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Abstract

Cancer is a major stress for public well-being and is the most dreadful disease. The
models used in the discovery of cancer treatment are continuously changing and
extending toward advanced preclinical studies. Cancer models are either naturally
existing or artificially prepared experimental systems that show similar features with
human tumors though the heterogeneous nature of the tumor is very familiar. The
choice of the most fitting model to best reflect the given tumor system is one of the
real difficulties for cancer examination. Therefore, vast studies have been conducted
on the cancer models for developing a better understanding of cancer invasion,
progression, and early detection. These models give an insight into cancer etiology,
molecular basis, host tumor interaction, the role of microenvironment, and tumor
heterogeneity in tumor metastasis. These models are also used to predict novel can-
cer markers, targeted therapies, and are extremely helpful in drug development. In
this review, the potential of cancer models to be used as a platform for drug screening
and therapeutic discoveries are highlighted. Although none of the cancer models is
regarded as ideal because each is associated with essential caveats that restraint its
application yet by bridging the gap between preliminary cancer research and transla-

tional medicine. However, they promise a brighter future for cancer treatment.
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1 | INTRODUCTION

Cancer is an epidemic disease causing approximately 8 million
deaths annually all around the globe. Latest statistical data exhibit
that human malignant growth is turning into the main source of
death around the world. The absence of an intensive understanding
of cancer biology in the recent era is a key hindrance to research the
development, to understand the invasion, and to follow metastasis
of cancer tumors.>?2

Like other disease research, oncology research profoundly relies
on areliable and representative model framework. Nevertheless, we
cannot define cancer as a single characterized tumor but instead a
heterogeneous and immensely variable system. So that is why the
choice of the most fitting model to best reflect the given tumor sys-
tem is one of the real difficulties for cancer examination.®

Cancer models, either naturally found or artificially induced, have
features in common with human cancers. The inability of in vitro
cancer models to mimic the heterogeneity of human cancer cells,
its microenvironment, and the stromal compartment has hindered
the thorough understanding of tumor pathogenesis, therapeutic re-
sponses, and adverse reactions.*

Experimental systems for studying human cancer include can-
cer cell lines as well as 3D model organoids and organisms such
as Drosophila melanogaster, zebrafish, and genetically engineered
mouse model, pigs, patient-derived xenografts (PDXs), and compu-
tational cancer models. These models form the basis to investigate
cancer biochemical or genetic pathways and pathology. The cumu-
lative information from cancer models helps in the understanding of
the subtleties of cancer development in greater detail.®

To estimate clinical feedback in patients based on the model uti-
lized, it is essential to get relatively a 50% hindrance in tumor de-
velopment to accomplish a confirmed “response” to treatment and
to utilize clinically applicable dosages of curative agents to observe
survival. Moreover, it is essential to decide if tumor regeneration
occurs when the medication is stopped, expecting this is the situa-
tion, whether the redevelopment is fast when treatment is delayed
compared with before the treatment started. All cancer models aim
to mimic at least some features of human cancer but in the end, we
do not have a perfect model, yet it should be figured out how to in-
tercept our information within the structure of the limitations of the

test used.® Figure 1 presents review flow chart.

2 | CANCER CELL LINE

The cancer cell line is an in vitro tumor model that is regarded as a
ubiquitous feature of oncology because it shows numerous intrinsic
features of cancer and exhibits similar gene expression patterns.”®
Copy number alteration (CNA) and transcriptional profile of cancer
cell lines show genomic alterations similar to primary human tumors.
Cell lines are the foremost preclinical cancer model due to manage-
ment ease, inexpensiveness, immortality, limited cellular heteroge-

neity, and high proliferation rates. Cancer cell lines are established

by isolating cancer cells from patient-specific organs and then grow-
ing in artificial culture media which on transplanting in immunocom-
petent mice led to the development of cancer cell line xenografts.
Collections of cancer cell lines are the NCI-60 cancer cell line panel,
breast cancer cell line panel, and colorectal cancer (CRC) cell line
panel.c’J It has been confirmed by exome sequencing that primary
tumor mutation in developed cell lines remains stable with extended
passaging.*°

Tumorgraft is developed by transplanting cancer cell lines in im-
munosuppressed mice and it serves as in vivo human cancer model.
Extensive research conducted on a molecular and genomic compar-
ison between patient tumor and tumor graft revealed that somatic
and genomic mutation as well as gene expression patterns remain
conserved between tumor and tumor grafts. As tissue physiology
has a huge impact on tumor proliferation and drug pharmacokinet-
ics, transplantation sites needed to be selected cautiously. A novel
physiological cancer model is developed by orthotopic transplan-
tation but it is restricted in certain tissues, especially when large
cohorts of mice are under study. It has enhanced the clinical predic-
tivity and almost every anticancer drug is evaluated in the human
tumor xenograft model. Although in subcutaneous and renal capsule
transplantation, tissue is easily assessed as each tumor cell evolves
in specific microenvironment. On transplantation in non-native mi-
croenvironment, cancer cell lines are unable to metastasize and give
different response.8

Isogenic cancer cell lines are engineered by clustered regularly
interspaced short palindromic repeats/CAS9 technology, which ei-
ther removes or adds specific genes and serves as in vitro human
cell line model.* It assists in the analysis of specific mutations and
thus used as a novel model for exploring targeted anticancer drug
pharmacology.12 As the mismatch repair system (MMR) of DNA is
responsible for maintaining genomic integration by recognizing mis-
match even in the single base and short insertion-deletion loops,
cancer development begins when it becomes inactivated. Cancer
cell lines rich in MMR and lacking MMR are being generated using
isogenic cancer cell lines for comparison. MMR-deficient cells de-
velop resistance toward chemotherapeutics and show tolerance of
DNA damage. Developing MMR-deficient cancer cell line by isogenic
cancer line help in finding compounds of rhodium metalloinsertor
which efficiently hamper the outgrowth of MMR-lacking cancer
cells.*®

