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Abstract

Purpose: Growth factors, particularly insulin-like growth factor I (IGF-I) and IGF-I receptor
(IGF-IR) in some nonendocrine and a few endocrine tumors, are thought important in recurrence,
growth, and aggressiveness.Whether this is true of neuroendocrine tumors such as gastrinomas
is unclear. The aim of this study was to address this question in gastrinomas.
Experimental Design: IGF-IandIGF-IRexpressioningastrinomasfrom 54patientswithZollingerEllison syndrome were analyzed and correlated with clinical/tumor characteristics. IGF-Iand IGF-IR
mRNA levels were determined by competitive reverse transcription-PCR. IGF-IR expression,
assessed by immunohistochemistry, was done on a subset.
Results: IGF-IR mRNA was found in 100% and IGF-I in 89%. IGF-I mRNA expression varied by
>254-fold, IGF-IR by 2,670-fold, and the levels correlated in a given tumor. The IGF-IR level was
lower in gastrinomas of patients who were rendered disease free and increased levels correlated
with tumor growth, aggressiveness, extent, and with liver metastases. Increased IGF-I levels
correlated withincreased growth, tumor extent, and aggressiveness. Neither IGF-IR nor IGF-Ilevels
correlated with tumor location, size, or its clinical/functional features. The IGF-IR correlated with
disease-free survival. IGF-IRh was found in 31of 32 tumors (97%) by immunohistochemistry.
Conclusions:These results indicate that IGF-I and IGF-IR are expressed in almost all gastrinomas.
Furthermore, assessment of IGF-I/IGF-IR expression in gastrinomas may be clinically useful in
identifying those patients with more aggressive tumors who might benefit from more aggressive
treatment.

Gastrointestinal neuroendocrine tumors, comprising pancreatic endocrine tumors and carcinoids, are generally considered
slow-glowing neoplasms; however, in a significant subset,
aggressive growth occurs resulting in decreased survival (1 – 3).
Twenty-five percent of gastrinomas, the most common malignant symptomatic pancreatic endocrine tumor (1, 4), show
aggressive growth resulting in a decreased survival (5). Even in
patients who develop liver metastases, recent studies show there
is a markedly variable growth pattern in the metastatic
gastrinoma in different patients with 40% demonstrating
aggressive growth frequently resulting in tumor-related death,
whereas in the other 60% of patients the prognosis is excellent
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(6). At present, the factors responsible for these variable growth
patterns with different pancreatic endocrine tumors as well as
with gastrinomas, are largely unknown (7). This situation exists
because the molecular pathogenesis of neuroendocrine tumors
is largely unknown (7).
In contrast to nonendocrine tumors, neither alterations in
common oncogenes (ras, myc, etc.) nor alterations in common
tumor suppressor genes (retinoblastoma gene, p53) are found
in the typical neuroendocrine tumor (7). Alterations in the
p16 INKa /CDKN2A tumor suppressor gene occur in 17% to 92%
(7, 8), and alterations in the MEN1 gene on chromosome
11q13 occur in 16% to 42% of sporadic gastrointestinal
neuroendocrine tumors (7, 9). Unfortunately, neither the
presence of p16 INKa /CDKN2A nor MEN1 gene abnormalities
in sporadic neuroendocrine tumors correlates with the
aggressiveness of the neuroendocrine tumor (7 – 9). Gene
abnormalities at the DPC4 locus on 18q21 are reported in
18% to 88% of neuroendocrine tumors as well as in the region
of the VHL locus on 3p25, which correlate with neuroendocrine tumor growth in some studies, but not others (7).
Growth factor receptor overexpression is associated with
tumor growth and invasiveness in a number of nonendocrine
and some endocrine tumors (7, 10, 11). Recently, the level of
epidermal growth factor receptor/hepatocyte growth factor
receptor expression in gastrinomas was shown to correlate with
the presence of liver metastases and decreased curability (12).
The epidermal growth factor receptor, even when overexpressed,
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may require a functional IGF-I receptor to exert its mitogenic/
transforming potential (13). Similarly, activation of the plateletderived growth factor receptor can influence IGF-I gene activity
(14). These studies suggest that the presence of IGF-I receptors
may be particularly important for mediating growth factor effects
on tumor growth.
IGF-IR is a member of the tyrosine kinase receptor
superfamily with a 70% homology to the insulin receptor
(15). IGF-IR activation can induce numerous cellular effects
including differentiation, transformation, and prevention of
apoptosis. The activation of the IGF-IR increases tumor growth
and up-regulates vascular endothelial growth factor expression,
promoting tumor invasion (16, 17). A number of studies show
overexpression of IGF-I and/or its receptors by different tumors
and that this expression is associated with aggressive growth,
decreased survival, or poor prognosis (17). IGF-I and/or IGF-IR
are reported in a few studies to be present in some
neuroendocrine tumors (7, 18 – 20). In isolated neuroendocrine tumors, IGF-I can stimulate tumor growth (19); however,
no correlation has been found between IGF-IR expression in
neuroendocrine tumors and tumor aggressiveness in a small
number of patients examined in two studies (18, 20).
Therefore, it remains unclear whether increased IGF-I/IGF-IR
expression in neuroendocrine tumors, including gastrinomas,
is associated with increased tumor growth or decreased
survival.

