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Abstract Activation of epidermal growth factor recep-
tor (EGFR) is associated with cell growth and transfor-
mation. Both transforming growth factor-a (TGF-a) and
epidermal growth factor bind to and activate EGFR. We
studied the expression of TGF-a and two EGFRs (HER-
1 and HER-2) in gastrointestinal stroma tumours
(GISTs) of the stomach (n=9) and small intestine (n=6)
using standard immunostaining techniques in paraffin-
embedded sections. Most GISTs expressed TGF-a, and a
few expressed HER-1. All HER-1-positive tumours ex-
pressed TGF-a. These results suggest that a TGF-
o/EGFR autocrine loop is present in GIST and that TGF-
o promotes proliferation of GIST tumour cells through
its interaction with HER-1 in at least some GISTs. This
is the first description of an autocrine loop in GIST. In
contrast, HER-2 is not expressed in any GIST.
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Introduction

The intermediate filament components of gastrointestinal
stromal tumours (GISTs) have been extensively studied,
permitting their subclassification as smooth muscle, au-
tonomic nerve cell, or CD34+ unclassified stromal cell
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subtypes [3, 6, 17]. Recently, Hirota showed expression
of c-kit in GISTs and suggested an origin from the pace-
maker cells [8]. However, the expression of an autocrine
loop such as TGF-a and EGFR, which might influence
cell proliferation, has not been well characterized. It has
been shown that activation of EGFR by TGF-a is associ-
ated with cell growth and transformation in other sys-
tems [9, 13, 15, 22]. In vitro studies showed that disrup-
tion of this autocrine loop or suppression of EGFR ex-
pression resulted in growth arrest of tumour cells, stress-
ing the importance of this autocrine loop in tumour
growth and possibly in oncogenesis [5, 14, 18]. At least
four members of the EGFR family have been charac-
terized, including human HER-1 (EGFR-1, ErbB-1),
HER-2 (neu, ErbB-2), HER-3 (ErbB-3), and HER-4
(ErbB-4) [2]. Since there is no previous report concern-
ing this loop in GISTs, we collected 15 resected GISTs
in our surgical pathology files to study the expression
of these autocrine growth factors, including TGF-a,
HER-1, and HER-2. The magjority expressed TGF-a and
afew cases were definitely positive for HER-1, suggest-
ing that this TGF-a/EGFR loop exists and promotes tu-
mour cell growth in at least some GISTs. However,
HER-2 was not detected in any of these cases.

Materials and methods

All resected GISTs were obtained from the surgical pathology files
from January 1990 to August 1997 at UMMHC. Three small in-
testinal GISTs were excluded, one of which was 1 cm in size and
had insufficient tissue |eft for study, while two were metastatic liv-
er tumours with no primary tumour tissue available. The routine
H& E-stained sections were reviewed to verify the diagnosis, to
count mitoses, and to select a representative block for immuno-
staining. Based on previous studies [17], histological features not-
ed were: presence of spindle and/or epithelioid cells, presence of
necrosis, increased nuclear/cytoplasmic ratio, and pushing vs. in-
filtrating borders. Tumour site, size, clinica history, presence of
metastases and outcome were obtained from the pathology reports
and the patients' records. For immunostaining, sections from the
paraffin blocks were cut at 4 um, microwaved with an antigen re-
trieval solution and stained with an automated immunostainer us-
ing an avidin/biotin complex staining procedure. The primary anti-



Table1 Antibodies used with their dilutions and sources

Dilution Source
TGF-a 1:500 Oncogene
HER-1 1:20 Novocastra
HER-2 1:40 Novocastra
Ki67 1:100 Immunotech
Vimentin 1:50 Dako
Smactin 1:100 Dako
CDh34 1:100 Immunotech
S100 1:100 Chemicon
Desmin 1:50 Dako
GFAP 1:3000 Biogenex

bodies are shown in Table 1. Both positive and negative controls
were included during each test. The positive control was normal
breast ductal cells for TGF-a, squamous cell carcinoma of the skin
for HER-1, and breast ductal carcinoma for HER-2. Tumour cells
were called positive or negative for: vimentin, smooth muscle ac-
tin, CD34, S100, desmin and GFAP. Mitoses were counted in 10
high-power fields. Ki67+ nuclei were counted in 10 HPF, and ex-
pressed as the number positive per HPF. Positive staining for
TGF-a, HER-1 and HER-2 was graded as 0 (negative), 1 (<25%
of cells positive), 2 (25-50%), and 3 (>50%). Grades 2 and 3 were
taken as positive staining. The immunohistochemical staining was
evaluated by at least two pathol ogists independently.

