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1. Abstract 

Cancer is a major public health problem worldwide. Although cancer death rates have been contin- 

uously declining for the past 2 decades, it is currently the second and first leading cause of death in 

the United States and Taiwan, respectively. Cancer is expected to surpass heart diseases as the leading 

cause of death in the next few years. The top 10 cancer types for estimated cases and deaths worldwide 

in 2018 were presented that lung cancer is the most commonly diagnosed cancer and the leading 

cause of cancer death, closely followed by female breast cancer, colorectal cancer, and prostate cancer 

for incidence and colorectal cancer, stomach cancer, and liver cancer for mortality. Therefore, the es- 

tablishment of the suitable cancer-bearing animal models and therapeutic strategies for development 

of more effective treatments for inhibition, not only of proliferation, but also of cancer metastasis is 

urgently needed. In this study, we presented the successful establishment of four orthotopic xenograft 

or allograft cancer-bearing mouse models. We hope these cancer-bearing mouse models will applied 

to the new anti-cancer drug research and development in the future. 

3. Brief Introduction of Cancer Prevalence in the World 

and Taiwan 

The incidence and mortality of cancer are rapidly growing world- 

wide. The reasons are complex and both aging and growth of the 

population are related with the prevalence and distribution of the 

main risk factors for cancer. With rapid population growth and ag- 

ing worldwide, the rising prominence of cancer as a leading cause 

of death partly reflects in mortality rates of stroke and coronary 

heart disease, relative to cancer in many countries. According to 

the reports of the World Health Organization (WHO) in 2015, can- 

cer is the first or second leading cause of death before age 70 years 

in 91 of 172 countries. In 2019, WHO lists cancer as one of top 

10 threats to public health. Nearly, 10 million people die of cancer 

each year worldwide. Additionally, some reports presented that the 

global cancer cases will be increase to 60% in 2040. There may be 

nearly 29.4 million new cases of cancer each year [1]. 

The important causes of cancer include living habits, genes, and en- 

vironment etc. The incidence rates vary widely, and even the prev- 

alent cancer types are often very different in the world. Cancer is 

also a threat to the lives of people in Taiwan. According to the sta- 

tistics of Taiwan’s government, cancer has been the top 10 cause of 

death in Taiwan for many consecutive years since 1982. According 

to the latest 2018 reports of Taiwan’s government, the top 5 cancers 

among Taiwanese are lung cancer, liver cancer, colorectal cancer, 

female breast cancer, and oral cancer. According to the latest global 

cancer incidence rate published by the Organization for Econom- 

ic Cooperation and Development (OECD), Taiwan’s cancer inci- 

dence rate is 296.7 per 100,000 population, ranking 10th among  

45 countries in the world. Other 9 countries include Denmark, 

Australia, Belgium, Norway, United States, Ireland, South Korea, 
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Netherlands, and France. In recent years, the threat of colorectal 

cancer to people’s health has also increased day by day, and it is 

no more than women with breast cancer in Taiwan. The colorectal 

cancer’s favorability for men and women is obviously regardless of 

gender [1, 2]. 

4. Murine Tumor Models 

At present, many murine tumor models have been reported [3-5]. 

These murine tumor models included as syngeneic tumor models 

(STM), genetically engineered models (GEM), patient-derived xe- 

nograft models (PdXM), and humanized patient-derived xenograft 

models (HPdXM). STM are the oldest and most heavily utilized 

preclinical models to evaluate anticancer therapeutics. C57BL/6, 

BALB/c, and FVB mice are often use to establish cancer-bear- 

ing models via the isolated spontaneous, carcinogen-induced, or 

transgenic tumor cell lines. GEM predominantly utilize either tis- 

sue-specific promoters to drive either expression of an oncogene 

or to drive deletion of tumor suppressors. It is possible to not only 

drive autochthonous invasive cancer development but also develop 

precancerous lesions by using these genomic alterations. Human 

xenograft models (PdXM and HPdXM) were via using human cell 

lines injected into immunodeficiency  animals. These mod- els can 

be utilized either human cell lines or patient-derived sam- ples to 

generate xenografts for antitumor efficacy evaluation [3-8]. 

