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Abstract. This is the first study from Central America to 
analyze genetic mutations and histopathological features asso-
ciated with gastrointestinal stromal tumors (GIST). Mutations 
found in the tyrosine kinase membrane receptors c-kit and 
pdgfra are associated with clinical and pathological characte-
ristics of GIST. New drugs that inhibit the expression of 
these oncogenes at the molecular level substantially improve 
the quality of life for patients with this tumor. It is therefore 
essential for patient care in Panama that genetic analysis 
of GIST tumors continues to develop from the pilot study 
presented herein into routine clinical use. This study evaluated 
39 cases of GIST in Panama, using samples archived at the 
Instituto Oncológico Nacional from 1994 to 2004. DNA from 
paraffin‑embedded tumor tissues was isolated and amplified  
for the exons of c-kit and pdgfra associated with a high 
frequency of mutations. Direct PCR sequencing of specific 
exons was performed, and those with different alleles were 
cloned and re-sequenced. Amino acid sequences were inferred 
from DNA and aligned to Genbank reference sequences to 
determine the position and type of mutation. The highest 
frequency of mutations was found in exon 11 of the c-kit gene 
(70%). Mutations found in this exon were heterogeneous, while 
only one type of mutation (p.A502_Y503dup) was observed in 
c-kit exon 9. Mutations in the pdgfra gene constituted several 
substitutions, with the deletion p.D842V being observed most 
frequently. The observed GIST-associated mutations were 
previously described. Four patients with mutations associated 

with familial GIST were also found. The majority (66%) of 
patients with mutations in exon 11 (residues 550-591) were 
considered to be at high risk and 75% of patients with mutations  
specifically within residues 556-560 (exon 11) were considered  
to have high-risk GIST. This is the first molecular study of 
GIST in Central America. It was performed to gain a better 
understanding of the cancer-associated mutations of KIT 
and platelet‑derived growth factor receptor  α (PDGFRA) 
receptors. This may aid in the prediction of clinical evolution 
and guide the use of specific drug treatments in patients with 
GIST in Panama.

Introduction

The incidence of gastrointestinal stromal tumors (GIST) is 
estimated to be approximately 10-20 per million individuals 
per year worldwide with a malignancy rate of 20-30% (1-3). 
Although the biology of GIST is now well understood (4), the 
precise incidence of GIST is unknown due to the incomplete 
definition and classification of the tumor (5). GIST, masto-
cytosis syndromes and certain types of leukemia are 
associated with the presence of mutations in c-kit and pdgfra 
genes  (6-9). These genes encode the KIT protein [stem cell 
factor (SCF) receptor] and platelet‑derived growth factor 
receptor  α (PDGFRA), which are membrane receptors with 
tyrosine kinase activity; both proteins are involved in essen-
tial cellular signaling pathways that promote cell growth and 
proliferation (10-12).

Previous studies showed that drugs including STI-571 
(Imatinib, Novartis, Basel, Switzerland) have an antitumor 
effect that prevents tyrosine kinase over-activation (13). Such 
drugs have an efficacy of 50-70% on tumor regression and 
85-90% on tumor arrest. Clinicopathological parameters, 
together with patient drug responses, are associated with 
the type (substitution, duplication, deletion or insertion) and 
position of observed mutations (9). Tumor cells responding to 
imatinib develop alternative resistance mechanisms (second 
mutations in other exons or over-activation of alternative tyro-
sine kinase receptors), which cause treatment failure when 
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using tyrosine kinase inhibitors (14). Resistance to imatinib, 
for example, is present in 14% of the patients after 6 months 
of treatment and in 50% of patients after 2 years of treatment 
(15,16).

Since the intrinsic processes of activation and autoinhibition  
in protein receptors may be modified by site-specific muta-
tions, the ability to detect these DNA changes may be 
translated into more effective treatments for GIST patients. 
This is the first study in Central America to evaluate gastro- 
intestinal stromal tumors at the molecular level, and is consis-
tent with new approaches to personalized treatment for cancer 
patients. Few Latin American studies exist that aim to evaluate 
the mutational status of the KIT/PDGFRA oncoproteins and 
the utility of identifying these mutations in predicting the 
clinical response of patients, or which aim to identify subsets 
of patients who may be sensitive or resistant to treatment.

In the present study, the histopathological features of 
paraffin-embedded tumor tissues and the mutations in c-kit 
and pdgfra genes from 39 cases from Panama archived 
between 1994 and 2004, were evaluated. The results of this 
study may facilitate the identification of a more effective treat-
ment for Panamanian patients based on molecular analysis.

