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Transgenic technologies have fundamentally transformed scientific research by enabling precise genetic
modifications with wide-ranging applications across various fields. This review examines the application
of transgenic mice across various research domains, including cancer, diabetes, cardiovascular science,
neurology, gastrointestinal research, and reproductive science. We explored how these models are
important in enhancing the knowledge of complex biological methods, from elucidating pathways of
the disease to enhancing the quality of research outcomes in these fields. Key methodologies such as
CRISPR-Cas9, TALENSs, knock-out, knock-in, microinjection, and embryonic stem (ES) cell transfection are
highlighted, with a focus on their impact on experimental results. Additionally, the review addresses the
use of various transgenic strains in drug discovery and the challenges associated with transgenic research.
By integrating findings from multiple research areas, this review underscores the transformative potential
of transgenic technologies and their pivotal role in driving innovation and addressing global challenges.
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INTRODUCTION

Transgenic animals, genetically engineered to express
specific genes from other species, serve as crucial models
for studying human diseases and testing potential
therapies. The study explores the pivotal tasks of
transgenic animals in accelerating drug discovery and
development. It talks about new developments in this
area and provides particular instances of how transgenic
models have advanced therapeutic research. Through
the process of transgenesis, foreign DNA sequences are
introduced into the genomes of transfected cells, ensuring
their incorporation and transfer to the progeny.!! It has
been possible to make genetically modified animals by
fertilizing them in-vivo or in-vitro using sperm cells infused
with foreign DNA.[?] Researching diseases in humans
and animals, testing new drugs, and evaluating potential
sources of human organs could all benefit from the use of
transgenic animals as models.[®!

The genetic engineering techniques to create transgenics
include:

Gene Knock-out

Gene knock-out is a technique used to inactivate a
specific gene in an organism by disrupting or deleting
its coding sequence, thereby preventing the production
of a functional protein. Knock-out mice have become
invaluable tools for geneticists aiming to understand gene
function in both normal physiological homeostasis and
embryonic development.[* These models are particularly
useful for investigating the underlying pathways of genetic
diseases and developing potential treatments, especially
when a human mutation results in protein inactivation.[>

Gene Knock-in

Gene knock-in is a technique used to introduce a specific
gene or genetic sequence into a targeted location within
an organism'’s genome. This is achieved through methods
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Transgenics in Drug Discovery

such as homologous recombination or CRISPR-Cas9, which
are also used for gene knock-outs. Recent advancements
in knock-in technology, particularly with CRISPR/Cas9,
have enabled more precise and successful gene insertions.
For example, the green fluorescent protein gene has been
successfully inserted into pigs using this approach.®!
The speed of these technologies now allows for the
introduction of biallelic alterations in specific genes
and the study of resulting phenotypes in mice within a
single generation—something previously unimaginable
in biology.[’! It has also been demonstrated that mice can
produce therapeutically useful humanized antibodies
when certain regions of the human immunoglobulin gene
are knocked-in.[®!

Certainly, an animal’s genome is altered by human
genes linked to a certain illness. Transgenic models are
incredibly useful for learning about the pathophysiology
of many diseases, finding possible targets for drugs, and
testing novel treatments before human clinical trials. The
following are the applications and considerations in the
transgenic animal research.

Disease Modeling

The evolution of medicine from skill to science is largely
due to models selected for specific studies on the basis
of their functional and genetic characteristics.!*10]
Genetically modified animal models have been crucial
in advancing medical science by significantly enhancing
our understanding of biological processes.[*!l These
models serve as valuable tools, mimicking disease-related
mechanisms in the context of comparative medicine.%13]
The exponential progress in medical science is, in part,
due to the wide variety of transgenic species employed
in research.™ For example, to examine how an oncogene
induces cancer in-vivo, transgenic or knock-in animals that
constitutively overexpress the oncogene may be used.!**!

Pharmacokinetic Studies

The CRISPR-Cas9 technique is widely used to generate
animal models for DMPK research in addition to disease
models. Studies on DMPK are primarily concerned with
absorption, distribution, metabolism, and excretion.
Potent genetic engineering tools have significantly
enhanced the ability to conduct DMPK and drug-drug
interaction (DDI) studies.['®) An unparalleled scope to
investigate human enzyme-catalyzed reactions has been
made possible by the creation of humanized transgenic
mice models.'”]

Target Validation

Transgenic animals are a valuable validation method as
they allow for the observation of phenotypic outcomes,
helping to clarify the dynamic impact of gene alteration. ['®!
Tactics used to validate newly discovered targets and
support decision-making include proof-of-concept trials
in humans, comprehensive drug discovery programs, or
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collaboration with other institutions. It is important to
note that inadequate validation of therapeutic targets
in the early stages has been linked to poor medication
approval rates and costly clinical failures.[*>21]

Personalized Medicine

Advances in CRISPR/Cas9 genome editing have enabled the
direct manipulation of zygotes, allowing for targeted gene
disruption and the introduction of specific mutations.!??!
Given the diversity of driver genes, CRISPR/Cas9 serves as
an effective instrument for identifying these genes, which
may serve as targets for future drugs.[?3-2°1 By generating
models that accurately replicate human diseases, these
animals enable researchers to gain deeper insights into
disease pathogenesis, identify potential therapeutic
targets, and develop more precise and effective treatments.

