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The inflammatory fibroid polyp is a rare benign lesion occurring throughout the digestive tract. It usually forms
a solitary mass, characterized by a proliferation of fibrovascular tissue infiltrated by a variable number of
inflammatory cells. The etiology of this lesion is unknown and conflicting histogenetic theories have been
proposed. Recently, mutations in platelet-derived growth factor receptor (PDGFRA) and PDGFRA expression
were reported in gastric inflammatory fibroid polyps. In this study, PDGFRA exons 12, 14, and 18 were screened
for activating mutations in 60 small intestinal inflammatory fibroid polyps. In addition, the PDGFRA expression
was evaluated immunohistochemically. Mutations in PDGFRA were identified in 33 of 60 (55%) cases, whereas
95% expressed PDGFRA. There were 26 deletions, three deletion–insertions, duplication, and single nucleotide
substitution in exon 12, and a single nucleotide substitution and deletion in exon 18. The majority (n¼ 23) of
exon 12 deletions were 1837_1851del leading to S566_E571delinsR. However, 1835_1852delinsCGC leading to
the same S566_E571delinsR, were found in two tumors. Three inflammatory fibroid polyps had 1836_1850del
leading to S566_E571delinsK. A complex deletion–insertion affecting a similar region (1837_1856delinsGATT-
GATGATC) and leading to S566_I573delinsRIDDL was identified once. In addition, duplication and single
nucleotide substitution were found 50 to the common inflammatory fibroid polyp mutational ‘hot spot’. These
mutations consist of 1808_1828dup leading to I557_E563dup, and 1821T4A resulting in 561V4D substitution.
A 2664A4T and 2663_2674del leading to 842D4V and D842_H845del, respectively, were identified in exon 18.
Similar gain-of-function PDGFRA mutations reported in gastrointestinal stromal tumors have been considered
to be a driving pathogenetic force. This study showed consistent expression and common mutational activation
of PDGFRA in small intestinal inflammatory fibroid polyps as in their gastric counterparts, and these lesions
should be considered PDGFRA-driven benign neoplasms. We also suggest that these polyps may develop from
earlier described PDGFRA-positive mesenchymal cells distributed along the villus membrane after oncogenic
PDGFRA activation.
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The inflammatory fibroid polyp is a solitary,
intraluminal polypoid lesion of the gastrointestinal
tract, characterized by a proliferation of highly
vascular fibrous tissue and infiltrated by a variable
number of inflammatory cells. Inflammatory fibroid
polyp was first reported by Vanek in 1949, as
‘submucosal granuloma with eosinophilic infiltra-
tion’.1 Subsequent reports introduced other names,
such as eosinophilic granuloma, gastric fibroma
with eosinophilic infiltration, granuloma with
eosinophils, ‘hemangiopericytoma’, inflammatory
fibroid tumor, and inflammatory pseudotumor.2
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However, only the term inflammatory fibroid polyp,
coined by Helwig and Ranier3, has gained wide
acceptance.

A variety of names used in the literature reflect
different hypotheses on the etiology and histogen-
esis of inflammatory fibroid polyps. Exuberant host
response to an unknown local injury, infection, and
allergic reaction have been considered as possible
etiological factor.4 However, the hamartomatous or
neoplastic nature of the inflammatory fibroid polyp
was suggested in the context of familial occurrence.5

Descriptive names such as ‘self-limiting prolifera-
tion of histiocytes’ were occasionally used without
evidence of the true nature of these polyps.6 Despite
many ultrastructural and immunohistochemical
studies suggesting dendritic, fibroblastic, fibrohis-
tiocytic, histiocytic, myofibroblastic, neural, and
vascular differentiation, an origin of spindle
cells comprising these polyps has remained
enigmatic.7–12

A recent study of 23 gastric inflammatory
fibroid polyps showed an expression of platelet-
derived growth factor receptor (PDGFRA) and
oncogenic PDGFRA mutations in a majority of
analyzed tumors, and suggested that the inflamma-
tory fibroid polyp is a neoplasm driven by activated
PDGFRA.13

