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ABSTRACT

Objective: To investigate the effects of interleukin-18 (IL-18) on implanted Lewis lung cancer in suppressing
angiogenesis and lymphangiogenesis.

Methods: One week after hypodermic inoculation of Lewis cells, sixteen tumor-bearing syngeneic mice were
randomly divided into two groups. The mice in the treatment group (group A) were intraperitoneally injected with the
IL-18 and in the control group (group B) were intraperitoneally injected with normal saline for 7 days. The mice were
killed on day 19. The morphology of the tumors was studied, the growth curve was described and the tumor inhibition
rate was calculated. The numbers of metastasized pulmonary colonies were calculated using hematoxylin-eosin (HE)
staining. The vascular endothelial growth factor A (VEGF-A), vascular endothelial growth factor C (VEGF-C),
microvessel density (MVD) and lymphatic microvessel density (LMVD) in tumor mass were measured by
immunohistochemistry staining (IHCS).

Results: In the group A, the tumor volume, tumor weigh, lung metastatic nodules, expression of VEGF-A and
VEGF-C, MVD were all decreased significantly (P<0.01 or P<0.05). The tumor inhibition rate was 75% and the
inhibition rate of lung metastatic nodules was 61%. The LMVD in group A was also lower than group B, but without
significant difference (P>0.05).

Conclusion: IL-18 could suppress the tumor growth and metastasis of implanted Lewis lung cancer by way of
down-regulating VEGF-A and VEGF-C expression, suppressing angiogenesis and lymphangiogenesis.
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INTRODUCTION

According to WHO data and statistics, lung
cancer is the leading cause of cancer deaths
worldwide!'). Metastatic tumors are very common in
the late stages of lung cancer™. The spread of
metastases may occur via blood or lymphatics or
through both routes. Basic and clinical studies
indicate that suppression of angiogenesis and
lymphangiogenesis can inhibit tumor progression and
metastasis’®!. Interleukin 18 (IL-18) is a product of
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activated macrophages or Kupffer cells, which was
cloned in 1995. It can induce interferon-y (IFN-y)
production in T cells, B cells and natural killer cells.
It can up-regulate natural killer cell activity as well as
the cytotoxicity of cytotoxic T-lymphocytes (CTLs),
and plays an important role in the induction of Thl
response. IL-18 is a potential player in immunological
regulation, antitumor effects and anti-inffection'*>),
Our study investigated the effect of IL-18 on angio-
genesis and lymphangiogenesis in implanted Lewis
lung cancer.

MATERIALS AND METHODS

Lewis lung cancer cell lines were a generous gift
from College of Pharmacy, Fujian Medical University.
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Male C57BL/6 mice of 6 weeks of age were
purchased from the Shanghai SLAC Laboratory
Animal Co., China. IL-18 was obtained from Sigma
(USA). VEGF-A, VEGF-C, VEGFR-3 antibody and
SABC immunohistochemistry assay kit were
purchased from Wuhan Boster Biological Technology,
Ltd. (China). VIII-RAg antibody and Max Vision™
immunohistochemistry assay kit were purchased from
Fuzhou Maxim Biological Technology, Ltd. (China).

Establishment of Lewis Lung Cancer Model'®”

Sixteen syngeneic C57BL/6 mice were fed in
specific pathogen-free (SPF) enviroment and
implanted with 0.1ml single cell suspension of Lewis
lung cancer cells (2x107 cells/ml) subcutaneously in
the right axillary’s region. One week after the tumor
inoculation, the tumor-bearing mice were randomly
divided into IL-18-treated group (group A) and
control group (group B)(eight mice per group). The
mice in the IL-18-treated group were intraperitoneal
injected with IL-18 (1 pg/100 pl), while the mice in
the control group were injected with normal saline
(100 pl), once daily on days 7-13. The health
conditions and mental status of mice were observed.

