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ABSTRACT

Introduction: Gastrointestinal stromal tumors (GISTs) are 
mesenchymal neoplasms usually caused by somatic mutations in the 
genes KIT (c-kit) or PDGFRA. Mutation characterization has become 
an important exam for GIST patients because it is useful in predicting 
the response to the inhibitors of receptor tyrosine kinase (RTK). 

Objectives: The aim of this study was to determine the 
frequency of KIT and PDGFRA mutations in 25 GIST samples 
collected over two years at two national reference hospitals in 
Peru. There were 21 samples collected from the Instituto Nacional 
de Enfermedades Neoplásicas (INEN, national cancer center) and 
4 samples collected from Hospital A. Loayza. 

Methods and materials: In this retrospective study, we 
performed polymerase chain reaction (PCR) amplification and 
deoxyribonucleic acid (DNA) sequencing of KIT (exons 9, 11, 
13, and 17) and PDGFRA (exons 12 and 18) genes in 20 FFPE 
(formalin-fixed, paraffin-embedded) and 5 frozen GIST samples. 

Results: We report 21 mutations, including deletions, 
duplications, and missense, no mutations in 2 samples, and 2 
samples with no useful DNA for further analysis. Eighty-six percent 
of these mutations were located in exon 11 of KIT, and 14 % were 
located in exon 18 of PDGFRA. 

Conclusions: Our study identified mutations in 21 out of 
25 GIST samples from 2 referential national hospitals in Peru, 
and the mutation proportion follows a global tendency observed 
from previous studies (i.e., the majority of samples presented KIT 
mutations followed by a minor percentage of PDGFRA mutations). 
This study presents the first mutation data of the KIT and PDGFRA 
genes from Peruvian individuals with GIST.
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INTRODUCTION

Gastrointestinal stromal tumors (GIST) are the most 
common mesenchymal tumors of the gastrointestinal 
tract (1). The estimated incidence of GIST is 15 cases per 
million in the general population, and the median age at 
presentation is 60 years (2). The most common sites of 
origin for GIST are the stomach (39-70 %) and small intes-
tine (31-45 %), but GISTs may appear anywhere along the 
gastrointestinal tract or within the abdomen as extra-gas-
trointestinal tumors (3).

Approximately 95 % of GIST tumors express the tyro-
sine kinase KIT receptor, also called CD117, which is 
now accepted as the most specific immunohistochemical 
marker for GIST (4,5). Other markers, such as CD34 and 
Desmin that show variable expression (70 % and 5 %, 
respectively) are also used to confirm the diagnosis of 
GIST tumors (6-8).

In recent years, it has been established that 75 % to 
80 % of GISTs harbor mutations in the KIT gene (c-kit). 
Activating mutations of the KIT gene in GIST occur in 
exons 9, 11, 13, and 17 corresponding to the juxtamem-
brane (JM) intracellular regulatory domain, the extram-
embrane domain, and the two intracytoplasmic tyrosine 
kinase domains, respectively (9). Mutations in the JM 
domain affect its autoregulatory function and promote 
spontaneous kinase activation (10). The location of KIT 
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mutations is important for pharmacological treatment; for 
example, it is well known that a mutation in exon 11 of the 
KIT gene is associated with a better response to treatment 
with the inhibitor imatinib (Gleevec®), the potent inhib-
itor of receptor tyrosine kinase (RTK), and a decreasing 
response for mutations in exons 9, 13, 17, and wild-type 
tumors (9).

Another member of the RTK family of genes, PDG-
FRA, is also associated with the pathogenesis of GIST, 
and the mutations in KIT are mutually exclusive with 
those in PDGFRA (11). Mutations in the PDGFRA gene 
are observed in 7-12 % of cases (12), and the most fre-
quent mutations are observed in exons 12 (regulatory 
juxtamembrane domain) and 18 (second tyrosine kinase 
domain).

The presence, nature, and location of the KIT/PDG-
FRA oncogenic mutations may translate into differenc-
es in tumor aggressiveness and influence the likelihood 
of a clinical response to imatinib, a selective tyrosine 
kinase inhibitor able to interfere with the activation of 
KIT and PDGFR receptors by competing with ATP in 
the ATP-binding pocket (13,14). Generally, patients with 
tumors carrying KIT exon 11 mutations respond much 
better to treatment in comparison with tumors carrying 
exon 9 mutations (15). However, GISTs with mutations 
in exon 11 could develop resistance to imatinib treatment 
if subsequent secondary point mutations appear, which 
suggests an important escape mechanism for tumor cells 
with a KIT-dependent proliferation mechanism temporar-
ily inhibited by imatinib (15).

