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Germ-line mutations in the KIT receptor tyrosine kinase gene
have been described in families with a propensity to develop gas-
trointestinal stromal tumor (GIST). There is limited information
from large kindreds regarding median age at diagnosis, detailed
histopathology, clinical effects of imatinib therapy and chromo-
somal abnormalities of the KIT gene. We identified a large kindred
with GIST. Each family member was interviewed and appropriate
medical records and radiographic imaging were obtained.
Archival tumor tissue was obtained to confirm diagnosis, extract
genomic DNA and perform fluorescent in situ hybridization cyto-
genetics of the KIT gene. Fifteen of 79 individuals with GIST were
identified in this kindred. There were 8 males, the mean age at di-
agnosis was 53.9 (range 45–71) years. Histopathology revealed mi-
croscopic proliferation and nodularity in the myenteric plexus,
spindled morphology, diffuse Kit but variable CD34 staining and
low mitotic rates in the setting of metastatic disease. A deletion of
codon 579 in exon 11 of the KIT gene was identified in tumor and
normal tissue of this family. Mutation and cytogenetic analysis
revealed homozygous loss of the wild-type KIT sequence in tumor
from one individual. Four of 4 individuals treated with imatinib
are alive and without progression while 9 of 11 individuals not
treated with imatinib are deceased. This study describes a kindred
with a propensity to develop GIST in an autosomal dominant pat-
tern. Germ-line deletion of KIT codon 579 in GIST is associated
with clinical benefit from imatinib, limited utility of mitoses to
predict malignant potential, and a novel homozygous deletion of
this codon in one individual.
' 2007 Wiley-Liss, Inc.
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Gastrointestinal stromal tumors (GISTs) represent the most
common mesenchymal tumor of the gastrointestinal tract. The
clinical behavior of GIST varies widely from an indolent tumor to
a rapidly progressive and fatal disease. These tumors are thought
to arise from the Interstitial Cells of Cajal (ICC), cells that func-
tion in the intrinsic nervous system of the gastrointestinal tract1

and express the KIT receptor tyrosine kinase in 95% of cases.2

Although most of these tumors develop sporadically, small GIST
kindreds reported so far appear to likely occur in an autosomal domi-
nant manner with multiple lesions on initial diagnosis of disease.3

Most kindreds with familial GIST are stricken with a germ-line muta-
tion in the KIT gene on chromosome 4 but there has been a report of
a family with a PDGFRA gene mutation.3–13 In families with GIST,
the mutational site within KIT occurs most commonly in the juxta-
membrane domain encoded by exon 11 (Table I). Since most of these
kindreds are small and were described before the use of imatinib ther-
apy, there are gaps in the knowledge of this entity. For instance, the
median age at diagnosis has been described in one study to decrease

in successive generations possibly because of better diagnostic imag-
ing or evolving genetic stability.12 This observation has not been
reported in other studies and has not been confirmed in another large
kindred. Additionally, histopathologic evaluation of GISTs resected
from kindreds has not been evaluated in terms of the consensus crite-
ria for risk stratifications of GIST using mitotic rates and tumor
size.14 Moreover, the efficacy of imatinib therapy of multiple mem-
bers of large kindred remains largely unknown. There are no existing
reports of cytogenetic analyses of the KIT locus in GISTs from indi-
viduals of a GIST-prone kindred.

In our study, we sought to answer these questions by describing
our findings in a kindred with 15 members with GIST (Fig. 1). We
describe herein the clinical presentation, pattern of inheritance, histo-
pathologic appearance of the tumors, clinical or radiographic efficacy
of imatinib mesylate (IM; Gleevec, Novartis, Basel, Switzerland)
therapy and molecular observations. Additionally, we describe a
novel homozygous deletion of codon 579 in exon 11 of the KIT gene.

Methods

Patients

With informed consent under a protocol approved by the Insti-
tutional Review Board, 32 family members released their medical
records for review were interviewed in person or by telephone,
and had a physical examination for skin lesions when possible.
Medical records, paraffin-embedded tissue and radiographic stud-
ies were obtained for patients with a history of GIST or symptoms
consistent with a possible GIST. Each living family member was
sent an extensive detailed medical questionnaire. Actuarial analy-
sis was performed using SPSS software (SPSS, Chicago).