The advantages and disadvantages are found in these caner-bear- 

ing models as the advantages in the STM include reproducible and 

rapid growth, easily manipulated, and no host breeding require- 

ments. Disadvantages in the STM include the lack of native tumor 

microenvironment, variability of phenotype depending on the site 

of engraftment, relatively few transplantable cell lines, the lack of 

heterogeneity, and relatively few host strains; the advantages in the 

GEM include the autochthonous growth provides native microen- 

vironment, tumor development driven by relevant genetic alter- 

ations, and can incorporate genomic instability. Disadvantages in 

the GEM include the breeding challenges, variability in penetrance 

and latency, and low immunogenicity due to defined perturbations; 

the advantages in the PdXM include reproduces complexity of hu- 

man disease and does not require immune reconstitution. Disad- 

vantages in the PdXM include conducted in immunodeficient host, 

murine stroma, and low implantation rate; the advantages in the 

HPdXM include the reproduction of complexity of human disease 

and immune system and can utilize engineered hosts to increase 

immune reconstitution. Disadvantages in the HPdXM include re- 

quires autologous immune reconstitution and low rates and dura- 

tion of immune reconstitution [3, 9-13]. 

5. Establishment of the Orthotopic Cancer-Bearing Mod- 

els in Mice in Laboratory 

Establishment of the orthotopic xenograft cervical cancer mod- 

el, the orthotopic allograft prostate cancer model, the orthotopic 

xenograft ovarian cancer model, and the orthotopic allograft col- 

orectal cancer model are often performed in laboratory. The pro- 

tocols of these models are as female/male NOD SCID mice (NOD. 

CB17-Prkdcscid/JNarl), C57BL/6 mice (C57BL/6JNarl), BALB/c 

nude mice (BALB/cAnN.Cg-Foxn1nu/CrlNarl), and BALB/c mice 

(BALB/cByJNarl), aged 8 weeks, were respectively anaesthetized by 

0.4% isofluorane inhalation and the target organs as uterus, prostate 

gland, ovarian, and colon were respectively exposed by an aseptic 

incision. Then, cancer cells as HeLa cells (ATCC® CCL-2TM; 5 × 106 

cells in 5 μL DPBS), TRAMP-C1 cells (ATCC® CRL-2730TM; 1 × 

105 cells in 10 μL DPBS), SK-OV-3 cells (ATCC® HTB-77TM; 2.0 × 

106 cells in 3 μL DPBS), and CT26 cells (ATCC® CRL-2638TM; 1 × 

107 cells in 10 μL DPBS) were respectively injected into the target 

organs by an Hamilton syringe (30G). The wounds on the dorsal/ 

ventral abdomen and skin were closed in two layers using 4-0 silk 

sutures. Finally, after four or ten-week cancer cell implantation, 

cancer-bearing mice were sacrificed and measured the size and 

weight of the tumor (Figure 1-4). 
 

         

Figure 1: Establishment of the orthotopic xenograft cervical cancer model. (A) 
Eight-week-old female NOD SCID mice (NOD.CB17-Prkdcscid/JNarl) were 
anaesthetized; (B) Lower abdominal midline incision; (C-E) The uterus was 
exposed; (F-G) The bottom of uterine horn and vagina were tied by using 4-0 bio- 
absorbable PGA sutures; (H) HeLa cells (ATCC® CCL-2TM; 5 × 106 cells in 5 μL 
DPBS) were injected by an Hamilton syringe (30G) through the anterior vaginal 
fornix into the space between the anterior vaginal fornix and the anterior wall of the 
cervix; (I) The wounds on the abdomen and skin were closed in two layers using 
4-0 silk sutures. Finally, after four weeks tumor cell implantation, tumor-bearing 
mice were sacrificed and measured the size and weight of the tumor. 

Copyright ©2020 Shao-Wen Hung et al. This is an open access article distributed under the terms of the Creative Commons Attribution 2 
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Figure 2: Establishment of the orthotopic allograft prostate cancer model. (A) 
Eight-week-old male C57BL/6 mice (C57BL/6JNarl) were anaesthetized; (B) 
Lower abdominal midline incision; (C-D) The prostate gland was exposed; (E-F) 

TRAMP-C1 cells (ATCC® CRL-2730TM; 1 × 105 cells in 10 μL DPBS) were inject- 
ed by an Hamilton syringe (30G) through the anterior prostate gland; (G-H) The 
wounds on the abdomen and skin were closed in two layers using 4-0 silk sutures. 
Finally, after ten weeks tumor cell implantation, tumor-bearing mice were sacrificed 
and measured the size and weight of the  tumor. 

