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Large animal model for retroperitoneal
lymphatic and lung metastasis
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Abstract. Retroperitoneal lymph node and lung metastasis
are important prognostic factors for gynecologic cancer.
The present study aimed to develop a new animal model for
retroperitoneal lymph node and lung metastasis. VX2 squa-
mous cell carcinoma tumor tissues were injected into the left
gastrocnemius muscle of 38 healthy female New Zealand
white rabbits. Animals were randomized into three groups
according to day of sacrifice: 1,day 19; 2, day 22; and 3, day 25.
Implanted primary tumor (IPTu), left and right retroperitoneal
lymph node volumes and lung wet weights were measured on
the day of sacrifice. The IPTu and left and right retroperitoneal
Iymph node volumes increased in a time-dependent manner.
In addition, the proportion of animals with metastasis to the
left peritoneal lymph nodes and the number of nodes involved
increased over time. For days 19, 22 and 25, the proportion
of animals with nodal metastasis was 58.3, 84.6 and 100%,
respectively, and the number of affected nodes (range) was
3 (2-3), 3 (3-5) and 4 (4-5), respectively. No metastasis was
detected in the right peritoneal lymph nodes. Metastasis to the
lungs also increased with time, but was not statistically signifi-
cant at days 19, 22 and 25 with metastasis present in 33.3, 38.5
and 76.9% of animals, respectively. Rates of metastases to
the left retroperitoneal lymph nodes and lungs were found
to positively correlate with the volumes (r=0.416 and 0.449,
respectively). The current study assessed the characterization
of a rabbit VX2 carcinoma model. This animal model is likely
to be useful for evaluating retroperitoneal lymph node and
lung metastasis.
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Introduction

Retroperitoneal lymph nodes and lung metastases are an
important route of dissemination and a significant prognostic
factor for various types of gynecologic cancer, such as
ovarian cancer (1,2). Retroperitoneal lymph node metastases
are difficult to treat surgically since these lymph nodes are
located close to the great vessels of the abdominopelvic
cavity. Surgery becomes particularly difficult when the great
vessels are involved. Current treatments for retroperitoneal
lymphatic node and lung metastases include systemic chemo-
therapy, reduction in visible tumor burden and palliative
therapy. Progress in the treatment of ovarian and other types
of gynecologic cancer has been limited by difficulties in the
removal of the retroperitoneal lymph nodes and the lack of
studies focusing on suitable animal models for retroperitoneal
lymphatic and lung metastasis.

Only a few experimental animal models of lung and
lymph node metastasis have been developed that involve the
use of mice, rats and rabbits (3-5). In rat and mouse models
of lymph node metastases, cancer cells are injected directly
into the arch cushion resulting in metastasis to inguinal lymph
nodes (3,4). Fu and Hoffman (6) previously reported that
human ovarian carcinoma metastatic models were constructed
in nude mice by the orthotopic transplantation of histologi-
cally intact patient specimens. Due to limitations in body size,
blood supply and tolerance to major surgical interventions
and local chemotherapy, these models were suitable only for
studies of treatment with systemic or intraperitoneal chemo-
therapy (3,4). Use of larger animals improves the ability to
evaluate the efficacy of chemotherapy or other medically
relevant procedures for treating metastatic cancer. Over the
past two decades, rabbit animal models have been used to
investigate lymph node metastasis (7-16), however, a number
of these studies did not specifically characterize retroperito-
neal lymph node metastasis. Characterization of metastasis to
the retroperitoneal lymph nodes in a tumor-bearing rabbit have
been previously reported only once and this involved injection
of cancer cells into the endometrium (7).

The development of a large animal model of the metastasis
of various types of gynecologic cancer to the retroperitoneal
lymph nodes and lungs is highly desirable. Such models may
be established by inoculation of the ovary or cervix with VX2
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squamous cell carcinomatissues. Rabbit VX2 carcinoma, which
is a transplantable squamous cell carcinoma, was selected for
establishment of this animal model since it is characterized
by rapid growth and early metastasis. VXT rabbit models of
cancer have previously been used to study types of renal, liver,
lung, head and neck, brain and uterine cancer (7-9,16). The
current study assessed the initial characterization of a rabbit
VX2 carcinoma model designed to investigate metastasis to
the retroperitoneal lymph nodes and lungs.