Calculation of Tumor Volume and Inhibition Rate

The sizes of subcutaneous nodules were
measured on days 7, 9, 11, 13, 15, 17 and 19. The
tumor volume (V) was calculated according to the
formula: V=0.52AB” (A is the largest diameter and B
is the smallest diameter). Nineteen days after gene
therapy, the mice were anesthetized with 10% chloral
hydrate anesthesia (3 ml/kg, intraperitoneal, i.p.) and
killed, and then the tumors were collected. The tumor
inhibition rate was calculated as (Mean tumor weight
of control group—Mean tumor weight of IL-18-treated
group)/Mean tumor weight of control group x 100%.
The tumor tissues were then fixed in 10% buffered
formalin and embedded in paraffin wax. The paraffin-
embedded tissues were cut into 5 pm thick slides for
analysis.

Immunohistochemistry (IHC)

The tumor tissues were analyzed using
MaxVison™ or SABC methods. VEGF-A, VEGF-C,
MVD and LMVD levels were observed under light
microscope. VEGF-A and VEGF-C staining were
scored according to Fromowitz’s method™. (1) 0, no
stain in cytoplasm; 1, light brown stain in cytoplasm;
3, brown stain in cytoplasm; 4, dark brown stain or
brownish black particles in cytoplasm had a. (2) 0,
positive cells <5%; 1, 6%-25% positive cells; 2,

26%-50% positive cells; 3, 51%-75% positive cells; 4,
>75% positive cells. (1) plus (2) was the final scores.
A core of 0-1 was considered as no expression, 2-3
was weakly positivity, 4-5 was mild positivity, and
6-7 was intense positivity. A total of 5 fields from
each lung sample were screened randomly(x400). The
mean value was accepted as the representative of the
sample. MVD was calculated according to Weidner’s
method!®’. Areas of highest neovascularization were
found by scanning the tumor sections at low power.
After the area of highest neovasculari- zation was
identified, individual microvessel counts were made
at high power. Any highlighted endothelial cell or
endothelial cell cluster clearly separated from
adjacent microvessels, tumor cells, and other
connective tissue elements was considered a single,
countable microvessel. Even those distinct clusters of
brown-staining endothelial cells, which might be from
the same microvessel snaking its way in and out of the
section, were considered distinct and countable as
separate microvessels. Vessel lumens, although
usually present, were not necessary for a structure to
be defined as microvessels, and red cells were not
used to define a vessel lumen. Results were expressed
as an average of 5 fields MVD. Beasley et al.l'®'!]
described LMVD counting method. Areas of highest
neovascularization were found by scanning the tumor
sections at low power(x100). After the area of highest
lymphatic microvessel was identified, lymphatic
microvessels were identified at high power (x400). A
total of 5 fields from each lung sample were screened
randomly; the mean value was accepted as the
representative of the sample. Macrophages and
phogocytes reacting to antibody were excluded
according to morphology.

HE Staining to Determine Lung Metastasis'?!

On the d19, the mice were killed and the lungs
and primary tumors were removed and weighed. The
number of metastasized pulmonary colonies was
counted and lung tissues were fixed in formalin for
further analysis. The inhibitory rate of lung metastasis
(%) was calculated using the equation [1- (Nr 18 treated
group/Neontrol group)] X100%, where N is the number of
metastasized pulmonary colonies. Transfer rate was
calculated using the equation (Number of metastatic
animals / Total animals) x100%.

Statistical Analysis

Statistical analyses were performed with SAS
software. Quantitative data which followed normal
distribution were presented as xts, otherwise were
presented as median (Q25-Q75). Qualitative data were
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expressed as case number or percentage. Mean tumor
volume comparisons between groups were done using
repeated-measures ANOVA. Mean tumor volume
were examined using the Pearson %’ test. The
correlation between mean tumor weigh, LMVD and
MVD was examined using Student's ¢ test. VEGF-A,
VEGF-C and the number of metastasized pulmonary

colonies were compared using the Wilcoxon
signed-ranks test. Lung transfer rate was calculated by
Fisher’s exact test. P<0.05 was considered

statistically significant.
RESULTS

Effect of IL-18 on Tumor Growth in Mice

One week after hypodermic inoculation of Lewis
cells, tumor formation was found in all mice. The
sizes of subcutaneous nodules were all larger than 0.5
cm, the tumor formation rate was 100%. The growth
speed in IL-18 treated group(group A) was obviously
slower than that of control group(group B) (Figure 1).
The mean tumor volumes after 19 days between the
two groups had statistical significance (F=11.902,
P<0.01). The mean tumor weights between the two
groups had statistical significance (+=4.195, P<0.01),
the tumor inhibition rate was 75% (Table 1).