Mislabeling, replacement of cell lines derived from different tis-
sues, species, and individuals and their contamination with other
cell lines is a serious quality control issue faced by the scientific
community over 50 years. For example, eCv304 is claimed to be a
spontaneously transformed human normal endothelial cell line but
a later study shows that it is T24 bladder cancer cells18. It is still
used as a model for endothelial cells in publications. The root cause
of this grave issue is Cross-contamination and mislabeling of the cell
culture vessel during routine manipulation. Cell line verification by
short tandem repeat profiling helps not only to increase the data
credibility but also save money and effort used in mislabeled cell line

identification.**
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FIGURE 1 Advancement in cancer research models

Cancer cell lines are not only highly amenable for in vitro and
in vivo human cancer modeling but also carry some limitations. All
tumor subtypes are not shown by existing cell lines; for example,
luminal A breast cancer subtype is not found in the breast cancer
cell line panel and exocrine-like subtype is not found pancreatic duc-
tal adenocarcinoma cell line panel. The high proliferation rate of cell
lines tends towards discovering antiproliferative drugs thus nega-
tively affecting the potential to identify broad-spectrum anticancer
compounds. Another caveat associated with the use of cancer cell
lines is the lack of stromal components including lymphatic vessels,
complex extracellular matrix, associated immune cells, blood, and fi-
broblasts.® Prostate tumor is difficult to propagate in vitro. Variation
in chromosome arrangements, differentiation markers, gene expres-
sion, karyotype, and growth rates of cell lines are observed on high
passaging. Cancer cell lines are failed to precisely mimic the features
of tumor cell growth in vivo due to the composition of culture media
and fetal bovine serum presence in standard culture (Table 1).*°

3 | PATIENT-DERIVED XENOGRAFT

A xenograft is derived from the Greek word Xenos meaning foreign.
It is obtained from one organism and implanted into other organ-
isms. These implantations are mostly done in immunocompetent
mice and are comprised of organs, tissue, or living cell. In the area
of cancer research, xenografts are utilized to address key inquiries
where it is important to rely on the utilization of animal models that
show a close resemblance to the progression of the tumor in human
patients.?*

Xenograft models that contain primary carcinoma tissue is ob-
tained from the patient's tumor tissue are built up at very low transit
numbers; for example, less than 10 passages expelled from human
patients to conserve the original or primary tumor characteristics.?
These characteristics include heterogeneity of cells, clinical bio-
molecular signatures, malignant genotypes and phenotypes, tumor
structure, and vasculature.?* The basis for creating PDX models
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TABLE 1 Different cancer cell lines their derivation, tumor type, biological source, morphology, and growth mode

Cancer cell lines Derived from Tumor type

Hela Homo sapiens Cervix adenocarcinoma

MCEF-7 Homo sapiens Breast adenocarcinoma

HT-29 Homo sapiens Colon adenocarcinoma

A549 Homo sapiens Lung carcinoma

HEP-G2 Homo sapiens Hepatocellular carcinoma

Cos7 Cercopithecus SV-40 transformed-kidney
aethiops

PC3 Homo sapiens Prostate adenocarcinoma

depends on the assumption that these PDX models will illustrate
improved preclinical testing and are predictive of molecular cancer
biology that is related to human cancer and how patients respond to
cancer therapy.?® PDX models have been exhibited to be useful for
(i) investigations of cancer metastasis and medication obstruction,
(ii) personalized medication and treatment, and (iii) preclinical testing
and discovery of new anticancer drug candidates.?’

By surgery or biopsy methods, primary or metastatic tumors
are collected and preserved as tissue structures.?® This resection of
tumor specimens can develop gradually in immune-deficient mice
and instigate a switch toward applying patient-derived tumor tissue
xenograft models in the investigation of anticancer medications and
treatment methods.?®

The most widely recognized site of tumor implantation in mice is
subcutaneous implantation (dorsal region), even though transplan-
tation in a similar organ as the primary tumor might be an alterna-
tive and is known as orthotopic implantation; for example, pancreas,
brain, oral cavity, ovary, breast, etc. Furthermore, many approaches
and efforts have been made to implant tumor in the renal capsular
site to increase the rate of engraftment. which has many advantages
such as they can preserve histology of tumor tissue relative to the
primary sample and progressive xenograft generations and can re-
generate the original genotypic and phenotypic characteristics.?%??
Furthermore, there are trial metastasis models in which controlled
numbers of tumor cells are administered for metastasis, compara-
tively brief time is required for the advancement of metastasis, and
metastases locales can then be determined.*°

Advancement in cancer drug development has been hindered
by an absence of preclinical cancer models that accurately evalu-
ate clinical testing of significant novel compounds in human pa-
tients. So, these drawbacks have been overcome by the utilization
of patient-derived tumor xenograft in immunocompetent mice
(preclinical models) such as nude mice, severe combined immuno-
deficiency mice (SCID), nonobese diabetic (NOD)-SCID gamma mice,
recombination-activating gene (Rag), and NOD rag gamma mice.?*
They are discussed in Table 2.

One basic part of huge preclinical investigations in PDX models
is that these models help to organize potential clinical signs and are

involved in the identification of potential drug efficacy biomarkers.

Growth

Biological source Morphology mode Ref.

Human cervix Epithelial Adherent 16,17
Human breast Epithelial-like Adherent 16,18

(adenocarcinoma)

Human colon Epithelial Adherent 16,19
Human lung (carcinoma) Epithelial Adherent 16,20
Human liver Epithelial Adherent 16,21
African green monkey kidney  Fibroblast Adherent 16,22
Human prostate Epithelial Adherent 16,23

In colorectal cancer, various examinations demonstrate that Kirsten
rat sarcoma (KRAS)-mutant PDX models do not react to cetuximab.
KRAS wild-type status is at present a well-reported biomarker for
this therapy in preclinical research. Almost similar observations
were made for non-small-cell lung cancer. PDX models are addi-
tionally flexible instruments for reproducing resistance when used
in treatment procedures utilized in the clinical experiment. This is
particularly observed in the ovarian malignant tumor, in which when
cisplatin is exposed, this results in the initiation of reluctance to cis-
platin in a platinum-sensitive model, exactly similar to that observed
in the clinical setting. This model is used to investigate new factors,
to choose medications to be tested in platinum-safe patients.*? They
are potentially powerful because they are generally biologically
stable, and are indefinitely renewable. Breast cancer PDXs mod-
els recapitulate different aspects of the biology of the tumor and
therefore they serve as an excellent model to carry out translational
research.*®