Regulatory Considerations and Ethical
Implications

The World Organization for Animal Health has emphasized
that an animal’s condition and its ability to adapt to its
surroundings are important factors to consider. This
is one of the ethical concerns raised by a significant
increase in animal genetic engineering in recent years.[2¢]
Transgenic animals used in research are subject to strict
ethical standards and regulatory oversight to ensure their
humane treatment and responsible use.?”]

Various transgenic models have emerged as indispensable
tools in biomedical research, each offering unique
advantages and insights across different areas of scientific
inquiry. A few of these are outlined below:

Transgenics Used in the Cancer Research

In the cancer research, we highlighted the transgenic
species used in prostate, breast, skin and pancreatic
cancers.

Prostate cancer

This is currently the prevalent cancer among elderly
men.[?82% While most recent prostate tumors are benign
and have a good prognosis, a small percentage can progress
into aggressive, fatal tumors. This presents a significant
clinical challenge in differentiating between benign and
potentially life-threatening cases. The transgenic models
used in prostate cancer research are (Table 1):

Tramp

Mouse transgenic adenocarcinoma TRAMP is the acronym
for prostate. The TRAMP model’s component is the
minimum pro-basin promoter (-426/+28), which drives
the viral SV40 small-t and large-T antigens. This selectively
deactivates pRb and p53 in the prostatic epithelium of
the prostate.3%3 The aberrant cell proliferation in the
prostate gland of TRAMP mice starts at 42 days of age
and gets worse throughout the course of 168 days. By
24 weeks, almost all of the animals have invasive, poorly
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differentiated adenocarcinomas, indicating that the illness
is highly penetrating. (32,

e Large T antigen driven (LADY)

SV40 big antigen T is also used in the LADY model.
According to the LADY model, the large PB promoter (LPB)
is expressed by the SV40 big antigen T tag, and a deletion
construct inhibits the expression of the small t antigen. 33!
All things considered, the LADY model’s expression of the
SV40 large T antigen under the PB promoter, along with
the suppression of the small t antigen, is probably going
to produce a model of prostate cancer development that
may differ from a model that expresses both large and
small T antigens.

e P ten knock-out

The conditional deletion of the PTEN gene in the prostate
causes cancer. According to preliminary research,
homozygous Pten knock-out mice (Pten-/-) were fatal
to the embryo between days 3.5 and 9.5. Nevertheless,
heterozygous Pten+/- mice lived to adulthood and
acquired a range of malignant growths, such as prostatic
intraepithelial neoplasia (PIN) and lymphomas.3*3%]
The study reveals that lowering PTEN levels below 50%
increases prostate cancer progression, indicating that
PTEN tumor suppression operates on a continuum, not a
stepwise reduction.[3¢37]

e Nkx3.1; Pten

This model suggests that the simultaneous deletion of
the Nkx3.1 and P ten genes leads to aggressive prostate
cancer. Reduced levels of both proteins resultin increased
prostate neoplasia since gene-targeted animal studies
show that both genes work together to reduce prostate
cancer. Furthermore, engineered loss of murine Pten
frequently coexists with spontaneous loss of Nkx3.1
protein.!383% In conclusion, PTEN and Nkx3.1 are crucial
tumor suppressors in the prostate. Prostate cancer may
occur as a result of their loss or malfunction.

Breast cancer

Transgenic mice models are crucial for preclinical research
because this malignancy is the top cause of mortality
for women in America, accounting for approximately
40,000 deaths per year.l*%! In order to address the high
death rates linked to breast cancer, it is imperative that
these preclinical models be developed. Technological
developments have made it possible to produce genetically
altered animals that faithfully mimic different subtypes
of breast tumors.[*!! The following transgenics are used to
treat breast cancer (Table 2):

o MMTV-PyMT

The mouse mammary tumor virus-polyoma middle T
antigen is known as MMTV-PyMT. In this model, the
polyoma middle T antigen is influenced by the mouse
mammary tumor virus promoter, which accelerates the
growth of breast tumors. Many approaches, such as gene
activation and suppression, made it possible to research the
beginning and development of breast cancer. According to
research, the middle T antigen, which contains a powerful
transforming protein, is essential to the transformation
process of DNA tumor viruses like the polyoma virus.[*?!
The progression of spontaneous mammary tumors in
hemizygous MMTV-PyVT mice resembles the progression
of premalignant to malignant breast cancer in humans.*3!

