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Abstract: The aim of this study was to discuss the role of c-K/7 mutation in the pathogenesis of
gastrointestinal stromal tumors (GISTs) and analyze its correlation with proliferation and apopto-
sis. c-KIT and PDGFRA genotypes were examined by deoxyribonucleic acid sequencing. Immu-
nohistochemistry was performed to determine the expression levels of Kit, Ki-67 (proliferation
marker), and apoptotic protease-activating factor (APAF)-1 (apoptosis marker) and the relation-
ship between their three genes. In the 68 cases examined, 44 cases (64.7%) showed mutations in
one of the four exons of c-K/T. The mutations were most frequently found in exon 11 (30 cases
[44.1%]), followed by exon 9 (ten cases [14.7%]) and exon 13 (four cases [5.9%]). c-KIT muta-
tion showed no association with prognostic factors using the classification of risk of aggressive
behavior in GIST proposed by Fletcher et al. No cases had mutated exon 17 of ¢-KIT, and neither
did exon 12, 14, or 18 of PDGFRA in our present study. There was a positive correlation between
the expression level of Kit and Ki-67 (R=0.282, P=0.020). Conversely, a negative correlation was
found between the expression levels of Kitand APAF1 (R=—0.243, P=0.046). In conclusion, most
GISTs with Kit expression showed ¢-K/T mutation. Kit expression has a positive correlation with
Ki-67 and a negative correlation with APAF1, showing that c-KIT is involved in GIST occurrence
and development through proliferation promotion and apoptosis inhibition.
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Introduction
Gastrointestinal stromal tumors (GISTs) are the most common tumors developed in
mesenchymal tissues of the gastrointestinal tract. Two-thirds of cases occur in the
stomach, and 25% of cases occur in the small intestine.! It has been noted that approxi-
mately 90% of GIST cases have gain-of-function mutations of either Kit or platelet-
derived growth factor receptor, alpha polypeptide (PDGFRo) tyrosine kinases, and
such mutations may play a critical role in GIST pathogenesis. Kit, encoded by the
oncogene c-KIT,’ is characterized structurally by five immunoglobulin-like domains
extracellularly and contains an adenosine triphosphate-binding domain and a phospho-
transferase domain separated by an interkinase sequence in the cytoplasm.®? Similar
to Kit, PDGFRa is also a member of the type III tyrosine-kinase family, and PDGFRA
gene mutations found in GISTs result in constitutive activation of this tyrosine kinase,
which contributes to tumorigenesis. '°

Corless and Heinrich showed that approximately 60%—-70% of GIST cases carry
mutations in ¢-KIT. The four exons involved, ie, 9, 11, 13, and 17, correspond to the
extracellular, juxtamembranous, tyrosine kinase 1, and tyrosine kinase 2 domains
of the Kit protein, respectively.!" These mutations result in constitutively activated
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tyrosine-kinase activity of Kit, which is believed to be the
primary oncogenic event in GIST.”>'> ¢-KIT exon 11 dele-
tions were described to be independent adverse prognostic
factors in patients with GIST.'*'® Furthermore, in another
study, it was found that deletions in the last part of exon 11
(codons 562-579) were more frequently associated with
GIST malignancy than deletions in the first part (codons
550-561).""° However, the prognostic value of some types
of ¢-KIT mutation is still unclear.

About 15% of GIST cases do not express c-K/T mutations,
5%—7% of which have mutations affecting the genes encoding
PDGFRA." Therefore, PDGFRA may also play an important
role in GIST. In addition to the importance of ¢-KIT and
PDGFRA in development of GIST, the correlation between
their mutational status and their responses to tyrosine-kinase
inhibitors, which showed their roles in primary and secondary
resistance, has also been widely investigated.?**' Detection
and analysis of gene mutations of ¢-KIT and PDGFRA have
become a standard of care for patients diagnosed with GIST.
However, the prognostic values of some types of ¢-KIT and
PDGFRA mutations are still unclear. The aim of this paper
was to study the clinical significance of the mutational sta-
tus of ¢-KIT and PDGFRA and its value as a predictive and
prognostic factor in GIST. The correlation between Kit and
apoptosis and proliferation was also explored.