Histopathology

Tumor was available from 4 of 15 family members with GIST
(III–II, III–III, IV–III and IV–IV) and independently reviewed by
a sarcoma pathologist (AJFL). Each specimen was evaluated for
the presence of KIT, CD34, smooth muscle actin, desmin, pan-
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cytokeratin and S-100 protein using standard clinical immunohis-
tochemical techniques. The gross maximal tumor size and number
of mitoses per 10 high-powered field were recorded. Based on
these criteria the tumor was classified as low, intermediate or high
risk per consensus guidelines.14

Genomic sequence analysis of KIT and PDGFR-a
DNA was isolated from microdissected, paraffin-embedded tis-

sue or from peripheral blood mononuclear cells (PBMCs) by using
a QIAamp DNA minikit (Qiagen, Valencia, CA) according to the
manufacturer’s instructions. Nucleotide sequencing was analyzed
with a 3730 3 1 DNA analyzer from Applied Biosystems, Foster
City, CA. The genomic DNA sequence of exons 9, 11, 13, 15 and
17 was analyzed as previously described in all available GIST
specimens and PBMCs.15

Fluorescent in situ hybridization

Fluorescent in situ hybridization (FISH) analysis of representative
areas from 2 surgical specimens (individual III–II and IV–III) was
performed to define the allelic status of the KIT genes. BAC clone
RP11-586A2 (KIT gene, 4q12) was labeled with spectrum green
(SG; Vysis, Downers Groove, IL) and CEP4 was labeled with spec-
trum orange (SO; Vysis) to evaluate chromosome 4 integrity and
copy number as previously described.16 The samples were stained
with DAPI II antifade (Vysis) to visualize nuclei and the probe mix-
tures evaluated under microscopy. The slides were visualized using a
camera-equipped Zeiss Axioscope with DAPI, SG and SO filters
(Vysis). The signals were counted in more than 40 nuclei per slide
under 6003 and 1,0003 magnification and a consistent cytogenetic
pattern was present in more than 90% of cells.17,18

Findings

Patients and histopathology

We report a kindred of 15 individuals with the diagnosis of
GIST (Fig. 1 and Table II). We did not find any evidence to sup-
port a sex-linked pattern of inheritance in this kindred since 8 of
the affected individuals were male while 7 were female. Addition-
ally, the 15 individuals with GIST had 32 combined siblings, sup-
porting an autosomal dominant pattern of inheritance. We noted
family members with melanocytic nevi and one with hyperpig-
mentation. The mean age at diagnosis was 53.9 years (range 37–
71 years) overall and was 54.5 years (range 37–71 years) in gener-
ation III, but 55 years (range 45–63 years) in the more recent gen-
eration IV. We found that the probability of diagnosis with GIST
was low (0.077) before the age of 40 but began increasing such
that the probability of having GIST by the age of 50 was 0.462
(Table III). Surprisingly, individuals III–II and III–VI were diag-
nosed when older than 70 years. The small intestine or the stom-
ach were the most common sites of primary tumor formation. Two
individuals were found to have pulmonary metastases, an uncom-
mon feature in sporadic GIST but one observed in animal models
of spontaneous GIST driven by somatic KIT mutations.19

Surgical resection (Fig. 2) and histopathology (Fig. 3) typically
revealed multifocal tumors arising from the hyperproliferative,
nodular myenteric plexus. Additional histopathologic findings
included spindled morphology in all cases, diffuse KIT staining,
variable CD34 staining and variable mitotic rates. Individual IV–
III was found to have no expression of CD-34 in any areas of the
tumor that were evaluated. Mitotic rates tended to be higher in
generation IV compared with III (30 vs. 2 mitoses per hpf)
and were highest in individual IV–IV (30 mitoses per 50 hpf) who
had multiple large liver metastases, but lower in individual IV–III

TABLE I – REPORTED GIST KINDREDS WITH MUTATION SITE AND ASSOCIATED CONDITIONS

Kit exon Mutation Family Associated conditions

8 del419D Hartmann et al., (Marshall et al.) Mastocytosis, achalasia
11 V559A Li et al., Maeyama et al., Nishida

et al., Beghini et al.
Hyperpigmentation, urticaria pigmentosa,
nevi, mastocytosis