Materials and Methods
Patients and tumors. Fifty-four patients who underwent exploratory
laparotomy for Zollinger-Ellison syndrome at the NIH between February
1988 and October 2003 were included in this study. The study protocol
was approved by the Clinical Research Committee of the National
Institute of Diabetes and Digestive and Kidney Diseases, and all patients
gave informed consent. The diagnosis of Zollinger-Ellison syndrome or
MEN1 was established as reported previously (21). All patients had acid
hypersecretion controlled as reported previously (22, 23). Conventional
imaging studies (computed tomography, magnetic resonance imaging,
sonography, and bone scan), abdominal angiography, and somatostatin
receptor scintigraphy were done as reported previously (5, 23 – 25) to
assess tumor location/extent. All patients underwent an exploratory
laparotomy for attempted curative resection (23). Disease-free status was
defined by normal fasting gastrin levels, negative gastrin provocative
testing with secretin, and no evidence of tumor on imaging studies (23).
Annual imaging studies were done postoperatively. Functional studies
(fasting gastrin and secretin test) and imaging studies provided the basis
for assessment of tumor growth, recurrence, or progression (12, 23).
Relapse was defined as the recurrence of disease after a patient had been
disease-free postresection (12, 23). Aggressive disease was defined as a
>25% increase in tumor volume per month or the appearance of a new
lesion(s). An increase in size or number of lesions on imaging studies was
defined as evidence of tumor growth (6).
Competitive reverse transcription-PCR. Tumor samples were snapfrozen in liquid nitrogen during surgery or after harvesting and stored
at 70jC. Tumor mRNA was extracted from 5-Am cryosections of
the gastrinomas after analyzing an adjacent slide to determine that
z80% of the section contained tumor tissue as described previously
(12). Total RNA was extracted using the RNeasy Mini Kit (Qiagen,
Inc., Santa Clarita, CA). Random hexamer-primed first-strand
complementary DNA was prepared with RT (RNA PCR Kit; Applied
Biosystems, Foster City, CA). After RT, PCR was carried out for
amplification of a 301-bp fragment of the human IGF-I or a 208-bp
fragment of the IGF-IR. PCR was done in a total volume of 25 AL
containing 5 to 10 ng of cDNA, 0.5 microunit DNA-polymerase
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(Amplitaq Gold, Applied Biosystems), 10 PCR buffer, deoxynucleotides (Applied Biosystems), and gene-specific primers in a DNA
thermal cycler (GeneAmp PCR System 9700, PE Applied Biosystems).
The conditions for the PCR reactions were the following: initial
denaturation at 94jC for 5 minutes was followed by denaturation at
94jC for 40 seconds, annealing at 58jC to 62jC for 40 seconds,
depending upon the specific primers (IGF-I: 60jC, IGF-IR: 62jC, and
h-actin: 58jC) and extension at 72jC for 40 seconds. The final
elongation step was extended to 5 minutes at 72jC. All reactions
underwent 40 amplification cycles. The amplified products were
visualized on an agarose gel (Relian Gel system, 4% NuSieve 3:1
agarose, CAMBREX, Rockland, ME).
IGF-I and IGF-IR primers were derived from sequence deposited
in Genbank (IGF-I accession no. AY260957 and IGF-IR accession
no. AY332722). For each gene, the set of primers used and length of
the product were as follows: IGF-I: sense (IGF-Is) 5V-AAAATCAGCAGTCTTCCAAC-3V (IGF-I nucleotides 2,100-2,119) and antisense
(IGF-I-as) 5V-AGATCACAGCTCCGGAAGCA-3V (IGF-I nucleotides
62,852-62,871) which span a large intron. IGF-IR: (IGF-IR-s) 5VGGGGAATGGAGTGCTGTATG-3V (IGF-IR nucleotides 281,072281,091) and antisense (IGF-IR-as) 5V-AATGGCCACTCTGGTTTCAG-3V
(IGF-IR nucleotides 285,766-285,785) which also span a large intron.
To carry out quantitative PCR, both an IGF-I mimic (PCR product,
188 bp) and an IGF-IR mimic (PCR product, 290 bp) were made. For the
IGF-I mimic DNA, a fragment of 188 bp was amplified from MEN1 gene
(Genbank accession no. BC002544) using a sense primer (MEN1-s) 5VGAAGATGAAGGGCATGAAGG-3V(MEN1 nucleotides 1,631-1,650), an
antisense primer (MEN1-as) of 5V-CCGCTTGAGGAAAGACAGAG-3V
(MEN1 nucleotides 1,759-1,778) and the conditions described above.
For the preparation of the IGF-IR mimic DNA, a fragment of 290
bp was amplified using a fragment of the human hypoxanthine
phosphoribosyltransferase (HPRT) gene (Genbank accession no.
M26434). The sense primer (HPRT-s) was 5V-CATTGTAGCCCTCTGTGTGC-3V (HPRT nucleotides 222-241) and an antisense primer
(HPRT-as) of 5V-CTGCATTGTTTTGCCAGTGT-3V (HPRT nucleotides
452-471). The product was then amplified using gene-specific
primers IGF-I mimic-sense 5V-AAAATCAGCAGTCTTCCAACGAAGATGAAGGGCATGAAGG-3V and antisense 5V-AGATCACAGCTCCGGAAGCACCGCTTGAGGAAAGACAGAG-3V and for the IGF-IR
mimic-sense 5V-GGGGAATGGAGTGCTGTATGCATTGTAGCCCTCTGTGTGC-3V and antisense 5V-AATGGCCACTCTGGTTTCAGCTGCATTGTTTTGCCAGTGT-3V
. The mimic was gel fractionated and purified
using the Wizard PCR Preps DNA Purification System (Promega
Co., Madison, WI). The molar concentration of the purified mimic
solution was measured by UV absorption at 260 nm. Aliquots were
frozen at 20jC.
To allow quantitative correction for any differences in input amounts
of total RNA as described previously (26), a quantitative PCR for h-actin
was done on all samples. The PCR conditions were as described
previously (26) with a sense primer 5V-CCTCGCCTTTGCCGATCC-3V
and an antisense primer, 5V-GGAATCCTTCTGACCCATGC-3V. The PCR
product was 204 bp and was only seen when complementary DNA
was used as the template because the two primers spanned two introns
(26). A h-actin mimic (PCR product 289 bp; ref. 26) was synthesized
as described above for the other mimics using a sense primer
5V-CCTCGCCTTTGCCGATACCCCACGAAGTGTTGGATA-3V and an
antisense primer 5V-GGAATCCTTCTGACCCATGCAAGCAGATGGCCACAGAACT-3V.
Competitive PCR was done by amplifying the target complementary
DNA in the presence of increasing concentrations of the corresponding
mimic with the respective primer pairs (IGF-I-s/as, IGF-IR-s/as, or
h-actin-s/as). The concentration of target complementary DNA was
calculated by comparison to the concentration of the mimic, as
determined by equal intensity of ethidium bromide staining in a 4%
agarose gel. The results of the competitive PCR were expressed as the
ratio of the number of molecules of the IGF-I mRNA or IGF-IR mRNA
to h-actin mRNA present.
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Differential PCR. DNA was extracted from tumor and blood, using
the DNeasy Tissue and QiAmp Blood Kits, respectively (Qiagen), of nine
patients with the highest IGF-IR mRNA levels. Differential PCR for IGFIR gene amplification was done using the method of Frye et al. with
comparison with the single copy IFN-g gene (27). Briefly, a 221-bp
fragment of the IGF-IR gene was amplified using the following primers:
sense TGCTTTTCAGAGACACATG and antisense CCTGTCAACAGAATGGCAT; a 150-bp fragment of the IFN-g gene was produced
using the following primers: sense TCTTTTCTTTCCCGATAGGT and
antisense CAGGGATGCTCTTCGACCTC (28). Both fragments were
amplified in the same vial using the following conditions: initial
denaturation at 94jC for 10 minutes was followed by denaturation at
94jC for 1 minute, annealing at 53jC for 1 minute, and extension at
