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Introduction

Clinically-relevant colon cancer models are essential for 
further understanding of human colon cancer and developing new 
therapeutics for this public-health-threaten disease. The orthotopic 
transplantation model of human tumor has been demonstrated to be 
more patient-like animal tumor model [1]. Orthotopic implantation of 
human tumor cells or tissue in the corresponding organ of nude mice 
resulted in some metastases. For colorectal cancer, human colon 
cancer cells or tissue implanted into the cecum of nude mice produce 
tumors which eventually metastasize to many organs including 
lymph node and liver [2]. However, observations of tumor growth, 
recurrence and metastasis are limited by the deep location of the 
colon.

A new human colon cancer mouse model that constructed by 
use of surgical orthotopic implantation of green fluorescent protein 
expressing human colon cancer has been developed [3]. This model 
involved the stable transduction of tumor cells in vitro with the 
jellyfish Aequorea Victoria GFP gene that was stably and highly 
expressed in vivo. Tumor growth, progression and carcinomatosis 
could be readily visualized in real time in situ in the live animal by use 
of fluorescent imaging system. However, the early stages of tumor 
progression have been difficult to analyze because of the limited 
deep penetration ability of fluorescence through tissue.

In this study, we established a superficial orthotopic implantation 
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Abstract
Background: The orthotopic transplantation model of human tumor has been demonstrated to be more patient-

like animal tumor model. However, observations of tumor progression and metastasis are limited by the deep location 
of the colon or limited deep penetration ability of fl uorescence through tissue. The purpose of this study is to establish 
a superfi cial orthotopic model to allow easier real-time visualization and more sensitive monitoring of fl uorescent 
orthotopic colon tumor.

Methods: Human colon cancer HT-29 cells were transduced with a pLPCX expression retroviral vector containing 
GFP and neomycin resistance genes. For superfi cial orthotopic transplantation model, the cecum was identifi ed and 
pulled out of the peritoneal cavity, the space between the cecum and peritoneum was sutured, the cecum was pulled 
to subcutaneous tissue, and an incision was made on the cecal serosa followed by the implantation of a 1-mm tumor 
tissue to the cecum. For comparison, a conventional orthotopic transplantation model was established in a separate 
group of mice simultaneously. When tumor sizes reached 5 mm in diameter, half the mice in each model received 5-FU 
treatment. Primary tumor and metastases were monitored by fl uorescent imaging or caliber measurement.

Results: Tumor fl uorescence was observed as early as three days (median time of 4.7 ± 1.3 days) post-
transplantation in the superfi cial orthotopic transplantation model, which was much earlier than 21 days (median time 
of 26.2 ± 9.9 days) in conventional orthotopic transplantation model. Although tumor growth of 5-FU treated mice in 
conventional orthotopic model were lower than those of the untreated mice, the difference was not signifi cant. However, 
in superfi cial orthotopic model tumor growth was signifi cantly inhibited in 5-FU treated mice relative to the untreated 
mice. Fluorescence imaging showed similar metastasis incidence between the superfi cial and conventional orthotopic 
transplantation models.

Conclusion: The fl uorescent superfi cial orthotopic transplantation colon model allows easier real-time visualization 
and more sensitive monitoring of tumor growth as well as convenient repeated sampling. It is a valuable orthotopic 
implantation model for evaluating colon cancer.

model of colon cancer in nude mice by suturing the cecum to the 
subcutaneous tissue of abdominal wall. Compared to conventional 
orthotopic model, this model allows easier real-time visualization 
and more sensitive monitoring of fluorescent orthotopic colon tumor 
as well as convenient repeated sampling. 

Materials and Methods

Animals

Twenty BALB/C nu/nu nude mice, half male and half female, aged 
4-6 weeks and weighing 24-28 g, were purchased from the Beijing
Kelihua laboratory animal center (qualification No.: SCXK, Beijing,
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2007-0001; animal certificate No,: 0085458) and maintained in a 
HEPA-filtered environment, where the room temperature was 24-25°C 
and the humidity was 50-60%. The animals were fed with autoclaved 
laboratory rodent diet. Animal experiments were approved by the 
ethical committee under the animal experiment scheme of Nanjing 
Origin Biosciences, China. 

