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Low expression of IGFBP-3 predicts poor prognosis in patients
with esophageal squamous cell carcinoma
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Abstract Previous studies have suggested that insulin-
like growth factor binding protein-3 (IGFBP-3) acts as a
tumor suppressor in human esophageal squamous cell
carcinoma (ESCC). The present study was designed to
investigate the clinical and prognostic significance of 1G-
FBP-3 in ESCC patients. In this study, IGFBP-3 was
detected by immunohistochemistry (IHC) in paraffin-
embedded tissues from 110 ESCC patients, of which 110
were from primary cancer sites and 56 from matched
adjacent non-malignant sites. Differences in IGFBP-3
expression and clinical characteristics were compared by
»* test. Correlations between prognostic outcomes and with
IGFBP-3 expression were investigated using Kaplan—Me-
ier analysis and the Cox proportional hazards model.
Among adjacent non-malignant tissues, 83.9% of individ-
ual tissue staining was scored as either high for IGFBP-3.
However, among ESCC cases, only 51.8% of the cancer
tissues were scored as high IGFBP-3 expression. In addi-
tion, IGFBP-3 expression inversely correlated with patho-
logical classification (P <0.05 for T, N, and M
classifications) and clinical staging (P = 0.006). Further-
more, patients with higher levels of IGFBP-3 had
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prolonged overall survival (P < 0.001). In conclusion,
reduced IGFBP-3 expression may be a risk factor for
advanced clinicopathological classification and poor
patient survival. These findings suggest that IGFBP-3 may
serve as a useful marker for the prognostic evaluation of
ESCC patients.
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Introduction

Esophageal squamous cell carcinoma (ESCC) is a common
human malignancy worldwide with an unfavorable prog-
nosis [1]. The main histological type in East Asia is
squamous cell carcinoma (SCC) [2]. Despite the great
advances achieved in surgery and in chemoradiotherapy
technology recently, the overall 5-year survival rate of
ESCC patient remains less than 30% and the high proba-
bility of recurrence is still the main cause of the associated
poor quality of life and of death [3, 4]. The reason for this
is most likely the inherent heterogeneity in the biology of
tumors [5]. Factors that determine the outcome of ESCC
are complicated and include residual disease, latent
metastasis, and resistance to therapy, among others. At
present, there is still no specific and/or sensitive marker for
the accurate prediction of ESCC prognosis following sur-
gery and/or chemoradiotherapy. Therefore, it is necessary
to develop novel and improved markers with increased
specificity and/or sensitivity for the clinical evaluation of
ESCC prognosis [6-8].

Recently, insulin-like growth factor binding protein-3
(IGFBP-3), a member of the IGFBP family, has been
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shown to inhibit cell proliferation and to activate pro-
apoptotic factors in cell lines derived from breast, lung, and
prostate cancers, among others, and to reduce tumor
growth [9-12]. A recent study found that IGFBP-3 mRNA
and protein expression were increased in primary and
immortalized human esophageal cells overexpressing epi-
dermal growth factor receptor (EGFR) and, further, IG-
FBP-3 appears to negatively regulate the proliferation of
esophageal cancer cells [13]. Other reports suggested that
IGFBP-3 expression level correlates with radiosensitivity
in ESCC cells [14] and is a marker for glioblastoma
chemosensitivity to Semustine [15]. To date, however,
little is known about the significance of IGFBP-3 expres-
sion and ESCC prognosis.

The present study was performed to investigate the
clinical and prognostic implications of IGFBP-3 expression
in patients with ESCC. We used immunohistochemistry
(IHC) to examine the expression of IGFBP-3 protein in 110
biopsy specimens from primary ESCC tumors. The corre-
lation between IGFBP-3 expression and patient clinical and
prognostic factors was evaluated to determine whether
expression of IGFBP-3 could predict ESCC patient
survival.

Materials and methods
Patients and tissue specimens

Paraffin-embedded, archived samples were obtained from
110 patients that were diagnosed with ESCC at the Cancer
Center, Sun Yat-Sen University, between January 2002 and
December 2008. The original clinical assessment records
were available, and tissue samples were assessed histo-
logically. Clinical staging was assessed according to the
2002 TNM (tumor-node-metastasis) staging of Interna-
tional Union Against Cancer. Of the 110 ESCC samples,
56 matched adjacent non-malignant tissues were available
as controls. Cases were selected based on the availability of
biopsy specimens and follow-up data. Patients with distant
metastases (except in supraclavicular or celiac lymph
nodes) and those with previous treatments were excluded.
All of the samples used in this study were endoscopic
biopsy specimens obtained before treatment. Prior
informed consent from the patients and approval from the
Institute Research Ethics Committee of the Cancer Center,
Sun Yat-Sen University were obtained.

