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Abstract

Background and aims: Colorectal cancer (CRC) is known as the fourth leading cause of death across the world. The fate of patients depends
on the metastatic spread of cancer cells. Micrometastases are small clusters of cancer cells with no diagnostic evidence during diagnosis
and surgery. Therefore, experimental models for micrometastasis are necessary to investigate tumors. We developed a mouse model to
evaluate micrometastasis of colon carcinoma cells by systemic injection of tumor cells.

Methods: In this study, stably transfected CT26 cells expressing Leishmania major GP63 were intravenously (IV) injected into BALB/c mice
for induction of micrometastases. The mice were divided into three groups and the groups were sacrificed on days 3, 7, and 14 of the
injection. reverse transcriptase-polymerase chain reaction (RT-PCR) was performed on tissue samples to detect Gp63 gene.

Results: Our results showed the successful construction and transfection of pcDNA3 L. major Gp63 into CT26 cells. After IV injection, total
cellular RNA was extracted and the Gp63 gene was detected in the liver, lung, and kidney but not in the colon.

Conclusion: Due to the significance of micrometastasis and the need to establish simple models for cancer research, an experimental
mouse model was developed. CT26 tumor cells stably expressing Gp63 generated a potent system for diagnosis of micrometastatic cells
in tissues. Injection into the tail vein is a practical model for cancer research because of the lower fatality rate and no need for anesthesia.
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Introduction

Colorectal cancer (CRC) is known as the third leading
neoplasm in both men and women worldwide (1) which
has a 12% five-year survival rate when it becomes
metastatic (2). CRC accounts for over 9.7% of all cancer
cases (3). Reportedly, it has equal prevalence among men
and women with over 1.2 million new cases in 2008
(4), which increased to 1.8 million in 2018 (5). In Iran,
CRC is the third leading cancer in men and the fourth in
women (6). It is the third leading cause of death due to
cancer among non-smokers (7).

The majority of tumors derived from epithelial tissues
are solid such as breast, lung, and gastrointestinal tract
carcinomas (8). The fate of the patients with these tumors
is largely dependent on the metastatic propagation of
tumor cells (9). Micrometastases are small clusters of
cancer cells (4 to 16 cells) (10) with no diagnostic evidence
during diagnosis and surgery (11). Micrometastases that
do not respond to common therapies will usually lead
to cancer relapses (12). Therefore, experimental models
of micrometastasis are necessary for diagnostic and
therapeutic investigation of tumor. In most mouse models,

the tumor cells are injected intraportally to target the liver
(10). The infusion of cancer cells within the left ventricle
of mice heart also imitates the process of micrometastasis
(12). Subcutaneous xenografts may lead to the formation
of experimental metastases (13). Different methods can be
used to detect micrometastasis in these models including
in vivo video microscopy, bioluminescent reporter imaging
(12), fluorescence imaging using tumor cells expressing
green fluorescent protein (14), molecular detection using
reverse transcriptase-polymerase chain reaction (RT-PCR)
(15) and immunohistochemical markers for proliferation
and apoptosis in tumor cells (10).

In this study, we introduced a model to assess
experimental hepatic and pulmonary (micro) metastasis of
CT26 colon carcinoma cells in syngeneic BALB/c mice
by systemic injection of CT26 tumor cells expressing
Leishmania glycoprotein 63 (Gp63) gene into the tail vein.
This model mimics the movement of tumor cells from
a primitive tumor region to other remote sites through
blood circulation. It has been shown that tumor metastases
develop in specific locations. Therefore, the homing of
circulating tumor cells in other organs cannot randomly

© 2020 The Author(s); Published by Shahrekord University of Medical Sciences. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.


http://doi.org/10.34172/jsums.2020.14
http://orcid.org/0000-0001-9417-3321
http://orcid.org/0000-0002-9328-0245
http://orcid.org/0000-0002-3567-8677
http://j.skums.ac.ir
http://crossmark.crossref.org/dialog/?doi=10.34172/jsums.2020.14&domain=pdf&date_stamp=2020-04-29

occur (16).