Materials and methods

Patients. Representative tissue specimens from 39 patients 
with GIST were obtained from the Department of Pathology, 
Instituto Oncológico Nacional, Panama. The parameters of 
gender, age, tumor size and tumor location were recorded for 
each case. The 39 patients included 20 males and 19 females, 
ranging in age from 29 to 85 years. The samples were 
otherwise anonymous and without any identifying personal 
information. Surgical excision was the primary treatment in 
all of the cases and complete follow-up was recorded for 33 
of the 39 patients. The follow-up period commenced at the 
date of primary surgery and the end-point case summaries 
included any observed relapse (local recurrence and/or distant 
metastasis) of GIST. Patients were assessed clinically and 
radiographically, with CT imaging, after surgery. Risk stratifi-
cation for each patient was performed according to the method 
of Fletcher et al (17).

Immunohistochemistry. H&E-stained sections of each tumor 
were evaluated for cell shape. Tumor cells were classified 
as predominantly spindle, predominantly epithelioid or a 
combination of the two types. Mitotic count was measured 
per 50 high-power fields (HPF) at a magnification of x400. 
Immunohistochemical staining was performed using the 
following primary antibodies: KIT (CD117), CD34, α-smooth 
muscle actin (SMA), desmin and S100 protein.

Molecular studies. Total nucleic acid was extracted from 
formalin-fixed paraffin-embedded tissues using the standard 
phenol-chloroform method. Somatic mutations in exons 9, 11, 
13 and 17 of c-kit were evaluated using PCR-based assays as 
previously described (13,14). PCR products were electropho-
resed on 2% agarose gels. Bands of the appropriate, expected 
size were purified from the gel by standard agarose DNA 
purification methods. Direct cycle sequencing was performed 
on each clean PCR reaction. Patient samples with non-mutated 

c-kit were then evaluated for pdgfra gene mutations (exons 
18, 12, 14 and 10). Not all exons per patient were screened per 
sample due to the observation by other researchers that muta-
tions in these exons are mutually exclusive (18,19). Samples 
where chromatograms revealed heterozygosity were cloned 
using the pGEM-T Easy Vector System (Promega, Madison, 
WI, USA) to separate the various alleles present. Ten samples 
were selected for screening for mutant alleles, and plasmid 
DNA was sequenced using a M13 forward primer. Mutated 
amino acids within the sequences were determined based on a 
comparison to Genbank reference sequences using MacClade 
software (20).

Results

The molecular and clinicopathological parameters for each of 
the 39 GIST cases are shown in Table I. The primary tumor 
sites were the stomach (59%), small bowel (25%), colon/rectum 
(2%) and omentum/mesenterium (13%). The median tumor 
size was 11 cm (range 3-37). Of the primary tumors for which 
tumor size data were available (n=25), 15 tumors (60%) were 
found to be <10 cm in diameter and 10 tumors (40%) were 
≥10 cm. Based on visual observation of H&E-stained sections 
of tumor tissue, the primary cell type, present in 30  cases 
(77%), was spindle cells. Epithelioid cells were present in 
6 cases (15%) and 3 cases (8%) exhibited a combination of the 
two cell types. In addition, the mitotic rate was <5/50 HPF in 
15 cases (38%) and ≥5/50 HPF in 24 cases (62%).

As determined by immunohistochemistry, 36 cases were 
strongly positive for KIT (CD117) expression and only 3 had 
weak KIT staining. Tumors with weak staining for KIT were 
primary tumors from the stomach and predominantly of the 
epithelioid cell type. Tumor cells were positive for CD34 in 
78% of tumors, for SMA in 53% of tumors and for desmin in 
2% of the tumors tested. All tumors were negative for S100 
protein.

Risk stratification of primary GIST based on tumor size 
and mitotic index was considered to be low in 7 cases (18%), 
intermediate in 6 cases (15%) and high‑risk in 26 cases (67%). 
Complete follow-up was obtained for 33 of the 39 patients. The 
follow‑up period for the 18 patients without metastases ranged 
from 5 to 50 months (median 23). Of the 15 patients with metas-
tases, 8 were detected at the time of diagnosis, whereas 7 had 
metastases between 2 and 30 months after surgical treatment.

