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Abstract
Aims—To study changes in the expression
of insulin-like growth factors (IGFs) and
their receptors, as well as production of
the IGF-I and IGF-II polypeptides, in
adenocarcinoma of the colon.
Methods—Malignant tissue obtained at
operation was used. Total RNA was ex-
tracted and specific IGF-I and IGF-II and
their receptor mRNAs were measured by
a solution hybridisation RNase protection
assay. IGF-I and IGF-II polypeptides were
measured by specific immunoassays.
Results—All normal tissues expressed
IGF-II, IGF-I receptor, and IGF-II/
mannose-6-phosphate (Man-6-P) recep-
tor. IGF-I mRNA could not be detected
but the polypeptide was present in small
but equal amounts in normal and malig-
nant tissue. IGF-II was expressed 40 times
more abundantly in colonic tumours than
in adjacent normal tissue and the concen-
tration of the corresponding polypeptide
was twice as high in the malignant tissue.
IGF-I receptor expression was increased
by a factor of 2.5 and IGF-II/Man-6-P
receptor by a factor of 4.
Conclusions—This study confirms that in
adenocarcinoma of the human colon there
is increased expression of IGF-I receptor
and IGF-II. Furthermore, IGF-II/Man-
6-P receptor message is increased and the
increase in IGF-II message is accompa-
nied by a doubling of the IGF-II protein in
the tumour tissue compared with the
adjacent normal tissue. These findings
suggest that the IGF-II/Man-6-P receptor
may also be involved in development of
adenocarcinoma of the colon. There is
rapidly accumulating evidence implicat-
ing the IGF system in the development of
malignancy of the large bowel.
(Gut 1999;44:704–708)
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Cancer of the colon is one of the most common
types of cancer in humans. So far, it has not
been possible to devise eVective medical treat-
ment against it. As intestinal growth through-
out life is under the control of various growth
factors, an understanding of their possible role
in this neoplasm may be essential to planning
eVective treatment. These growth factors are
both endocrine products and locally produced
peptides with paracrine and autocrine eVects.
The factors known to stimulate intestinal
growth include epidermal growth factor, gas-

trin, cholecystokinin, insulin-like growth fac-
tors I and II (IGF-I and -II), growth hormone,
enteroglucagon, neurotensin, and peptide
YY.1 2

IGF-I and -II play an important role in the
growth, normal and abnormal, of many tissues
in the human body. In order to exert their effect
they bind to specific cell surface receptors.
Furthermore, the IGFs are bound in the serum
to one of six binding proteins. Biological func-
tions attributed to these binding proteins
include regulation of the stability and clearance
of the IGFs, acting as shuttles for IGF
transport, and modulating IGF action at the
cellular level.3

IGFs are expressed in the normal intestine in
both the fetus and the adult.4 After intestinal
resection in the experimental animal, IGF-II
receptors are increased in the villous and crypt
regions of the jejunum and ileum at 12 hours,
providing circumstantial evidence for the role
of IGF-II during phases of regeneration of the
intestine.5 Recent work has suggested that
IGF-II also plays a role in human colorectal
cancer. A certain proportion of colorectal can-
cers contain increased IGF-II message,4 6 and
adenocarcinoma cell lines also produce IGF-II
protein.7 8 IGF-I receptor is increased in several
colon cancer cell lines and in colorectal cancer
tissue obtained at operation.9 10 The IGF-II/
Man-6-P receptor has been found in malignant
colorectal cell lines,10 11 but it has not so far
been shown that the expression of this receptor
is higher in colorectal cancer than in normal
colonic tissue. Nor has it been shown that
IGF-II protein is increased in colorectal
cancer. We studied the expression of IGF-I and
-II and their two receptors in tissue obtained at
operation for resection of adenocarcinoma of
the colon. Furthermore, we measured IGF-I
and IGF-II polypeptide in cancerous and nor-
mal adjacent bowel.

Methods
GROUPS OF INDIVIDUALS

IGF gene expression was studied in six patients
with carcinoma of the colon, two men and four
women, whose ages ranged from 46 to 82
years. In three, the carcinoma was in the
sigmoid colon, in two near the splenic flexure,
and in one in the ascending colon near the
hepatic flexure. Two patients had metastases in
the liver: a 46 year old woman had a mucinous
adenocarcinoma near the hepatic flexure; a 56
year old man had a moderately diVerentiated
adenocarcinoma in the sigmoid.

