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Abstract
AIM: To investigate loss of heterozygosity (LOH) of 
chromosome 9p21 and the prognostic relevance of p16 
expression in gastrointestinal stromal tumor (GIST).

METHODS: Fifty-one GIST patients (30 men and 21 
women; median age 59 years; range 29-80 years) 
treated surgically within a 10-year period were grouped 
by aggressive behavior risk (17 with very low and low, 14 
intermediate, and 20 high risk). GISTs were characterized 
immunohistochemically and evaluated for LOH of 9p21 
by microsatellite analysis at D9S1751, D9S1846, D9S942, 
and D9S1748. LOH of 9p21 and immunohistochemical 

expression of p16 protein encoded at 9p21 were corre-
lated with clinicopathological parameters, and the prog-
nostic significance of p16 alterations was evaluated. 

RESULTS: Thirty-one (63.3%) cases showed LOH with 
at least one microsatellite marker. LOH frequency was 
37.0% at D9S1751, 37.5% at D9S1846, 42.1% at 
D9S942, and 24.2% at D9S1748. There was a higher 
LOH frequency of D9S942 in high-risk than in non-high-
risk tumors (P  < 0.05, χ2 = 4.47). Gender, age, tumor 
size and site were not correlated with allelic loss. Ninety 
percent (18/20) of the GIST patients in the high risk 
group showed LOH with at least one of the 9p21 mark-
ers, while 57.1% (8/14) in the intermediate risk group 
and 33.3% (5/15) in the very low and low risk groups, 
respectively (P  < 0.05, χ2 = 12.16). Eight (28.5%) of 31 
patients with LOH and 1 (5.6%) of 18 patients without 
LOH died of the disease during the follow-up period. 
Loss of p16 protein expression occurred in 41.2%, but 
in 60% of the high risk group and 23.5% of the very 
low and low risk groups (P  < 0.05, χ2 = 4.98). p16 
loss was associated with poor prognosis (P  < 0.05, χ2 
= 4.18): the 3- and 5-year overall survival rates were 
84.8% and 70.8% for p16-negative and 100% and 
92.0% for p16-positive patients, respectively. 

CONCLUSION: LOH at 9p21 appears to play an impor-
tant role in GIST progression; decreased p16 expression 
in GIST is highly predictive of poor outcome. 
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INTRODUCTION
Gastrointestinal stromal tumors (GISTs) comprise the larg-
est subset of  mesenchymal tumors of  the digestive tract. 
Most GISTs have activating mutations of  the c-kit proto-
oncogene that have been implicated in their tumorigen-
esis. They are characterized by the expression of  the KIT 
(CD117, stem cell factor receptor) protein. More recently, 
activating mutations of  platelet-derived growth factor re-
ceptor α (PDGFRA) have been identified. Clinically and 
pathologically, GISTs represent a spectrum of  tumors, 
including benign, malignant, and borderline variants. It is 
generally recognized that a final consensus on the grad-
ing of  GISTs has not yet been reached, and their biologic 
behavior often remains unclear. Most clinicopathological 
studies have suggested that the tumor site and size and 
the mitotic index are the most important prognostic in-
dicators of  GISTs. However, they do not always reliably 
predict patient outcomes. The lack of  a reliable method 
for prognosis prediction hampers the selection of  patients 
eligible for imatinib mesylate (Gleevec) therapy. Imatinib 
was the first targeted therapy approved for the treatment 
of  GIST. The development of  imatinib in the treatment 
of  metastatic GIST represents a therapeutic breakthrough 
in molecularly targeted strategies, while its usefulness in 
adjuvant setting is under study. Obtaining genetic infor-
mation of  each patient may be critical in tailoring indi-
vidualized treatment strategies.