« ERBB2/HER2/neu

Another name for ERBB2, which is produced from a
neurogenic strain of rats, is Human epidermal growth
factor receptor 2 (HER2). The mouse mammary tumor
virus-long terminal repeat (MMTV-LTR) promoter drives
the active rat c-neu oncogene in this animal, creating a
breast cancer model.[**!

TGFBRZ2 transgenic mice

This model overexpresses the ErbB2 oncogene under the
MMTYV promoter, leading to mammary tumor formation.
TGFBR2,athreonine/serine kinase receptor, is commonly

Table 1: Uses and limitations of species used in the prostate cancer

Species Uses Limitations

TRAMP Used to investigate how prostate cancer The Usage of SV40 T-antigen to induce tumors, which does not
develops from its earliest stages to its occur in human prostate cancer, making it less representative of the
metastases. natural disease process in humans.

LADY Utilized to look into the role that the HER2/ This model may not accurately mimic the normal control and

neu oncogene plays in the emergence of breast
cancer.

P ten knock-out Used to investigate the PTEN gene’s function

in controlling carcinogenesis.

diversity of HER2 expression observed in human breast cancer
because it overexpresses the HER2 /neu oncogene under a strong
promoter.

Complete gene deletion can cause early lethality or developmental
abnormalities, limiting its ability to fully model cancer progression
in adult tissues.

Nkx3.1; Pten Used to investigate the combined impact of Nkx3.1; Pten model is that it may not fully capture the complexity
Pten deletion and prostate-specific Nkx3.1 and heterogeneity of human prostate cancer, as it focuses on
loss. specific genetic alterations that may not be present in all patients.
Int. J. Pharm. Sci. Drug Res., November - December, 2024, Vol 16, Issue 6, 1054-1070
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Table 2: Uses and limitations of species used in the breast cancer

Species Uses Limitations

MMTV-PyMT Used to investigate how breast cancer develops, It may predominantly mimic a specific subtype of breast
particularly how benign tumors turn into cancer (HER2-positive), which may not represent the full
malignant ones. diversity of breast cancer types in humans.

ERBB2/HER2/neu Used to assess the effectiveness of targeted It often results in homogeneous tumor expression of
therapy and look into the molecular pathways HER2, which may not accurately reflect the variability and
underlying HER2-positive breast cancer.\ complexity of HER2 expression observed in human breast

cancers.

TGFBR2 Utilized to look into the role that transforming The genetic alterations affecting TGF-f signaling can lead to
growth factor-beta (TGF-) signaling plays in the =~ compensatory mechanisms, which may obscure the specific
initiation and progression of cancer. contributions of TGF-f in tumor biology.

MMTV-Wntl Used to understand the mechanisms behind [t predominantly mimics a specific mechanism of breast
tumor initiation and the influence of the tumor cancer driven by Wnt signaling, which may not represent the
microenvironment. heterogeneity and multifactorial nature of breast cancer in

humans.

MMTV-TGFa Utilized to investigate how transforming This model primarily focuses on the effects of TGF-a
growth factor-alpha (TGF-a) contributes to the overexpression, which may not accurately reflect the
development of breast cancer. complex signaling interactions present in human breast

cancer.

BRCA1/BRCA2 Used to study the molecular mechanisms It may not fully capture the heterogeneity of sporadic breast

MMTV-Cre; p53flox/
flox

underlying hereditary breast and ovarian cancers.

Used to help in investigation for researchers to
explore how p53 loss influences tumor behaviour

and ovarian cancers, which can arise from various genetic
and environmental factors beyond BRCA mutations.

The deletion of p53 occurs specifically in the mammary
tissue, which may not accurately represent the systemic

and response to therapy.

RB1 Employed to investigate how the RB tumor

suppressor gene contributes to the genesis of

cancer.

impacts of p53 depletion observed in other tissues or
malignancies.

It primarily focuses on retinoblastoma and may not fully
represent the diverse roles of RB1 in other tumor types and
the complexities of tumor microenvironments.

associated with the mechanisms underlying breast cancer.
Upon binding to its ligand, Transforming growth factor
beta (TGFB), TGFBR2 heterodimerizes with TGFBR1.
Substrates involved in gene transcription, cell cycle arrest,
actin cytoskeleton dynamics, and cell proliferation become
phosphorylated as a result of this interaction.!*>#¢]

o MMTV-Wntl

The mouse mammary tumor virus (MMTV) promoter
drives the expression ofthe Wnt1 oncogene, a gene involved
in cell signaling and development. This model leads to
mammary gland hyperplasia and tumor development.
Thelong terminal repeat (LTR) of MMTV features multiple
transcription factor binding sites that regulate viral
production in various tissues and in response to hormones
such as progesterone and glucocorticoids.*”*8 MMTV
LTRs are crucial for initiating oncogene expression in
transgenic mice, thus creating breast cancer models by
regulating high-level expression of mammary epithelial
cells in a hormone-dependent manner.[*’l When breast
tissue has Wntl, c-neu, or TGFf transgenes, MMTV
infection raises the likelihood of cancer.!>%>
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e MMTV-TGFa