Immunohistochemistry (IHC)
IHC staining was performed on 5-um tissue sections

rehydrated through graded alcohols, as previously descri-
bed [16]. Endogenous peroxidase activity was blocked by
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incubation with 0.3% hydrogen peroxide for 15 min. For
antigen retrieval, tissue slides were boiled in 10 mM citrate
buffer (pH 6.0) in a pressure cooker for 10 min. Non-
specific antibody binding was blocked with 10% normal
rabbit serum for 20 min. Tissue sections were incubated
with a 1:50 dilution of anti-IGFBP-3 polyclonal antibody
(directed to amino acids 113-210 of human IGFBP-3;
Santa Cruz Biotechnology, Inc., USA) for 1 h at 37°C in a
moist chamber. Sections were then incubated with 1:100
dilution biotinylated rabbit anti-mouse immunoglobulin for
30 min at 37°C, treated with a streptavidin—peroxidase
conjugate for 30 min at 37°C, then 3',3’-diaminobenzidine
(DAB) was used as a chromogenic substrate using standard
methodology. All sections were stained in DAB for the
same duration of time. Nuclei were counterstained with
Meyer’s hematoxylin. The primary antibody was replaced
normal murine IgG in negative controls. Immuno-positive
tissue sections were used as positive controls.

Measurements of IGFBP-3 expression by IHC assay

Five random fields were selected for scoring from each
slide, and the mean score for each slide was used for the
final analyses. Positive staining was assessed using a five-
point scoring system: O (no positive cells), 1 (<10% posi-
tive cells), 2 (10-35% positive cells), 3 (36-70% positive
cells), and 4 (>70% positive cells). To maximize objec-
tivity, the intensity of positive staining was also used in a
four-point scoring system: 0 (negative staining), 1 (weak,
light yellow staining), 2 (moderate, yellow—brown stain-
ing), and 3 (strong, brown staining). The IGFBP-3
expression index was calculated as follows: expression
index = (intensity score) x (positive score). The cut-off
value for high and low levels of expression was based on a
measurement of heterogeneity, and statistical analysis of
overall survival was done using a log-rank test. Optimal
cut-off values for this assessment system were identified as
follows: high expression of IGFBP-3 was defined as an
expression index score of >4, and low expression of IG-
FBP-3 was defined as an expression index score of <4.
Two independent pathologists (D. Xie and M.Y. Cai),
blinded with respect to the clinicopathological information,
performed the scoring.

Western blotting analysis

Total protein was isolated from 11 pairs of fresh endo-
scopic biopsy specimens of ESCC tissue and adjacent non-
malignant esophagus tissue using TRIzol buffer (Invitro-
gen, Carlsbad, CA) [17]. Equal amounts of whole cell and
tissue lysates were resolved by SDS—polyacrylamide gel
electrophoresis (PAGE) and transferred onto polyvinyli-
dene difluoride (PVDF) membrane (Pall Corp., Port
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Washington, NY, USA). Blots were incubated with pri-
mary mouse monoclonal antibodies against human anti-
IGFBP-3 (Santa Cruz Biotechnology, with 1:200 dilution),
and immunoreactivity was detected with enhanced
chemiluminescence kit (Amersham Biosciences, Uppsala,
Sweden). This detailed procedure was performed as pre-
vious described [14]. All procedures were conducted in
accordance with the manufacturer’s instructions.

Statistical analysis

All statistical analyses were performed with SPSS software
(SPSS Standard version 13.0, SPSS, Chicago, IL, USA). As
IGFBP-3 protein expression did not follow a normal dis-
tribution, statistical evaluation was performed using non-
parametric tests. The y* test was used to evaluate differ-
ences in IGFBP-3 expression between two categories of
tissues. The y* test or the Fisher’s exact test was used to
assess a correlation between IGFBP-3 expression and
clinicopathological characteristics. Relative risks (RRs) of
death associated with IGFBP-3 expression and other vari-
ables were estimated using univariate and multivariate Cox
proportional hazards models. In our analyses, we defined a
RR of 1.000 as a baseline for factors such as age
(<55 years), T1, NO, MO, clinical stage I and high IGFBP-3