In this retrospective study, we attempted to determine 
the frequency of KIT and PDGFRA mutations in GIST 
samples collected from two national referential hospitals 
in Peru (INEN and A. Loayza Hospital). This is the first 
study of this type conducted in Peru, and the aim is to 
encourage a clinical approach on the molecular aspects 
of GISTs in order to provide adequate treatment for lon-
ger survival and a better quality of life for patients with 
these tumors.

MATERIAL AND METHODS

Samples

A total of 25 GIST samples collected over a two-year 
period were used for this retrospective study. All samples 
were determined by immunohistochemistry as CD117 pos-
itive. Five samples were obtained from frozen tissue, and 
twenty were derived from formalin-fixed, paraffin-embed-
ded (FFPE) blocks. Coded tumor samples were obtained 
from two different national reference hospitals (21 from 
INEN and 4 from A. Loayza Hospital). This study was 
conducted with an ethical clearance of IRBs of partici-
pating hospitals and according to the guidelines of surgi-
cal procedures for tumor removal from the Research on 

Human Subjects Committee policy of the National Health 
Institute of Peru. 

Deoxyribonucleic acid (DNA) extraction 

Genomic DNA was extracted using the High Pure PCR 
template Preparation Kit (ROCHE) following the manu-
facturer’s protocol. A QubitTM fluorometer (InvitrogenTM) 
was used to quantify the DNA. In 23 samples in which the 
quality and the quantity of DNA were appropriate, the target 
exons were amplified. In two of the FFPE tissue samples, the 
amplification was not successful due to poor DNA quality. 
The DNA was resuspended in a TE10:1 buffer, coded, and 
kept at 4 °C until use.

Mutational analysis

Amplification of target exons and mutational analysis 
of KIT and PDGFRA genes

The coding sequence and intron-exon boundaries for 
exons 9, 11, 13, and 17 of the KIT gene and exons 12 and 
18 of the PDGFRA gene were amplified by PCR using 
primers and the conditions that were optimized in others 
studies (26,38). The PCRs were performed in a 25 μl total 
reaction volume consisting of 50 ng of the DNA template. 
The PCR mix contained 10 pmol of each primer, 0.5 U of 
Taq polymerase (Thermo Scientific®), buffer 1X, 0.2 mM 
of each dNTP, and 1.5 mM of MgCl

2
. The cycling condi-

tions for the PCR amplification were 95 °C for 5 minutes, 
35 cycles of 95 °C for 45 seconds, annealing temperatures 
of 55 °C to 57 °C for 45 seconds (Table I), and 72 °C 
for 1 minute followed by a final elongation step at 72 °C 
for 10 minutes. The PCR products were then subjected to 
electrophoresis on 2 % agarose gels and observed under an 
ultraviolet light after ethidium bromide staining. 

DNA sequencing

PCR amplicons were purified using a QIAquick PCR 
Purification Kit (QIAGEN) and sequenced in both directions 
using the BigDye Terminator version 3.1 Cycle sequencing 
kit and the 3500 Genetic Analyzer (Applied Biosystems). The 
generated DNA sequences were analyzed with a Sequencing 
Analysis software 5.1 (Applied Biosystems) and then aligned 
using the Basic Local Alignment Search Tool (BLAST) 
(http://blast.ncbi.nlm.nih.gov/Blast.cgi). All mutations were 
identified based on the National Center for Biotechnology 
Information database of genetic variation. The reference 
sequences used to describe the mutations were NM_000222 
and NM_0062056 for the KIT and PDGFRA genes, respec-
tively. The numbering of specific mutations and SNPs was 
referenced from http://www.ensembl.org as of February 2014.
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Construction of clones with KIT mutations

For a better determination of the type of mutation (dele-
tion, duplication, and insertion), amplified fragments were 
cloned. The PCR products were ligated into a PR8/GW/
TOPO Vector. The construct was transformed into Elec-
troMaxTM DH10BTM-T1 cells that were grown at 37 °C in 
an LB medium containing appropriate antibiotics. Plasmid 
DNA was extracted using the modified alkaline lysis/PEG 
method and were then digested with EcoR1 to confirm the 
presence of a fragment. Insert DNAs were sequenced on 
both strands to confirm sequence variations.

RESULTS

KIT or PDGFRA mutations were found in 21 (91 %) of 
the 23 samples. In the remaining samples, either no muta-
tion was detected (n = 2), or the sample had a poor DNA 
quality (n = 2). In total, 18 (86 %) of the 21 samples had 
a KIT mutation, which were all in exon 11. Only 3 (14 %) 
samples were mutated in exon 18 of PDGFRA. No muta-
tions were detected in exons 9, 13, or 17 of KIT or in exon 
12 of PDGFRA.