 
 

    

Figure 3: Establishment of the orthotopic xenograft ovarian cancer model. (A) 

Eight-week-old female BALB/c nude mice (BALB/cAnN. Cg-Foxn1nu/CrlNarl) 

were anaesthetized; (B) Right dorsal midline incision; (C) The ovary was exposed; 
(D-E) SK-OV-3 cells (ATCC® HTB-77TM; 2.0 × 106 cells in 3 μL DPBS) were 
injected into ovarian bursa by an Hamilton syringe (30G); (F-H) The wounds on 
the dorsal abdomen and skin were closed in two layers using 4-0 silk sutures. 
Finally, after 4 weeks tumor cell implantation, tumor-bearing mice were 
sacrificed and measured the size and weight of the tumor. 

 
 

     
 

Figure 4: Establishment of the orthotopic allograft colorectal cancer model. (A- 
C)  Eight-week-old  male  BALB/c  mice  (BALB/cByJNarl)  were anaesthetized; 
(D) Abdominal midline incision; (E) The colon was exposed; (F) CT26 cells 
(ATCC®CRL-2638TM; 1 × 107 cells in 10 μL DPBS) were injected into the 
interspace of the serosa and mucosa of colon by an Hamilton syringe (30G); (G) 
Ten μL trypan blue as demonstration was injected into the interspace of the serosa 
and mucosa of colon by an Hamilton syringe (30G); (H-J) The wounds on the 
abdomen and skin were closed in two layers using 4-0 silk sutures. Finally, after 4 
weeks tumor cell implantation, tumor-bearing mice were sacrificed and measured 
the size and weight of the tumor. 
 

      
 

Figure 5: Orthotopic implantation of tumor cell lines via aseptic surgery and mi- 
cro-injection. (A) Cervical cancer; (B) Ovarian cancer; (C) Prostate cancer; (D) 
Colorectal cancer. 
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6. Future Perspectives 

Recently, FDA has approved cancer immunotherapy. The develop- 

ment of effective preclinical cancer-bearing animal models to reli- 

ably elucidate anticancer mechanism and predict anticancer effica- 

cy remains an area of critical unmet need. In addition, the adverse 

events under therapeutic strategies will be a critical application of 

preclinical cancer-bearing animal models [3, 14-20]. 

7. Conclusion 

Cancer is a major public health problem worldwide. Although these 

patients with cancer may be removed surgically and chemotherapy, 

paclitaxel, cis-platinum analogues, and doxorubicin, has generally 

been adopted after surgery. However, cancer is expected to surpass 

heart diseases as the leading cause of death in the next few years. 

Therefore, the establishment of the suitable cancer-bearing animal 

models for research and development (R&D) of more effective 

treatments as novel drugs and therapeutic strategies for inhibition, 

not only of proliferation, but also of cancer metastasis is urgently 

needed. In this study, we presented the successful establishment of 

four orthotopic cancer mouse models (prostate, cervical, ovarian, 

and colorectal cancer). We hope that theses cancer-bearing mouse 

models will be applied to R&D of the new anti-cancer drugs in 

the future. 

8. Acknowledgements 

All authors thank the Council of Agriculture in Taiwan (Execu- 

tive Yuan) [grant number 107AS-1.1.3-ST-a1(2) and 109AS-1.1.3- 

ST-a1] for fully supporting this study. 

9. Conflicts of interest 

The authors declare no conflict of interest. 

References 

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. 

Global cancer statistics 2018: GLOBOCAN estimates of incidence 

and mortality worldwide for 36 cancers in 185 countries. CA Cancer 

J Clin. 2018; 68(6): 394-424. 

2. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2020. Ca Cancer J 

Clin. 2020; 70: 7-30. 

3. Olson B, Li Y, Lin Y, Liu ET, Patnaik A. Mouse Models for Cancer 

Immunotherapy Research. Cancer Discov. 2018; 8: 1358-65. 

4. Zou W, Wolchok JD, Chen L. PD-L1 (B7-H1) and PD-1 pathway 

blockade for cancer therapy: mechanisms, response biomarkers, and 

combinations. Sci Transl Med. 2016; 8: 328rv4. 

