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Abstract. Background: Metastasis is one of the main reasons
for colorectal cancer (CRC)-related deaths due to the lack of
effective therapeutics mainly for liver metastasis. In the
present study, we established an orthotopic colorectal cancer
mouse model using different transplantation protocols to
determine the optimal conditions for CRC liver metastasis.
Materials and Methods: Luciferin-expressing HCT116 cells
were used to induce liver metastasis models of colorectal
cancer following both intra-splenic and cecal injections.
Magnetic resonance imaging (MRI) and the In Vivo Imaging
system were used to monitor internal growth of the primary
tumor and metastasis. Results: The intra-splenic injection with
high cell number (5x10° cells/50 uL)-group achieved rapid
tumor formation, and the highest metastatic rate. However,
survival rates were shorter than those of the other groups. The
time to develop primary tumors and liver metastases was
slightly different between the two transplantation protocols
followed and should be considered depending on the specific
aim of each experiment. MRI and optical images correlated
well with the pathological findings at necropsy with respect to
both tumor growth and location. Conclusion: The model
described herein will be effective in studying new therapeutic
strategies against metastatic disease when used in conjunction
with small animal MRI and optical imaging.

Colorectal cancer (CRC) is rated as the third and fourth most
common cancer for females and males worldwide (1). CRC
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is the second cause of cancer-related death for males and the
third cause for females in developed countries (2). Metastasis
is one of the main reasons for CRC-related death, and
patients diagnosed with metastasis show a poor prognosis.
Therefore, investigating the mechanism of liver metastasis
and improving treatment are important to increase the
survival rate of colorectal cancer.

A number of CRC animal models have been developed to
evaluate the characteristics of CRC progression and its
mechanism of liver metastases (3-5). These include chemically-
induced models (6), genetically-engineered mouse models (7-
9), and spontaneous-transplantable animal models (10-12).
Although these models have been extremely useful for
investigating CRC characteristics, the number of models is
limited to a low metastatic tumor take-rate and restricted
dissemination to the lymph nodes or lungs. Spontaneous
implantation models are the model of choice to study metastatic
mechanisms of human cancer (13). An animal model that
fulfills the mechanism of metastasis would be a working model
to evaluate new drug responses and to study the characteristics
of molecular targeting involving the metastatic process.

In the present study, we used HCT116 cells expressing
GFP-Luciferin to establish primary tumors and metastasis
using intra-splenic and cecal injection transplantation
methods with high and low cell numbers. Additionally,
internal growth of the primary tumor and metastasis were
monitored using optical imaging and magnetic resonance
imaging (MRI) to determine the optimal conditions for this
CRC liver metastasis model.

Materials and Methods

Animals. Six- to 8-week-old female BALB/c nu/nu mice weighing
15-18 g at the time of surgery were used. The mice were obtained
from Orient Bio Group (Seoul, Korea), and maintained under
specific pathogen-free conditions. All in vivo studies were
performed in accordance with the institutional guidelines and were
approved by the Institutional Animal Care and Use Committee
(20130828002).

3321



ANTICANCER RESEARCH 34: 3321-3328 (2014)

Cell culture and lentiviral transduction. The HCT116 cell line was
obtained from the Korean Cell Line Bank (Seoul, Korea) and
cultured in McCoy’s 5A medium with 10% (v/v) fetal bovine serum
(Gibco, Grand Island, NY, USA) and 1% (v/v) penicillin-
streptomycin (Gibco). The cells were maintained in a 5% CO,
incubator at 37°C. GFP-Luciferin lentivirus was added to the
HCT116 cells (5x10% cells/well in a 12-well plate) with 8 pg/mL
Polybrene in media. After a 24-h incubation, the transduced cells
were selected with 1000 pg/mL of hygromycin (Sigma, St. Louis,
MO, USA). The selected HCT116-GFP-Luc cells were maintained
in a 5% CO, incubator at 37°C in McCoy’s 5A medium with 10%
(v/v) fetal bovine serum, 1% (v/v) penicillin-streptomycin (Gibco),
and 500 pg/mL hygromycin.

Intra-splenic and cecal injections. Nude mice were anesthetized
with a mixture of Zoletil (30 mg/kg) and Rompun (10 mg/kg) by
intra-peritoneal injection (0.01 mL/mg). The HCT116-GFP-Luc
cells were prepared in low and high volume cell groups such as
2x106 and 5x106 cells/50 pL HBSS (Gibco) in one injection. A
small left abdominal flank incision was made and the spleen was
exteriorized for the intra-splenic injection. The prepared cells were
injected into the spleen with a 30-gauge needle. To prevent tumor
cell leakage and bleeding, a cotton swab was held over the site of
injection for 1 min. The injected spleen was returned to the
abdomen and the wound was sutured with 6-0 black silk. An
incision was made on the middle of the lower abdomen for the cecal
injection. The cecum was picked-out, and the prepared cells were
injected with a 30-gauge needle. After the injection, the cecum was
returned to the abdominal cavity, and the wound was closed as
described previously.

Hematoxylin and eosin (H&E) staining. Five pm thick sections were
cut from paraffin-embedded blocks using a microtome, deparaffinized
in xylene, and rehydrated in an ethanol series and PBS. The sections
were stained with H&E to examine tumor morphology.