To label and track the CT26 tumor cells in mice tissues,
the cells were transfected with Leishmania major Gp63
which is a preserved gene only in Leishmania parasites
(17). The Gp63 gene was verified by DNA sequencing and
cloned into the pcDNA3 mammalian expression vector
and then transfected into CT26 cells using Lipofectamine
2000, a cationic liposome which allows the nucleic acid
molecules to enter the cells (18). Gp63 gene exists neither
in tumor cells nor in the mouse genome; therefore, it can
serve as a reliable marker to detect tumor cells in different
tissues.

Advances in molecular oncology have provided sensitive,
specific and cost-effective methods to diagnose metastatic
diseases. RT-PCR is thought to be capable of detecting
micrometastases (19) as it is able to detect 1 cancer cell in
10° normal cells (20). Therefore, given the advantages of
this technique, RT-PCR was used to detect CT26 L. major
Gp63+ cells.

Our study represents an allograft mouse model of
micrometastatic colon carcinoma that leaves the immune
system intact and acts as a normal body system. This
technique is practicable and does not need anesthesia and
surgery.

Materials and Methods

Cells

In this experimental study, CT26, an epithelial colon
carcinoma cell line, of BALB/c mice (21) was provided
by Pasteur Institute of Iran, Tehran, Iran. The cells were
cultured by RPMI 1640 (Bio Idea, Tehran, Iran) with
10% fetal bovine serum (FBS) (Bio Idea, Tehran, Iran) in
addition of 1% penicillin/streptomycin (Bio Idea, Tehran,
Iran) and incubated at 37°C with 5% CO, (22).

Animals

6-8 week old male BALB/c mice were prepared from
Pasteur Institute, Tehran, Iran and housed in animal house
of Bu-Ali Sina University with free access to fresh water and
food. Three mice were used to induce subcutaneous tumors
and twelve mice for intravenous injection.

Antibiotic sensitivity assay

A serial concentration of G418 (neomycin) (Sigma-
Aldrich, St. Louis, USA) from 500 to 2500 pg/mL was
added to 24-well plates (JET BIOFIL, Seoul, South Korea)
containing 10¢ CT26 cells/well; each concentration was
run in duplicate followed by a ten day incubation at 37°C
with 5% CO2. The lowest concentration of G418 (1500
pg/mL) in which all the tumor cells died within 7-10 days

was selected for transfection.

Transfection of CT26 tumor cells with L. major Gp63
CT26 tumor cells were transfected with pcDNA3 vector
containing L. major Gp63 by Lipofectamine 2000
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(Invitrogen, Carlsbad, USA). Briefly, pcDNA3 L. major
Gp63 with Lipofectamine 2000 were mixed in RPMI1640
media in concentrations of 1 pg/50 pL and 3 pg/50 pL,
respectively. The DNA with Lipofectamine solutions were
mixed together propetly followed by incubation at room
temperature for 5 minutes and added to the CT26 cells
at concentration of 10° cells/well in 24-well plates after
removing the cell culture supernatant. The cells were
incubated in CO, incubator for 30 minutes. Then, 1 mL
of RPMI 1640 supplemented with 10% FBS was added to
the cells and after 24 hours, the media was replaced with
a new media supplemented with 10% FBS and 1500 pg/
mL G418.

Establishment of stably transfected CT26 cell line

In order to generate single cell clones, transfected CT26
cells were harvested and cultured in a 96-well plate (JET
BIOFIL, Seoul, South Korea) ata concentration of one cell
per well in 100 puL of RPMI 1640 medium with 10% FBS,
1% penicillin/streptomycin, and 1500 pg/mL G418. The
cells were incubated in a cell culture incubator, and after 3
weeks, clones with the highest growth rate were identified
and cultured in complete media with G418. The cells were
finally checked for L. major Gp63 gene expression by RT-
PCR.

Induction of subcutaneous tumors and histopathology
analysis

Confluent cultures of stably transfected CT26 L. major
Gp63+ cells were harvested with trypsinization, washed
several times with sterile phosphate-buffered saline (PBS)
buffer and resuspended at a final concentration of 10°
cells/100 uL PBS. The cells were infused into the right
flank of animals subcutaneously and observed daily for
tumor growth. The subcutaneous tumors were measured
using a ruler.