Patient-derived xenografts, however, have limitations as well as
having a different tumor microenvironment, are not amenable to ge-
netic modification® and incorporation of immune system’ since they
are induced in immunodeficient mice so they do not recapitulate the
commitment of the host immune system. The bacterial flora for car-
cinogenesis which is necessary for the early detection of cancer is
not sustained in xenografts. They are not suitable for immunomod-
ulatory testing for cancer prevention, initiation, and progression of
genetics cancer modeling, along with low throughput drug screen-
ing. Their biobanking is not possible and they show genetic hetero-

geneity and epigenomic instability.**

4 | GENETICALLY ENGINEERED MOUSE
MODELS

Since the innate characteristics and physiology of xenografts do not
outline the genetic characteristics of a human tumor, the genetically
engineered mouse models (GEMMs) was established.?* Technical
advancement over ongoing decades permits the investigators to
make alterations in the genome of mice that conditionally or con-

stitutively change the expression of important genes that led to the
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TABLE 2 Commonly utilized major immune-compromised mouse strains and their advantages and disadvantages

Sr no Advantages Disadvantages Ref.
Nu/nu (Nude mouse) e Firstimmunodeficient mouse strain e Asignificant limiting factor is the 31-33
e The total number of circulating lymphocytes duration of testing because a time of at
is five to six times less in nude mice than in least 4 months is required for rapidly
normal animals. The majority of these cells are growing tumors and two years are
B cells so they are used for numerous cancer required for slowly growing tumors after
metabolomics research that test results can be obtained
e Highly correct prediction rates in comparisonto e Nude mice are expensive they need
in vitro systems for resistance and sensitivity of special conditions behind laminar flow
a tumor barriers to avoid infections
Severe combined e No mature B and T cells and decreased NK e Since they are immunocompromised, 34,35
immunodeficiency activity they provide a less realistic tumor
syndrome (SCID) e Provide realistic heterogeneity of tumor cells microenvironment
e |t can predict the response of the drug of a e They are expensive and technically
tumor in human patients. complicated
e |t can allow the rapid analysis of human tumor e Low level of engraftment of human cells
response to a therapeutic regime e They have a very short life span of
approximately 8.5 mo
Nonobese diabetic (NOD)- e Easy to prepare e No primary immune response 36-38
SCID gamma (NSG) e NSG mice live longer than any other immune- e No multilineage hematopoiesis
deficient mice e Expensive and technically complicated
e Deficient in IL-2 receptor gamma chain and lack
of mature B, T, NK cells, and cytosolic signaling
e Used for metabolomics study for human
immune deficiency virus
Recombination-activating e Similar to SCID mice possess RAG 1 or 2 e Surgical implantation is needed 36,37,39
gene (Rag) mutations e Human fetal tissue requirement
e No mature B and T cells and radiation resistant e Low or variable engraftment of human
cells
e Might need additional conditioning to
attenuate the primary immune response
NOD rag gamma (NRG) e |t possesses RAG-1 and IL-2 receptor common e High engraftment levels of human cells 36,37,40,41

gamma chain mutation

in the newborn as compared to adults

e NRG mice better tolerate irradiation allowing e Xenospecific selection of human T cells

higher levels of human cord bloodstream cell

engraftment than NSG mice

might occur

e NRG mice can prove useful for cell or tissue

implantation studies

development of specific tumors. GEMMs have helped in oncogen-
esis to remove the molecular pathways and genome has been con-
trolled in such a way to achieve loss or gain of oncogene or tumor
suppressor gene function, the results of which are manifested in the
phenotype of the tumor and have been helpful for therapy to vali-
date key genes as targets.*>*

The utilization of GEMMs for carcinogenicity evaluation
started over 20 years ago.24 Currently, the European Commission
thinks that the mouse seems to be a widely accepted animal for
genetic modification to study the advanced drug therapeutics for
curing various diseases for many reasons that are given below.
First, the similarity of the mouse genome is 99% of the human
genome. Second is the availability of a great molecular toolbox and
their little size facilitates high-throughput/large-scale research
making it a cost-effective model. Transgenic adapted mice could
give great preclinical safety testing and screening models for lead
optimization and identification. The wide-ranging phenotyping of

GEMMs can give a better understanding of gene function that is

related to human disease and health. In clinical research, the uti-
lization of GEMM has proved itself effective in many cases such
as the amount of medicine, method, or procedure for advanced
treatment.’

In the review that follows, we give a historical viewpoint on the
different types of GEMMs that are convenient for chemoprevention
research. Transgenic mice or oncomice is the first GEMMs of human
cancer. They give a direct method for surveying the results of the
gain-of-function of specific genes for tumorigenesis. Among the
second-generation models, those following targeted deletion of Rb1
and Trp53, which build up a range of cancer growth phenotypes. It
includes the targeted deletion of tumor suppressor genes in the ger-
mline. After the second generation, the next mouse model of human
cancer was proposed. It includes Cre-inducible gene targeting via
Cre mouse alleles and Tet-regulatable models which involves loss
or gain of function. It controls the degree of targeting gene, tem-
poral, and spatial. Tumor virus A model involves gain-of-function

and include stochastic temporal and spatial regulation. RNAi gene
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silencing model which includes loss of function. The level of gene
expression is controlled by the RNAi gene silencing model. This
technology is still being developed.*>**84? GEMMs are developed by
altering the hereditary profile of the mice to an extent that genes
involved in transformation are overexpressed, replaced, or deleted;
eventually, the effect of transformation is examined after some time
and therapeutic reactions to these tumors followed in vivo lead to
the development of GEMMs.*8

GEMMs of cancer must be evaluated carefully for their appro-
priateness to human disease and their predictive value for evalu-
ating the prevention of cancer in humans. GEMMs of colon cancer
can be utilized to investigate the impact of chemopreventive drugs
on tumors established from genetic and epigenetic lesions that are
related to multistage carcinogenesis. GEMMs of mammary cancer
have shown that specific protective drugs might prevent the trans-
formation from pre-intrusive to obtrusive carcinoma. Wholesome
enhancements that target various molecular pathways are effective
in prostate cancer modeling. A definitive objective remains the gen-
eration of improved models that can be utilized for the predictive
analysis of preventive reactions in humans.*¢

The main limitation of GEMMs is that it targets a few numbers
of a gene which is normally not insightful of the complicated het-
erogeneity of human tumor cells. The establishment of GEMMs is
expensive and tedious, frequently required long periods of work be-
fore validation. Tumor evolution in animals is variable and slow. They
have different biochemistry, physiology, and anatomy compared to
humans.

