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Insulin-like growth factor-1 induces lymphangiogenesis 
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Abstract
AIM: To investigate the expression of insulin-like 
growth factor-1 (IGF-1)/insulin-like growth factor-1 re-
ceptor (IGF-1R) in colorectal cancer (CRC) tissues and 
to analyze their correlation with lymphangiogenesis and 
lymphatic metastasis.

METHODS: Immunohistochemistry was used to evalu-
ate IGF-1 and IGF-1R expression and lymphatic vessel 
density (LVD) in 40 CRC specimens. The correlation be-
tween IGF-1/IGF-1R and LVD was investigated. Effects 
of IGF-1 on migration and invasion of CRC cells were 
examined using transwell chamber assays. A LoVo cell 
xenograft model was established to further detect the 
role of IGF-1 in CRC lymphangiogenesis in vivo .

RESULTS: Elevated IGF-1 and IGF-1R expression in 
CRC tissues was correlated with lymph node metasta-
sis (r  = 0.715 and 0.569, respectively, P  < 0.05) and 
tumor TNM stage (r  = 0.731 and 0.609, P  < 0.05). A 
higher LVD was also found in CRC tissues and was cor-
related with lymphatic metastasis (r  = 0.405, P  < 0.05). 
A positive correlation was found between LVD and IGF-
1R expression (r  = 0.437, P  < 0.05). Transwell assays 
revealed that IGF-1 increased the migration and inva-
sion of CRC cells. In  vivo  mouse studies showed that 
IGF-1 also increased LVD in LoVo cell xenografts.

CONCLUSION: IGF-1/IGF-1R signaling induces tumor-
associated lymphangiogenesis and contributes to lym-
phatic metastasis of CRC.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Insulin-like growth factor-1 (IGF-1) and its 
receptor, insulin-like growth factor-1 receptor (IGF-1R), 
are frequently overexpressed in many types of tumors 
including colorectal cancer. A recent study (Björndahl 
et al , 2003) showed that both IGF-1 and IGF-2 could 
potently stimulate lymphatic vessel growth in the 
mouse cornea. However, equivalent evidence on IGF-1 
in solid tumors is lacking. Here, we show that IGF-1/
IGF-1R signaling induces tumor-associated lymphangio-
genesis in vivo  and contributes to lymphatic metastasis 
of colorectal cancer. Findings from the present study 
provide further evidence to support the involvement of 
IGF-1/IGF-1R signaling in lymphangiogenesis in solid 
tumors.
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INTRODUCTION
Lymphatic metastasis is one of  the most common meta-
static routes of  colorectal cancer (CRC). When cancer 
spreads, it is much harder to treat successfully. The pres-
ence or absence of  lymph node involvement is one of  the 
most important factors that determine the long-term out-
come of  cancer patients[1-3]. There is a complex process 
that a tumor cell must go through before metastasis can 
occur[4,5]. Excessive formation of  new lymphatic vessels in 
CRC is a key step in metastatic progression[5,6]. However, 
the factors triggering lymphangiogenesis and the detailed 
molecular mechanisms are poorly understood.

Insulin-like growth factor-1 (IGF-1) and its receptor 
(IGF-1R) are frequently overexpressed in many types 
of  tumors including CRC[7-10]. Increasing evidence sug-
gests that amplified IGF-1/IGF-1R signaling not only 
is associated with an increased relative risk for cancer 
development, but also contributes to cancer cell survival, 
invasion, metastasis and resistance to chemotherapeutic 
drugs[7,10]. In addition to their roles in the development 
and progression of  cancer, the IGF-1/IGF-1R signal-
ing system can also induce lymphangiogenesis[11,12]. In a 
recent study, Björndahl et al[11] reported that both IGF-1 
and IGF-2 could potently stimulate lymphatic vessel 
growth in the mouse cornea. However, direct evidence 
showing the involvement of  IGF-1/IGF-1R signaling in 
lymphangiogenesis in solid tumors is lacking.