After 4 weeks, the animals were euthanized. Then, a small
piece of skin at the injection site from each animal was cut
and fixed with formalin. The tissues were then dehydrated,
cleared, paraffin-embedded, sectioned at 5 pm thickness,
placed on a glass slide and stained with hematoxylin and
cosin. The sections were examined independently and
photographed by a veterinary pathologist using a light
microscope (Olympus CX41, Tokyo, Japan) equipped with
a digital camera (Olympus DP25, Hamburg, Germany).

Induction of micrometastases by intravenous injection of
cancer cells

Twelve male BALB/c mice were included in this study.
One group of nine mice were injected with 10° cells/100
pL of stably transfected CT26 L. major Gp63* as test
group and one group of three was injected only with PBS
as control group. The cells were injected into the tail vein
of the animals (23). On days 3, 7, and 14 after injection,
three mice of test group as well as one mouse of the control
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group were sacrificed in each day (10, 24). The livers,
lungs, kidneys, and colons were excised and examined

for the presence of CT26 micrometastasis by detecting L.
major Gp63 RNA.

Cloning of L. major complementary DNA (cDNA)
coding for GpG63

Cytomegalovirus promoter pNUT L. major Gp63 DNA was
kindly received from Professor Mack Master (Department
of Medical Genetics, University of British Columbia,
Vancouver, Canada). First, pNUT L. major Gp63 DNA
was amplified by Escherichia coli transformation and the
Gp63 clone was verified by sequencing and aligning the
sequence of the DNA with that accessible in the gene bank
(accession number Y00647).

5-  TCTAAGCTTCACCCGATCCATGTGCCG-3’
containing HindIII as forward and 5-
AGAATTCCTGCACACTGGCGGCCGTTA -3
containing EcoRI as reverse primers were used to amplify
the cDNA fragment by PCR. The PCR product of L.
major Gp63 gene holding the restriction sites on both
sides and pcDNA3 vector (Invitrogen, Carlsbad, USA)
were digested with appropriate restriction enzymes (RNA
Biotechnology Company, Esfahan, Iran), and then loaded
on agarose gel. After cutting the gene and the vector, they
were extracted from the gel using DNA extraction kit (RNA
Biotechnology Company, Esfahan, Iran) according to the
manufacturer’s instructions. Then, the extracted molecules
were ligated using a ligation enzyme (Promega, Durham,
USA). The pcDNA3 L. major Gp63 vector was multiplied
and extracted by E. coli transformation (25).

Extraction and Detection of L. major Gp63 RNA

For tracing L. major Gp63 RNA in transfected cells and
also mouse tissue samples from livers, lungs, kidneys, and
colons, total RNA was extracted from the cells by Iraizol kit
(RNA Biotechnology Company, Esfahan, Iran) according
to the producer’s instructions. Briefly, CT26 cells were
cultured in T25
trypsinization and centrifuged at 420 G (trypsin 0.1% (Bio
Idea, Tehran, Iran) and EDTA 0.02% (Merck, Germany).

For the extraction of tissue RNA, the samples were first

cell culture flasks and harvested by

chopped up and then squashed. At the next step, 1 mL of
Iraizol (RNA Biotechnology Company, Esfahan, Iran) was
added to the samples followed by sonication for 2 minutes.
Then, chloroform was added to the samples then vortexed
for 10 seconds fallowed by 5 minutes incubation at room
temperature. The mixture was centrifuged at 10000 rpm 8
minutes at 4°C then the Transparent phase was extracted.

Afterwards, 1 mL from 96% ethanol was added, followed
by 15-20 minutes of incubation at -20° and 8 minutes
of centrifugation at 10000 rpm at 4°C. After expelling
the supernatant and washing the pellet with 80% eth-
anol, the RNA was resuspended in appropriate amount of
nuclease free water. The amount of the total RNA was then
measured using spectrophotometry with the absorbance at
260 nm (NanoDrop2000, Thermo Fisher Scientific Inc.,
Bartlesville, USA).

c¢DNA synthesis

First, 4 pL of RNA template, 2 puL of oligo(dT)15 primer,
with 1 pL from deoxynucleoside triphosphate (dNTP)
(RNA Biotechnology Company, Esfahan, Iran) were
heated for 10 minutes at 65°C and then put on ice. Then,
2 uL of the reaction buffer was mixed and incubated for 2
minutes at 50°C. Afterwards, 0.5 pL of M-MLV reverse
transcriptase (RNA Biotechnology Company, Esfahan,
Iran) and 0.5 pL of nuclease free water were added. The
contents of the tube were gently mixed and incubated for
50 minutes at 50°C and then 15 minutes incubation at
72°C. The cDNA was put -20°C freezer till usage.