Materials and methods

Animals. In total, 41 female New Zealand white rabbits
were obtained from the Animal Experimental Center of Sun
Yat-sen University (Guangzhou, Guangdong, China) and kept
in the Animal Biosafety Level 3 Laboratory of the Animal
Experimental Center of Sun Yat-sen University (Animal Study
Certificate 0027164). One animal (the carrier) had previously
been implanted with VX2 cells and the other animals were
healthy. Rabbits were 8-9-weeks-old and had body weights
of 1.7-2.2 kg (median, 1.85 kg). The animals were individu-
ally housed, allowed free access to standard laboratory food
and water and were subjected to daily 12-h light/dark cycles.
The animal protocol used was approved by the Animal
Welfare Committee of the State Key Laboratory of Oncology
in South China.

Preparation of the animal model. Construction of the retroper-
itoneal lymph node animal model required two transplantation
steps. First, it was necessary to transfer tumor cells from the
carrier rabbit to a healthy rabbit (referred to as the transfer
animal) to ensure that the VX2 tumor cells, which were to
be used in the model system, had optimal viability. Secondly,
tumor tissue from the transfer animal was transplanted into
the experimental rabbits (n=39).

To generate the transfer animal, the carrier animal was
anesthetized by injection of ketamine (10 mg/kg) into the
ear vein. The volume of the tumor in the carrier animal was
~283.5 cm® at 45 days post-transplantation. Following the
preparation and disinfection of the skin in the area of the tumor,
fresh tumor tissue was excised, flushed with 0.9% sodium
chloride solution, and placed in RPMI 1640 medium (Gibco,
Life Technologies, Carlsbad, CA, USA). Excised tumor tissue
was minced into fragments of about 0.5 to 1.0 mm3, suspended
in RPMI 1640 medium (Gibco). Following suspension, the
tumor cell concentration was adjusted to 20% (~1x10' cells/
ml), drawn into a 2 ml lumbar puncture needle and injected
into the left gastrocnemius of a healthy rabbit that served as the
transferring animal. On post-inoculation day 30, the transfer
rabbit was sacrificed by aeroembolism (injection of air into the
ear vein) and the tumor was removed for analysis and construc-
tion of the retroperitoneal lymph node animal model.

To generate the animal model, the tumor from the transfer
animal was excised, suspended and injected into the 39 healthy
rabbits as described above. The rabbits bearing VX2 carci-
noma cells were randomly divided into 3 groups according to
the day the rabbits were sacrificed following transplantation:
1,day 19; 2, day 22; and 3, day 25.

Following surgery, the animals were observed daily
for food intake, activity and the presence of abnormali-
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ties, such as diarrhea or dehydration. Implanted primary
tumor (IPTu) size was measured every 2 days following
post-transplantation. Animals were euthanized by aeroembo-
lism and post-mortem examinations included determination
of gross tumor pathology, tumor size, tumor distribution,
and local morphological features, which were performed
by YW Huang to avoid differing judgments. The volume
of the IPTu and left and right retroperitoneal lymph nodes,
as well as the wet weights of the lungs were measured. The
volume of the lymph node was calculated using the formula:
Volume = length x (width?)/2

Critical tissues, including IPTu, left and right retroperito-
neal lymph nodes and lungs, were stained with hematoxylin
and eosin to evaluate tissue histopathology. For swollen lymph
nodes observable by the naked eye, as well as visible pulmo-
nary metastases, 3 serially sectioned, 4-uM samples were
evaluated per sample. For lymph nodes without enlargement
as observed by the naked eye, a total of five sections (4 yM)
including the 5th, 10th, 15th, 20th, and 25th sections from 25
serial sections were selected for analysis. Similarly, for lung
tissue without metastases as observed by the naked eye, a total
of five sections (4 #M), including the 10th, 20th, 30th, 40th and
50th sections from a total 50 serial sections, were chosen for
analysis. The slides were evaluated by two pathologists who
were blinded to the experiment. The rates of metastases were
calculated as per rabbit with at least one positively identified
metastatic tumor. The rates of metastases to the lymph nodes
and lungs, positive lymph node number and lung wet weights
were compared among the 3 groups.

