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Abstract

multiple organ failure was about 7 wk after VX2 cell
implantation.
CONCLUSION: The rabbit rectal VX2 carcinoma
model we established has a high stability, and can be
used in the study of rectal carcinoma.
© 2009 The WJG Press and Baishideng. All rights reserved.
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AIM: To establish a rabbit rectal VX2 carcinoma model
for the study of rectal carcinoma.
METHODS: A suspension of VX2 cells was injected
into the rectum wall under the guidance of X-ray
fluoroscopy. Computed tomography (CT) and magnetic
resonance imaging (MRI) were used to observe tumor
growth and metastasis at different phases. Pathological
changes and spontaneous survival time of the rabbits
were recorded.
RESULTS: Two weeks after VX2 cell implantation, the
tumor diameter ranged 4.1-5.8 mm and the success
implantation rate was 81.8%. CT scanning showed
low-density foci of the tumor in the rectum wall, while
enhanced CT scanning demonstrated asymmetrical
intensification in tumor foci. MRI scanning showed a
low signal of the tumor on T1-weighted imaging and
a high signal of the tumor on T2-weighted imaging.
Both types of signals were intensified with enhanced
MRI. Metastases to the liver and lung could be
observed 6 wk after VX2 cell implantation, and a large
area of necrosis appeared in the primary tumor. The
spontaneous survival time of rabbits with cachexia and

INTRODUCTION
Rectal carcinoma is a common malignant tumor of
the gastrointestinal tract. Imaging examination plays an
important role in its identification, diagnosis, preoperative
staging, treatment decision, and postoperative assessment[1-3].
Currently, experimental animal models of rectal carcinoma
are often induced by chemical carcinogens[4-6]. This kind of
methods requires lots of time and individual variations can
be very large. In this study, a rabbit rectal carcinoma model
was established and evaluated, which can be monitored
dynamically by computed tomography (CT) and magnetic
resonance imaging (MRI) and used in diagnosing and
staging rectal carcinoma.

MATERIALS AND METHODS
Experimental animals
Twenty-two (4-5 mo old) New Zealand white rabbits,
weighing 2.4-2.9 kg, were used in this study, and the
breeding rabbits were donated by Professor Bin Hu,
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Department of Ultrasound, Sixth People’s Hospital of
Shanghai Jiaotong University, China.
Preparation for surgery
Experimental rabbits were lavaged 24 h prior to surgery.
Mannitol (20%) was prepared with warm water at a ratio
of 1:1 and the lavage dose was approximately 250 mL
per rabbit. Lavaged rabbits were fasted with free access
to water prior to surgery. VX2 tumor cells were grown
in the hind leg muscle of rabbits and harvested for the
preparation of suspended tumor cells at a concentration
of 1-2 × 107/mL.
Establishment of rectal carcinoma model
Experimental rabbits were anesthetized with 30 mg/kg
pentobarbital sodium via the ear vein. Rabbits were
placed at a dorsal position with their legs fixed. A 7-cm
long sterilized plastic hollow pipe, 7 mm in diameter, was
inserted into the anus to brace the rectal cavity. A 22G
transfixion pin was injected into approximately 4-5 cm
of the rectal wall around the anus. A contrast medium
(0.2 mL, Ultravist 300) was injected with its distribution
monitored by X-ray fluoroscopy. If its border was illdefined and dispersed, the needle point would be in a
gap region between the outside of the organ and the
rectal wall. Then, the puncture needle was reinserted
into the rectal wall until the border of contrast medium
became sharply margined. At this point, 0.2 mL of
suspended VX2 cells was injected, then 0.1-0.2 mL of
normal sodium was injected to fully rinse all the VX2
cells into the rectal wall. After 5 min, the needle was
withdrawn slowly. The rabbits were allowed to have
normal food following recovery from anesthesia.
CT and MRI scanning of tissue sections
Rabbits were anesthetized with 30 mg/kg pentobarbital
sodium before CT and MRI scanning of tissue sections
at 2-, 3-, 4-, 5- and 6-wk inter vals after VX2 cell
implantation. CT scanning was performed using a GE
LIGHT SPEED VCT 64 CT set with the following
parameters: 80 kV, 100 mA, 14-16 cm in field of view
(FOV), 512*512 matrix, 1.25 mm section thickness, and
1.25 mm section interval. A contrast medium (Ultravist
300) was injected at 0.5 mL/s and 1.5-2.0 mL/kg.
Arterial phase scanning was started 15 s after contrast
medium injection and after 30 s during the portal
venous phase. The image was processed at the ADW4.0
workstation. MRI scanning was perfor med by a
Philips Achieva 3.0 imager, with the rabbit placed at
a supine position in a phased-array articular genu
coil. MRI sequences included the pre-contrast T 1WTSE, gadolinium-enhanced T 1W-TSE, and T 2W-TSE
sequences in the axial plane (TR-2727 ms, TE-100 ms,
2.0 mm section thickness 2.0 mm, and section interval
0.8 mm), T2_TSE_SPAIR sequence in the axial plane
(TR-4341 ms, TE-62 ms, section thickness 2.0 mm, and
section interval 0.2 mm), and PD_SPAIR sequence in
the coronal planes (TR-4710 ms, TE-30 ms, section
thickness 2.0 mm, and 0.2 mm section interval 0.2 mm).