During the experiment, all mice were in good
health condition and did not have hemorrhage or
diarrhea. The treatment group mice had statistically
significant increase in weight (z=3.44, P<0.05).

Table 1. Comparison of mean tumor volume, tumor weight, and inhibition rate between the two groups

Group n Mean tumor Mean tumor Inhibition rate (%)
volume (cm®)( x*s) Weight (g)( xxs)
A 8 0.95 + 0.84* 1.53 £ 1.43** 75
B 8 4.30 +2.35 6.07 +2.71 -
*P<0.01, vs. group B; "'P<0.01 vs. group B

- R IL-18-treated group Table 2. Effect of IL-18 on lung colonization of
E 4 | —=— Control group 3 Lewis lung carcinoma cells.
= / Medain (025-075)
? 2 b Group n  Metastatic Lung metastatic Inhibition
z rate of nodule rate (%)
S lung

6 . A 8 50" 1.50 (0-3.75)"" 61

B 8 87.5 5.00(3.25-6.00) —

Time (d)

Figure 1. Tumor growth curve

Effects of IL-18 on Metastasis of Lewis Lung
Carcinoma in Mice

The number of pulmonary metastatic colonies in
group A was significantly lower than that of group B,
there was statistical difference (P<0.05; Table 2). The
inhibitory rate of colony formation was approximately
61%. The transfer rate in group A was lower than that
of group B, there was no statistical difference (P>0.05;
Table 2).

*P>0.05 vs. group B; "P<0.01 vs. group B

Effects of IL-18 on VEGF-A, VEGF-C, MVD and
LMYVD in Tumor Tissues

VEGF-A and VEGF-C expressions in group A
were significantly lower than that of group B (Figure
2-5), there was statistical difference (Z=2.23, Z=2.37,
P<0.05; Table 3). MVD in group A and B were 16.00
+ 4.00, 25.00+4.78 (Figure 6, 7), there was statistical
difference (r=4.08, P<0.01; Table 3). LMVD in group
A was lower than that of group B (Figure 8, 9), there
is no statistical difference (/=2.40, P>0.05; Table 3).
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Figure 2. VEGF expression of tumor tissues in group A Figure 6. MVD expression of tumor tissues in group A
(400x%) (400x)
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Figure 3. VEGF expression of tumor tissues in group B (400%)
(400x%)

Figure 4. VEGF-C expression of tumor tissues in group
A (400%) (400x)

.y

Figure 5. VEGF-C expression of tumor tissues in group Figure 9. LMVD expression of tumor tissues in group B
B(400%) (400x)
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Table 3. Effect of IL-18 on VEGF-A, VEGF-C expression and MVD, LMVD in mice tumor tissues
VEGEF-A VEGEF-C
Group n MVD LMVD
— + ++ +++ - + o+ +++
A 8 25 1 0" 16.00+4.00" 3 4 1 0" 11.2543.01°
B 8 0 3 4 1 25.00+4.78 0 3 3 2 13.38+2.50

"P<0.01, vs. group B; £P<0.05, vs. group B; ©P>0.05 vs. group B

DISCUSSION

The occurrence, development and metastasis of
solid tumors are often accompanied by the increase of
new vessels and lymphatic vessels, while tumor
metastasis is closely linked with the blood vessels and
lymphatic vessels in tumor!'>'¥, The metastasis of
malignant tumors is mainly through blood and
lymphatic channel, and vascular system and lymphatic
system form a mutual transportation network structure.
Tumor cells can pass freely between the two pipeline
systems. Block of one channel is not enough to
control the distant metastasis of tumor cells, thus
blocking both the blood and lymph node metastasis is
the most effective strategy for tumor metastasis!'”..