Statistical analysis. Comparability among the 3 groups was
tested using one-way analysis of variance (ANOVA) for
continuous variables and y*/Fisher's exact test for categorical
variables. The differences among the groups for the number
of positive left retroperitoneal lymph nodes was determined
by Kruskal-Wallis one-way analysis of variance. When a
significant difference among the groups was detected, multiple
comparison tests were performed using the Bonferroni method
with type-I error adjustment. The difference between the left
and right retroperitoneal lymph nodes within each group
was tested using the paired t-test. Continuous variables were
presented as mean + SD and categorical data were represented
by number (n) and percentage (%). In addition, the number
of positive left retroperitoneal lymph nodes was presented as
the median (range). The point biserial correlation coefficient
was used to test the correlation between a continuous and a
categorical variable with two levels. All statistical assess-
ments were two-sided and P<0.05 was considered to indicate
a statistically significant difference. Statistical analyses were
performed using SPSS 15.0 statistics software (SPSS Inc.,
Chicago, IL, USA).

Results

Survival, implantation and growth of the primary tumor. Of
the 39 animals that were transplanted with VX2 tumor cells,
38 survived prior to sacrifice; one rabbit in group 1 died of
diarrhea of unknown cause on day 5. In all the surviving
animals, a primary tumor was determined in the injected
gastrocnemius muscle (Fig. 1A and B).
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Table I. IPTu, LRLN and RRLN volumes among the 3 groups.
Variable Group 1 (n=12) Group 2 (n=13) Group 3 (n=13) P-value
Mean + SD IPTu volume, cm? 24.62+4.97... 31.64+5.52.. 57.65+8.95%¢ <0.001#"
Mean + SD LRLN volumes, cm® 0.54+0.12. 0.65+0.15 1.84+0.47% <0.0012"
Mean + SD RRLN volumes, cm? 0.011+0.004¢ 0.012+0.009¢ 0.020+0.007¢¢ <0.001%*
Metastases to LRLN, n (%) 7(58.3) 11 (84.6) 13 (100)" 0.019°
Median positive LRLN (range) 3(2-3) 3 (3-5) 4 (4-5)¢ <0.001¢h
Metastases to the lung, n (%) 4 (33.3) 5(38.5) 10 (76.9) 0.055¢
Mean + SD lung weight, g 8.52+0.65 8.91+1.10 9.04+0.76 0.302¢

P-values were determined by *ANOVA, "Fisher's exact test, “Kruskal-Wallis one-way analysis of variance and % test. P<0.05 was considered
to indicate a statistically significant difference between °LRLN and RRLN using paired t-test; ‘groups 3 and 1; groups 2 and 3; and "among the
3 groups. Pairwise multiple comparisons between groups were determined using Bonferroni's test with a=0.017 adjustment. IPTu, implanted
primary tumor; LRLN, left retroperitoneal lymph nodes; RRLN, right retroperitoneal lymph nodes; ANOVA, analysis of variance.

A significant difference was identified in the volume of the
IPTu among the 3 groups (all P<0.001; Table I). In addition, a
significant difference was identified in the volume of the IPTu
between groups 1 and 3 (P<0.001) and groups 1 and 2 (P=0.041).

Metastasis of retroperitoneal lymph nodes. Metastasis was
detected in the left retroperitoneal lymph nodes (Fig. 2A).
For these lymph nodes the volume, rate of metastasis and
number of positive lymph nodes were found to be significantly
different among the 3 groups (all P<0.05; Table I). For lymph
node volume, group 3 was significantly different compared
with groups 1 and 2 (both P<0.001; Table I) while the volumes
of groups 1 and 2 remained similar (P=1.00). A significant
difference was identified in the rates of metastasis (percentage
of animals with metastasis/day of sacrifice) to the left retro-
peritoneal lymph nodes among the three groups (P=0.019).
This significant difference reflected differences between
groups 1 and 3 (P=0.015), however, the rate was found to be
similar between groups 1 and 2 and groups 2 and 3 (P=0.202 and
P=0.480, respectively). The differences among the groups for
the number of positive left retroperitoneal lymph nodes resulted
from a significant difference between groups 1 and 3 (P=0.001)
and groups 2 and 3 (P<0.001). In addition, the number of
positive lymph nodes was found to be significantly different
between groups 1 and 2 (P=0.029). The rate of metastasis to the
left peritoneal lymph node was found to positively correlate with
lymph node volume (r=0.416; P=0.009; data not shown).

In contrast to the left retroperitoneal lymph nodes, no
metastasis was detected in the right retroperitoneal lymph
nodes, however, the volume of these lymph nodes differed
among the 3 groups (P<0.001; Table I). Significant differences
were identified in the volumes between groups 1 and 3 and
groups 2 and 3 (both P<0.017), but lymph node volumes were
similar between groups 1 and 2 (P=1.000). For all 3 groups,
on the day of sacrifice, the volume of the right peritoneal
lymph node was considerably smaller than that of the left (all
P<0.001; Fig. 3A).