PCR amplification

To detect L. major Gp63 gene, specific primers were
designed by Primer3 software. Specific primers for GAPDH
gene were also used as control (Table 1). To this end, 1 pL
of the extracted cDNA or template DNA (for detection of
the vector), 12.5 pL of Master Mix (AMPLIQON, Odense,
Denmark), 2 pL of each primer, and nuclease free water
were mixed to a final volume of 25 pL. The PCR program
was adjusted as a 5 minutes melting step at 94°C and then
30 cycles of 45 seconds for denaturation at 94°C, annealing
at 54°C, and extension at 72°C, and a final 10 minutes
extension cycle at 72°C. PCR products were visualized
using 1.5% ethidium bromide stained agarose gel.

Results

Sub-cloning of L. major Gp63 gene

The sequence of L. major Gp63 in pNUT vector was
verified using sequencing and aligning with the gene
sequence of gene bank. L. major Gp63 gene was then
amplified with PCR by the specific primers which had two
restriction sites (HindIII and EcoRI). After ligation of the
gene and the pcDNA3 vector, the new vector construct
was reproduced in bacteria and the vector was investigated
for the presence of L. major Gp63 gene. The gene in the
new construct was completely sequenced and equaled the
pNUT vector. There were no mismatches between the two

Table 1. Primer pairs used for detection of GAPDH and cloning and detection of Gp63 genes

Gene Forward primer Reverse primer
GAPDH 5’-ACTCCACTCACGGCAAATTC-3' 5’-CCTTCCACAATGCCAAAGTT-3'
Cloning GP63 5'TCTAAGCTTCACCCGATCCATGTGCCG3' 5'AGAATTCCTGCACACTGGCGGCCGTTA'3

Detecting GP63 5'-AACGTCTGGCAGGTCGTG-3'

5'-AAGTGGAAGGTGACGGACAT-3'
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sequences (Supplementary Figure).

CT26 cell culture and antibiotic sensitivity assay
CT26 colon carcinoma cells became 80% confluent within
4-5 days by refreshing the culture medium every 2-3 days
(Figure 1).

To select the best dose of G418 against CT26 tumor
cells, they were seeded in 24-well plates with a G418 serial
concentrations . 1500 pug/mL was the lowest concentration

of G418 which killed all the CT26 tumor cells (Figure 1).

Transfection of CT26 tumor cells with L. major Gp63

CT26 tumor cells were transfected with pcDNA3 L.
major Gp63 by Lipofectamine 2000. The Gp63 mRNA
was detected with RT-PCR. The mouse GAPDH primers
were used to confirm the efficacy of mRNA extraction and
specific primers of L. major Gp63 were used to confirm the
expression of the gene in the transfected cells (Figure 2).

Establishment of stably transfected CT26 cell line

A stably transfected CT26 cell line was established by
diluting transfected cells in a 96-well plate. RT-PCR
analysis of CT26 cells confirmed the expression of the L.
major GpG63 at easily detectable levels (Figure 2).

Induction of subcutaneous tumors

To assess the potency of CT26 cells in tumor formation in
vivo, the tumor cells were injected into the right flank of
animals subcutaneously and the growth of the tumor mass
was evaluated. In most cases, a week after the injection of
CT26 cells into the right flank, the tumors were formed.
When the size reached 2 cm?, the mice were euthanized
and the subcutaneous tumors were carefully excised and
pathology sections were prepared (Figure 3).