Of the 39 GIST cases examined by molecular studies, 
30 cases (77%) of c-kit mutations and 7 cases (18%) of pdgfra 
mutations were observed. Only 2 cases (5%) were wild-type 
for the studied c-kit and pdgfra exons (Table I). The majority 
of c-kit mutations were observed in exon 11 (27 cases, 69%) 
and in exon 9 (3 cases, 8%). No mutations were observed in 
exons 13 and 17. High heterogeneity in exon 11 was observed 
at the 5' region, translating to amino acids 550-560. Across 
exon 11, we observed 7 simple deletions, 8 simple substitu-
tions, 1 duplication and 11 substitutions, followed or preceded 
by a deletion (Fig. 1A).

Deletions ranging from 1 to 15 codons were observed at 
the 3' region of exon 11. However, the most common simple 
amino acid deletion in exon 11 (n=4) was tryptophan and 
lysine at codons 557 and 558 (p.W557_558Kdel) (patients 13 
to 16). Tumors with this type of mutation were all spindle 
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Table I. Clinical and pathological characteristics of patients according to observed c-kit and pdgfra mutations.

Case	 Mutation	 Age	 Gender	 Tumor	 Tumor	 Histology	 Mitosis/no. 	 Follow-up	 Metastasis: present	 Risk
no.	 observed			   size	 site	 (cell shape)	 50 HPF	 (months)	 (Yes/No)/time	 group
				    (cm)					     (months)/site

Patients with wild-type gene
  1	 None	 72	 F	 17	 Stomach	 Spindle	   10	 33	 No	 High
  2	 None	 47	 F	 20	 Small	 Spindle	     3	 10	 No	 High
					     bowel

Patients with mutations in c-kit: exon 11
  3	 p.W557R	 82	 F	 21	 Omentum	 Spindle	   19	 	  Yes/ATD/	 High
									         peritoneum
  4	 p.W557R	 85	 M	 N/A	 Stomach	 Spindle	   37	 Lost		  High
  5	 p.V559D	 80	 F	   3	 Stomach	 Spindle	     2	 50	 No	 Low
  6	 p.V559D	 65	 M	   5	 Stomach	 Spindle	     0	   5	 Yes/5/liver	 Low
  7	 p.V559A	 38	 F	   5	 Small	 Spindle	     1	 23	 No	 Low
					     bowel
  8	 p.V560D	 51	 M	 27	 Omentum	 Mixed	   80		  Yes/ATD/liver	 High
									         and peritoneum
  9	 p.L576P	 77	 M	 14	 Stomach	 Spindle	     2	   2	 Yes/2/peritoneum	 High
10	 p.L576P	 77	 F	   4	 Small	 Spindle	     5	 15	 No	 Low
					     bowel
11	 p.V560del	 63	 M	 13	 Stomach	 Spindle	     5	 16	 No	 High
12	 p.V560del	 69	 M	  5.5	 Jejunum	 Spindle	     0	   2	 Yes/1/liver	 Int
13	 p.Q556_K558del	 68	 M	 17	 Stomach	 Spindle	     2	 Lost		  High
14	 p.W557_K558del	 56	 M	 10	 Retro-	 Spindle	     6		  Yes/ATD/liver	 High
					     peritoneum
15	 p.W557_K558del 	 56	 F	 N/A	 Omentum	 Spindle	   30	 30	 Yes/30/peritoneum	 High
16	 p.W557_K558del 	 54	 M	   8	 Stomach	 Spindle	   35	   7	 Yes/7/peritoneum	 High
17	 p.[W557_K558del 	 50	 M	 37	 Stomach	 Spindle	   56	 34	 No	 High
	 (+) F591S]
18	 p.[W557_K558del 	 57	 M	 12	 Rectum	 Spindle	   20		  Yes/ATD/liver	 High
	 (+) L576P]
19	 p.[P551_V555del 	 51	 F	 30	 Omentum	 Spindle	 143		  Yes/ATD/	 High
	 (+) E562K]								        peritoneum
20	 p.[E554D (+) Q556_	 45	 M	 17	 Small	 Spindle	     4	 29	 No	 High
	 V560del (+) P573L				    bowel
	 (+) R588K]
21	 p.[Q556_I563del; 	 57	 F	 13	 Stomach	 Epithelioid	     5		  Yes/ATD/liver	 High
	 N564H]								        and peritoneum
22	 p.[V555I (+) W557_	 79	 M	 14	 Stomach	 Spindle	   61	 15	 Yes/15/liver	 High
	 K558del; V559F]								        and peritoneum
23	 p.[W557C; K558_	 61	 F	 14	 Stomach	 Spindle	   31	 28	 Yes/28/liver	 High
	 V560del]
24	 p.[Y568_T574del; 	 71	 M	   9	 Small 	 Spindle	     2	 28	 No	 Int
	 Q575E]				    bowel
25	 p.[W557X (+) 	 52	 F	 11	 Stomach	 Spindle	   12	 Lost		  High
	 I563_P577del]
26	 p.[W557X (+) 	 58	 M	 23	 Small	 Spindle	   17		  Yes/ATD/	 High
	 V560del]				    bowel				    peritoneum
27	 p.D579del	 65	 F	 3-5	 Stomach	 Spindle	     1	   7	 No	 Low
28	 p.[D572N (+) D579del]	 73	 M	   4	 Stomach	 Spindle	     0	 23	 No	 Low
29	 p.Q575E_Y578dup	 29	 F	   9	 Stomach	 Spindle	     5	   5	 No	 Int