Imaging. One week after the injection, we imaged the mouse model
twice per week to monitor liver metastasis with the /n Vivo Imaging
System (IVIS Spectrum, Caliper, Hopkinton, MA, USA). MRI
imaging (Biospec 7T, Bruker, Fullerton, CA, USA) was initiated 14
days after cell injection and repeated every 1 week for as long as
the liver metastasis was detected. T2-weighted axial MRI sections in
were obtained in the following settings: fast spin echo sequence
with time to repetition of 1143.8 msec and time to echo of
25.8 msec; 160x170 matrix; 24.0 mm x 26.0 mm field of view,
signal averaging, 12; section thickness, 1.0 mm; gap, 0 mm.
Bioluminescence imaging was obtained using the /n Vivo Imaging
System (IVIS Spectrum, Caliper, Hopkinton, MA, USA). Mice were
injected with D-luciferin (150 mg/kg) intraperitoneally 5 min before
imaging, anesthetized (1-2% isoflurane), and placed in a light-tight
camera box on the stage of the imaging chamber. Mice were imaged
for 1 min with sequential 5 sec exposures. Luminescence was
quantified using the Living Image software 3.2 (Caliper).

Results

Tumorigenesis by intra-splenic injection. Carefully counted
HCT116 cells were divided into two groups according to cell
number such as 2x10° (low-cell number group) and 5x10°
(high-cell number group) cells per injection. Eight nude mice
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were used in each group. Notably, three mice in the high-cell
number-injected group died unexpectedly within 7 days.
Tumors had developed at the primary and hepatic sites in both
groups. Interestingly, more lymph node metastases and
peritoneal seeding were found in the low-cell number group
(Figure 1A) (Table I). Both groups demonstrated 100% liver
metastasis (8/8 in the low-cell number and 5/5 in the high-
cell number groups), as determined by gross necropsy and
histological examination (Table I). However, the phenotypes
of the metastatic tumors were different. The metastatic tumor
formed on a specific spot on the liver in the low-cell number
intra-splenic injected group. However, the tumor spread out
and almost covered the entire liver in the high-cell number
intra-splenic injected group (Figure 1A and B). Based on the
tumorigenesis rates and the shapes of the metastases, we used
IVIS and MRI to compare the tumors in the abdomen
between the two groups. Primary tumors were detected in
both groups after 7 days (Figure 2). Liver metastasis appeared
25 days after the injection in the low-cell number intra-spleen
injected group (Figure 3A and B). When we compared IVIS
imaging 14 days after injection, we noticed that the high cell
number group had faster tumor formation rates than those in
the low cell number group of the intra-splenic injected mice
(Figure 3C). MRI revealed liver metastases in all mice in the
high-cell number group (Figure 3D).

Tumorigenesis by cecal injection. The 2x10° and 5x10° cell
per injection groups had eight nude mice each. A primary
tumor was detected in 7/8 mice when the low-cell number
group was injected in the cecum, and 4/7 (57%) had a liver
metastasis (Figure 4A) (Table II). The high-cell number cecal-
injected group demonstrated an 8/8 (100%) tumor formation
rate at the primary site and 6/8 (75%) liver metastases (Figure
4B) (Table II). The metastatic tumors formed on a specific
spot in the liver in the low-cell number intra-splenic injected
group (Figure 4A and B). Both groups showed lymph node
metastases and peritoneal seeding (Table II). IVIS imaging 15
days after injection indicated distinct blue spots on the
abdomen besides the primary site in the high-cell number
cecal-injected group mice (Figure 5). However, no tumor was
detected on MRI 15 days after injection (data not shown).
Liver metastasis was detected 25 days after injection in the
high-cell number group (Figure 6C and D) and 32 days after
in the low-cell number group (Figure 6A and B).

Histological study of tumor invasiveness. We collected the
primary and metastatic tumor tissues and studied tissue
histology to investigate characteristic differences between the
tumors of the intra-splenic and cecal-injected groups (Figure
7). The tumor cells had broken through the epithelial cells
and were located within the muscle layer. The primary tumor
invaded in both groups, and their liver metastases were
shown with H&E staining.
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Figure 1. Primary tumor, peritoneal seeding, and liver metastasis in the intra-splenic injection group (A) 2x100 cells/injection group, (B) 5x106
cells/injection group. Yellow arrows indicate tumor formation in the liver. The first row is the livers, the second is the tumors at the primary sites,
and the third is peritoneal seeding.

7 Days after injection

Figure 2. In Vivo Imaging System (IVIS) imaging of the low (2x100) and high (5x109) cell intra-splenic injected group 7 days after injection. The
tumor is shown in color. The densest part of the tumor is shown in red to yellow to green and blue.
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Figure 3. In Vivo Imaging System (IVIS) (A) and magnetic resonance imaging (MRI) (B) of the low (2x106)-cell number intra-splenic injection
group 25 days after the injection. IVIS imaging (C) and MRI (D) of the high (5x100) cell number intra-splenic injection group 14 days after the
injection.