Although mutational activation of  c-kit or PDGFRA 
plays an important role in GIST pathogenesis, other cy-
togenetic alterations, mostly losses of  genetic material, 
have been found, with evidence that losses at chromo-
some 9p are highly specific for malignant and metastatic 
GISTs[1]. P16, a cyclin-dependent kinase (CDK) inhibitor, 
encoded by CDKN2A gene at 9p21 has been shown to 
be inactivated in a variety of  tumors by loss of  hetero-
zygosity (LOH), homozygous deletions, or point muta-
tions[2]. P16 as a product of  tumor suppressor gene that 
arrests cells in the G1 phase through reducing the kinase 
activity of  CDKs 4 and 6, thus leaving the retinoblastoma 
tumor suppressor protein (Rb) in its unphosphorylated 
active form, which blocks the E2F transcription factor 1 
(E2F1), free E2F1 accumulates in the nucleus and initiates 
S-phase entry via transcription of  several genes necessary 
for DNA synthesis and cell cycle progression. Because 
this situation leads to the management of  these tumors, 
it is helpful to add new molecular markers that may play 
a role in the diagnosis and treatment of  the disease. The 

aim of  this study was to evaluate the status of  the LOH at 
9p21 and the expression of  p16, which controls cell cycle 
progression in a series of  GISTs with diverse biologic ag-
gressiveness, to determine whether alterations in cell cycle 
regulatory protein can be used as prognostic markers. The 
identification of  an additional criterion for the selection 
of  high-risk cases for treatment with imatinib mesylate 
was also attempted.

MATERIALS AND METHODS
Patients and pathological analysis 
A total of  51 cases of  GIST, consecutively resected be-
tween 1999 and 2007, were retrieved from the archives of  
our hospital. None of  the patients received imatinib ther-
apy. There were 30 males (58.8%) and 21 females (41.2%), 
aged from 29 to 80 years (median, 59 years). Primary tu-
mors originated from the stomach (n = 30), small intestine (n 
= 18), and mesentery (n = 3). The tumors were diagnosed 
as GISTs using previously established histological, im-
munohistochemical, and molecular genetic criteria[3]. Fifty-
one samples of  formalin-fixed paraffin-embedded (FFPE) 
tumor material were examined, and 4-µm-thick sections 
were initially cut and stained with hematoxylin and eosin. 
All tumors were positive for CD117. For the purpose of  
clinicopathological comparison, the GISTs were classified 
as very low and low (n = 17), intermediate (n = 14), and 
high risk (n = 20) according to the consensus approach of  
Fletcher et al[4].

Microsatellite analysis 
All cases were positive for KIT, supporting the diagnosis 
of  GIST. Tumor and normal tissue samples were dissected 
from FFPE tissue blocks. DNA was extracted from FFPE 
tumor material using a standard extraction protocol (Qia-
gen, Hilden, Germany). LOH was evaluated by PCR am-
plification of  four microsatellite markers at chromosome 
9p21. Primer sequences (provided by Shanghai GeneCore 
BioTechnologies Co., Ltd. Shanghai, China) were obtained 
from human genome microsatellite marker databases 
linked to the website of  the National Center for Biotech-
nology Information (http://www.ncbi.nlm.nih.gov) and 
are shown in Table 1. PCR amplifications were performed 
in a final volume of  50 μL containing 50 ng sample 
DNA, GeneAmp 10 × PCR reaction buffer, 25 mmol/L  
MgCl2, 5 pmol/L of  each primer, 2.5 mmol/L each of  
dATP, dCTP, dGTP, and dTTP, and 5 U of  AmpliTaq 
DNA Polymerase (Applied BioSystems, Foster City, USA). 
After denaturation at 95℃ for 10 min, DNA amplification 
was performed for 40 cycles, consisting of  denaturation 
at 94℃ for 15 s, primer annealing at 50℃ for 15 s, and 
elongation at 72℃ for 30 s. A final extension step at 72℃ 
for 30 min completed the reactions. Amplification prod-
ucts were analyzed using the ABI Prism Genetic Analyzer 
3730 (Applied Biosystems, Foster City, USA). Data were 
processed using Genemapper software (Applied BioSys-
tems, Foster City, USA). LOH was defined based on the 
recommendations by previous studies[5]. The ratio of  the 
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peak high values between longer and shorter alleles was 
calculated for the normal and tumor tissues. To obtain the 
LOH value, the allele ratio from the normal tissue was di-
vided by the allele ratio from the tumor tissue [allele ratio 
= (T1:T2)/(N1:N2)]. Values ≤ 0.5 and ≥ 1.5 were consid-
ered to represent LOH. In questionable cases, the PCR 
amplification and LOH analysis were repeated to ensure 
the consistency in the results. 