The critics of GEMMs proclaim that their significance for
human cancer has not been developed. While the supporters of
GEMM s claim that the issue is not that the models are not appro-
priate, yet that the experimental parameters have not been struc-
tured to successfully translate research from GEMMs to human
cancer. Therefore, it is essential to develop criteria for evaluating
the importance of a particular GEMMs for a given experimental
framework. They include pathologic evaluation, disease progres-
sion, tumor microenvironment, molecular pathways, and environ-
mental factors.*>0:%1

In lung cancer, the precise mutations in Kras and P53 lead to the
induction and development of tumors because of the activation of
the NFxB pathway. From translational aspects, the discovery demon-
strated that the use of antagonists to this pathway can help destroy
cancerous cells. By using GEMMs, effective therapeutic prepara-
tions for various subtypes of different cancers and cancers with the
same histological features can be developed.®? Hepatocellular car-
cinoma (HCC) has three subtypes each of which has almost similar
survival but due to heterogeneous tumor properties but genetically
engineered mice could be effective in the bench-to-beside research
applications because of the possible genetic modifications. Also, in
these GEMMs, a tetracycline-dependent activation system is used
to study the overexpression of MYC present in human carcinoma
tumor. A relation between E2f1 and MYC in tumorigenesis inside the
liver has been reported by experimental analysis in mice by inducing

genetic modifications.>®

5 | DROSOPHILA MELANOGASTER

Drosophila melanogaster has extensively contributed to elucidat-
ing the molecular basis of cancer biology by unveiling the action
mechanism of proteins related to cancer. D. melanogaster is made as
a cancer model by induction of mutation in larva using ethyl meth-
anesulfonate (EMS). Tumorous tissue resides in the outer prolifera-
tive center (OPC) and central brain (CB) regions in the larval brain.
The larval brain is then transplanted into the abdomens of adult
female flies and transplanted tissue continuously proliferate in the
abdomen, after several days the ovaries of the host are dissected
and examined by immunofluorescence to detect labeled tumor cells
that have metastasized. Engineered strains of D. melanogaster play
a vital role in therapeutic drug discovery and provide a platform for
drug screening. The level of detail and rate attained using Drosophila
for genomic studies and functional assays are unparalleled to other
mammalian cancer models. D. melanogaster gives insight into asym-
metric division, centrosome dysfunction, genome instability, metab-
olism, and unscheduled gene expression which led to tumor initiation
and cancer progression. The genome of Drosophila is homologous
to the human as proteins that cause human cancer is found to be
more than 50% orthologs between them.>* Drosophila has identi-
fied cell polarity mutants and their subsequent implication in human
tumors.>

Recent flies’ cancer models include natural tumor, tumor-induced
by mutant obtained through genetic screening and tumor made a la
carte. Testis and gut are more frequent natural tumors in wild-type
laboratory strains of D. melanogaster. Genetic screening analyses
the entire genome of flies for identifying tumor suppressor genes
and studying tumor suppressor function. Tumors made a la carte is
designated as the third type of cancer model of Drosophila in which
flies are designed to generate both the loss- and gain-of-function
conditions that caused certain types of human cancers. The tumor
is cooperatively produced by combining RAS activation and mito-
chondrial dysfunction which exerts an effect in neighboring cells
and led them to exhibit metastatic behavior. Glioblastoma, gastric
cancer, and rhabdomyosarcoma are a la carte designed cancer mod-
els. Different organs are being affected in larva and adult fly by
recently developed tumors of D. melanogaster. Larval tumors show
less similarity with human tumors while tumors of adult flies show
distinct characteristics of malignancies such as they are neoplastic
and immortal. Homologous genomic and centrosomal abnormalities
are shown by D. melanogaster malignant neoplasms as observed in
human cancer.>*

The genetic mosaic technique helps to induce in living tissue
somatic clones of mutant cells and permits the cells to have differ-
ent genotypes to coexist in a single individual which helps to better
understand the etiology of cancer and its progression. As multiple
oncogenic mutations are sequentially acquired in subclones that
caused tumorigenesis, conserved tumor suppressor genes and in
vivo cancer progression are uncovered by generating clonal cell pop-
ulations in D. melanogaster. It also has been shown in Drosophila using

genetic mosaic screens that non-cell-autonomous tumor growth or
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progression is caused by many genes. For example, endocytic traf-
ficking of transmembrane proteins is controlled by a component of
the endosomal sorting complexes required for transport machinery,
vacuolar protein sorting-associated protein 25. Signaling pathways
that are triggered by the transmembrane proteins get affected by
the deregulation of such sorting systems causing tumorigenesis.
Host tumor interaction is the contributing factor of cancer lethal-
ity, such as cachexia which is studied in D. melanogaster by allograft
methods. Studies conducted on two independent flies applying the
allograft method revealed that cancer cachexia by reinforcing insu-
lin resistance in distant tissues systematically drive peripheral organ
wasting.>®

As dysfunctioning of the mechanisms responsible for genome
stability led to structural alteration and point mutation, it contribute
toward the development of malignant tumors. Drosophila larval brain
tumors have first demonstrated the vital role played by failed asym-
metric division for carcinogenesis. It has been shown that disturbing
the division arrangement of Drosophila's intestinal stem cells caused
gut tumors.>*>¢

Homologous recombination of flies is tiresome as compared to
other model systems and flies cannot be kept frozen. As flies have
only four chromosome pairs so aneuploidy is not an effective mode
in them as only a few models with loss or gain of a single chromo-
some are possible.s“*56 In mammals before developing a secondary
tumor and colonizing local tissue malignant cells that are undergoing
metastasis enter the local blood vessel or lymph vessel, it is diffi-
cult to model in Drosophila as flies have rudimentary hematopoietic
systems and different lymphatic system compared with mammals.
Tumors induced in Drosophila have sufficiently reduced metastatic

potential as compared to human tumors.””

