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Abstract

AIM: To investigate the expression of insulin-like growth
factor binding protein-2 (IGFBP-2) in gastric carcinoma
and its clinical significance and to explore its relationship
with cell proliferation.

METHODS: Expressions of IGFBP-2 and Ki-67 in 118
cases of gastric carcinoma and 40 cases of normal gastric
mucosa were detected by EnVision immunohistochemical
technique.

RESULTS: Expression of IGFBP-2 in gastric carcinoma
was higher than that in normal gastric mucosa (P < 0.01).
There was no difference between high- and low-grade
gastric carcinoma (P > 0.05). Expression of IGFBP-2 in
advanced gastric carcinoma was higher than that in early
gastric carcinoma (P < 0.05). Expression of IGFBP-2 in
gastric carcinoma with lymph node metastasis was higher
than that without lymph node metastasis (P < 0.01).
IGFBP-2 expression was a positively related to the clinical
stage of gastric carcinoma (P < 0.01). There was a
positive correlation between IGFBP-2 and Ki-67 (P < 0.05).

CONCLUSION: IGFBP-2 may be involved in carcino-
genesis and progression of gastric carcinoma by
promoting cell proliferation.
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INTRODUCTION

The insulin-like growth factor (IGF) system plays a
crucial role in normal cell proliferation and malignant
transformation?. Tt comprises IGF- [ and IGF-1I, the
type I and 1I receptorsm, and a family of IGF binding
proteins (IGFBPs) that specifically bind to IGFs'". The
IGFBPs ate a family of binding proteins involved in the
regulation of tissue development through their interactions
with IGFs. By sequestering free IGFs and reducing their
bioavailability for interaction with IGFRs, IGFBPs are able
to modulate cellular growth and differentiation at a local
level”. IGFBP-2 is the second most abundant IGFBP in
the circulation and can be found in a variety of mammalian
fluids and tissues. IGFBP-2 was initially thought to
mainly bind to IGFs (IGF- [ and IGF-1I) through its
IGF-binding motif, and thereby inhibits IGF-mediated
mitogenic activities'’. However, recent studies have shown
that IGFBP-2 also increases the tumorigenic potential
and mitogenesis in some cancer cells"™ suggesting that
IGFBP-2 possesses multifaceted functions.

So far, only one study focusing on the expression of
IGFBPs in gastric cancer cells"” is available. In this study,
we used immunohistochemical method to clarify the
expression and localization of IGFBP2 in malignant and
normal gastric tissues. The aim was to determine whether
IGFBP-2 plays a role during gastric carcinogenesis and
to clarify the correlation of IGFBP2 expression with cell
proliferation.

MATERIALS AND METHODS

Tissue samples and histopathological study

Paraffin blocks from gastrectomy specimens were obtained
from the archives of Department of Pathology, Affiliated
Yijishan Hospital of Wannan Medical College, between
May 2004 and June 2005. Selected cases were classified as
cardia carcinoma, fundus/body and antrum carcinomas
according to their location, following the criteria described
in a previous study''l. Mean age and gender were also
recorded. Carcinomas were divided into two types,
namely eatly and advanced carcinoma. The depth of wall
penetration and nodal status were also recorded. The 1997
version of the International Union Against Cancer (UICC)
PTNM system was employed to stage the carcinomas'?.
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Immunohistochemistry

Monoclonal antibody against IGFBP2 diluted 1:150 (c-18;
Santa Cruz Biotechnology, Inc., Santa Cruz, UK) was used
in immunohistochemistry studies. This antibody is specific
and does not crossreact with other isoforms of IGFBP.
For each procedure, the samples were chosen randomly
from each group. The 4-um thick sections of phosphate
buffered saline (PBS)/formalin-fixed and paraffin wax-
embedded specimens were routinely dewaxed in xylene,
rehydrated in a graded series of ethanol, and washed in
distilled water. Antigen retrieval was achieved by placing
the specimens in 0.01 mol/L citrate buffer at pH 6.0 and
exposing them to repeated microwave heating for 10 min
at 450 W. The buffer was replenished after each interval
because of evaporation. The specimens were cooled
at room temperature for 15 min and washed in sterile
water for 5 min and then in PBS at pH 7.6 for 5 min.
Endogenous peroxidase or phosphatase activities were
quenched in 0.3% H20: for 30 min, followed by blocking
non-specific antibody binding in 10% goat serum for 30
min at room temperature. Tissue sections were incubated
overnight at 4°C in a humidifier with primary goat anti-
IGFBP2. Mayer’s hematoxylin nuclear stain was used as
a counter stain. Negative controls were performed using
conjugate alone.