Immunohistochemistry
KIT protein: All GISTs were immunohistochemically pos-
itive for the KIT protein (antibody CD117, GA450202, 
DAKO, Carpinteria, CA, USA).

P16 protein: Briefly, FFPE tissue sections were dewaxed 
with xylene, dehydrated with an ethanol series (100%, 
90%, 70%), and then microwave retrieved in 10-mmol/L 
citrate buffer, pH 6.0, for 10-20 min. Endogenous per-
oxidase was blocked with 0.5% H2O2 for 15 min. The 
sections were pretreated with blocking serum and washed 
in Tris-buffered saline (TBS). Each section was incubated 
with the anti-p16 (M0425, 1:50; Antibody, California, 
USA) overnight at room temperature. After TBS wash-
ing, the sections were incubated with Envision™ (Mouse) 
(K4001; Dako, Carpinteria, CA, USA) for 30 min at room 
temperature. Finally, the sections were developed in DAB 
(Amresco, Ohio, USA) for 5-15 min. Ten high-power 
fields (HPF) were estimated, and a section was considered 
to be immunohistochemically positive for p16 if  tumor 
nuclei were stained (with or without cytoplasmic staining), 
according to a 4-point semiquantitative scale, as follows: 
negative (-), less than 5% of  cells stained; positive (+), 
5%-10% stained; positive (++), 11%-50% stained; posi-
tive (+++), 51%-75% stained; positive (++++), greater 
than 75% stained. A cutoff  at 10% positivity in at least 10 
HPF was used for prognostic analysis. Nontumorous stro-
mal cells showing nuclear reactivity served as an internal 
control. 

Statistical analysis
All statistical analyses were carried out using the χ2 test 
or Fisher’s exact test in cross tables to assess the relation-
ships between p16 loss and clinicopathological factors. 
All statistical tests were two-sided. Overall survival curves 
were drawn according to the Kaplan-Meier method and 
compared using the log-rank test. P < 0.05 was considered 
statistically significant. Calculations were carried out using 
the SPSS version 13.0 software package (SPSS, Chicago, 
USA). 

RESULTS
The data for the 51 GISTs are summarized in Table 2. Tu-
mor size ranged from 1.4 to 19 cm in the greatest dimen-
sion (mean 6.7 cm). The tumors were histologically clas-
sified as predominantly spindled (n = 32), epithelioid (n = 
15), or mixed-spindled epithelioid (n = 4). As noted in the 
methodology, all cases were KIT-positive and showed dif-
fuse strong cytoplasmic and/or membranous staining.

Genetic studies
A total of  four microsatellite markers were used to screen 
51 tumors for LOH on chromosome 9p21. Two patients 
(3.9%) had constitutional homozygosity (noninforma-
tive loci) with 4 markers. Overall, 63.3% (31/49) of  the 
tumors showed LOH with at least one locus on chromo-
some 9p21. The highest frequency of  LOH was seen at 
D9S942 (42.1%, 16/38). The other markers showed the 
following deletions: D9S1751, 37.0% (10/27); D9S1846, 
37.5% (12/32); and D9S1748, 24.2% (8/33). The fre-
quencies of  LOH on chromosome 9p21 in the 51 GISTs 
are shown in Table 3. Representative examples of  LOH 
analysis are shown in Figure 1. 