In the present study, we found that IGF-1 and IGF-
1R were significantly overexpressed in CRC tissues com-
pared with adjacent normal tissues using an immunohis-
tochemical (IHC) assay. Using a lymphatic endothelial-
specific antibody marker D2-40[3,13], we found that 
lymphatic vessel density (LVD) was significantly higher 
in CRC tissues. The levels of  IGF-1, IGF-1R and LVD 
were all significantly correlated with lymphatic metastasis. 
In addition, a positive correlation was found between 
LVD and IGF-1R. These results suggest that the IGF-1/
IGF-1R axis might promote lymph node metastasis of  
CRC by induction of  lymphangiogenesis. To further ex-
plore its role in lymphangiogenesis, we created a LoVo 
cell (a human colon cancer cell line) xenograft model and 
showed that IGF-1 treatment resulted in an increase in 
the LVD in vivo. Together, our findings demonstrate that 
IGF-1/IGF-1R signaling can induce lymphangiogenesis 
in CRC and may facilitate lymphatic metastasis in CRC 
patients.

MATERIALS AND METHODS
Tissue samples
Forty CRC and adjacent normal tissue samples were 

obtained from randomly selected patients undergo-
ing surgical resection without preoperative neoadjuvant 
chemoradiotherapy between January 2011 and June 2011 
at Shaoxing People’s Hospital. Their average age was 68.5 
years (range, 44 to 83 years). Of  these patients, 9 had 
well-differentiated adenocarcinoma, 20 had moderately 
differentiated adenocarcinoma, and 11 had poorly dif-
ferentiated adenocarcinoma. Twenty-five patients had 
stage Ⅰ-Ⅱ disease and 15 had stage Ⅲ-Ⅳ disease ac-
cording to the tumor-node-metastasis (TNM) classifica-
tion defined by Union for International Cancer Control 
(UICC)[14]. D2 radical resection was performed in 3 
patients and D3 radical resection was performed in 37 
patients. The number of  lymph nodes resected was 9-22.

Immunohistochemical staining
Tissue sections were stained using the Envision System 
(DakoCytomation, Carpinteria, CA, United States) accord-
ing to manufacturer’s instructions. Mouse monoclonal 
antibodies against human IGF-1, IGF-1R, or D2-40 were 
obtained from Abcam (Cambridge, United Kingdom). 
Intensity of  immunostaining signals was evaluated in 8 
fields under a light microscope (Olympus Optical, Tokyo, 
Japan). Statistical analysis was carried out in accordance 
with a previous study[15]. In short, total staining of  IGF-1 
and IGF-1R were scored as the product of  the staining 
intensity (on a scale of  0-3: negative = 0, weak = 1, mod-
erate = 2, strong = 3) and the percentage of  cells stained 
(0 = 0%, 1 = 1%-25%, 2 = 26%-50%, 3 = 51%-100%), 
which resulted in a scale of  0-9. Two independent pathol-
ogists scored each sample without prior knowledge of  the 
patient’s clinical information and outcome.

Cell culture and IGF-1 treatment
The human CRC cell line LoVo was obtained from the 
American Type Culture Collection and maintained in 
RPMI-1640 medium supplemented with 10% fetal bovine 
serum (FBS), 2 mmol/L L-glutamine, 100 U/mL penicil-
lin, and 100 U/mL streptomycin in a 5% CO2 incubator 
at 37  ℃. For IGF-1 treatment, media were replaced with 
fresh serum-free medium containing 50 ng/mL IGF-1 
(PeproTech) when cells were grown to 30% confluency. 
An IGF-1 stock solution was prepared in PBS, and thus, 
PBS in serum-free medium was used as a control.

Migration and invasion analysis
The migration and invasion of  CRC cells were examined 
using non-coated or matrigel-coated transwell culture 
chambers (8 μm pore size, Corning, NY, United States) 
48 h after IGF-1 treatment. For migration assays, 1 × 105 
cells were seeded in the top non-coated chamber and in-
cubated at 37  ℃ for 8 h. For invasion assays, 5 × 104 cells 
were seeded in the top Matrigel-coated (BD Biosciences, 
Bedford, MA, United States) chambers and incubated at 
37  ℃ for 24 h. In both assays, cells were suspended in 
serum-free Roswell Park Memorial Institute (RPMI)-1640 
medium in the upper chamber, and the lower chamber 
was filled with RPMI-1640 medium containing 5% FBS. 
After incubation, the top chambers were wiped with cot-
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ton wool to remove the non-migratory or non-invasive 
cells. Cells on the underside of  the membrane were fixed 
in methanol for 30 min, stained with 0.1% crystal violet, 
and counted under a microscope (Eclipse TS100, Nikon, 
Japan).

