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Background : Insulin-like growth factor binding protein 3 (IGFBP3), a member of six pro-
teins with a high affinity for insulin-like growth factors (IGFs), seems to modulate the effects
of IGFs on cells and to regulate cell proliferation through the IGF-independent pathway. We
assessed the role of IGFBP3 in the colorectal carcinoma detected by cDNA microarray.
Methods : To identify molecular alterations in the colorectal carcinoma, we analyzed gene
expression profiles of the colorectal adenocarcinoma by means of a cDNA microarray repre-
senting 7,500 genes. Of the differentially expressed genes, the author assessed the insulin-
like growth factor binding protein 3 (IGFBP3) gene at the protein level using immunohisto-
chemistry. Results : The expressions of 21 and 16 genes were noted to have more than five-
fold increases or decreases in the colonic adenocarcinoma tissue compared with the non-
cancerous colonic mucosal tissue. The differentially expressed genes include those associat-
ed with cell proliferation/apoptosis, signal transduction/transcription, metabolizing enzymes,
cytoskeleton, angiogenesis, ion channel, extracellular matrix and others. Of the total 68 cases
of colorectal adenocarcinomas observed, 34 cases (50%) showed positive immunohisto-
chemical stainings for IGFBP3. Conclusion : In this study, it is suggested that IGFBP3 plays
a role in colorectal carcinogenesis. And combining an immunohistochemistry with a cDNA
microarray can facillitate the rapid characterization of a candidate novel molecular target.

Key Words : Colorectal Neoplasms-Insulin-Like Growth-Factor-Binding Proteins-cDNA microar-
rays- Immunohistochemistry
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Overexpression of Insulin-like Growth Factor Binding Protein 3 in 

Colorectal Carcinoma Identified by cDNA Microarray 

and Immunohistochemical Analysis

Colorectal cancer is the third most frequent malignant disease
worldwide. Despite the recent development of diagnostic and
therapeutic procedures, the death rate has not changed during
the past fifty years.1 In Korea, colorectal cancer is the fifth most
frequent malignant disease and its incidence has increased.2

The development and progression of colorectal cancer involve
the accumulation of a series of genetic events. A variety of genet-
ic differences that may occur in the development of colorectal
cancer have been examined, using several approaches.3 We have
adopted a newly developed technique,4 the cDNA microarray,
that allows the analysis of large numbers of genes at a high res-
olution by the hybridization of labelled DNA, which may be
reverse-transcribed from mRNA, to a substrate containing thou-
sands of spotted cDNAs. The amount of the hybridized target is
analysed, giving information on gene expression, polymorphism
or mutations present; the process allows the gene profiling of

different subtypes of the disease. This technique has massive
implications for the further understanding of the complicated
genetic alterations involved in tumorigenesis and other disease
processes and also for the generation of accurate prognostic infor-
mation and the optimization of treatment in these situations.

To identify molecular alterations in the colorectal carcinoma,
the author analyzed gene expression profiles of colorectal ade-
nocarcinoma tissue by means of a cDNA microarray represent-
ing 7,500 genes. Many genes showed up-regulated or down-
regulated expression in the colonic adenocarcinoma tissue com-
pared with noncancerous colonic mucosal tissue, and they were
associated with cell proliferation/apoptosis, signal transduc-
tion/transcription, metabolizing enzymes, cytoskeleton, angio-
genesis, ion channel, extracellular matrix and others.

Among these genes, the author was interested in the insulin-
like growth factor binding protein-3 (IGFBP3) that showed a
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markedly up-regulated expression in the cancer tissue compared
with the noncancerous tissue. IGFBP3 belongs to a family of high-
affinity IGFBPs that bind to IGFs and modulate their actions. In
addition to regulating the availability of free IGFs and therefore
their mitogenic activity,5 IGFBPs also have independent cell
growth-regulatory effects. These directly regulating effects of
IGFBPs have been shown to be either growth-inducing6,7 or
growth-inhibiting.8 Although IGFBP3 is known to play a role as
a proapoptotic protein and inhibit cell growth that is dependent
or independent of IGF-1,8,9 Probst-Hensch et al.10 reported an
increased IGFBP3 level in the serums of colorectal cancer patients.
The author investigated the expression of IGFBP3 in 68 col-
orectal adenocarcinomas using immunohistochemistry to obtain
information about the role of IGFBP3 in the colorectal cancer.

