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Context: Overexpression of IGF-II and IGF-binding protein (IGFBP)-2 has been reported in several
cancers.

Objective: We aimed to assess the roles of plasma IGF-II and IGFBP-2 levels as diagnostic and
prognostic biomarkers and the impact of loss of imprinting (LOI) of IGF-II on the survival of colo-
rectal cancer (CRC).

Design: We conducted a case control and prospective cohort study for diagnostic and prognostic
values, respectively.

Patients and Setting: Plasma levels of IGF-II and IGFBP-2 were measured in 162 patients with CRC
before surgery, in paired 15 patients after curative surgery, in 24 patients with advanced colon
polyps, and in 114 healthy controls between 2003 and 2006 in National Taiwan University Hospital.

Results: The area under the curve values of using IGFBP-2 as a diagnostic marker for advanced colon
polyp and CRC were 0.654 [95% confidence interval (CI) � 0.547–0.76; P � 0.017] and 0.815 (95%
CI � 0.766–0.864; P � 0.001), respectively. The sensitivity and specificity for diagnosing CRC were
80.2 and 64%, respectively, if the cutoff value of IGFBP-2 was 377 ng/ml. In the multivariate Cox
proportional hazards regression model, higher IGFBP-2 levels were associated with increased risk
of mortality [hazard ratio (HR) � 2.46; P � 0.017], whereas higher IGF-II levels were associated with
reduced risk of mortality (HR � 0.42; P � 0.044). LOI of IGF-II was associated with increased risk of
mortality (HR � 7.91; P � 0.014) in patients with stage IV disease.

Conclusions: IGFBP-2 is a potential diagnostic and prognostic biomarker of CRC. LOI of IGF-II is
significantly associated with poor prognosis in patients with stage IV disease. (J Clin Endocrinol
Metab 95: 1717–1725, 2010)

Colorectal cancer (CRC) is an important cause of cancer
mortality in Western countries, and its incidence and

mortality rate are also increasing in many Asian countries
(1, 2). Early detection by screening can lead to earlier di-
agnosis and improved survival. Fecal occult blood test,

double-contrast enema, sigmoidoscopy, and colonoscopy
or mixed strategies have been used in the screening of CRC
(2, 3). Unfortunately, there are still no reliable serological
biomarkers in CRC screening. IGF-II is an important au-
tocrine and paracrine growth factor in the development of

ISSN Print 0021-972X ISSN Online 1945-7197
Printed in U.S.A.
Copyright © 2010 by The Endocrine Society
doi: 10.1210/jc.2009-2668 Received December 14, 2009. Accepted January 15, 2010.
First Published Online February 15, 2010
* J.-M.L. and C.-T.S. contributed equally to this work.

Abbreviations: AJCC, American Joint Committee on Cancer; AUC, area under the curve; BMI,
body mass index; CEA, carcinoembryonic antigen; CI, confidence interval; CRC, colorectal
cancer; HR, hazard ratio; IGFBP, IGF-binding protein; LOI, loss of imprinting; NPV, negative
predictive value; PPV, positive predictive value; ROC, receiver operating characteristic.

O R I G I N A L A R T I C L E

E n d o c r i n e C a r e

J Clin Endocrinol Metab, April 2010, 95(4):1717–1725 jcem.endojournals.org 1717

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/95/4/1717/2596919 by guest on 18 April 2024



cancers. Overexpression of IGF-II was associated with in-
creased susceptibility to colon carcinoma in mice (4). The
serum levels of IGF-II were reported to be higher in pa-
tients with colonic adenoma and CRC than in healthy
subjects (5–8). Furthermore, the combination of IGF-II
and other biomarkers was shown to exhibit excellent sen-
sitivity and specificity in distinguishing early ovarian can-
cer patients from healthy controls (9, 10).IGF-binding
protein (IGFBP)-2 is one of the binding proteins that mod-
ulate the interactions of IGF ligands with IGF-I receptor.
The serum levels of IGFBP-2 were elevated in patients with
colorectal and ovarian cancers, with a trend from early to
advanced disease (8, 11, 12). Taken together, levels of
IGFBP-2 and IGF-II may serve as potential biomarkers for
the detection of CRC.