Abbreviations used in this paper: IGF, insulin-like
growth factor; Man-6-P, mannose-6-phosphate.
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In addition, IGF gene expression was
studied in biopsy specimens from three
patients with malignant polyps and in ten nor-
mal biopsy samples obtained from individuals
undergoing colonoscopy for diagnostic pur-
poses.

In another group of 10 patients, carcinoma-
tous and normal adjacent tissue obtained at
operation was kept for estimation of IGF-I and
IGF-II protein.

PREPARATION OF TISSUES

Tissues were obtained during resection of the
bowel for adenocarcinoma. Tumour tissue and
normal tissue adjacent to the tumour were
removed and thoroughly rinsed in isotonic
saline to avoid contamination by serum. These
were placed on ice within a few minutes of
removal, and appropriate tissues were selected
by the pathologist and placed in RPMI 1640.
Ulcerated and necrotic areas were avoided.
Within 15 minutes of removal, the tissues were
rapidly frozen in liquid nitrogen and subse-

quently preserved at −70°C until used for
preparation of total RNA. Tissues from normal
healthy individuals and from patients with
malignant polyps were obtained during routine
colonoscopy of persons at risk for colorectal
tumour. The remainder of the tissue was
placed in formalin and underwent formal
histological evaluation and staging by Dukes’
classification.

This project was approved by the ethical
committee of the Shaare Zedek Hospital, and
written permission was obtained for removal of
the biopsy material.

GENE EXPRESSION OF IGF-I, IGF-I RECEPTOR,
IGF-II, AND IGF-II RECEPTOR

Tissue mRNA for IGF-I, IGF-II, and their
receptors was analysed by an RNase protection
assay as follows. Total RNA was prepared from
the tissues by the method of Chomczynski and
Sacchi12 and quantified by measuring absorb-
ance at 260 nm. The integrity of the RNA and
the accuracy of the spectrophotometric deter-
minations were assessed by visual inspection of
the ethidium bromide stained 28S and 18S
ribosomal RNA bands after agarose gel electro-
phoresis. The IGF-I, IGF-II, IGF-I receptor,
and IGF-II/Man-6-P receptor riboprobes were
a gift from Dr Derek LeRoith, NIH, Bethesda,
MD, USA.

The riboprobe for human IGF-I was a 442
bp PstI/RsaI fragment of a human IGF-I cDNA
subcloned into plasmid vector pGEM-3. When
this construct was linearised with HindIII, a
protected band of 420 bases was obtained.13

The riboprobe for human IGF-II was a 556 bp
PstI/AccI fragment of human IGF-II cDNA
subcloned into plasmid vector pGEM-3. For
generation of antisense RNAs, this construct
was linearised with HindIII, and, using T7
RNA polymerase, a 603 base transcript con-
taining 251 bases of the 5’ untranslated region
and 283 bases of the coding region was
generated.14 The riboprobe for human IGF-I
receptor was a 379 bp EcoRI/XhoI fragment
coding for part of the á-subunit of the human
IGF-I receptor subcloned into plasmid vector
pGEM-3. After linearisation of this construct
with HindIII, an antisense riboprobe was
generated with T7 RNA polymerase. The final
riboprobe contained 32 bases of pGEM-3
plasmid sequence and 379 bases complemen-
tary to IGF-I receptor mRNA.15 A human
IGF-II/Man-6-P receptor riboprobe was gen-
erated by subcloning a 500 bp EcoRI/HindIII
fragment of the corresponding cDNA into
pGEM-2. After linearisation of this construct
with EcoRI, an antisense riboprobe containing
250 bases complementary to IGF-II/Man-6-P
receptor mRNA and 10 bases of pGEM-2
sequence was generated with T7 RNA
polymerase.13

Solution hybridisation RNase protection
assays were performed as follows. A 20 µg sam-
ple of total RNA was hybridised with 1 × 106

dpm 32P-labelled antisense RNA probes. The
hybridisation was carried out at 45°C for 16
hours in a buVer containing 80% formamide.
After hybridisation, RNA samples were di-
gested with RNase A, and T1 and the