72jC for 1 minute. The final elongation step was extended to 7 minutes
at 72jC. All reactions underwent 36 amplification cycles, which were on
the linear portion of the product accumulation curve. The amplified
products were separated on agarose gels (Relian Gel System, 4%
NuSieve 3:1 agarose, CAMBREX), stained with ethidium bromide, and
band intensities were measured with an AlphaImager 2200 Analysis
Systems (Alpha Innotech Co., San Leandro, CA).
Immunohistochemistry. IGF-IR immunohistochemistry was done
on formalin-fixed, paraffin-embedded tissues. Immunohistochemistry
against IGF-I was not done because adequate antibodies for paraffinembedded material are not available. The breast cancer cell line, MCF-7
(American Type Culture Collection, Rockville, MD), which overexpresses IGF-IR (29), was used as a positive control. IGF-IR
immunohistochemistry was done on tissue samples from 32 patients
who had mRNA levels analyzed by competitive reverse transcriptionPCR, in which formalin-fixed gastrinoma tissue was available. Serial
sections (5 Am) of gastrinomas were cut, deparaffinized in xylene and
rehydrated in a series of graded alcohol. Sections were then incubated
for 30 minutes in 3% hydrogen peroxide diluted with methanol (Fisher
Chemicals, Fair Lawn, NJ). Antigen retrieval was done by immersing
slides in 10 mmol/L sodium citrate buffer (pH 6.0), 900 mL of H2O,
and 100 mL of 10 Antigen Retrieval Citra (Biogenex, San Ramon, CA)
and placing in a pressure cooker containing water. Slides were
microwaved for 8 minutes at maximum power (i.e., 1,300 W) and
after making sure to boil it, continued for 15 minutes at 260 W. Sections
were blocked in PBS containing 5% normal goat serum (Vector
Laboratories, Burlingame, CA) for 20 minutes, and by using the
Streptavidin/Biotin Blocking Kit (Vector Laboratories) before incubation with the primary antibody. A rabbit polyclonal anti-IGF-IRh (C-20)
antibody was used that was raised against a peptide corresponding to
the last 20 amino acid of the NH2 terminus of human IGF-IRh (Santa
Cruz Biotechnology, Santa Cruz, CA). Sections were incubated
overnight at 4jC with the anti-IGF-IRh antibody diluted 1:750 or
1:1,500 in PBS followed by washing in PBS (3  5 minutes) and
incubated with biotinylated goat anti-rabbit IgG (Vector Laboratories)
diluted 1:200 in PBS for 1 hour. The Vectastain Avidin-Biotin Complex
kit (Vector Laboratories) was used for detection with diaminobenzidine
tetrahydrochloride (Zymed, San Francisco, CA) as the substrate.
Antibody specificity was assessed by preincubating the IGF-IRh
antibody with a 5-fold by weight excess of the peptide to which the
antibody has been raised. Slides were conterstained with hematoxylin,
dehydrated, a coverslip applied and viewed under a light microscope.
Distribution of staining was recorded as focal or homogeneous, and
staining intensity was graded on an arbitrary four-point scale: 0, no
staining; 1+, faint or weak staining; 2+, moderate staining; and 3+,
strong staining. For quality control purposes, each staining run included
a section of normal pancreas containing islets that was scored as 3+.
Statistical analysis. All values were expressed as mean F SE.
Discontinuous variables were compared using the Fisher exact test or
the v2 test, the Mann-Whitney U test (two variables) and for more than
two variables, the Kruskal-Wallis test or an ANOVA with the Bonferroni
Dunn test as a post hoc test. In tables and figures with multiple tests,
P s < 0.005 were considered significant even after conservative
correction.
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Results
The clinical/laboratory characteristics of the 54 patients with
gastrinomas studied are similar to other large series of patients
with gastrinomas (21) in having almost equal frequency in
both sexes, a mean age in the fifth decade (49 years), a long
disease duration (8 years), a markedly elevated fasting serum
gastrin level, and preoperative basal and maximal acid outputs
(Table 1). Similar to other series (4, 23, 30), all patients
required continuous treatment with gastric antisecretory drugs
with the majority (91%) taking H+-K+ ATPase inhibitors.
Similar to most recent series (23), duodenal primaries were
more frequent than pancreatic primaries, and primary tumors
in lymph nodes as well as other sites were found (23). In
approximately one third of patients, the tumor was confined to
the primary site and approximately one half were associated
with lymph node metastases. In contrast, 17% of patients had
liver metastases at surgery and in 6% only gastrinoma
metastatic to lymph nodes was found (Table 1).
Insulin-like growth factor I and insulin-like growth factor I
receptor mRNA expression. In gastrinomas from 48 of the 54
patients, the 301-bp IGF-I fragment was detected by PCR. In all
gastrinomas, the 208-bp IGF-IR product was detected by PCR.
The results on the first 11 patients are shown in Fig. 1 (top). In
10 of the first 11 patients, IGF-I was detected and IGF-IR was
found in each of the patients (Fig. 1). Control studies showed
that the PCR products were correct by sequencing and that they
resulted from tumor mRNA because both the IGF-I primers and
the IGF-IR primers spanned a long intron and gave no
amplification with genomic DNA, as well as no product in
the absence of reverse transcriptase (data not shown).
The amount of IGF-I or IGF-IR was measured using a mimic
as shown for four patients in Fig. 2. To correct for possible
variable input, h-actin was also measured by competitive PCR
in each sample and the final result for both was displayed by
the ratio of molecules of IGF-I or IGF-IR per h-actin molecule
(Figs. 2-4) for each gastrinoma. The IGF-I mRNA levels varied
>254-fold, from 0.0013 IGF-I/h-actin molecule to 0.333 IGF-I/
h-actin molecule (Fig. 3, top). The mean ratio of IGF-I mRNA
was 0.043 F 0.009 IGF-I/h-actin molecule (Fig. 3, top). The
IGF-IR mRNA levels in different gastrinomas varied 2,670-fold,
from 0.00053 IGF-IR/h-actin molecule to 1.33 IGF-IR/h-actin
molecule (Fig. 3, top). The mean ratio of IGF-IR mRNA was
0.173 F 0.035 IGF-IR/h-actin molecule (Fig. 3, top). In six
gastrinomas, the IGF-I mRNA was below the minimum
detection levels. The IGF-I mRNA for a given gastrinoma
showed a significant (r = 0.66, P < 0.0001) correlation with the
IGF-IR level (Fig. 3, bottom).
Relationships of insulin-like growth factor I and insulin-like
growth factor I receptor with the clinical or laboratory variables.
Increased age (3), absence of MEN1 (4), short disease duration
(5), female gender (3), or high levels of ectopic hormone
release or its effects (i.e., in gastrinomas-BAO, MAO; refs. 1, 3)
are clinical and laboratory variables associated with a poor
prognosis in gastrinomas and/or various neuroendocrine
tumors. However, the presence of none of these clinical or
laboratory characteristics correlated with the magnitude of the
IGF-I expression (data not shown). Similarly, none of these
variables showed a significant correlation with the amount of
IGF-IR mRNA expression except possibly for the presence of
male gender (P = 0.034), which was associated with a lower
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Table 1. Clinical characteristics, laboratory values,
tumor location, and tumor extent in the patients studied
Characteristic

