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ABSTRACT The purpose of the present work is to establish an ultra-minimal invasive
percutaneous puncture inoculation method for a VX2 orthotopic lung cancer rabbit
model with fewer technical difficulties, lower mortality of rabbits, a higher success
rate and a shorter operation time, to evaluate the growth, metastasis and apoptosis
*Correspondence of tumor by CT scans, necropsy, histological examination, flow cytometry and immu-
Yu Yu nohistochemistry. The average inoculation time was 10-15 min per rabbit. The tumor-
E-mail: yuyu3519@163.com bearing rate was 100%. More than 90% of the tumor-bearing rabbits showed local
solitary tumor with 2-10 mm diameters after two weeks post-inoculation, and the rate
of chest seeding was only 8.3% (2/24). The tumors diameters increased to 4-16 mm,
and irregularly short thorns were observed 3 weeks after inoculation. Five weeks post-
inoculation, the liquefaction necrosis and a cavity developed, and the size of tumor
grew further. Before natural death, the CT images showed that the tumors spread to
the chest. The flow cytometry and immunohistochemistry indicated that there was
less apoptosis in VX2 orthotopic lung cancer rabbit model compared to chemother-
apy drug treatment group. Minimal invasive percutaneous puncture inoculation is
an easy, fast and accurate method to establish the VX2 orthotopic lung cancer rabbit
model, an ideal in situ tumor model similar to human malignant tumor growth.
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INTRODUCTION

Lung cancer incidence and mortality have been increasing in
many parts of the world, making lung cancer a major and serious
public health problem [1-3]. In 2012, approximately 1.8 million
new cases of lung cancer were diagnosed and 1.6 million patients
died of lung cancer. Although surgical resection applies to early-
stage lung cancer, most primary and secondary lung cancer
patients require chemotherapy and radiation. Unfortunately,
long-term survival remains poor. Local targeting drug delivery
systems to target intrapulmonary tumors have been developed to
reduce systemic side effects and improve the curative effect [4-6].

To evaluate the antitumor effect of these preparations, it is neces-
sary to establish a lung cancer animal model.

Currently, tumor-bearing nude/immunodeficient mouse model
of lung cancer has been extensively applied for pharmacodynamics
studies due to its convenience in establishment and in the observa-
tion of tumor growth. These lung cancer models have been con-
structed with human tumor cells suspension, such as A549 cells,
through ectopic subcutaneous injection [7,8] or endobronchial/
intrapulmonary injection [9-11]. Nonetheless, the tumor-bearing
mouse model does not completely represent the actual circum-
stance of tumor cell growth since the implantation are allografts.
Mouse xenografts that grow in an environment that is highly
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dissimilar to that of their originating tumor frequently result in
promising treatments that are ultimately clinically ineffective.

The VX2 lung cancer rabbit model has been currently in use
due to its orthotopic growth and the homograft of tumor. It is a
more ideal lung cancer model to simulate growth and metastasis
of tumor in vivo. The VX2 tumor is a virus-induced papilloma of
rabbits which could be implanted within the tissues and caused
protuberances [12,13]. VX2 tumor-bearing model is a big tumor
model and closely imitates human lung cancer initiation, devel-
opment and progress [14]. Previous methods reported for the
establishment of the VX2 lung cancer rabbit model include the
percutaneous injection of VX2 tumor cells suspension with/with-
out computed tomography (CT) [15,16] and implantation of VX2
tumor tissue fragments under traditional thoracotomy [17,18].
However, the former method utilizes tumor cells suspension,
which may result in pleural dissemination and multifocal growth.
The latter method can easily cause pneumothorax and a longer
operation time, which requires the experiment operator to have
considerable proficiency or surgical operation experience.

Due to certain limitations of the two kind of methods, the pur-
pose of the present work is to establish an ultra-minimal invasive
orthotopic VX2 homograft model in rabbits with fewer technical
difficulties, lower mortality of rabbits, a higher success rate and a
shorter operation time. We evaluated the tumor growth, metas-
tasis and apoptosis of tumor by CT scans, necropsy, histological
examination, flow cytometry and immunohistochemistry.