Patients with mutations in c-kit: exon 9
30	 p.A502_Y503dup	 40	 F	   8	 Small 	 Spindle	     0	 23	 No	 Int
					     bowel
31	 p.A502_Y503dup	 67	 F	 28	 Small	 Epithelioid	 140		  Yes/ATD/	 High
					     bowel				    peritoneum
32	 p.[A502_Y503dup 	 62	 M	   6	 Small	 Spindle	     6	 14	 No	 High
	 (+) K542R]				    bowel

Patients with mutations in pdgfra: exon 18
33	 p.G829E	 77	 M	 13	 Stomach	 Mixed	   11	 Lost	 	  High
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cell‑type and classified as high risk. Patients 17, 18, 20, 21 
and 22 also demonstrated deletions over the 557-558 region, 
but in conjunction with other deletions or substitutions. These 
patients were all considered to have high-risk GIST and, with 
the exception of patient 21, had spindle cell tumors.

Mutations resulting in amino acid substitutions were 
observed throughout the entire exon, but patients with 
single amino acid substitutions encoded by the c-kit exon 11 
exclusively involved codons 557, 559, 560 or 576. These 
substitutions were p.W557R (n=2), p.V559D (n=2), p.V559A 

(n=1), p.V560D and p.L576P (n=2), respectively. Patient 
29 demonstrated a substitution followed by duplication 
(p.Q575E_Y578dup) in exon 11.

Exon 9 mutations were identified in 3 cases, all of which 
consisted of tandem duplication of six nucleotides encoding 
alanine and tyrosine at codons 502-503. All of these cases 
were primary tumors from the small bowel.

Mutations of pdgfra were observed in only 7 of the 39 
tumors, all in exon 18. Three cases demonstrated a substitu-
tion of valine for aspartic acid at codon 842 (p.D842V). The 

Table I. Continued.

Case	 Mutation	 Age	 Gender	 Tumor	 Tumor	 Histology	 Mitosis/no. 	 Follow-up	 Metastasis: present	 Risk
no.	 observed			   size	 site	 (cell shape)	 50 HPF	 (months)	 (Yes/No)/time	 group
				    (cm)					     (months)/site

34	 p.[L825P (+) D842V]	 N/A	 M	   8	 Stomach	 Mixed	    11	 Lost		  High
35	 p.[D842V (+) I843V] 	 33	 M	 19	 Stomach	 Epithelioid	     2	 22	 No	 High
36	 p.[D842V (+) S851P]	 74	 F	   7	 Stomach	 Epithelioid	     6	 24	 No	 High
37	 p.I834V	 82	 F	   7	 Stomach	 Epithelioid	     5	 40	 No	 Int 
38	 p.[H845P (+) 	 58	 F	 10	 Stomach	 Epithelioid	     0	 Lost		  Int 
	 D846_N850del]
39	 p.I843_D846del	 64	 F	   4	 Stomach	 Spindle	     4	 32	 No	 Low

N/A, data not available; ATD, at time of diagnosis; Int, intermediate risk.

Figure 1. Inferred amino acid sequence showing the type and position of primary tumor mutations within exon 11 in (A) c-kit and exon 18 in (B) pdgfra 
compared to a consensus reference sequence (gi34099 and gi60391308, respectively, top sequence). Letters in the amino acid sequence for each clone indicate 
substitutions; insertions are shown by the addition of the appropriate amino acids in the insertion site; boxed asterisks indicate stop codons; gray boxes show 
amino acid deletions.