This model overexpresses TGFa under the MMTV
promoter, leading to tumor development. TGFa stimulates
the growth of epithelial and fibroblastic cells from benign
tumors in healthy mammary glands.??) TGFa promotes
the proliferation of epithelial and fibroblastic cells from
healthy mammary glands as well as benign malignancies.
Furthermore, because TGFa and its receptor, EGF-R, are
overexpressed in breast cancer cells, TGFa mediates
estrogen-stimulated actions in these cells. These reactions
lead to the development of breast carcinogenesis.!>!

e BRCA1/BRCAZ2 knock-out

The risk of developing cancer, particularly ovarian and
breast cancer, is significantly increased by mutations
in the essential genes BRCA1 and BRCA2, which are
involved in DNA repair. Hereditary breast cancer has been
modeled in mice by conditionally shutting down BRCA1
or BRCA2 in mammary epithelial cells. In one animal,
the Brcal exons 22-24, which encode the second BRCT
domain, were precisely deleted in the mammary gland
using the B-lactoglobulin (BLG) promoter. This deletion,
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Table 3: Uses and limitations of species used in pancreatic cancer

Species Uses

Limitations

Cre; Kras”G12D mice

focus on the functions of Kras mutations.

Conditional Kras Model

focus on the functions of Kras mutations.

Used to investigate the processes by which
pancreatic cancer arises and spreads, with a

Used to investigate the processes by which
pancreatic cancer arises and spreads, with a

It may not accurately replicate the full spectrum of genetic
mutations and heterogeneity found in human pancreatic
cancer, potentially oversimplifying tumor biology.

It may lead to variability in tumorigenesis that may not
accurately reflect the progression of human cancers.

combined with a heterozygous Trp53 mutation, led to the
development of breast cancers.[>¥

e MMTV-Cre; p53flox/flox

Cre is a site-specific recombinase enzyme used in genetic
models to induce targeted gene deletions. In this model,
the p53 tumor suppressor gene in breast tissue is precisely
deleted using the MMTV-Cre system, which results in the
growth of tumors. In 1994, the Weinberg group developed
the first p53 knock-out mouse model by introducing a
mutation in the Tp53 gene, which blocks the translation
of this gene into its functional protein.[>®! In these p53-
null animals, malignancies, primarily sarcomas and
lymphomas, are more prevalent, with a timeframe of 10
months in p53+/- mice and 3-6 months in p53-/- mice.!>¢!

e RB1

This mice model is crucial for studying the RB1
(Retinoblastoma) role in various biological processes,
particularly in cancer research. RB1 is a tumour
suppressor gene, regulating the cell cycle, and its
inactivation is associated with several types of cancers.
The protein known as Retinoblastoma Protein 1(RB1)
controls the progression of the cell cycle.l>’). Luminal B
and basal-like breast cancers have been linked to RB1 loss
or inactivation.>%5

Pancreatic cancer

The most prevalent and possibly lethal malignancy in
adults is pancreatic cancer.[®®l Transgenic models offer a
good understanding of the disease pathways, particularly
the abnormal tumor microenvironment that fosters cancer
growth, as well as genetic alterations and acquired traits of
cancer cells. The following transgenic models are employed
in the study of pancreatic cancer (Table 3).

e (Cre; Kras"G12D mice

A specific mutation known as the “Kras*G12D mutation”
occurs in the Kras gene, causing aspartic acid (D) to
replace glycine (G) at position 12 in the Kras protein. This
mutation, which is a common oncogenic driver in a range
of malignancies, including colorectal, lung, and pancreatic
cancers, is a crucial model for studying oncogenic Kras-
driven carcinogenesis. Kras*G12D is frequently mutated
in pancreatic carcinogenesis. The oncogenic Kras"G12D
allele, when combined with the Cre-loxP system, produces
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cancer in a tissue-specific manner in this model. This
model causes tumors in mice that mimic pancreatic
ductal adenocarcinoma (PDAC) and intraductal papillary
mucinous neoplasm (IPMN). By evaluating tumors from
Ptfla-Cre, Kras*G12D, and Aridla”f/f mice, Wang et
al. showed that these cancers activated the epithelial-
mesenchymal transition (EMT) and stem cell identity
pathways.[662]

e Conditional kras model

Conditional Kras models are genetically engineered
animals or cell lines designed to allow controlled
expression or inactivation of the Kras oncogene in specific
tissues or developmental stages. The use of the Cre-loxP
system or similar recombination technologies achieves
this control. These models are useful for researching how
oncogenic Kras mutations affect the onset and spread
of cancer. Pancreatic ductal cancer arises when LSL-
Kras”G12D mice are crossed with mice that express Cre
recombinase, which is controlled by the Pdx1 or Ptf1a/P48
promoters.[63] The KRAS mutation, which is seen in almost
all human pancreatic ductal adenocarcinomas (PDACs),
is one of the initial genetic events in the development of
human pancreatic intraepithelial neoplasms (PanINs).[6%
Further research using murine models has shown that
activation of a KRAS mutation is the initial step toward
PDAC development.[6>6¢]

