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Introduction

Invasion and metastasis are the major causes of death in
cancer patients. Clinical and pathological research has
shown that lymphatic vessels are the principal route for
the spread of tumors [1]. The roles of insulin-like growth
factor-1 receptor (IGF-1R) and vascular endothelial
growth factor C (VEGF-C) in the invasion and metastasis
of tumors have been studied extensively in recent years.
IGF-1R is a transmembrane receptor tyrosine kinase.
Activated by its ligands, IGF-I/IGF-II, as a result of mul-
tiple downstream signalling pathways, it promotes cell
growth [2] and plays a role in carcinogenesis [3]. VEGF-
C is an important factor in the lymphatic metastasis of
cancer, promoting lymphatic vessel growth by activating
VEGF receptor 3 [4]. The antibody D2-40 is a marker for
lymphatic vessels that is used to identify lymphovascular
invasion by tumors. Research has found that the IGF-1R
signalling pathway promotes tumor growth through inter-
actions with other factors, including VEGF-C [5]. The
objective of this study was to investigate IGF-1R, VEGF-
C and D2-40 expression in endometrial adenocarcinoma
and to explore the association of IGF-1R with lymphatic
metastasis.

Materials and Methods

Patients and specimens

Randomly selected sections of paraffin-embedded tissue
samples obtained from 2005 to 2008 were provided by the
Department of Pathology, First Affiliated Hospital of Henan

University of Science and Technology, Luo Yang, China. They
were taken from patients with endometrial adenocarcinoma or
uterine myoma, and comprised 40 cases of endometrial adeno-
carcinoma and 14 cases of normal endometrium. None of the
endometrial adenocarcinoma patients had received preoperative
chemotherapy, radiotherapy or hormonal therapy. According to
the International Federation of Gynecology and Obstetrics clas-
sification (2000), there were 24 cases of Stage I endometrial
carcinoma, 11 Stage II, five Stage III, ten grade 1, 18 grade 2
and 12 grade 3.

Immunohistochemistry

All specimens were fixed in 10% formaldehyde solution and
underwent conventional paraffin embedding. Serial 4 m sec-
tions were placed on glass slides and pretreated with 10 g/l
polyphosphate lysine. Antigen retrieval was performed by
microwaving sections in 0.01 mol/l citrate buffer for 10 min and
then cooling to room temperature. Endogenous peroxidase
activity was inhibited by incubation with 3% hydrogen perox-
ide in methanol for 20 min at room temperature and nonspecific
binding was blocked by incubation with 5% bovine serum
albumin in phosphate-buffered saline (PBS) at room tempera-
ture. After three PBS washes, the specimens were reacted
overnight at 4°C with rabbit anti-human IGF-1R polyclonal
antibody (Boster Bio-Engineering Co. Ltd, Wuhan, China),
rabbit anti-human VEGF-C polyclonal antibody (Zhongshan
Goldenbridge Biotechnology Co. Ltd, Beijing, China) and
mouse anti-human monoclonal antibody (Boster Bio-Engineer-
ing Co. Ltd, Wuhan, China). After incubation at 37°C for 30
min, three PBS washes and incubation at 37°C with horserad-
ish enzyme markers mildew chain for 30 min, the sections were
counterstained with hematoxylin and mounted.

Assessment of immunohistochemistry

Immunostaining was examined independently by two clinical
pathologists who were unaware of the patient outcome. For
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each sample, five high-power fields (200×) were selected ran-
domly. IGF-1R exhibited cytoplasmic and membrane staining.
The extent of the staining was categorized into four semiquan-
titative classes based on the percentage of positive tumor cells:
0 (≤ 10% positive cells), 1 (10-30%), 2 (31-60%) and 3 (>
60%). The intensity of cytoplasmic and membrane staining was
also determined semiquantitatively on a scale of 0-3 as follows:
0 (negative), 1 (weakly positive), 2 (moderately positive) and 3
(strongly positive). A consensus score was assigned to each
section after discussion and careful review of all slides by the
two pathologists. A score of 0 or 1 was then designated –, a
score of 2 was designated +, 3 or 4 ++ and 5 or 6 +++; > 2 was
considered positive expression and ++ or +++ was considered
overexpression. VEGF-C exhibited cytoplasmic staining; the
extent of the staining was assessed as > 10% (+) or ≤ 10% (–).
Expression of D2-40 was used to determine the number of lym-
phatic vessels. First, intense staining (hot spots) of intratumoral
and peritumoral lymphatic microvessels was identified (100×),
then the numbers of lymphatic vessels were counted (400×) and
the average taken from three views of each case.