n (%)

Patients
Male
Age at surgery (y)
Mean F SE
[Range]
Duration of disease (y)*
Mean F SE
[Range]
Duration of postoperative follow-up (y)
Mean F SE
[Range]
Fasting serum gastrin (pg/mL)c
Mean F SE
[Range]
DSecretin (pg/mL)b
Mean F SE
[Range]
BAO (mEq/h)x
Mean F SE
[Range]
MAO (mEq/h)x
Mean F SE
[Range]
Preoperative antisecretory drug
H+-K+ ATPase inhibitor
H2-receptor antagonist
MEN1present
Primary tumor locationk
Duodenum
Pancreas
Lymph node{
Others**
Unknown
Tumor extent at surgerycc
Primary onlybb
Primary + lymph nodebb
Metastatic lymph node onlyxx
Liver metastases

54
27 (50)
49.6 F 1.4
[15-75]
8.7 F 0.8
[0.2-25]
7.1 F 0.4
[0.4-15.8]
5,500 F 2,240
[87-110,000]
11,100 F 3,950
[55-152,000]
44.0 F 3.3
[10.2-99.0]
68.9 F 4.9
[22-136]
49 (91)
5 (9)
9 (17)
30 (56)
8 (15)
9 (17)
5 (9)
3 (6)
18 (33)
24 (44)
3 (6)
9 (17)

*Duration of disease was defined as the time from onset of continuous symptoms
attributable to Zollinger-Ellison syndrome until surgery as described previously.
cFasting serum gastrin was determined preoperatively.
bDSecretin was determined preoperatively (n = 48) and is the increase in fasting serum gastrin (pg/mL) with bolus secretin injection (2 clinical units/kg)
over the mean of the two preinjection levels.
xBAO and MAO were determined preoperatively. BAO and MAO from patients
without previous gastric acid ^ reducing surgery [BAO (n = 46), MAO (n = 37)].
k
One patient had two primary tumor locations, a duodenal and pancreatic
primary.
{
A lymph node primary was as defined previously with only a gastrinoma in a
lymph node found at surgery and the patient was disease free.
**Other primary tumors include liver (n = 1), bile duct (n = 2), non ^ small cell
lung cancer (n = 1), and omentum (n = 1).
ccEach patient is in only one of the four categories.
bbPrimary only refers to patients in whom gastrinomas were only resected
from duodenum (n = 3), pancreas (n = 3), lymph node (n = 9), liver (n = 1),
omentum (n = 1), or bile duct (n = 1). Primary with lymph node means both a
primary tumor and metastasis in a lymph node were found.The primary tumor
was located in the duodenum (n = 22) and pancreas (n = 2).
xxMetastatic lymph node only was defined as finding gastrinoma in lymph
node(s) without a primary tumor and the patient was not disease free.
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expression of the IGF-IR mRNA in the gastrinomas (age z49 or
<49, 0.048 F 0.016 versus 0.039 F 0.011 IGF-IR/h-actin ratio).
Comparison of insulin-like growth factor I and insulin-like
growth factor I receptor expression with gastrinoma characteristics.
Disease-free status, relapse, liver metastases, presence of a
duodenal primary tumor, any primary location or size, or largest
tumor size, did not show a significant correlation with the
amount of IGF-I mRNA expression in the gastrinomas (Fig. 4,
top). However, postoperative gastrinoma growth (P = 0.046), the
presence of aggressive disease (P = 0.036), or tumor extent (P =
0.018) were associated with a higher expression of the IGF-I
mRNA (Fig. 4, top). Disease-free immediately after resection, the
presence of a duodenal tumor, location and size of primary
tumor or size of largest tumor found, also did not show a
significant correlation with the amount of IGF-IR mRNA
expression in the gastrinomas (Fig. 4, top). However, increased
postoperative growth (P = 0.0002), aggressive disease (P =
0.0003), the presence of liver metastases (P = 0.0018), increased

Fig. 1. PCR result for IGF-I and IGF-IR mRNA expression in 11patients with
gastrinomas and differential PCR for IGF-IR gene amplification in gastrinomas from
nine patients and their WBCs. Top, the 301-bp IGF-I mRNA PCR product and the
208-bp IGF-IR mRNA PCR product were detected in a gastrinoma from each of the
11patients. Bottom, ethidium bromide staining of the differential PCR for IGF-IR
(221bp) and IFN-g (150 bp) from nine gastrinomas and leukocytes from the same
patients. Molecular weight markers (left). Mean F 1SD IGF-IR/IFN-g ratio for the
tumors was 1.75 F 0.14 and for the WBCs was 1.68 F 0.25. No tumor showed
IGF-IR gene amplification because no tumor’s IGF-IR/IFN-g ratio exceeded 2.18,
which was the 95% confidence interval from the control WBC result.
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Fig. 2. Ethidium bromide staining of the results of competitive PCR for IGF-I and
IGF-IR mRNA in gastrinomas from two patients. In all cases, PCR products were
electrophoresed in 4% agarose gels. The arrows indicate where the amount of
unknown (IGF-I or IGF-IR product) equals the amount of the competitive mimic and
represents the amount of IGF-I or IGF-IR present in each sample. Results in terms
of the number of mimic molecules present in each PCR reaction. From two
gastrinomas from two different patients.

tumor extent (P = 0.0044) were all associated with a significantly
higher expression of the IGF-IR mRNA in the gastrinomas,
whereas disease-free status at the time of the study (P = 0.020)
and occurrence of a relapse postresection (P = 0.049) also tended
toward higher IGF-IR expression (Fig. 4, top).
Prognostic studies: disease-free survival. The IGF-I level did
not correlate with disease-free survival (Fig. 4, bottom).
Specifically, the 5-year disease-free survival rate postresection
in patients with gastrinomas with IGF-I ratios above or below
0.0160 were not significantly different (70% [95% confidence
interval, 46-87] versus 69% [95% confidence interval, 44-86],
respectively; P = 0.84; Fig. 4, bottom). In contrast, survival was
significantly better in patients with gastrinomas with lower IGFIR levels (Fig. 4, bottom). Specifically, the 5-year disease-free
survival rate postresection in patients with gastrinomas with
IGF-IR levels below or above 0.040 was (92% [95% confidence
interval, 65-99] versus 55% [95% confidence interval, 34-75],
respectively; P = 0.034; Fig. 4, bottom).
Amplification of the IGF-IR gene. Rarely increased IGF-IR
PCR gene copy number has been reported in other tumors (31).
To determine whether IGF-IR gene amplification could
contribute to the increased mRNA expression in some
gastrinomas, we assessed IGF-IR gene copy number in the nine
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Fig. 3. Distribution and correlation of the amount of IGF-I and IGF-IR mRNA
present in gastrinomas. Top, quantitative PCR results are shown for IGF-I and IGF-IR
from gastrinomas from 54 patients. IGF-I and IGF-IR results expressed in a logarithm
plot of the number of molecules present determined by quantitative PCR per
molecule of h-actin present in the same sample, also determined by quantitative
PCR. Bottom, IGF-I and IGF-IR mRNA levels expressed as a ratio to h-actin and the
results shown in a logarithm plot. Correlation coefficient and regression line best
fitting the data calculated by a least-squares analysis.