Skin cancer

Transgenic models are invaluable for studying gene
interactions and their impact on skin cancer onset and
progression. For over 60 years, multistage skin carcinomas
in mice have served as a reliable in-vivo model for
investigating epithelial tumor development.[°”.68] Below
are some of the models employed in skin cancer research
(Table 4):

e K14-HPV16 mice

K14 is a protein expressed in basal keratinocytes, the
primary cell type in the epidermis, while HPV16 is a high-
risk type of human papillomavirus associated with skin
and cervical cancers. In this model, the HPV16 genome
has been introduced into the genome of mice (HPV+),
resulting in basal cells of keratinized epithelia expressing
the HPV16 early region.®” This expression is induced by
the promoter of the cytokeratin-14 (K14) gene.l’% The




Transgenics in Drug Discovery

Table 4: Uses and limitations of species used in the skin cancer

Species Uses

Limitations

K14-HPV16 Used to investigate how human
papillomavirus, or HPV, contributes to

the development of skin cancer.

MMTV-FLAG-PAD2 Utilized to investigate how peptidyl
arginine deiminase 2 (PAD2) leads to the

development of breast cancer.

Tyr-NRASQ61K used to look at how NRAS mutations

affect the onset and spread of melanoma.

It predominantly focuses on HPV16-related tumors, which may
not capture the full spectrum of HPV-associated cancers and their
diverse genetic backgrounds in humans.

Overexpression of PAD2 may not accurately represent its
physiological regulation in normal breast tissue, potentially leading
to atypical tumor characteristics not seen in human cancers.

It primarily focuses on the effects of a single oncogenic mutation,
which may not fully capture the genetic and environmental
complexity of human melanoma.

epithelial cells in these animals are specifically targeted
for HPV16 early region expression due to the influence of
the cytokeratin-14 gene promoter.l”!]

e MMTV-FLAG-PAD2 mice

While peptidyl arginine deiminase 2 (PAD2) is an enzyme
involved in protein modification, FLAG is a short peptide
tag used for protein purification and detection. A useful
tool for researching how protein arginine deiminase 2
contributes to skin cancer is PAD2. By subcloning the
human PAD2 cDNA into the EcoRI sites of the MMTV-
SV40-Bssk plasmid, scientists create the MMTV-FLAG-
PAD2 construct.[’273] This construct enables targeted
expression and study of the PAD2 protein, specifically in
mammary cells.

e Tyr-NRASQ61K mice

The Tyr promoter drives the expression of the mutant
NRAS gene specifically in melanocytes, while Q61K denotes
a mutation in the NRAS gene where the glutamine (Q) at
position 61 is replaced by a lysine (K). Tyr-NRASQ61K is
used to investigate the role of NRAS*Q61K mutation in
melanoma genesis. The NRAS*Q61K mutation, commonly
found in human melanomas, drives oncogenesis through
the activation of the NRAS protein, leading to uncontrolled
cell proliferation. Mutations in BRAF (51-63%) and NRAS
(21-28%) are responsible for up to 75 to 80% of melanomas,
often working in tandem.!”" In 1995, the transgenic
mouse model known as TP-Ras was developed, which
overexpresses the mutant human HRAS*G12V under the
Tyr promoter. In this model, melanocytes did not develop
into melanoma despite showing hyperpigmentation
and hyperproliferation.”>! Chin et al. found in 1997 that
recurring skin-pigmented tumors with 61% penetrance
are produced when HRAS*G12V is expressed selectively
in melanocytes under the Tyr promoter in a homozygous
Ink4a/Arf-null background.”¢!

Transgenics Used in the Diabetic Research

For the purpose of studying the impact of diabetes on
metabolism, fertility, death rate and illness rate across
multiple organs, global knock-out or knock-in mice
are essential.l”””8 Transgenic models have also been
utilized to investigate the potential for liver-to-pancreas
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redirection in autoimmune pancreatitis, offering a more
realistic depiction of the disease’s progression.”” The
following transgenic models may be particularly useful
for diabetes research (Table 5).