May 7, 2009

Volume 15

Number 17

The contrast medium (Magnevist) was injected at 0.5 mL/s
and 1.5-2.0 mL/kg. Enhancement scanning was started
20 s after contrast medium injection, and the image was
processed at a View Forum R5.1 V1L1 workstation.
Measurement of tumor volume
Gross tumor volume (V) was measured following
the equation: V = 0.5 (a × b 2 ), where a represents
the maximum tumor diameter, and b represents the
minimum tumor diameter. Tumor growth rate (TGR)
was calculated following the equation: TGR = (V2 - V1)/
V1 × 100%, where V1 represents the gross tumor volume
measured at an earlier time point and V2 represents the
gross tumor volume measured at a later time point.
Histopathological changes in rabbit rectal VX2
carcinoma model
Three rabbits were sacrificed after each CT and MRI
scanning at 2-6 wk intervals after VX2 cell implantation
for observation of pathological changes in the rectal
VX2 carcinoma model. Autopsies were also performed
after spontaneous death of the rabbits. Tumor location,
size, activity, circumscription, and metastasis were
observed grossly. The rectum-implanted tumor and
the major organs involved were fixed in for malin
and embedded in paraffin. Tumor tissue was cut into
sections, which were stained with hematoxylin-eosin
(H&E), and evaluated under a light microscope.
Statistical analysis
Data were presented as mean ± SD. Gross tumor
volumes at an earlier and later time point were compared
by Student’s t test. Statistical analyses were performed
using SPSS 11.0 software. P < 0.05 was considered
statistically significant.

RESULTS
Twenty-two New Zealand white rabbits were used
to establish the model. Eighteen of them developed
primary tumors with a success rate of 81.8%.
CT detection
Tumor implanted in the rectal wall of each rabbit
could be detected by CT scanning 2 wk after VX2 cell
implantation. The appearance of rectal enteric cavity at
this time point was still normal without obvious stricture.
However, part of the rectal wall exhibited irregularly
intensified armillary after enhancement (Figure 1A).
The gross tumor volume was increased 3 wk after VX2
cell implantation, and appeared as a small lump with
low density or isodensity on CT images. The boundary
between the tumor and normal rectal wall could not be
clearly distinguished. However, the rectal enteric cavity
became elliptical with stricture, allowing the tumor
margin to be distinguished from its surrounding tissue
(Figure 1B). After 4 wk, the gross tumor volume was
increased, the rectal wall was thickened, and the rectal
enteric cavity became flatter, with increased stricture.
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Table 1 Gross tumor volume and TGR after tumor implantation
Time after implantation
2 wk
3 wk
4 wk
5 wk

3

a (mm)

b (mm)

V (mm )

TGR (%)

5.029 ± 0.544
16.783 ± 1.387
19.419 ± 1.150
24.763 ± 1.762

4.129 ± 0.475
9.942 ± 1.326
15.800 ± 1.255
22.163 ± 1.388

46.180 ± 14.583
848.239 ± 270.715
2443.569 ± 480.966
6163.157 ± 1181.274

1736.8
185.7
159.3

Tumor volume (V) = 0.5 (a × b2), where a and b represent the maximum and minimum tumor diameters, respectively;
TGR = (V2 - V1)/V1 × 100%, where V1 represents the gross tumor volume measured at an earlier time point and V2
represents the gross tumor volume measured at a later time point.
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Figure 2 MRI of T2-TSE-SPAIR 2(A), 3(B), 4(C), and 5(D) wk after VX2 cell
implantation in the experimental rabbits.