gastrinomas with the highest IGF-IR mRNA levels using
differential PCR (Fig. 1, bottom). Differential PCR of IGF-IR
compared with the single copy gene, IFN-c (expressed as the
IGF-IR/IFN-c ratio), was not significantly different in the
gastrinomas compared with the patients’ WBC (mean F 1
SD) 1.75 F 0.14 versus 1.68 F 0.24 (Fig. 1, bottom).
Furthermore, no gastrinoma showed increased IGF-IR gene
amplification over that seen in WBCs (Fig. 1, bottom).
Immunohistochemistry. To examine IGF-IR protein’s expression, immunohistochemistry was done using paraffinembedded tissue from the breast cancer cell line MCF-7,
which is known to overexpress IGF-IR (29) as well as normal
pancreas, and 32 gastrinomas that had IGF-IR mRNA levels
in which formalin-fixed gastrinoma tissue was available. In
the MCF-7 cells, strong membranous staining pattern
occurred in virtually all of the breast cancer cells (data not
shown). In the normal pancreas, some normal islet cells
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Fig. 4. Comparison of IGF-I and IGF-IR mRNA levels in gastrinomas with tumor characteristics and effect of IGF-I or IGF-IR level on disease-free survival of patients.
Top, number of patients in each category in parentheses. Disease free was defined as normal fasting gastrin levels, negative secretin test and no imageable tumor and was
assessed within 2 weeks of resection (i.e., disease-free immediately) and yearly (23). Relapse refers to a patient who was disease-free postresection and had disease
recurrence. Aggressive disease refers to patients postresection in whom new lesions developed, liver metastases developed, or the tumor demonstrated growth on imaging
as defined in Materials and Methods (8). Bottom, Kaplan-Meier plots of disease-free survival post-surgical resection according to the IGF-I or the IGF-IR level. Eighteen patients
had an IGF-I/h-actin tumor level of >0.016 (median value) and 17 patients had <0.016. Twenty-one patients had an IGF-IR/h-actin tumor level of >0.04 (median level) and 14
patients had <0.04. Abbreviations: Duod, duodenum; Panc, pancreas; Prim, primary; LN, lymph node. Bars, SE. *, P < 0.05; **, P < 0.005.

stained strongly, normal acinar cells stained faintly whereas
the epithelial cells of the normal pancreatic duct did not
stain (Fig. 5A). In 31 of 32 gastrinomas (97%), immunohistochemistry detected IGF-IR. Twenty-seven samples
showed a diffuse and homogeneous distribution pattern
(Fig. 5E) and four gastrinomas showed a focal staining
pattern (Fig. 5B and C). In gastrinomas, the IGF-IR
immunostaining was predominantly localized to the cytoplasm, with no staining in the stroma or in the vascular
structures (Fig. 5). No significant staining was seen when
the IGF-IR antibody was preabsorbed with the IGF-IR
peptide to which it had been raised (Fig. 5D and F). In
the 27 gastrinomas showing a diffuse and homogeneous
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distribution pattern, 7 (26%) showed weak staining, 13
(48%) showed moderate staining, and 7 (26%) showed
strong staining. In the four gastrinomas showing a focal
staining pattern, three (75%) showed strong staining and
one (25%) showed moderate staining. Each of the four
patients (100%) with focal staining had tumors showing
aggressive growth and postoperative tumor growth compared
with 10 of 27 patients (37%) who showed diffuse staining
(P = 0.032). Furthermore, three of the four patients (75%)
with gastrinomas showing an IGF-IR focal staining pattern
developed liver metastases, whereas only 5 of the 27
patients (18%) with an homogeneous staining pattern had
liver metastases (P = 0.043).
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Fig. 5. Immunohistochemistry for IGF-IR in
normal pancreas and gastrinomas. A,
staining of normal pancreas showing focal
brown staining predominantly in some islet
cells with faint homogenous staining in the
acinar cells. B, results from one gastrinoma
showing focal staining weakly in the
membranes and cytoplasm of the tumor
cells. C, results with one gastrinoma
showing strong focal staining
predominantly in some tumor cells. This
pattern was seen in 3 of 32 gastrinomas
(9%). D, adjacent section to (C) showing
no significant staining using IGF-IRh
antibody after preincubation with 5-fold
excess by weight of peptide to which the
antibody was raised. E, results with a
gastrinoma showing diffuse and
homogenous staining in the tumor cells.
This pattern was seen in 27 of 32 (84%) of
the gastrinomas. F, adjacent section to (E)
showing no significant staining with the
IGF-IRh antibody after preincubation with a
5-fold excess by weight of peptide to
which antibody was raised. All panels,
40 magnification.

Discussion
Gastrinomas, like other neuroendocrine tumors (pancreatic
endocrine tumors and carcinoids), are generally slow-growing
tumors compared with typical adenocarcinomas (2, 3, 5, 6).
However, recent studies show a significant subset (20-30%) has
aggressive growth (2, 3, 5, 6). Little is known about the
molecular pathogenesis or determinants of aggressive growth of
neuroendocrine tumors because neither common oncogenes
(ras, myc, etc.) nor tumor suppressor genes (p53, retinoblastoma,
etc.), which are important in the pathogenesis of common
gastrointestinal adenocarcinomas (gastric, colon, etc.), are
typically altered in neuroendocrine tumors (7). At present,
there are few prognostic factors that are useful in an individual
patient that helps in identifying the subset with aggressive
disease. If such prognostic factors could be identified, more
aggressive antitumor treatment or surgery could be carried out
earlier in this subset with poor prognosis and perhaps, increase
survival (3, 6).