Table 1. Tumorigenesis rate from intra-splenic injections.

Group Cells Mice Optical Imaging Survival days Take rate Dissemination site

Lymphatic Hepatic Seeding
I 2x10° 8 D7 (1wk) D37 (6wks) 8/8 5/8 (62.5%) 8/8 (100%) 7/8 (87.5%)
I 5%106 5% D5 (1wk) D26 (4wks) 5/5 0/5 5/5 (100%) 3/5 (60%)

*Three out of eight animals were dead within 7 days.

Table II. Tumorigenesis rates from cecal injections.

Group Cells Mice Optical Imaging Survival days Take rate Dissemination site

Lymphatic Hepatic Seeding
I 2x106 8 D7 (1wk) D31 (5wks) 7/8 3/7* (43%) 4/7* (57%) 5/7* (71%)
I 5%100 8 D6 (1wk) D30 (5wks) 8/8 4/8 (50%) 6/8 (75%) 8/8 (100%)

*One out of eight animals was dead 25 days after the injection date because of heavy tumor formation.
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Figure 4. Primary tumor, peritoneal seeding, and liver metastasis of the cecal injection group (A) 2x106 cells/injection group, (B) 5x106
cells/injection group. Yellow arrows indicate tumor formation in the liver. The first row includes the livers, the second row the tumor at the primary
sites, and the third the peritoneal seeding.

15 Days after injection

2x108

5x108

Figure 5. In Vivo Imaging System (IVIS) imaging of the low (2x106) and high (5x106) cells number cecal injection group 15 days after the injection.
In the image, the tumor is shown in color. The densest part of the tumor is shown in red to yellow to green and blue.
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Figure 6. In Vivo Imaging System (IVIS) imaging 25 days after injection (A) and magnetic resonance imaging (MRI) 32 days after injection (B) in
the low (2x100)-cell number cecal injection group. IVIS imaging (C) and MRI (D) in the high (5x106)-cell number cecal injection group 25 days

after the injection.

Discussion

Metastasis is one of the most important subjects in cancer.
In cases of CRC the survival rate decreases once a patient
develops metastasis. Several studies have established and
characterized metastatic animal models, which is essential
for analyzing the mechanism of cancer metastasis and
developing new therapeutics (13). Spontaneous and
experimental metastatic models are two common methods to
establish metastatic tumors in an animal model. In the
spontaneous metastatic model the animal is inoculated with
cancer cells into specific tissue sites resulting in the
formation of a primary tumor that spontaneously
metastasizes. The experimental method bypasses the steps of
primary tumor growth and intravasation by direct injection
into the vasculature, which results in the formation of
metastases. Both methods have contributed to our
understanding of metastasis, although their relevance to the
biology of the multi-step metastatic process should be
interpreted with caution.

In the present study, we developed an orthotopic liver
metastasis mouse model of experimental and spontaneous
liver metastases using intra-splenic and cecal injections with
low and high numbers of cells. The results showed that the
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cell number and injection site were important factors to
develop the in vivo liver metastasis model. Intra-splenic
injection with a high cell number achieved rapid tumor
formation and the highest metastatic rate. However, survival
was shorter compared to the other groups. Spontaneous
metastasis in the high-cell number group formed a primary
tumor and liver metastasis. From a technical aspect, the cecal
injection was more difficult and had risks of tumor cell
leakage post-injection and intraluminal injection. Historical
models of splenic injection do not allow for study of invasion
at the primary site for tumor growth, whereas models of
cecal injection offer an improvement, as invasion at the
injection site can be obtained (14). In the present study, both
the splenic- and cecal-injected groups showed invasion at the
primary and liver metastatic sites (Figure 7).

The two techniques used to establish the orthotopic mouse
model in this study have unique advantages and
disadvantages that should be considered depending on the
specific experimental aim. The intra-splenic injection model
displayed the fastest approach to develop a liver metastasis
mouse model. A low cell number (2><106) should be used for
this model because of the high mortality rate in the high cell
number injected group. The cecal injection mouse model
represents the process of metastasis from growth of the
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Figure 7. (A) Hematoxylin and eosin (H&E) staining of no.5 in the 2x106 cell intra-splenic injection group and no.2 in the 5x10° cell group; (B)
H&E staining of no.6 in 2x10° cell cecal injection group and no.2 in the 5x106 cell group. T, Tumor; N, normal cells. Yellow arrows indicate
invasiveness of the primary tumor. Left panel, magnification x40; right panel, magnification x200.

primary tumor to formation of clinically relevant metastasis. ~ superior visualization of the entire process of metastasis
The cecal injection model with high cell number (5x10%)  during early and late colon cancer. Liver metastasis was
showed more uniform results for spontaneous metastasis.  more easily detected with IVIS imaging than MRI at the
Moreover, the use of MRI and optical imaging enabled early stages. The orthotopic model of colon cancer described
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in this study offers a more optimized liver metastasis model
for pre-clinical therapeutic evaluations and provides a
powerful tool for molecular and cellular characterization of
multistep metastasis. Furthermore, the ability to perform
MRI and IVIS optical imaging with this model allows for the
assessment of tumor spread in real-time in each animal.
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