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DNA ploidy and c-Kit mutation in gastrointestinal stromal tumors
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Abstract

AIM: To investigate the prognostic significance of c-Kitgene
mutation and DNA ploidy in gastointestinal stromal tumors
(GISTs).

METHODS: A total of 55 cases of GISTs were studied for
the expression of c-Kit by immunohistochemistry, and the
c-Kit gene mutations in exons 9, 11, 13, and 17 were
detected by polymerase chain reaction-single strand
confirmation polymarphism (PCR-SSCP) and denaturing
high performance liquid chromatography (D-HPLC)
techniques. DNA ploidy was determined by flow cytometry.

RESULTS: Of the 55 cases of GISTs, 53 cases (96.4%)
expressed c-Kit protein. The ¢c-Kit gene mutations of exons
11 and 9 were found in 30 (54.5%) and 7 cases (12.7%),
respectively. No mutations were found in exons 13 and 17.
DNA aneuploidy was seen in 10 cases (18.2%). The c-Kit
mutation positive GISTs were larger in size than the negative
GISTs. The aneuploidy tumors were statistically associated
with large size, high mitotic counts, high risk groups, high
cellularity and severe nuclear atypia, and epithelioid type.
There was a tendency that c-Kit mutations were more
frequently found in aneuploidy GISTs.

CONCLUSION: DNA aneuploidy and c-Kit mutations can
be considered as prognostic factors in GISTs.
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INTRODUCTION

Gastrointestinal stromal tumors (GISTs) are the most common
mesenchymal neoplasms of the gastrointestinal tract. Theterm,
GIST, wasfirst introduced in the 1980s to include a group of
nonlymphomatous, nonepithelial tumors of the gut'™. With the
advent of immunohistochemistry, CD117 (c-Kiit) negetivetumors,
such as schawannomas, leiomyomas, and leiomyosarcomeas,
were excluded from the noncommittal term of “ gastrointestinal
stromal tumors’. Recently, based on immunophenotypic and
ultrastructural similarities, it is widely accepted that the
precursor cellsin GlSTsaretheintergtitia cellsof Caja (ICCs)2.
Immunohistochemically, GISTs are typically positive for c-Kit
and CD34, but negative for S-100 protein, desmin, and may
express smooth muscle actin in 20% to 40% of cases?.

Yet despite their recognition as adistinct pathologic entity,
because GISTsarewiddy diverseintermsof clinical presentation,
morphology, and biologic behavior, the prediction of malignancy
on the basis of pathologic features is often difficult. Many
studies have analyzed the prognostic relevance of avariety of
parameters such as anatomical location, mucosal invasion, tumor
necrosis, and high cellularity, rather often leading to conflicting
conclusiong*#€. However, two morphologic features have
emerged asfairly reliable predictors of outcome: mitotic rate
and tumor sizel*™*4. A consensus conference held at National
Ingtitutes of Health in April 2001 provided both an evidence-
based definition and a practical scheme for assessing the risk
(very low risk, low risk, intermediate risk, and high risk) of
aggressiveclinical behavior™. Recently, aprognostic significance
of c-Kit mutations was suggested by several clinicopathologic
studies***7. The largest series has shown that c-Kit mutation
in exon 11 was more common in large tumors, and that the
presence of this mutation was an adverse prognostic factor!4.

The conceptual evolution of GISTs and ¢-Kit mutation has
been the subject of numerous previous articles. However, DNA
ploidy studiesin relaion to c-Kit mutation are not well established.
The purpose of thisstudy wasto examine the c-Kit mutations and
DNA ploidy in GISTsto evaluate them asthe prognostic factors.