www.aacrjournals.org

Recent studies report that various growth factors such as
those for vascular endothelial growth factor, platelet-derived
growth factor, epidermal growth factor, hepatocyte growth
factor, and IGF play an important role in growth, progression,
and development of metastases by various tumors (7, 10, 11,
15, 32). IGF-I and/or its receptor’s expression in various
tumors, particularly breast, prostate, colorectal, and lung
cancers may be especially important in tumor growth/
progression (15, 33). Increased serum levels of IGF-I are
reported to be associated with increased risks of breast,
prostate, colorectal, and lung cancer (15), and the IGF-IR is
reported to play an important role in cell growth, proliferation,
DNA synthesis, antidifferentiation, and antiapoptosis in various cancers (15, 33).
Numerous nonendocrine tumors (pancreatic adenocarcinoma, breast cancer, colorectal, and prostate; refs. 33 – 37), and
some endocrine tumors (thyroid, adrenocortical, and pheochromocytomas; refs. 38 – 41) produce IGF-I and possess or
overexpress IGF-IR. Furthermore, numerous studies show IGF-I
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and/or IGF-IR activation are mitogens for a wide variety of
cancer (33, 34). Expression of IGF-I and/or IGF-IR in various
tumors has been reported in some studies to be associated
with advanced tumor stage (35, 36, 39), increased tumor size
(39), proliferative activity (42), recurrence (43) or metastases
(35), and a poor prognosis/survival (31, 42, 44). Other studies
have reported no association of IGF-I/IGF-IR with tumor stage
(36, 37, 41, 43, 44), size (43), or survival (35, 43).
In general, the expression of IGF-I and/or IGF-IR in
neuroendocrine tumors, the effects of activating IGF-IR on
neuroendocrine tumor growth, or clinically correlating their
presence with tumor behavior, have been investigated in only a
few studies involving small numbers of cases. IGF-I or IGF-IR
mRNA has been reported in different neuroendocrine tumors
(7, 18 – 20, 45, 46), as well as IGF-I synthesis and release by
these tumors (19, 45, 47) and the release of the IGF-I has been
shown to have an autocrine growth effect on the tumor cells
(19, 47). In our study, IGF-IR and IGF-I mRNA were detected in
100% and 89% of gastrinomas, respectively, and IGF-IR protein
in 97% using immunohistochemistry. These results have some
similarities and differences from other studies on neuroendocrine tumors. We found IGF-I and IGF-IR mRNA in a higher
percentage of pancreatic endocrine tumors than the 65% and
71%, respectively, detected by PCR in two studies (18, 20), and
the results from four studies of carcinoid tumors (18 – 20, 46)
where IGF-I was present in 84% and IGF-IR in 40%. These
differences may be partially explained by differences in different
neuroendocrine tumors (20). In one recent study (20), IGF-I
mRNA was detected by PCR in 89% of gastrinomas, 67% to
70% of insulinomas/gastrointestinal carcinoids, and only 44%
of nonfunctional pancreatic endocrine tumors. Furthermore,
IGF-IR was detected in 89% to 90% of gastrinomas/insulinomas, 67% of gastrointestinal carcinoids, and 33% of nonfunctional pancreatic endocrine tumors (20). These results raise the
possibility that importance of IGF-I/IGF-IR as an autocrine
growth in these different neuroendocrine tumors may differ. In
other endocrine malignancies, IGF-I and IGF-IR were similarly
detected in a high percentage of tumors and frequently
overexpressed. Specifically, IGF-I and IGF-IR were detected in
80% to 100% and 92% of undifferentiated/poorly differentiated thyroid tumors (39), respectively; 67% to 100% and 50%
to 100% of follicular thyroid cancers (39, 40, 43); 39% to
100% and 42-95% of papillary thyroid cancers (39, 40, 43); 80100% and 50% of medullary thyroid cancer (46); 57% and
71% of pheochromocytomas (38); and 90% and 75% to 94%
of adrenocortical cancers (38, 41). These results are similar to
high percentages of some nonendocrine tumors that possess
and/or overexpress IGF-IR (breast, lung, bladder, ovarian
[88%], prostate [55%], colon [83-99%], pancreatic [57-75%],
and gastric [71%]; refs. 34, 35, 37, 42) but differ from the lower
percentages found in other nonendocrine tumors (head-neck
cancer, salivary gland cancer, renal cell carcinoma [13-14%];
ref. 37).
Our results show that gastrinomas from different patients
show a wide variation in the expression with IGF-I and IGF-IR
mRNA levels. In follicular and papillary thyroid cancer, IGF-I
and IGF-IR levels increases were reported of 2- to 7-fold, in
adrenal cortical cancers IGF-IR was increased 3- to 5-fold (38),
whereas in pancreatic cancer they were increased by 32- and
4.4-fold, respectively (34). Furthermore, our study showed a
high significance (r = 0.66, P < 0.0001) between the level of
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expression of IGF-I and IGF-IR in a given gastrinoma. This
result is similar to reports with adrenocortical cancers (41),
breast cancer (48), and prostate cancer (36) but differs from
results with pheochromocytomas and adrenal adenomas (41).
This high correlation between IGF-I and IGF-IR levels for a
given gastrinoma suggests that with some gastrinomas enhanced IGF-IR activation could be mediated by two different
processes that could be complementary: overproduction of IGFI and increased IGF-IR. The mechanism of IGF-IR mRNA
overexpression was not examined in detail in this study,
although it is clear that similar to other nonendocrine tumors
(31), it is not generally due to IGF-IR gene amplification. The
mechanisms by which IGF-IR activation might stimulate
growth of gastrinomas has not been studied, but in other cells,
IGF-IR activation stimulates receptor tyrosine kinase activity
which activates distinct transduction cascades including Ras
and mitogen-activated protein kinases and phosphoinositol-3kinase (15, 33, 49).
IGF-I and/or IGF-IR expression are reported in some studies
of nonendocrine and a few endocrine tumors (31, 35, 36, 39,
42, 44) but not in other studies (35, 37, 41, 43, 44), to correlate
with tumor growth, stage, invasiveness, decreased survival, or
other clinical features of the tumor. In two studies involving
different pancreatic endocrine tumors (7, 18, 20) and three
studies involving carcinoid tumors (7, 18 – 20), the presence or
absence of IGF-I and/or IGF-IR did not correlate with tumor
aggressiveness. However, in these studies (7, 18 – 20), no
quantitative comparisons were done. In the present study, we
found that increased IGF-IR mRNA expression in gastrinoma
significantly correlated with increased tumor growth, aggressive
disease, and increased tumor extent as did IGF-I expression, to a
lesser degree. Furthermore, increased IGF-IR levels were
associated with the development of liver metastases (P =
0.003) and a lower long-term disease-free rate postresection
(P = 0.020). Numerous studies have shown that the development of liver metastases in patients with malignant neuroendocrine tumors, including gastrinomas, is the most important
determinant of long-term survival (2, 3, 5, 50). Therefore, our
results suggest that if patients with gastrinomas are followed
long enough the level of IGF-IR would likely correlate with
disease-related survival. An additional finding in our study
supporting this conclusion was that lower tumor IGF-IR mRNA
levels were associated with a significantly higher disease-free
survival rate (P = 0.034).
Neither gastrinoma IGF-IR nor IGF-I mRNA levels correlated
with primary tumor location or size (4, 5), fasting serum gastrin
levels (51), or disease duration (21), all of which have been
shown to have prognostic significance in gastrinomas and/or
other neuroendocrine tumors (2 – 5). The results with gastrinomas with an association of increased IGF-IR/IGF-I expression
with the presence of aggressive disease are similar to reports
with some malignant endocrine tumors (papillary thyroid
cancer; refs. 39, 43) and nonendocrine tumors [colorectal
tumors (35), renal cancer, and breast cancer (44)]. However,
these results differ from other studies showing no correlation in
the IGF-I/IGF-IR expression and tumor aggressiveness in some
nonendocrine tumors (prostate cancer; refs. 36, 42). Furthermore, our results (2 – 4) are consistent with animal studies
which show that the presence of IGF-IR on various tumors
increases invasiveness, metastatic potential, and development
of liver metastases (17).
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The finding that both IGF-I and IGF-IR mRNA expression
levels are related to gastrinoma aggressiveness and that IGF-IR
levels are predictive of disease-free survival could have clinical
significance. At present, for an individual patient, there are no
reliable prognostic factors that predict tumor aggressiveness or
recurrence with sufficient certainty to be clinically useful.
Therefore, all patients must undergo regular reassessments at
frequent intervals including detailed imaging studies to assess
possible progression/recurrence. The assessment of IGF-IR
mRNA levels in the gastrinoma may allow stratification of
patients to different risk levels that could be used to determine
risk and allow identification of patients requiring more careful
follow-up.
The fact that we find that IGF-I/IGF-IR mRNA expression
correlates with aggressive gastrinoma growth and tumor extent
and most gastrinomas possess each, raises the possibility that
IGF-IR activation could be involved in an autocrine growth
function in gastrinomas, similar to that shown in other
endocrine (19) and nonendocrine tumors (34). Furthermore,
the expression of IGF-I and/or IGF-IR may be important in the
development and/or pathogenesis of pancreatic endocrine

tumors. IGF-I has been implicated in islet development and
differentiation (52). IGF-I increases islet growth (53). Furthermore, elevated levels of IGF-IR have been shown to convey
invasiveness and metastatic potential in a mouse model of
pancreatic islet tumorigenesis (17). Whether at present the
presence of either IGF-I and/or IGF-IR is important in the
molecular pathogenesis of human pancreatic endocrine
tumors, is at present only speculation. However, with the
increased development of possible therapeutic strategies
directed against the IGF-IR (10) as well as the effects of such
drugs as somatostatin analogues at decreasing IGF-I secretion,
the possible involvement of IGF-IR in the molecular pathogenesis of these tumors as well as our findings that expression
correlates with tumor aggressiveness, raises the possibility an
approach directed against IGF-IR could have therapeutic value
in the treatment of these tumors.