Assessment of inmunohistochemical staining
Immunohistochemical staining results were assessed semi-
quantitatively using the Busund score system'”, Expression
of IGFBP2 was then graded semi-quantitatively and
classified into one of the four grades. The staining was
scored as: 0: no staining; 1: weak staining; 2: strong staining
of 25% tumor cells or moderate staining of < 80%; 3:
strong staining of 25%-50% or moderate staining of >
80%; 4: strong staining of > 50% tumor cells. In each case,
10 high power fields of representative areas were counted.
The maximal staining intensity was typically higher in those
cases where more cells were positive. Most positive cells
showed cytoplasmic staining. Slides were examined and
scored independently by two of the authors, blinded to
other pathological information. The Ki-67 labeling index
(KI) was calculated as the percentage of positive tumor
nuclei divided by the total number of tumor cells examined.
At least 1000 tumor cells per specimen were examined in 5
randomly selected fields by light microscopy (X 400).

Statistical analysis

Data are presented as mean + SD. Individual groups were
compared using the parametric Student’s # test. Association
between IGFBP2 expression and different clinical
parameters in malignant tissue was tested by nonparametric
¢ test. The relation between IGFBP2 expression and
Ki-67 was tested by Spearman’s correlation coefficient.
For all these statistical analyses, P < 0.05 was considered
statistically significant.

RESULTS

Clinicopathological features
The clinical and pathological characteristics of 118 patients
are summarized in Table 1.
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Characteristic n
All patients 118
Gender

Male/Female 71/47
Age (yr)

Median (Range) 53.2 (24-76)
Tumor site

Cardia 21

Fundus/body 43

Antrum 54
Histological type

Differentiated 56

Undifferentiated 62
Lymph node metastasis

Positive 67

Negative 51
PTNM stage

-1 52

-1V 66
Depth wall penetration

T1-T2 48

T3-T4 70

Figure 1 IGFBP2 expression showing a weak pancytoplasmatic staining in normal
gastric mucosa (x 200).

Immunohistochemical expression of IGFBP2 in normal
gastric mucosa and carcinoma

Among the 118 tumor samples, 40 specimens of normal
mucosa (= 10 cm distant from cancer) showed a weak
pancytoplasmatic expression of IGFBP2 (Figure 1).
The immunohistochemical staining score of IGFBP2
was judged as 0, 1 or 2. There was an over-expression
of IGFBP2 in carcinoma. Pancytoplasmatic staining or
more diffuse granular staining was observed in cytoplasm
of neoplastic cells (Figures 2 and 3). IGFBP2 expression
score was 2.61 = 0.94 in gastric carcinoma and 1.06 + 0.64
in normal human gastric mucosa respectively. There was

a significant difference between carcinoma and normal
mucosa (# = 5.223, P < 0.01) as shown in Table 2.

Correlation between IGFBP2 expression and clinicopath-
ological parameters of gastric carcinoma patients

A significant difference was observed in IGFBP2
expression and tumor depth of wall penetration (P = 0.019).
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Figure 2 IGFBP2 expression showing a weak cytoplasmatic staining in the tumor
cells (x 200).
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Figure 3 IGFBP2 expression showing a more diffuse granular cytoplasmatic
staining in the tumor cells (x 200).

Table 2 Quantitative score of IGFBP2 expression in normal

gastric mucosa and gastric carcinoma

Quantitative score of IGFBP2 expression

Group (mean + SD) P
Normal mucosa 1.06 + 0.64 e
Carcinoma 2.61+0.94 ’

Although immunohistochemical staining score of IGFBP2
expression in undifferentiated carcinoma (2.72 £ 0.88) was
higher than that in differentiated carcinoma (2.31  0.82),
the difference was not significant (P = 0.336).