Cell culture

The human colon cancer cell line HT-29 was obtained from the 
Institute of Biochemistry and Cell Biology, Chinese Academy of 
Sciences (Shanghai, China). The cells were maintained in RPMI 1640 
supplemented with 10% heat-inactivated fetal bovine serum and 
cultured at 37°C in a 5% CO2 incubator. 

GFP expression vector construction

pLPCX-GFP vector construction was performed as previously 
described with some modifications [3]. In brief, pGFP-N3 (-) was 
purchased from BD Biosciences Clontech (BD Biosciences, CA, USA) 
and pLPCX retrovirus vector was obtained from Clontech Laboratories, 
Inc. (Takara, Japan). The sequence encoding GFP was amplified 
from pGFP-N3 (-) with primers containing BglII and ClaI restriction 
endonuclease sites. The amplification product was subjected to BglII 
and ClaI (TAKARA, Dalian, China) digestion and then ligated into the 
pLPCX retrovirus vector with T4 DNA ligase (TAKARA, Dalian, China). 
For vector production, pLPCX-GFP was transfected into packaging 
cells (PT67), which were maintained in RPMI 1640 supplemented 
with 10% fetal bovine serum. Subsequently, cells expressing GFP were 
selected using G418 (TAKARA, Dalian, China). 

Retroviral GFP transduction of tumor cells

20-40% confluent HT-29 cells were incubated with retroviral 
supernatants of PT67 cells for 72h. Fresh medium was replenished at 
this time. Cells were harvested by trypsin-EDTA 72h after transduction 
and subcultured at a ratio of 1:15 into selective medium, which 
contained 200 g/ml of G418. The level of G418 was increased to 
400 g/ml stepwise. Clones stably expressing GFP were isolated 
with cloning cylinders (Bel-Art Products, Pequannock, NJ) with the 
use of trypsin-EDTA and were then amplified and transferred by 
conventional culture methods. High GFP-expression clones were then 
isolated in the absence of G418 for 10 passages to select for stable 
expression of GFP.

Subcutaneously transplanted tumors 

HT-29 cells expressing GFP were harvested by digestion with 
0.25% trypsin solution, washed twice with PBS and collected to 
a concentration of 5×106/mL. Each nude mouse was injected 
subcutaneously in the right side of the neck with 0.1 ml cell 
suspension. Tumor formation was observed approximately four 
weeks post-injection.

Establishment of conventional orthotopic transplantation 
models

Conventional orthotopic transplantation was performed when 
the implanted subcutaneous tumor grew to about 10 mm in diameter 
and fluorescence was observed. On the day of implantation, the tumor 
was harvested from the subcutaneous site and placed in RPMI-1640 
medium. Strong GFP expression of the HT-29-GFP tumor tissue was 
confirmed by fluorescence imaging. Necrotic tissues were removed 
and viable tissues were cut into 1-mm3 pieces. Ten mice were 
anaesthetized before surgery with an intraperitoneal injection of 

ketamine. Their abdomens were sterilized with 0.2% iodine tincture. 
An incision was made in the abdominal wall and in the peritoneum. 
The cecum was identified and pulled out of the peritoneal cavity for 
0.5 cm without tension. The serosa of the transplantation site was 
stripped. Tumors with a diameter of 1 mm and fluorescence were 
implanted in the cecum using 8-0 suture. Then the cecum was put 
back into the abdominal cavity. 

Establishment of a superficial orthotopic implantation model 
of colon cancer

Ten mice were anaesthetized before surgery with an 
intraperitoneal injection of ketamine. Their abdomens were 
sterilized with 0.2% iodine tincture. An incision was made in the 
abdominal wall and the peritoneum. The cecum was identified and 
pulled out of the peritoneal cavity for 1 cm without tension. The 
space between the cecum and peritoneum was sutured. The cecum 
was pulled to subcutaneous tissue. Then an incision was made on 
the cecal serosa, followed by implantation of a 1-mm diameter tumor 
with fluorescence into the cecum using 8-0 suture. The abdomen was 
closed with sterile 6-0 surgical sutures.