Figure 1 Expression of insulin-like growth factor II (IGF-II)/mannose-6-phosphate
(Man-6-P) receptor in colonic tissue. (A) Levels of IGF-II/Man-6-P receptor mRNA in
various groups of individuals are compared. The first two lanes are from two healthy
individuals (N) followed by two lanes from one patient with a malignant polyp (POL).
The next four lanes are from one patient with colonic cancer. The first two are from normal
tissue adjacent to the carcinoma (Adj-CRC) and the last two from the tumour itself
(CRC). − denotes yeast RNA and probe without RNase, and + denotes yeast RNA and
probe with RNase; P denotes native probe. The levels of the IGF-II/Man-6-P receptor
mRNA were measured by solution hybridisation RNase protection assay as described in
Methods. The gels were exposed for five days. (B) Expression of IGF-II/Man-6-P receptor
(IGF-IIR) mRNA in 10 specimens obtained from 10 healthy individuals (N), in four
specimens from three patients with a malignant polyp (POL), in nine specimens from six
individuals of tissue adjacent to adenocarcinoma (Adj-CRC), and malignant tissue from
the same six individuals (CRC). There was a highly significant diVerence between
adenocarcinoma of the colon and the other groups (***p<0.001). mRNA levels were
measured by solution hybridisation RNase protection assay as described in Methods. The
values are the relative density of the bands as a percentage of the normal tissue. Results are
mean (SEM). (C) The integrity of the RNA from these individuals was assessed by visual
inspection of ethidium bromide stained 28S and 18S ribosomal bands after agarose gel
electrophoresis of 10 µg aliquots.
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protected hybrids were extracted with phenol/
chloroform, ethanol precipitated, and electro-
phoresed on 8% polyacrylamide/8 M urea
denaturing gel. Multiple autoradiograms from
each gel were scanned by a densitometer
connected to an Apple Macintosh computer.

TISSUE IGF-I AND -II EXTRACTION AND

IMMUNOASSAYS

For the extraction of IGF-I, about 100 mg tis-
sue was homogenised on ice in 1 mol/l acetic
acid (5 mg/g tissue) with an UltraTurrax TD
25 and further disrupted using a Potter
Elvehjelm homogeniser.16 17 The tissues were
extracted twice and after lyophilization were
redissolved in 40 mmol/l phosphate buVer (pH
8). IGF-II was extracted by homogenising
about 100 mg tissue on ice in 3.3 mol/l formic
acid/0.5% Tween 20 (5 ml/g tissue) and centri-
fuged at 40 000 g for 10 minutes at 4°C.18 A
150 µl aliquot of the supernatant was trans-
ferred into a second set of tubes and placed in
a water bath at 90°C for 30 minutes. The tubes

were removed and 350 µl reagent grade
acetone was added; the resulting mixture was
vortex-mixed and centrifuged at 3000 g. The
supernatants were lyophilized and redissolved
in 40 mmol/l phosphate buVer (pH 8). A linear
relation was found between biosynthetic IGF-I
and IGF-II and the tissue IGF-I and IGF-II
immunoreactivity at multiple concentrations,
indicating antigen similarity and absence of
interference from proteins and receptors in the
extracts. Tissue extracts were kept at −20°C
until tissue IGF-I and IGF-II were measured in
duplicate in diluted extracts by a non-
competitive time-resolved immunofluorimetric
assay as previously described.19 IGF-I and
IGF-II cross reactivity were less than 0.0002%,
and the detection limits were 2.5 ng/l and 10
ng/l for the IGF-I and IGF-II assays respec-
tively. The intra-assay coeYcient of variance
for the IGF-I and -II method was less than 5%
and the interassay coeYcient less than 10%.

Results
IGF-II/Man-6-P receptor gene expression in
biopsy specimens from healthy individuals was
similar to that in biopsy specimens from
normal tissue adjacent to adenocarcinoma.
However, it was five times higher in the malig-
nant tissue. In malignant polyps, IGF-II
expression was about twice as high (fig 1A, B).
The integrity of the RNA used in the RNase
protection assay was assessed by visual inspec-
tion of ethidium bromide stained 28S and 18S
ribosomal bands of 10 µg aliquots in agarose
gel (fig 1C). The two patients with liver metas-
tases had 2.4 and 4 times higher IGF-II/Man-
6-P receptor gene expression than patients of
Dukes’ classification A (data not shown).

Expression of IGF-II was about 40 times
higher in malignant tissue than in tissue
adjacent to the tumour (fig 2).

Expression of IGF-I receptor was 2.5 times
higher in the malignant tissue than in tissue
adjacent to the tumour (fig 3).

We did not find IGF-I mRNA in healthy or
malignant colonic tissue (data not shown).

The amount of IGF-I and IGF-II protein
was measured in adenocarcinoma of the colon
and in normal adjacent tissue in another group,
comprising ten patients. IGF-I was present in
equal but small amounts in healthy and malig-
nant tissue (2.3 (1.3) and 2.3 (1.9) ng/g tissue
respectively; mean (SD)). IGF-II, however, was
twice as abundant in the malignant tissue (31.2
(11.8) v 16 (3.1) ng/g tissue; p<0.05). The lev-
els of tissue IGF-I and -II amounted to about
3–5% of circulating levels (data not shown).