Xenograft and IGF-1 treatment 
Four-week-old BALB/c nude mice (18-22 g) were used in 
this study. LoVo cells in the logarithmic phase of  growth 
were adjusted to a density of  5 × 107/mL, and 0.2 mL of  
cell suspension was subcutaneously injected into the flank 
of  the mice. On the second day after LoVo cell trans-
plantation, the mice were randomized into either a treat-
ment or a control group, with ten mice in each group. 
Referring to previous reports[16-19], IGF-1 (50 μg/kg) was 
administered every day by intraperitoneal injection in the 
treatment group. The mice in the control group received 
the same amount of  normal saline. Three weeks after 
treatment, the cancer tissues were dissected from the 
nude mice for measurement of  LVD.

Measurement of LVD
LVD in tissue sections was quantitatively analyzed using 
the EnVision system with the specific lymphatic endo-
thelial cell marker, D2-40, which allows for accurate dis-
crimination of  lymphatic vessels from blood vessels[3,13]. 
Five fields with the most abundant lymphatic regions (hot 
spots) were chosen by light microscopy at 40 × mag-
nification. The LVD was then assessed by counting all 
stained vessels at 200 × magnification. Single immuno-
reactive endothelial cells or endothelial cell clusters sepa-
rated from other microvessels were counted as a vessel 
according to previous procedures[20]. The average number 
of  lymphatic vessels in five selected fields was taken as 
the LVD on the slide.

Statistical analysis
All statistical analyses were performed using SPSS (ver-
sion 12.0, SPSS Inc, United States). Student’s t test test, 
Mann-Whitney U test and χ 2 test were used for statistical 
analyses. Spearman’s rank correlation was used for corre-

lation analysis. P values < 0.05 were considered statistically 
significant.

RESULTS
Up-regulation of IGF-1 and IGF-1R in colorectal cancer
Immunohistochemistry analysis was performed to ex-
amine the expression of  IGF-1 and IGF-1R in CRC 
samples. IGF-1 and IGF-1R were weakly or negatively 
stained in tumor-adjacent normal tissues. In contrast, they 
were weakly or moderately stained in well-differentiated 
CRC tissues, and moderately or strongly stained in mod-
erately and poorly differentiated CRC tissues (Table 1 and 
Figure 1). As expected, expression of  IGF-1 was detected 
primarily in the cytoplasm and IGF-1R was detected on 
the membrane (Figure 1). Furthermore, the expression 
of  IGF-1 and IGF-1R was correlated with lymph node 
metastasis (r = 0.715 and 0.569, respectively; P < 0.05) 
and TNM stage (r = 0.731 and 0.609, respectively; P < 
0.05). These results indicate that elevated expression of  
IGF-1/IGF1R parallels CRC progression.

Correlation between LVD and expression of 
IGF-1/IGF-1R
It was reported that LVD is an indicator of  lymphangio-
genesis[3,21]. D2-40 is a specific lymphatic endothelial cell 
marker for the evaluation of  LVD in human cancers[3,13]. 
Using IHC, we found that D2-40 was localized in the 
cytoplasm and membrane of  lymphatic endothelial cells 
(Figure 2). LVD was significantly higher in CRC tissue 
as compared to non-tumor tissue (11.45 ± 3.03 vs 3.25 ± 
1.28, P < 0.05). LVD in tumor tissues with lymph node 
metastasis was higher than that in tissues without metas-
tasis (12.67 ± 4.09 vs 10.72 ± 1.90, P < 0.05) (Table 2 and 
Figure 2). Lymphatic vessel invasion was also detected 
in CRC tissue (Figure 2B and C). There was a significant 
correlation between LVD and lymphatic metastasis (R 
= 0.405, P < 0.05). In addition, a statistically significant 
correlation was also found between LVD and IGF-1R (R 
= 0.437, P < 0.05). These results suggest that the IGF-1/
IGF-1R system might promote lymph node metastasis of  
CRC through induction of  lymphangiogenesis.