Histopathology and immunohistochemistry studies

Histopahology were performed using the standard H & E staining 
method. P53, CEA, MLH1 and MSH2 expression were determined 
by immunohistochemistry staining. Briefly, Paraffin-embedded 
specimens of tumor were stained with MLH1 (1:50 dilution, BD 
Pharmingen, United States), MSH2 (1:100 dilution, EMD Biosciences 
Inc., Germany), P53 and CEA (1:50 dilution, Maixin Bio Inc., China) 
monoclonal antibodies. Slides were deparaffinized in xylene and 
rehydrated through gradient concentrations of ethanol to distilled 
water, and endogenous peroxidase activity was blocked by incubation 
with 30 mL/L H2O2 in methanol for 10 min at room temperature. Then 
sections were submitted to antigen retrieval in a pressure cooker 
containing 0.01 mmol/L natrium citricium buffer for 10 min. Slides 
were subsequently incubated in 100 mL/L normal goat serum for 20 
min at room temperature. Sections were permeabilized in PBS-Triton 
and incubated overnight with primary antibody at 4°C. 

5-FU treatment

When the tumor size reached 5 mm in diameter, five mice from 
the conventional orthotopic or the superficial orthotopic model 
received daily intraperitoneal injections of 5-FU at a dose of 20 mg/
kg for 5 days. The five remaining mice in each group were designated 
as control groups. All animals were monitored weekly for tumor size 
by caliber measurement and fluorescence imaging. When tumor 
diameters exceeded 20 mm or mice became moribund, the mice 
were killed for observation of mesenteric and liver metastasis. Tumor 
volumes were determined according to the formula: volume (mm3) = 
(the shortest diameter)2 × (the longest diameter) × 0.5.

Fluorescence optical tumor imaging (FOTI)

During the study, the animals were monitored for each time point 
of external fluorescent optical tumor imaging. At the end of the study, 
all mice were sacrificed and open fluorescent imaging was performed. 
Primary tumors and all metastases to the distant organs including the 
mesentery lymph nodes, lung, liver, abdominal cavity and thoracic 
cavity were carefully imaged. A fluorescence stereo microscope 
model MZ650 (Manjing Optic Instrument Inc. China) equipped with 
a D510 long-pass filter (Chroma Technology, Brattleboro, VT) and a 
cooled color charge-coupled device camera (Qimaging, BC, Canada) 
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was used. Selective excitation and emission of GFP wear produced 
through an illuminator equipped with a HQ470/40 band-pass filter. 
Images were processed and analyzed with the use of IMAGE PRO 
PLUS 6.0 software (Media Cybernetics, Silver Spring, MD). 

Statistical analysis

Measurement data and enumeration data were statistically 
analyzed with Student’s t test and the 2 test, respectively. 

Results

Fluorescence imaging of primary tumor 

All mice survived after orthotopic tumor transplantation. For 
conventional orthotopic model, palpable solid tumors developed 
as early as 13 days after implantation, with a median time of 17.8 
± 4.5 days, ranging from 13 to 22 days. Tumor fluorescence was 
observed as early as 21 days post-transplantation, with a median time 
of 26.2 ± 9.9 days, and ranging from 21 to 37 days. However, tumor 
fluorescence for superficial orthotopic model was observed as early 
as three days post-transplantation, with a median time of 4.7 ± 1.3 
days, and ranging from 4 to 7 days (Figure 1). 

Histopatological and immunohistochemistrical characteristics 

HT29 primary, lymph node and peritoneal tumors were all proved 
to be poorly differentiated adenocarcinoma (Figure 2A, 2B and 
2C). Immunohistochemical staining for P53, MLH1, MSH2 and CEA 
expression in the tumor tissues showed absence of MSH2 and P53 
and overexpression of CEA. 

Efficacy of 5-FU on conventional orhotopic transplantation 
model

Four mice received 5-FU treatment when tumor diameters 
exceeded 5 mm. Tumor growth rates of treated mice were lower 
than those of the untreated mice. However, the difference was not 
significant (p > 0.05, Figure 3). The mice were killed when tumor 
diameters exceeded 20 mm or mice became moribund. One mouse in 
the 5-FU treated group was observed to have mesentery lymph node 
metastasis. In the untreated group, three mice were observed to have 
mesentery lymph node metastasis and two mice were observed to 
have peritoneal metastasis. 