The most frequent types of KIT exon 11 mutations were 
deletions (n = 14), duplications (n = 2), and missense (n = 
2) (Table II). Deletions were always in-frame and consist-
ed of 3-27 nucleotides. The most common deletion report-
ed in this work, p.K550_E554del (Fig. 1) was found in 
7 tumors (30.4 %), which affected the KIT intron 10-exon 
11 splice-acceptor sites and formed a novel intraexonic 
pre mRNA 3’ splice acceptor site. The lack of a wild-type 
allele (e. g., a mutant allele in homozygosis) was found in 
4 samples (17.4 %). 

In addition, we identified 4 (17.4%) deletions between 
codons 557 and 558 (the “hot-spot” region), 2 (8.7 %) 
deletions involving codon 579, and 1 (4.3 %) deletion 
between codons 557 and 559. There were two internal 

tandem duplications involving the 3’-end of exon 11. The 
lengths of the duplications were 27 pb and 54 bp with 
codons 571_580 and 574_591 involved, respectively. A 
missense mutation affecting codon 557 (p.W557R) was 
detected in 2 samples (Fig. 1). A case-by-case listing of 
these mutations is shown in figure 2.

We identified 3 samples (14 %) with mutations in the 
PDGFRA gene involving exon 18, and mutation D842V 
was detected in 2 (9.5 %) of the 21 samples. In addition, 
one case (4.7 %) had an in-frame deletion of 4 amino acid’ 
residues at codon 843-846 (12 pb) in exon 18.

In two of the 23 samples, no mutation was detected after 
analyzing exons 9, 11, 13, and 17 of KIT and exons 12 and 
18 of PDGFRA.

DISCUSSION

GISTs are used as a model in the field of molecularly 
targeted therapies for solid tumors. The almost simultane-
ous discovery of oncogenic kinase mutations in GISTs and 
the introduction of kinase inhibitor therapies have led to a 
rapid evolution in our understanding of these tumors and 
the biology that defines them (16). The KIT mutation has 
become more than just a diagnostic marker; it is actually 
of great value for therapeutic approaches given the devel-
opment of RTK inhibitors, such as imatinib (17).

In the present study, we have evaluated the spectrum 
and the frequency of KIT and PDGFRA mutations in 
25 GIST samples collected over a two-year period (Table 
II and Fig. 1). We identified KIT mutations in 86 % and 
PDGFRA mutations in 14 % of GIST samples, which is 
similar to previously published ranges (17, 18, 19, and 20). 
The mutation distribution of KIT exon 11 in the Peruvian 
sample (86 %) appears to differ from the published data 
of previous studies ranging between 65.8 % and 72.9 % 
(1,21). In the case of PDGFRA, this frequency (14 %) was 
similar to other studies (6 %-35 %) (11,12). The differenc-

Table I. Primers used for target exon amplification of KIT and PDGFRA genes

Target of primer Primer name and 5’ → 3’ sequence Ampl (bp) Tm

KIT

Exon 9
Ex9F: 5’-TCCTAGAGTAAGCCAGGGCTT-3’
Ex9R: 5’-TGGTAGACAGAGCCTAAACATC-3’

284 55 °C

Exon 11
Ex11F: 5’-CTCTCTCCAGAGTGCTCTAATGAC-3’
Ex11R: 5’-GTTCCTTAAAGTCACTGTTATGTGTACC-3’

267 57 °C

Exon 13
Ex13F: 5’-GACATCAGTTTGCCAGTTGT-3’
Ex13R:5’-TGTTTTGATAACCTGACAGAC-3’

214 57 °C

Exon 17
Ex17F: 5’-ATGGTTTTCTTTTCTCCTCC-3’
Ex17R: 5’-TACATTATGAAAATCACAGG-3’

243 57 °C

PDGFRA

Exon 12
Ex12F: 5’-CTGGTGCACTGGGACTTTGGTAAT-3’
Ex12R: 5’-GTGTGCAAGGGAAAAGGGAGTCT-3’

235 55 °C

Exon 18
Ex18F: 5’-GGGTGATGCTATTCAGCTACAGATGG-3’
Ex18R: 5’-CCGAATCTCTAGAAGCAACACCTGAC-3’

267 55 °C
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es in the KIT mutation frequencies regarding other popu-
lations can be explained by a possible distinctive genetic 
profile of the Peruvian samples; however, the reduced 
sample size may also influence these results. 

