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Experimental Peritoneal Metastasis Model: Which Type
of Rodents Should we Choose, and which Method
Should we Perform for the Intraperitoneal Inoculation
of Tumor Cells?
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ABSTRACT I

Aim: This study aimed to create a peritoneal metastasis (PM) model in Wistar albino rats and nude mice and compare PM models and different tumor
cell inoculation methods in the two experimental animal types.

Method: There were two main groups: group 1 comprised Wistar albino rats (n=16), and group 2 comprised nude mice (n=16). The group comprising
rats was divided into two subgroups (1A and 1B), to which different tumor inoculation methods were applied. Group 2, comprising nude mice, was
divided into two subgroups (2A and 2B), to which different tumor inoculation methods were applied. Euthanization was performed on the 7" and 14"
days after tumor inoculation. The obtained samples were evaluated macroscopically, microscopically, and biochemically.

Results: Although no PM model was formed in group 1, a PM model occurred in the subjects in group 2 who were euthanized on the 14™ day.
There was no statistically significant difference between the mean peritoneal carcinomatosis index scores, tumor diameters, and the amount of intra-
abdominal ascites in the subgroups (2A vs. 2B), in which the PM model was created by two different methods.

Conclusion: The inoculation of tumor cells with the peritoneal injection method enabled the creation of a PM model that can be used in experimental
studies. Although a PM model could not be established in rats, a complete PM model was established in nude mice. In future studies, we plan to
evaluate the efficacies of different drugs in the PM models we have created.
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Introduction is not enough scientific evidence on CRS + HIPEC. While

Colorectal cancer (CRC) is the second most common cause of only hyperthermia has a cytotoxic effect on cancer cells, CRS
and HIPEC potentiate each other’s effects when combined

with

cancer-related deaths worldwide. Peritoneal metastasis (PM)

chemotherapy.* When compared with systemic

has the worst prognosis among all CRC metastases.! While

an average survival of 1 year can be achieved with systemic chemotherapy, intraperitoneal chemotherapy provides a

chemotherapy in patients with PM due to CRC, 5-year survival ~More intense concentration of chemotherapeutic agents on

rates can reach up to 40-58% with cytoreductive surgery
(CRS) and hyperthermic intraperitoneal chemotherapy
(HIPEC).? Therefore, as standard treatment in selected
patients, the use of CRS + HIPEC is recommended.> Although
it is more successful against systemic chemotherapy, there

tumor cells, with lower systemic toxicity.” Thanks to all
these favorable effects, when HIPEC is applied, a 20-50 times
more intense tumoricidal effect is achieved compared with
using systemic chemotherapy.®
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In our study, we created a PM model in Wistar albino rats and
nude mice using CC-531 (rat-origin colon adenocarcinoma
cell line). We also compared the PM models created in the
two different experimental animal types using two different
tumor cell inoculation methods. Using the results, we
determined the most suitable type of rodent and the most
appropriate technique to be used.

Materials and Methods

Our study was conducted at The Experimental Animals
Laboratory between January and May 2022 with the
approval of the Dokuz Eylul University University Local
Animal Ethics Committee (approval number: 53/2019, date:
25.12.2019). In the process of establishing the PM model,
16 male 10-to-12-week- old Wistar albino rats and sixteen
7-to-8-week-old nude mice (athymic mice) bred in the
Experimental Animals Laboratory were used. Nude mice
caged in groups of four under laboratory conditions in air-
filtered laminar flow cabinets were monitored. The mice
were fed irradiated food and autoclaved reverse-osmosis-
treated water. All treatments were carried out under sterile
conditions in a laminar flow hood. The Wistar albino rats
were caged in groups of eight.