In addition to their roles in the development of cancer,
recent studies showed that IGF-II was required for the
progression to advanced medulloblastoma in mice (13).
Overexpression of IGF-II in tumor tissues was associated
with more advanced disease and poor survival in prostate
cancer, ovarian cancer, gastrointestinal stromal tumor,
and CRC (14–17). Plasma IGF-II levels were higher in
patients with more advanced CRC (18). However,
whether higher plasma IGF-II levels are associated with
survival in patients with CRC remains unknown. Over-
expression of IGFBP-2 also plays an important role in the
progression and invasion of glioma and ovarian cancer
(19, 20). Elevated serum IGFBP-2 was associated with a
higher risk of relapse after stem cell transplantation in
childhood acute myelogenous leukemia and acute lym-
phoblastic leukemia and poor prognosis in ovarian cancer
(12, 21, 22). However, the role of circulating IGFBP-2
levels on the survival of CRC patients has not been re-
ported. Loss of imprinting (LOI), defined as aberrant ex-
pression of the normally silent maternally inherited allele,
is an epigenetic mechanism that leads to the overexpres-
sion of IGF-II. LOI of IGF-II has been reported to be as-
sociated with increased susceptibility to CRC and more
advanced disease in several cancers (23–26). However,
whether LOI of IGF-II is associated with survival in pa-
tients with CRC has not been reported. Therefore, we
aimed to assess the roles of plasma IGF-II and IGFBP-2
levels as diagnostic and prognostic biomarkers and the
impact of LOI of IGF-II on survival in CRC.

Patients and Methods

Patients
To evaluate the role of IGFBP-2 and IGF-II as diagnostic

biomarkers for CRC, a case control study was done. Patholog-
ically documented CRC patients who underwent surgery in Na-
tional Taiwan University Hospital between October 2003 and

April 2006 were enrolled as case group. Subjects who did not
have CRC as documented by colonoscopy or other malignancies
were enrolled as control group. Patients with advanced colon
polyps, defined as polyp size of 1 cm or bigger or contained
villous components on histological examination, were also en-
rolled. To assess the roles of IGFBP-2, IGF-II, and LOI of IGF-II
in the prediction of survival, a prospective cohort study was
done. The demographic and clinicopathological data in patients
with CRC were prospectively collected on enrollment, and they
were observed until death or September 2009. Death was ascer-
tained by the medical record in the hospital or reporting by fam-
ily. Patients with the following conditions were excluded from
this study: 1) patients who refused to give written informed con-
sent for the collection and analysis of blood and surgical speci-
mens, 2) patients with inflammatory bowel disease or with a
known family history of familial adenomatous polyposis or he-
reditary nonpolyposis CRC, 3) patients who underwent concur-
rent chemoradiotherapy before surgery, 4) patient received surgery
for recurrent CRC, and 5) patients who died of complications or
other diseases during the same hospitalization of surgery. Poorly
differentiated (high-grade) tumor was defined as less than 10%
of tumor cells formed glands, and mucinous tumor was defined
as those containing more than 50% extracellular mucin. The
study protocol was approved by the Institutional Review Boards
of National Taiwan University Hospital.

Measurement of plasma IGF-II and IGFBP-II levels
Blood samples were centrifuged, divided, stored in tubes

coated with lithium heparin, and frozen at �70 C until use.
Plasma IGF-II and IGFBP-2 levels were measured with the com-
mercially available ELISA kit (Diagnostic Systems Laboratories,
Webster, TX) following the manufacturer’s instructions in the
Taipei Lezen Laboratory Center. All assays were duplicated and
were measured by one laboratory technician who was blind to
the disease status and clinical outcomes. All samples were mea-
sured in duplicate, and subsets of samples were reassayed six
times in every ELISA plate for quality control. The interassay and
intraassay variabilities were 7.9 and 7.0% for IGF-II and were
5.7 and 2.3% for IGFBP-2, respectively.

Nucleic acid preparation and quantitative analysis
of IGF-II imprinting status

The detailed methods used in the determination of IGF-II LOI
status has been described in our previous study (26). In brief,
genomic DNA from peripheral blood leukocytes and RNA from
CRC tissue were extracted. The sequences of primer set II were:
IGF-II/Af 5�-CCT TGG ACT TTG AGT CAA ATT-3� and IGF-
II/Br 5�-GGT CGT GCC AAT TAC ATT TCA-3�. The 293-bp
PCR products of genomic DNA were classified as A/A, B/B, and
A/B, and heterozygote (A/B) was considered informative for LOI
analysis. The primer sequences of primer set I used in RT-PCR
were IGF-II/Zf 5�-CCT CCG ACC GTG CTT CCG GAC-3� and
IGF-II/Er 5�-GGA TGG GAA TTG AGA TGT AAG-3�. The
presence of both alleles A and B with a ratio less than 3-fold
difference in expression between two alleles after ApaI digestion
were considered as LOI of the IGF-II gene according to previous
studies (27).