Materials and methods

Patients and tumor samples
A total of 68 GIST samples were collected at Zhejiang
Provincial People’s Hospital from January 2002 to December

Table | Polymerase chain reaction primers

2008. The medical records of all patients were reviewed by
our pathologists, who used the US National Institutes of
Health consensus criteria for risk stratification in GIST to
confirm GIST diagnosis. The use of all human tissues was
approved by the ethics committee of Zhejiang Provincial
People’s Hospital, and informed consent was obtained from
all of the participants.

DNA extraction and polymerase

chain reaction conditions

All tumor samples were assessed for mutations in exons 9, 11,
13, and 17 of the ¢-KIT gene and in exons 12, 14, and 18 of the
PDGFRA gene using formalin-fixed and paraffin-embedded
tissue sections. Specifically, at least 15 unstained tissue sections
5 um thick from each sample were deparaffinized and air-dried.
Histologically confirmed tumorous areas were microdissected
using a sterile scalpel blade and placed in 180 pL of ATL buf-
fer (Qiagen, Venlo, the Netherlands). Deoxyribonucleic acid
(DNA) was then extracted using a QIAamp DNA mini kit
(Qiagen) following the manufacturer’s protocol.

For DNA sequencing, amplification of the DNA was
performed by polymerase chain reaction (PCR) in a final
volume of 25 UL in the following conditions: 2.5 UL of 10x
PCR buffer, 1 uL each of 1 umol/uL forward and reverse PCR
primers, 1.6 UL of deoxynucleoside triphosphates, 0.5 UL of
Taq DNA polymerase, and 200 ng of sample DNA. The PCR
conditions were preincubation at 94°C for 5 minutes, followed
by 45 cycles of the following reactions: denaturation at 94°C
for 30 seconds, annealing for 1 minute (specific annealing
temperatures are shown in Table 1), extension at 72°C for

Gene Sequence Fragment Annealing
size temperature
«KIT
Exon 9 F: AGTATGCCACATCCCAAGTG 333 bp 55.0°C
R: TGACTGATATGGTAGACAGAGCC
Exon || F: GGCATGATGTGCATTATTGTG 411 bp 55.0°C
R: TGGCAAACCTATCAAAAGGG
Exon I3 F: ATGCGCTTGACATCAGTTTG 267 bp 58.0°C
R: AAGCAGTTTATAATCTAGCATTGCC
Exon 17 F: TGTGAACATCATTCAAGGCG 417 bp 58.0°C
R: AAATGTGTGATATCCCTAGACAGG
PDGFRA
Exon 12 F: TCCAGTCACTGTGCTGCTTC 273 bp 55.0°C
R: TGTAAAGTTGTGTGCAAGGG
Exon 14 F: TCTGAGAACAGGAAGTTGGTAGC 251 bp 56.0°C
R: TGGAGGATTTAAGCCTGATTG
Exon 18 F: GCAGGGGTGATGCTATTCAG 275 bp 55.0°C
R: GGCACCGAATCTCTAGAAGC
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1 minute, and a final extension at 72°C for 10 minutes. All
PCR amplicons were stored at 4°C. The primer sequences for
¢-KIT and PDGFRA are listed in Table 1.

All PCR amplicons were sent to the Beijing Genomics
Institute, where uncloned PCR products were analyzed by
direct sequencing using an ABI 3730XL DNA sequencer
(Life Technologies, Carlsbad, CA, USA). Then, mutations
of query sequences were detected using the Basic Local
Alignment Search Tool (BLAST) when compared to US
National Center for Biotechnology Information GenBank
sequences. Samples that appeared to contain mutations were
further examined by sequencing their reverse primers.

Grading standards of prognostic features

Tumor size was recorded in terms of maximum diameter,
and was classified as =2 cm, 2-5 ¢cm, 5-10 cm, or >10 cm
using the classification of risk of aggressive behavior in
GIST proposed by Fletcher et al.?> Tumors that were small
(=2 cm) and showed mitotic activity <5/50 high-power
fields (HPFs) were defined as very low risk. Tumors of
2-5 cm in diameter with mitotic activity <5/50 HPFs were
defined as low risk. Tumors of 5-10 cm in diameter with
mitotic activity <5/50 HPFs or tumors smaller than 5 cm in
diameter with mitotic activity of 6-10/50 HPFs were defined
as intermediate risk. Tumors larger than 5 cm in diameter
with mitotic activity >5/50 HPFs or tumor diameter >10 cm
or mitotic activity >10/50 HPFs were defined as high risk.