5. Lohmueller J, Finn OJ. Current modalities in cancer immunothera- 

py: immunomodulatory antibodies, CARs and vaccines. Pharmacol 

Ther. 2017; 178: 31-47. 

6. DeVita VT Jr., Chu E. A history of cancer chemotherapy. Cancer Res. 

2008; 68: 8643-53. 

7. Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. 

Cell. 2011; 144: 646-74. 

 
8. Shackleton M, Quintana E, Fearon ER, Morrison SJ. Heterogeneity 

in cancer: cancer stem cells versus clonal evolution. Cell. 2009; 138: 

822-9. 

9. Madan RA, Gulley JL, Fojo T, Dahut WL. Therapeutic cancer vac- 

cines in prostate cancer: the paradox of improved survival without 

changes in time to progression. Oncologist. 2010; 15: 969-75. 

10. Gulley JL, Drake CG. Immunotherapy for prostate cancer: recent ad- 

vances, lessons learned, and areas for further research. Clin Cancer 

Res. 2011; 17: 3884-91. 

11. Sinn E, Muller W, Pattengale P, Tepler I, Wallace R, Leder P. Coex- 

pression of MMTV/v-Ha-ras and MMTV/c-myc genes in transgenic 

mice: synergistic action of oncogenes in vivo. Cell. 1987; 49: 465-75. 

12. Hooijkaas AI, Gadiot J, van der Valk M, Mooi WJ, Blank CU. Target- 

ing BRAFV600E in an inducible murine model of melanoma. Am J 

Pathol. 2012; 181: 785-94. 

13. Bojovic B, Crowe DL. Telomere dysfunction promotes metastasis in 

a TERC null mouse model of head and neck cancer. Mol Cancer Res. 

2011; 9: 901-13. 

14. Yarchoan M, Johnson BA 3rd., Lutz ER, Laheru DA, Jaffee EM. Tar- 

geting neoantigens to augment antitumour immunity. Nat Rev Can- 

cer. 2017; 17: 209-22. 

15. Siegler EL, Wang P. Preclinical models in chimeric antigen recep- 

tor-engineered T-cell therapy. Hum Gene Ther. 2018; 29: 534-46. 

16. Hasgur S, Aryee KE, Shultz LD, Greiner DL, Brehm MA. Generation 

of immunodeficient mice bearing human immune systems by the 

engraftment of hematopoietic stem cells. Methods Mol Biol. 2016; 

1438: 67-78. 

17. Drake AC, Chen Q, Chen J. Engineering humanized mice for im- 

proved hematopoietic reconstitution. Cell Mol Immunol. 2012; 9: 

215-24. 

18. Jangalwe S, Shultz LD, Mathew A, Brehm MA. Improved B cell de- 

velopment in humanized NOD-scid IL2Rgamma(null) mice trans- 

genically expressing human stem cell factor, granulocyte-macro- 

phage colony-stimulating factor and interleukin-3. Immun Inflamm 

Dis. 2016; 4: 427-40. 

19. Gajewski T. Manipulating the microbiome to improve the efficacy of 

immunotherapy. Clin Adv Hematol Oncol 2016; 14: 424-6. 

20. Liu J, Blake SJ, Smyth MJ, Teng MWL. Improved mouse models to 

assess tumour immunity and irAEs after combination cancer immu- 

notherapies. Clin Transl Immunology. 2014; 3: e22. 

 