MATERIALS AND METHODS

Tissue samples

Tissue samples for cDNA microarray

Paired samples of colonic carcinoma and normal colonic mu-
cosa for cDNA microarray were obtained from one colectomy
specimen excised for colonic carcinoma. A sample of colonic
carcinoma was removed from a viable tumor, avoiding obvious
areas of necrosis, and grossly normal colonic mucosa was dis-
sected from a distance of at least 10 cm from the tumor. Both
the tumor and the normal samples were then frozen and stored
in deep freezer at -70℃ until use. This tumor sample was diag-
nosed as a moderately differentiated adenocarcinoma (Astler-
Coller stage B2) by formalin-fixed and paraffin embedded tissue.

Tissue samples for immunohistochemistry

Date from 1997 to 2002, sixty eight colorectal adenocarci-
nomas were selected for immunohistochemistry from the archival
files of the Department of Pathology at Pusan National Uni-
versity Hospital. Each patient’s age and sex, tumor stage, tumor
size and tumor location were obtained by reviewing the patient’s
charts and surgical reports. The postoperative pathological stag-
ing was determined according to the guidelines of the Astler-
Coller staging system.

Methods 

RNA extraction

Total RNA was extracted using the standard TRI Reagent

RNA isolation protocol (Molecular Research Center, Inc. Cincin-
nati, USA) from about 1.5 gm of paired samples of colonic carci-
noma and normal colonic mucosa that had been stored at -70℃
The quality of total RNA was checked by ethidium bromide
staining after agarose gel electrophoresis, as demonstrated by
the presence of intact ribosomal RNA (28S and 18S bands). 

cDNA microarray procedure

A human cDNA microarray consisting of 7,500 cDNA was
purchased from GenomicTree, Inc. (Daejeon, Korea). It provides
gene expression data for 7,500 known genes and EST (expressed
sequence tag) clusters. To serve as internal control, it includes the
cDNA of housekeeping genes such as human -actin, glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH), and -tubulin.
A 78 g aliquot of total RNA from colon cancer and that from
normal colonic mucosa were labeled with Cy3-dUTP or Cy5-
dUTP, respectively. Differently labeled probes from different tis-
sue samples were mixed and applied to a microarray following
incubation at 65℃ overnight under humidified conditions. The
fluorescent image of the hybridized microarray was scanned
with an Axon scanner GenePix 4000B and analyzed using the
GenePix Pro 3.0 (Axon Instruments, Inc. CA, USA) (Fig. 1).

Immunohistochemistry of IGFBP3

One paraffin block per each case was selected for immuno-
histochemical analysis. Sections (5 m thickness) were dewaxed
and rehydrated according to the standard procedure, and washed
with phosphate buffered saline (PBS). For immunohistochemi-
cal stainings, sections were heated in a microwave oven at 600
W for 7 min 2 times and for 5 min in a 0.01 M citrate buffer,

Fig. 1. 7,500 genes were spotted onto a glass. The cDNA probes
synthesized from total RNA of colon cancer and that of normal
colonic mucosa and labeled with Cy5 and Cy3, were mixed and
hybridized to a cDNA microarray. The fluorescent image was
scanned with an Axon scanner GenePix 4000B.
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pH 6.0. Sections were then immersed in 3% H2O2 to quench
endogenous peroxidase activity, and non-specified binding was
blocked in 5% normal goat serum (0.1% BSA in PBS). Immuno-
histochemical staining was performed by the avidin-biotin per-
oxidase complex method with aminoethylcarbazole as a chro-
mogen using the Vectastain ABC elite kit (Vector Laboratories,
Burlingame, CA, USA) according to the manufacturer’s instruc-
tions. Sections were counterstained with Mayer’s hematoxylin
solution. To detect IGFBP3, the author used polyclonal antibody
against IGFBP3 (rabbit IgG, #06-108, Upstate Biotechnology,
Lake Placid, NY, USA). It was applied at a dilution of 1:200. Con-
trol experiments included the incubation of the sections with nor-
mal goat IgG or a primary antibody neutralized with an excess
of blocking peptide.

For IGFBP3 expression, brown cytoplasmic immunostain-
ing was examined in the cancer cells. Staining intensity was
graded as no staining (value 0) when staining was absent, weak
staining (value 1) when the cancer cells showed weaker positiv-
ity for IGFBP3 than the top half of the crypt of normal epithe-
lium, and strong staining (value 2) when it showed a similar or

stronger positivity. Weak and strong staining pattens were
classified as positive.