A significant difference was also observed in
IGFBP2 expression and nodal metastasis (P = 0.0048).
The immunohistochemical staining score of IGFBP2
expression in stages [ and I (2.02 £ 0.93) was lower than
that in stages IIl and IV (2.98 £ 0.87) (P = 0.0027) (Table 3).

No significant difference was observed in the
distribution of immunohistochemical staining scores of
IGFBP2 expression, gender of patients and location of
the tumor (P = 0.235) (Table 3).

Correlation between expressions of IGFBP2 and Ki-67

The expression of Ki-67 was localized to the nuclei
of neoplastic cells (Figure 4). As shown in Figure 5, a
significant positive correlation was observed between the

Table 3 Summary of quantitative score of IGFBP2 expression

in gastric carcinoma according to clinical and pathological
parameters (mean + SD)

Quantitative score of
Rarameter IGFBP2 expression i
Gender
Male 2.05+0.82 > 0.05
Female 2.35+0.81
Tumor site
Cardia 219+0.98 > 0.05
Fundus/body 2.31+0.89
Antrum 218 +£0.95
Histological type
Differentiated 2.31+0.82 > 0.05
Undifferentiated 2.72+0.88
Lymph node metastasis
Positive 216 £ 0.98 <0.01
Negative 2.81+091
PTNM stage
-0 2.02+0.93 <0.01
m-v 2.98 +0.87
Depth wall penetration
T1-T2 2.08 £ 0.97 <0.05
T3-T4 2.79+0.84

Figure 4 Ki-67 expression showing a strong nuclear staining in the tumor cells (x
200).

immunohistochemical staining score of IGFBP2 and the
proliferating index of Ki-67 (P = 0.005).

DISCUSSION

In this study, we determined the expression of IGFBP2 in
118 specimens of gastric carcinoma. To our knowledge,
the expression of IGFBP2 in gastric carcinoma has
not been evaluated by immunohistochemistry. Normal
gastric epithelial tissue was negative or weakly positive
and localized to the cytoplasm of gastric mucosa. Weak,
moderate to strong expression of IGFBP2 was observed
in gastric carcinoma with diffuse granular staining or
strong pancytoplasmatic staining. This finding is in
accordance with previous reports showing that IGFBP2
can augment IGF1-induced mitogenicity of cancer cells'”

Serum IGFBP-2 concentrations in combination with
carcinoembryonic antigen determinations are highly
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Figure 5 The positive correlation between IGFBP2 expression and Ki-67 in gastric
cancer (Spearman's correlation coefficient, P = 0.005).