Many studies confirm that tumor growth is
closely related to tumor invasion. Tumor angiogenesis
is the prerequisite for tumor growth and
hematogeneous metastasis. Angiogenesis is regulated
by angiogenic factors. VEGF-A, also known as
vascular perme- ability factor(VPF), plays a
fundamental role in physiological and patho-
physiological forms of angiogenesis and regulation of
endothelial cell differentiation'®'”. VEGF-A can
enhance vascular permeability and plays an important
role in nutrition transportation of tumor before
angiogenesis. A multivariate analysis demonstrated
that MVD is associated with a poor prognosis in
tumor patients. So MVD level represents tumor
angiogenesis condition and drug sensitivity, and is
regarded as an important index in predicting tumor
metastasis, recurrence and prognosis!'®'’!, Our study
revealed that IL-18 could suppress angiogenesis
through decreasing VEGF-A and MVD expression of
Lewis lung carcinoma in mice. Cao et al?”
demonstrated that Systemic and intralesional
administrations of IL-18 produced a significant
suppression of the growth of murine T241
fibrosarcoma in syngeneic C57Bl16/J and immuno-
deficient SCID mice. The antitumor effect appeared to
be potent because an average of >75% inhibition of
primary tumor growth was observed. In cell culture,
murine T241 fibrosarcoma cells are insensitive to
recombinant IL-18 at concentrations sufficient to
significantly inhibit endothelial cell proliferation.
Immunohistochemical studies of tumor tissues

revealed hypovascularization of the IL-18- treated
tumors. These results suggest that IL-18 may
participate in the regulation of tumor angiogenesis.
The same results also occurred in breast cancer,
implanted liver carcinoma and melanoma®'-**,

Many studies have shown that the occurrence and
development of tumor lymphangiogenesis is the
important factor to affect tumor growth and invasion
and metastasis. On the one hand, it can provide
nutrition for tumor growth and maintain tumor micro-
environment and pressure balance, on the other hand,
the proliferation of tumor cells also provides more
opportunities for the contact between the lymphatic
endothelium and lymphatic invasion'”. Three
experimental researches”*?% have directly proved
that tumors cells could express regulating factor and
induce the formation of lymphatics within tumors and
lead to the spread of the tumor cells to lymph nodes.
Therefore, any factors on the incidence of lymphatic
vessels and development may influence tumor growth
and lymphatic metastasis. The VEGF family of
ligands and receptors is intimately involved in tumor
angiogenesis, lymphangiogenesis and metastasis.
VEGFR-3 is a member of VEGF family, which can
regulate the growth and maintenance of the lymphatic
vessels. In vitro, VEGF-C can bind to VEGF
receptor-3. VEGF-C/VEGFR-3 coexpression suggests
an autocrine/paracrine loop responsible for a high
proliferation rate in tumor cells through MEK/ERK
and PI3/kinase/Akt pathway. As VEGF-C/VEGFR-3
coexpression is very frequent in metastatic lymph
nodes tumor cells, VEGF-C is regarded as the most
important and specific regulating factor””!. Our
studies revealed that VEGF-C was highly expressed in
control group and obviously decreased in IL-18-
treated group, with significant difference. LMVD in
IL-18-treated group was lower than that of control
group, though with no significant difference,
indicating a certain suppression of tumor lymph-
angiogenesis. The mechanism of the anti-lymphangio-
genesis effect of [L-18 may involve the suppression of
VEGF-C expression in tumor cells, suppressing
NF-kappa B nuclear translocation or inducing
lymphatic endothelium apoptosis!*®.

In our experiment, the tumor volume and weight
in IL-18-treated group was lower than control group,
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with significant difference(P<0.01). The tumor
inhibition rate was 75%. The inhibitory rate of colony
formation was approximately 61%. The transfer rate
in group A was lower than that of group B, with no
statistical difference(P>0.05). In conclusion, IL-18
can suppress tumor growth and metastasis of Lewis
lung tumor through down-regulating VEGF-A and
VEGEF-C expression.

Lung tumor blood vessel and lymphatic tissue
formations are independent but coordinated processes,
which are affected by many factors. Comprehensive
study of the expressions of a variety of factors in
tumor tissues, exploring the interaction between the
various factor, and the different roles of the various
factors at different stages of tumor progression have
great value on progress, prognosis and treatment of
lung cancer™. At present, using antiangiogenesis
combined with anti-lymphangiogenesis in the
treatment of lung cancer is still in the early stage of
animal experiments and has a long way to go to
achieve clinical use. Nevertheless we believe that
therapeutic approach will bring a new leap forward in
comprehensive therapy of lung cancer!***!],
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