Statistical analysis

Statistical analysis was performed with the Statistical Pack-
age Service Solution software (SPSS for Windows Standard ver-
sion 10.0, SPSS Inc., Chicago, USA). The relationship between
the expression of IGFBP3 and clinicopathological characteris-
tics was analysed using the Kruskal-Wallis test. Significant
correlation was accepted when p<0.05.

RESULTS

Differential gene expression pattern detected by cDNA
microarray in colorectal carcinoma

Colonic adenocarcinoma was compared with noncancerous
colonic mucosal tissue using a human cDNA microarray con-

Gene ID GenBank Accession No. Description Fold change

Cell proliferation/apoptosis
AA844864 D16816 Regenerating islet-derived 1 (REG1B) 31.984
AA625655 M27190 Regenerating islet-derived 1 (REG1A) 24.479
AA598601 BC018962 Insulin-like growth factor binding protein 3 (IGFBP3) 14.495
R56211 J03278 Platelet-derived growth factor receptor, polypeptide (PDGFRB) 6.691

Signal transduction/transcription
AA463257 X17033 Integrin, alpha 2 (ITGA2) 10.268
AA668470 AB008109 Regulator of G-protein signalling 5 (RGS5) 5.736
H47069 L10910 Splicing factor/RNA-binding region containing 2 (RNPC2) 5.095

Enzyme
N57754 BC015663 Serine proteinase inhibitor (Serpine2) 8.854
AA863424 J05257 Dipeptidase 1 (DPEP1) 6.686
R00859 BC016058 Cathepsin K (CTSK) 5.156

Cytoskeleton
AI142699 AJ000263 Keratin, hair, basic, 6 (KRTHB6) 32.479

Angiogenesis-related
H38240 L12350 Thrombospondin 2 (THBS2) 6.403
AA143331 X54925 Matrix metalloproteinase 1 (MMP1) 6.194

Ion channel
AA455911 AF016535 Multidrug resistance protein 1 (MDR) 5.687

Extracellular matrix
AI828306 X60382 Collagen, type X, alpha 1 (COL10A1) 47.804
R67275 J04177 Collagen, type XI, alpha 1 (COL11A1) 16.373
AA101875 U16306 Chondroitin sulfate proteoglycan 2 (CSPG2) (versican) 5.629
AA461456 M58529 Collagen, type V, alpha 2 (COL5A2) 5.035

Others
AA485151 AB003333 Heat shock 105kD (HSP105B) 7.912
AA862465 X69953 Alpha-2-glycoprotein 1, zinc (AZGP1) 37.250
H62387 AB003184 Immunoglobulin superfamily containing leucine-rich repeat (ISLR) 5.929

Table 1. Genes up-regulated by over 5-fold in colorectal adenocarcinoma



sisting of 7,500 genes (Fig. 1). The results were evaluated by
the ratio of the expressions in the tumor tissue versus the ex-
pressions in the normal mucosa. Twenty-one genes were up-
regulated in the tumor tissue by over 5-fold, compared to the
respective normal tissues. The down-regulation of the expres-
sions of sixteen genes by over 5-fold was also seen in the tumor
tissues. The results are shown in Table 1 and 2. The differen-

tially expressed genes were clustered into different categories
such as cell proliferation/apoptosis (regenerating islet-derived 1 beta,
regenerating islet-derived 1 alpha, insulin-like growth factor-binding
protein 3, platelet-derived growth factor receptor, metallothionein 1G,
metallothionein 2A, glucagon), signal transduction/transcription
(integrin, alpha2, regulator of G-protein signalling 5, splicing factor,
guanylate cyclase activator 2A, mineralocorticoid receptor, Kruppel-like
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Gene ID GenBank Accession No. Description Fold change

Cell proliferation/apoptosis
H53340 J03910 Metallothionein 1G (MT1G) 0.112
AA156031 S52379 Metallothionein 2A (MT2A) 0.165
AI955772 BC005278 Glucagon (GCG) 0.130

Signal transduction/transcription
AI673190 M97496 Guanylate cyclase activator 2A (GUCA2A) 0.025
AA447079 M16801 Nuclear receptor subfamily 3, group C, member 2 (NR3C2) 0.068
H45668 U706763 Kruppel-like factor 4(gut) (KLF4) 0.101
AA461225 U46024 Myotubular myopathy 1 (MTM1) 0.161

Enzyme
AI868227 M12272 Alcohol dehydrogenase 1C (ADH1C) 0.109
N93428 M21692 Alcohol dehydrogenase 1B (ADH1B) 0.120