Acknowledgments
We thank Alfredo Martinez of the Cell and Cancer Biology Branch, National Cancer Institute, NIH for his help in obtaining photomicrographs of the tumors.

References
1. Fraker DL, Jensen RT. Pancreatic endocrine tumors.
In: DeVita VT, Hellman S, Rosenberg SA, editors.
Cancer: principles and practice of oncology. 5th ed.
Philadelphia: Lippincott-Raven Publishers; 1997. p.
1678 ^ 704.
2. Jensen RT, Doherty GM. Carcinoid tumors and
the carcinoid syndrome. In: DeVita VT, Hellman S,
Rosenberg SA, editors. Cancer: principles and practice of oncology. 6th ed. Philadelphia: Lippincott
Williams & Wilkins; 2001. p. 1813 ^ 33.
3. Jensen RT. Natural history of digestive endocrine
tumors. In: Mignon M, Colombel JF, editors. Recent
advances in pathophysiology and management of
inflammatory bowel diseases and digestive endocrine tumors. Paris: John Libbey Eurotext; 1999.
p. 192 ^ 219.
4. Jensen RT, Gardner JD. Gastrinoma. In: Go VLW,
DiMagno EP, Gardner JD, Lebenthal E, Reber HA,
Scheel GA, editors. The pancreas: biology, pathobiology and disease. 2nd ed. New York: Raven Press;
1993. p. 931 ^ 78.
5. Yu F,Venzon DJ, Serrano J, et al. Prospective study of
the clinical course, prognostic factors and survival in
patients with longstanding Zollinger-Ellison syndrome.
J Clin Oncol 1999;17:615 ^ 30.
6. Sutliff VE, Doppman JL, Gibril F, et al. Growth of
newly diagnosed, untreated metastatic gastrinomas
and predictors of growth patterns. J Clin Oncol 1997;
15:2420 ^ 31.
7. Corleto VD, Delle Fave G, Jensen RT. Molecular
insights into gastrointestinal neuroendocrine tumors:
importance and recent advances. Dig Liver Dis 2002;
34:668 ^ 80.
8. SerranoJ, Goebel SU, Peghini PL, Lubensky IA, Gibril
F, Jensen RT. Alterations in the p16 INK4a/CDKN2A
tumor suppressor gene in gastrinomas. J Clin Endocrinol Metab 2000;85:4146 ^ 56.
9. Goebel SU, Heppner C, Burns AD, et al. Genotype/
phenotype correlations of MEN1 gene mutations in
sporadic gastrinoma. J Clin Endocrinol Metab 2000;
85:116 ^ 23.
10. Zwick E, Bange J, Ullrich A. Receptor tyrosine
kinase signalling as a target for cancer intervention
strategies. Endocr Relat Cancer 2001;8:161 ^ 73.
11. Oberg K. Expression of growth factors and their
receptors in neuroendocrine gut and pancreatic
tumors, and prognostic factors for survival. Ann N Y
Acad Sci 1994;733:46 ^ 55.

www.aacrjournals.org

12. Peghini PL, Iwamoto M, Raffeld M, et al. Overexpression of epidermal growth factor and hepatocyte
growth factor receptors in a proportion of gastrinomas
correlates with aggressive growth and lower curability.
Clin Cancer Res 2002;8:2273 ^ 85.
13. Coppola D, Ferber A, Miura M, et al. A functional
insulin-like growth factor I receptor is required for
the mitogenic and transforming activities of the epidermal growth factor receptor. Mol Cell Biol 1994;
14:4588 ^ 95.
14. Rubini M, Werner H, Gandini E, Roberts CT Jr,
LeRoith D, Baserga R. Platelet-derived growth factor
increases the activity of the promoter of the insulin-like
growth factor-1 (IGF-1) receptor gene. Exp Cell Res
1994;211:374 ^ 9.
15. Furstenberger G, Senn HJ. Insulin-like growth
factors and cancer. Lancet Oncol 2002;3:298 ^ 302.
16. Reinmuth N, Fan F, LiuW, et al. Impact of insulin-like
growth factor receptor-I function on angiogenesis,
growth, and metastasis of colon cancer. Lab Invest
2002;82:1377 ^ 89.
17. Lopez T, Hanahan D. Elevated levels of IGF-1
receptor convey invasive and metastatic capability
in a mouse model of pancreatic islet tumorigenesis.
Cancer Cell 2002;1:339 ^ 53.
18. Wulbrand U, Wied M, Zofel P, Goke B, Arnold R,
Fehmann H. Growth factor receptor expression in human gastroenteropancreatic neuroendocrine tumours.
Eur J Clin Invest 1998;28:1038 ^ 49.
19. Nils son O, Wangberg B, Theodor s son E,
Skottner A, Ahlman H. Presence of IGF-I in human
midgut carcinoid tumours: an autocrine regulator of
carcinoid tumour growth? Int J Cancer 1992;51:
195 ^ 203.
20. Wulbrand U, Remmert G, Zofel P, Wied M,
Arnold R, Fehmann HC. mRNA expression patterns
of insulin-like growth factor system components in
human neuroendocrine tumours. EurJ Clin Invest 2000;
30:729 ^ 39.
21. Roy P, Venzon DJ, Shojamanesh H, et al. ZollingerEllison syndrome: clinical presentation in 261patients.
Medicine 2000;79:379 ^ 411.
22. Maton PN, Vinayek R, Frucht H, et al. Long-term
efficacy and safety of omeprazole in patients with
Zollinger-Ellison syndrome: a prospective study.
Gastroenterology 1989;97:827 ^ 36.
23. Norton JA, Fraker DL, Alexander HR, et al. Surgery
to cure the Zollinger-Ellison syndrome. N Engl J Med
1999;341:635 ^ 44.