6 | PIG CANCER MODEL

The anatomical, physiological, and genetic similarities to humans, in-
cluding chromosomal synteny and epigenetic homology, in addition
to reduced cost for swine modeling, are striking advantages of this
model so large-sized animals efficiently represent the progression
and development of cancer in humans.>® It has been effectively used
for modeling leukemia, lymphoma, soft tissue sarcoma, pancreatic
ductal adenocarcinoma, HCC, and other hematological cancers.”®°?
Phenotypic and genomic heterogeneity in pig herds is a result of
their outbred nature, due to which genes that are crucial to cellular
transformation are more observed in pigs. Chromosomal transloca-
tions that are commonly observed in cancer are effectively demon-
strated in swine. The inducible nature of the Oncopig cancer model
(OCM) makes it a perfect model for the identification of candidate
biomarkers. TP53%%7H and KRASC'2P are key tumor suppressors and
oncogenes so a mutation in both assist OCM to effectively recapitu-
lates transcriptional hallmarks of human disease while also exhibiting
clinically relevant histologic and genotypic tumor phenotypes. OCM
has the potential to develop various cancer types along with relevant

comorbidities to circumvent the lethal impacts of comorbidities on

healing strategies, patient management, and clinical outcomes. Pig
models of heart failure, hypercholesterolemia, and hypertension are
developed by using gene-editing technology.>’

Multiple genetically diverse lines of pigs with a high level of in-
breeding have been found and used for cancer development; both
preclinical research and simple technology are addressed by cultiva-
tion and characterization of these lines. Pig cancer model is devel-
oped by Cre recombinase bring site-specific recombination between
the LoxP recognition sites in fibroblast cell line taken from oncopig
offspring and this led to the elimination of the Stop site and ulti-
mately Lox-Stop-Lox sequence which prevents expression of onco-
genes KRASG12D and TP53R167H get disturbed and show their
expression on activation. Transgenic oncopig which develops from
transgenic fibroblast cell lines is then infected with adenovirus en-
coding Cre recombinase (AdCre) which induced removal of the STOP
codon allowing expression of both transgenes and tumors are in-
duced at the site of injection in transgenic oncopig.”®

For studying cancer in vivo, recently used porcine models are
APC1311 porcine model of familial adenomatous polyposis, a het-
erozygous TP53 knockout model of spontaneous osteosarcomas,
and a chemically precipitated porcine HCC model.>® Three essen-
tial kinds of cancer models in swine are spontaneous, induced, and
genetically modified. Pigs' spontaneous cancer models are uncom-
mon because pig's cancer develops with age and they do not have a
long as they are used for the meal. Induced models give insight into
the mechanism of tumorigenesis, for example, pigs can be induced
to develop HCC by exposing them to N-nitrosodiethylamine which
resembles human HCC. Yorkshire pig line which naturally has SCID
provides an opportunity to transplant human cancer and pancreatic
carcinoma cells into them representing pigs as human tumor xeno-
grafts. The cancer xenograft model of pigs is developed by in utero
cell transplantation. By casting off genes crucial for B-cell and T-cell
development SCID swine model is developed which is referred to as
“humanized pig” on engrafting with human immune cells and is used
to analyze the role of the immune system in reaction to radiation and
chemotherapy for the treatment of most cancers. Pigs are genet-
ically modified by using transcription activator-like effector nucle-
ases or CRISPRs that induce efficient homologous recombination.””

The limitation of OCM is that they are unable to exhibit tumor-
stroma interaction and inefficient for the incorporation of the im-
mune system, larger housing requirements compared to smaller
animals, longer generation intervals, lower quality genome, and
fewer genomic tools compared to mice and humans. When work-
ing with the pig, biosafety issues are more concerned since they are
housed in pens.°

Genome sequencing with high-throughput along with a collec-
tion of bioinformatics techniques precision-genetic tools and gene
expression profile or proteomics could be directly applied to these
pig models. This model is not only a basic transitional and transla-
tional but also a transformational research tool for the examination
of medicinal viability which tends to be used to direct correlative
examinations for the progressively productive and predictable

examination of new therapies. Its size permits the utilization of
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comparable systems and instruments that are utilized during clinical
practice with regards to Homo sapiens, and the segmental idea of
the liver of the pig empowers each Oncopig to manage its remedial
control.>8:60

The porcine models have been produced for translational re-
search in breast cancer, colorectal cancer, and pancreatic cancer.®!
Spatially or temporarily controlled tumor induction along with the
optimum dose administration, efficacy, and demonstration of tox-
icity can be exhibited by the OCM. About the fact that pigs have
a longer life span as compared to mouse models, the OCM is not
only a well-established model but is also fail-safe thus reducing the
chances of error in translation and preclinical research experiments.
The ability of the pig models to recapitulate the tumor microenvi-
ronment particularly in HCC has enabled the induction of multiple
types of cancer including soft tissue sarcoma. The incidence of ge-
netic mutations in pigs and humans occurs at a corresponding rate so

heterogeneity can be assessed on new potential drugs.¢?