METHODS
Animals and animal care

Twenty-four New Zealand white rabbits (Chongging Medical
University), male or female, weighting between 2.0 and 3.0 kg,
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were used and allowed free access to food and water before inocu-
lation. The rabbits were housed in individual steel cages under the
following conditions: 12 h light-dark cycle with an environmental
temperature maintained at 18-26°C as approved by the laboratory
animal center of Chonggqing Medical University. Approval of the
experimental protocol was obtained from the Animal Experi-
ments Committee of Chongqing Medical University to ensure the
humane treatment of test animals.

VX2 tumor fragments

VX2 tumor tissues obtained from the Biomedical Engineer-
ing Institute of Chongqing Medical University were stored in
0.9% NaCl injection at 4°C. The regions near the rim of tumor
tissues, which contained less necrotic tissue, were cut into small
fragments (approximately 1.0 mm’). A VX2 tumor fragment was
drawn into an 18-gauge needle (Shanghai Puyi Medical Instru-
ments Co., Ltd) with two pieces of absorbable gelatin sponge (ap-
proximately 0.5 cm) placed in front and back of it.

Percutaneous puncture inoculation

The VX2 orthotopic lung cancer rabbit model was established
by minimally invasive percutaneous puncture inoculation. Rab-
bits used for inoculation were anesthetized by an intravenous
injection of pentobarbital sodium (3%, 1 ml/kg, ourchem®,
shanghai) and fixed on the digital gastrointestinal machine
(UDI150L-30E, Shimadzu) (Fig. 1A). The right chest regions were
shaved and disinfected. The percutaneous puncture inocula-
tion of VX2 tumor fragments was divided into two steps: (1) The
18-gauge needle with VX2 tumor fragments and gelatin sponge
was placed on the right chest region of a rabbit in vitro. The point,
angle and depth of puncture were determined under the image
guidance of the digital gastrointestinal machine (Fig. 1B). (2) The

Fig. 1. The procedure of minimal
invasive percutaneous puncture in-
oculation to establish VX2 orthotopic
lung cancer rabbits model. (A) Rabbit
was fixed on the digital gastrointestinal
machine (and 18-gauge needle was
prepared before inoculation. Blue: 0.5
cm gelatin sponge, red: 1 mm?® tumor
fragment); (B) Step 1: position in vitro; (C)
Step 2: position in vivo; (D) Withdrawing
the needle; (E) The probable position of
tumors (confirmed by Fig. 2).
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rabbit received percutaneous puncture though the right chest by
the 18-gauge needle. The position of the gauge needle in vivo was
determined under the image guidance of the digital gastroin-
testinal machine secondly (Fig. 1C). When the needle point was
inserted into the right lung of rabbit, the VX2 tumor fragments
and the gelatin sponge were pushed into the right lung together.
Finally, after withdrawing the needle, pressure was applied to the
puncture point for 90 seconds (Fig. 1D). After the inoculation,
an intramuscular injection of cefradine (0.25 g/day, North China
Pharmaceutical group co., Ltd) was given to each rabbit to prevent
infection.

Experimental group

The rabbits that received percutaneous puncture inoculation
for two weeks were randomly divided into four groups: Group A
(received CT scans to nature death, n=6), Group B (sacrificed at
three weeks post-inoculation, n=6), Group C (sacrificed at five
weeks post-inoculation, n=6), and Group D (positive control, re-
ceived chemotherapy drug docetaxel, n=6).

CT scanning

Six rabbits in Group A were subjected to CT scans (Aquilion
CXL, TOSHIBA) at 2, 3, 5, 7 and 9 week post-inoculation. The
rabbits were anesthetized by intravenous injection of pento-
barbital sodium (3%, 0.5 ml/kg) before CT scanning. The scan
parameters were 80 Kv, 30 mA, 5 mm slice thickness, pulmonary
window: 1200 HU window width, -400 HU window level, me-
diastinal window: 300 HU window width, 25 HU window level.
Tumor length, width and thickness were determined to calculate
the tumor volume according to the following formula:

www.kjpp.net

V (mm’)=L (mm)xS* (mm?)/2

V: Tumor volume. L: Largest diameter (the maximum value of
tumor length, width and thickness). S: Smallest diameter (the
minimum value of tumor length, width and thickness).

The double time (DT) of the tumor was calculated according to
the following formula:

T= Ig2x At
3
V1
At: time interval (days) of two successive CT scans; V2: the lat-

ter tumor volume of two successive CT scans; V1: the previous
tumor volume of two successive CT scans.