11 W557R O’Brien et al., Hirota et al.,
Robson et al., Chen et al.

Hyperpigmentation, achalasia

11 Ins576QL577 Carballo et al. Hyperpigmentation
11 Del579 Kleinbaum et al., Tarn et al. Hyperpigmentation, second cancers?
13 K642E Isozaki et al. None
17 D820Y Hirota et al., O’Riain et al. Achalasia

PDGFR-a(exon 18) D846Y Chompret et al. None
Wild-type or unknown NA Carney et al., Carney et al. Paraganglioma-GIST, Carney’s Triad

(paraganglioma, pulmonary chondroma)

FIGURE 1 – Pedigree of GIST kindred. Female individuals are denoted with circles, males with squares and a diagonal line indicated a
deceased individual. GIST diagnosis was confirmed by histopathology (red), supported by family history and medical records (orange) or unaf-
fected (light blue).
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(5 mitoses per 50 hpf) who also had conspicuous metastatic dis-
ease.

Mutation analysis

We performed direct sequencing of KIT genomic DNA (exons
9, 11, 13, 15 and 17) on tumor, uninvolved paraffin-embedded tis-
sue specimens from the 4 affected members. The germ-line dele-
tion in this kindred was found in exon 11 resulting in an in-frame
deletion of 3 base pairs at position 1756–1758 (GAT) with loss of

codon 579 in the cytoplasmic juxtamembrane region of KIT. This
deletion was observed in an adjacent normal tissue in individuals
III–II, III–III and IV–IV (Fig. 4a, middle panel represents periph-
eral blood from IV–IV). This same mutation was observed in tu-
mor tissue from individuals III–II, III–III and IV–IV. Other than
the deletion in codon 579, no other mutations were observed in
KIT exon 9, 11, 13, 15 or 17, or in the PDGFR-a exon 12 or 18 of
these 3 individuals. Interestingly, the tumor from one individual

FIGURE 2 – Gross pathology after surgical resection of synchronous
primary GISTs from patient IV–III. (a) Multiple GISTs of the small
bowel with arrows illustrating multiple tumor nodules. (b) Magnified
view of small bowel with arrows illustrating cross-section of 2 tumor
nodules that appear to be arising from the myenteric plexus.

TABLE III – ACTUARIAL ANALYSIS OF AGE OF DIAGNOSIS OF GIST IN A
KINDRED WITH GERM-LINE MUTATION IN EXON 11 OF THE KIT GENE

Age (years) Individuals
with GIST

Cumulative
number of
individuals
with GIST1

Cumulative
probability of
diagnosis
with GIST

Standard
error

20 0 0 0.000 0.000
30 1 1 0.077 0.074
40 5 6 0.462 0.138
50 2 8 0.615 0.135
60 3 11 0.846 0.100
70 2 13 1.000 0.000

1Two individuals did not have available age at diagnosis.

FIGURE 3 – Representative histopathologic findings of a GIST from
an individual from a GIST-prone kindred (IV–III). (a–c) H&E of a
GIST in the colon reveals spindle cells with abundant pink cytoplasm
(a) and diffuse membranous and cytoplasmic reactivity for KIT on
immunohistochemistry (b). Diffuse hypertrophy of enteric plexi was
noted with numerous small nodules ranging up to 3 mm (c). Interest-
ingly, the small intestinal nodules stained strongly for CD117 but not
CD34 in this case (data not shown).
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(IV–III) displayed loss of heterozygosity at codon 579 with no de-
tectable wild-type KIT gene (Fig. 4a, lower panel) while adjacent
normal tissue remained heterozygous with the same mutation as
that of normal and tumor from individuals III–II, III–III and IV–
IV. We next sought to determine whether the loss of heterozygos-
ity in the tumor was due to loss of chromosome 4 or loss of the
wild-type KIT gene.