Angiogenesis-related
AA447797 M15518 Plasminogen activator, tissue (tPA) 0.195

Ion channel
AW009764 AF039400 Chloride channel, calcium activated, family member 1 (CLCA1) 0.014
H23187 J03037 Carbonic anhydrase II (CA2) 0.068
AW073266 L02785 Down-regulated in adenoma (DRA) 0.091

Others
W47350 AF060228 Retinoic acid receptor responder 3 (RARRES3) 0.108
T61271 BC005919 Phopholipase A2, group IIA (PLA2G2A) 0.157
AA857748 L21998 Mucin 2, intestinal/tracheal (MUC2) 0.162

Table 2. Genes down-regulated by over 5-fold in colorectal adenocarcinoma

Fig. 2. Immunohistochemical stains for IGFBP3. (A) Normal colonic epithelium shows differential staining for IGFBP3; the more intense
staining is located toward the top of the crypts. (B and C) Adenocarcinoma shows positive staining for the IGFBP3.
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factor 4, myotubular myopathy 1), metabolizing enzymes (serine
proteinase inhibitor, dipeptidase, cathepsin K, alcohol dehydrogenase 1B
and 1C), cytoskeleton (hair keratin 6), angiogenesis (thrombospondin
2, matrix metalloproteinase 1, tissue plasminogen activator), ion chan-
nel (multidrug resistance protein 1, calcium activated chloride channel,
carbonic anhydrase II, down-regulated in adenoma), extracellular
matrix (type X collagen, type XI collagen, type V collagen, chondroitin
sulfate proteoglycan 2) and others (heat shock 105kD, alpha-2-gly-
coprotein-zinc, immunoglobulin superfamily containing leucine-rich
repeat, retinoic acid receptor responder 3, phospholipase A2, mucin 2).

Immunohistochemical localization and expression of
IGFBP3 protein in colorectal carcinoma

Among the differentially expressed genes, the author select-

ed one markedly up-regulated gene, IGFBP3 gene and assessed
it at the protein level using immunohistochemistry. 

IGFBP3 staining was found to be cytoplasmic and homoge-
neous. In the normal colonic mucosa of all cases that were stained
with IGFBP3, the cells in the top half of the crypt and at the
luminal surface were more intensely stained than the cells at
the bottom of the crypt (Fig. 2A). 

Among the total 68 cases of colorectal carcinoma, positive
immunohistochemical staining by IGFBP3 was observed in 34
cases (50%) (Fig. 2B, C). 24 cases showed weak immunostain-
ing intensity and 10 showed strong intensity. In these cases, the
differential expression pattern of the normal colonic mucosa
was disrupted, with all of the adenocarcinoma tissue showing
positive stainings for IGFBP3. Expression patterns of IGFBP3
had no significant correlation with all the clinicopathological
factors, including lymph node metastasis (p=0.218), tumor stage
(p=0.618), invasion depth (p=0.843), anatomical site (p=0.561),
tumor size (p=0.350) and differentiation (p=0.637). Positive
staining of IGFBP3 was detected in 2 of 9 mucinous carcino-
mas (22%) and 33 of 59 conventional adenocarcinomas (56%).
IGFBP3 showed a tendency to decrease in the mucinous carci-
noma, but it was not statistically significant (p=0.064). Of the
5 cases with distant metastasis, four cases revealed positive stain-
ings (80%) (Table 3).

DISCUSSION

The morphological analysis of the phenotypic characteristics
of diseased tissue is still the basis of diagnostic pathology. In
many pathology laboratories, additional information is obtained
by immunohistochemistry, quantitative measurements, or elec-
tron microscopy. Owing to the rapid developments in molecu-
lar biology recently, many clinicians and basic researchers in the
field of oncology are focusing on the analysis of genetic alter-
ations and gene expression of tumors. The current focus of molec-
ular profiling is large-scale analysis of gene expression using new
DNA microarray technology.4 A cDNA microarray consists of
tens of thousands of oligonucleotides or cDNAs of known se-
quences that are aligned in rows on a substrate, such as glass.
RNA is isolated from the test sample (such as a tumor), reverse-
transcribed into cDNA, and labelled with a fluorescent dye.
RNA is also isolated from a reference sample (such as normal
tissue) and reverse-transcribed and labelled with a different flu-
orescent dye. And the test and reference samples are mixed and
hybridized to the array. Those that originate from a specific gene
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Clinicopathological 
parameters

No. of
cases

IGFBP3 expression

0 1 2
p value

Differentiation
Well 12 5 5 2 0.637
Moderate 51 27 16 8
Poorly 5 2 3 0

Anatomical site
Ascending 20 10 8 2 0.561
Transverse 4 0 4 0
Descending and sigmoid 14 9 2 3
Rectum 30 15 10 5