LOH on chromosome 9p21 and clinicopathological 
features of GISTs
LOH of  9p21 was compared with the clinical features of  
the GIST patients. There was no significant difference in 
LOH frequency by age (< 50 years, ≥ 50 years), sex, and 
tumor site and size (< 5cm, ≥ 5 cm). There were also no 
substantial differences in LOH frequencies among epi-
thelioid and spindle cell tumors. The LOH frequency in-
creased in accordance with the tumor’s risk of  aggressive 
behavior (Table 4). Moreover, GISTs assigned to the high 
risk group had a higher LOH frequency than the other 
groups on D9S942 (P < 0.05, χ2 = 4.47). Ninety percent 
(18/20) of  the GIST patients in the high risk group was 
found to show LOH with at least one of  the 9p21 mark-
ers, while 57.1% (8/14) in the intermediate risk group and 
33.3% (5/15) in the very low and low risk groups, respec-
tively (P < 0.05, χ2 = 12.16). Eight (28.5%) of  31 patients 
with LOH and 1 (5.6%) of  18 patients without LOH died 
of  the disease during the follow-up period.

P16 protein expression
In our series, 14 cases were (-), 7 cases were (+), 14 cases 
were (++), 13 cases were (+++), and 3 cases were (++++) 
(Figure 2) for p16 immunoreactivity. Adopting a threshold 
of  10% cells with low to absent p16 immunostaining, Of  
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Table 1  Primer sequences and product size used in polymerase chain reaction for each primer on chromosome 9p21

Marker Forward primer (5'→3') Reverse primer (5'→3') PCR product size (bp)

D9S1751 TTGTTGATTCTGCCTTCAAAGTCTTTTAAC CGTTAAGTCCTCTATTACACAGAG 150-170
D9S1846 AATGGCTGGTTCTAGGACTG AAACTGGTCTGGTGTTTGC 183-197
D9S942 GCAAGATTCCAAACAGTA CTCATCCTGCGGAAACCATT 100-130
D9S1748 CACCTCAGAAGTCAGTGAGT GTGCTTGAAATACACCTTTCC 130-150

PCR: Polymerase chain reaction.

Zhang Y et al . Decreased p16 expression and GIST



the 51 cases of  GISTs, p16 protein-negative expression was 
detected in 21 (41.2%) samples, and p16 protein-positive ex-
pression was detected in 30 (58.8%) samples using a thresh-
old of  10% cells with low to absent p16 immunostaining. 

Correlation of p16 protein expression and 
clinicopathological factors
Loss of  p16 protein expression was compared with the 
clinicopathological features of  the GIST patients (Table 5). 
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Table 2  Clinicopathological data and p16 expression in gastrointestinal stromal tumors

