
Abstract. Background: Various animal models have been
introduced into the study of liver metastasis of colorectal
cancer, but they have not been compared under the same
conditions. The aim of this study was to identify an optimized
mouse model that showed a high rate of hepatic metastasis
and expression of clonal dynamics. Materials and Methods:
Athymic nude mice (n=30) were divided into two equal
groups for the creation of a splenic injection model (SIM)
and surgically orthotopic implantation model (SOIM) of liver
metastasis of colorectal cancer using HCT116 cells. Hepatic
metastasis was confirmed by gross and microscopic
examinations. Expression of MET transcriptional regulator
MACC1 (MACC1) in colon cancer cell lines and metastatic
tumors in the group with a higher liver metastasis rate was
confirmed by quantitative reverse-transcription–polymerase
chain reaction. Results: The observation time was
significantly shorter for SIM than for SOIM (33.0±6.8 vs.
41.2±7.2 days, p<0.001). The rate of hepatic metastasis was
significantly higher in SIM than in SOIM (76.9% vs. 38.4%,
p=0.038). MACC1 was expressed in Colo201, HCT116,
HT29, LS513, SW620, and WiDr cells but not in SW480
cells. All hepatic metastases in SIM mice expressed MACC1,
and metastatic HCT116 cells had significantly greater
expression than did the original HCT116 cells (p<0.001).
Conclusion:  With a higher rate of hepatic metastasis with
clonal dynamics in a shorter observation time than the
SOIM, SIM appears to be a good animal model for

identifying new targets and in drug development for
colorectal cancer liver metastasis. SOIM should also be
considered for the study of the full steps of metastasis.

Colorectal cancer (CRC) is currently the third leading cause
of death in the United States, and its incidence is increasing
in Asia. The main cause of death from CRC is metastasis (1).
Approximately 70-80% of CRC metastases occur in the liver
(2). Genes and other factors that affect the adenoma–
carcinoma sequence and the onset of CRC have been well
established but those affecting CRC metastasis remain
unclear (3). Anticancer chemicals and monoclonal antibody
therapies that suppress metastasis and recurrence are being
used to treat diseases (4-7). Notably, these drugs only
suppress cell division and growth. Currently, no drug is
available that definitively blocks the process of metastasis.
There is a strong need to determine the causative biomarkers
of metastasis, particularly liver metastasis. Patient-derived
xenograft (PDX) models generated by direct engraftment of
human tumor tissues obtained through biopsy or surgical
resection into immunodeficient rodents are the models of
choice for the investigation of clinically relevant questions in
cancer research (8). The subcutaneous injection method is
suitable for the observation of cancer growth rates and for
drug-screening tests. However, liver metastasis does not occur
by this method (9-11). The intraportal injection method
reproducibly results in liver metastasis in almost all animals
but mortality rates due to surgery or anesthesia are 6-10% and
the method is more complicated than the splenic injection
method (12, 13). The surgical orthotopic implantation model
(SOIM), which offers the advantage of microenvironment
maintenance for study of the metastatic capacity of tumor
cells (14), and the splenic injection model (SIM) are both
suitable for the modeling of hematogenous metastasis (10,
13). Although several studies of the SOIM and SIM have
been conducted, these models have not been compared
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directly as far as we are aware. Furthermore, these animal
models yield different metastatic rates depending on the
mouse strain, cancer cell line, and injection method used,
which impedes selection of a suitable animal model for the
study of liver metastasis. Another critical consideration is that
cancer evolves by a reiterative process of clonal expansion,
genetic diversification and clonal selection (15). Although
PDXs can largely recapitulate the polygenomic architecture
of human tumors, they do not fully account for heterogeneity
in the tumor microenvironment (16). Human tumors are
comprised of multiple subclones that harbor distinct genetic
and epigenetic changes. The ideal animal model should
reflect heterogeneity and clonal dynamics. Thus, an optimized
mouse model with a high metastatic rate, simple method of
generation, short observation time, high degree of
reproducibility, and clonal dynamics must be established
preferentially for the study of liver metastasis of CRC.