Results
Characterization of GISTs

We studied 9 gastric and 6 small intestinal (Sl) GISTs
(Table 2). The ages of the patients ranged from 31 to 85
years, with a male predominance of gastric GISTs (6 of
9) and only men with SI GISTs. Tumours ranged in size
from 0.5 to 15 cm in the stomach (mean=5) and from 3
to 23 cm in the Sl (mean=9.5). The number of mitoses
per 10 HPF ranged from O to 10 for stomach and from O
to 9 for Sl (Table 2). The proliferative rate, as detected

Table 2 Clinical, pathological and immunohistochemical features
of 15 gastrointestinal stromal tumours (G stomach, S small intes-
tine, Mets metastases present around the time of resection in liver
(cases 2, 10 and 13) or peritoneum (cases 2, 13 and 14), Y yes, N
no, ND not done, Mits number of mitoses per 10 high-power
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by Ki67+ nuclei, was 0.1-19/HPF for gastric and
1.3-68.7/HPF for SI tumours. All tumours were spindle-
cell type, with neither mucosal infiltration nor direct in-
vasion of adjacent organs. Four cases were considered to
be definitely malignant, because metastases were docu-
mented in either the liver or the peritoneum. Four addi-
tional cases were aso defined as malignant based on the
presence of two or more of four parameters (size >5 cm;
tumour necrosis; increased nuclear-to-cytoplasmic ratio,
and mitotic rates of >1 per 10HPF) [17]. All specimens
stained positive for vimentin and negative for S100, des-
min and GFAP. The mgjority showed focal immunoreac-
tivity for smooth muscle actin (9 cases) and CD34 (14
Cases).

Expression of TGF-a

Immunoreactivity for TGF-a was demonstrated in most
GISTs (3+ in 80% and 2+ in 13% of cases) (Table 2).
TGF-a was localized mainly in the cytoplasm (Fig. 1A).
All 6 intestinal GISTs showed 3+ staining, and 6 of 9
gastric GISTs were 3+ positive and 2 were 2+ (Table 2).
The expression levels of TGF-a did not correlate with
tumour size, proliferative rate, or mitotic figures.

Expression of HER-1 and HER-2

A fraction of GISTs (33%) stained positive for HER-1,
including one 3+ and two 2+ in stomach and two 3+ in
the Sl (Table 2). The staining was mainly cytoplasmic
(Fig. 1B). Membranous staining was not detected. There
was no expression in fibrous or smooth muscle tissues
around tumours. Strong staining in GISTs was observed
only in tumours with high expression of TGF-a, suggest-
ing that HER-1 is co-expressed with TGF-a. There was

fields, Ki67 number of Ki67+ nuclei per high-power field, Nec co-
agulative necrosis, N/Ct increased nuclear-cytoplasmic ratio, Mal
malignancy, Outcome intervals (months) since the specimen sub-
mitted/ the most recent survey, A(D)WOD alive (dead) without
disease, A(D)WD alive (dead) with disease)

Case Age Site Mets Size (cm) Mits Ki67 Nec N/Ct Ma  Outcome TGF-a HER-1
(years)/sex grade grade
1 31/M G N 29 10 16.4 N N N 66/AWOD 3 2
2 40/F G Y 0.5 1 115 N N Y 48/AWD 3 3
3 73/IM G N 3.2 3 19 Y N Y 2/AWOD 1 1
4 38/M G N 6.5 2 0.1 N N Y 15/AWOD 2 0
5 44]F G N 6 1 6.4 N Y Y 15/AWOD 2 1
6 74IM G N 15 1 29 N N N 2/DWOD 3 2
7 84/M G N 4 0 4 N N N 5/AWOD 3 1
8 62/F G N 15 1 2 N Y N 60/AWOD 3 1
9 85/M G N ND 0 05 N N N 26/AWOD 3 1
10 33/M Sl Y 114 5 42.7 Y N Y 2/AWD 3 3
11 61/M S N 5 2 6.5 Y N Y 24/AWOD 3 0
12 47/M Sl N 3 2 13 N N N 1/AWOD 3 0
13 45/M Sl Y 11 2 44.2 Y N Y 1/AWD 3 0
14 65/M S Y 23 9 68.7 Y Y Y 6/AWD 3 3
15 57/M Sl N 4 0 28 N N N 1/AWOD 3 1