The group of rats was divided into two separate subgroups
(1A and 1B), in which two different tumor inoculation
methods were applied separately. Group 2, consisting
of nude mice, was divided into two subgroups (2A and
2B), each of which received a different tumor inoculation
method. In the animals in groups 1A and 2A, tumor cell
inoculation was performed by intraperitoneal injection,
while in the animals in groups 1B and 2B, it was performed
after peritoneal irritation via a laparotomy incision (Table
1). The mean weights of the Wistar albino rats and nude
mice were 300 (£50) g and 32 (+2) g, respectively.
Intraperitoneal inoculation of tumor cells: Cancer
cells from the CC531 colon adenocarcinoma cell line
were harvested during the logarithmic growth stage by
incubation at 37 °C under a humidified 5% CO, atmosphere.
Cells were then resuspended in phosphate-buffered saline
(PBS) for intraperitoneal injection. The suspended cells
were administered to the animals in groups 1A and 2A by

Table 1. Groups and tumor cell inoculation method

Group 1A (inoculation by intraperitoneal
Group 1 (n=16) injection)

Wistar albino rat ) i )
Group 1B (inoculation with laparotomy)
Group 2A (inoculation by intraperitoneal
Group 2 (n=16) injection)

Nude mouse ) i i
Group 2B (inoculation with laparotomy)

intraperitoneal injection using 16 mm long and 0.45 mm
diameter needles. After sterilization of the abdominal area,
the abdominal wall was passed by entering the abdominal
midline from the right lateral at a 90° angle using a 16 mm
needle. Then, a 1-2 mm needle was advanced at an angle
of 45°. It was confirmed by aspiration that there was no
intestinal content or bleeding. After these steps, tumor
cells were injected into the abdominal cavity.

Diethyl ether inhalation anesthesia was applied to the
animals in groups 1B and 2B, and the abdominal skin was
cleansed with povidone-iodine solution. The necessary
sterilization conditions were provided by covering the mice
or rats with sterile surgical drapes. A midline abdominal
incision of approximately 5 mm in length was made, and
the abdominal cavity was entered (Figure 1). Peritoneal
irritation was performed with the help of sterile fine-tipped
forceps, and peritoneal cells were inoculated into the
abdomen. The midline incision was closed primarily with
4/0 prolene sutures. Intraperitoneal inoculation of 5x10°
cells (0.3 cc in 200 pL PBS) was performed in all groups in
line with referenced studies.*

Follow-up, euthanization, and evaluation of subjects:
The animals were followed up daily. Laparotomies were
performed under diethyl ether inhalation anesthesia in four
animals from each group on the 7" and 14" days to evaluate
the results obtained. Those with macroscopic PM findings
were scored according to the peritoneal carcinomatosis
index (PCI). The PCI was calculated according to the largest
tumor diameter obtained from the experimental model,
the number of organs involved, and the presence of intra-
abdominal acid, with scores from two adjusted points (small
bowel, peritoneum, diaphragm, ascites, and other organs).*
Peritoneal cancer indices were determined, and scoring
totaling 8 points was performed with consideration of the
organ involved and the tumor diameter.

Figure 1. Tumor cells were inoculated into the intraperitoneal area by
making an incision of approximately 5 mm
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The results were evaluated as follows: small bowel and/or
mesenteric involvement: 1 point; peritoneal involvement:
1 point; diaphragmatic involvement: 1 point; ascites (+):
1 point; involvement of other organs: 1 point. Tumor
diameters were measured and scored as follows: no tumor
growth: 0 points; nodule diameter <2 mm: 1 point; nodule
diameter 2-5 mm or >5 tumor nodules: 2 points; nodule
diameter =5 mm or >10 tumor nodules: 3 points (Figure 2).
Ascites fluid was aspirated and quantified. Intra-abdominal
lavage was performed using saline solution, and the
examination of the samples retrieved did not reveal the
presence of macroscopic tumors.

After the retrieval of samples from the small intestine,
peritoneum, intra-abdominal fluid, and blood, the animals
were euthanized, and the tissue and intra-abdominal
fluid samples were evaluated histopathologically and
biochemically. The tissue samples were fixed in 10%
formaldehyde, cassetted, and embedded in paraffin blocks
after tissue follow-up. Frozen sections of 5 pm in thickness
were prepared from the optimal surface area of the sections.
The sections were then stained with hematoxylin and eosin
and examined under an Olympus x50 light microscope.
Tissue samples were evaluated for the presence of tumors,
tumoral pattern, differentiation, apoptosis, mitosis, and
necrosis. An evaluation was made by calculating the total
number of mitoses in 10 different tumor areas by magnifying
the field of vision 400 times under a light microscope
with a 40x objective. The number of apoptotic cells was
calculated by evaluating 5,000 cells and determining their
percentage in 1,000 cells. The tissue samples were evaluated
for evidence of tumor necrosis. Supernatants remaining
after the centrifugation of the mice’s intra-abdominal fluid

samples were studied using lysyl oxidase-like protein 1
(LOXL1) and TWIST transcription factor (TWIST) mouse-
compatible ELISA kits. Vascular endothelial growth factor

|

Figure 2. Metastatic nodules (shown with red arrows). The peritoneal
metastasis model was scored macroscopically using the peritoneal
cancer index