7 | ORGANOID CANCER MODELING

The development of organoids as an ex vivo model system has revo-
lutionized primary and clinical cancer studies during the last dec-
ade. Organoids are the infinitesimal of human organs and tissues,
and functional features and architectures of a selected organ are
efficiently represented. The organoid cancer model is developed
by tumor cells isolated from tissue of cancer patient place in the
extracellular matrix of specific culture media which develop it into
cancer organoid.* Organoids are amenable for molecular and cellular
characterization and manipulation by various genetic tools and help
in finding causative approaches in cancer etiology. New strategies
to stratify cancer patients for both cytotoxic chemotherapies and
targeted agents are provided by an early genome, transcriptome,
and biochemical analyses of human cancer organoids. Organoids are
matrix-embedded cultures of primary epithelial cells that proliferate
in a Wnt signaling and mitogen-dependent manner continuously. On
embedment of tissue-derived stem cells into three-dimensional ma-
trix organoids as self-sustainable structures are established.®®

Not only do patient-derived organoids (PDOs) show similar
structural features with the primary tumor but also the expression
pattern such as CNAs, transcriptional landscape, and mutation sta-
tus of the tumor is maintained in PDOs. PDOs include HCC, breast,
pancreatic, gastrointestinal, prostate, and bladder cancer. The PDOs
usually lack critical elements such as immune cells, blood vessels,
and different stromal cells. The major hindrance to the use of PDOs
in cancer immunotherapy is the absence of immune components. As
material exchange among cells pf PDOs is largely done through low
rate infiltration rather than blood vessels which have lethal conse-
quences on drug development and response.®*

Some infectious pathogens such as in gallbladder carci-
noma Salmonella enterica, in gastric cancer Helicobacter pylori, and
Epstein-Barr virus are essential risk factors for cancer develop-

ment.®* Mechanism and relation between the infectious pathogen

and cancer are studied by the co-culture of organoids with specific
pathogens. Studies on stomach organoids have illustrated the sig-
nificant role played by chronic H. pylori infection in gastric cancer.
H. pylori on microinjection provoke the strong primary inflammatory
responses by locating and colonizing the gastric epithelium.®’
Healthy organs are used for the growth of clonal organoid cul-
tures and their genome sequencing facilitates the analysis of the
mutation spectrum distinct to the organ. Intratumor heterogeneity
is analyzed by developing clonal organoid cultures from distinct re-
gions of the identical tumor. Organoid cultures are used for studying
mutagenic processes due to genetic stability for a longer duration.®®
Some of the cultural composition of common cancer organoids is
shown in Table 3. Distinct lesions comparison from the same indi-
vidual help to study processes involved in tumor evolution. Four in-
dependent matched sets of organoid cultures are generated from
primary colorectal tumors and metastatic lesions isolated from the
same patient, and exome sequencing confirmed that these lesions all
evolved from a common origin and identified driver mutations shared
among organoids derived from the same individual, suggesting that
these driver mutations preceded metastatic dissemination.®*
Organoids serve as a platform to study the tumor microenviron-
ment. Signaling between malignant cells and the tumor microenvi-
ronment aids in generating a supportive niche for the tumor and also
provides supportive therapeutic targets. Classical in vivo model sys-
tems are unable to locate the paracrine interactions within neoplasm
cultures of cancer organoids and stromal cells are used to model the
interactions between cancer cells and other cell types within the
tumor microenvironment. An air-liquid interface (ALI) system has
been developed by Kuo and his colleagues in which epithelial organ-
oids from resected human colorectal tumor tissue propagate in close
association with «SMA-positive myofibroblasts. Although it is not
exposed to the selective pressure of monolayer culture fibroblasts
and cancer cells remain unseparated, this model is unable for the
functional dissection of cancer-stromal signaling.®®
Organoids can be engrafted into murine tissues to establish
the organoid xenograft model that facilitates the in vivo analysis of
human cancer biology such as breast and bladder cancer organoids
introduced orthotopically for modeling each of these malignancies.
In pancreatic cancer, orthotopically transplanted organoids can in-
duce a microenvironment that is similar to primary human pancreatic
cancer specimens than xenografts of monolayer cell lines. GEMMs
of colon cancer tend to develop tumors in the small intestine, it puts
limitations on its use for colon cancer modeling. To circumvent this
limitation, organoids are orthotopically transplanted into the colon
by transplantation into the murine cecum submucosa without dam-
aging the colon. For this, first, the cecum is surgically exteriorized
and collagen is used to hold the organoids at their position.®”
Despite the tremendous revolution brought by organoids in can-
cer studies yet, they exhibit some limitations. As organoids are just
an epithelial layer lacking an intrinsic microenvironment so they are
considered imperfect reproductions. Further research is needed
to be conducted on non-epithelial organoids culture as in recent

research organoids are derived mainly from the epithelium. Drug
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TABLE 3 Cultural composition of common cancer organoids
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Cell types in
Organoids Source  Extracellular matrix Cultural components Inhibitors organoid Ref.
Stomach hPSCs Matrigel (growth WNT, FGF, Noggin, Retinoic acid, EGF, A-83-01, Y27632 LGR5 + cells, 66,67
factor reduced) ADMEM/F12, penicillin/streptomycin, mucous
-glutamine, B27, N2 cells, gastric
endocrine
cells
Prostate hAdSc Matrigel (growth ADMEM, penicillin/streptomycin, primocin, A-83-01, Differentiated 66,67
factor reduced) GlutaMAX, B27, EGF, N-acetylcysteine, SB202190 CK5 + basal
FGF10, FGF-basic, nicotinamide, and
testosterone, prostaglandin E,, Noggin, CK8 + luminal
and R-spondin cells
Pancrease hAdSc Matrigel ADMEM/F12, penicillin/streptomycin, A-83-01 Epithelial 66,67
GlutaMAX, HEPES, B27, N-acetylcysteine, ductal cells
EGF, R-spondin-1, gastrin 1, Wnt3A,
Noggin, and FGF
Liver hAdSc Basement Activin A, Wnt,FGF,cAMP,glucocorticoids, A-83-01, Functional 66,67
membrane extract ADMEM/F12, penicillin/streptomycin, Y27632 hepatocyte
GlutaMAX, HEPES, B27 (without vitamin cells

A), N2, N-acetylcysteine, nicotinamide,
gastrin 1, EGF, FGF10, HGF, forskolin, R-
spondin-1, Wnt3A, and Noggin

sensitivity, gene expression, and signaling pathways are severely im-
pacted by growth stimulators and inhibitors.”® Further efforts are
essential for the methodologies of organoid culturing and matrix for-
mulations and organoids are not successfully generated from every

specimen.”!

8 | ZEBRAFISH

A recent promising model to study human cancer is zebrafish (Danio
rerio).”> A few normal human tumor types have been displayed in
zebrafish utilizing transgenesis, affirming that the molecular mecha-
nisms that support mammalian tumorigenesis likewise apply in ze-
brafish.”® Various factors including rapid development, chemical
screening, amenable genetics, and its fitness for in vivo imaging
make zebrafish an attractive model to cancer researchers.”* The
zebrafish, by its forward genetics and vertebrate biology, has great
potential as a cancer model system.””