prognostic for metastasis and recurrence of colon cancers,
and their use in cancer surveillance is suggested“s’](ﬂ. In
ovarian cancer patients, serum IGFBP-2 levels are positively
correlated with the ovarian tumor marker CA 125", Some
studies showed that serum IGFBP-2 levels in patients
with prostate carcinoma are elevated and significantly
correlated with PSA levels, suggesting that serum IGFBP-2
measurement in patients with low serum PSA levels can
be used to monitor prostate tumor burden'**". IGFBP-2
is consistently elevated in cerebrospinal fluid (CSF) of
patients with malignant tumors of the central nervous
system (CNS), whereas in patients with peripheral tumors,
normal IGFBP-2 levels have been found in CSFP',
suggesting that IGFBP-2 in CSF can be considered a
specific marker for CNS tumors. Busund ¢ a/” reported
that IGFBP-2 is not significantly expressed in normal and
hyperplasia glandular cells of breast. Atypical hyperplasia
slightly increases cytoplasmic expression of IGFBP-2,
and carcinoma 7 situ shows a distinctive membrane and
cytoplasmic expression. Infiltrating carcinomas strongly
express cytoplasmic IGFBP-2, suggesting that IGFBP-2
might be an independent indicator of malignancy.
Richardsen ef /™ have found a significant over-expression
of IGFBP-2 in prostatic intraepithelial neoplasia (PIN)
and in more than 90% of cancers regardless of their grade.
All cases of benign prostatic hyperplasia (BPH) are almost
negatively or very weakly stained. In the present study,
the immunohistochemical staining score of IGFBP-2 in
gastric carcinomas was higher than that in normal mucosa,
suggesting that over-expression of IGFBP-2 may have a
stimulatory role in the pathogenesis of gastric cancer.
IGFBP-2, the second most abundant IGFBP in
circulation, has traditionally been thought as a growth
inhibitor. In transgenic mouse models, for example,
IGFBP-2 over-expression through the CMV-promoter
results in significantly reduced weight gain, presumably
through IGFBP-2 sequestering of IGFs by reducing
the bioavailability of these growth factors for their
receptors”*, Over-expression of IGFBP-2 in human
embryonic kidney fibroblasts inhibits cell proliferation,
which can be reversed by the addition of exogenous IGFs,
suggesting that IGFBP-2 has an inhibitory effect on IGF
action™. Conversely, expression of IGFBP-2 has also
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been found to be positively correlated with tumor grade,
including hepatoblastoma, mammary and ovarian cancer,
Wilm’s and adrenal tumors as well as prostate cancer™,
indicating that IGFBP-2 might have cancer-promoting
properties[g]. Recently, Song ef al®” used a yeast two-
hybrid system to identify a binding patrtner of IGFBP-2,
which was named invasion inhibitory protein 45 (IIp45),
and found that IGFBP-2 could stimulate glioblastoma
multiform (GBM) cell invasion, but IIp45 inhibits GBM
cell invasion. Because IGFBP-2 carries the Tg domain
and the RGD motif, IGFBP-2 may stimulate cell invasion
via the integrin-mediated signaling pathway and IIp45
may inhibit IGFBP-2-stimulated invasion by interacting
with the Tg-RGD region of IGFBP-2. Indeed, IGFBP2
has been recently found to interact with the alpha v beta
3 and alpha 5 beta 1 integrinslzs’zgj. In addition, IGFBP2
can stimulate the growth of prostate cancer cells, an
effect that can be blocked by MAP kinase and PI3-kinase
inhibitors”™. IGFBP2 is co-expressed with the vascular
endothelial growth factor in pseudopalisading glioma cells
surrounding tumor necrosis” . These findings suggest that
IGFBP2 plays a key role in human cancer development.

We examined the correlation between the immuno-
histochemical staining score of IGFBP-2 and several
clinicopathological factors. The immunostaining score
of IGFBP-2 in carcinoma with T3-T4 penetration
was higher than that with T1-T2 penetration. Higher
immunohistochemical staining score of IGFBP-2
significantly correlated with lymph node metastasis and
clinical stage. These findings suggest that IGFBP-2 might
be a marker of invasive gastric carcinoma. However,
in contrast to other tumots, no relationship was found
between the immunohistochemical staining score of
IGFBP-2 in gastric carcinoma and tumor grade. This
discrepancy might be possibly attributed to the different
materials studied.

Hormone status as measured by estrogen receptor
(ER) and progesterone receptor (PR) correlates with
IGFBP-2 in breast carcinoma'”. However, the relationship
between proliferation and IGFBP-2 expression in various
tumors including gastric carcinoma has not been analyzed.
Therefore, we carried out the present study to investigate
the association of proliferative activity with IGFBP-2
expression in gastric carcinoma. Cell proliferative activity
is important for evaluating tumor growth. Monoclonal
antibodies that recognize Ki-67 can label all proliferating
cells in G1, S, G2 and M phases of the cell cycle and
have been widely used to estimate the proliferative
fraction of neoplasms”". Our results reveal that the
immunohistochemical staining score of IGFBP-2 is
positively correlated with KI. These findings suggest that
IGFBP-2 might play an important role in the progression
of gastric carcinoma by promoting cell proliferative activity.

In conclusion, increased IGFBP-2 expression is
related to malignant transformation of gastric carcinoma
and plays an important role in the progression of gastric
carcinoma. Although our data provide evidence for a role
of IGFBP-2 in predicting biologic behavior in a relatively
large series of gastric carcinoma, further studies are needed
to establish the relationship between IGFBP-2 expression
in this tumor and survival of patients with this tumor.
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