Metastasis of the lungs. For the animals sacrificed on post-VX?2
cell inoculation day 25, macroscopic metastatic lesions were

Figure 1. (A) Presence of a primary tumor, indicated by the arrow and
(B) metastatic squamous carcinoma cells (magnification, 20x10) in the left
gastrocnemius muscle of a rabbit 19 days following inoculation of the gas-
trocnemius muscle with VX2 cells.

visible at the edge of the bilateral lungs (Fig. 3B) and micro-
scopic and macroscopic appearances of metastatic carcinoma
were present (Figs. 2B and 3B). Slight differences were found
in the rates of metastases to the lung and wet weights of the
lungs among the 3 groups, but were not found to be statisti-
cally significant (P=0.055; Table I). However, a significantly
positive correlation was found between the rate of metastasis
to the lung and the wet weight of the lung (r=0.449; P=0.005).
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Figure 2. (A) Metastatic squamous carcinoma cells in the left retroperitoneal
lymph nodes (magnification, 20x10) and (B) microscopic appearance of
metastatic carcinoma present in the lungs (magnification, 4x10) of a rabbit
25 days following inoculation of the gastrocnemius muscle with VX2 cells.

Discussion

The present study has focused on the characterization of a VX2
rabbit model for the metastasis of squamous cell carcinoma
to the retroperitoneal lymph nodes and lungs. The pattern
of metastasis of the primary tumor from the left gastroc-
nemius to the left retroperitoneal lymph nodes and lungs is
comparable with that of patients with metastasizing types of
gynecologic cancer. By days 19, 22 and 25 following inocula-
tion, the percentages of animals which had developed primary
tumors in the gastrocnemius muscle were 92.3, 100 and 100%,
respectively. The proportion of animals with metastasis to
the lungs or retroperitoneal lymph nodes increased over the
duration of the study. For example, at days 19, 22 and 25, it
was found that 58.3, 84.6 and 100% of the animals exhibited
metastasis to the left retroperitoneal lymph node, respectively
and 33.3, 38.5 and 76.9% exhibited lung metastasis, respec-
tively. Similarly, the wet weight of the lungs and volume of left
retroperitoneal lymph nodes increased with time, consistent
with increased mass due to tumor metastasis. In addition, the
number of involved left retroperitoneal lymph nodes increased
in a time-dependent manner. The rate of metastasis (number
of animals with metastasis/day of sacrifice) to the left retro-
peritoneal lymph node was found to positively correlate with
Iymph node volume and wet lung weight (r=0.416 and r=0.449,
respectively). No metastasis was detected for the duration of

Figure 3. Macroscopic appearances of the (A) left (yellow arrows) and right
(white arrows) retroperitoneal lymph nodes and (B) bilateral lungs (white
arrows indicate metastatic carcinoma) of a rabbit 25 days following inocula-
tion of the gastrocnemius muscle with VX2 cells.

the 25-day study to the right retroperitoneal lymph nodes and
increase in the volume in this tissue was reduced compared
with that of the left retroperitoneal lymph nodes.

Since only approximately 77% of animals exhibited lung
metastasis at 25 days post-inoculation, an increased study
duration may be required to investigate lung metastasis in this
model system. The time-dependent increase in metastasis is
likely to reflect the natural progression of metastasis in this
system. Additional experiments are required to improve the
characterization of this system in order to gain insight into
how changes in the primary tumor and metastasis reflect the
development of advanced cancer in humans.

Lymph node volume was used in the present study as an
indication of metastasis based on the evidence that in the clin-
ical visual detection of enlarged lymph nodes, radiographic
images are an important indication of the possible metastasis.
However, further microscopic analysis is required for a posi-
tive diagnosis since, as detected in the current study, enlarged
lymph nodes are not always indicative of metastasis. In the
current study, it was assumed for the lungs that the presence
of a tumor is likely to result in an increase in wet lung weight
and a correlation was identified between wet lung weight
and metastasis.

During the current study it was found that the left popliteal
fossa exhibited an enlarged lymph node 12 days post-inoc-
ulation and the proportion of rabbits with metastasis to this
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lymph node increased with time. At days 19, 22 and 25 the
percentage of animals with left popliteal fossa metastasis
was 16.67, 38.46 and 61.54%, respectively (P=0.072; %> test).
It is unclear why the rate of metastasis to the left retroperito-
neal lymph node was greater compared with that of the left
popliteal lymph nodes. To address this issue, future studies are
required to investigate the route of metastasis to these tissues
using lymphangiography and other technologies.