IGF-1 increases migration and invasion of LoVo cells
In transwell migration assays, a significantly higher num-
ber of  cells migrated through the chamber membrane 
after IGF-1 treatment (196.4 ± 21.6 vs 96.4 ± 11.2, P 
< 0.05, Figure 3A). Similar results were obtained in the 
transwell invasion assays. Cells which migrated through 
the matrigel and chamber membrane increased in the 
IGF-1-treated group (163.6 ± 19.4 vs 72.5 ± 9.1, P < 0.05, 
Figure 3B). These results indicated that IGF-1 increased 
the migration and invasion potential of  CRC cells.

Effects of IGF-1 on LVD of LoVo cell xenografts in nude 
mice
To assess whether IGF-1 affected lymphangiogenesis in 
CRC in vivo, LoVo cells were implanted subcutaneously 
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Table 1  Expression of insulin-like growth factor-1 and 
insulin-like growth factor-1 receptor in colorectal cancer 
tissues

n IGF-1 P  value IGF-1R P value

Tissue type 0.001 0.002
   Adjacent normal tissues 40 1.4 ± 0.6 1.3 ± 1.2
   Cancer tissue 40 4.5 ± 2.5 4.7 ± 2.7
Differentiation 0.012 0.001
   Well   9 3.0 ± 1.4 2.1 ± 0.9
   Moderately 20 4.3 ± 2.6 4.6 ± 2.4
   Poorly 11 6.1 ± 2.1 6.6 ± 2.1
Lymph node metastasis 0.003 0.002
   Yes 15 6.8 ± 2.0 6.3 ± 2.2
   No 25 3.1 ± 1.5 3.5 ± 2.2

IGF-I: Insulin-like growth factor-1; IGF-I R: Insulin-like growth factor-1 
receptor. 
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into nude mice. Three weeks after daily IGF-1 or vehicle 
administration, tumor tissues were removed and mea-
sured. IHC analysis using anti-D2-40 antibodies revealed 
that LVD of  LoVo cell xenografts was significantly high-
er in the IGF-1 group than in the control group (10.7 ± 
3.3 vs 6.4 ± 2.9, P < 0.05, Figure 4).

DISCUSSION
The importance of  lymph node metastasis in cancer pro-

CBA

Figure 2  Morphological features of D2-40 positive lymphatic vessels in colorectal cancer. A: Tumor-adjacent normal tissues; B and C: Colorectal cancer tissues (× 
200). Lymphatic vessel invasion of tumor cells was also detected in Figure B and C (black arrow). IGF-1: Insulin-like growth factor-1. 

IGF-1

IGF-1R

CBA

Figure 1  Immunohistochemical staining of insulin-like growth factor-1 and insulin-like growth factor-1 receptor in colorectal cancer tissues. A: Tumor-
adjacent normal tissues; B: Moderately differentiated CRC and C, poorly differentiated CRC (× 200). IGF-1: Insulin-like growth factor-1. IGF-I R: Insulin-like growth 
factor-1 receptor; CRC: Colorectal cancer. 

Table 2  Lymphatic vessel density in colorectal cancer tissues

n LVD P value

Tissue type 0.001
Adjacent normal tissues 40   3.3 ± 1.3
Cancer tissue 40 11.5 ± 3.0
Lymph node metastasis 0.032
   Yes 15 12.7 ± 4.1
   No 25 10.7 ± 3.9

LVD: Lymphatic vessel density.

Li ZJ et al . IGF-1 facilitates metastasis in colorectal cancer



7792 November 21, 2013|Volume 19|Issue 43|WJG|www.wjgnet.com

gression has been well established and is considered one 
of  the most important prognostic factors[1,2,22,23]. Recently, 
there is growing evidence that tumor lymphangiogenesis 
plays an important role in this process[5,6]. However, the 
detailed molecular mechanisms that regulate lymphan-
giogenesis remain largely unknown. In the present study, 
we have shown that IGF-1/IGF-1R signaling can induce 
tumor-associated lymphangiogenesis, and therefore, may 
facilitate further lymphatic metastasis of  CRC.

IGF-1 and its receptor IGF-1R are frequently ex-
pressed in many solid tumors and have been implicated 
in cancer metastasis[7,24-26]. In 1999, Hakam et al[27] showed 
that IGF1-R plays a role in the evolution of  colorectal 
adenoma to carcinoma and favors the metastasis of  CRC. 