Selection of markers for proliferation

and apoptosis

Apoptotic protease-activating factor (APAF)-1 is one of
the most studied proapoptotic proteins. It is the core of the
apoptosome, which is formed with the activation of the
mitochondrial apoptotic pathway.?® In this study, APAF1
was used as an apoptosis marker to detect the relationship
between Kit and apoptosis. As an antigen that corresponds
to a nuclear nonhistone protein expressed by cells during
tumor proliferation,* Ki-67 was selected as the marker to
detect cell-proliferative fraction.

Immunohistochemical staining

The tumor sections were deparaffinized and rehydrated using
graded ethanol. Antigen retrieval was carried out by autoclav-
ing in 0.01 M citrate buffer (pH 6.0) for 3 minutes. The sections
were blocked with 3% (volume/volume) H,O, for 10 minutes,
followed by 10% (volume/volume) normal goat serum for
15 minutes at room temperature. They were incubated with
primary Kit antibodies (1:100; Santa Cruz Biotechnology,

Dallas, TX, USA), Ki-67 (1:50; Bioss Biotechnology, Beijing,
People’s Republic of China) and APAF1 (1:50; Bioss Biotech-
nology) at 4°C overnight. Then, the sections were incubated
with biotin-labeled secondary antibody (Life Technologies,
Carlsbad, CA, USA) at room temperature for 20 minutes,
rinsed with phosphate-buffered saline, and incubated with
horseradish peroxidase-conjugated antibody (Life Technolo-
gies) for another 20 minutes at room temperature. Finally, the
sections were stained with 3,3’-diaminobenzidine tetrahydro-
chloride and counterstained with hematoxylin.

Immunohistochemical evaluation
Immunohistochemical evaluation was performed indepen-
dently by two pathologists without knowledge of the clinical
data. The immunoreactivity level of each case was estimated
by the average signal intensity and the proportion of cells
showing positive cytoplasmic staining within the tumor
region under light microscopy. The staining intensity was
graded on a scale of 0-3+ (0 for no staining, 1+ for weak
immunoreactivity, 2+ for moderate immunoreactivity, and
3+ for strong immunoreactivity). The percentage of cells that
showed positive staining within the tumor region was scored
as follows: 1 for 0%—25% positive, 2 for 26%—50% positive,
3 for 51%—75% positive and 4 for 76%—100% positive. The
intensity and proportion scores were then multiplied to obtain
a composite score. A composite score of 0-3 was defined as
negative, and 4—12 positive.

Statistical analysis

Data analysis was performed using SPSS 13.0 (SPSS Inc.,
Chicago, IL, USA) software. Categorical variables were
expressed as a percentage of the total population and ana-
lyzed by the y? test. If more than 20% of cells were scored
less than 5, Fisher’s exact test was performed. The rela-
tionship between Kit, Ki-67, and APAF1 expressions was
assessed by Spearman correlation coefficients. The Kaplan—
Meier method was used for construction of survival curves,
which were compared by the log-rank test. All P-values were
obtained from two-tailed statistical tests. Differences were
considered significant when P<<0.05.

Results

Demographic data

Mutational analysis of ¢-KIT and PDGFRA was performed on
tumor sections of 68 consecutively diagnosed GIST patients.
The patients comprised 37 men and 31 women with a mean
age of 56.3 years (range 30—84 years) at the time of diagnosis.
Of'these 68 samples, the primary tumor site was the stomach
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in 34 cases (50.0%), the small intestine in 20 cases (29.4%),
the large intestine in six cases (8.8%), and outside the gas-
trointestinal tract in eight cases (11.8%).

Tumor genotype

All 68 specimens were screened for mutations in the ¢-KIT
and PDGFRA genes. Overall, 44 cases (64.7%) had muta-
tions in c-KIT in one of the four exons examined. Mutations
were most frequently found in exon 11 (30 cases [44.1%)]),
followed by exon 9 (ten cases [14.7%]) and exon 13 (four
cases [5.9%]) (Figure 1). No cases with mutated c-KIT
exon 17 were identified in this study. In the 30 cases with exon
11 mutations, there were deletions of amino acid in 15 tumors
(50.0%), substitutions in eight (26.7%), both deletions and
substitutions in five (16.7%), and insertions in two (6.8%).
In the ten cases with exon 9 ¢-KIT mutations, mutations were
restricted to insertions (six tumors [60.0%]) and deletions
(four tumors [40.0%]). In the four cases with exon 13 ¢-KIT
mutations, all mutations were substitutions (100.0%). GISTs
without c-KIT mutations were further examined for PDGFRA
mutations. No cases had mutations in exons 12, 14, or 18 of
PDGFRA in this study.