Results

IGF-1R and VEGF-C expression in endometrial tissues

As shown in Figures 1 and 2, IGF-1R exhibited cytoplas-
mic and membrane staining. There was no significant dif-
ference in positive IGF-1R expression between normal
endometrium (71.43%) and endometrial adenocarcinoma
(90%) (p > 0.05), but overexpression in endometrial adeno-
carcinoma (55%) was significantly greater than that in nor-
mal endometrium (0%) (p = 0.01 < 0.05) (Table 1). VEGF-
C exhibited cytoplasmic staining (Figures 3 and 4)
.Expression of VEGF-C in normal tissues (42.85%) was
significantly less than that in endometrial adenocarcinoma
(80%) (p < 0.001) (Table 1).

Expression of IGF-1R and VEGF-C correlated with
clinical and pathological parameters of endometrial
adenocarcinoma

There were no statistically significant associations
between expression or overexpression with the surgical
stage of endometrial adenocarcinoma, but both expres-
sion and overexpression showed significant differences
with pathological grade. Lymphatic metastasis was statis-
tically significantly associated with IGF-1R overexpres-
sion, but not with IGF-1R expression. As shown in Table
2, expression of VEGF-C was significantly associated
with lymphatic metastasis (p < 0.05), but not with surgi-
cal stage or histological grade.

Interrelationship between IGF-1R and VEGF-C expres-
sion

We further investigated whether IGF-1R expression
was significantly correlated with VEGF-C expression in
endometrial carcinoma. Among the 40 cases of endome-
trial adenocarcinoma, overexpression of IGF-1R was cor-
related with expression of VEGF-C (p = 0.035 < 0.05, r =
0.231). There was no correlation between their expression
(75% for both factors) (Table 3).

Lymphatic vessel density in endometrial adenocar-
cinoma and normal tissue

Lymphatic vessels marked by D2-40 were found in
both normal endometrium and endometrial carcinoma
(Figures 5 and 6). Most comprised a monolayer of
endothelial cells with thin capillaries and irregular lumi-
na showing dilation or atresia. In the peritumoral area, we
observed expansion of closed lymphatic vessels. Within
the tumor, lymphatic vessels were absent or significantly

Table 1. — Expression of IGF-1R and VEGF-C in endometrial
tissues.

No. IGF-1R expression VEGF expression

Group – + ++～+++ Positive Over – + Positive
rate rate rate
% % %

Normal
endometrium 14 4 10 0 71.43 0 9 5 35.71

Endometrial
adenocarcinoma 40 4 14 22 90.00 55.00 5 35 87.50

Table 2. — Expression of IGF-1R and VEGF-C with clinical
and pathological parameters of endometrial adenocarcinoma.

Clinicopathologic No. IGF-1R* Positive VEGF-C# Positive

parameters – + ++ +++ rate – + rate
% %

Pathological grades
G1 10 4 5 1 0 60.00 2 8 80.00
G2 18 0 9 5 4 100 4 14 77.78
G3 12 0 0 7 5 100 3 9 75.00
Surgical stage
I 22 3 10 4 5 86.36 6 16 72.73
II 7 1 1 5 0 85.71 2 5 71.43
III～IV 11 0 3 5 3 100 1 10 90.91
Lymph node 

metastasis
Positive 11 0 1 6 4 100 0 11 100
Negative 29 4 12 8 5 86.21 9 20 68.96
*Expression of IGF-1R in G1 and G2, p = 0.01, G1 and G3, p = 0.029; overexpression in G1
and G3, p = 0.002, G1 and G2, p = 0.04, G2 and G3, p = 0.003; overexpression between positive
lymph node metastasis and negative, p = 0.009.
#Expression of VEGF-C between positive for lymph node metastasis and negative, p = 0.037.

Table 3. — Interrelationship between IGF-IR and VEGF-C
expression.

VEGF-C Number IGF-1R p
+ –

+ 31 30 1 ns
– 9 6 3

Over expression Expression
+ 31 19 12 < 0.05
– 9 3 6
ns: non significant.