Lymph node metastasis
Negative 37 21 11 5 0.218
Positive 31 13 13 5

Stage
A 6 2 3 1 0.618
B1 16 10 2 4
B2 15 9 6 0
C1 9 3 4 2
C2 17 9 5 3
D 5 1 4 0

Invasion depth
Limited to the mucosa 6 2 3 1 0.843
Involving proper muscle 25 13 6 6

but not penetrating it 
Penetrating through the 32 18 11 3

proper muscle
Presence of distant 5 1 4 0
metastasis

Tumor size (cm)
≤3 18 9 5 4 0.350
3< and ≤5 28 15 12 1
5< 22 10 8 4

Histologic type
Mucinous 9 7 2 0 0.064
Conventional 59 26 23 10

Table 3. IGFBP3 expression in relation to clinicopathologic fac-
tors



bind to that gene on the microarray, turning the various spots
red, green, or somewhere in between, depending on the relative
numbers of transcripts in the two samples. The resulting fluo-
rescence values reveal the relative levels of each RNA transcript
in the test sample compared with the reference sample.11

Until a recent date, “gene expression profiles” of a variety of
human tumors had been established.12,13 Perhaps the most suc-
cessful use of cDNA microarrays to date has been in the genetic
profiling of tumor subtypes. Alizadeh et al.13 reported that with-
in the morphologically homogeneous category of large B-cell
lymphomas, two subtypes exist. These can be defined by the
differing patterns of gene expressions and, therefore, are prog-
nostically different.13 Also, the genetic alteration of colorectal
carcinoma has been analyzed using cDNA microarray in many
studies.14,15

In this study, 21 genes showed more than five-fold up-regu-
lated expressions and 16 showed down-regulated expressions in
the colonic adenocarcinoma compared with normal colon mucos-
al tissue, by means of a cDNA microarray representing 7,500
genes. Among the genes listed in tables 1 and 2, three up-reg-
ulated genes such as MMP1, REG1A and REG1B, and six
down-regulated genes, GUCA2A, MUC2, KLF4, CLCA1, DRA
and CA2 had been noted before as differential expression genes
between the normal colonic mucosa and colorectal carcino-
mas.16-23 We should consider that recent attention has focused
on the choice of anticancer drugs. For example, the MMP in-
hibitor can be expected to be effective for the cancer treatment
for this case.24 MMP1 is one of a large family of extracellular
matrix degrading enzymes believed to play a critical role in
tumor angiogenesis, invasion and metastasis.16

Interestingly, the expression of genes related to an extracellu-
lar matrix, such as COL10A1, COL5A2, COL11A1, CSPG2,
was higher in the tumor sample than in the normal sample.
Although these types of collagen are associated with colorectal
carcinoma,25 this result probably reflected the heterogeneity of
the tissue samples. To obtain detailed information about the
differences in gene expression profiles between the cells of nor-
mal colonic mucosa and those of colorectal cancer, one must
have pure populations of each type of cell. 

Of the genes selected by this cDNA microarray experiment,
the author focused on the elevation of the IGFBP3 gene expres-
sion in the tumor sample and assessed its protein level by immu-
nohistochemistry. IGFBP3 belongs to a family of high-affinity
IGFBPs. When studying the expression of IGFBP3 in the nor-
mal colonic epithelium, differential staining was observed with-
in the crypt. The cells in the top half of the crypt and at the

luminal surface were more intensely stained than those at the
bottom of the crypt. Increased IGFBP3 expression was, there-
fore, found to coincide with the region of increased differentia-
tion and apoptosis within the normal colonic crypt. As such,
IGFBP3 expression was found to be differentially regulated
within the normal colonic crypt, but this regulation appeared
to be disrupted during tumorigenesis.9

IGFBP3 is the most abundant IGFBP form in the circulation,
where it has a central role in regulating IGF bioavailability to
the tissue. Both the inhibiting and enhancing effects of IGFBP3
on IGF-I action have been reported. Inhibition appears to main-
ly result from the soluble IGFBP3 sequestering IGF-I, thereby
preventing receptor interaction. The molecular mechanisms
underlying the enhancement of IGF-I action are more obscure.
IGFBP3, as has been known, could have stimulatory effects by
the release of IGF-I to the receptor and by the mediation of
intracellular signaling of hyperproliferative responses.6