Statistical analysis
Demographic data were analyzed with �2 test or Fisher’s ex-

act test as appropriate. Continuous data were compared with
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independent-sample Student’s t test or by one-way ANOVA as
appropriate. The differences in plasma levels of IGF-II and
IGFBP-2 between cases and controls were compared using the
nonparametric Mann-Whitney U test. The IGF-II and IGFBP-2
levels before and after surgery in paired samples were compared
with the Wilcoxon signed ranks test. The sensitivity and speci-
ficity of the plasma levels of IGF-II and IGFBP-2 were analyzed
with the receiver operating characteristic (ROC) curve. The sur-
vival curve (all-cause mortality) according to LOI status of IGF-II
and plasma levels of IGF-II and IGFBP-2 were constructed using
the Kaplan-Meier method and compared by the log-rank test.
The Cox proportional hazards regression model were used to
calculate the hazard ratios (HR) and 95% confidence interval
(CI) in both univariate and multivariate analysis. All P values
were two-tailed with 0.05 specified as statistical significance. All
statistical analyses will be performed with statistical software
(SPSS version 10.0 for Windows; SPSS Inc., Chicago, IL).

Results

IGFBP-2 and IGF-II levels among CRC patients at
different stage and controls

Totally, 162 patients with CRC, 24 patients with ad-
vanced colon polyps, and 114 healthy controls were en-
rolled in this study. The IGF-II imprinting status was in-
formative in 146 CRC patients. The distribution of age,
gender, and body mass index (BMI) were not significantly
different between the three groups, as shown in Table 1.
The mean IGFBP-2 levels were significantly higher in CRC
patients (1136.6 ng/ml) than in controls (371.1 ng/ml)
(P � 0.001, Table 1). In contrast, the IGF-II levels were
similar between CRC patients and controls (Table 1). The
mean plasma IGF-II levels (mean difference, 117.3 ng/ml,
95% CI � �28.5–263 ng/ml) and IGFBP-2 levels (mean
difference, 216.7 ng/ml; 95% CI � �110–544.3 ng/ml)
were not significantly different according to the imprint-
ing status of IGF-II. The plasma IGF-II levels correlated

negatively with IGFBP-2 levels (� � �0.155; 95% CI �
�0.428 to �0.067; P � 0.007).

In the stratified analysis by American Joint Committee
on Cancer (AJCC) stage, the IGFBP-2 levels remained sig-
nificantly higher in CRC patients at different stages than
in normal controls (Fig. 1A). Besides, the IGFBP-2 levels
were also significantly higher in patients with stage II, III,
and IV diseases than in patients with stage I disease (Fig.
1A). The IGF-II levels were significantly higher in patients
with stage II and III disease than in patients with stage
I disease (Fig. 1B). In contrast, the IGF-II levels were
lower in patients with advanced colon polyps (990.8
ng/ml) and stage I disease (944.5 ng/ml) than in normal
controls (Fig. 1B).

Changes of IGFBP-2 and IGF-II levels before and
after curative surgery

Postoperative plasma samples were available in 15 pa-
tients after curative surgery (mean 44.1 months, range
37–63 months). The IGFBP-2 levels were significantly re-
duced from 1029 ng/ml before surgery to 126 ng/ml after
curative surgery (P � 0.001). In contrast, IGF-II levels
increased from 1368 ng/ml before surgery to 1605 ng/ml
after curative surgery, but the difference was not statisti-
cally significant (P � 0.078).