Necropsy and tissue preparation

Six rabbits in group A were sacrificed after natural death and
the daily behavior, such as weight and breathing, were recorded
during survival time. Twelve rabbits in group B and C were sac-
rificed by an intravenous injection of pentobarbital sodium (3%,
1.5-2.0 ml/kg) at 3 or 5 weeks. All 18 animals were dissected after
sacrifice or natural death. The lungs, pleural cavity, mediastinum,
heart, liver, kidney and spleen were examined for evidence of tu-
mor growth and metastasis. For the hemotoxylin and eosin (HE)
staining procedures and the immunohistochemical analysis, one
part of the tumor was fixed in formalin and embedded in paraf-
fin. Another part of the tumor was washed in cold PBS for flow
cytometry.

Immunohistochemistry by TUNEL and CD31 assay

Tumor apoptosis was measured using a TUNEL assay. Tumor

Fig. 2. The probable position of tu-
mors confirmed by CT scanning and
necropsy.
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angiogenesis was measured with immunohistochemistry by a
CD31 assay. The paraffin sections (5 pm) were dewaxed with
xylene and a gradient concentration of ethanol. Then, they were
washed with PBS (pH7.2-7.4, Beijing Jinshan biotechnology co.,
Ltd) three times. The sections were incubated in 3% H,O, and
proteinase K (Merck Millipore) and reacted with a TUNEL (in
situ cell death detection kit-POD method, Roche Group) mixture
for 1 h. After washing with PBS, the sections were incubated
with streptavidin-HRP (1:400) for 30 min at 37°C and rewashed
with PBS. Then the sections were incubated with DAB solution
(Beijing Jinshan biotechnology co., Ltd) for 10 min. Finally, coun-
terstaining was performed with hematoxylin (Beijing Jinshan
biotechnology co., Ltd). Afterwards, the tumor slides were im-
aged under a microscope. The apoptosis rate was quantified as
the percent of TUNEL-positive cells relative to the total number
of cells. The procedure of the CD31 assay was performed as previ-
ously described with minor modifications. Briefly, mouse anti-
CD31 monoclonal antibody (Immunoway®) was incubated as the
primary antibody. The CD31-positive cells were observed under a
microscope.

Flow cytometry

The tumors washed by cold PBS were cut into 0.1 mm’ pieces
to release of the tumor cells. Next, the tumor pieces were sifted
by a 200-mesh cell strainer to remove the cell mass and debris.
The cell suspensions after sifting were centrifuged at 1000 rpm
and resuspended in cold PBS. The tumor cells were stained with
annexin V-FITC and PI. Flow cytometry performed to analyze
apoptosis according to the manufacturer’s instructions (FACScan
Becton Dickinson). Approximately 10* events (cells) were evalu-
ated for each sample.

Positive control

Six rabbits from group D were intravenously injected with
docetaxel (Taxotere®, Aventis Pharma) for three weeks (1 mg/kg,
once a week) after 2 weeks post-inoculation as positive control.
Docetaxel was a chemotherapy drug that has been proven to pro-
mote tumor apoptosis. We compared the apoptosis of the group C
and D to indicate the growth state of the tumor in VX2 orthotopic
lung cancer rabbit model. The rabbits were sacrificed by intrave-
nous injection of pentobarbital sodium (3%, 1.5-2.0 ml/kg) after the
last administration. The tumor tissues were prepared for immuno-
histochemical analysis and flow cytometry as described above.

Statistical analysis

The statistical analysis was performed with SPSS 23.0 software
(IBM®). The tumor growth curve was generated using the vol-
ume data from localized intrapulmonary tumors in the CT scan-
ning images. The statistical significances of differences in tumor
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Fig. 3. CT scanning images of rabbit with the longest survival time
(CT2). (A-F) Pulmonary window. The black arrows indicated the intra-
pulmonary tumors; (G-L) Mediastinal window. The white arrows indi-
cated the intrapulmonary tumors; The other white spots represented
the blood vessels in the lung. (A, G) There were no tumors in the right
lung before inoculation. (B, H) 2 weeks post inoculation. (C, I) 3 weeks
post inoculation. (D, J) 5 weeks post inoculation. (E, K) 7 weeks post in-
oculation. (F, L) 9 weeks post inoculation.
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growth and apoptosis were calculated using the unpaired Stu-
dent’s t-test. A p value less than 0.05 was considered significant.