Kit and PDGFRA FISH analysis

To determine the nature of the loss of heterozygosity of the mu-
tant KIT gene, we performed chromosome FISH analysis of tumor
from individuals III–II and IV–III. We found that both individuals
retained 2 copies of both the KIT (Figs. 4b and 4c, in green) and
PDGFR-a genes (data not shown) associated to 2 chromosome 4
centromeric signals (in red). In both patients small red signals
(indicated by yellow arrows) lower in intensity are present, repre-
senting a possible chromosomal rearrangement involving a small
portion of the chromosome 4 centromere. While in patient III–II
(Fig. 4b, upper panel) 2 distinct patterns of chromosome 4 were
observed, one consistent with the wild-type and one consistent
with an abnormal chromosome 4 with a possible rearrangement
involving a small portion of the centromere. However, patient IV–
III (Fig. 4c, lower panel C) was found to have only the abnormal
chromosomal pattern with 2 abnormal chromosome 4 centromeric
probes. According to these results, it is possible that homozygosity
of the KIT gene mutation (individuals III–II, III–III and IV–IV)
could derive from the loss of wild type chromosome 4, the loca-
tion of the wild-type KIT gene and subsequent duplication of the
abnormal, rearranged chromosome 4, including the KIT gene with
deletion of codon 579 (IV–III).

Imatinib therapy of individuals from a GIST-prone kindred

In the family detailed in our study, 9 of 11 patients not treated
with imatinib appear to have died directly and rapidly from meta-
static GIST. This is not surprising, because the natural history of
metastatic small intestine GIST portends a poor prognosis.20,21

Conversely, 4 patients who received imatinib therapy are all
progression- or recurrence-free for more than 4 years demonstrat-
ing a clinical benefit to imatinib therapy.

CT images were reviewed for the proband (IV–IV) and a sibling
(IV–III). Individual IV–III was found to have a 1.8-cm nodule in
the right upper lobe of the lung anteriorly (Fig. 5a). Four months
after the initiation of imatinib therapy, a repeat CT demonstrated
near complete resolution of the pulmonary nodule (Fig. 5b). In
addition to multiple intestinal tumors, individual IV–IV was found
to have a heterogeneous liver lesion on contrast-enhanced CT
(Fig. 5c). The patient was initiated on imatinib therapy and at 3-
year follow-up CT revealed a minimal change in tumor size but a
notable decrease in density within the lesion, which is a CT fea-
ture strongly associated with good response (Figs. 5c and 5d).22,23

This is the first report to describe in vivo radiographic evidence
efficacy of imatinib in patients from a GIST prone kindred.

Interpretation

The kindred in this study represents 15 cases of GIST of a total
of 79 family members. We describe the clinical presentation, pat-
tern of inheritance, histopathologic appearance of the tumors, clin-
ical or radiographic efficacy of IM therapy and make molecular
observations.

FIGURE 4 – Homozygous/hemizygous deletion at codon 579 (GAT) results in the loss of heterozygosity in a GIST from patient IV–III. (a)
Upper panel, wild-type KIT gene from normal control DNA; middle panel, peripheral blood mononuclear cells from patient IV–III showing
germ-line heterozygous deletion of 3 base pairs at codon 579 (GAT) with subsequent 3 base pair frame shift in exon 11; lower panel, tumor
from the same patient shows loss of heterozygosity with deletion of GAT at codon 579 in KIT exon 11. Representative FISH analysis
of individuals III–II and IV–III from this kindred. Upper panel (b), individual III–II displays 2 copies of the KIT gene having 2 different centro-
meric chromosome 4 pattern. Lower panel (c), individual IV–III displays 2 copies of the KIT gene associated to the same centromeric chromo-
some 4 pattern.
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The median age of diagnosis of all kindreds reported in the liter-
ature with GIST is 47 years of age,3–13 notably earlier in onset
than that of patients with the sporadic form of the disease where
the median age of diagnosis is 60 years.24,25 The age at diagnosis
of GIST in one affected kindred appears to occur earlier in succes-
sive generations as noted by Robson et al.12 The mean age of diag-
nosis in the 4th generation was 34 years of age when compared
with 62 years of age in the 2nd generation in that study. Earlier di-
agnosis in successive generations may be due to improvement in
diagnostic technology26 or genetic variations such as promoter
polymophisms.27 In our study, the median age overall was 53.9
(range 37–71 years), while the most recent generations were diag-
nosed at a mean age of 55 years (range 45–63 years) compared
with the prior generation who were discovered to have GIST at a
median age of 54.5 years (range 37–71 years). Thus, we found no
apparent trend toward earlier diagnosis of GIST in successive gen-
erations as described in the aforementioned study. Although it is
possible that earlier age of onset in successive generation is due to
the availability of better diagnostic tools, this seems unlikely since
CT scans and MRI technology are available to both kindreds.
Alternatively, it is possible that a unique genetic variant leads to
earlier age of onset in successive generations that is not present or
is not apparent in our kindred. Nonetheless, widespread knowl-
edge that the median age of onset is as early as 34 years of age
will hopefully lead to earlier diagnosis in GIST-prone kindreds.
Although many of the affected patients from the current kindred
underwent colonoscopy, this modality did not aid in the diagnosis
of a single case. On the other hand, EGD and CT imaging