Plasma IGFBP-2 and IGF-II as diagnostic biomarkers
for CRC

The ROC curves of using plasma IGFBP-2 and IGF-II
values in the diagnosis of advanced colon polyp and CRC
are shown in Fig. 2. The area under the curve (AUC) of
using IGFBP-2 as diagnostic biomarker for advanced co-
lon polyp was 0.654, with 95% CI ranging from 0.547–
0.760 (P � 0.018, Fig. 2A). The AUC of using IGFBP-2 as
a diagnostic biomarker for CRC was 0.815 (95% CI �

TABLE 1. Demographic data in patients with CRC and advanced colonic polyp and controls

Control
(n � 114)

Polyp
(n � 24)

Cancer
(n � 162) P value

Gender (male/female) 63/51 13/11 93/69 0.916
Mean age, yr (SD) 63.14 (10.2) 60.5 (11.9) 65.4 (12.6) 0.078
BMI, mean (SD) 23.9 (3.31) 23.5 (3.7) 23.2 (3.37) 0.253
Diabetes mellitus 6 4 23 0.043
Cigarette smoking 14 3 46 0.037
IGFBP-2 level, mean (SD) 371.1 (342) 497.4 (297.4) 1136.6 (342) �0.001
IGF-II level, mean (SD) 1301.69 (623.7) 990.8 (328.5) 1324.6 (454.2) 0.013
Distribution of cancer (proximal/distal) 41/121
Differentiation (well, moderate/poor,

mucinous)
148/14

Lymph node metastasis 79
T-stage (T1/T2/T3/T4) 13/26/103/20
Liver metastasis 18
Lymphatic invasion 78
Venous invasion 50
AJCC stage (I/II/III/IV) 13/70/58/21
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0.766–0.864; P � 0.001, Fig. 2B). The sensitivity, spec-
ificity, positive predictive value (PPV), and negative pre-
dictive value (NPV) for diagnosing CRC were 80.2, 64,
76, and 69.5%, respectively, if the cutoff value of IGFBP-2
was 377 ng/ml. When further stratified according to AJCC
stage, the AUC were 0.733 (95% CI � 0.605–0.861; P �
0.006) for stage I disease, 0.821 (95% CI � 0.761–0.882;
P � 0.001) for stage II disease, 0.815 (95% CI � 0.748–
0.882; P � 0.001) for stage III disease, and 0.845 (95%
CI � 0.743–0.948; P � 0.001) for stage IV disease (Fig. 2,
C–F). The sensitivity, specificity, PPV, and NPV for diag-
nosing advanced colon polyp were 70.8, 51.8, 23.6, and
89.4%, respectively, if the cutoff value of IGFBP-2 was
300 ng/ml. The sensitivity, specificity, PPV, and NPV for
diagnosing advanced colon polyp were 50, 64, 22.6, and

85.9%, respectively, if the cutoff value of
IGFBP-2 was 377 ng/ml.

In contrast, the role of plasma IGF-II levels
was less helpful in the diagnosis of CRC. The
AUC of using IGF-II as a diagnostic marker
were 0.569 (95% CI � 0.499–0.638; P �
0.052) for CRC and 0.335 (95% CI � 0.221–
0.450; P � 0.011) for advanced colon polyps.
Carcinoembryonic antigen (CEA) also distin-
guished patients with CRC from healthy con-
trols (AUC � 0.891; 95% CI � 0.848–0.934;
P � 0.001). However, CEA was not helpful in
the diagnosis of patients with stage I CRC
(AUC � 0.609; 95% CI � 0.409–0.809; P �
0.345) and advanced colon polyps (AUC �
0.676; 95% CI � 0.476–0.876; P � 0.052).

Survival in CRC patients according to
plasma IGFBP-2 and IGF-II levels and
LOI status of IGF-II

The Kaplan-Meier survival curves accord-
ing to plasma IGFBP-2 and IGF-2 levels are
shown in Fig. 3. Patients in the highest tertile of
plasma IGFBP-2 (�1160 ng/ml) and IGF-II
(�1550 ng/ml) were defined as having higher
IGFBP-2 and IGF-II levels, respectively. Pa-
tients with higher IGFBP-2 levels had signifi-
cantly lower overall survival rate than patients
with lower IGFBP-2 levels (P � 0.001, Fig. 3A).
In contrast, patients with higher plasma IGF-II
levels had significantly better survival rates
than those with lower IGF-II levels (P � 0.032,
Fig. 3B). In patients with stage IV disease, the
presence of LOI of IGF-II was significantly as-
sociated with a worse overall survival (P �
0.003, Fig. 3D).