Multiple approaches can be used to induce tumor formation in
zebrafish including chemical carcinogenesis, mutant lines, xeno-
transplantation, and transgenic lines.”® Transplantation studies in ze-
brafish can be particularly effective in the study of tumor metastasis
and its invasion. Zebrafish can be used in cancer studies either by
the alternating nucleotide sequence of DNA, bioinformatics study
of -omics data, examination of tumorigenesis, or by PDXs approach.
Most of the studies on malignancy development in zebrafish origi-
nate from transgenic zebrafish that express oncogenes of mammals.
The technique of transgenesis makes use of one of the advantages of
zebrafish as a laboratory animal, that is, the ease of introducing the
foreign DNA into cells of zebrafish and this DNA strand is expressed

by injection into one-cell embryos.”

Zebrafish has been indicated to be used as a model for studying
unique human genetic disorders that are caused by a change in a sin-
gle gene as well as the more pervasive human chromosomal abnor-
malities. The zebrafish can model a common human genetic disease
involving multiple gene defects such as liver cancers. Zebrafish liver
tumors have regular molecular similarities relating to the progressive
condition of human liver tumors. It has been observed that there are
132 distinct genes in zebrafish liver tumors that showed strikingly
comparable expression profiles relating to the progression of human
liver cancer.?’

The zebrafish cancer models are especially appropriate to predict
novel cancer markers, differentiate between molecular prognos-
tic biomarkers, and to establish their role in disease development.
However, to develop different targeted therapies for particular on-
cogenes and signaling pathways, the zebrafish may form the basis to
test and refine these targeted treatments in the preclinical period
of development of drugs.”* Cancer-causing medications on the ze-
brafish give advancement of induction of the disease and are much
simpler to execute rather than mouse models.””

Zebrafish can spontaneously develop almost any type of tumor
which has the same structure and comparatively similar signaling
pathways as in humans. Their small size, large clutch size, low cost,
the ability to generate hundreds of embryos from a single mating,
translucent embryos, and ex utero growth of the embryo are the
most important features that are extremely helpful in using zebrafish
as a cancer model.*’

Zebrafish models are manageable to genetic control. Forward
genetics demonstrates its use in predicting cancer markers.
Since the body of the non-mammalian zebrafish is transparent
so the tumor progression and cancer metastasis can be tracked

efficiently. Thus, zebrafish serves as a reliable cancer model.
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TABLE 4 Advantages and disadvantages of -omics data

Omics data Advantages Disadvantages Ref.
Genome Identification of Single-nucleotide Polymorphisms It is hard to predict the biological consequence of DNA 83,84
gives valuable data for early identification and by just genome examination due to epigenetics and
prevention of various diseases post-translational and transcriptional changes
Transcriptome Identification of the crucial pathways engaged in Insufficient information due to post-translational 85
drug toxicity and response. changes
Great reproducibility for laboratory studies
Proteome Enable the examination of protein in complex Expensive and insensitive to low duplicated proteins not 83,86
systems. use for the whole proteome.
Reproducibility is increased by directly contrasting Various outcomes because of post-translational
samples under the same electrophoretic conditions alteration
Metabolome Endogenic metabolites are less than genes, proteins, Loss of various metabolites during tissue extraction. 87

and transcripts, so less information is accessible to They are more dynamic and time-sensitive

be interpreted.
Identifying biomarkers of cancer research

Zebrafish have a small size which makes them simple and easy to
house. Their zygotes are valuable in pharmacological research and
drug screening.”*

Difficulty in the examination of fixed tissue is the major disad-
vantage of zebrafish because sectioning embryos or larvae is tricky
due to their small size.”® Also, there is relatively low tumor incidence,
although these tumors are comparable in different mutants these
tumors develop in life at a later stage.72 However, zebrafish is excep-
tionally fit to contribute insights in cancer biology and for providing
a “whole-organism test tube” for the rapid identification of the novel
markers, to determine their functions, and the evaluation of their
capacities, the investigation of host reactions, and development of

anti-cancer drugs.”*

9 | COMPUTATIONAL CANCER MODEL

Considering the certain risk factors (heterogeneity of tumor, the
complexity of the disease, unsatisfactory clinical diagnosis of
disease), genetic makeup, pharmacokinetic attributes, and other
specific features distinct in each diseased individual would enable
a personalized therapy approach to manage the severity of the
tumor. In this regard, personalized medicine manifests the tailoring
of a therapeutic approach to every patient with different genetic

phenotypes and is assumed to become the model of future medical

care. The most advanced research in system biology and the rapid
progression of high-throughput technologies, and similarly as the
portrayal of various -omics, have significantly contributed to a
switch in advanced medical and biological research from conven-
tional hypothesis-driven structures toward data-driven studies
and have encouraged the development of personalized or preci-
sion medications for more complex diseases, for example, cancer.”’
Computational cancer model is a general term that includes
computer-dependent modeling linking to cancer treatment and
tumor physiology.78 Computer-based studies have been broadly ap-
plied to diagnose, observe, and predict cancer growth. For instance,
via 3D microscopic imaging, tumor or tissue can be seen through
computational simulation models. Numerical or computational mod-
els are most often related to algorithms and various computational
software packages, so these models lack comparability and repeat-
ability when contrasted with in vitro cellular cancer models.””
Presently, large-scale computational models are being developed
to study the signal transduction pathways in human cells. Researchers
are now using an integrated programming platform PyBioS3 for the
design, modeling, and simulation of different cell systems. The present
model incorporates around 50 signaling pathways related to cancer
and uses informative data based on the functional outcomes of ge-
netic variations and mechanistic action of drugs.8%%
To give a personalized prognosis, the models are individualized

with the next-generation sequencing (NGS) derived -omics data

FIGURE 2 Development of cancer models. A, Representation of organoid cancer model development in artificial culture media

by taking tumor cells from a cancer patient. B, lllustration of cancer cell lines grown in artificial culture media and its transplantation

in immunocompetent mice. C, Mutated larval brain transplantation in the abdomen of female flies is shown to make the Drosophila
Melanogaster model for cancer. D, Patient-derived xenografts (PDXs) are developed by tumor cells that are derived from patients and
transplanted into immunocompromised mice subcutaneously, orthotopically, or into the renal capsule. E, Zebrafish can be utilized in cancer
studies either by the alternating nucleotide sequence of DNA or by the PDXs approach in which cancer tumor cells are developed from
isolated or resected patient material and are introduced into larvae of zebrafish. F, Genetically Engineered Mouse Models are developed
by altering the hereditary profile of the mice to an extent that genes involved in transformation are overexpressed, replaced, or deleted.