The PDGFRA gene maps to chromosome 4q12 and
encodes a transmembrane glycoprotein of type III
receptor tyrosine kinase. This protein is highly
homologous to KIT, and both genes might have
evolved from the duplication of a common ancestral
gene. Normally PDGFRA kinase is activated by its
ligands, platelet-derived growth factors, but muta-
tions can lead to ligand-independent kinase activa-
tion.14–17 Gain-of-function PDGFRA mutations have
been reported in a subset of gastrointestinal stromal
tumors (GISTs) of the stomach, often characterized
by epithelioid cell morphology.18,19

In this study, the mutational status of PDGFRA
and PDGFRA protein expressions was evaluated in
60 well-characterized small intestinal inflammatory
fibroid polyps to gain an understanding of the
similarities and differences between gastric and
small intestinal examples of this entity.

Materials and methods

Formalin-fixed and paraffin-embedded inflamma-
tory fibroid polyps of the small intestine were
retrieved from the files of the Armed Forces Institute
of Pathology (AFIP), Washington, DC, USA. Demo-
graphic, clinical and follow-up data were obtained
according to the Institutional Review Board ap-
proval.

Immunohistochemical Studies

Expressions of KIT (CD117), CD34, smooth muscle
actin, and desmin were evaluated immunohisto-

chemically as reported earlier.20 The DOG-1 expres-
sion was tested using mouse monoclonal antibody
(Clone K9, Leica Microsystem Inc., Bannockburn,
IL, USA). The antibody dilution was 1:100. Immu-
nohistochemical studies on PDGFRA expression
were carried out with two antibodies, a rabbit
polyclonal antibody, SC338 (Santa Cruz, Biotech-
nology Inc., Santa Cruz, CA, USA), and a mono-
clonal mouse antibody, MAB322 (R&D Systems Inc.,
Minneapolis, MN, USA). The antibody dilutions
were 1:400 and 1:50, respectively. Immunohisto-
chemistry was carried out on a Ventana Benchmark
autostainer (Ventana Medical Systems Inc., Tucson,
AZ, USA) after heat-induced epitope retrieval.

Molecular Genetic Studies

Tumor DNA samples obtained from formalin-fixed
paraffin-embedded tissues were screened for muta-
tions in PDGFRA exons 12, 14, and 18 by PCR
amplification and direct sequencing of PCR pro-
ducts, as reported earlier.19,21 Nomenclature of the
mutations was based on the recommendations of the
Human Genome Variation Society (http://
www.hgvs.org). Mutations at the protein level were
deduced under the assumption that all changes
identified at the genomic level involved one allele.
The PDGFRA (ACO98587) sequence obtained from
the National Center for Biotechnology Information
(NCBI) at http://www.ncbi.nlm.nih.gov was used as
a reference.

The initial screening for PDGFRA mutations
showed 29 inflammatory fibroid polyps with PDGFR
exon 12, 14, and 18 wild-type sequences. In these
tumors, a substantial number of inflammatory and
other non-neoplastic cells were identified in stan-
dard H&E and in immunohistochemical evaluation
as well (Figure 1a and b). As the presence of DNA
template from normal cells can relatively decrease
the proportion of mutated allele in the tumor, we
used the following strategy to reduce the copy
number of PDGFRA exon 12 and exon 18 wild-type
sequences. Restriction maps of restriction endonu-
clease cleavage sites within PDGFRA exon 12 and
exon 18 PCR amplification products were generated.
Unique MspI, NsiI, and HinfI cleavage sites were
identified inside the codons 567, 845, and 846,
which were among the deleted codons in inflam-
matory fibroid polyps. Genomic DNA samples from
tumors initially identified as PDGFRA wild type
were digested with MspI (Fermentas International
Inc., Burlington, Ontario, Canada), NsiI (New Eng-
land Biolabs Inc., Ipswich, MA, USA), and HinfI
(Fermentas) enzymes to reduce the copy number of
PDGFRA exon 12 or exon 18 wild-type sequences.
Restriction enzyme-cleaved DNA was extracted and
evaluated again for PDGFRA exons 12 and 18
deletion/deletion–insertions by PCR amplification
and direct sequencing.
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Figure 1 Inflammatory fibroid polyps can contain large numbers of inflammatory cells, especially eosinophils (a). These elements are
highlighted as CD45 positive (b). (c–f) Histologically, inflammatory fibroid polyp is composed of polygonal to spindled cells in a highly
vascular background. Collagenous (d) or edematous (e) matrix with capillary vessels (f) variably infiltrated by eosinophilic granulocytes
and other inflammatory cells (c–f). Cytoplasmic expression of PDGFRA is common; immunohistochemistry with the polyclonal antibody,
SC338 (g), and the monoclonal antibody, MAB322 (h).
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Results