Discussion
IGF-II RECEPTOR mRNA IN COLONIC TISSUE

Our results show that colonic tissue from
healthy subjects expresses IGF-II/Man-6-P
receptor mRNA, suggesting that the receptor is
a physiological constituent of healthy colonic
tissue in adults.

In our series, all six patients with carcinoma of
the colon and the three with carcinomatous pol-
yps had increased expression of IGF-II/Man-
6-P receptor mRNA compared with the 10 con-
trol individuals. IGF-II/Man-6-P receptor has

Figure 2 Expression of insulin-like growth factor-II
(IGF-II) mRNA in adenocarcinoma of the colon (CRC)
compared with that in tissue adjacent to the carcinoma
(Adj-CRC). mRNA levels were measured by solution
hybridisation RNase protection assay as described in
Methods. The values are the relative density of the bands as
percentage of the normal adjacent tissue coming from six
individuals and specimens of adenocarcinoma obtained
from the same individuals. There was a highly significant
diVerence (***p<0.001) between the two groups. Results
are mean (SEM).
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Figure 3 Expression of insulin-like growth factor-I
receptor (IGF-IR) mRNA in adenocarcinoma of the colon
(CRC) compared with that in tissue adjacent to the
carcinoma (Adj-CRC). mRNA levels were measured by
solution hybridisation RNase protection assay as described
in Methods. The values are the relative density of the bands
as percentage of the normal adjacent tissue consisting of 12
specimens from six individuals and 12 specimens of tissue
from the adenocarcinoma obtained from the same six
individuals. Results are mean (SEM). There was a highly
significant diVerence (*p<0.0001) between the two groups.
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previously been shown to be present in malig-
nant colorectal cancer cell lines,9 10 but this is the
first demonstration that it exists in normal
colonic tissue and that its expression is higher in
colorectal tumour tissue than normal colonic
mucosa. Although our numbers are not suY-
ciently large to allow a correlation of the clinical
state and gene expression, it is of interest that the
two patients with metastases in the liver had
exceptionally high expression compared with
other patients with colorectal cancer of a lower
grade of invasiveness.

In experimental studies in rats, the IGF-II/
Man-6-P receptor was found to be localised
along the whole intestine. It was more densely
represented in the distal small intestine and
colon than in the jejunum.20 The receptor was
more abundant in the crypts, a region engaged
in proliferation of enterocytes, than in the
villus. At 12 hours after resection of the
intestine in rats, a significant increase in immu-
noreactive IGF-II/Man-6-P receptor was
found in the villus and crypt regions of the
jejunum and ileum, and this increase was
maintained for 48 hours.4 These observations
suggest at first sight that the IGF-II/Man-6-P
receptor has a proliferative eVect in entero-
cytes. This, however, seems unlikely as the
IGF-II/Man-6-P receptor, unlike the IGF-I
receptor, does not possess an intracellular tyro-
sine kinase activating domain.21 Rather, this
receptor appears to be similar to the receptor
for proteins bearing Man-6-P, a post-
translational modification that functions as a
key signal for intracellular targeting of hydro-
lases, and possibly other proteins, to lysosomes.
It is for this reason that the IGF-II/Man-6-P
receptor is believed not to subserve a mitogenic
function. Indeed, there is overwhelming evi-
dence in the literature indicating that it is the
IGF-I receptors that mediate the mitogenic
eVects of IGF-II.10 22 Although we found the
IGF-II/Man-6-P receptor expression to be
upgraded in colorectal cancer, we could not
prove that it contributes to the development of
the tumour. In contrast, in carcinoma of the
breast and liver, the IGF-II/Man-6-P receptor
has recently been implicated as a putative
tumour suppressor gene. In these tissues, loss
of heterozygosity for this gene was shown in
30% and 70% of tumours respectively. In
addition, point mutations were found in the
remaining alleles.23–25 In contrast, in colorectal
cancer we found that the IGF-II receptor mes-
sage was overexpressed fivefold and the IGF-II
message by a factor of 40.