On Cox univariate proportional hazards
analysis, we found that the presence of lymph

node metastasis (HR � 5.0; P � 0.001), deeper invasion
(HR � 4.13; P � 0.018), liver metastasis (HR � 8.73;
P � 0.001), lymphatic invasion (HR � 2.94; P � 0.003),
venous invasion (HR � 2.14; P � 0.02), poorly differ-
entiated tumor (HR � 3.84; P � 0.001), more advanced
stages (HR � 6.56; P � 0.001), and higher baseline
IGFBP-2 levels (HR � 2.77; P � 0.001) were associated
with increased risks of mortality (Table 2). In contrast,
higher baseline IGF-II levels were associated with
reduced risks of mortality (HR � 0.42; P � 0.037).
After adjustment for age, gender, lymph node metasta-
sis, depth of invasion, liver metastasis, lymphatic inva-
sion, venous invasion, and BMI in the multivariate anal-
ysis, we found that patients with higher IGFBP-2 was

FIG. 1. Plasma levels of IGFBP-2 (A) and IGF-II (B) among patients with and without
CRC and colon polyp. N, Normal controls; P, patients with advanced colon polyps; I,
II, III, and IV represent patients with stage I, II, III, and IV CRC, respectively.
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independently associated with increased risk of mor-
tality (HR � 2.46; 95% CI � 1.18 –5.16; P � 0.017)
compared with those with lower IGFBP-2 levels (Table
3). In contrast, patients higher IGF-II levels were inde-
pendently associated with reduced risk of mortality

(HR � 0.42; 95% CI � 0.18 – 0.98; P � 0.044). The
presence of LOI of IGF-II was associated with increased
risk of mortality (HR � 7.91; P � 0.014) in patients
with stage IV disease after adjustment for age, gender,
and BMI.

FIG. 2. ROC curves of using plasma IGFBP-2 levels in distinguishing advanced colon polyp and CRC, with AUC (95% CI) shown.
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Discussion

In the present study, we have demonstrated that plasma
IGFBP-2 levels can distinguish patients with CRC and ad-
vanced colon polyps from healthy subjects. Plasma IGFBP-2
levels were also significantly reduced after curative surgery

for CRC. Besides, patients with higher plasma IGFBP-2
levels were independently associated with worse overall
survival. Taken together, IGFBP-2 was a potential diag-
nostic and prognostic biomarker for CRC. In contrast,
plasma IGF-II levels are not helpful in distinguishing CRC
patients from controls. However, higher plasma IGF-II
levels were associated with better overall survival in CRC
patients. Interestingly, the presence of loss of imprinting of
IGF-II in patients with stage IV disease was associated with
a significantly worse overall survival.

Elevated serum IGFBP-2 levels have been reported in
patients with malignancies of the ovary, colon, prostate,
and advanced solid tumor (6, 12, 28, 29). The result from
our study was in agreement with previous studies that the
plasma levels of IGFBP-2 are elevated in patients with
CRC. We further demonstrated that elevated IGFBP-2 lev-
els can distinguish patients with colon polyps and CRC
from healthy controls. Although the sensitivity and spec-
ificity remained unsatisfactory for early CRC and colon
polyps, a recent study showed that the combination of six
biomarkers exhibit excellent sensitivity and specificity in
distinguishing early ovarian cancer patients from healthy
controls (9, 10). Therefore, the accuracy of combination
of IGFBP-2 with other biomarkers in the diagnosis of early
CRC deserves further investigation.

The role of IGFBP-2 in the CRC carcinogenesis re-
mained controversial. Overexpression of IGFBP-2 was
observed in invasive ovarian carcinoma, breast cancer,
and CRC (20, 30, 31). However, a recent animal model in
IGFBP-2 transgenic mice showed that IGFBP-2 overex-
pression before the onset of CRC inhibited the growth of
colorectal adenoma (32). One epidemiological study
showed that higher serum IGFBP-2 levels before the oc-

TABLE 2. Univariate analysis for the prediction of
mortality in CRC patients

HR 95% CI P value
Age, �60 vs. �60 yr 1.11 0.99–1.05 0.212
Gender, male vs. female 1.87 0.93–3.78 0.079
Lymph node metastasis,

yes vs. no
5.01 2.30–10.93 �0.001

Depth of invasion,
T3�T4 vs. T1�T2

4.13 1.27–13.43 0.018

Liver metastasis,
yes vs. no

8.73 4.46–17.06 �0.001

Stage, III�IV vs. I�II 6.56 2.74–15.69 �0.001
Lymphatic invasion,

yes vs. no
2.94 1.46–5.93 0.003

Venous invasion,
yes vs. no

2.14 1.13–4.04 0.020

Differentiation, poor vs.
moderate/well

3.84 1.76–8.39 0.001

IGFBP-2, �1160 vs.
�1160 ng/ml

2.77 1.47–5.25 0.002

IGF-II, �1550 vs.
�1550 ng/ml

0.42 0.18–0.95 0.037

IGF-II, LOI LOI (�) vs.
LOI (–)