  A

  B
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3 cases were primary tumors from the stomach, 2 epithe-
lioid cell type and 1 was mixed cell‑type. The remaining 4 
tumors had deletions or combined deletions and substitu-
tions involving codons 829-851. Notably, weak staining was 
observed for KIT. At the nucleotide level, 9 of 11 patient 
samples sequenced for the pdgfra gene had single nucleotide 
deletions in intron 17, at 42 bp from the beginning of exon 18. 

Discussion

This study is the first in Central America to analyze genetic 
mutations and histopathological characteristics associated 
with GISTs. A total of 39 archival cases of GIST in Panama 
were screened for mutations in the c-kit and pdgfra genes. 
GIST‑associated mutations in c-kit exons 9 and 11 and pdgfra 
exon 18 that have frequently been commonly observed in other 
studies were also identified in this study. This finding indicates 
that routine genetic screening of GIST tumors using standard 
protocols may be useful in optimizing tyrosine kinase inhibi-
tors and other therapies for cancer patients in Panama. The 
results obtained for c-kit and pdgfra in GIST also validate our 
laboratory's developing program of personalized mutational 
analysis using epidermal growth factor receptor (egfr) and 
v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog (kras) 
for lung and colon cancers, respectively.

GIST predominantly occurs in patients of middle or older 
age. Over 90% of GISTs occur in adults over 40 years of age, 
with a median age at diagnosis of 63 years (21). However, 
GIST cases have been reported in all ages, including 
children  (1). The incidence rate is not affected by gender, 
although one study reported a slight predominance of GIST 
in males (22). In the present study, the age range was between 
29 and 85 years, with a mean of 62 years (in 36 of 39 cases). 
There was no predominance of males (n=20) over females 
(n=19). No association was found between the incidence rate 
of GIST and geographic location, ethnicity, race or occupa-
tion. However, Tran et  al observed a higher incidence rate 
among males and in individuals of African descent (5).

The most common location of GIST is the stomach 
(50-60%) and small intestine (30-40%), while 5-10% of 
GISTs arise in the colon and rectum and 5% are located in the 
esophagus (23). A large study of 1,765 GIST cases by Miettinen 
et  al revealed that the most common location of GIST is the 
stomach, followed by the colorectum and small intestine (22). 
In the present study of 39 cases, the primary tumor location was 
found to be the stomach (59%), followed by the small bowel 
(25%), colon/rectum (2%) and omentum/mesenterium (13%). 
Another study of 1,458 cases found that 51% were located in 
the stomach, 36% in the small intestine, 7% in the colon, 5% 
in the rectum and 1% in the esophagus (5). Other less common 
locations are those outside of the GI tract, which include the 
mesentery, retroperitoneum and omentum. There are also rare 
cases reported in the gallbladder, pancreas, liver and urinary 
bladder (23). 

Tumor size and mitotic activity are among the most 
powerful prognostic factors. Miettinen et al demonstrated 
that tumor size was the only independent prognostic factor 
in multivariate analysis for disease-specific survival (22). 
Additionally, Wong et al demonstrated that mitotic rate was 
also an independent factor in multivariate analysis (24). In a 

study analyzing 1,765 cases of GIST, the tumor size varied 
from 0.5 to 44 cm, with a median of 6.0 cm (22). In the present 
study, the tumor size ranged from 3 to 37 cm, with the median 
tumor size nearly double (11 cm) the median size reported by 
Miettinen et al (22). The mitotic rate observed from tissue 
sections was <5/50 HPF in 15 cases (38%) and ≥5/50 HPF in 
24 cases (62%). According to the consensus report of GIST by 
Fletcher et al, the malignant potential of GIST depends on the 
tumor size and mitotic count (17).

In the present study, the malignant risk according to 
mitotic count and tumor size was low in 7 cases, intermediate 
in 6 cases and high risk in 26 cases. Other microscopic find-
ings were compatible with previous studies (21,22,25,26). In 
general, it was observed that the spindle cell type predomi-
nated over the epithelioid cell type (77% vs. 15% of the cases, 
respectively). A combination of the two cell types was found 
in 8% of the cases.

The immunohistochemistry data revealed that 36 (92%) 
tumors were strongly positive for KIT (CD117) expression and 
only 3 (8%) cases had weak KIT staining. Large case studies 
have shown that in more than 90% of GIST cases KIT and/
or CD34 is expressed. However, there are KIT-negative cases 
of GIST, and in those cases a genetic analysis is a prerequi-
site (21,25). Epithelioid GISTs biologically differ from spindle 
cell tumors by having PDGFRA more frequently than KIT 
mutations (22).