Induction of micrometastases by intravenous injection of
cancer cells

Stable transfected CT26 cells expressing Gp63 gene were
intravenously injected into the mice. The mice were
divided into two control and test groups. On days 3, 7, and
14 after the injection, three mice of test and one mouse of
control were sacrificed, on each day. Tissue samples were
obtained from liver, lung, kidney, and colon. Total cellular
RNA was extracted from the tissues and the L. major Gp63
gene was detected by RT-PCR. Gp63 gene was detected
in the liver, lung, and kidney on day 3 after injection that
showed the presence of injected tumor cells in these tissues
but not in the colon (Figure 4). All in vivo experiments
were conducted in triplicate.

Discussion

Today, the importance of micrometastasis in prognosis,
treatment, and relapse of cancers has been well understood.
A study on breast cancer showed a considerable reduction
in the survival rate due to micrometastasis (26). A clinical
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study demonstrated a worse prognosis of disease in presence
of bone marrow micrometastasis in in breast cancer (27).
A survey on over 80000 CRC cases in the United States
indicated that the elimination of at least 15 lymph nodes
by colectomy prolonged the median overall survival by

54 months in node-negative patients, suggesting strong

Figure 1. Antibiotic sensitivity assay for CT26 colon carcinoma
cell line. CT26 tumor cells were cultured in the presence of a
serial concentration of G418. Based on the results, 1500 pg/mL
was the lowest G418 concentration at which all the CT26 tumor
cells underwent apoptosis. (A) CT26 cell line at lower than 80%
confluence without G418; (B) CT26 cell line at 80% confluence
without G418; (C) CT26 cell line at 80% confluence cultured in
the presence of 1500 pg/mL G418.; (D) CT26 cell line at 80%
confluence cultured in the presence of 1500 pg/mL G418.

Figure 2. Confirmation of the existence of L. major Gp63 in
transfected CT26 cells by RT-PCR. CT26 cells were transfected
with pcDNA3 L. major Cp63 with Lipofectamine 2000 in
the expression of L. major Gp63 was confirmed with RT-
PCR using 5'-ACATCCTCACCGACGAGAAG-3’" forward and
5’-CTTGAAGTCGCCACAGATCA-3’ reverse primers. The primers
were expected to produce 123 bp bands. (1) standard DNA, (2)
negative control, (3) GAPDH control gene, (4) GAPDH control gene,
(5) L. major Gp63, (6) L. major Gp63, (7) standard DNA
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evidences of micrometastasis in lymph nodes (28). An
approximate recurrence rate of 25% is estimated for cases
with tumor-negative lymph nodes (28) and around 70% of
these metastatic nodes were less than 0.5 cm in diameter
that were usually missing in pathologic dissections (29).
In another study, the rate of micrometastases in the liver
and lung was significantly associated with postoperative
recurrence of CRCs (30).

In the present study, due to the importance of
micrometastasis in different types of neoplasias and the
need to establish simple and comprehensive models
for extensive researches, an experimental mouse model
detectable by RT-PCR was developed. It has been proven
that non-detectable
important causes of death in patients with colon carcinoma

distant metastases are the most

(31). Indeed, they are the main reasons for tumor
recurrences in improved patients. Since micrometastasis
is one of the most important prognostic factors for CRC
(32), colon carcinoma was selected for developing the
micrometastasis in the mouse model. Therefore, CT26
cell line, which is a mouse colon carcinoma, was used as
a cell line-based allograft. Allograft models in mice are
raised from the inoculation of tumor cells derived from
mice. Unlike xenograft models in that human tumor cells
are transplanted to immune-compromised or immune-
deficient mice, allograft models leave the immune system
intact and do not need compromising the host immune
system to prevent rejection of the tumor, thus showing
more similarity to the cancer environment. Therefore,
using a syngeneic mouse model for studying the tumor

Figure 3. Induction of CT26 tumor in BALB/c mice. 10° CT26
cells were injected into the right flank of 6-8-week BALB/c mice
subcutaneously. (A) tumor mass after 4 weeks, (B) tumor section
for pathological assessment; (a) The micrograph shows a well-
developed neoplastic mass in the dermis surrounded by infiltrated
inflammatory cells (asterisk). (b) Malignant nature of the tumor

is associated with distinct histomorphologic changes e.g.,
pleomorphism, hyperchromasia (black arrows), abundant mitotic
figures (white arrows), apoptotic bodies (black arrowheads), and
angiogenesis (white arrowheads).