Table 4. — Lymphatic vessel density in endometrial adenocar-
cinoma and normal tissue.

Group Number LVD (x ± s) p

Normal tissues 14 7.02 ± 1.93 < 0.05
LDV-pt 40 5.16 ± 2.35
LDV-it 40 9.01 ± 2.73
Positive lymphatic metastasis 11 11.37 ± 2.26 < 0.05
Negetive lymphatic metastasis 29 8.57 ± 2.13
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Figure 1. — Expression of IGF-1R in normal endometrium (x400).
Figure 2. — Expression of IGF-1R in endometrial adenocarcinoma (×400).
Figure 3. — Expression of VEGF-C in normal endometrium (×400).
Figure 4. — Expression of VEGF-C in endometrial adenocarcinoma (×400).
Figure 5. — D2-40 labeled lymphatic vessels of endometrial adenocarcinoma (×400).
Figure 6. — D2-40 labeled lymphatic vessels of normal endometrium (×400).

Fig. 1

Fig. 3

Fig. 5

Fig. 2

Fig. 4

Fig. 6

14 2043-31 - Expression of IGF-1R:1998-31  18/11/11  14:14  Pagina 662



Expression of IGF-1R, VEGF-C and D2-40 and their correlation with lymph node metastasis in endometrial adenocarcinoma  663

reduced compared with the peritumoral area, and most
exhibited atresia. The peritumoral lymphatic vessel densi-
ty (LVD) in endometrial adenocarcinoma was significant-
ly higher than both the intratumoral LVD and that in nor-
mal tissues (p < 0.05). The LVD in tissue positive for lym-
phatic metastasis was significantly higher than that in tis-
sue negative for lymphatic metastasis (Table 4).

Discussion

IGF-1R is a tyrosine kinase receptor with a structure
similar to that of the insulin receptor. Binding with its lig-
and IGF promotes cell mitosis and proliferation. Research
shows that expression of IGF-1R is upregulated in many
cancer tissues, including breast, lung and prostate. It has
been suggested that IGF-1R protects cells from apoptosis
[6], and plays a role in tumor growth and lymph node
metastasis in various cancer cells [7]. Immunohisto-
chemistry and in situ hybridization studies have shown
that IGF-1R is expressed in the epithelial and stromal
cells of human endometrium [8]. In this study, we con-
firmed the expression of IGF-1R in normal endometrial
tissues (71.43%). Overexpression of IGF-1R in normal
tissues was 0%, compared with 55% in endometrial ade-
nocarcinoma; this difference was statistically significant.
We found that IGF-1R expression in endometrial adeno-
carcinoma was related to lymph node metastasis and his-
tological grade, but not to surgical stage. Lymph node
metastasis and histological grade are crucial to the prog-
nosis of endometrial adenocarcinoma; thus, determina-
tion of IGF-1R expression might be of clinical signifi-
cance for endometrial adenocarcinoma patients.

VEGF, also known as vascular permeability factor or
angiotropin, is a family of secreted glycoproteins with
members VEGF-A, VEGF-B, VEGF-C, VEGF-D and
placental growth factor. It selectively increases mitosis in
endometrial blood and/or lymphatic vessels, stimulates
endothelial cell proliferation, promotes the formation of
new blood vessels and increases their permeability, and
promotes the establishment of new vascular networks [9].
VEGF-C was the first lymphatic endothelial cell growth
factor to be identified. It binds to the tyrosine kinase
receptor FLT4 and regulates the embryonic development
of lymphatic vessels, inducing the proliferation of lym-
phatic endothelial cells and promoting the extension of
lymphatic vessels and formation of new lymphatic sinus-
es [10]. Animal experiments and clinical trials have
shown that the VEGF-C/FLT4 signalling pathway is
important in lymphangiogenesis [11]. The results of the
present study suggest that VEGF-C is highly expressed in
endometrial adenocarcinoma; it was detected in 35/40
cases and its expression rate of 87.5% was significantly
higher than that in normal endometrial tissues (5/14,
35.71%) (p < 0.05). VEGF-C expression was independent
of the histological grade and surgical–pathological stage
of endometrial adenocarcinoma, but significantly associ-
ated with lymph node metastasis (< 0.05). These results
indicate that VEGF-C plays an important role in the lym-
phatic metastasis of endometrial adenocarcinoma.