The aim of this study was to identify an optimized mouse
model with an improved rate of hepatic metastasis and clonal
dynamics by comparing the SIM and SOIM under the same
experimental conditions.

Materials and Methods

Athymic nude mice (n=30) were divided into two equal groups for
creation of the SIM and SOIM. The metastatic rate was determined
according to the prevalence of metastases on gross and microscopic
examination. All experiments were conducted after obtaining
approval from the Inje University College of Medicine Animal
Ethics Committee (no. 2017-013).

Cell lines and culture. Colon cancer cell lines Colo201, HCT116,
HT29, LS513, SW480, SW620 and WiDr were purchased from the
American Type Culture Collection (Manassas, VA, USA). The cells
were cultured in RPMI 1640 medium supplemented with 5% fetal
bovine serum and glutamine. HCT116 cells are poorly differentiated
CRC cells that secrete 1 ng carcinoembryonic antigen per million
cells; they were originally isolated from a 50-year-old male patient.
The HCT116 cell line was chosen to compare the animal models
because it is a well-known colon cancer cell line with high tumor
take and metastasis rates (17, 18). A total of 2×106 HCT116 cells
per 100 μl RPMI 1640 medium were used for the SIM. A total of
5×106 HCT116 cells per 200 μl RPMI 1640 medium were used to
produce xenografts for the SOIM.

Mice. Female BALB/c athymic nude mice aged 6 weeks (Orient
Co., Seoul, Korea) with a mean body weight of 18.5±0.8 g were
used. Fifteen mice were assigned to each of the SIM and SOIM
groups. They were kept in cages (three mice/cage) with free access
to food and water, and a 12/12-h light/dark cycle. 

Splenic injection. The athymic nude mice were anesthetized with
2% isoflurane. All surgeries were performed with the mouse on a
heating pad equipped with a thermometer to maintain the animal’s
body temperature during the procedure. Each mouse was placed on
the operating table in the right lateral recumbent position, and the
skin was sterilized using 83% alcohol swabs. A left-side flank

incision was made, and the peritoneum was opened to a length of
approximately 8 mm; the spleen was exposed over the peritoneum.
HCT116 cells (2×106/100 μl) were injected slowly into the splenic
parenchyma using a 30-G needle (Figure 1). Then the puncture site
was pressed closed with a cotton swab for 10 min to prevent
bleeding and cell leakage. After confirming the lack of bleeding at
the injection site, the spleen was returned to the abdominal cavity,
and the peritoneum was closed in one layer using 4-0 absorbable
Vicryl sutures. The mice were kept in the recovery room on heating
pads to maintain their body temperatures until they recovered from
anesthesia. They were then returned to their cages.

Surgical orthotopic implantation. HCT116 cells (5×106/200 μl)
were injected into the subcutaneous layers of both flanks of five
athymic nude mice to establish a subcutaneous xenograft. Once the
size of the xenograft tumor exceeded 1 cm, after 2-6 weeks, the
mice were euthanized, and the tumors were removed and stored in
Earle’s minimum essential medium at 4˚C. Before implantation,
each xenograft tumor was washed twice with antibiotic-containing
Earle’s minimum essential medium for at least 10 min to prevent
contamination and infection. After the removal of necrotic and
noncancerous tissues of the xenograft tumor, the remaining cancer
tissues were divided into pieces of approximately 1 mm3. A 1-cm
midline laparotomy was performed in a healthy nude mouse under
2% isoflurane anesthesia for orthotopic implantation of these small
pieces of xenograft. The cecum was exteriorized, and the colonic
subserosal layer was exposed by tearing the serosa with two sharp
microforceps. Two 1-mm3 pieces of xenograft tumor were
implanted into the mural wall at two different sites using 9-0
nonresorbable sutures under a dissecting microscope. The cecum
was returned to the abdominal cavity, and the laparotomy was
closed using 4-0 absorbable Vicryl sutures. A schematic illustration
of the SOIM procedure is provided in Figure 2. 