1.63 0.84–3.16 0.149

CEA, �5 vs. �5 ng/ml 3.92 1.51–10.16 0.005

TABLE 3. Multivariate Cox proportional hazards model
analysis in the prediction of mortality in CRC patients

HR 95% CI P value
Alla

Lymph node metastasis,
yes vs. no

3.65 1.45–9.19 0.006

Distant metastasis,
yes vs. no

6.02 2.84–12.76 �0.001

IGFBP-2, �1160 vs.
�1160 ng/ml

2.46 1.176–5.158 0.017

IGF-II, �1550 vs.
�1550 ng/ml

0.42 0.18–0.98 0.044

CEA, �5 vs. �5 ng/ml 2.12 0.77–5.84 0.148
Stage IVb

IGFBP-2, �1160 vs.
�1160 ng/ml

5.09 1.21–21.37 0.026

LOI IGF-II, LOI (�) vs.
LOI (�)

7.91 1.52–41.23 0.014

a Adjusted for age, gender, lymph node metastasis, depth of invasion,
distant metastasis, lymphatic invasion, venous invasion, and BMI.
b Adjusted for age, gender, and BMI.

FIG. 3. The Kaplan-Meier survival curve of overall survival among CRC
patients.
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currence of cancer were associated with reduced risk of
colon cancer (33), but another nested case-control study
failed to find the association (34). Although the predictive
value of IGFBP-2 on CRC risk remains controversial, the
marked elevation of IGFBP-2 at the time of cancer diag-
nosis and the result from the present study indicated that
IGFBP-2 has the potential to become a diagnostic biomar-
ker for CRC. In clinical practice, because subjects with
higherplasma IGFBP-2 levels aremore likely tohaveCRC,
they should undergo colonoscopic screening. However,
we should keep in mind that higher IGFBP-2 levels are also
present in several other cancers, such as ovarian cancer,
prostate cancer, and advanced solid tumor (6, 12, 28, 29).

Several studies also demonstrated the crucial role of
IGFBP-2 on the progression of cancer. Dunlap et al. re-
ported that IGFBP-2 was required for the development
and progression of glioma (19). Expression of IGFBP-2 in
tumor was correlated with tumor grade and stage in ma-
lignancies of colon, ovary, prostate, and childhood acute
myelogenous leukemia (8, 12, 21, 28). Low or absent ex-
pression of IGFBP-2 in patients with glioblastoma multi-
forme was associated with better survival (35). Our study
lends further support that higher plasma IGFBP-2 levels at
the time of cancer diagnosis was independently associated
with a worse overall survival in CRC. From these studies,
it seems that IGFBP-2 may exert direct effect on cellular
function and play an independent role in carcinogenesis.
This viewpoint is supported by the in vitro studies showing
that the administration of OGX-225, an antisense oligo-
nucleotide of IGFBP-2, in breast cancer cells lead to de-
creased IGFBP-2 expression and attenuated the aggressive
phenotype (30). In a transgenic mouse model, immuniza-
tion with IGFBP-2 peptides and transfer of IGFBP-2-com-
petent T cells also showed antitumor effect of breast can-
cer (36). The result from the present study provided
epidemiological evidence that IGFBP-2 might be a poten-
tial therapeutic target for CRC therapy.