In a recent study, Wu et al[28] reported that IGF-1 is criti-
cal in activating and sustaining an inflammatory response 
in the liver which is needed for CRC hepatic metastasis. 
In the present study, we found that IGF-1 and IGF-1R 
protein expression was elevated in CRC tissues, and their 
expression was correlated with clinical stage and lymphat-
ic metastasis, which is consistent with the reported data.

Lymphangiogenesis, the formation of  new lymphatic 
vessels, is a key process in lymphatic invasion and me-
tastasis[29]. Numerous studies have shown that LVD is 
an indicator of  lymphangiogenesis and represents a tool 
to determine the metastatic risk of  neoplasia[3,21,29]. A 
study by Cacchi et al[1] revealed that CRC could induce 
lymphangiogenesis and a higher LVD could increase the 

B

A

Figure 3  Effect of insulin-like growth factor-1 on the migration and invasion of LoVo cells after 48 h treatment. A: Cell migration; B: Cell invasion (× 200). 
IGF-1: Insulin-like growth factor-1. 

BA

Figure 4  Effect of insulin-like growth factor-1 on lymphatic vessel density in LoVo cell xenografts in nude mice after treatment with insulin-like growth fac-
tor-1. A: Control group; B: 50 μg/kg IGF-1 group (× 200). IGF-1: Insulin-like growth factor-1; IGF-I R: Insulin-like growth factor-1 receptor. 
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capability of  cancer cells to invade the lymphatic system. 
In another study, Matsumoto et al[30] reported that both 
LVD and lymphatic vessel invasion were related to an 
adverse outcome in CRC. Similar results were obtained 
in this study. In addition, lymphatic vessel invasion was 
also detected in CRC tissue by IHC staining. Moreover, 
a statistically significant correlation was found between 
LVD and the level of  IGF-1R in CRC tissue. This sug-
gests that IGF-1/IGF-1R signaling probably facilitates 
metastasis of  CRC by inducing tumor-associated lym-
phangiogenesis.

Recently, a number of  lymphangiogenic factors which 
stimulate the proliferation of  lymphatic vessels and 
lymphangiogenesis have been identified, including vas-
cular endothelial growth factor (VEGF)-A, VEGF-C, 
VEGF-D, fibroblast growth factor 2, and platelet-derived 
growth factors[11,31]. Most of  these lymphangiogenic fac-
tors were shown to be directly or indirectly regulated by 
IGF-1[11,12,32]. These findings prompted us to hypothesize 
that IGF-1/IGF-1R signaling promotes lymphangiogen-
esis. In 2005, Björndahl et al[11] reported that both IGF-1 
and IGF-2 could stimulate lymphatic vessel growth in the 
mouse cornea. However, to date, it is still unclear wheth-
er a similar correlation exists in solid tumors. Here, we 
showed that IGF-1 could also induce lymphangiogenesis 
in CRC. The spread of  metastasis then occurs through 
the new lymphatic vessel system in the tumor.

Tumor lymphangiogenesis and metastasis to lymph 
nodes are a complex process and a number of  growth 
factors are involved in these events. IGFs are particu-
larly interesting regulators due to their multiple roles in 
promoting tumor growth[33-35]. Here, the in vivo studies 
provided direct evidence that the IGF-1/IGF-1R axis 
can also induce lymphangiogenesis in solid tumors. How-
ever, so far, it is not known whether the IGF-1/IGF-1R 
axis directly acts on lymphatic endothelial cells to induce 
lymphangiogenesis or indirectly via other growth factor/
receptor systems. In addition, the detailed mechanisms 
underlying lymphangiogenesis associated with the IGF-1/
IGF-1R system are largely unknown. Therefore, addition-
al efforts are warranted to study the relationship between 
IGF-1/IGF-1R and lymphangiogenesis in cancer. 

In summary, we found that the IGF-1/IGF-1R sys-
tem can induce tumor-associated lymphangiogenesis and 
facilitate lymphatic metastasis of  CRC. Findings from the 
present study provide further evidence supporting the 
involvement of  IGF-1/IGF-1R signaling in lymphangio-
genesis in solid tumors. In addition, we also found that 
increased expression of  IGF-1 and IGF-1R is correlated 
with tumor differentiation in human CRC. Our findings 
and others suggest that the IGF-1/IGF-1R axis plays 
critical and diverse roles in promoting tumor progression. 
Taken together, the IGF-1/IGF-1R axis is a potentially 
useful target for the treatment of  cancer and metastasis.
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