https://www.untdprimepub.com/ 4 

https://www.ncbi.nlm.nih.gov/pubmed/30207593
https://www.ncbi.nlm.nih.gov/pubmed/30207593
https://www.ncbi.nlm.nih.gov/pubmed/30207593
https://www.ncbi.nlm.nih.gov/pubmed/30207593
https://www.ncbi.nlm.nih.gov/pubmed/30207593
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.3322/caac.21590
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.3322/caac.21590
https://www.ncbi.nlm.nih.gov/pubmed/30309862
https://www.ncbi.nlm.nih.gov/pubmed/30309862
https://www.ncbi.nlm.nih.gov/pubmed/26936508
https://www.ncbi.nlm.nih.gov/pubmed/26936508
https://www.ncbi.nlm.nih.gov/pubmed/26936508
https://www.ncbi.nlm.nih.gov/pubmed/26936508
https://www.ncbi.nlm.nih.gov/pubmed/28322974
https://www.ncbi.nlm.nih.gov/pubmed/28322974
https://www.ncbi.nlm.nih.gov/pubmed/28322974
https://www.ncbi.nlm.nih.gov/pubmed/28322974
https://www.ncbi.nlm.nih.gov/pubmed/18974103
https://www.ncbi.nlm.nih.gov/pubmed/18974103
https://www.ncbi.nlm.nih.gov/pubmed/21376230
https://www.ncbi.nlm.nih.gov/pubmed/21376230
https://www.ncbi.nlm.nih.gov/pubmed/19737509
https://www.ncbi.nlm.nih.gov/pubmed/19737509
https://www.ncbi.nlm.nih.gov/pubmed/19737509
https://www.ncbi.nlm.nih.gov/pubmed/19737509
https://www.ncbi.nlm.nih.gov/pubmed/20798195
https://www.ncbi.nlm.nih.gov/pubmed/20798195
https://www.ncbi.nlm.nih.gov/pubmed/20798195
https://www.ncbi.nlm.nih.gov/pubmed/20798195
https://www.ncbi.nlm.nih.gov/pubmed/21680544
https://www.ncbi.nlm.nih.gov/pubmed/21680544
https://www.ncbi.nlm.nih.gov/pubmed/21680544
https://www.ncbi.nlm.nih.gov/pubmed/21680544
https://www.ncbi.nlm.nih.gov/pubmed/3032456
https://www.ncbi.nlm.nih.gov/pubmed/3032456
https://www.ncbi.nlm.nih.gov/pubmed/3032456
https://www.ncbi.nlm.nih.gov/pubmed/3032456
https://www.ncbi.nlm.nih.gov/pubmed/22796458
https://www.ncbi.nlm.nih.gov/pubmed/22796458
https://www.ncbi.nlm.nih.gov/pubmed/22796458
https://www.ncbi.nlm.nih.gov/pubmed/22796458
https://www.ncbi.nlm.nih.gov/pubmed/21593138
https://www.ncbi.nlm.nih.gov/pubmed/21593138
https://www.ncbi.nlm.nih.gov/pubmed/21593138
https://www.ncbi.nlm.nih.gov/pubmed/21593138
https://www.ncbi.nlm.nih.gov/pubmed/28233802
https://www.ncbi.nlm.nih.gov/pubmed/28233802
https://www.ncbi.nlm.nih.gov/pubmed/28233802
https://www.ncbi.nlm.nih.gov/pubmed/28233802
https://www.ncbi.nlm.nih.gov/pubmed/29390873
https://www.ncbi.nlm.nih.gov/pubmed/29390873
https://www.ncbi.nlm.nih.gov/pubmed/27150084
https://www.ncbi.nlm.nih.gov/pubmed/27150084
https://www.ncbi.nlm.nih.gov/pubmed/27150084
https://www.ncbi.nlm.nih.gov/pubmed/27150084
https://www.ncbi.nlm.nih.gov/pubmed/27150084
https://www.ncbi.nlm.nih.gov/pubmed/22425741
https://www.ncbi.nlm.nih.gov/pubmed/22425741
https://www.ncbi.nlm.nih.gov/pubmed/22425741
https://www.ncbi.nlm.nih.gov/pubmed/22425741
https://www.ncbi.nlm.nih.gov/pubmed/27980777
https://www.ncbi.nlm.nih.gov/pubmed/27980777
https://www.ncbi.nlm.nih.gov/pubmed/27980777
https://www.ncbi.nlm.nih.gov/pubmed/27980777
https://www.ncbi.nlm.nih.gov/pubmed/27980777
https://www.ncbi.nlm.nih.gov/pubmed/27980777
https://www.ncbi.nlm.nih.gov/pubmed/27980777
https://www.ncbi.nlm.nih.gov/pubmed/27379811
https://www.ncbi.nlm.nih.gov/pubmed/27379811
https://www.ncbi.nlm.nih.gov/pubmed/25505970
https://www.ncbi.nlm.nih.gov/pubmed/25505970
https://www.ncbi.nlm.nih.gov/pubmed/25505970
https://www.ncbi.nlm.nih.gov/pubmed/25505970
http://www.untdprimepub.com/
http://www.untdprimepub.com/