appeared to be useful. Included in the evaluation, genetic screen-
ing for mutations in the KIT and PDGFRA genes should be dis-
cussed with these individuals.

The presence of associated conditions in family members is a
characteristic of familial GIST as opposed to the sporadic form.
Associated manifestations include esophageal dysmotility, hyper-
pigmentation, urticaria pigmentosa and nevi in kindreds with
germ-line mutations in the KIT gene. The presence of these mani-
festations is understandable in view of the role of KIT in the devel-
opment and regulation of the myenteric plexus and melanocytes28.
The site of mutation within the KIT gene may modify the specific
clinical manifestations that patients develop as well as the pene-
trance. In our study, we noted one family member to have hyper-
pigmentation since childhood that may be associated with the KIT
mutation and 2 others had a junctional melanocytic nevus
removed. However, no other family members affected by GIST
reported any other commonly associated manifestations including
cutaneous pigmentation, mastocytomas or esophageal dysmotility.
We describe low penetrance skin manifestations to be associated
with germ-line deletion of codon 579 but not associated with
esophageal dysmotility. Interestingly, 2 members of this kindred
were found to have pulmonary lesions. Although not biopsied, the
pulmonary lesions were likely GIST in view of the rapid and
nearly complete regression after initiation of imatinib therapy
(Fig. 4). On the other hand, this family does not meet the criteria
of Carney’s Triad so it is unlikely to be a pulmonary chondroma.29

However, we cannot exclude an inflammatory or infectious
etiololgy.

FIGURE 5 – Radiographic findings associated with imatinib therapy of patients from a family with a high propensity of GISTs. (a, b) Pre- and
posttreatment CT scans of chest in patients IV–III. A postoperative contrast-enhanced CT image (a) obtained before initiation of imatinib ther-
apy demonstrated one of the pulmonary nodules that subsequently resolved after initiation of imatinib therapy (b). (c, d) Pre- and posttreatment
CT scans of abdomen in patients IV–IV. A contrast-enhanced CT image (c) obtained before initiation of imatinib therapy demonstrated an
enhancing hepatic metastasis with subsequent response on a postimatinib CT image (d).
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In contrast to sporadic gastrointestinal tumors that present with a
single primary tumor, surgical intervention performed on an individ-
ual with a hereditary GIST may reveal tens to hundreds of tumor
nodules.3,5,7,9–12,30–32 The mitotic rate of the tumors in most of these
families (those who were documented) appear to be low suggesting
that these tumors appear indolent compared with sporadic
GIST.3,9,10,12,13,30,33 Interestingly, 2 patients in our study presented
with metastases at diagnosis despite displaying variable mitotic rates
(1 with 5 mitoses per 50 hpf and 1 with 30 mitoses per 50 hpf. As
with the sporadic counterpart, the clinical behavior of GIST arising
in the kindred can be aggressive even with low mitotic rates.34 Addi-
tionally, patients from a GIST kindred are not only at risk for metas-
tases but also at very high risk for multiple primary tumors. It is our
opinion that patients with familial GIST should be categorized as
high risk for metastasis irrespective of the size or mitotic rate of the
primary tumor. Moreover, our results directly question the applicabil-
ity of the criteria commonly used to stratify risk of metastasis35 in the
setting of GIST arising in a member of an affected kindred. Further-
more, our observations suggest a need for heightened surveillance in
individuals from GIST-prone kindreds.