(VEGF) levels in the diluted fluid samples were calculated,
taking into account the mouse-compatible ELISA kit
application steps. According to the absorbance values
obtained from the standards, standard graphs of each test
were created. Concentrations were expressed by calculating
the absorbance values of the samples. The measuring range
and the measurement sensitivity of the LOXL1 ELISA kit
were 78-5,000 and 29 pg/mL, respectively. The measuring
range and the measurement sensitivity of the TWIST test
kit were 0.156-10 and 0.056 ng/mL, respectively. The
measuring range and the measurement sensitivity of the
VEGEF test kit were 15-1,000 and 9,375 pg/mL, respectively.

Statistical Analysis

Before the study, the number of experimental animals was
determined by a power analysis. The maximum number
of animals allowed by the animal experimentation ethics
committee was used to ensure statistically significant
results. Statistical analyses were performed using IBM’s
SPSS 24.0 statistics software program. The significance
of differences was assessed using the Kruskal-Wallis test.
Continuous variables were compared using an independent-
samples t-test. Descriptive statistics were presented in the
median (25™-75™ percentile) format. Fisher’s exact test, the
chi-squared test, and t-tests were used for the analysis of
qualitative data, and descriptive statistics were shown in
the form of frequencies. A value of p<0.05 was defined as
statistically significant.

Results

None of the rats in group 1 were lost during the experiment and
follow-up. However, wound infection/dehiscence occurred
in two animals in the group in which tumor inoculation was
performed by laparotomy. No macroscopic or microscopic
evidence of tumors was found in the evaluation performed
after the euthanization of the experimental animals, and no
PM developed in the Wistar albino rats.

In group 2, wound infection/dehiscence developed in three
animals in the subgroup in which tumors were inoculated
by laparotomy, one of whom exited on the 4™ postoperative
day. On day 7, four subjects from both subgroups were
euthanized. No macroscopic tumor or intra-abdominal
ascites was detected. However, microscopic tumor cells
were found in the intra-abdominal lavage fluid. On day
14, four experimental animals from each subgroup were
euthanized. Macroscopic tumors and intra-abdominal
ascites were detected in all subjects. Diffuse intra-abdominal
ascites and widespread tumor implants were observed in the
small intestines and peritoneum. In groups 2A and 2B, in
which the PM model was created by two different methods,
there was no statistically significant difference between the
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mean PCI scores, tumor diameters, and the amount of intra-
abdominal ascitic fluid [PCI: 7.50 (x0.57) vs. 7.25 (+0.50);
tumor diameter: 3.75 (£1.70) mm vs. 3.50 (£1.29) mm;
ascitic fluid: 3.50 (1) mL vs. 3.37 (+0.85) mL] (Table 2).
Microscopic findings: When the tissue samples harvested
from the intestinal system, peritoneum, and liver after
euthanization were evaluated under a microscope, tumor
cell infiltration was observed in all tissues. There were
nodular and undifferentiated tumor samples. There was no
statistically significant difference between groups 2A and 2B
in terms of mitotic and apoptotic cell counts (Table 3).
Biochemical findings: There was no statistically significant
difference between groups 2A and 2B in terms of the mean
VEGF, LOX1, and TWIST values of intra-abdominal ascites
(Table 4).

Table 2. There was no statistically significant difference
between the mean PCI scores, tumor diameters, and the
amount of intra-abdominal ascites in the subgroups (group
2A vs. group 2B), in which the PM model was created by two
different methods

PCI 7.50+0.57 7.25+0.50 0.537
Tumor diameter (mm) 3.75+1.70 3.50+1.29 0.823
Ascites (mL) 3.50+1 3.37+0.85 0.855

Kruskal-Wallis test, t-test, PCI: Peritoneal carcinomatosis index, PM:
Peritoneal metastasis, SD: Standard deviation

Table 3. The means of tumor tissues in the groups, mitosis
counts, and apoptosis counts