Gross and microscopic assessment. The mice were monitored
closely until 20-30% of all mice in each group showed cachexia. At
this time, the mice were euthanized with CO2 gas, and necropsy was
initiated. The liver, lymph nodes, lung, peritoneum, and spleen of
each mouse were resected and processed for gross and microscopic
examinations. Portions of the harvested organs were fixed in 10%
neutral buffered formalin for 24 h and embedded in paraffin. The
tissues were stained with hematoxylin and eosin. A pathologist
assessed metastasis grossly and microscopically in a double-blinded
manner.

Quantitative reverse-transcription polymerase chain reaction.
Expression of the MET transcriptional regulator MACC1 (MACC1)
gene was analyzed to identify the clonal dynamics of the metastatic
tumors compared with the original cancer cells. The colon cancer
cell lines and samples of tumor metastases in the group with the
highest metastasis rates were selected, and mRNA was obtained
using a total RNA extraction kit (Easy-Spin; iNtRON
Biotechnology, Daejeon, Republic of Korea). For quantitative
reverse-transcription polymerase chain reaction (qRT-PCR), 5 μg
Oligo(dT) primer (Promega, Madison, WI, USA) was added to 1 μg
total RNA in a total volume of 15 μl in nuclease-free water, and
incubated at 70˚C for 10 min. The RNA template was incubated at
42˚C for 1 h and 72˚C for 10 min with a mixture that included M-
MLV reverse transcriptase (Promega) for cDNA synthesis. Next, the
synthetsized cDNA template was added to the qRT-PCR reaction
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mixture, and qRT-PCR was performed. The MACC1 primer sequences
were: forward, 5’-TTCTTTTGATTCCTCCGGTGA-3’ and reverse, 5’-
ACTCTGATGGGCATGTGCTG-3’. PCR consisted of 35 total cycles
of 30 s at 95˚C for pre-denaturation, 5 s at 95˚C for denaturation, 40 s
at 55˚C for annealing, 30 s of extension at 72˚C, and 10 min for the last
extension at 72˚C. Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) mRNA was used as an internal control. The GAPDH primer
sequences were: forward, 5’-GAAGATGGTGATGGGATTTC-3’ and
reverse, 5’-GAAGGTGAAGGTCGGAGT-3’. All PCR samples were
assessed by 2% agarose gel electrophoresis. The ratio of MACC1
expression relative to that of GAPDH was quantified with using Image
J (National Institutes of Health, Bethesda, MA, USA).

Western blot analysis. The extraction of proteins from each colon
cancer cell lines and metastatic liver tumors were performed with
Pro-Prep solution (iNtRON Biotechnology, Daejeon, Republic of
Korea) containing a phosphatase inhibitor cocktail (Sigma, Saint

Louis, MO, USA). After lysis, protein quantification was performed
using Bradford assays (Biorad, Hercules, CA, USA). The samples
were electrophoresed by 10% sodium dodecyl sulfate -
polyacrylamide gel electrophoresis gel (30 mA for 2 h) and
transferred onto polyvinylidene fluoride membrane (400 mA for 2
h, at 4˚C). After probing with 1:1000 diluted rabbit polyclonal
antibody to MACC1 (Abcam, Cambridge, MA, USA) at 4˚C
overnight, the blots were subsequently incubated with horseradish
peroxidase-conjugated secondary antibody (1:5,000). The blots were
visualized using ECL system (Amersham Biosciences, Cambridge,
UK) and LAS3000 (Fuji Film, Tokyo, Japan).

Immunohistochemistry. Metastatic tumors in liver were prepared for
immunohistochemistry from the formalin-fixed paraffin-embedded
tissues from harvested mouse liver. The specimens were sliced at 4-
μm thickness, deparaffinized, and then rehydrated in graded
alcohols. Immunohistochemical staining for MACC1 was performed

Bae et al: An Animal Model of High Metastasis Rate With Clonal Dynamics

3299

Figure 1. Splenic injection model with HCT116 cells. In total, 2×106/100 μl HCT116 cells were injected slowly into the splenic parenchyma using
a 30-G needle. The puncture site was pressed closed with a cotton swab for 10 min to prevent bleeding and cell leakage.