MATERIALS AND METHODS

Histological review

The cases included in this study were retrieved from patients
who were diagnosed as Gl STs and treated at Korea University
Hospitals between January 1997 and August 2003. The clinical
history and postoperative courses were obtained from the
review of clinical records. Thetumor sizein greatest dimension
and the location were taken from the pathology reports.
Histological dideswere reviewed by two of the authors (Kim, |
and Lee, JH) in all of the cases. The tumor cell type was
determined by light microscopic study. The spindle cell type
had a predominant fusiform morphology. Both cytoplasm and
nuclel were elongated and aligned within the microscopic field.
The epithelioid cell type had a predominantly spherical
morphology. The nuclei were round and tended to be centrally
placed withintumor cells. The number of mitosiswasdetermined
by counting themitotic activity in 50 adjacent high-power fields
(HPF) at amagnification of x400. The cytologic atypia of the
tumor cellswas determined to be mild, moderate, or severe. The
cytologic atypiawas assessed within the most proliferative area
Mild atypiaindicated that the tumor cells were histologically
benign or mildly atypical. Moderate atypia indicated that the
tumor cellshad moderately enlarged hyperchromatic or vesicular
nuclei with or without prominent nucleoli and some nuclear
irregularity. Severe atypiaindicated that the tumor cells had
enlarged irregular, hyperchromatic, or vesicular pleomorphic
nucle with prominent nucleoli. The cellularity was scored as
low if the cell count was below 1 000/mm?, intermediate for a
range from 1 000 to 2 000 cells per mm?, and high if exceeding
2000 cells'/mm?. Tumor necrosis was determined to be present
or absent. Tumor hemorrhage was determined to be present or
absent. The growth pattern was determined to be expansive or
invasive. Gl STswerereclassified asvery low, low, intermediate,
and high risk groupsfor their estimated potential for aggressive
clinical behavior as suggested by NIH consensus™®.
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Immunohistochemistry

Representative sections from each lesion were subjected to
immunohistochemical staining by using the avidin-biotin-
peroxidase complex (ABC) method. Thetarget differentiation
antigensvisualized by the monoclonal and polyclona antibodies
were c-Kit (1:400; Dako, Glostrup, Denmark), CD34 (1:200;
Neomarker, CA, USA), smooth muscle actin (SMA, 1:200;
Dako, Glostrup, Denmark), and S-100 protein (1:400; Neomarker,
CA, USA). Thetumorswere designated as positive when more
than 10% of the tumor cells showed a positive reaction for
CD34, SMA and S-100 protein. Positivereactionswereclassified
by using the following criteriafor c-Kit: (-) negative, if <10%
cellswere stained; (+), if 10-50% cells were immunoreactive;
(++), if 51-100% cellswereimmunoreactive. Thetumorswhich
showed positive reaction for CD34 and/or c-Kit protein with or
without SMA and S-100 protein were included in GISTs.

DNA extraction

DNA was extracted from the formaldehyde-fixed, paraffin-
embedded tissue sections by using standard methods with
proteinase K digestion and phenol/chloroform purification.

Polymerase - chain reaction - single strand confirmation
polymorphism (PCR-SSCP)

PCR primerswere designated to amplify exons 9, 11, 13, and 17
(Table 1). PCR was carried out with the following conditions:
50 pL total reaction volume, with 5 pL template, 5 pL of each
oligonucleotide primer, 10 pL dNTP, 10 pL ddHO, 2 pL Taqg
polymerase, 8 UL Mg* and 5 uL 10x PCR buffer. Cycling
conditionswere asfollows: aninitial penetration at 95 C for
4min, 38cycleseachat 94 “C for Lmin, a 56 ‘C for L min,at 72 'C
for 1 min, followed by onecycleat 72 °C for 10min. PCR products
werevisualized by gel electrophoresisin 1.7 g/L agarose. Then
the PCR products were subjected to 80 g/L non-denaturation
polyacrylamide gel electrophoresis with 50 g/L glycerin and
silver nitrate staining.

Table 1 Primer sequence for c-Kit exons 9, 11, 13, and 17 and
the corresponding annealing temperature (T,) and the size of
expected PCR size products

c-Kit Primers Primer sequence 5’->3’
exon No.

Ta ('C) Product
size (bp)