L2 345678 9 10U 1 23 456 7 8 9101

1 234567891001 1234 56 78 9101

Figure 4. Transfection of CT26 tumor cells with L. major Gp63 in
BALB/c mice. 1x10°stably transfected CT26/L. major Gp63 cells
were intravenously injected into BALB/c mice and the expression
of Gp63 was detected using RT-PCR in different organs targeted for
metastasis of the tumor cells on days 3, 7, and 14.

(A) Samples taken on day 3: 1 and 11- Standard DNA, 2- Negative
control, 3- Liver GAPDH, 4- Liver Cp63, 5- Lung GAPDH, 6- Lung
Gp63, 7- Colon GAPDH, 8- Colon Gp63, 9- Kidney GAPDH, 10-
Kidney Gp63. (B) Samples taken on day 7: 1 and 11- Standard
DNA, 2- Negative control, 3- Liver GAPDH, 4- Liver Gpé63, 5-
Lung GAPDH, 6- Lung Gp63, 7- Colon GAPDH, 8- Colon Gp63,
9- Kidney GAPDH, 10- Kidney Gp63. (C) Samples taken on day
14: 1 and 11-Standard DNA, 2- Negative control, 3- Liver GAPDH,
4- Liver Gp63, 5- Lung GAPDH, 6- Lung Gp63, 7- Colon GAPDH,
8- Colon Gp63, 9- Kidney GAPDH, 10- Kidney Cp63. (D) Samples
from mice intravenously injected with 100 pL of PBS. 1 and 11-
Standard DNA, 2- Negative control, 3- Liver GAPDH, 4- Liver
Gp63, 5- Lung GAPDH, 6- Lung Cp63, 7- Colon GAPDH, 8- Colon
Gp63, 9- Kidney GAPDH, 10- Kidney Gp63.

metastasis behavior clearly shows many features of the early
tumor progress and also the metastatic outspread without
interfering with the host’s adaptive immune system (33).
Generally,
experimental mouse models are used. In spontancous

to study metastasis, spontaneous and
metastasis models, a primary tumor is formed, and then
the metastatic cells spread to peripheral sites spontaneously.
This model is capable of tracking the tumor cells in the
animals. The main advantage of this model is that they
permit the whole metastatic process to be modeled but
poor clinical settings for metastasis restrict its usage. In
addition, due to the long latency and the need for the
primary tumor to be removed for metastasis development,
only limited numbers of cell lines such as mammary tumors
and melanomas can be studied by spontaneous models.
Experimental models for metastasis are also practical to
assess the metastatic potency of tumor cells in a particular
organ following intravascular injection. These models are
often practical to survey late stages of the micrometastatic
process and for better definition of organs targeted for
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homing of metastatic cells not the entire metastatic cascade.
In this model, the cells can be injected into different sites
such as intracardiac, intraportal, intracarotid and lateral tail
veins in the mouse. Because of the lower fatality rate and
no need for anesthesia, the injection of tumor cells into
the tail vein is one of the easiest approaches used in tumor
metastatic models. In addition, this injection approach is
rapid, low-cost, and applicable to a wide range of tumor
cells. The injection of tumor cells to the tail vein causes
lung metastases minutes after the injection (33). Most of
the tumor cells retain in lungs but a few cells pass through
the lungs and spread to some other organs (16). This
metastatic behavior of tumor cells was also confirmed in
the model presented in this study where the metastatic cells
were detected in the liver, kidneys, and lungs 3, 7, and 14
days after tumor cell injection but not observed in colon.
This model can be used in almost all types of neoplasias and
different organs can be studied as micrometastatic targets.