Case Sex Age (yr) Risk1 Site   OS (mo) 1751 1846 942 1748 p16 expression 

1 Male 41 Low SI   Alive (50) 2 2 2 3 N
2 Male 73 Low S   Alive (47) 3 2 4 4 N
3 Male 33 Very low SI   Alive (21) 4 3 2 4 N
4 Female 66 Low S   Alive (18) 4 4 3 3 P
5 Female 71 Low SI   Alive (17) 4 4 4 4 P
6 Male 46 Low SI   Alive (15) 4 4 4 3 P
7 Female 59 Low SI Alive (5) 3 4 4 3 P
8 Female 45 Low SI   Alive (13) 4 3 3 4 P
9 Male 65 Low SI   Alive (11) 3 3 3 4 P
10 Male 66 Low S   Alive (11) 4 4 4 4 P
11 Male 55 Low S Alive (5) 3 2 2 4 N
12 Male 72 Low SI     Alive (102) 2 3 4 2 P
13 Female 54 Low S   Alive (50) 3 3 3 3 P
14 Male 56 Low S NA 4 4 4 4 P
15 Female 60 Low S NA 3 3 3 3 P
16 Male 70 Very low S   Alive (45) 3 3 4 4 P
17 Female 75 Low S   Alive (18) 3 3 4 3 P
18 Male 70 Intermediate S     Alive (100) 4 2 2 3 N
19 Female 50 Intermediate SI   Alive (81) 4 4 4 4 P
20 Female 70 Intermediate S   Alive (88) 4 4 2 2 N
21 Male 72 Intermediate SI   Alive (78) 2 4 4 3 P
22 Male 56 Intermediate SI   Dead (60) 3 2 2 3 P
23 Male 47 Intermediate S   Alive (53) 2 3 4 4 P
24 Male 50 Intermediate M   Dead (27) 3 3 4 4 P
25 Female 73 Intermediate S   Alive (21) 3 2 2 4 N
26 Male 79 Intermediate S   Alive (16) 4 3 4 4 P
27 Male 63 Intermediate S   Alive (12) 3 4 4 4 P
28 Male 68 Intermediate S   Alive (12) 3 2 4 4 P
29 Female 56 Intermediate S   Alive (11) 3 4 4 3 P
30 Female 57 Intermediate SI Alive (9) 4 4 3 4 P
31 Male 59 Intermediate S   Alive (35) 3 4 3 2 N
32 Female 29 High SI   Dead (38) 3 4 4 2 N
33 Female 77 High S   Dead (35) 4 4 2 4 N
34 Male 64 High M   Alive (71) 2 4 2 3 N
35 Male 47 High S   Dead (56) 2 4 2 4 N
36 Female 50 High S   Alive (62) 3 2 4 2 N
37 Female 36 High SI   Dead (11) 2 4 4 4 N
38 Female 62 High S   Alive (55) 4 2 3 2 P
39 Male 60 High S   Alive (54) 3 4 3 4 P
40 Female 61 High S   Alive (63) 2 3 3 4 N
41 Male 50 High S   Alive (51) 3 3 3 2 P
42 Male 75 High S   Dead (18) 2 4 2 3 N
43 Male 58 High S   Alive (46) 3 3 3 4 P
44 Male 52 High S   Alive (31) 4 3 2 3 N
45 Male 56 High SI   Alive (31) 3 2 4 3 P
46 Male 57 High SI   Alive (19) 2 3 2 4 P
47 Male 67 High M   Alive (18) 3 2 3 2 P
48 Female 47 High SI Dead (5) 4 3 2 3 N
49 Female 80 High SI   Alive (12) 3 3 2 4 N
50 Female 48 High S   Alive (12) 3 3 2 3 P
51 Male 44 High S   Dead (86) 4 2 4 3 N

1According to the consensus approach by Fletcher et al[4]; 2Indicates loss of heterozygosity (LOH); 3Uninformative (homozygosity); 4Indicates no LOH. S: 
Stomach; SI: Small intestine; M: Mesentery; NA: Not available; OS: Overall survival; N: Negative expression; P: Positive expression.

Table 3  Results of loss of heterozygosity analyzed with four 
microsatellite markers in 51 gastrointestinal stromal tumors

Marker LOH (n) Heterozygosity (n ) Frequency of LOH (%)

D9S1751 10 17 37.0
D9S1846 12 20 37.5
D9S942 16 22 42.1
D9S1748   8 25 24.2

LOH: Loss of heterozygosity.
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Patient age, sex, tumor size and site did not correlate with 
p16 protein expression. But p16 protein-negative expres-
sion had a high mitotic index (P < 0.05, χ2 = 5.13). The 
rate of  p16 protein-negative expression was 60% (12/20) 
in the high risk group, whereas the rate was 23.5% (4/17) 
in the very low and low risk group and 35.7% (5/14) in 
the intermediate risk group. There was a significant dif-
ference in p16 down-regulation between the high risk and 
the very low and low risk groups (P < 0.05, χ2 = 4.98). 