Group 2A

Inoculation by 12,250 (std 2.06) 6.75 (std 2.21)

intraperitoneal injection

Group 2B

) . 13,000 (std 1.41)
Inoculation with laparotomy

6.00 (std 2.70)

p-value 0.570 0.683

Kruskal-Wallis test, t-test, std: Standard deviation

Discussion

Experimental models created for the treatment of patients
with PM will enable the realization of preclinical studies and
new treatment options in the future. Studies based on mouse
models allow researchers to learn about diseases with highly
complex and dynamic pathophysiologies, such as cancer.”®
Clinical advances in cancer research in recent years have
been associated with the efficient use of preclinical tumor
models. They have also provided us with the opportunity
to understand tumor growth, physiology, and interactions
with the tumor microenvironment. Models created by
grafting tumor cells into genetically engineered mouse
models (nude/athymic mice) constitute useful and usable
experimental tools in cancer research.”'® In our study, we
used Wistar albino rats and genetically engineered nude
mice, a species routinely used in experimental trials. We
evaluated the relevant differences between both species. We
also compared rats that were more suitable in terms of both
size and endurance during surgical procedures and follow-
up with much smaller and fragile immunosuppressive nude
mice, in which the performance of surgical procedures
could be more difficult. A suitable PM model could not
be established using rats; however, we were able to create
a suitable PM model in nude mice that could be used in
experimental studies.

The most common cell lines used to induce the development
of PM in mouse models include MC38 and CT26 (colon
adenocarcinoma cell lines).!!* We used the CC531 rat colon
adenocarcinoma cell line in our study, which enabled us to
create an effective model for use in experimental studies.
Peritoneal inoculation can be performed by intraperitoneal
injection or via a laparotomy approach directly into the
peritoneal cavity. The desired number of cells for the
peritoneal inoculation model is determined according to
the tumor cell line used and the degree of aggression (i.e.,
MC38: 2-5x10° cells and ID8 (epithelial ovarian cell line):
5-10x10° cells). For this reason, the number of cells used for
peritoneal inoculation and the volume of cells suspended
both for peritoneal inoculation and the wider dissemination
of cells throughout the peritoneal cavity are of critical
importance.!**>!" In our study, 5x10° cells were resuspended

Table 4 VEGF, LOX1, and TWIST values in intra-abdominal fluid

Group 2A 377,382 (std = 174,620) 496,250 (std + 166,851) 1,241 (std = 0.205)
Group 2B 335,535 (std = 128,002) 510,000 (std + 140,059) 1,165 (std = 0.219)
p-value 0.712 0.904 0.629

Kruskal-Wallis test, t-test, VEGF: Vascular endothelial cell growth factor, LOX1: Lysyl oxidase-like protein 1, TWIST: Twist transcription factor, std:
Standard deviation
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(0.3 cc, 200 pL PBS) and injected into the intraperitoneal
area of all groups. Two different methods were used to
inoculate cells intraperitoneally:
injection or peritoneal irritation through a laparotomy
approach under anesthesia, with the cells released directly
into the peritoneal area. In both groups of different species
of rodents, post-procedural morbidities (wound infection/
dehiscence) were observed in the groups that underwent
laparotomy using these two different methods. One animal

either intraperitoneal

died in the nude mouse group. The morbidity rate was 25%
(n=2) in group 1B (Wistar albino rats), and the morbidity
and mortality rates in group 2B (nude mice) were 50%
(n=4) and 12.5% (n=1), respectively.

In different studies, a PM model was created between
the 7" and 40™ days, depending on the type of cells
given after intraperitoneal inoculation.*'®! In our study,
the experimental animals divided into groups after the
inoculation of tumor cells were euthanized on the 7™
and 14™ days. No tumors were detected macroscopically
or microscopically in the animals in group 1. In group 2,
extensive peritoneal tumors were observed in the group
that was euthanized on the 14" day. On the 7™ day, tumor
cells were observed in the cytological samples obtained by
intra-abdominal lavage, but no macroscopic tumors were
observed.