The location of transplantation may affect the site of metas-
tasis. Transplantation of VX2 tumor tissue into the pyriform
sinus submucosa of rabbits resulted in deep cervical lymph
node metastasis at 14 days post-transplantation (17). However,
rates of submandibular lymph node metastasis were found to
be 60, 80 and 100% at 14, 21 and 28 days post-inoculation,
respectively (17). Additionally, rates of paratracheal lymph
node metastasis were reported to be 0,80 and 100% at 14,21 and
28 days following inoculation, respectively (17). Mechanisms
responsible for the observed higher rates of metastases to the
deep cervical lymph nodes compared with local lymph nodes
adjacent to orthotopic tumors remain to be identified.

The VX2 tumor is a transplantable rabbit squamous
carcinoma characterized by rapid growth, stable physiolog-
ical characteristics and early metastasis (18). VX2 cells were
selected primarily, since they are the only existing cells to
induce squamous cell carcinoma in rabbits. It is known that
adenocarcinoma is the most common type of endometrial
cancer (EC), however, squamous cell carcinoma is observed
in patients with partial EC. Furthermore, squamous cell
carcinoma and adenocarcinoma are epithelial tumors and
the biological characteristics of their retroperitoneal lymph
node metastasis are similar. Although potentially different
from adenocarcinoma, this squamous cell carcinoma is
extremely malignant and may be implanted at almost any
site in rabbits. A primary tumor model involving VX2 may
be constructed following transplantation into rabbit liver,
kidney, lung, breast or uterus (8,9,16,19,20). VX2 rabbit
models of cancer have previously been used to investigate
lymph node metastasis (5,7,11-15). However, the majority of
these studies were imaging studies that did not specifically
characterize retroperitoneal lymph node metastasis. One
previous study characterized a VX2 rabbit model of retro-
peritoneal lymphatic metastasis (7). Results of that study
differed from those of the present study as the VX2 tumor
grafts were established by orthotopic embedding of the VX2
cells into the endometrium. The study found that 100% of the
animals developed tumors and metastasis to the retroperi-
toneal lymph nodes which occurred within 1 and 3 weeks.
The rate of metastasis to the retroperitoneal lymph nodes
was similar to the results of the current study, however,
the endometrium-based model has highlighted inconsistent
results (unpublished data). Additional analyses with regard to
the effect of the location of the primary tumor on metastasis
to the retroperitoneal lymph nodes are required to establish
the best VX2 rabbit model.

Metastases to the retroperitoneal lymph nodes and lungs
are a serious challenge to clinicians who treat various types
of gynecologic cancer. In patients with these types of cancer,
retroperitoneal metastasis is present in =22% of cases (21,22).
For the majority of types of gynecologic cancer, retroperitoneal
metastasis is a characteristic of the International Federation
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of Gynecology and Obstetrics stage III and IV cancer clas-
sification and is an important prognostic factor (1,2,23,24). In
patients with advanced stages of gynecologic cancer, control
of lung metastasis is also essential for patient quality of life
and increased survival rates (25).

Current treatments for retroperitoneal lymphatic and
lung metastases include systemic chemotherapy, reduction
in visible tumor burden and palliative therapy. However,
results have indicated that the treatment of nodal metastasis
with chemotherapy may not control the disease (26). One
study has previously reported that in ovarian cancer patients,
retroperitoneal lymph node involvement was present in 35%
(35/100) of those treated with surgery and 54% (15/28) and
36% (28/77) of those who also received 3 or 6 courses of
chemotherapy, respectively (26). These observations indicate
that new treatment regimens for these types of cancer are
required.

One limitation of the present study was that a large majority
of ovarian carcinomas are adenocarcinomas, not squamous
carcinomas. Thus, the manner in which this VX2 model
reflects the biology of adenocarcinoma-derived metastases
in various types of gynecologic cancer is unclear. Additional
studies are required to understand how this rabbit model
reflects the metastasis of gynecologic cancer in humans.

In conclusion, the present study determined a unique rabbit
model of the metastasis of squamous carcinoma cells to the
retroperitoneal lymph nodes and lungs. This model is likely
to be useful in understanding how various types of cancer
(regardless of the primary tumor site) metastasize to the retro-
peritoneal lymph nodes and lungs.
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