Clinicopathological Features

The patient age varied from 13 to 83 years, with a
median age of 54 years and a 1:1 male to female
ratio. Data on the involved small intestinal segment
were available in 32 cases. A total of 27 tumors
(84%) were located in the ileum, whereas five (16%)
were from the jejunum. The tumor size varied from 2
to 13 cm (median, 4.4 cm), and 76% of the tumors
measured 2–5 cm.

Histologically, the inflammatory fibroid polyps
consisted of an admixture of dendritic-shaped or
epithelioid to polygonal mesenchymal cells and
inflammatory cells, especially eosinophilic granulo-
cytes. Mitotic activity was scant and atypia was
absent. There was a well-developed capillary net-
work and a variably collagenous or myxoid extra-
cellular matrix. Surface ulceration and underlying
reactive myofibroblastic proliferation were common
features. Representative histological images are
shown in Figure 1c–f.

Complete or partial follow-up data were available
in 16 cases. Seven patients were alive, with either no
evidence of the disease (n¼ 5) or with tumor status
unknown (n¼ 2) after 135–345 months (average
follow-up: 223 months). Nine patients died of
unrelated or unknown causes after 36–205 months
(average follow-up: 142 months).

Immunohistochemistry

PDGFRA expression was evaluated using two anti-
bodies, SC338 and MAB322. A total of 54 (90%) of
the cases showed strong, diffuse (n¼ 51), or focal
(n¼ 3) PDGFRA positivity in both reactions. In three
cases, PDGFRA expression was seen with one of two
immunohistochemical stains. The remaining three
tumors were negative with both antibodies. Thus,
95% of the inflammatory fibroid polyps immuno-
histochemically expressed PDGFRA when combin-
ing results from both antibodies. CD34 was
expressed diffusely in 11 inflammatory fibroid
polyps and focally in three tumors in approximately
5, 20, and 35% of tumor cells. Two polyps showed
diffuse (100%) or focal (25%) smooth-muscle actin
expression. All analyzed cases were negative for
KIT, DOG-1, and desmin. Representative examples
of immunostains are shown in Figure 1g and h.

PDGFRA Mutations

Mutations in PDGFRA were identified in 33 of 60
(55%) analyzed inflammatory fibroid polyps. In four
of these cases, PDGFRA exon 12 mutations were
identified after the copy number of PDGFRA wild-
type sequences was reduced by cleavage of normal
allele with MspI restriction endonuclease.

There were 26 deletions, three deletion–inser-
tions, one duplication, and one nucleotide substitu-
tion in exon 12. In exon 18, a single nucleotide
substitution and deletion were identified. A major-
ity (n¼ 23) of exon 12 deletions were 1837_1851del
leading to S566_E571delinsR at the protein level.
However, 1835_1852delinsCGC leading to the same
S566_E571delinsR were found in two tumors. Three
polyps had 1836_1850del leading to S566_E571de-
linsK. In one case, a complex deletion–insertion
affecting a similar region (1837_1856delinsGATT-
GATGATC) and leading to S566_I573delinsRIDDL
was identified. Two exon 12 mutations, a duplica-
tion and a single nucleotide substitution, were
found 50 to the common mutational ‘hot spot’ in
inflammatory fibroid polyps. These mutations con-
sist of 1808_1828dup leading to I557_E563dup,
and 1821T4A resulting in 561V4D substitution.
Figure 2 shows a spectrum of PDGFRA exon 12
mutants. Exon 18 mutations included 2664A4T and
2663_2674del, leading to 842D4V substitution and
D842_H845del at the protein level, respectively.