IGFBPs also play an important role in directly regulating
cell growth through an IGF-IGF receptor-independent path-
way.5 These independent cell growth-regulatory effects of IGF-
BPs have been shown to be either growth-inducing6,7 or growth-
inhibiting.8 The negative growth regulation by IGFBP3 has
been proposed to involve a separate cellular signalling pathway.
In support of its role as a negative regulator of cell growth and
proliferation, IGFBP3 gene expression has also been shown to
be induced by other growth-inhibitory (and apoptosis-induc-
ing) agents such as TGF- 1, retinoic acid, TNF- , and p53.7

IGFBP3 is reported to inhibit the growth of the breast cancer
cell line Hs578T.8 IGFBP3 antiproliferative signalling appears
to require an active TGF- signalling pathway, and IGFBP3
stimulates the phopholyation of TGF- signalling intermedi-
ate Smad2 and Smad3. The Smad independent TGF- signal-
ing pathway, involving the type V TGF- receptor, has also
been proposed and is reported to mediate IGFBP3 inhibitory
signaling.26 The tumor suppressor protein p53 might initiate
some IGFBP3 mediated apoptotic effect because IGFBP3 gene
expression is activated by p53 in response to DNA damaging
stimuli.7,9,26

But interestingly, the growth of the normal breast epithelial
cell line MCF-10A is inhibited at low concentrations of IGFBP3,
but stimulated at high concentrations.27 In colorectal carcino-
ma, IGFBP3 has been reported to induce apoptosis; and higher
IGFBP3 expression was associated with decreased cancer risk.9

IGFBP3 also induces the proliferation of some colon cancer cell
lines, including U9, SW480, and SW948. Moreover, it has
been reported to mediate a TGF- 1 proliferative response in
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the metastatic or highly aggressive colon cancer cell line.28 This
proliferative effect of IGFBP3 appears to mediate a TGF- -
inducing effect and confer a growth advantage to these tumor
cells.27,28 As mentioned above, the role and the molecular mech-
anism of IGFBP3 are various and, so far, doubtable. It is possi-
ble that IGFBP3 has activity capable of inhibiting or enhancing
cellular proliferation depending on the tissue type, the intracel-
lular singalling pathway, and other factors such as exposure to
some cytokines. 

In our study, the author was interested in the IGFBP3 that
showed markedly up-regulated expression in cancer tissue com-
pared with noncancerous tissue in our study. Of the total 68
cases of colorectal adenocarcinoma tissue, positive immunohis-
tochemical stainings by IGFBP3 were observed in 34 cases
(50%) and 80% of the distant metastatic colorectal adenocarci-
nomas showed IGFBP3 positivity. The expression pattern of
IGFBP3 was not correlated with other clinicopathological fac-
tors, including lymph node metastasis, tumor stage, anatomical
site, tumor size, and differentiation. In this study, although the
immunohistochemical results do not reveal an association with
clinicopathological factors and the utility of IGFBP3 as a prog-
nostic factor in colorectal adenocarcinoma in this study, our
findings, together with the evidence presented by McKaig et
al.27 and Kansra et al.28 suggest the possibility that IGFBP3 may
play a role in colorectal carcinogenesis. More study about factors
that control the differential effect of IGFBP3 on cellular prolif-
eration is needed. Our study should be extended to cover the
discovery of the cellular singnalling pathway and other environ-
mental factors that increase IGFBP3 expression in colon cancer.

There is a tendency to reveal the decreased expression of
IGFBP3 in the mucinous carcinoma as compared with the con-
ventional type of adenocarcinoma in this study, although it is
not statistically significant. Recently, some studies showed the
genetic differences between the mucinous and conventional
phenotype of colorectal carcinoma and suggested that distinct
molecular lesions could occur during the development of these
two types of colorectal carcinomas. They showed that in the
mucinous carcinoma, the prevalence of p53 mutation was lower
and Ki-ras mutation was higher than the conventional colorec-
tal carcinoma.29,30 There is likelihood that IGFBP3 plays a role
mainly in the carcinogenesis of the conventional colorectal car-
cinoma.

In conclusion, gene expression profiling in cancer could provide
new prospects for the guidance of cancer therapy by a molecu-
lar understanding of the cancer phenotype. High-density cDNA
microarrays allow the expressions of thousands of genes to be

assessed in a single experiment; and combining the immuno-
histochemistry with a cDNA microarray, as shown here, it
should facillitate the rapid characterization of a candidate novel
molecular target. This study shows the possibility that IGFBP3
may be a new molecular target that could explain colorectal
carcinogenesis.
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