Figure 2. Surgical orthotopic implantation model with HCT116 xenograft. Small pieces of tumor from a 1-cm xenograft developed from subcutaneous
injection of 5×106 HCT116 cells were orthotopically implanted into the subserosal layer of the cecum in each healthy nude mouse using a dissecting
microscope. 



ANTICANCER RESEARCH 40: 3297-3306 (2020)

3300

Figure 3. Gross findings for the splenic injection model. A: Numerous whitish metastatic nodules were seen in the liver parenchyma. B: Spleen with
a successfully implanted tumor and a whitish mass. C: Peritoneal seeding. D: Axillary lymph-node enlargement with tumor metastasis.

Figure 4. Microscopic findings for the splenic injection model at ×20 (left panels) and ×40 (right panels) as shown by hematoxylin and eosin
staining. A: Metastatic carcinoma (arrows) was seen in the liver. B: The spleen was infiltrated by implanted HCT116 cancer cells, with central
tumor necrosis (arrows).



using the avidin–biotin–peroxidase complex method, with primary
reaction with rabbit polyclonal MACC1 antibody (Abcam). As
secondary antibody, anti-rabbit horseradish peroxidase-conjugated
was used according to the manufacturer’s protocol.

Statistical analysis. The statistical analysis was performed using SPSS
21.0 for Windows (IBM, Armonk, NY, USA). The chi-squared test
was used to assess categorical variables. Mean differences between
two independent groups were analyzed using Student’s t-test. p-
Values of less than 0.05 were considered to be significant.

Results
Comparison of the SIM and SOIM. Two mortalities were
recorded, one from each mouse group; these mice did not
recover from anesthesia. The mean observation times for the
SIM and SOIM groups (n=14 each) were 33.0±6.8 and
41.2±7.2 days, respectively (p<0.001). The rate of survival
of implanted tumor in mice, which included growth at the
local implantation site, peritoneal seeding/liver metastasis,
was the same for both groups (13/14). The rates of tumor
growth at the implantation sites were 10/13 in the SIM group

and 13/13 in the SOIM group (p=0.065). Peritoneal seeding
did not differ between groups (9/13 vs. 9/13), but the liver
metastasis rate was significantly higher in the SIM group
than in the SOIM group (10/13 vs. 5/13, p=0.038). Gross
examination of samples from the SIM group showed whitish
splenic lesions in the HCT116-implanted parenchyma and
multiple nodular whitish metastases in the livers, which
seemed to be shaped very similarly to human liver
metastases of CRC (Figure 3A and B). Peritoneal seeding
was detected in the whole abdomen, and in the mesentery
and bowel walls (Figure 3C). Axillary lymph-node
metastasis, which is not a common growth pattern of human
CRC, was noted in two mice of the SIM group (Figure 3D).
Microscopic examination of samples from the SIM group
showed that pleomorphic and hyperchromatic metastatic
carcinoma cells had infiltrated the mouse liver parenchyma
(Figure 4A), and the spleen was infiltrated by the implanted
HCT116 cancer cells with central tumor necrosis (Figure
4B). Gross examination of samples from the SOIM group
revealed a huge conglomerated mass growing on the colon
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Figure 5. Gross findings for the surgical orthotopic implantation model. A: Orthotopically implanted tumors successfully grew and formed a huge
conglomerated mass in the colon. B: Peritoneal seeding. C: Whitish metastatic nodules were detected in the liver. D: Whitish nodular metastatic
lesions were detected in the lungs.



in a mouse orthotopically implanted with HCT116 (Figure
5A), and peritoneal seeding in the small bowel mesentery
(Figure 5B). The livers had multiple whitish nodular
metastases (Figure 5C), and the lungs also had whitish
nodular metastases (Figure 5D). Microscopic examination of
samples from the SOIM group showed that the orthotopically
implanted HCT116 cells had infiltrated the muscularis
propria, submucosal, and mucosal layers of the mouse colon,
very similar to the patterns observed for primary human
CRC lesions (Figure 6A). Livers (Figure 6B) and lungs
(Figure 6C) from the SOIM group were infiltrated by
metastatic HCT116 cells, similar to human CRC metastasis.