RESULTS
CT scanning

Solitary and localized intrapulmonary tumors were discovered
in the six rabbits that received CT scans. Fig. 2 shows the probable
position of the tumors using percutaneous puncture inoculation
under the image guidance of the digital gastrointestinal machine.
Tab. 1 shows the results of CT scans including tumor size, shape
and metastasis (n=6) at 2, 3, 5, 7 and 9 weeks post-inoculation.
Fig. 3 shows the CT scanning images of the rabbit with the lon-
gest survival time (CT2). Two weeks post-inoculation, the single
and localized intrapulmonary tumors with 2-10 mm diameters
showed growth as ellipsoidal or irregularly circular nodes. The
tumors increased to 4-16 mm in diameter and irregularly short
thorns were seen in the pulmonary window after 3 weeks of in-
oculation. Five weeks post-inoculation, the liquefaction necrosis
and the cavity were formed in the tumors, with the size of tumor
increasing further (6-16 mm). Over the next few weeks, the tu-
mors with more thorns began to spread in the right lung. Before
natural death, the CT image showed that the tumors had spread
to the chest and the boundary with the heart was not clear.

The length, width and thickness of the tumors were evaluated
and recorded by experienced radiologists according to the CT im-
age, then the volumes were calculated. The tumor growth curve
is shown in Fig. 4 (Mean%SD). The DTs of the tumors were 3.5 d,
7.3 d and 18.1 d during 2 to 3 weeks, 3 to 5 weeks, 5 to 7 weeks,
respectively.

Necropsy and histology

Rabbits from group B and C were sacrificed at 3 weeks (n=6) or
5 weeks (n=6). Solitary tumors were found in the former rabbits
(Fig. 5A, n=5) one rabbit had confirmed chest seeding (Fig. 5B,
n=1). The solitary tumors with liquefaction necrosis and cavities
were found in the latter rabbits (Fig. 5E, n=4); with two rabbits
that showed solitary tumors and pleural metastases (Fig. 5F, n=2);
and one rabbit with confirmed chest seeding (n=1). The tumors
were checked by HE staining (Figs. 5C, D, G, H) to reveal the
degree of necrosis and tumor cell shapes. Tumor-bearing rabbits
showed large nests with distinct cell borders. Less necrosis and
more pleomorphic nuclei were observed. Five weeks after incu-
bation, the tumors spread in the right lung and showed pleural
metastases. A large number of acidophilic leukocytes and macro-
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Fig. 4. Growth curve of tumor 2-9 weeks post-inoculation (Mean+
SD). *At nine weeks post-inoculation, there was no SD value due to
death of rabbit.

Fig. 5. Necropsy and histological findings. (A) The photograph of solitary tumor at 3 weeks post-incubation. (B) The chest seeding (black arrows); (C,
D) The histological view of tumor at 3 weeks post-incubation (C: 20x; D: 40x); (E) The photograph of solitary tumor with liquefaction necrosis and cav-
ity at 5 weeks post-incubation; (F) Pleural metastases (black arrows); (G-H) The histological view of tumor at 5 weeks post-incubation (C: 20x; D: 40x).“T"
shows tumor, black arrows show tumor cells.
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phages were visible with distortion of the right lung architecture
(Fig. 6A). No left lung, liver, spleen, heart or kidney metastases
were observed in any of the rabbits in either necropsy or histo-
logical sections (Figs. 6B-F).

Survival situation

Six rabbits that received CT scans all died of respiratory failure.
The survival times are shown in Table 1. The body weights and the
general status of the tumor-bearing rabbits during survival time
were recorded. During the first three weeks after incubation, the
tumor-bearing rabbits showed normal in breathing and activi-
ties without diarrhea or molt. During the fourth and fifth weeks,
the tumor-bearing rabbits showed reduced food intake and lower
body weights and activities. Some tumor-bearing rabbits had diffi-
culty breathing. After five weeks, some tumor-bearing rabbits died
a natural death via respiratory failure. Before the death, a sharp
drop in weight was observed. The weight change curve is shown in

Korean J Physiol Pharmacol 2018;22(3):291-300

Fig. 6. The histological view of tissues
except tumor (20x). (A) Right lung; (B)
left lung; (C) heart; (D) liver; (E) spleen; (F)
kidney.