The IGF-II bioactivity in the cellular microenvironment
was assumed to play an important role in determining the
cellular fate. It is also of interest whether serum levels of
IGF-II have any influence in certain contexts. However,
previous studies on the issue of whether serum levels of
IGF-II levels are elevated or reduced in cancer patients
compared with healthy subjects remains controversial in
various cancers and even in the same malignancy. Elevated
serum IGF-II levels were reported in cervical cancer, non-
small-cell lung cancer, and CRC (6, 8, 37, 38). In contrast,
reduced serum IGF-II levels were reported in ovarian can-
cer, childhood acute lymphoblastic leukemia, and breast
cancer (9, 10, 22, 39). Our result showed that plasma
IGF-II levels are lower in patients with stage I disease com-
pared with normal controls and patients with more ad-

vanced disease. However, the plasma IGF-II levels were
not significantly different between controls and patients
with more advanced CRC. There were some possible ex-
planations for the contradictory result for the role of
IGF-II as compared with previous studies. First, most of
the previous studies used serum rather than plasma in the
measurement of IGF-II levels. Although biomarkers usu-
ally showed similar predictive values using either plasma
or serum, some studies showed that plasma and serum
levels of matrix metalloproteinase-9 (MMP-9) exhibited
different predictive values in the prediction of gastric can-
cer progression and survival (40). Therefore, further stud-
ies are warranted to compare the diagnostic values of se-
rum and plasma IGF-II levels in CRC. Second, IGF-II must
activate receptor in cells to exert its effect, which might be
influenced by its binding to IGFBP-2. Therefore, one of the
possible explanations was that the level of IGF-II in blood
cannot reflect the effect in local environment. For exam-
ple, IGFBP-2 could modulate the plasma IGF-II levels and
consequently lead to variable results. This viewpoint was
supported by our observation that plasma IGF-II levels
correlated negatively with IGFBP-2 levels.

Overexpression of IGF-II in tumor tissues has been re-
ported to be associated with more advanced disease and
survival in several cancers (14–17). In contrast, recent
studies showed that higher circulating levels of IGF-II were
associated with better overall survival in patients with
metastatic CRC and advanced non-small-cell lung cancer
(38, 41). Our results showed that higher plasma IGF-II
levels were associated with better overall survival in CRC
patients. However, the presence of LOI of IGF-II, which
was associated with overexpression of IGF-II in tumor
tissues, was associated with a worse overall survival in
patients with metastatic CRC. Our results indicated that
overexpression of IGF-II in tumor tissue might not corre-
late with circulating IGF-II levels. Previous study showed
that the exogenous IGFBP-2 could be degraded by colon
cancer extracts but not by normal colon tissue extracts
(42). Therefore, the bioavailability of IGF ligands might be
higher in tumor tissues. Recently, Kaneda and colleagues
(43) have found that mice with LOI of IGF-II also have
enhanced sensitivity to IGF-II signaling, not simply in-
creased IGF-II levels, indicating that LOI itself may have
an independent effect on carcinogenesis. In the present
study, we showed that the presence of LOI of IGF-II was
associated with a worse overall survival in patients with
stage IV disease. Miyamoto et al. (44) also reported that
neutralization of IGF-I and IGF-II suppressed the growth
of liver metastasis of CRC and prolonged survival in mice.
These results suggested that IGF-II pathway blockade may
be beneficial for patients with advanced CRC. Therefore,
it would be interesting to investigate whether patients with
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LOI of IGF-II would benefit more from the IGF-II neu-
tralization therapy in the future.

There were some limitations in our study. First,
whether IGFBP-2 is protective or pro-metastatic in CRC
cannot be concluded from the present study. Further
mechanistic studies are warranted to address this issue.
However, our data suggested that plasma IGFBP-2 levels
seemed to directly correlate with tumor burden and were
indicative of tumor load. Therefore, it can still serve as a
diagnostic and prognostic marker of CRC, although its
actual role in colorectal carcinogenesis remains inconclu-
sive. Second, we did not examine the IGF-II expression
levels. Our study showed that plasma IGF-II levels were
not different according to the LOI status of IGF-II and
were not associated with survival in CRC patients. How-
ever, previous studies showed that the IGF-II expression
levels in cancer tissues correlated with LOI of IGF-II and
survival in CRC patients (17, 45). The results indicated
that the IGF-II expression levels in cancer tissues may be
a more reliable biomarker in the prediction of prognosis
than the plasma IGF-II levels in CRC patients. Third, we
did not measure insulin level in this study. A recent study
showed that IGFBP-2 plays an important role in cross talk of
the insulin-IGF system and is linked with insulin resistance
(46). Future studies to examine the plasma insulin levels and
their associations with plasma IGF-II and IGFBP-2 levels in
CRC patients are warranted.