9 hEx9-F TTCCTAGAGTAAGCCAGGG 53 298
hEx9-R AATCATGACTGATATGGT

11 hEx11-F CAGGTAACCATTTATTTGT 53 326
hEx11-R TCATTGTTTCAGGTGGAAC

13 hEx13-F ATCAGTTTGCCAGTTGTGCT 53 250
hEx13-R TTTATAATCTAGCATTGCC

17 hEx17-F GTTTTCACTCTTTACAAGT 53 277
hEx17-R TTACATTATGAAAGTCACAGGAAAC

Denaturing high performance liquid chromatography (D-HPLC)
To enhance heteroduplex formation, the untreated PCR products
(5-7 yL) weredenaturated at 95 C for 5 minfollowed by gradual
reannealing to room temperature for over 30 min. Sampleswere
analyzedin WAV E DHPL C. Thegradient wasformed by mixing
buffer A (0.1 mmol/L TEAA) and buffer B (0.1 mol/L TEAA,
250 g/L acetonitrile). Theanalysiswas carried out at aflow rate
of 0.9 mL/min and buffer B gradient increase of 20 g/L per
minute for 4 min. Oven temperature for optimal heteroduplex
separation under partial DNA denaturation was determined for
each amplified fragment by using WAV E Marker software. The
most important criteriafor assigning the presence of a sequence
dteration in each DHPL C fragment were the numbers and the
shape of elution peaksin comparison with awild-type subject
elution profile used as reference. To allow the detection of
heteroduplex DNA molecules in homozygous patients, those

amplicons were pre-mixed with sequence-confirmed wild-type
PCR contrals. The mixed sampleswere then denatured at 94 C
for 5 minand cooled for over 45 min at room temperature, before
D-HPLCanaysis.

DNA ploidy

Nuclear suspensionsfrom the selected tissue blocks, previoudly
used in the immunohistochemical study, were prepared in each
case. Three 50-pum thick sections from the tissue block were
dewaxed in xylene and rehydrated in a sequence of decreasing
concentrations of alcohol. After being washed in Dulbecco’s
phosphate buffered saline (DPBS), the tissue wasincubated in
2 g/L pepsin (Sigma Chemical Company, St. Louis, USA) at
37 °C water bath for 2.5 h. Then, the samples were neutralized
by citrate buffer and treated with trypsin at 37 C water bath for
10 min. After RNasetreatment at 37 ‘C water bath for 30 min, the
sampleswere stained with propidiumiodide at 4 “C for 30 min.
By using aFACS analyzer, the DNA histograms were obtai ned.

Statistical analysis
The data were analyzed with Chi-square and t tests by using
SPSS10.0 program.

RESULTS

Clinicopathologic charateristics

Therewere 25 malesand 30 females. Themean age of the patients
a thetimeof diagnosiswas60 (range: 29-80) years. Thelocations
of tumors were as follows: one in the esophagus, 43 in the
stomach, 10 in the small intestine (including duodenum), and
oneinthe mesentery. The symptoms of patientswere asfollows:
24 cases of abdominal pain, 11 cases of gastrointestinal bleeding,
4 cases of palpable mass and 12 cases of nonspecific. The
mean diameter of tumorswas5.29 (range: 0.4-17.0) cm. Three
patients showed liver metastasis at the time of surgery. Two
patients received re-operation due to recurrence. One patient
had alocal gastric recurrence after 17 mo and the other had a
local duodenal recurrence after 33 mo.

Patients included in this study were diagnosed to have a
GIST by avariety of histologic criteria. Spindle cell lesions
occurred with or without an epithelioid component, the most
common tumor lesions showed interlacing fascicles of spindle
cells. Somelesions showed apalisaded morphology resembling
peripheral neurilemmomas, but storiform, fascicular, or mixed
growth patterns were seen. Some of them were composed of
round and epithelioid cellsappearing with perinuclear shrinkage
of cytoplasm. In some tumors or parts of tumors, there was a
mixture of epithelioid cells and spindle cells. Fifteen (27.3%)
tumors were epithelioid cell type, whereas the remaining 40
(72.7%) were spindle cell type (Figure 1). The mitotic index
ranged from 0 to 100 (mean: 11.4). The degree of cytologic
atypiawasmild in 27 (49.1%) patients, moderatein 21 (38.2%),
and severein 7 (12.7%). The degree of cdlularity waslow in 11
(20.0%) patients, intermediate in 37 (67.3%), and highin 7
(12.7%). Necrosiswas present in 11 (20.0%), and hemorrhage
was present in 17 (30.9%) tumors. Expansive growth wasfound
in 30 (54.5%), and invasive growth in 25 (45.5%) tumors.