Lepr”db (db/db) Mice

Mutation in the leptin receptor gene causes obesity and
severe diabetes in these animals. They are particularly
valuable for studying type 2 diabetes (T2D) and its
complications. Lepr mutations resultin obesity in Lepr*db/
db mice,!8%8% which is akin to the obesity observed in
leptin-deficient ob/ob animals.?) Additionally, Lepr~db/
db mice develop insulin resistance, fatty liver, hyperphagia,
hyperglycemia, and infertility.[8384

Non-obese diabetic (NOD) mice

This model is used for studying type 1 diabetes (T1D).
In the 1980s, researchers in Japan sought to breed a
strain of mice susceptible to cataracts, but instead, they
spontaneously developed type 1 diabetes at a young age.
This unintentional development led to the creation of the
NOD mice model.®¥! It is now understood that, akin to
human T1D, the autoimmune destruction of the endocrine
pancreas in NOD mice leads to diabetes. This destruction
results in insulin insufficiency and elevated blood sugar
levels, or hyperglycemia.[8¢]

KK-A"y mice

Because the A"y allele is linked to increased body weight
and metabolic abnormalities, KK-A"y mice are frequently
utilized as models for obesity and metabolic disorders.
Genetic and environmental variables that lead to obesity
and associated disorders can be investigated using these
mice. Agouti gene mutation, responsible for hyperphagia,
develops diabetes. A consistent diabetic state may be
produced in Kuo Kondo (KK/Ay) mice by the use of a
polygenic mutant model of T2D. This mouse model also
tackles the issue of there not being a good T2D model
available for bone investigations. Agouti gene mutation,
which determines a mouse’s coat color, causes KK/Ay to
have diabetes. Agouti gene mutation coats ectopic gene
expression in various tissues, which leads to diabetic mice
with yellow fur.[87]
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C57BLKS/] (BKS)

A particular inbred mouse model called the C57BLKS/]
(BKS) strain is frequently used to research obesity and
type 2 diabetes (T2D). Early-onset diabetes is caused by a
recessive mutation in this strain that develops on its own.
Initially, the mutation causes mild hyperinsulinemia, which
progresses to insulinopenia due to beta-cell degeneration
in the pancreatic islets.[®® In 1996, it was discovered that
this strain also exhibits a mutation in the leptin receptor,
a key adipokine hormone. This mutation is found in ob/
ob (now Lepob) mice, furthering our understanding of
diabetes and obesity.[9-91

NONcNZO10/Lt]

The NONcNZO strain, which is a combination of the NON,
NZO, and C57BL/6 strains, includes substrain 10 and
is identified by the Jackson Laboratory stock number
Lt]. This strain is utilized to study the complex genetic
relationships involved in diabetes. Polygenic models of
obesity and diabetes, like NONcNZO, more accurately
reflect the genetic diversity seen in human type 2 diabetes
(T2D) patients. NZO/HI] mice, a related strain, develop
severe obesity and insulin resistance while maintaining
a functional leptin-leptin receptor axis, indicating
peripheral resistance rather than central involvement.
These mice exhibitabnormalities similar to those observed
in BKS-db/db mice.??%4

TALLYHO mice

TALLYHO is a transgenic mouse model in which the
human telomerase reverse transcriptase (hTERT) gene
expression is controlled by the mouse mammary tumor
virus (MMTV) promoter. Type 2 diabetes in this polygenic
model results in insulin resistance and hyperglycemia.
Male diabetic mice have been used to inbreed and select
offspring, creating a polygenic diabetes model that
resembles NcZ10. Male TALLYHO diabetic mice have
pancreatic islet histopathology that shows beta-cell
degranulation and loss.[*>?¢]

OB/OB mice

Mice with a mutation in the leptin gene develop fat and
diabetes because alterationsin leptin signaling are closely
linked to metabolic issues and the onset of type 2 diabetes
mellitus (T2DM).°7] Obesity and related metabolic
disorders are frequently studied in genetically defective
ob/ob mice.”® *I While the diabetes (db) gene, which codes
for the leptin receptor (ObR), is altered in db/db mice, the
obesity (ob) gene, which codes for leptin, is mutated in
these mice.l'°?) Ob/ob animals mainly show obesity and
mild insulin resistance, whereas db/db mice acquire both
diabetes and obesity.[1°!]

Transgenics Used in the Cardiovascular Research

The intricate network of hormonal and neurological
pathways that influence organ function is critical for

Table 5: Uses and limitations of species used in diabetic research

Species Uses Limitations

Lepr~db (db/db) Used to study type 2 diabetes, making it valuable It mostly depicts type 2 diabetes and monogenic
for researching metabolic disorders and potential obesity, which might not accurately portray the
therapeutic interventions. complex etiology of these disorders in people.

NONOBESE DIABETIC Used to investigate the pathophysiology of type 1 It might not accurately mimic the environmental

(NOD) diabetes, specifically how autoimmune contributes and genetic elements that lead to the onset of type 1
to pancreatic cell destruction. diabetes in people.

KK-Ay Employed to look into how insulin resistance Severe obesity is driven by a specific genetic
and hyperphagia affect type 2 diabetes and the mutation, which may not fully represent the diverse
metabolic syndrome linked to obesity. causes of type 2 diabetes in humans.

