950 1.09-3.51 0.024a - - 0.90
Pleomorphism 1.310 0.73-2.36 NS (0.37) - - -
p53 4.890 2.65-9.03 <0.001a 3.09 1.65-5.79 <0.001a

p21/WAF1 2.186 1.21-3.93 0.007a 2.11 1.16-3.86 0.017a

Ki-67 1.220 3.92-6.33 <0.001a - - 0.14
PCNA 4.470 2.26-8.83 <0.001a - - 0.17
CD34 3.290 0.32-14.3 NS (0.29) - - -
SMA 1.240 0.47-3.28 NS (0.67) - - -
Desmin 0.710 0.20-3.64 NS (0.57) - - -
S-100 2.240 0.65-1.48 NS (0.21) - - -
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age, ≥60 or <60 years; gender, male or female; tumor size, ≥5 or <5 cm; mitoses, ≥5 or <5/50 HPF; NIH risk categories, poor or very low+low+intermediate;
tumor location, stomach or small intestine; cell type, spindle or non-spindle; pleomorphism, high or low+moderate; p53, high or low; p21/WAF1, high or low; Ki-
67, high or low, PCNA, high or low; CD34, positive or negative; SMA, positive or negative; desmin, positive or negative; S-100, positive or negative.
Statistically significant (ap<0.05).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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PCNA is a nuclear protein, which is closely related to the
cell cycle regulation as it is an auxiliary molecule for DNA
polymerase-δ (28). It is also an auxiliary protein present during
G1-late phase and S phase. The tumor suppressor gene (p53)
has an important function in DNA repair and in the regulation
of apoptosis. Mutations of p53 were described in malignant
tumors and can be the cause of the alterations of this balance.
The correlation between the p53 and PCNA expression in other
malignancies has been reported (29). In general, p53
positivity correlated to an increased PCNA labeling index in
neoplasia and represented advanced disease states and a poor
outcome.  We found a strong correlation between the p53 and
PCNA index in GISTs, which was comparative with previous
studies. The cyclin-dependent kinase inhibitor p21/WAF1 is
regulated by p53-dependent pathways, therefore, p21/WAF1
binds with PCNA and inhibits the action of PCNA (30).
Overexpression of p53 on immunostaining (mostly p53
mutation) may disturb this pathway and trigger PCNA
activity, thereby promoting cancer cell proliferation.

P21/WAF1 is reported to inhibit proliferation both in vitro
and in vivo and the introduction of p21/WAF1 expression
constructs into normal (31) or tumor cell lines (24) resulting in
cell cycle arrest in G1 and mediates G2 arrest (32). A reduced
p21/WAF1 expression is frequently observed in other cancers,
either in mRNA (33,34) or at the protein level (35,36). In
hepatocellular carcinoma with a mutant p53 gene, the p21/
WAF1 mRNA expression levels were significantly lower than
those of corresponding non-cancerous liver tissues, whereas
the p21/WAF1 mRNA expression levels of HCCs with the
wild-type p53 gene were not significantly different from the
levels in the corresponding non-cancerous tissues (34,37).
While p21/WAF1 usually acts as a negative regulator of the
cell cycle, increase of the p21/WAF1 expression by mitogenic
stimuli was observed by several investigators (25,38). In this
present study, a significantly positive correlation between the
p21/WAF1 and PCNA expression is noted (Table II). The
possible explanation of the overexpression of p21/WAF1 was
in order to control the abnormal cell cycle progression and to
suppress replication of the tumor cells, which was demon-
strated that ectopic p21/WAF1 introduction suppressed the
growth of cancer lines from an in vitro study (39). It implies
that when the proliferating tumor cells contain increased
PCNA, more p21/WAF1 may be required to bind PCNA and
then to inhibit the activity of PCNA (40). Under high prolife-
rating states of tumor, an increased p21/WAF1 is just a reactive
event to inhibit cell growth, as found in our study. Mutation
does not play a key role in causing an overexpression of p21/
WAF1 in cancers (30,41). Taken together, an increased
expression of p21/WAF1 in different types of cancers is
regulated through another p53-independent pathway in contrast
to a reduced p21/WAF1 expression through a p53-dependent
pathway. The above may explain the reason for the parallel
overexpression of p21/WAF1 and p53 in this study.

In studies of gastrointestinal smooth muscle tumors/GISTs,
increased PCNA and Ki-67 expressions were usually
considered to be poor prognostic markers (14-17). However,
p53 positivity was considered to be non-prognostic (42,43) or
as a poor prognostic marker in different studies (17,44). In
contrast, p21/WAF1 was not reported to be prognostic in
GISTs before (18,27). We found that the p53 and p21/WAF1

labeling index strongly and positively related to an increased
mitotic index (Ki-67, PCNA and tumor mitotic count) and were
independent prognostic factors for GIST patients after
resection. The possible reason for the discrepancy between
our and other studies may result from a different definition of
the positivity of p53 or p21/WAF1 expression (usually
defined by cut-off level as 5 or 10% in other studies).
Therefore, we adopted a pure labeling index for statistical
analysis among grouping comparison (as in Tables II and III)
rather than using simple positive or negative grouping. We also
use cut-off levels by the ROC curve instead of the routine 5 or
10% (in other studies) for survival comparison (as in Table IV).
Based on these, the bias of statistics can be minimized and the
prediction of prognosis can be more accurate and exact. It may
provide another reference to deal with the immunohisto-
chemical scoring of p53 or p21/WAF1 in the future.

In conclusion, we demonstrated evidence of the p53/
p21/PCNA pathway linkage and verified the significant
relationship between these markers and clinicopathological
factors in GISTs. Based on the large sample size and long-term
follow-up, we also found that the p21/WAF1 expression in
GISTs serves as an independent survival prognostic factor
which is a novel finding. Increased expression of p53 and
p21/WAF1 is an unfavorable sign in GISTs. Abnormalities
of the p53/p21 pathway may lead to increased proliferating
states of GISTs, thereby triggering pathogenesis and the
progression of GISTs.
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