Figure 1 CT enhancement scanning images of rectal wall 2(A), 3(B), 4(C), and
5(D) wk after VX2 cell implantation in the experimental rabbits, and images of
metastatic nodes detected in the lung (E) and liver (F), respectively.

Necrosis could be detected in the middle of the tumor,
and the surrounding tissue was involved at different
degrees. CT scanning showed that the tumor appeared
to have an intensified, solid marginal zone and a central
region with low density but without intensification. In
contrast, the surrounding tissue was intensified as the
tumor (Figure 1C). CT scanning revealed significant
stricture of the tumor, which was fixed to the pelvic wall
and rectal enteric cavity 5 wk after VX2 cell implantation
(Figure 1D). After 6 wk, the rectal enteric cavity was
almost compressed to the point of closure and metastatic
nodes were detected in the lung (Figure 1E) and liver
(Figure 1F), as in the seroperitoneum. The metastatic
nodes appeared in the lung earlier and much more
obviously than in the liver, since the blood supply in the
lower part of rectum returns to the inferior vena cava
but not to the hepatic portal vein.

MRI detection
MRI showed that the signal of VX2 tumor was low on
T1-weighted imaging (T1WI), resulting in the detection of
an indistinct boundary, and high on T2-weighted imaging
(T2WI), allowing clear visualization of the boundary.
In addition, the signal of VX2 tumor in PD sequence
was higher than that on T1WI. Tumor boundary could
be distinguished from its surrounding tissue after
enhancement. Necrosis with low signals, but without
intensification after enhancement, could be detected in
the middle of the primary tumor 4 wk after VX2 cell
implantation. MRI and CT demonstrated similar growth
and metastasis of the tumor. However, MRI identified
more precisely the tumor boundary, size and infiltration,
and infection foci than CT scanning. MRI of the tumor at
2-, 3-, 4-, and 5-wk intervals after VX2 cell implantation
are shown in Figure 2. The gross tumor volume (V)
and the TGR at these time points were also calculated
(Table 1). The TGR at each time point was quite different
(P < 0.0001), but the fastest growth of tumor was
observed 3 wk after VX2 cell implantation.
Histopathological changes
Macroscopic image of the resected tumor appeared
as a single node with an obscure boundar y and
affluent vascellum (Figure 3A and B). Metastasis
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Figure 3 Characteristics of isolated rectal carcinoma specimens (A, B) and light microscope images of HE stained tissue sections (C, × 40; D, × 100).

outside the rectal wall was not detected until 4 wk after
VX2 cell implantation. The rectal wall was thickened
due to different degrees of enteric cavity stricture.
No enterectasis or rectum obstruction was observed.
Necrosis appeared in the middle of the tumor 4 wk
after VX2 cell implantation, with enteric cavity stricture
and enterectasis, as well as metastasis outside the rectal
wall in the pelvic cavity. Metastases to the lung and
liver, and seroperitoneum and rectum obstruction were
detected 6 wk after VX2 cell implantation. However,
the metastasis in the liver was not as obvious as that in
the lung, and sometimes it was not detectable, because
the metastasis in the liver was not sufficiently large to be
visualized. The experimental rabbits developed cachexia
and multiple organ failure, and died spontaneously about
7 wk after VX2 cell implantation.
Tumor tissue sections were stained with H&E and
evaluated under a light microscope. Infiltrating tumor
cells were visible and the interstitial tissue boundary was
not distinct. Minimal connective tissue was observed,
and dispersed tumor cells were found with separation
of fibers. Fresh capillaries were abundant (Figure 3C),
consistent with the large, irregular tumor volume.
Cytoplasm of the tumor cells was abundant, and pale
red in color. There was an abnormal number of mitotic
nuclei. Hypertrophic nuclei were also found, varying in
shape, size, and color (Figure 3D). Two weeks after VX2
cell implantation, the tumor grew in the rectal wall with
no involvement of its peripheral tissue. However, by 3
wk after VX2 cell implantation, the tumor grew through
the rectal wall with the mesorectal fascia tissue involved 4
wk after VX2 cell implantation.