MACC1 expression in the colon cancer cell lines. Multiple
human colon cancer cell lines were selected because of their
well-known characteristics of original staging and
differentiation, and varied metastatic behavior. qRT-PCR
showed that MACC1 gene was expressed in all the studied

cell lines except SW480. Western blot showed that a pattern
similar to that shown by qPCR, with high expression of
MACC1 protein in the HT29, LS513, SW620, and WiDr cell
lines, while Colo201 and HCT 116 had little expression, and
SW480 had no expression (Figure 7A and B). 

Clonal dynamics. All hepatic metastases in SIM mice
expressed MACC1, with significantly greater expression
observed in metastatic HCT116 cells than in the original
HCT116 cells (p<0.001; Figure 8A and B). The metastases
in the liver showed strong positivity for MACC1 by
inmmunohistochemistry (Figure 8C and D).

Discussion

Numerous animal models have been established for CRC
research. The ideal model should mimic all aspects of
metastatic development in humans but metastasis and other
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Figure 6. Microscopic findings for the surgical orthotopic implantation model as shown by hematoxylin and eosin staining. A: Orthotopically
implanted tumor (arrow) invading the muscularis propria, submucosal, and mucosal layers of colon (×20 and ×40). Metastatic carcinomas (arrows)
in B: liver (×40 and ×100) and C: lungs (×20 and ×40).



patterns are not uniform and reproducible among models
because of differences in the inoculation method, mouse
strain and age, cancer cell line, and laboratory conditions.
The present study was conducted to compare the SIM and
SOIM, which are well-established mouse models of CRC
metastasis to liver. Both groups consisted of mice aged
exactly 6 weeks because differences in natural killer cell–
mediated cytotoxicity between young and old nude mice can
affect the implantation and metastasis of human cancer cells
(17). The HCT116 cell line was chosen as the human colon
cancer cell line for comparison because it has shown high
motility and invasive potential in in vitro studies, and has
been found to be highly tumorigenic in in vivo subcutaneous
xenograft studies (18, 19). The HCT116 cell line has also
been well established as an orthotopic model with cecal
injection of cell suspensions or surgical cecal implantation
of two 1-mm3 pieces of xenograft (20, 21). 

A shorter observation time in an animal model for
metastasis study means that experiments can be completed
more rapidly. In the present study, the mean observation
times until the occurrence of cachexia were 33 and 41 days
in the SIM and SOIM, respectively. Giavazzi et al. reported
the detection of extensive liver metastases in nude mice 30
days after intrasplenic implantation of cancer cells from a

liver tumor (22). Rajput et al. studied the orthotopic model
with HCT116 cells and found that animals were cachectic 6-
8 weeks after implantation, as evidenced by green
fluorescent protein imaging after 4 weeks (21). According to
Fidler (23), the sequential steps in the pathogenesis of cancer
metastasis are progressive growth of the primary cancer,
vascularization, invasion, detachment, embolization, survival
in circulation, arrest, extravasation, and progressive growth
at the metastatic site. Epithelial–mesenchymal transition
(EMT) is the essential step for the dissemination of a single
cancer cell from the site of a primary tumor (24). The SOIM
requires the completion of all steps of metastatic
pathogenesis, whereas the SIM does not require EMT at the
primary site, suggesting that it requires less time for hepatic
metastasis relative to the SOIM.