3241

24. Termanini B, Gibril F, Reynolds JC, et al.Value of somatostatin receptor scintigraphy: a prospective study
in gastrinoma of its effect on clinical management.
Gastroenterology 1997;112:335 ^ 47.
25. Maton PN, Miller DL, Doppman JL, et al. Role of
selective angiography in the management of Zollinger-Ellison syndrome. Gastroenterology 1987;92:
913 ^ 8.
26. Goebel SU, Peghini PL, Goldsmith PK, et al.
Expression of the calcium-sensing receptor in
gastrinomas. J Clin Endocrinol Metab 2000;85:
4131 ^ 7.
27. Frye RA, Benz CC, Liu E. Detection of amplified
oncogenes by differential polymerase chain reaction.
Oncogene 1989;4:1153 ^ 7.
28. Goebel SU, Iwamoto M, Raffeld M, Gibril F, Hou
W, Jensen RT. HER-2/neu expression and gene
amplification in gastrinomas: correlations with tumor
biology, growth, and aggressiveness. Cancer Res
2002;62:3702 ^ 10.
29. Rohlik QT, Adams D, Kull FC Jr, Jacobs S. An
antibody to the receptor for insulin-like growth factor I inhibits the growth of MCF-7 cells in tissue
culture. Biochem Biophys Res Commun 1987;149:
276 ^ 81.
30. Roy P, Venzon DJ, Feigenbaum KM, Koviack PD,
Bashir S, Ojeaburu JV. Gastric secretion in ZollingerEllison syndrome: correlation with clinical expression, tumor extent and role in diagnosis: a prospective
NIH study of 235 patients and review of the literature in 984 cases. Medicine (Baltimore) 2001;80:
189 ^ 222.
31. Berns EM, Klijn JG, van Staveren IL, Portengen H,
Foekens JA. Sporadic amplification of the insulin-like
growth factor 1receptor gene in human breast tumors.
Cancer Res 1992;52:1036 ^ 9.
32. Toi M, Matsumoto T, Bando H. Vascular endothelial growth factor: its prognostic, predictive, and
therapeutic implications. Lancet Oncol 2001;2:
667 ^ 73.
33. Yu H, RohanT. Role of the insulin-like growth factor
family in cancer development and progression. J Natl
Cancer Inst 2000;93:1472 ^ 89.
34. Bergmann U, Funatomi H, Yokoyama M, Beger
HG, Korc M. Insulin-like growth factor I overexpression in human pancreatic cancer: evidence for autocrine and paracrine roles. Cancer Res 1995;55:
2007 ^ 11.
35. Hakam A, Yeatman TJ, Lu L, et al. Expression of

Clin Cancer Res 2005;11(9) May 1, 2005

Downloaded from clincancerres.aacrjournals.org on September 27, 2021. © 2005 American Association for
Cancer Research.

Imaging, Diagnosis, Prognosis
insulin-like growth factor-1receptor in human colorectal cancer. Hum Pathol1999;30:1128 ^ 33.
36. Cardillo MR, Monti S, Di Dilverio F, GentileV, Sciarra
F, Toscano V. Insulin-like growth factor (IGF)-I, IGF-II
and IGF type I receptor (IGFR-I) expression in prostatic cancer. Anticancer Res 2003;23:3825 ^ 35.
37. Ouban A, Muraca P,YeatmanT, Coppola D. Expression and distribution of insulin-like growth factor-1 receptor in human carcinomas. Hum Pathol 2003;34:
803 ^ 8.
38. Weber MM, Auernhammer CJ, Kiess W, Engelhardt
D. Insulin-like growth factor receptors in normal and
tumorous adult human adrenocortical glands. Eur J
Endocrinol 1997;136:296 ^ 303.
39. Maiorano E, Ciampolillo A,Viale G, et al. Insulin-like
growth factor 1 expression in thyroid tumors. Appl
Immunohistochem Mol Morphol 2000;8:110 ^ 9.
40. van der Laan BF, FreemanJL, Asa SL. Expression of
growth factors and growth factor receptors in
normal and tumorous human thyroid tissues. Thyroid
1995;5:67 ^ 73.
41. KamioT, Shigematsu K, Kawai K,Tsuchiyama H. Immunoreactivity and receptor expression of insulinlike
growth factor I and insulin in human adrenal tumors.
An immunohistochemical study of 94 cases. Am J
Pathol 1991;138:83 ^ 91.

Clin Cancer Res 2005;11(9) May 1, 2005

42. Peters G, Gongoll S, Langner C, et al. IGF-1R, IGF-1
and IGF-2 expression as potential prognostic and
predictive markers in colorectal-cancer. Virchows
Arch 2003;443:139 ^ 45.
43. Gydee H, O’Neill JT, Patel A, Bauer AJ, Tuttle RM,
Francis GL. Differentiated thyroid carcinomas from
children and adolescents express IGF-I and the IGF-I
receptor (IGF-I-R). Cancers with the most intense
IGF-I-R expression may be more aggressive. Pediatr
Res 2004;55:709 ^ 15.
44. Railo MJ, von Smitten K, Pekonen F.The prognostic
value of insulin-like growth factor-I in breast cancer
patients. Results of a follow-up study on 126 patients.
Eur J Cancer 1994;30A:307 ^ 11.
45. Ahlman H, Wangberg B, Nilsson O. Growth regulation in carcinoid tumors. Endocrinol Metab Clin North
Am 1993;22:889 ^ 915.
46. Nilsson O, Wangberg B, Wigander A, Ahlman
H. Immunocytochemical evidence for the presence of IGF-I and IGF-I receptors in human endocrine tumours. Acta Physiol Scand 1992;144:
211 ^ 2.
47. Nilsson O, Wa«ngberg B, Kolby L, Schultz GS,
Ahlman H. Expression of transforming growth factor
a and its receptor in human neuroendocrine tumours.
Int J Cancer 1995;60:645 ^ 51.

3242

48. Nardon E, Buda I, Stanta G, Buratti E, Fonda
M, Cattin L. Insulin-like growth factor system
gene expression in women with type 2 diabetes and breast cancer. J Clin Pathol 2003;56:
599 ^ 604.
49. Werner H, LeRoith D. The role of insulin-like growth
factor system in human cancer. Adv Cancer Res 1996;
68:183 ^ 223.
50. Jensen RT. Peptide therapy. Recent advances in
the use of somatostatin and other peptide receptor
agonists and antagonists. In: Lewis JH, Dubois A,
editors. Current clinical topics in gastrointestinal pharmacology. Malden (MA): Blackwell Science, Inc.;
1997. p. 144 ^ 223.
51. Berger AC, Gibril F,Venzon DJ, et al. Prognostic value of initial fasting serum gastrin level in patients with
Zollinger-Ellison syndrome. J Clin Oncol 2001;
19:3051 ^ 7.
52. Hill DJ, Hogg J. Growth factor control of pancreatic
B cell hyperplasia. Baillieres Clin Endocrinol Metab
1991;5:689 ^ 98.
53. Otonkoski T, Knip M, Wong I, Simell O, et al.
Effects of growth hormone and insulin-like growth
factor I on endocrine function of human fetal isletlike cell clusters during long-term tissue culture. Diabetes 1988;37:1678 ^ 83.

www.aacrjournals.org

Downloaded from clincancerres.aacrjournals.org on September 27, 2021. © 2005 American Association for
Cancer Research.

Increased Expression of Insulin-Like Growth Factor I and/or
Its Receptor in Gastrinomas Is Associated with Low
Curability, Increased Growth, and Development of
Metastases
Masayuki Furukawa, Mark Raffeld, Carmen Mateo, et al.
Clin Cancer Res 2005;11:3233-3242.

Updated version

Cited articles
Citing articles

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
http://clincancerres.aacrjournals.org/content/11/9/3233

This article cites 46 articles, 12 of which you can access for free at:
http://clincancerres.aacrjournals.org/content/11/9/3233.full#ref-list-1
This article has been cited by 8 HighWire-hosted articles. Access the articles at:
http://clincancerres.aacrjournals.org/content/11/9/3233.full#related-urls

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://clincancerres.aacrjournals.org/content/11/9/3233.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's
(CCC)
Rightslink site.

Downloaded from clincancerres.aacrjournals.org on September 27, 2021. © 2005 American Association for
Cancer Research.