Correlation of risk groups and clinicopatholgic parameters
Tumorsweredivided into very low (10/55, 18.2 %), low (26/55,
47.3 %), intermediate (4/55, 7.3%) and high risk (15/55, 27.3%)
groups by NIH consensus*®. Correlation of risk groups and
other clinicopthologic parametersis shown in Table 2. Higher
risk (intermediate and high risk) groups showed more frequent
necrosis, more severe nuclear atypiaand higher cellularity than
lower risk (very low and low risk) groupswhichwerestatigtically
significant. The epithelioid cell typewasmorefrequent in higher
risk group.



Lee JH et al. DNA ploidy and c-Kit mutation in GI tract tumors

3477

Figure 1 Histological features of various cell types of gastrointestinal stromal tumors and immunohistochemical staining for c-Kit.
x200. A: Spindle cell type; B: Epithelioid type; C: >50% tumor cells are positive for c-Kit; D: 10-50% tumor cells are positive for c-Kit.
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Figure 2 c-Kit mutations in exon 11 by denaturing high performance liquid chromatography. A: Normal; B: mutation.

Table 2 Comparison of clinicopathologic parameters accord-
ing to the risk groups of gastrointestinal stromal tumors

Parameter\Risk group Very low and Intermediate and P

low (n = 36) high (n = 19)
Cellularity Low 11 0
Intermediate 22 15 0.019
High 3 4
Nuclear atypia Mild 22 5
Moderate 12 9 0.019
Severe 2 5
Necrosis Absent 34 10 0.000
Present 2 9
Hemorrhage  Absent 28 10 0.055
Present 8 9
Infiltrative Absent 22 8 0.178
Growth pattern Present 14 11
Tumor cell type Spindle 29 11 0.001
Epithelioid 7 8

Results ofimmunohistochemistry

A positive reaction for c-Kit protein was obtained in 53 (96.4%),
CD 34in53(96.4%), SMA in 17 (30.9%), and S-100 proteinin
3(5.5%). Among 53 c-Kit positive cases, 10 cases (18.9%) were
(+) and 43 cases (81.1%) were (++) (Figure 1).

Correlation of c-kit mutation with clinicopatholgic parameters
Thirty cases(54.5%) showed mutationsof ¢-Kitinexon 11 (Fgure?2).
Among 30 cases, 16 cases showed mutations by both PCR-SSCP
and D-HPL C methods, 9 cases by PCR-SSCP, and 5 cases by
D-HPL C method. Seven cases (12.7%) showed mutations of
c-Kitinexon 9. Among them, 3 cases showed mutations by both

PCR-SSCP and D-HPL C methods, 3 casesby PCR-SSCP, and 1
case by D-HPL C method. Two cases showed mutations of both
exons9and 11. No mutationswerefoundinexons13and 17. The
mutation-positive GI STs bel onged to the large tumors (Table 3),
but the association with the other parameters was not significant.

Table 3 Comparison of clinicopathologic parameters accord-
ing to c-Kit mutations

Mutations

Parameter P
Negative Positive
(n =20) (n = 35)
Sex (M:F) 11:9 14:21 0.283
Age (mean, yr) 58.2 61.0 0.360
Mean tumor size (cm) 3.8 6.2 0.020
Mean mitoses counts 7.8 13.4 0.360
Risk group: Very low/low 14 22 0.592
Intermediate/high 6 13
Cellularity: Low 5 6 0.741
Intermediate 13 24
High 2 5
Nuclear atypia Mild 10 17 0.898
Moderate 7 14
Severe 3 4
Necrosis Absent 18 26 0.161
Present 2 9
Hemorrhage Absent 17 21 0.054
Present 3 14
Infiltrative growth Absent 12 18 0.539
Present 8 17
Tumor cell type Spindle 13 27 0.330
Epithelioid 7 8
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Correlation of c-kit mutation with c-kit expression

Among 10 c-Kit (+) cases, 6 cases showed mutations of c-Kit
in exon 9 or 11. Among 43 c-Kit (++) cases, 31 cases showed
mutations of c-Kit in exon 9 or 11. Therate of c-Kit mutations
washigher inc-Kit (++) group than that in c-Kit (+) group (P=0.05).

Correlation of DNA aneuploidy with clinicopatholgic parameters
Ten cases (18.2%) were DNA aneuploidy (Figure 3). Thetumors
with aneuploidy were associated with the larger tumor size,
high mitotic counts, higher risk groups, high cellularity, and
severe nuclear atypia, and epithelioid cell type (Table 4).
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Figure 3 DNA aneuploidy in gastrointestinal stromal tumors.