Fig. 1 Immunohistochemical
analysis of IGFBP-3 staining.
a IGFBP-3 shows strong
cytoplasm staining in matched
normal esophageal tissues
(%200 magnification). b An
ESCC case (case 11) shows a
high level of IGFBP-3
expression, in which more than
70% of ESCC cells stain
positively for IGFBP-3 protein
in the cytoplasm (x200
magnification). ¢ An ESCC case
(case 15) showing negative
staining for IGFBP-3 (x200
magnification). d Low
expression of IGFBP-3 was
detected in an ESCC case (case
92), in which less than 20%
ESCC cells showed positive
staining of IGFBP-3 protein in
the cytoplasm (x200
magnification). e Low
expression of IGFBP-3 protein
was detected by Western
blotting in 5/5 ESCC cases
(T1-5) compared with adjacent
non-malignant esophageal
tissue (N1-5)

IGFBP-3

GAPDH

expression. Survival curves were plotted using Kaplan—
Meier survival analyses and compared using a log-rank test.
Survival time was calculated from the date of ESCC diag-
nosis to the date of death for any cause. Further analyses of
survival curves were based on stratifying TNM classifica-
tions and clinical stages. In all cases, differences with a
P value of <0.05 were considered statistically significant.

Results

Decreased expression of IGFBP-3 in archival ESCC
samples

The THC analysis showed that the IGFBP-3 expression was
significantly decreased in primary cancer tissue compared
with matched adjacent non-malignant tissue (x> = 17.562,
P = 0.001). As shown in Fig. 1, among the non-malignant
tissues, as many as 83.9% (47 of 56) of the individual
tissue samples stained highly for IGFBP-3 (Fig. 1a).
Among ESCC cases, however, only 51.8% (57 of 110) of
cancer tissues were defined as having a high expression of
IGFBP-3 (Fig. 1b), and the remaining ESCC cases (48.2%,
53 of 110) were scored as having no or low IGFBP-3
expression (Fig. lc, d).
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Downregulation of IGFBP-3 protein analysis in fresh
ESCC samples

We further examined the status of IGFBP-3 protein
expression in 11 pairs of fresh ESCC tissue and adjacent
non-malignant esophageal specimens by Western blotting.
We found that a total of 5/11 (45.4%) ESCCs had reduced
levels of IGFBP-3 protein expression compared with
adjacent non-malignant esophageal tissue (Fig. le).

Decreased expression of IGFBP-3 correlates
with clinical aggressiveness of ESCC

We further examined possible correlations between IG-
FBP-3 expression and clinical aggressiveness of ESCC. As
shown in Table 1, analysis of 110 ESCC cases indicated
that the expression of IGFBP-3 was strongly correlated
with both clinicopathological classifications T, N, and M
and clinical staging (3 test, P < 0.05 for all categories).
These observations suggest a correlation between
decreased expression of IGFBP-3 and clinical progression
in ESCC patients.

Decreased IGFBP-3 expression is associated with poor
prognosis in ESCC patients

Having demonstrated the correlation between IGFBP-3
expression and clinicopathological features, we next
examined the relationship between IGFBP-3 expression
and patient survival. Our analyses indicated a correlation
between IGFBP-3 expression and the survival status of
ESCC patients (P = 0.001; Table 1). Kaplan—Meier curves
showed that in the primary ESCC category, patients
expressing higher levels of IGFBP-3 had a longer overall
survival time (median of 68.3 months), whereas patients
expressing lower levels of IGFBP-3 had a much shorter
survival time (median, 26.5 months; log-rank test,
P < 0.001; Fig. 2a). The cumulative five-year survival rate
was 45.6% for patients with high levels of IGFBP-3 (26 of
57). Surprisingly, the survival rate dramatically dropped to
15.0% for patients with reduced levels of IGFBP-3 (8 of
53). In light of the involvement of IGFBP-3 in the devel-
opment of ESCC, we further analyzed patient survival in
terms of IGFBP-3 expression in adjacent non-malignant
tissues. As shown in Fig. 2b, examining adjacent non-
malignant tissues demonstrated that the overall survival
time in patients expressing high basal levels of IGFBP-3
(median of 66.3 months) was much longer than in patients
expressing low levels of IGFBP-3 (median of 28.7 months;
log-rank test, P = 0.001). Furthermore, IGFBP-3 expres-
sion still strongly correlated with patient survival even after
stratifying patients on the basis of their clinicopathological
classification (Fig. 3a—h).
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Table 1 Association between clinicopathological characteristics and
IGFBP-3 expression in 110 ESCCs

Characteristics Cases IGFBP-3 Protein
Low High P values®
expression expression

Age (years)” 0.236
<55 60 32 (53.3%) 28 (46.7%)
>55 50 21 (42.0%) 29 (58.0%)

Gender 0.242
Male 90 41 (45.6%) 49 (54.4%)
Female 20 12 (60.0%) 8 (40.0%)

Location 0.723
Cervical 35 16 (45.7%) 19 (54.3%)
Thoracic 75 37 (49.3%) 38 (50.7%)