P16 expression and survival analysis
Until April 30, 2008, 49 (96.1%) patients had been followed 

up. The median follow-up period was 31 mo (range, 
5-102 mo). Forty (81.6%) patients were still alive, whereas 
nine (18.4%) patients died of  the disease. Patients who 
had tumors with p16 protein loss had a worse progno-
sis than those having tumors without p16 protein loss. 
Eight (38.1%) of  21 patients with p16-negative expres-
sion tumors, but only one (3.6%) of  28 patients with p16-
positive expression tumors, died of  GIST. The 1-, 3-, and 
5-year overall survival rates were 100%, 84.8% and 70.8%, 
respectively, in the p16 protein-negative expression group. 
The 1-, 3-, and 5-year overall survival rates were 100%, 
100% and 92.0%, respectively, in the p16 protein-positive 
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Table 4  Rresults of loss of heterozygosity in 51 gastrointestinal stromal tumors according to Fletcher’s classification

Risk classification 1751 1846 9421 1748

LOH 
(n)

Hetero-
zygosity (n )

Rate 
(%)

LOH 
(n)

Hetero-
zygosity (n )

Rate 
(%)

LOH 
(n)

Hetero-
zygosity (n )

Rate 
(%)

LOH 
(n)

Hetero-
zygosity (n )

Rate 
(%)

Very low and low 2 7 22.2 3 6 33.3 3 9 25.0 1 9 10.0
Intermediate 2 5 28.6 4 7 36.4 4 8 33.3 2 8 20.0
High 6 5 54.5 5 7 41.7 9 5 64.3 5 8 38.5

1There was a higher loss of heterozygosity (LOH) frequency of D9S942 in the high-risk than in non-high-risk tumors (P < 0.05, χ2 = 4.47). There were no 
substantial differences in LOH frequencies among three groups of 4 markers. 
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expression group. There was a strong correlation between 
p16 alterations and overall survival using the Kaplan-
Meier method followed by comparison with the log-rank 
test (P < 0.05, χ2 = 4.18, Figure 3). 

Correlation of p16 protein expression and LOH results
Twenty-one (67.7%) of  the 31 patients with 9p21 LOH 
showed p16 protein-negative expression. The coincident 
rate between p16 expression and 9p21 LOH was 60% 
(6/10) on D9S1751, 66.7% (8/12) on D9S1846, 87.5% 
(14/16) on D9S942, and 70.8% (4/8) on D9S1748. 

DISCUSSION
GISTs comprise the largest subset of  mesenchymal tu-
mors of  the digestive tract, although they account for < 2% 
of  all gastrointestinal tumors. Before the advent of  ima-
tinib (imatinib; Gleevec, Novartis, Switzerland), surgery 
was the only therapeutic approach for GISTs. However, 
even after complete resection of  a GIST, most patients 
with advanced disease relapsed, and the prognosis of  
patients with metastatic and/or recurrent GISTs was ex-
tremely poor[6]. Clinically and pathologically, GISTs repre-
sent a spectrum of  tumors that include benign, malignant, 
and borderline variants. It is often difficult to predict the 
malignant behavior of  GISTs. Prognostic features indica-
tive of  malignancy or high aggressive clinical behavior risk 
are generally identified by increased tumor size and mitotic 
activity[4], but this lacks predictive accuracy. Although mu-
tational activation of  c-kit or PDGFRA plays an important 
role in GIST pathogenesis, other changes, mostly losses 
of  genetic material, have been documented in primary 
tumors[7]. Total or partial loss of  chromosome 9 has been 
found in benign and malignant GISTs, indicating that this 
change might play a role in GIST tumorigenesis[8]. A CDK 

4 inhibitor (p16) gene located at 9p21 has been shown 
to be inactivated in a variety of  tumors. However, the re-
lationship between p16 expression and GIST prognosis 
is still under debate. For instance, Schneider-Stock et al[9]  
found that aberrant loss of  p16 expression was predictive 
of  poor patient survival, but Nakamura et al[10] failed to 
validate its prognostic value in Japanese patients. These 
discrepant data raised a practical concern about whether 
p16 can be indiscriminately used as a surrogate marker for 
various inactivating mechanisms of  the p16 gene for prog-
nosis. In this context, p16, as an early G1 phase negative 
cell-cycle regulator, represents a likely candidate. The aim 
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Table 5  Statistical analysis of p16 expression and clinicopatho
logic factors

p16 (-) p16 (+) P  value (χ2)