Studies by Tang et al.. on the mouse lung cancer cell
lines M-27 and H-59 suggest that VEGF-C expression
and lymph node metastasis are regulated by IGF-1R, and
indicate that IGF-1R can also induce the synthesis of
VEGF-C and the formation of lymphatic vessels [12].
Zhang et al. measured IGF-1R, VEGF-C and VEGF in
colorectal cancer by immunohistochemistry; the expres-
sion of all three was higher in cancer tissues than in nor-
mal tissues, and IGF-1R and VEGF-C were associated
with lymph node metastasis. This strongly suggests that
IGF-1R promotes lymph node metastasis through regula-
tion of VEGF-C [13]. In the present study, we found that
IGF-1R overexpression and VEGF-C expression were
significantly increased in endometrial adenocarcinoma.
There was a significant relationship between these two
factors, and IGF-1R overexpression and VEGF-C expres-
sion were both associated with lymph node metastasis (p
< 0.05). According to these results, IGF-1R and VEGF-C
might have a synergistic effect in the lymph node metas-
tasis of endometrial adenocarcinoma, with IGF-1R pro-
moting the lymphatic growth of endothelial cells by reg-
ulating the secretion of VEGF-C.

D2-40 is considered to be the most specific marker of
lymphatic vessels currently available. It has been used to
study the relationship between lymphangiogenesis,
lymph node metastasis and tumor biology. In a study of
colorectal cancer, Saad et al. [14] found that the density
of new lymphatic vessels was positively correlated with
that of microvessels marked by CD31, and the density of
D2-40-labelled lymphatic vessels was associated with
invasion of the vessels by tumor, lymph node metastasis
and liver metastasis. In the present study, lymphatic ves-
sels marked by D2-40 in endometrial adenocarcinoma
varied in density and in the shape and size of their lumi-
na. The peritumoral LVD was 9.01 ± 2.73 A/400×vision,
which was significantly higher than the LVD in cancer
nests (5.16 ± 2.35 A/400×vision). Lymphatic vessels were
more abundant at the edge of cancer nests in the stroma,
but their walls were thin and they appeared wrinkled in
places. Within cancer nests, only a few poorly developed
lymphatic-like structures were seen, and the number of
microlymphatics was significantly decreased compared
with the surrounding interstitium. The peritumoral and
intratumoral LVDs were both significantly higher than
that of normal endometrium (7.02 ± 1.93 A/400×vision)
(p < 0.05). This suggests that there is a relationship
between the lymphatic count and the progress of endome-
trial adenocarcinoma, which could be an important indi-
cator of the prognosis. We also found that the LVD was
higher in lymph nodes that were positive for metastasis
than in those that were negative. This further illustrates
the value of D2-40 as a lymphatic marker.

Following research into the mechanism of tumor angio-
genesis, anti-angiogenesis drugs have been developed for
use in the treatment of cancer. However, research into
antilymphangiogenesis remains at a theoretical stage. The
principal focus is on blocking the pathway of lymphan-
giogenesis and using RNA interference (RNAi) technolo-
gy. Chen et al. [15] constructed a specific small interfer-
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ing RNA expression vector against VEGF-C using RNAi
technology and transfected breast cancer cell line C166
with liposomes. They found that VEGF-C protein and
mRNA were lower in transfected cells than in the control
group (transfected with vector only), and tumor-bearing
mice had lower levels of lymphangiogenesis, lymph node
metastasis and lung metastasis than control mice. Shu et
al. [16]showed that RNAi mediated downregulation of
IGF-1R expression in endometrial carcinoma, significant-
ly induced apoptosis, reduced downstream protein phos-
phorylation and decreased tumorigenicity in vivo, accom-
panied by a lower proliferation index of tumor tissue.
These findings highlight the therapeutic potential of
RNAi in the treatment of endometrial carcinoma and
imply that IGF-1R may be a therapeutic target. Our
results show that IGF-1R and VEGF-C are both associat-
ed with lymph node metastasis of endometrial adenocar-
cinoma, but the mechanisms of the interaction between
the two factors needs further research. We believe that
IGF-1R and VEGF-C will become therapeutic targets in
endometrial cancer in the future.
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