The rates of liver metastasis were 10/13 in the SIM group
and 5/13 in the SOIM group in this study. Many studies in
which the splenic injection method was used with various
cancer cells have yielded hepatic metastasis rates of 70-
100% (9-11, 25, 26). In contrast, many well-established
studies in which orthotopic implantation was used have
yielded rates of 0-100%, indicating variability according to
cancer origin from the primary and metastatic sites, and the
number of implanted tumor pieces (21, 27-30). Moreover,
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Figure 7. Expression of MET transcriptional regulator MACC1 (MACC1) in colon cancer cell lines. A: Quantitative reverse transcription polymerase
chain reaction was performed to determine the MACC1 expression level. The MACC1 gene was expressed in Colo201, HCT116, HT29, LS513,
SW620 and WiDr cells but not in SW-480 cells. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as an internal control and for
relative quantitative measurement of MACC1 expression. B: Western blot showed that a similar pattern of expression of MACC1 protein, with high
expression in the HT29, LS513, SW620 and WiDr cell lines, while Colo201 and HCT116 had little expression and SW480 no expression in. β-Actin
was used as control.



recent studies of the SOIM established with HCT116 cells
yielded liver metastasis rates of 0-67% (21, 29-31). In the
present study, the hepatic metastasis rate was significantly
greater in the SIM than in the SOIM, with use of the same
HCT116 cell line and nude mice of the same age. Thus, the
difference in the metastasis rate is definitely attributable to
the inoculation method. With the splenic method, almost all
cancer cells are thought to enter the portal vein through the
splenic vein and become inoculated into the liver
parenchymal capillary beds; with the cecal implantation
method, only a small proportion of the cancer cells undergo
EMT and enter the portal vein through the mesenteric vein. 

Numerous novel drugs for CRC treatment have been
screened using the PDX model, but the heterogeneity and
clonal dynamics of cancer and its microenvironment have
been reported as limitations of this model (16). We
investigated the heterogeneity and clonal dynamics of
metastatic tumors with MACC1 expression levels different
from the original cancer cells. MACC1 is a newly
identified key regulatory gene of the hepatocyte growth
factor–MET signaling, which can predict colon cancer
metastasis (32). MACC1 expression has been tested in
several well-established human cancer cell lines (33).
Almost all Duke C-staged or poorly differentiated colon

cancer cell lines, including Colo201, HCT116, HT29,
LS513, SW620 and WiDr, express MACC1, but the Duke
B-staged SW480 cell line does not. Stein et al. reported
that MACC1 is expressed in SW620 but not SW480 cells
(32), which our experimental results are in agreement with.
We identified MACC1 expression in the original HCT116
cells and in HCT116 SIM metastases. Interestingly, the
metastases had significantly greater MACC1 expression
than did the original cells, indicating that the HCT116
clone had changed during metastasis from the original
clone, which expressed a small amount of MACC1, to a
metastatic clone, which expressed a larger amount of
MACC1. Thus, the splenic injection of cancer cells resulted
in HCT116 clonal dynamics in which metastasis progressed
through hematogenous spread. 

The limitations of this study were the inclusion of a small
number of cases in each group and the use of a single gene
to compare clonal dynamics in a single cancer cell line,
which may have produced selection bias. Further research
should be performed to identify more characteristics and
mechanisms of heterogeneity and clonal dynamics during
hematogenous spread in the SIM, as well as changes during
EMT in the SOIM, which were not analyzed in this study
because of the small number of metastases that occurred. 
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Figure 8. Expression of MET transcriptional regulator MACC1 (MACC1) in the splenic injection model (SIM). Quantitative reverse transcription
polymerase chain reaction was performed to determine the expression level of MACC1 in metastases and the HCT116 cell line. Glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) was used as an internal control and for relative quantitative measurement of MACC1 expression. A: Almost
all hepatic metastases expressed MACC1 gene. B: MACC1 gene expression was significantly greater in metastatic HCT116 cells than in the original
HCT116 cells, indicating clonal dynamics during metastasis. C: Metastatic tumor (inset shown in D) in the liver showed strong positive
immunohistochemical staining for MACC1 (×40 and ×100). NC, Normal control.



In summary, the SIM for colon cancer cells had a shorter
observation time and greater rate of hepatic metastasis than
did the SOIM, and was very efficient and practical. Clonal
dynamics were also identified in the SIM. However, the
SOIM should also be considered for the development of
novel drugs to inhibit metastasis because this model mimics
the full steps of EMT and metastasis of human CRC.
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