DISCUSSION
Since lymph in the gastrointestinal tract is very rich, the
survival rate of heterogeneic tumor tissue transplanted
to the intestine wall of experimental animals is practically
zero. Because of this, smaller animal models are often
used in the study of rectal carcinoma. Experimental
animal models can be established by repeated injection
of chemical carcinogens into the abdominal cavity of
animals, or repeated lavaging of the intestinal tract.
However, these methods are time consuming and their
success rate is low. Furthermore, these small animal
models cannot contribute to the diagnosis of rectal
carcinoma.
VX2 cells can be implanted into rabbits where they
can grow. It has been shown that this cell line, implanted

into the muscle, kidney, liver, lung, pleura, ossature,
and mammary gland of rabbits, can produce an in situ
tumor model that mimics the human condition[7-12]. The
implantation techniques for VX2 cells include implanting
a small lump of VX2 tumor tissue and injecting a
suspension of VX2 cells directly or under the guidance
of B-mode ultrasound or CT. Wang et al[13] demonstrated
that laparotomy could be used to establish a rabbit model
of rectal VX2 carcinoma, with a success rate of 60%.
Considering the substantial damage caused by laparotomy,
we established the rabbit model of rectal VX2 carcinoma
by injecting a suspension of VX2 cells into the rectal wall
through the skin of the anorectum under the guidance
of X-ray fluoroscopy. CT or MRI showed the implanted
tumor in the rectal wall 2 wk after VX2 cell implantation.
The involved tissue around the rectum was observed and
metastases to the lung and liver were detectable 4 and 6
wk, respectively, after VX2 cell implantation. The success
rate of this method was 81.8%.
This rabbit rectal VX2 carcinoma model was evaluated
by CT scanning, MRI, and histopathology.
CT has many advantages in monitoring rectal tumor
by displaying its location, size, shape, peripheral tissue and
lymph node involvement[14,15]. Recently, with the update
of CT instruments and CT imaging techniques, the
sensitivity and specificity of CT in detection of tumors
have been greatly improved. Multi-section CT (MSCT)
is more advantageous than ordinary CT, by reducing the
shadow of motion and displaying dynamic enhancement
effects[16-18]. Furthermore, CT plays an important role in
preoperative staging of rectal carcinoma, especially in
detecting metastasis in the lung and liver[19]. CT scanning
has been recommended to patients with colorectal
cancer [20-22]. In this study, MSCT showed the growth
of tumor and its surrounding tissue, as well as distant
organ metastasis, suggesting that CT scanning is an ideal
method for monitoring VX2 rectal carcinoma.
Since the location of the rectum is relatively fixed,
tumor tissue can be observed by contrast with the
peripheral fat, and is seldom affected by the shadows
that result from respiration. MRI is a good imaging
technique for detection of rectal tumor and can show
the layers of the rectal wall, including the mucosa with
a low-intensity signal, submucosa with a high-intensity
signal, muscularis propria with a weak-intensity signal,
perirectal fat with a high-intensity signal, and mesorectal
fascia with a low-intensity signal. T 1WI can be used
to evaluate fatty infiltration around the rectum, while
T2WI can display the infiltration depth in the rectal wall
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and the relation between inherent muscle layers and
mesorectal fascia. The most significant advantage of
MRI in rectal carcinoma staging is its ability to describe
the correlation between tumor and mesorectal fascia[23-25].
MRI can determine the circumferential resection margin
(CRM)[26]. Induction of 3.0T magnetic resonance and
improvement in phased-array coils make MRI display
the CRM much more precisely[27,28]. Its accuracy for the
prediction of CRM is consistent with histopathological
assessment of specimens after surgery[29-32]. It has also
been reported that MRI can predict the infiltration
depth of rectal tumor in the range of 0.5 mm[33], which
is consistent with histopathology results. MRI is more
sensitive in detecting early stage tumor growth than CT,
especially in measuring the tumor size. In addition, MRI
can display metastasis of tumor to lymph nodes.
This animal model is easy to establish, reproducible,
and induces minimal damage to experimental animals.
In addition, the tumor growth time is short. The growth
and metastasis of rectal VX2 carcinoma in rabbits are
similar to those in humans. Therefore, it can be used in
the study of rectal carcinoma.
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It is feasible to establish a rabbit rectal VX2 carcinoma model by injecting
a suspension of VX2 cells into the rectum wall under the guidance of X-ray
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tumor pathology, development, and metastasis.
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and diagnosis of rectal carcinoma.
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VX2 cell strain, a squamous carcinoma strain induced by Shope virus, can be
implanted in rabbits.
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of pathological findings and tumor development.
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