We have identified seven samples (33 %) with a dele-
tion affecting codons 550-554 (p.K550_E554del), which 
is a deletion of 15 bp in the end 5’ of KIT exon 11 that 
causes the loss of five amino acids (KPMYE). This muta-
tion affects the juxtamembrane domain of the tyrosine 
kinase receptor KIT and prevents the constitutive activa-
tion of the receptor (30). Another mutation, the deletion 
p.557_558del, was identified in 4 samples (19 %). The 
region between the codons 550 and 559 of exon 11 in the 
gene KIT is the most frequently altered section (17). We 
found mutations in this region in 89 % of the samples. This 
region has been reported in previous studies to be associat-
ed with the metastatic behavior of GISTs, a poor prognosis 
(17,23), and a significant reduction of relapse-free survival 
and represents between 18 %-46 % of all deleted amino 
acids in KIT exon 11 (24-28). Deletions in the intron10/
exon11 junction (codons 550 to 558) have been reported 
in several studies (16,29) and have been related to a more 

aggressive behavior of tumors (29). In our study, we have 
no clinical data to establish that relationship, but it would 
be a good parameter to measure in future studies (39).

In this study, we did not find mutations in KIT exons 9, 
13, and 17, which is consistent with other works (11,31) 
in which very low mutation rates in these exons have been 
reported (32,33). 

Most of the KIT mutations found in this study were 
heterozygous (67 %). Lasota et al. (34) showed a strong 
association between the presence of homozygous KIT exon 
11 mutations and malignant clinical outcomes. Tumors with 
these types of mutations generally had histologic features of 
sarcomas and developed intra-abdominal and liver metasta-
ses in the majority of cases (34). The detection of homozy-
gous KIT exon 11 mutations should be considered to be an 
additional adverse prognostic marker in GISTs (34).

In the present study, PDGFRA presented mutations in 
14 % of the samples (two D842V and one I843_D846del). 
These samples were exclusively of gastric origin (13 %), 
which is in agreement with previous reports (7,29). PDG-
FRA-mutant GISTs have a better prognosis than KIT-mu-
tant tumors. The mutation D842V has been reported to be 

Table II. Pathogenic mutations of KIT and PDGFRA genes in 21 samples of gastrointestinal stromal tumors

Gen Case Sex/Age Exon Anatomic site Mutationa Effectb Tumor size Heterozygous

K
IT

T2 F/65 11 Stomach c.1720_1773dup54 p.T574_F591dup 16.0 cm +

T4 F/67 11 Stomach c.1648_1662del15 p.K550_E554del 8.0 cm +

T6 M/62 11 Small bowel c.1669_1677delTGGAAGGTT p.K557_V559del -- +

T8 F/24 11 Duodenum c.1669_1674delTGGAAG p.W557_K558del 3.0 cm +

T9 M/60 11 Small bowel c.1713_1739dup27 p.P571_H580dup -- +

T10 M/73 11 Metastasis c.1669_1674delTGGAAG p.W557_K558del 4.0 cm +

T11 M/64 11 Stomach c.1669_1674delTGGAAG p.W557_K558del 20.0 cm +

T13 F/64 11 Stomach c.1735_1737delGAT p.D579H 17.0 cm +

T16 F/70 11 Intra-abdominal c.1669_1674delTGGAAG p.W557_K558del 22.0 cm +

T17 M/56 11 Small bowel c.1648_1662del15 p.K550_E554del -- -

T18 M/72 11 Stomach c.1648_1662del15 p.K550_E554del 10.0 cm -

T19 F/57 11 Stomach c.1735_1737delGAT p.D579H 4.3 cm +

T20 F/54 11 Stomach c.1669T > C p.W557R 21.0 cm +

T21 F/73 11 Stomach c.1669T > C p.W557R 13.5 cm +

T22 M/73 11 Stomach c.1648_1662del15 p.K550_E554del 4.5 cm -

T23 F/57 11 Duodenum c.1648_1662del15 p.K550_E554del 15.0 cm -

T24 M/59 11 Stomach c.1648_1662del15 p.K550_E554del 4.5 cm +

T25 M/54 11 Omentum c.1648_1662del15 p.K550_E554del 21.0 cm +

PD
G

FR
A T1 M/44 18 Stomach c.2525A > T p.D842V 16.0 cm +

T5 F/41 18 Stomach c.2525A > T p.D842V 12.5 cm +

T15 M/74 18 Stomach c.2526_2537del12 p.I843_D846del 16.8 cm +
aSee figure 1. bSee figure 2. +: Presence of heterozygous. -: Presence of homozygous.
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Fig. 1. Chromatograms of DNA sequences of KIT. The wild-type sequences are on the left side, and the mutated sequences are on the right. A. Sequence 
of case T2 with a duplication of 54 bp in 3’ end of exon 11. B. Deletion of 15 bp at 5´ end of exon 11. C. Deletion of 6 bp in exon 11, which involves 
codons 557-558. D. Missense mutation in codon 557 of exon 11, which allows a change of the tryptophan amino acid to arginine. 

resistant to treatment with imatinib (22,29) and has been 
described as the most common alteration in this exon, 
while the I843_D846del has been reported to respond to 
treatment with imatinib (35). 