Sex
   Male 12 18
   Female   9 12   0.838 (0.042)
Age (yr)
   < 50   5   4
   ≥ 50 16 26   0.334 (0.933)
Size (cm)
   < 5   4 13
   ≥ 5 17 17   0.070 (3.279)
Mitotic index
   ≤ 5/50 HPF   8 21
   > 5/50 HPF 13   9   0.024 (5.126)
Risk
   Very low and low   4 13
   High 12   8 0.045 (4.98)
Site
   Stomach 13 17
   Intestine   7 11
   Other   1   2   0.917 (0.173)

HPF: High-power fields.

Figure 2   p16 immunostaining in gastrointestinal stromal tumor. A: Nega-
tive p16 immunostaining in gastrointestinal stromal tumor (GIST) (200 ×); B: 
p16 immunostaining ++++ in GIST (200 ×).
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of  this study was to address the issue of  whether altera-
tions in cell cycle regulatory protein can be used as prog-
nostic markers.

Most human cancers are characterized by genomic 
instability, in addition to oncogene activation, the inactiva-
tion of  tumor suppressor genes has been shown to play an 
important role in tumorigenesis. Oncogenes obviously play 
an important role in cell proliferation. Tumor suppressor 
genes may play important roles in tissue differentiation. 
LOH is a common form of  allelic imbalance, and the de-
tection of  LOH has been used to identify genomic regions 
that harbor tumor suppressor genes and to characterize 
different tumor types, pathological stages, and progres-
sion. In 1987, Hansen et al[11] suggested that when there is 
one gene deletion of  both alleles, the other gene appears 
to be insufficient to carry out its normal functions, i.e. 
transcriptional transactivation of  downstream target genes 
that regulate the cell cycle and apoptosis. Thus, a tumor 
may develop. The frequency of  LOH always exceeds 20% 
at some chromosomes where the tumor suppressor gene 
exists, which means the allele is related to tumorigenesis[12]. 
Microsatellites are reliable genetic markers for studying 
LOH. When LOH occurs, microsatellite markers near the 
allele will be lost. Therefore, microsatellite analysis can be 
used to score for LOH. 

In this study, LOH on chromosome 9p21 was evalu-
ated in 51 well-characterized GISTs using 4 PCR-based 
microsatellite markers and gel electrophoresis. The results 
showed that 31 cases (63.3%, two were uninformative 
cases) had LOH on chromosome 9p21. These results 
suggest that LOH on chromosome 9p21 is a common 
phenomenon. With respect to the correlation between 
clinicopathological features and LOH, Sabah et al[1] found 
no correlation between loss of  chromosome 9p and 
patient age and sex, and site and histological features of  
the tumor. However, Pylkkänen et al[13] validated that loss 
of  chromosome 22 was found more often in the intestine 
than in the stomach, though a statistically relevant level 
was not reached. Our results confirmed that the frequency 
of  LOH on chromosome 9p21 increased in a manner 
consistent with the risk of  aggressive behavior of  the 
tumor. Moreover, GISTs had a higher LOH frequency in 
the high risk group than in the other groups on D9S942 
(P < 0.05). And there was substantial difference in LOH 
frequencies with at least one of  the 9p21 markers in dif-
ferent risk groups (P < 0.05). The death rate with LOH is 
higher than those without LOH. This suggests that LOH 
on chromosome 9p may represent possible primary events 
in the development of  GIST.