WHO grade 0.409
Gl 28 11 (39.3%) 17 (60.7%)
G2 54 26 (48.1%) 28 (51.9%)
G3-+4 28 16 (57.1%) 12 (42.9%)

Tumor size (cm)© 0.014
<6 63 24 (38.1%) 39 (61.9%)
>6 47 29 (61.7%) 18 (38.3%)

T status 0.038
T 2-3 59 23 (39.0%) 36 (61.0%)
T4 51 30 (58.8%) 21 (41.2%)

N status 0.022
NO 25 7 (28.0%) 18 (72.0%)
N1 85 46 (54.1%) 39 (45.9%)

M status 0.013
MO 71 28 (39.4%) 43 (60.6%)
MI-lym* 39 25 (64.1%) 14 (35.9%)

Clinical stage 0.006
I 20 5 (25.0%) 15 (75.0%)
1 51 22 (43.1%) 29 (56.9%)
v 39 26 (66.7%) 13 (33.3%)

Survival status 0.001
Alive 34 8 (23.5%) 26 (76.5%)
Dead 76 45 (59.2%) 31 (40.8%)

IGFBP-3 insulin-like growth factor binding protein-3, ESCC esoph-
ageal squamous cell carcinoma, WHO World Health Organization

a2 test
® Mean age
¢ Mean tumor size

9 Distant lymph node metastases

IGFBP-3 expression is a prognostic factor in ESCC
patients

To determine whether IGFBP-3 could serve as a prognostic
factor for ESCC, we examined overall survival using Cox
regression proportional hazard analysis. As shown in
Table 2, univariate Cox regression analysis revealed that
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Fig. 2 IGFBP-3 expression influences overall survival. a Kaplan—
Meier curves show that patients with low IGFBP-3 expression have
poor overall survival (analysis of 110 primary ESCC tissues;
P < 0.001). b Patients with high IGFBP-3 expression show better
overall survival (analysis of 56 matched adjacent non-malignant
ESCC tissues; P < 0.001)

reduced levels of IGFBP-3 protein expression was associ-
ated with a significantly increased risk of cancer-related
death (P < 0.001) in ESCC patients. The RRs indicated
that tumor size, distant lymph node metastasis, and clinical
staging are also predictors of poor prognosis.

After adjusting for potential confounding factors, a
reduced expression of IGFBP-3 in ESCC was found to
predict poor survival in an independent manner
(P < 0.001; Table 3). Analyses using multivariate Cox
regression model for clinicopathological diagnoses
(Table 3) gave the following results: clinicopathological

classifications T, N, distant lymph node metastasis, and
clinical staging predict poor overall survival.

Discussion

Since ESCC patients with the same clinicopathological
classifications often display considerable variability in
disease progression and survival, the traditional grading
system may have reached its limits in providing critical
information regarding patient prognosis and influencing
treatment strategies. Thus, novel diagnostics and risk
assessment strategies are urgently needed. IGFBP-3, a
major carrier protein for insulin-like growth factors (IGF)-1
and IGF-II in circulating blood [18], is known to regulate
the bioavailability of insulin and insulin-like growth factors
by modulating their interactions with signaling receptors
[19, 20]. There is now evidence to suggest that IGFBP-3 is
also involved in the induction of apoptosis [21]. For
example, IGFBP-3 has been shown to increase ceramide-
induced apoptosis in breast cancer and to enhance both
pS53-dependent and p53-independent apoptosis in various
cancer cell lines [22, 23]. The observation that overex-
pression of IGFBP-3 increases apoptosis suggests that it
may act as a tumor suppressor. Further indirect evidence
for this is provided by reports that aberrant IGFBP-3 pro-
moter hypermethylation and gene silencing is observed in
various cancers and that this is associated with cancer
progression [24-27]. However, in contrast, a previous
study found that IGFBP-3 could stimulate cell proliferation
under certain circumstances [28]. To the best of our
knowledge, no study has yet been performed to investigate
the status of IGFBP-3 and its potential impact in ESCC
tumorigenesis.

Gene expression is modulated by both genetic and epi-
genetic mechanisms, and it is increasingly being recog-
nized that epigenetic changes play an important role in
carcinogenesis [29]. Epigenetic silencing of IGFBP-3 by
promoter methylation has been reported in a number of
solid tumors [27, 30-32]. In our present study, a majority
(83.9%) of matched non-malignant tissues stained highly
for cytoplasmic IGFBP-3, whereas only 51.8% of our cases
showed high cytoplasmic IGFBP-3 staining in primary
ESCC tissues. These observations echo those of a previous
report [13]. Furthermore, we found that IGFBP-3 expres-
sion is inversely correlated with clinicopathological clas-
sifications of ESCC, which, to the best of our knowledge,
has not been reported thus far.