In a study on targeted therapy of colonic cancer
micrometastases, the tumors were initiated by injecting
the cell suspension into the caudal tail vein and survival
curves were obtained for tumor bearing animals subjected
to targeted therapy 1, 7, and, 14 days after tumor cell
implantation. The micrometastatic nodules were observed
on days 7 and 14 in the lungs (34) which are consistent
with our observations. However, in another study, a
micrometastatic lung model was created by injecting the
mice with a suspension of GW-39 tumor cells in the tail vein
and the micrometastasis was detected after 14 days (23).
Wetterwald et al compared intravenous and intracardiac
injections of a human breast carcinoma cell line (MDA-
MB-231) for inducing metastases with bioluminescent
reporter imaging. They demonstrated that despite the high
rate of fatality and signs of distress in intracardiac injection,
all of the survived mice developed bone metastases. In
contrast, none of the intravenously injected mice showed
soft tissue and bone metastases within the total trial time
(4 weeks) (12). Likewise, Peyruchaud et al established a
sub-clone of MDA-MB-231 cells by injecting tumor cells
expressing green fluorescent protein into the tail vein of mice.
They reported the growth of these cells implanted in the
bone environment (35). In another study, an experimental
liver metastasis model was developed by sterile surgery on
the left flank of the mouse (36). In comparison with the
injection into the tail vein, this model was cumbersome
and time-consuming. Luzzi et al designed a mouse model
for liver metastasis using iz vivo video microscopy and
immunohistochemical markers for proliferation. They
showed that by day 3, some micrometastases consisting of
4 to 16 cells were developed (10). These data confirm our
observations on the formation of micrometastasis on day 3
after the injection.

In recent studies, different tumor markers have been
used for detection of tumor micrometastasis. In a study,
carcinoembryonic antigen was detected by RT-PCR in the
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lymph nodes of gastrointestinal or breast carcinoma patients.
All normal mucosal tissues as well as carcinomas produced
carcinoembryonic antigen mRNA but no amplification
was seen in none of control lymph nodes and only 30 out
of 117 lymph nodes showed histological signs of carcinoma
cells (20). A study in Germany checked the specificity of
cytokeratin 20 (CK20) mRNA for tracing circulating tumor
cells in peripheral blood and bone marrow of patients.
CK20 expressing cells were recognized in granulocytes
which expressed the gene on a background level. Therefore,
the expression of the gene in normal granulocytes should
be considered to distinguish the normal cells from the
circulating micrometastases (37). Therefore, more specific
markers with no expression in normal tissues are needed
for better diagnosis of micrometastases. Therefore, in the
present study, to generate a potent marker for tracing
micrometastatic cells in tissues, CT26 cells were transfected
with L. major Gp63 cDNA. Leishmania Gp63 gene was
cloned and expressed in cells to induce cell-mediated
immune response to Leishmania species in different vaccine
studies (38). In addition, CT26 cells transfected with L.
major Gp63 were already applied to rate the cytotoxicity
in a standard 4-hour 51Cr-release cytotoxicity assay (39).
Although transfection of Gp63 gene has already been used
for prevention and therapeutic goals against leishmaniasis
in different studies, this is the first report on the use of L.
major Gp63 as a marker for cancer cells for follow-up and
detection of micrometastasis with RT-PCR technique in a
mouse model.

RT-PCR has the potential to detect micrometastases at
extremely low frequencies. In a study, this technique has
been used to detect a pancreatic cancer marker in peritoneal
washings as an indicator of the presence of peritoneal
micrometastasis. The researchers demonstrated that this
method was comparable to cytology results (19). It seems
that RT-PCR can be one of the best techniques to detect
cancer cells in tissues due to the low number of tumor cells
in micrometastasis. To detect tumor micrometastasis, the
tumor cells were transfected with Gp63 cDNA as a foreign
gene which exists neither in cancer cells nor in the mouse
tissue. To improve the efficacy of RT-PCR in detecting
Gp63 gene as a marker of CT26 cells, the gene was inserted
into pcDNA3 vector which is a potent mammalian
expression vector with a high copy number and contain
cytomegalovirus promoter which induces an excessive level
of gene expression.

Conclusion

CT26 tumor cells stably expressing Gp63 are a powerful i
vivo tool to investigate micrometastasis behaviors in cancer
research. Although in vitro studies are necessary, only in vivo
models can evaluate the potency and efficiency of cancer
therapy in the complex environment of living animals. In
this study, we introduced a micrometastatic mouse model
using CT26 tumor cells stably transfected with L. major
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Gp63 that can be detected by RT-PCR as a reliable model
to study micrometastasis of cancers to contribute to current
and future cancer research.
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