G, lllustration of pig cancer model development is shown by infecting transgenic oncopig with AdCre to induce removal of STOP codon for
expression of transgene and tumors at the site of injection. H, Computational cancer models are generated when omics data are generated
from initial in vivo and in vitro experiments and are utilized to develop the process of computational tools. These tools involve the steps of
parameter estimation, stimulation of drugs, prediction, validation, and model refinement
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from the patient and the individual tumors (in case of cancer). It
is analyzed for genetic alterations, for instance, single-nucleotide
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FIGURE 3 Application of cancer models in various cancer. Experimental models are being used to determine the characteristics of the
different types of tumor proliferating in different organs inside the body. Despite the limitations and advantages of these models, each
type of cancer growth associated with a particular organ (eg, lungs, breast, ovarian) interacts and responds to these experimental models
differently. The following pictorial representation indicates the cancer model application and shows which experimental model depicts the

properties of a specific cancer type more successfully than the other

science of biology offers significant resources and efficient tools
important for biological simulations, implementation of power-
ful cancer models by using significant experiment data, the pro-
gression of the disease, and strategic therapeutic evaluation.
Computational and mathematical modeling has been used to un-
derstand the evolution of cancer. Computational tools provide the
prospect of identifying new biomarkers in signaling cascades and
auspicious targets for antitumor therapy. Cancer signaling net-
work models have been established on time course experimental
measuring protein expression and activity being utilized for the
validation of simulation prediction and efficacy of drug target.82
To increase the translational achievement from cancer models
to individuals, the results of experimental cancer models should
compare to the predictions made by computational modeling. For
example, the efficacy of drugs or medication on a computerized
model of cell or animal model, primarily modifying this computer-
ized model. This modification would then be adapted to each pa-
tient individually.8!

In the field of cancer research and therapy, computational

systems also help in image study and its interpretation. Image

assessment utilizing computerized tomography has been proposed
recently for investigating individualized cancer responses.®!

A very advanced computational model offers the opportunities
for redesigning the experimental study, thus limiting the number of
animal models required for experiments, significantly lessening the
costs, and most importantly, improving the translational value of re-
sults produced. Computational models provide a better understand-
ing of molecular alterations in disease-related pathways and could
give an efficient prescreening for the critical candidates’ selection.
It can improve the knowledge of disease development and drug
response.®!

It is obvious that currently working computational models do
not reflect the entire complexity of simulated biological systems. An
imperative boundary to the utilization of such models in a develop-
mental and clinical context is the validity of prediction. A substitute
strategy is to reduce the number of parameters by disentangling the
model utilizing model reduction techniques 8¢ The mechanism of
the development of different cancer models is shown in Figures 2
and 3. In addition, their application area with their major strength

and weaknesses are given in Table 5.
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10 | ROLE OF BIOTECHNOLOGY IN
ONCOLOGY

Alteration in genome and protein regulation perturbs the normal
mechanism of cell growth and causes the production of malignant
cells. These molecular errors along with biomarkers, oncosuppressor
genes, and related pathways are determined by using techniques of
biotechnology such as in situ hybridization, cell culture, microarray
analysis, and gene mapping.'°? Cancer can be treated by monoclonal
antibodies which hamper the functioning of the tumor cell by block-

ing receptors on the tumor surface.}®3

11 | CONCLUSION

Eventually, the objective of any model is used to produce results
that have a positive influence on patient wellbeing. The integrated
utilization of in vitro, in vivo, and computational models in pre-
clinical testing improves the cost efficacy of drug approval and
development.

High proliferation rate and management ease of cancer cell lines
give it an advantage over longer generation time and large housing
requirements of the pig. Tumor graft effectively recapitulates the
tumor in vivo which cell line is unable to mimic precisely. Studying
tumor heterogeneity and microenvironment in organoids makes it a
novel cancer model. Mouse models of human malignancy are signif-
icant tools for oncology research. PDXs are simple to use, reproduc-
ible, and moderately inexpensive. The shortcoming of PDX is that due
to lack of intact immune system they do not recapitulate the genet-
ics and histology of human tissue tumors as compared to GEMMs.
That why this shortcoming is overcome by various GEMMs strains
that are made to develop cancer that recapitulate the phenotypic,
biochemical, and genetic features of specific human tumors. GEMMs
hold significant promise for evaluating targeted therapeutics in the
future. Although Drosophila has explicated the molecular basis of
tumorigenesis due to having genomic similarity with humans as all
other cancer models but structural and physiological differences
with humans restricted its applications. This short come has been
circumvented by oncopig which represents genomic, epigenomic,
and chromosomal homology with humans. In contrast to traditional
cell lines, zebrafish has many advantages. In the laboratory, zebrafish
have been used for various purposes for the reason that it can give
accurate results for different phenotypes but still, it has a lot of limita-
tions. If accurate procedures and methods are used, zebrafish could
be an excellent model for predicting novel biomarkers in the future.

Shortcomings of in vitro and in vivo models are overcome by
computational models. Mechanistic computer models are estab-
lished from the patient's -omics data and are developed for the
analysis of drug effective responses and effects. But the existing
computational model also does not fully represent the complexity of
the human tumor being developed. Computational models provide
better knowledge about molecular alterations in disease-related

pathways and could give a proficient prescreening for the critical

patient selection. It can improve the understanding of disease pro-
gression and drug therapeutics response.

Cancer models, either in vitro, in vivo, or computational, enable
us to conduct studies that are impractical on patients due to eco-
nomic, moral, and welfare considerations. Gathering data and in-
formation from these models temporarily or permanently provide
advantages to patients.
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