Correlation between ¢c-KIT mutation

and clinicopathological features

Based on the risk of aggressive behavior in GIST, tumors
were classified as very low risk (five of 68, 7.4%), low risk
(35 0f 68, 51.5%), intermediate risk (16 of 68, 23.5%), and
high risk (12 of 68, 17.6%) (Table 2). The ¢-KIT mutation
rate was 40.0% in the very low-risk group, 60.0% in the
low-risk group, 68.8% in the intermediate-risk group, and
83.3% in the high-risk group. Overall, no significant dif-
ference in proportion of mutations was observed between
these groups (y*=3.545, P=0.325). Based on primary
tumor sites, the proportion of c-K/7 mutations was 61.8%
for tumors in the stomach, 60.0% in the small intestine,
83.3% in the large intestine, and 75.0% outside the gas-
trointestinal tract. No significant difference in proportion
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of mutations was shown between these groups (y*=1.419,
P=0.731).

Survival analysis showed that the mean survival time in
groups positive for ¢-KIT mutation was 71.6+9.3 months,
which had no significant difference from that in groups
negative for ¢-KIT mutation (91.3£12.2 months,
P=0.234, Figure 2).

Correlation between Kit, Ki-67,
and APAFI in GIST

Positive staining of Kit was identified when specimens
showed yellow-brown cytoplasmic granules (Figure 3A).
The Kit-positive detection rate was 73.5% (50/68) in the
GIST specimens (Figure 3A), which indicated a significant
correlation with ¢-KIT mutations (R=0.324, P=0.007).
Ki-67-positive staining was detected in the nucleus in 61.8%
(42 of 68) of cases (Figure 3B), while APAF1-positive
staining was detected in cytoplasm in 45.2% (28 of 68) of
cases (Figure 3C). There was a positive correlation between
the expression levels of Kit and Ki-67 (R=0.282, P=0.020,
Spearman’s p-test). Conversely, a negative correlation was
found between the expression levels of Kit and APAF1
(R=—0.243, P=0.046, Spearman’s p-test) (Table 3).

Discussion

GIST is a common visceral sarcoma that occurs predomi-
nantly in the gastrointestinal tract, and strong expression
of the receptor tyrosine kinase Kit is the most specific and
widely accepted immunohistochemical marker for this
tumor.?2¢ Past studies have described many types of gain-
of-function mutations of ¢-KIT and PDGFRA in GISTs,
and found that 60% occurred within exon 11 of ¢-KIT."*
Battochio et al found that the sites of PDGFRA mutation
correlated with specific anatomical sites.?® Another study
reported that tumors with mutated PDGFRA had a prevalent
gastric location, epithelioid morphology (pure or prevalent),
and low mitotic count.? In this study, we found that ¢-KIT
gene mutations occurred in 32 (62.7%) of the 68 GIST

C 1689_1690delGT; 1693delA
o a

Figure | (A—C) cKIT mutations in primary gastrointestinal stromal tumors. The mutated nucleotide sequence is indicated in the upper diagram, and the wild-type nucleotide
sequence is indicated in the lower diagram. Nucleotide changes are shown in the figure by downward arrows. (A) Substitution; (B) insertion; (C) deletion.
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Table 2 The relationship between clinical parameters of gastro-
intestinal stromal tumors and ¢-KIT mutation rates

Cases KIT ¥ value P-value
mutation (%)

Risk of aggressive 3.545 0.325
behavior

Very low risk 5 2 (40.0%)

Low risk 35 21 (60.0%)

Intermediate risk 16 11 (68.8%)

High risk 12 10 (83.3%)
Tumor location 1.419 0.731

Stomach 34 21 (61.8%)

Small intestine 20 12 (60.0%)

Large intestine 6 5(83.3%)

Outside the 8 6 (75.0%)

gastrointestinal tract

clinical samples, which is consistent with past results.>*
However, no cases were found to have mutations of PDGFRA
in our study. As this result may be due to our small sample
size, it still needs to be validated by well-designed studies
using larger number of samples as well as meta-analysis in
the future.