It is helpful to find the correlation between tumor 
suppressor gene and tumor progression and unfavorable 
outcome by LOH analysis. P16, a CDK4 inhibitor, has 
been shown to be inactivated in a variety of  tumors[14-17]. 
And the cyclin D-CDK4/6/p16 /Rb/E2F1 transcription 
factors have been found to be altered in more than 80% 
of  human neoplasms and implicated in the pathogenesis 
and progression of  sarcomas[18]. Loss of  p16 expression in 
GIST is described as a significant predictive value in some 

but not all studies. Schneider-Stock et al[9] reported that 
p16 alteration was detected in benign, borderline, and ma-
lignant GISTs, but it was not considered an independent, 
poor prognostic factor. Sabah et al[1] reported that inactiva-
tion of  p16 was detected in almost all malignant GISTs. 
Romeo et al[19] also found that impaired p16 expression 
was common in advanced GISTs. In our study, four mic-
rosatellite markers at 9p21 were selected: two were located 
at the upstream of  the p16 gene, and two at the down-
stream of  the p16 gene. D9S942 is the most proximate 
marker to p16, a distance of  less than 1 centimorgan (cM). 
The highest frequency of  LOH on chromosome 9p21 in 
GISTs was seen at D9S942 (42.1%). Here, we studied the 
immunohistochemical results for the proposed biomarkers 
of  p16 in GISTs to evaluate their possible usefulness in 
clinical prognostic assessment. P16 protein-negative ex-
pression was detected in 21 (41.2%) samples. Patients who 
had tumors with p16 loss showed a poor clinical outcome, 
and had a nearly 11-fold increased risk of  dying of  the 
disease (38.1% vs 3.6%). The 5-year overall survival prob-
ability was 70.8% in the p16 protein-negative expression 
group. However, the 5-year overall survival probability was 
92.0% in the p16-protein positive expression group. Thus, 
p16 loss may be an important prognostic factor for GISTs. 
Our LOH and p16 expression results are in agreement 
with those of  previously published studies[1,8,9,20,21]. How-
ever, Schmieder et al[22] indicated that the expression of  
p16 was highly predictive of  poor outcome. Steigen et al[23] 
also found a positive relationship between p16 immuno-
histochemical staining and poor prognosis of  GIST. The 
discrepant results should be clarified through further stud-
ies in the future.

Generally, p16 under-expression resulted from pro-
moter methylation, LOH at 9p21, and point mutations. 
In our study, LOH was found in 31 (60.8%) of  the 51 
GIST cases, and 21 (66.7%) of  them showed p16-negative 
expression. However, no p16-negative expression was 
found in a few cases of  LOH. Multiple genetic and epi-
genetic alterations of  oncogenes and tumor suppressor 
genes are implicated in the multistep process of  human 
neoplasms[24-26]. LOH is one cause of  multiple genetic 
alterations involved in the under-expression of  tumor 
suppressor genes. In addition to genetic events, epigenetic 
alterations are also involved in tumor development[27,28]. 
According to this study, LOH may be a basic event to p16 
loss, but epigenetic alterations, such as promoter meth-
ylation, may also influence p16 expression. Ricci et al[29] 
reported that p16 down-regulation, partly due to p16 pro-
moter methylation, was implied in GIST progression.

In summary, LOH on chromosome 9p21 in GISTs 
could be found in both early and late stages of  tumor de-
velopment in the present study, but the frequency of  total 
gene loss was significantly increased in high-risk GISTs. 
The p16 protein is encoded by the p16 tumor suppressor 
gene, which is in the vicinity of  the locus with the high-
est frequency of  LOH (D9S942), and its down-regulation 
is associated with high-risk GISTs. Patients with p16-
negative expression had a lower survival rate, therefore ex-
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pression of  p16 might be a useful prognostic factor. P16 
expression in GISTs, combined with Fletcher’s aggressive 
risk scheme, appears to be an accurate evaluation for ma-
lignancy risk, particularly in the high-risk recurrent and/or 
metastatic GISTs. From a clinical perspective, such infor-
mation can be expected to assist in the selection of  cases 
for adjuvant systemic therapies (i.e. imatinib) after surgery. 
In addition, other pathogenic mechanisms, besides LOH 
in the regulation of  p16 protein expression, should be the 
subject of  further studies.
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malignant smooth muscle tumors. The incidence of GISTs is increasing gradu-
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