Fig. 1 A Section immunostained for TGF-a, showing cytoplasmic
expression in tumour cells. Origina magnification x400. B Sec-
tion immunostained for HER-1, showing cytoplasmic expression
in tumour cells. Original magnification x400

no correlation between HER-1 expression and the tu-
mour size or proliferative rate. In contrast to HER-1,
HER-2 was not detected on the membrane or in the cyto-
plasm in any of these cases.

Discussion

A TGF-a/EGFR autocrine loop plays an important role
in tumour growth. TGF-a is a mitogenic polypeptide
composed of 50 amino acids, which shares 42% homolo-
gy with the prototype, EGF [11, 12, 19]. The precursor
(pro-TGF-0) is a 160-amino-acid protein with a single
transmembrane domain. It is cleaved to release the ma-
ture form, which binds and stimulates EGFR. EGFR has
similarity to the transforming protein of the avian eryth-
roblastosis virus (v-erb-B) at the amino acid level [4].
All four members of EGFR are synthesized in the cyto-
plasm and transported to the cell membrane, where they
serve as receptors for at least seven ligands, EGF, TGF-
o, amphiregulin, heparin-binding EGF-like growth fac-
tor, betacellulin, epiregulin, and neuregulins [2, 10]. Of
the four known EGFRs, HER-1 binds to the first six li-
gands while HER-2 only binds to TGF-a after forming a

heterodimer with HER-1 [1, 2]. The interaction between
ligands and EGFR results in auto-tyrosine phosphoryla-
tion of EGFR, leading to activation of the Janus kinase
(Jak2) and mitogen-activated protein (MAP) kinases
[20]. These in turn regul ate gene expression and promote
cell growth. TGF-a and EGFR are expressed by the pro-
liferating and differentiating cells, including gastrointes-
tinal epithelia cells [7, 21]. The autocrine loop formed
by TGF-a and EGFR has been demonstrated in malig-
nant tumours, including carcinomas of lung, colon and
breast [9, 13, 15]. The requirement of TGF-a for tumour
cell growth was demonstrated by the blockage of the in-
teraction between TGF-a and its receptor, EGFR [5, 14].
Down-regulation of EGFR was concomitant with tumour
growth arrest in another in vitro experiment [18]. Simi-
larly, over-expression of TGF-a in transgenic mice re-
sulted in the development of breast cancer [16]. These
studies emphasize the important role of EGFR in tumour
proliferation. This report is the first description of the
existence of this autocrine loop in GIST.

Immunoreactivity for TGF-a and HER-1 was ob-
served mainly in the cytoplasm of the tumour cells. In
contrast, the membranous staining for controls was
stronger than the cytoplasmic staining. Thus, the same
antibody stained differently in different tumours. The
low membranous expression of both TGF-a and HER-1
in GIST could be due to a slow transport from the cyto-
plasm to the cell membrane or arapid turnover rate from
the cell membrane. Alternatively, they may be config-
ured in some way in the membrane or altered by fixation
in such away that it was difficult to detect their expres-
sion by immunostaining techniques. However, low ex-
pression of HER-1 may still be sufficient to form an au-
tocrine loop. This has implications for development of
possible future therapies, in that targeting this loop might
benefit the treatment of GIST. In contrast to HER-1,
HER-2 was not detectable in any of these cases.

In summary, in a series of 9 gastric and 6 SI GISTs,
TGF-a was demonstrated in al of the intestinal and 89%
of the gastric (2+ and 3+) GISTs. HER-1 was aso mani-
fested in 33% of gastric (one 3+ and two 2+) and 33% of
Sl GISTs (3+ only). HER-2 was not detected. Thisis sig-
nificant because it implies the presence of an autocrine
loop of TGF-a/HER-1 in a fraction of GISTs. The lack
of correlation between their expression and mitoses or
proliferation rates indicates that factors other than TGF-
a/EGFR also influence tumour cell proliferation.
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