C57BLKS/] (BKS) Used to investigate severe diabetes and obesity, The susceptibility to severe obesity and diabetes
especially when combined with mutations in the is primarily due to specific genetic backgrounds,
leptin receptor or leptin itself. which may not fully capture the complexity of these

conditions in the broader human population.

NONcNZ010/Lt] Used to study polygenic obesity, metabolic The polygenic nature of this model can make it
syndrome, and Diabetes type 2. challenging to pinpoint specific gene contributions,

complicating the study of individual factors involved
in obesity and Diabetes type 2.

TALLYHO Used to investigate the pathophysiology of Diabetes =~ This model exhibits a specific genetic background,
type 2 and obesity, particularly the interactions which may not fully represent the multifactorial and
between genetic predisposition. heterogeneous nature of diabetes type 2

in human populations.

ob/ob Used to study obesity and metabolic disorders, It primarily reflects a single genetic defect in leptin

particularly body weight regulation. signaling, which may not capture the complexity of
obesity’s multifactorial causes in humans.
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cardiovascular control and the etiology of cardiovascular
disorders.!*%) Transgenic technology plays a vital role
in characterizing genes associated with cardiovascular
health. However, its gene-targeting techniques are
currently limited to mouse species, which presents a
significant challenge.['%3] Below are some transgenic
models used in cardiovascular research that are worth
considering (Table 6):

ApoE knock-out mice (ApoE-/-) & LDL receptor knock-out
mice (LDLR-/-)

These ApoE-deficient animals are utilized to simulate
human atherosclerosis and hypercholesterolemia, much
as ApoE knock-out mice. A new era in the preclinical
study of atherogenesis began in the early 1990s with the
description of the apoprotein E deficient mice (Apoe-/-) by
N. Maeda and colleagues and by ]. Breslow and colleagues
in the same year. The following year, Herz, Brown, and
Goldstein described the LDL receptor-deficient mouse
(Ldlr-/-).[104-106] Apge—/— mice are utilized more often
than Ldlr-/\ animals, but both models—which have the
atherosclerosis-prone C57BL/6 genetic background—
are widely employed to study atherosclerosis utilizing
a variety of physiological and genetic interventions. The
LDL receptor is downregulated when hyperlipidemia is
present, and transplanting bone marrow expressing Ldlr
haslittle to no effect on atherosclerosis overall in animals
that are Ldlr-deficient.['°”] Both the Apoe-/- and the
Ldlr-/- mice have been used to assess the role of a large
number of genes in atherogenesis.!'%® 1% Mice that are fed
a Western-style diet experience hyperlipidemia-related
atherosclerosis.''% Obstructive lipid-rich coronary lesions
associated with myocardial infarction are also caused by
the overexpression of urokinase specific to macrophages
on an Apoe-/- background.!*'%

PKC-delta Knock-out Mice (PKC-6-/-)

These mice lack protein kinase C-delta and are used to
study ischemic heart disease. Genetic variants exist in
PKC-§, and the PKC-6 gene, Prkcd, can be spliced to create
conditional knock-out mice. Controlling exon expression
results in the production of these mice. These mice were
created by removing common exons of various PKC-6
genes [, 11, IV, V, VI, and VII. PKC-8-/- mice used in these
investigations are primarily PKC-6 I, Il subtypes that have
been knocked out. Niino et al’s study found that knocking
down various PKC-8 subtypes in mice can inhibit fetal
development, cause lung inflammation, and lead to heart
elastic fiber hyperplasia in adult mice.[*?]

Transgenic mice overexpressing human renin and
angiotensinogen

These mice are used to study hypertension and its effects
on cardiovascular health. Developed by the Indiana
University School of Medicine, the DBA/2N transgenic
mice are specifically designed to investigate hypertension
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and its impact on cardiovascular health 1131, Initially,
transgenic mice expressing human renin were created
by inserting linear DNA segments containing either
the full human renin gene (15.3 kbp) or the complete
human angiotensinogen gene (14 kbp) into C57BL/6] ova.
Subsequently, these two heterozygous mice were crossed
to generate the desired transgenic model.

MHC-a/p transgenic mice

These mice express mutant forms of MHC and are used
to study cardiac hypertrophy and heart failure. GATA4
knock-out mice showed overt hypertrophy and heart
failure, linked to increased BPMHC (beta-myosin heavy
chain) and ANF (atrial natriuretic factor) expression.
These observations challenge the idea that GATA4
induction directly influences BMHC expression during
pressure-overload hypertrophy.[!* The creation of these
mice involves precise genetic engineering techniques to
introduce foreign MHC genes into the mouse genome.