Results of the present study showed that more GIST 
tumors harbor mutations in the c-kit gene (77%) than in the 
pdgfra gene (18%), as previously reported by other investi-
gators (27,28). Most c-kit mutations in GIST were found in 
exon 11; the majority of these mutations involved the proximal 
section of the juxtamembrane domain (69%) and were diverse 
in mutation type. Single substitutions in c-kit exon 11 exclu-
sively involved the codons 557, 559, 560 or 576. The most 
common substitutions were p.W557R (n=2), p.V559D (n=2) 
and p.L576P (n=2).

The majority (66%) of patients with mutations in exon 11 
(residues 550-591) were considered to be at high risk and 
75% of patients with mutations specifically within residues 
556-560 (exon 11) were considered to have high-risk GIST. 
The effect of the mutations in this region is possibly to disrupt 
the hydrophobic (W557, V559 and V560) or electrostatic 
(Q556) interactions that enable the autoinhibited conforma-
tion of KIT (29).

The most common simple deletions in exon 11 were 
observed at codons 557 and 558 (p.W557_K558del) in patients 
classified as high risk and exhibiting spindle cell‑type tumors. 
All 3  patients with this simple mutation had metastases in 
the peritoneum or liver. Eleven other patients showed other 
types of deletions or substitutions involving residues 557 
and 558. Data were only available for 8 of the patients, but 
6 patients from this group also had metastases in the perito-
neum or liver (patients 3, 18, 21, 22, 23 and 26). It has been 
suggested that loss of W557 and K558 may be associated 
with poor clinical outcome (30). Studies at the protein level 
have revealed that mutations of these amino acids maintain 
the KIT receptors constitutively activated, since this specific 
region corresponds to the domain that regulates dimerization, 
activation and signal transduction (29,31-33). Patient 24 with 
mutation p.[Y568_T574del; Q575E] had residues Y568 and 
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Y570 deleted, which are the primary sites of phosphorylation 
in KIT that initiate protein enzymatic activation as demon-
strated in in vitro studies (29). Notably, Y568 and Y570 recruit 
intracellular proteins src, APS, Sch and CHK, which are asso-
ciated with the cellular proliferation processes (34-38).

In this study, four patients were identified with mutations 
p.W557R, p.V559A and p.D579del that were associated with 
familial GIST (patients 3, 4, 7 and 27) (33,39-41). Notably, 
in this group, only one mutation, p.D579del, was outside the 
region that is crucial for protein regulation and activation. 
Neither this patient nor the patient harboring the conservative 
p.V559A mutation had high-risk tumors. Mutations p.D579del 
and p.V559A affect the activity of the intracellular kinase 
domain (33).

Mutations in exon 9, encoding the end of the extracellular 
domain of c-kit, are the second most commonly involved. 
These mutations were associated with small bowel GISTs 
(3/3 cases). All exon 9 mutations represent insertion/duplica-
tion of A502 and Y503, previously associated with GIST 
(30,42,43). KIT proteins with these mutations exhibit a consti-
tutively activated autophosphorylation in the absence of SCF 
ligand stimuli (27).

pdgfra mutations were observed in stomach GIST 
(7/7  cases) with epithelioid morphology in 4 of 7 cases and 
mixed morphology in 2 of 7 cases. All cases presented 
mutations in exon 18 (Fig. 1B). Using protein expression 
experiments, Heinrich et al (18) determined that when 
PDGFRA harbors mutations p.D842V, p.D842_845H and 
p.[H845_848N (+) N848P], it activates phosphorylation 
cascades independently of the presence of the ligand. These 
authors also found that the pdgfra mutation p.D842V is analo-
gous in protein function to the mutation p.D816V in c-kit. The 
mutation p.D816V in KIT was also previously identified in 
mastocytosis tumors (44), in patients with mononuclear cells 
that have hematopoietic mastocytosis disorders (7) and in 
germ line cells (45).

In conclusion, this investigation identified new mutations 
in the c-kit and pdgfra genes, which require future study, 
along with numerous mutations of c-kit (exons 9 and 11) and 
pdgfra (exon 18) previously found to be associated with GIST. 
The sites and types of these mutations maintain receptors KIT 
and PDGFRA constitutively activated in GIST, as previously 
reported. Mutations in other exons of c-kit are responsible for 
the constitutive enzymatic activation of KIT in other diseases 
(44-49). Our results contribute to understanding the incidence 
of mutant forms of c-kit and pdgfra in patients with GIST, and 
have helped us lay the foundations for personalized cancer 
medicine in Panama.
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