In 2006, the U.S. Food and Drug Administration (36) 
approved a new RTK inhibitor, sunitinib (Sutent®), for 
the treatment of patients with GIST whose disease has 
progressed or who are unable to tolerate treatment with 

A

B

C

D
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CASE
550 551 552 553 554 555 556 557 558 559 560 561 562 563 564 565 566 567 568 569 570

K P M Y E V Q W K V V E E I N G N N Y V Y

T2 K P M Y E V Q W K V V E E I N G N N Y V Y

T4 K P M Y E V Q W K V V E E I N G N N Y V Y

T6 K P M Y E V Q W K V V E E I N G N N Y V Y

T8 K P M Y E V Q W K V V E E I N G N N Y V Y

T9 K P M Y E V Q W K V V E E I N G N N Y V Y

T10 K P M Y E V Q W K V V E E I N G N N Y V Y

T11 K P M Y E V Q W K V V E E I N G N N Y V Y

T13 K P M Y E V Q W K V V E E I N G N N Y V Y

T16 K P M Y E V Q W K V V E E I N G N N Y V Y

T17 K P M Y E V Q W K V V E E I N G N N Y V Y

T18 K P M Y E V Q W K V V E E I N G N N Y V Y

T19 K P M Y E V Q W K V V E E I N G N N Y V Y

T20 K P M Y E V Q W/R K V V E E I N G N N Y V Y

T21 K P M Y E V Q W/R K V V E E I N G N N Y V Y

T22 K P M Y E V Q W K V V E E I N G N N Y V Y

T23 K P M Y E V Q W K V V E E I N G N N Y V Y

T24 K P M Y E V Q W K V V E E I N G N N Y V Y

T25 K P M Y E V Q W K V V E E I N G N N Y V Y

DELETION DUPLICATION MISSENSE

Fig. 2. Amino-acid sequences in exon 11 of KIT in 18 GISTs. Deletions are indicated in green color, duplications are indicated in orange color, and missense 
mutations are indicated in brown color. 

imatinib (http://www.fda.gov/bbs/topics/news/2006/
NEW01302.html). This recent RTK inhibitor has opened 
new doors to other RTK-overexpressing tumors in view of 
the fact that positive therapy responses are obtained in the 
presence of the wild-type RTK or the previously described 
imatinib-resistant mutants (37,40). 

To date, this is the first report of the molecular charac-
terization of GIST for Peruvian samples. Our contribution 
will allow patients to have a molecular characterization of 
GIST that would be useful for a more efficient therapeutic 
approach in our country.

CASE
571 572 573 574 575 576 577 578 579 580 581 582 583 584 585 586 587 588 589 590 591 592

I D P T Q L P Y D H K W E F P R N R L S F G

T2 I D P T Q L P Y D H K W E F P R N R L S F G

T4 I D P T Q L P Y D H K W E F P R N R L S F G

T6 I D P T Q L P Y D H K W E F P R N R L S F G

T8 I D P T Q L P Y D H K W E F P R N R L S F G

T9 I D P T Q L P Y D H K W E F P R N R L S F G

T10 I D P T Q L P Y D H K W E F P R N R L S F G

T11 I D P T Q L P Y D H K W E F P R N R L S F G

T13 I D P T Q L P Y D H K W E F P R N R L S F G

T16 I D P T Q L P Y D H K W E F P R N R L S F G

T17 I D P T Q L P Y D H K W E F P R N R L S F G

T18 I D P T Q L P Y D H K W E F P R N R L S F G

T19 I D P T Q L P Y D H K W E F P R N R L S F G

T20 I D P T Q L P Y D H K W E F P R N R L S F G

T21 I D P T Q L P Y D H K W E F P R N R L S F G

T22 I D P T Q L P Y D H K W E F P R N R L S F G

T23 I D P T Q L P Y D H K W E F P R N R L S F G

T24 I D P T Q L P Y D H K W E F P R N R L S F G

T25 I D P T Q L P Y D H K W E F P R N R L S F G

DELETION DUPLICATION MISSENSE
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