Discussion

Inflammatory fibroid polyp is a rare benign lesion
occurring throughout the digestive tract.1 Etiology
and histogenesis of this lesion have remained
enigmatic since a first series was reported by Vanek
in 1949. However, a recent study of 23 gastric
inflammatory fibroid polyps identified PDGFRA
expression and PDGFRA-activating mutations, ear-
lier seen only in a subset of gastric GISTs. This
discovery has provided strong evidence of clonal
proliferation and suggests a neoplastic nature of the
inflammatory fibroid polyp.13

In this study, PDGFRA expression was detected
immunohistochemically in 95% of small intestinal
inflammatory fibroid polyps using two antibodies, a
rabbit polyclonal and a mouse monoclonal. A great
majority of inflammatory fibroid polyps showed
similar results with both antibodies. None of the
PDGFRA-negative tumors had PDGFRA mutations,
although all of them displayed typical histological
features. It is possible that in some cases, the level of
PDGFRA expression is undetectable, but it is also
possible that some small intestinal inflammatory
fibroid polyps are driven by molecular mechanisms
other than PDGFRA activation. Additional studies
are necessary to address these hypotheses.

Although PDGFRA expression was detected in a
great majority of small intestinal inflammatory
fibroid polyps, PDGFRA mutations were identified
only in 55% of the analyzed lesions. There are
several explanations for such a discrepancy. Other
mutational ‘hot spots’ or other molecular mechan-
isms leading to this cellular proliferation should be
considered. Recent studies have shown that a
detection rate of KIT and PDGFRA mutations tends
to decrease with the increasing age of paraffin
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blocks, most likely because of degradation of tumor
DNA in archival paraffin blocks.22 Furthermore, a
large normal cell component in inflammatory
fibroid polyps increases the copy number of
PDGFRA wild-type sequences and elevates wild-
type versus mutant sequences after PCR amplifica-
tion. In this study, the copy number of PDGFRA
wild-type exon 12 and exon 18 sequences was
reduced by cleavage of normal allele with a specific
restriction endonuclease. Such a reduction of
PDGFRA wild-type sequences allowed for more
effective PCR amplification of the mutated allele
and led to the detection of four more deletions. The
detection of a single nucleotide substitution could
not be improved by this strategy because there was
no change in restriction sites compared with those
in normal tissue. However, such mutants repre-
sented only a small fraction, 2 of 29 (3.57%), when
undigested tumor DNA samples were screened for
PDGFRA mutations.

PDGFRA expression and oncogenic PDGFRA
mutations are typically seen in gastric GISTs with
epithelioid morphology.22 Although PDGFRA muta-
tions detected in inflammatory fibroid polyps were
structurally similar to those identified in gastric
GISTs, inflammatory fibroid polyps should not be
confused with GISTs. The pathological features of
GIST and inflammatory fibroid polyps are substan-
tially different. Small intestinal GISTs are only
exceptionally detected as intraluminal polyps, and
GISTs in general lack a prominent inflammatory
infiltrate.23 They also express two highly specific
GIST markers, KIT and DOG-1.20,24 These markers
were absent in all inflammatory fibroid polyps in

this study, further contrasting GISTs and fibroid
polyps. Other studies have also shown similar
immunohistochemical and molecular markers in
different tumors. For example, KIT expression and
identical activating KIT mutations were found in
GISTs and in a subset of malignant melanomas.25

Thus, a diagnosis should not be taken out of the
histopathological and clinicopathological context
and based exclusively on immunohistochemical or
molecular markers.