There are significant differences between the peritoneums
of rodents and humans. The most important difference is
related to the omentum, which is a highly vascularized
organ critical to the development of PM in humans;
however, the mouse omentum is hypovascular and does
not play the same role in mice.?*** Due to the complexity
of cancer pathophysiology, it is very difficult to establish
an ideal PM model. Therefore, results in mice should
always be carefully evaluated and interpreted. However,
rodents belong to a species suitable for simulating PM
in experimental studies. Considering all these facts, PM
models are applicable and suitable models for testing
different chemotherapeutic agents for application to the
peritoneal cavity.

Study Limitations

In our study, two different species produced by us in the
animal experiments laboratory were used. The diversity of
rodent species can be increased.

Conclusion

In our study, a suitable PM model was developed that can be
used in studies performed with nude mice. We determined
that intraperitoneal injection is the most appropriate method
for the intraperitoneal inoculation of tumor cells. Using
this method, a PM model can be created with acceptable

morbidity and mortality rates. In future studies, we plan to
use this model for intraperitoneal therapeutic approaches.

Ethics

Ethics Committee Approval: Our study was conducted at
The Experimental Animals Laboratory between January and
May 2022 with the approval of the Dokuz Eylal University
University Local Animal Ethics Committee (approval
number: 53/2019, date: 25.12.2019).

Informed Consent: Patient approval has not been obtained
as it is performed on animals.

Peer-review: Externally peer-reviewed.

Authorship Contributions

Surgical and Medical Practices: B.M., T.B., Concept: B.M.,
AE.C., Design: BM., T.B.,, AE.C,, SAA, ZS A, OY,
Data Collection or Processing: B.M., T.B., Analysis or
Interpretation: B.M., S.A., ZS.A., O.Y., Literature Search:
BM.,, T.B.,,AE.C,S.A.,ZS.A., O.Y., Writing: BM., AE.C.
Conflict of Interest: No conflict of interest was declared by
the authors.

Financial Disclosure: This study was supported by a

research grant from University Scientific Research Projects
(2021.KB.SAG.063 and 2021.KB.SAG.003).

References

1. Narasimhan V, Britto M, Pham T, Warrier S, Naik A, Lynch AC, Michael
M, Tie J, Ramsay R, Heriot A. Evolution of Cytoreductive Surgery and
Hyperthermic Intraperitoneal Chemotherapy for Colorectal Peritoneal
Metastases: 8-Year Single-Institutional Experience. Dis Colon Rectum
2019;62:1195-1203.

2. Esquivel ], Lowy AM, Markman M, Chua T, Pelz J, Baratti D, Baumgartner
JM, Berri R, Bretcha-Boix P, Deraco M, Flores-Ayala G, Glehen O, Gomez-
Portilla A, Gonzalez-Moreno S, Goodman M, Halkia E, Kusamura S, Moller
M, Passot G, Pocard M, Salti G, Sardi A, Senthil M, Spilioitis ], Torres-
Melero J, Turaga K, Trout R. The American Society of Peritoneal Surface
Malignancies (ASPSM) Multiinstitution Evaluation of the Peritoneal Surface
Disease Severity Score (PSDSS) in 1,013 Patients with Colorectal Cancer
with Peritoneal Carcinomatosis.Ann Surg Oncol 2014;21:4195-4201.

3. LiY,YuY, LiuY. Report on the 9(th) International Congress on Peritoneal
Surface Malignancies. Cancer Biol Med 2014;11:281-284.

4. Pelz JO, Doerfer J, Hohenberger W, Meyer T. A new survival model for
hyperthermic intraperitoneal chemotherapy (HIPEC) in tumor-bearing rats
in the treatment of peritoneal carcinomatosis. BMC Cancer 2005;5:56.

5. Jacquet P, Sugarbaker PH. Clinical research methodologies in diagnosis
and staging of patients with peritoneal carcinomatosis. Cancer Treat Res
1996;82:359-374.

6. Witkamp AJ, de Bree E, Kaag MM, Boot H, Beijnen JH, van Slooten
GW, van Coevorden F, Zoetmulder FA. Extensive cytoreductive surgery
followed by intra-operative hyperthermic intraperitoneal chemotherapy
with mitomycin-C in patients with peritoneal carcinomatosis of colorectal
origin. Eur J Cancer 2001;37:979-84.

7. Treson CR, Alavijeh MS, Palmer AM, Fowler ER, Jones HJ. The role of
mouse tumour models in the discovery and development of anticancer
drugs. Br J Cancer 2019;121:101-108.