IGF-I RECEPTOR mRNA IN COLONIC TISSUE

Like others,9 we found that IGF-I receptor
mRNA was also increased in the malignant tis-
sue. Increased amounts of IGF-I receptor at
the functional binding protein level have previ-
ously been described in several
adenocarcinomata.9 The IGF-I receptor has
been shown also to bind a substantial amount
of the IGF-II and to mediate its eVects in
stimulating proliferation of cells.10 22 Expres-
sion of IGF-I receptor is also upgraded in
states of malnutrition,26 in tissue repair,27 and in
numerous malignancies.7 28

IGF-I mRNA AND IGF-I PROTEIN IN COLONIC

TISSUE

Like other investigators, we did not find any
IGF-I mRNA in healthy or malignant human
colonic tissue.3 Tricoli et al4 on the other hand
did find a 3–5-fold increase in IGF-I mRNA in
20% of tumours. Although rare in epithelial
tumours, increased IGF-I expression is, how-
ever, a very common occurrence in ovarian
cancers.29 We found small amounts of IGF-I
protein in the tissues and these were the same
in normal adjacent tissue and in the tumour.

IGF-II mRNA AND IGF-II PROTEIN IN COLONIC

TISSUE

IGF-II mRNA levels were elevated in all the
malignant colonic tissues investigated by us.
Expression of IGF-II mRNA in tissue adjacent
to the tumour was normal. These findings are
compatible with previous reports. Lambert et
al6 analysed 21 human colorectal tumours and
found overexpression of IGF-II in six (30%).
Overexpression was moderate (2–15-fold) or
marked (200–800-fold). It did not correlate
with the site or stage of the tumour nor with the
age or sex of the patient. In one of their patients
a structural alteration of the IGF-II gene was
found. Tricoli et al4 studied IGF-II gene
expression in 20 colorectal tumours and found
10–50-fold increase in 30–40%. They did find
a correlation with Dukes’ classification of the
tumour. Of special interest was the finding that
there was no increased expression of epidermal
growth factor or transforming growth factor á.
This finding emphasises the unique
importance of the IGFs in colorectal cancer.
The malignant potential of IGF-II in mam-
mary cancer was recently shown in transgenic
mice overexpressing IGF-II30 and in the CaCo2
colon carcinoma cell line.31 In human colorec-
tal cancer cell lines it has been shown that
IGF-II mRNA expression is associated with
production of IGF-II protein.7 8 As no control
cell lines were available, it could not be
established if the production of IGF-II was
increased above normal. We showed a twofold
increase in IGF-II protein in malignant tissue.
Unfortunately, tissues from diVerent patients
were used for the determinations of IGF-II
peptide and IGF-II mRNA, but we do not
believe that this significantly aVects our data.
IGF-II peptide was raised by a factor of 2 in ten
specimens of carcinoma when compared with
control tissue, with a very small standard
deviation. It is therefore highly unlikely that
had we measured the original six patients we
would have obtained significantly diVerent
results. On the other hand, the 40-fold increase
in the IGF-II mRNA, which we found in carci-
nomatous tissue, is in accordance with data
obtained by other investigators.4 6 This study
does not establish whether the increase in
IGF-II protein in the tumour was related to
increased local production or increased entrap-
ment by the IGF-I or the IGF-II/Man-6-P
receptor or to both these mechanisms. Al-
though the concentrations of IGF-I and -II in
both normal and malignant tissue were low
compared with circulating levels (3–5%), it
seems unlikely that the increase in tumour
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IGF-II was due to contamination with serum
IGF, as no increase in tumour IGF-I was seen.
In the COLO 205 cell line, the addition of
IGF-I receptor antibody or antibody to IGF-II
significantly depressed growth. It was con-
cluded that IGF-II secreted by these cells could
stimulate cell growth in an autocrine fashion
through IGF-I receptors.10 22

Some colorectal cancers have a genetic
instability characterised by alterations within
simple repeated nucleotide sequences termed
microsatellites.32 Such instability is characteris-
tically seen in the hereditary non-polyposis
colorectal cancer syndrome, but is also found
in 15% of sporadic colorectal cancers.33 In a
recent study of colorectal cancer patients with
microsatellite instability, 60% also showed
hypermethylation of the IGF-II gene.34 This
suggests that in this subset of patients, over-
expression of the IGF-II gene may not be
essential for development of colorectal cancer.

CONCLUSIONS

This study confirms that colorectal cancer is
associated with increased expression of genes
belonging to the IGF system. The rise in IGF-
II/Man-6-P receptor message in colorectal
tumour tissue shown here has not previously
been reported; however, its relevance to the
initiation or maintenance of the tumour
remains to be established. We have also shown
that, in parallel with the increased expression of
IGF-II, IGF-I receptor, and IGF-II/Man-6-P
receptor in adenocarcinoma of the colon, there
is increased IGF-II protein in the malignant
tissues while IGF-I protein remains un-
changed. It is suggested that IGF-II may play
an important role in the development of this
tumour in most patients.
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