Earlier experimental and clinical studies have
documented the oncogenic potential of PDGFRA
mutations in GISTs. Table 1 summarizes these
data.18,26,27 The frequency of PDGFRA exon 12 and
exon 18 mutants differed substantially between
small intestinal and gastric inflammatory fibroid
polyps. In small intestinal tumors, almost 94% of
mutations were located in PDGFRA exon 12 and
represented deletion/deletion–insertions. In con-
trast, a majority (62.5%) of gastric inflammatory
fibroid polyps were reported to have PDGFRA exon
18 mutations, with D842V substitution being the
most common;13 thus, the PDGFRAmutation pattern
reported in gastric inflammatory fibroid polyps
resembles the one seen in gastric GISTs.22 In
contrast, PDGFRA exon 12 deletion/deletion–inser-
tions, rarely identified in gastric inflammatory
fibroid polyps and GISTs, dominated in small
intestinal inflammatory fibroid polyps. The expla-
nation and significance of this molecular difference
have to be further evaluated. Two mutations, a
complex deletion–insertion leading to S566_I573de-
linsRIDDL and I557_E563dup, were identified in
this study for the first time. The latter involved the

No. of 
cases

S I S P D G H E Y I
564 565 566 567 568 569 570 571 572 573

Mutation Mutation T C A A T C A G C C C G G A T G G A C A T G A A T A T A T T
at the DNA level at the protein level

Arg
1837_1851del S566_E571delinsR 23 A G A

Lys
1836_1850del S566_E571delinsK 3 A A A

Arg
1835_1852delinsCGC S566_E571delinsR 2 C G C

1837_1856delinsGATTGATGATC S566_I573delinsRIDDL 1 A G G A T T G A T G A T C

E I R W R V I E S I
556 557 558 559 560 561 562 563 564 565

G A A A T T C G C T G G A G G G T C A T T G A A T C A A T C

1808_1828dup I557_E563dup 1 G A A A T T C G C T G G A G G G T C A T T G A A A T T C G C

1821T>A 561V>D 1 G A A A T T C G C T G G A G G G A C A T T G A A T C A A T C

Total: 31

Figure 2 Spectrum of PDGFRA exon 12 mutations identified in small intestinal inflammatory fibroid polyps. Empty and gray boxes
indicate deletion and insertion of genetic material, respectively. Single nucleotide substitution is marked by the black box. PDGFRAwild-
type sequence, codon numbers, and amino acids are shown above mutants.
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region earlier shown twice to be duplicated in
GISTs.28,29 Although the biological potential of these
two mutations has not been tested, they could also
represent gain-of-function PDGFRA mutations.

Structurally similar germline PDGFRA mutations
were found in the human familial GIST syndrome
and in a unique patient with GIST, multiple small
intestinal fibrous polyps and multiple lipomas.30–32

On the basis of illustrations, those polyps could be
in the spectrum of the inflammatory fibroid polyp,
although inflammatory cells were not prominent. In
addition, some of the recurrent small polyps
identified in patients with familial inflammatory
fibroid polyps lacked inflammatory changes.5

There are three reports on the familial occurrence
of inflammatory fibroid polyps. In these families,
multiple, recurrent lesions developed mostly in the
ileal location, with only a few gastric tumors being
identified. There was a predilection to female family
members.5,33,34 Subsequently, the name ‘Devon poly-
posis syndrome’ was introduced to describe such a
familial condition.6 The relationship between the
Devon polyposis syndrome and the mutational
activation of PDGFRA is unknown. In this study,
all inflammatory fibroid polyps were solitary lesions
and a majority of them were located in the ileum. No
data suggesting familial occurrence were available.
In contrast to the Devon polyposis syndrome, small
intestinal inflammatory fibroid polyps were diag-
nosed equally in male and female patients.