In conclusion, IGFBP-2 is a potential diagnostic and
prognostic serological biomarker for CRC. Plasma IGF-II
levels and LOI of IGF-II are predictive of survival in CRC
patients. The result from this study provided epidemio-
logical evidence that IGFBP-2 is a potential biomarker in
the CRC screening and that IGF-II and IGFBP-2 are po-
tential therapeutic targets for CRC.

Acknowledgments

Address all correspondence and requests for reprints to: Ming-
Shiang Wu, M.D., Ph.D., Department of Internal Medicine, Na-
tional Taiwan University Hospital, National Taiwan University,
College of Medicine, No. 7, Chung-Shan S. Road, Taipei 100,
Taiwan. E-mail: mingshiang@ntu.edu.tw.

Disclosure Summary: J.-M.L. received research grants from
the National Taiwan University Hospital (Grant NTUH 99-
S1300) for the present study. All the other authors do not have
any conflict of interest to be declared.

References

1. Sung JJ, Lau JY, Young GP, Sano Y, Chiu HM, Byeon JS, Yeoh KG,
Goh KL, Sollano J, Rerknimitr R, Matsuda T, Wu KC, Ng S, Leung
SY, Makharia G, Chong VH, Ho KY, Brooks D, Lieberman DA,

Chan FK; Asia Pacific Working Group on Colorectal Cancer 2008
Asia Pacific consensus recommendations for colorectal cancer
screening. Gut 57:1166–1176

2. Levin B, Lieberman DA, McFarland B, Andrews KS, Brooks D,
Bond J, Dash C, Giardiello FM, Glick S, Johnson D, Johnson CD,
Levin TR, Pickhardt PJ, Rex DK, Smith RA, Thorson A, Winawer
SJ; American Cancer Society Colorectal Cancer Advisory Group; US
Multi-Society Task Force; American College of Radiology Colon
Cancer Committee 2008 Screening and surveillance for the early
detection of colorectal cancer and adenomatous polyps, 2008: a
joint guideline from the American Cancer Society, the US Multi-
Society Task Force on Colorectal Cancer, and the American College
of Radiology. Gastroenterology 134:1570–1595

3. Liou JM, Lin JT, Huang SP, Chiu HM, Wang HP, Lee YC, Lin JW,
Shun CT, Liang JT, Wu MS 2007 Screening for colorectal cancer in
average-risk Chinese population using a mixed strategy with sig-
moidoscopy and colonoscopy. Dis Colon Rectum 50:630–640

4. Hassan AB, Howell JA 2000 Insulin-like growth factor II supply
modifies growth of intestinal adenoma in ApcMin/� mice. Cancer Res
60:1070–1076

5. Renehan AG, Painter JE, O’Halloran D, Atkin WS, Potten CS,
O’Dwyer ST, Shalet SM 2000 Circulating insulin-like growth factor
II and colorectal adenomas. J Clin Endocrinol Metab 85:3402–3408

6. el Atiq F, Garrouste F, Remacle-Bonnet M, Sastre B, Pommier G
1994 Alterations in serum levels of insulin-like growth factors and
insulin-like growth-factor-binding proteins in patients with colorec-
tal cancer. Int J Cancer 57:491–497

7. Manousos O, Souglakos J, Bosetti C, Tzonou A, Chatzidakis V,
Trichopoulos D, Adami HO, Mantzoros C 1999 IGF-I and IGF-II in
relation to colorectal cancer. Int J Cancer 83:15–17

8. Renehan AG, Jones J, Potten CS, Shalet SM, O’Dwyer ST 2000 Ele-
vated serum insulin-like growth factor (IGF)-II and IGF binding pro-
tein-2 in patients with colorectal cancer. Br J Cancer 83:1344–1350

9. Visintin I, Feng Z, Longton G, Ward DC, Alvero AB, Lai Y, Tenthorey
J,LeiserA,Flores-SaaibR,YuH,AzoriM,RutherfordT,SchwartzPE,
Mor G 2008 Diagnostic markers for early detection of ovarian cancer.
Clin Cancer Res 14:1065–1072

10. Mor G, Visintin I, Lai Y, Zhao H, Schwartz P, Rutherford T, Yue L,
Bray-Ward P, Ward DC 2005 Serum protein markers for early detec-
tion of ovarian cancer. Proc Natl Acad Sci USA 102:7677–7682

11. Miraki-Moud F, Jenkins PJ, Fairclough PD, Jordan S, Bustin SA,
Jones AM, Lowe DG, Monson JP, Grossman AB, Besser GM,
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