8. Buqué A, Galluzzi L. Modeling Tumor Immunology and Immunotherapy
in Mice. Trends Cancer 2018;4:599-601.



Manoglu et al.
Experimental Peritoneal Metastasis Model 8b

10.

11.

12.

13.

14.

15.

Walrath JC, Hawes JJ, Van Dyke T, Reilly KM. Genetically engineered
mouse models in cancer research. Adv Cancer Res 2010;106:113-164.

DuPage M, Jacks T. Genetically engineered mouse models of cancer reveal
new insights about the antitumor immune response. Curr Opin Immunol
2013;25:192-199.

Abou-Elkacem L, Arns S, Brix G, Gremse F, Zopf D, Kiessling F, Lederle
W. Regorafenib inhibits growth, angiogenesis, and metastasis in a highly
aggressive, orthotopic colon cancer model. Mol Cancer Ther 2013;12:1322-
1331.

Lee YS, Lee WS, Kim CW, Lee SJ, Yang H, Kong SJ, Ning ], Yang KM,
Kang B, Kim WR, Chon HJ, Kim C. Oncolytic vaccinia virus reinvigorates
peritoneal immunity and cooperates with immune checkpoint inhibitor to
suppress peritoneal carcinomatosis in colon cancer. ] Immunother Cancer
2020;8:¢000857.

Sedlacek AL, Gerber SA, Randall TD, van Rooijen N, Frelinger JG, Lord
EM. Generation of a dual-functioning antitumor immune response in the
peritoneal cavity. Am J Pathol 2013;183:1318-1328.

Taibi A, Albouys J, Jacques J, Perrin ML, Yardin C, Durand Fontanier
S, Bardet SM. Comparison of implantation sites for the development
of peritoneal metastasis in a colorectal cancer mouse model using non-
invasive bioluminescence imaging. PloS One 2019;14:¢0220360.

Chen CH, Kuo CY, Chen SH, Mao SH, Chang CY, Shalumon KT, Chen
JP. Thermosensitive injectable hydrogel for simultaneous intraperitoneal

delivery of doxorubicin and prevention of peritoneal adhesion. Int ] Mol
Sci 2018;19:1373.

16.

17.

18.

19.

20.

21.

22.

Yoshimura M, Fujiwara H, Kubota T, Amaike H, Takashima K, Inada
S, Atsuji K, Araki Y, Matsumoto K, Nakamura T, Yamagishi H. Possible
inhibition of cancer cell adhesion to the extracellular matrix in NK4-
induced suppression of peritoneal implantation. Anticancer Res
2005;25:3847-3854.

Cai Q, Yan L, Xu Y. Anoikis resistance is a critical feature of highly
aggressive ovarian cancer cells. Oncogene 2015;34:3315-3324.

Zhang L, Yang N, Garcia JR, Mohamed A, Benencia F, Rubin SC, Allman
D, Coukos G. Generation of a syngeneic mouse model to study the effects
of vascular endothelial growth factor in ovarian carcinoma. Am J Pathol
2002;161:2295-23009.

Bastiaenen VP, Klaver CEL, van der Heijden MCS, Nijman LE, Lecca MC,
Tanis PJ, Lenos KJ, Vermeulen L. A mouse model for peritoneal metastases
of colorectal origin recapitulates patient heterogeneity. Lab Invest
2020;100:1465-1474.

Wilkosz S, Ireland G, Khwaja N, Walker M, Butt R, de Giorgio-Miller A,
Herrick SE. A comparative study of the structure of human and murine
greater omentum. Anat Embryol (Berl) 2005;209:251-261.

Etzerodt A, Moulin M, Doktor TK, Delfini M, Mossadegh-Keller N, Bajenoff
M, Sieweke MH, Moestrup SK, Auphan-Anezin N, Lawrence T. Tissue-
resident macrophages in omentum promote metastatic spread of ovarian
cancer. ] Exp Med 2020;217:e20191869.

Krishnan V, Tallapragada S, Schaar B, Kamat K, Chanana AM, Zhang Y,
Patel S, Parkash V, Rinker-Schaeffer C, Folkins AK, Rankin EB, Dorigo
O. Omental macrophages secrete chemokine ligands that promote ovarian
cancer colonization of the omentum via CCR1. Commun Biol 2020;3:524.