Table 4 Comparison of clinicopathologic parameters accord-
ing to DNA ploidy

Parameter Diploid Aneuploid P
(n =45) (n =10)

Sex (M:F) 21:24 4:6 0.702

Age(mean, yr) 60.8 56.1 0.225

Mean tumor size (cm) 4.1 10.5 0.007

Mean mitoses counts 5.0 40.0 0.022

Risk group: Very low/low 34 2 0.001
Intermediate/high 11 8

Cellularity Low 11 0 0.008
Intermediate 31 6
High 3 4

Nuclear atypia Mild 24 3 0.016
Moderate 18 3
Severe 3 4

Necrosis Absent 38 6 0.080
Present 7 4

Hemorrhage Absent 33 5 0.149
Present 12 5

Infiltrative growth Absent 27 3 0.085
Present 18 7

Tumor cell type Spindle 36 4 0.010
Epithelioid 9 6

Correlations of c-kit mutation and DNA aneuploidy with
metastasis or recurrence

Three metastatic GI STs showed c-Kit mutation. Among them,
two cases showed mutations in exon 11, and the other one
showed mutation in exon 9. Two of these 3 tumors had DNA
aneuploidy. Among two recurrent GISTs, only one case showed
mutation in exon 11, and the two cases were DNA diploidy.

Correlation of c-kit mutation with DNA aneuploidy
Correlation of c-Kit mutation with DNA ploidy state was
analyzed (Table 5). There was atendency that c-Kit mutations
were more frequent in aneuploid tumors than in diploid ones,
but not statistically significant (P = 0.063).

Table 5 Correlation of c-Kit mutation and DNA ploidy

c-Kit mutation

DNA ploidy*

Negative Positive
Diploid 19 26
Aneuploid 1 9
P =0.063.
DISCUSSION

It has been reported that Gl STsare strongly and nearly consi stent
c-Kit positive, and associated with the mutations of the c-Kit
gene. Approximately 40% to 50 % of GISTs, mostly the
malignant variants, had mutationsin thejuxtamembrane domain
(exon 11) of the c-Kit genel***¥, although some studies found
mutationsin only 15%/*# or the othersin as many as 80%™ of
the analyzed cases. Lack of mutationsin exon 11in asignificant
portion of GISTs may suggest that mutations may occur in
other domains of the c-Kit gene. However, no mutations were
found in exon 17 (kinase domain) in alarge group of GISTs
studied*, which was the area where c-Kit mutations occur in
mastocytomal®® and seminoma?!!. Recently, new mutational
hotspotswereidentified asaresult of comprehensive sequencing
of c-Kit cDNA obtained from 13 GISTs, which were negative
for exon 11 mutations. Mutations in exon 9 and exon 13 were
detected in 6 (46%) and 2 (15%) of them, suggesting that such
mutations may be relatively common in GISTS.

In this study, we analyzed 55 GISTs. Thirty cases (54.5%)
showed mutationsof ¢c-Kitinexon 11 and 7 cases (12.7%) showed
mutations in exon 9. No mutations were found in exon 13 and
exon 17. The c-Kit mutation positive GISTswere large in size,
and all three metastatic GISTs showed mutations, but the
association with other clinicopathol ogic factors was not evident.
The rate of c-Kit mutations was higher in c-Kit (++) group
rather than in c-Kit (+) group.

The factors related to the tumor biology might usefully
complement the clinical and morphological data. Thus, DNA
aneuploidy has been claimed to allow a sensitive and specific
discrimination between benign and malignant tumors of the
gastrointestinal tract and to correlate with their prognosis?.
However, in other reports, aneuploidy could not be used as a
diagnostic criterion of malignancy, but was associated with a
mere tendency to an adverse outcome >, |n our study, 10
cases (18.2%) showed DNA aneuploidy. The aneuploid GISTs
were associated with large tumor size, high mitotic counts,
higher risk groups, high cellularity, severe nuclear atypia and
epithelioid type. These results suggest that DNA aneuploidy
represents high risk groups of GISTs suggested by NIH
consensus'*.

In conclusion, there is atendency that c-Kit mutations are
morefrequent in aneuploid GISTs. Therefore, DNA ploidy and
c-Kit mutations might be closely related.
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