The most important finding of our current study was the
prognostic significance of IGFBP-3 expression in ESCC.
Indeed, further analyses of primary cancer tissues have
revealed for the first time that ESCC patients with low
levels of IGFBP-3 expression had a reduced overall
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survival compared with those expressing higher IGFBP-3
levels, indicating a clinical value for IGFBP-3 in assessing
the prognosis of ESCC patients. It should be emphasized
that poor survival has been further observed in patients
with low IGFBP-3 expression in normal esophageal tissue,
making a stronger argument for the usefulness of IGFBP-3
protein expression for the prognosis of ESCC. These
observations lead us to propose that IGFBP-3 may play an
important role in the aggressiveness of ESCC. In the
present study, with respect to patient survival, we also
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demonstrated a significantly increased risk of cancer-rela-
ted death in patients with reduced IGFBP-3 expression.
Our findings strongly suggest that IGFBP-3 may be a novel
and important prognostic marker for ESCC.

Clinically, the current prognosis of ESCC mainly relies
on T classification, lymph node status, distant metastasis,
and clinical staging [33]. In our tests, univariate Cox pro-
portional hazard analysis revealed that T, N, and M clas-
sifications could be high risk factors for cancer-related
death (Table 2). In this respect, detailed investigations of
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Table 2 Univariate Cox regression analysis of potential prognostic
factors for ESCC patients

Table 3 Multivariate Cox regression analysis of potential prognostic
factors for ESCC patients

Patient characteristics RR (95% CI) P value Patient characteristics RR (95% CI) P value
Age (years)” WHO grade
<55 1.000 Gl 1.000
>55 1.078 (0.732-1.439) 0.857 G2 0.976 (0.461-2.783) 0.371
Location G3-4 1.365 (0.932-5.261) 0.069
Cervical 1.000 T classification
Thoracic 0.924 (0.614-2.152) 0.539 T2-3 1.000
WHO grade T4 3.034 (1.024-6.731) 0.034
Gl 1.000 N classification
G2 1.345 (0.132-3.534) 0.171 NO 1.000
G3-4 2.323 (0.523-4.317) 0.082 N1 1.228 (0.687-12.871) 0.018
T classification M classification
T2-3 1.000 MO 1.000
T4 7.892 (3.324-13.167) 0.001 Ml-lym* 8.963 (2.747-23.133) 0.006
N classification Clinical stage
NO 1.000 I 1.000
N1 11.378 (5.003-20.127) <0.001 I 1.942 (0.339-3.139) 0.027
M classification v 11.587 (4.183-36.631) 0.013
MO 1.000 IGFBP-3 expression
Ml-lym® 19.742 (7.282-89.322) <0.001 High 1.000
Clinical stage Low 7.652 (2.774-21.903) <0.001
11 1.000 IGFBP-3 insulin-like growth factor binding protein-3, ESCC esoph-
I 3.754 (1.539-8.312) 0.038 ageal squamous cell carcinoma, WHO World Health Organization, CI
v 93.833 (19.873-616.782) <0.001 confidence interval
IGFBP-3 expression * Distant lymph node metastases
High 1.000
Low 51.187 (21.245-174.903) <0.001

IGFBP-3 insulin-like growth factor binding protein-3, ESCC esoph-
ageal squamous cell carcinoma, WHO World Health Organization, CI
confidence interval

* Mean age

" Distant lymph node metastases

phenotypic heterogeneity in ESCC may be important for
revealing the underlying mechanism(s) for IGFBP-3
involvement in the development and progression of ESCC.

Having demonstrated the significance of IGFBP-3
expression levels for the prognosis of overall survival in
ESCC patients, our next focus will be to investigate the
potential value IGFBP-3 protein expression levels for
predicting survival in other types of cancers and/or in
disease-free survival. It may also be worthwhile investi-
gating a possible correlation between IGFBP-3 expression
levels and the outcome following chemotherapy and
radiotherapy. Nevertheless, although further investigations
are still needed, we suggest that IGFBP-3 expression could
be useful in the prognostic assessment in patients with
ESCC.

In summary, the present study demonstrates that low
IGFBP-3 expression correlates with both clinicopatholog-
ical classifications and poor overall survival in ESCC
patients. Examination of IGFBP-3 expression by IHC
could be used as an additional effective tool in identifying
those ESCC patients at increased risk of tumor invasion
and/or progression. Our findings suggest that IGFBP-3 may
be a novel marker useful for prognostic assessment in
patients with ESCC.
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