Fig. 7A. The mean value of survival time was 42.2d (Fig. 7B).

Apoptosis of tumor

The apoptosis of tumor tissues in group C and D was con-
tirmed by flow cytometry (Fig. 8A) and TUNEL assay (Fig. 8B).
The total apoptosis rate resulted from flow cytometry in group
C and group D were 28.71+5.06% and 43.40+2.26%, respectively.
The total apoptosis rate in group D was significantly higher than
in the group C (p<0.01). The number of TUNEL-positive cells,
which represent apoptotic tumor cells, in group D was signifi-
cantly higher than in the group C (p<0.01). The total apoptosis
rates resulted from TUNEL test in group C and group D were
8.4£0.9% and 12.2+1.1%, respectively. CD31 was used to evaluate
the degree of tumor angiogenesis, which indicates a rapidly grow-
ing tumor. Group C had stronger CD31 immunostaining than
group D, suggesting that the tumor in the VX2 orthotopic rabbit
model grew well and was inhibited after drug treatment (Fig. 8C).
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Fig. 7. The survival situation of the VX2 orthotopic lung cancer rabbits. (A) The curve of body weight change. Results are means+SD, n=6. (B)

Kaplan-Meier survival curves (n=6).
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Fig. 8. The apoptosis of VX2 orthotopic lung cancer rabbit model in group C and D. (A) Flow cytometry; (B) Immunohistochemistry by TUNEL
assay (brown cells means TUNEL-positive cells which indicates tumor apoptosis); (C) Immunohistochemistry by CD31 assay (brown means CD31-

positive which indicate tumor angiogenesis).

ent organs are widely used [19-22]. When the VX2 tumor cells or
fragments were transplanted into the lungs of rabbits, they glew
rapidly and invaded nearby lung tissues. The CT images demon-
strated three phases of the intrapulmonary tumor growth: tumor
blood vessel formation phase, blood vessel stabilization phase and
blood vessel degradation phase [23-25]. In weeks 2 to 3, the tu-
mors were solitary nodes within formation of many blood capil-
laries, provided nutrition for tumor growth. Less necrosis was ev-
ident during this phase. In the third or fourth week, the volumes
of the tumors were glew more quickly than tumor blood vessels.
The center of the tumor showed necrosis due to ischemia. This
phase was called the blood vessel stabilization phase. Then, some

Korean J Physiol Pharmacol 2018;22(3):291-300

tumors showed invasion of the pleura and the rabbits suffered
poor mental states, emaciation and gasping. In the blood vessel
degradation phase, tumor necrosis was increased and atelectasis
of right lung was also observed on CT images. Meanwhile the
rabbits showed breathing difficulty and even died of respiratory
failure. To ensure that tumor growth is similar, it is important to
use VX2 tumor fragments of the same source. The appropriate
time to use the model to the evaluate effects of antitumor drugs
or novel formulations is around the second and third week.
Tumor double time (DT), an indicator of benign and malig-
nant identification, represents the time required for the tumor
volume or the tumor cell number to double. In our study, the DT
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during the first three weeks (tumor blood vessel formation phase)
was shorter than that during weeks three to seven (blood vessel
stabilization phase). The reason may be that the tumor growth
relies on the new blood vessels to supply nutrition. Angiogenesis
is stronger in the tumor blood vessel formation phase.

Docetaxel, a semisynthetic taxane for the treatment of lung
cancer, acts by binding to the B-subunit of tubulin and promotes
stabilization of microtubules and causes G2/M cell cycle arrest
[26]. It significantly induces of apoptosis [27] and antiangiogenic
activity [28,29]. Our study confirmed that the tumor in group C
had lower apoptosis and grew well after incubation by FCM and
TUNEL assay. While the tumor was influenced by antitumor
drug such as docetaxel, which increased the apoptosis tissues in
the VX2 orthotopic lung cancer rabbit model. Therefore, this
model is sensitive to taxane chemotherapy drug and may suitable
for the evaluation of other antitumor effects of antitumor drugs
or novel formulations.

The use of the VX2 orthotopic lung cancer rabbit model has
long been hampered by the difficulty of the experimental opera-
tion. Our study offers a fast, large-scale and accurate technology
to establish this model characterized by less difficulty, mortality,
chest seeding and a higher solitary tumor induction rate.
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