Efficacy of 5-FU on superficial orhotopic transplantation model

Tumor diameters grew to 5 mm by two weeks post-transplantation, 
and five mice then received 5-FU treatment. As shown in Figure 4, 
tumor growth was significantly inhibited in the treated mice relative 
to the untreated mice (p < 0.05). The mice were killed when tumor 
diameters exceeded 20 mm or mice became moribund. One mouse 
in the 5-FU-treated group was observed to have mesentery lymph 
node metastasis. In the untreated group, one mouse was observed 
to have lymph node metastasis and one mouse was observed to have 
peritoneal metastasis. 

Discussion

In orthotopic transplantation models of colon tumors, histological 
colon cancer tissues are transplanted to corresponding organs by 
surgical orthotopic implantation. However, its clinical application has 
been limited due to difficulties in observing tumor size, recurrence 
and metastasis [1,3,4]. Hoffmann et al. [4] established an orthotopic 
transplantation colon tumor model with cancer cells stably expressing 
GFP, which enables real-time tumor size, recurrence and metastasis 

evaluations [5,6]. Similarly, we also established an orthotopic 
transplantation colon tumor model and found that the median time 
of tumor fluorescence observation is 26 days. However, we could 
not obtain early observations of tumor development. In addition, no 
significant differences in tumor characteristics were found between 
the orthotopic implantation group and the control group.

In order to visualize and evaluate tumor characteristics as early 
as possible, we established a superficial orthotopic implantation 
model of colon cancer by pulling out the cecum and suturing it to 
the peritoneum. With this modification, tumor fluorescence was 
observed as early as three days post-transplantation, with a median 

A B C
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Figure 1: Real-time fl uorescent imaging of tumor-bearing mice in the 
conventional and superfi cial orthotopic implantation model of HT-29 colon 
cancer.  A. B and C:  Day 7, 14 and 21 after superfi cial orthotopic implantation, 
respectively.  D. E and F:  Day 7, 14 and 21 after conventional orthotopic 
implantation, respectively.  Superfi cial and conventional orthotopic implantation 
were performed as described in the Materials and Methods.

A B C

Figure 2: Superfi cial orthotopic implantation model of HT-29 colon cancer at 
autopsy. A. Bright imaging of HT29 colon tumor.   B. Fluorescent imaging of 
the tumor. C. Histopathology of the tumor.

Figure 3: Immunohistochemistrical characteristics of superfi cial orthotopic 
implantation model of HT-29 colon cancer. A. CEA   B. P53 C. MLH1  D, 
MSH2. Immunohistochemistry staining was performed as described in the 
Materials and Methods.
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time of 4.7 days, which is much earlier than that for routine surgery. 
The condition of the mice and the tumor characteristics were not 
significantly different from those in the control group. HT-29 cells 
are believed to have high metastatic potential [7]. However, no liver 
metastases were found in these mice. This may attributable to the 
high tumor growth rate, which causes evaluations to terminate 
before liver metastases occur. 

MLH1 and MSH2 are mismatch repair genes (MMR) and MMR 
gene deficient is one of the features of colorectal cancer cells. Lack 
of MLH1, MSH2 and P53 expression was found in HT29 primary, 
lymph node and peritoneal tumors in both orthotopic and superficial 
orthotopic models.

Moreover, the mice in this superficial orthotopic implantation 
model group responded better to 5-FU treatment than did the 
mice in the routine model group. We propose that this may due to 
the different tumor size measurement methods. In the superficial 
orthotopic implantation model, the tumor size was accurately 
measured with visualization, whereas the tumor size was palpably 
measured in the conventional model. 

Without having to kill the animals, the pathology of tumors 
could be proven by puncture. This modification could reduce the 
consumption of experimental animals. In our previous study, we 
established a colostomy implantation mouse model. With the 
advantages of high tumor take rate, easy real-time visualization and 
easy repeated sampling, it is an ideal model for evaluating colon 
cancer. Nonetheless, evaluations in this model may be compromised 
due to absolute exposure of the tumor to air [8]. The modified 
superficial orthotopic model in the present study successfully avoids 
this disadvantage. 

In conclusion, we successfully established a superficial orthotopic 
implantation model of colon cancer by pulling out the cecum and 
suturing it to the peritoneum. With the advantages of easy real-time 
visualization and easy repeated sampling of tumors, it is a valuable 
orthotopic implantation model for evaluating colon cancer.
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