In GIST kindreds, tumor nodules are often contiguous with
areas of hyperplastic ICCs on histopathologic analy-
sis3,4,9,10,12,30,31,36 suggesting that these tumors arise within the
hyperplastic ICC. In our study, the tumor nodules appeared to
arise from a background of a hyperplastic Auerbach’s plexus in
the small bowel (Figs. 2 and 3) consistent with the findings seen in
the other reported GIST kindreds. Histologically, it was not possi-
ble to draw a clear distinction between hyperplastic myenteric
plexi and an early GIST. The presence of a germ-line KIT muta-
tion suggests that additional genetic aberrations beyond the semi-
nal KIT mutation are required for the transition from hyperplastic
enteric plexi to that of a GIST. In our study, the loss of hetero-
zygosity at codon 579 in the tumor cells may have contributed to
the genetic events that lead to the development of GIST within the
hyperplastic enteric plexus in individual IV–IV. As previously
noted, O’Riain described LOH as the potential transforming event
resulting in tumorigenesis and a more aggressive phenotype.13

Additionally, in our experience of KIT mutation analysis of over
300 GISTs we have observed loss of heterozygosity as a rare
occurrence in sporadic GISTs (data not shown). This finding sug-
gests that this loss of heterozygosity may provide a proliferative
or survival advantage compared with areas within the myenteric
plexus that have retained a wild-type KIT gene. Thus, KIT onco-
gene ‘‘dose’’ may correlate with tumorigenicity but clearly does
not appear to result in IM resistance (Figs. 5a and 5b) since our
patient with LOH remained sensitive to IM. If LOH represents the
transforming event it is interesting to speculate whether IM may

be able to reverse the hyperproliferation of the myenteric plexus
and actively prevent the accumulation of additional genetic events
and subsequent tumor formation.

Site of primary GIST and KIT mutation site have been described
as important prognostic factors in GIST. Interestingly, GIST kindreds
reported to date have been described to have primary GISTs arise
from the small intestine3,9,10,12,13,31,32,37,38 or the small intestine and
the stomach12,13,30,36,39 but not the stomach alone. On the other hand,
studies have demonstrated that nearly two-thirds of all sporadic
GISTs arise in the stomach. Tumor-associated mortality was signifi-
cantly higher in the patients with their primary GIST arising in the
small intestine when compared with the stomach (35 vs. 18%).21,40,41

In a large study of over 100 sporadic GISTs, the most sensitive muta-
tion to IM therapy was exon 11 (83.5% response rate) followed by
exon 9 (47.8% response rate) and that patients with exon 11 muta-
tions had longer overall survival on imatinib therapy.42 However, it
remains unclear as to whether the site of mutation in the KIT gene or
the site of the primary GIST is the most important predictor of
response to IM therapy in the setting of germ-line KIT mutation.
While our proband has only received the therapy for 3 years, patients
III–II, III–III and IV–III have had complete or partial responses while
receiving medical therapy with IM for greater than 4 years. This is
somewhat surprising because all of the affected patients in our study
had multifocal or metastatic small intestine GIST as opposed to gas-
tric GIST. All 4 of the patients within this kindred with metastatic or
multifocal GISTs are alive and progression-free on IM. This observa-
tion along with the radiographic response of 2 patients to IM (Fig. 4)
confirm the IM-sensitivity of both the heterozygous and homozygous
mutant familial genotype, a unique observation.

In conclusion, we report a kindred with an autosomal domi-
nant pattern of GIST formation that appears to be due to a
germ-line 3 base-pair deletion at codon 579 in exon 11 of the
KIT gene. One tumor (in patient IV–III) was found to encode
loss of the wild type allele with the retention of the locus carry-
ing the germ-line KIT mutation. This mutation is associated
with an onset at a mean age of 53.9 years, low mitotic rate in
the setting of metastases, clinical benefit from imatinib therapy
and an individual with loss of the wild type KIT gene. However,
many questions remain to be answered in the study of GIST-
prone kindreds. These questions vary from the natural history
of the disease when compared with sporadic GIST to when the
appropriate time to screen patients in kindreds with GIST. The
discovery and reporting of more families with hereditary GIST
will allow an estimate of its incidence and prevalence. More-
over, the continued advancement in the understanding of the
pathophysiology of GIST in familial syndromes will direct the
management of this subset of patients.
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