The biology of GIST has been widely investigated. Hirota
et al demonstrated mutations of the Kit receptor as a patho-
genic mechanism of GIST." In this study, the Kit-positive
detection rate was 73.5%, which showed a positive correla-
tion with ¢-KIT mutations. We propose that ¢-KIT mutations

elevate Kit expression, thus playing an important role in
GIST occurrence and development. To better understand the
prognostic significance of the c-KI/7 mutations, we analyzed
the correlation between proportions of ¢-K/7 mutations and
prognostic factors using the risk of aggressive behavior
classification,?? and no significant association was found.
Previous studies described that GIST location was associated
with the type of mutation. GISTs with ¢-KIT exon 9 mutation
arise predominantly in the small intestine and colon, while
those with PDGFRA mutations most often originate from
the stomach.'3%3! However, our results showed that there was
no difference in proportions of mutations among different
tumor sites. Bachet et al found that GISTs with mutation
(delTyr) arise in small intestine, colon or rectum in about
70% of cases, whereas those with mutation (delWKS557-558)
occur in stomach in about 75% of cases.* The results sug-
gest that ¢-KIT mutations in different parts of the digestive
tract may be driven by different types of oncogenic events.
Meanwhile, sample size, race, and environment may also
affect proportions of mutations. Therefore, further studies
with a larger number of samples and quantitative summaries
across different races, including specific mutation genotype,
are required to evaluate the relationship between c-K/7T muta-
tion and risk of tumor site. The correlation between c-KIT
mutation and prognosis was reported by many studies, but
was still unclear.**3* In this study, although we found that the
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Figure 2 Kaplan—Meier survival-curve analysis in patients with positive and negative ¢-KIT mutation.
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Figure 3 (A—C) Immunohistochemical analysis of Kit, Ki-67, and apoptotic protease-activating factor (APAF)-| in gastrointestinal stromal tumors. (A) Positive immunostaining
of Kit was mainly in the cytoplasm. Original magnification 100x (Al); original magnification 400x (A2). (B) Positive immunostaining of Ki-67 was mainly in the nucleus.
Original magnification 100x (B1); original magnification 400x (B2). (C) Positive immunostaining of APAF-1 was mainly in the cytoplasm. Original magnification 100x (CI);

original magnification 400x (C2).

mean survival time in the group positive for ¢-KI7 mutation
was lower than that in the negative group, no significant dif-
ference was found. We believe that our study will serve as a
complement for all the previous studies. We hope that all of
the findings will allow us to make some definitive conclusions
after a systematic review.

Tumor-growth rate depends on rates of apoptosis and
proliferation. It has been reported that ¢-KIT plays a critical
role in cell proliferation and differentiation.*>3¢ Yasuda et al
demonstrated that the stem cell factor—Kit pathway enhanced
the proliferation and invasiveness of Kit-positive pancreatic
cancer cell lines.’” Our results showed that the Ki-67-
positive detection rate was 61.8% in GIST specimens, and
had a positive correlation with the expression level of Kit.
Conversely, the APAF1-positive detection rate was 45.2%
in the GIST specimens, and had a negative correlation with
the expression level of Kit. These results reveal that Kit is
involved in GIST occurrence and development through pro-

Table 3 Correlations between Kit expression and Ki-67 and
apoptotic protease-activating factor (APAF)-1 expression

Kit expression Spearman P-value
Positive Negative Ccorrelation
Ki-67 expression 0.282 0.020
Positive 35 7
Negative 15 Il
APAF| expression —0.243 0.046
Positive 17 11
Negative 33 7

liferation promotion and apoptosis inhibition. However, the
detailed signal pathway needs to be further investigated.

In conclusion, most GISTs with Kit expression showed
¢-KIT mutations, and the mutations were most frequently
found in exon 11, followed by exon 9 and exon 13. Kit
expression had a positive correlation with Ki-67 and a
negative correlation with APAF1, showing that ¢-KIT is
involved in GIST development through proliferation promo-
tion and apoptosis inhibition. Identification and validation of
more signal pathways will further improve our understanding
of'the basic mechanism of c-K/7-induced GIST development
and facilitate better diagnosis and treatment, and as a result
improve the prognosis of patients with GIST.
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