The tyrosine kinase inhibitor, imatinib mesylate,
also known as STI 571 or Gleevec/Glivec (Novartis)
has been used successfully to inhibit the prolifera-
tion of clinically advanced and metastatic GISTs.35,36

GIST PDGFRA exon 12 mutants respond to this
tyrosine kinase inhibitor treatment. However, tu-
mors with PDGFRA D842V substitution, which
corresponds to imatinib-resistant KIT D816V muta-
tion reported in human mastocytosis, are resistant to

imatinib.18,27 Although most cases of small intestinal
inflammatory fibroid polyps require surgery to
relieve the intestinal obstruction, tyrosine kinase
inhibitor treatment might be a consideration in
selected cases, such as poor surgical-risk patients.

Several theories on histogenesis of inflammatory
fibroid polyps have been coined on the basis of
ultrastructural and immunohistochemical studies.
However, the consistent PDGFRA expression seen in
gastric and small intestinal inflammatory fibroid
polyps points to the fact that these tumors might
develop from a subset of PDGFRA-positive me-
senchymal cells.

Clusters of PDGFRA-positive mesenchymal cells
distributed along the villus basement membrane,
referred to as ‘villus clusters’, have been identified
in mouse embryos. These cells are crucial for villus
formation. Moreover, it is known that some
PDGFRA-positive cells remain at the same locations
in adult intestine; however, it is not clear whether
they represent the quiescent mesenchymal stem
cells or progenitor cells, or simply exert a differ-
entiated function.37

PDGFRA-positive mesenchymal cells distributed
along the villus basement membrane are PDGFA/
PDGFRA-dependent, and lack of PDGFA or
PDGFRA resulted in a progressive depletion of these
cells in PDGFA- and PDGFRA-deficient mice.37

Thus, it seems plausible that PDGFRA-activating
mutations can lead to an uncontrolled proliferation
of such cells. A hypothesis that PDGFRA-positive
mesenchymal cells could be the possible ancestral
cells for inflammatory fibroid polyps could mirror
the model of GIST pathogenesis, which assumes that
GISTs are derived from KIT-dependent Cajal cells
driven into uncontrolled proliferation by gain-of-
function KIT mutations.38 Nevertheless, to prove
such a hypothesis, a mouse model with mutation-
ally activated PDGFRA should be developed.

Table 1 Summary of type, frequency, and biological potential of PDGFRA mutations identified in gastric and small intestinal IFPs

IFP PDGFRA Studies on PDGFRA mutations in GIST

PDGFRA mutations Gastric a Small
intestinal

Activated
‘in vitro’

Activated
‘in vivo’

Imatinib
sensitivity

References

Exon 12
I557_E563dup 0 1 UNK UNK UNK
561V4D 1 1 YES UNK YES 18,26,27

R560_567delinsS 1 0 UNK UNK UNK
559_561del, 591D4H 1 0 UNK UNK UNK
S566_E571delinsR 3 25 YES YES YES 18

S566_E577delinsK 0 3 UNK UNK UNK
S566_I573delinsRIDDL 0 1 UNK UNK UNK

Exon 18
842D4V 7 1 YES YES NO 18,26,27

842D4I 1 0 UNK UNK UNK
842_845del 1 1 YES YES YES 18

845_848del 1 0 YES UNK YES 18

a
Reported earlier (Schildhaus13).
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In summary, we have shown that small intestinal
inflammatory fibroid polyps, similar to gastric
inflammatory fibroid polyps, express PDGFRA and
often have oncogenic PDGFRA mutations. Thus, the
inflammatory fibroid polyp should be considered as
a PDGFRA-driven benign neoplasm. We have also
postulated that inflammatory fibroid polyps may
develop from PDGFRA-positive mesenchymal cells
distributed along the villus basement membrane.
The term inflammatory fibroid polyp was intro-
duced by Helwig and Ranier2 to indicate the
possible non-neoplastic nature of this lesion; how-
ever, in the scope of current research, the term
inflammatory fibroid tumor indicating the neoplas-
tic nature of this lesion may be more appropriate.
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