Transgenics Used in the Neurological Research

The use of transgenic animals expressing fluorescent
reporters for imaging studies has significantly increased
with the advancement of recombinant DNA technology.
These models enable vivid imaging through fluorescence
microscopy techniques, such as confocal microscopy,
allowing for the visualization of physiological and
pathological events within the nervous system. This
approach has been instrumental in studying conditions
such as Huntington’s disease,['1°] Alzheimer’s disease
(AD),[116 1171 parkinson’s disease,['*® and amyotrophic
lateral sclerosis.(ALS)'7! Additionally, considerable
efforts have been directed toward developing novel
transgenic models to enhance our understanding of less
well-characterized diseases, such as schizophrenia.*'"!
Here are some examples of well-known transgenic models
used in neurological research:

APP/PS1 mice

Human amyloid precursor protein (APP) and presenilin 1
(PS1), genes linked to familial AD, a genetic variant of the
neurodegenerative disease, are overexpressed in APP/PS1
mice. These mice produce a chimeric APP695 protein with
Swedish mutations (K595N, M596L), which is controlled by
the MMP promoter. Additionally, the PS1 variant in these
mice includes the AE9 deletion mutation. This model is
known as the APP(Swe)/PS1AE9 model.l*2"!

B6-hSNCA mice

The B6-hSNCA mouse model carries a humanized version
of the SNCA gene, which encodes a-synuclein, making it
valuable for Parkinson’s disease research. Mutations in
SNCA gene lead to the overproduction of a-synuclein,
which contributes to the formation of Lewy bodies. This
model provides a humanized system to study the SNCA
gene, a promising target for developing new treatments.
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Table 6: Uses and limitations of species used in the cardiovascular research

Species Uses Limitations
(ApoE-/-) & Used to study atherosclerosis and cardiovascular  They do not fully replicate the complexities of human lipid
(LDLR-/-) disease, particularly the mechanisms of metabolism and cardiovascular disease, as these models are
lipid metabolism and plaque formation in a based on specific genetic mutations that may not encompass
hyperlipidemic environment. all contributing factors.
(PKC-6-/-) Used to investigate cancer progression and The complete knock-out of PKC delta can lead to
inflammation in cardiovascular diseases. compensatory mechanisms in other signaling pathways,
potentially obscuring its specific role in disease processes.
Overexpressed Used to study the pathophysiology of They may not accurately replicate the complex regulatory
human renin and hypertension and cardiovascular diseases. mechanisms of the renin-angiotensin system found in
angiotensinogen humans, potentially leading to oversimplified interpretations
of hypertension and cardiovascular disease.
MHC-a/8 Used to investigate the immunological response, It may not fully replicate the complexity of human immune

specifically the involvement that major
histocompatibility complex molecules play in
autoimmunity and T cell activation.

responses due to differences in MHC allele diversity and
interactions with other immune components.

The homozygous B6-hSNCA mice are both viable and
reproducible.[*21]

FVB/N mice

This strain is commonly used for creating transgenic
models in research related to gene functions associated
with some neurological diseases due to its large oocytes
and pronuclei, which are ideal for genetic manipulation.
Tg2576 mice are typically studied when they possess both
C57BL/6 and S]L genetic backgrounds. However, when the
Tg2576 gene is introduced into the FVB/N strain, the mice
tend to die early, and it becomes challenging to remove the
special gene from this type of mouse.1?2l

Tau P301L mice

express the human tau protein with the P301L mutation
linked to AD. Tauopathy patients display MAPT
(microtubule-associated protein tau ) clumps in their
brains, causing tauopathies like AD, and FTLD.['?3] The
harmful tau protein, when put into the brains of mice
with the human tau gene or even normal mice, can clump
together.['24126] Studies have shown that both the normal
tau gene and the P301L mutation lead to increased tau
protein production in mice. However, the formation of tau
tangles, as seen in humans with the normal tau gene, occurs
more slowly.l'?”] The P301L mutation causes tau protein
to misfold and aggregate into neurofibrillary tangles
(NFTs), which are a hallmark feature of frontotemporal
dementia (FTD).

5xFAD mice

The 5xFAD mouse strain was developed to model AD by
incorporating five mutations associated with the disorder,
which significantly increases the production of AB42. This
strain serves as a rapid model for studying Alzheimer’s
amyloid pathology. By the age of 2 months, these mice
exhibit substantial accumulation of Af42, formation of
cerebral amyloid plaques, gliosis, and memory deficits, as
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evidenced by the Y-maze test. Notably, intraneuronal Af42
accumulation occurs prior to plaque formation, suggesting
that amyloid plaques may originate from aggregated
neurons.[128 129

The hSOD1 G93A mice

The hSOD1*G93A mouse model expresses the human
superoxide dismutase 1 (SOD1) gene with a G93A
mutation and is widely utilized to study ALS. These
transgenic mice carry multiple copies of the faulty
SOD1 gene, leading to a disease phenotype similar to
ALS, characterized by damage to the motor neurons
that control muscle function. Mice with elevated SOD1
levels exhibit a range of neurodegenerative symptoms,
including axonal degeneration in several long fiber
tracts, particularly the spinocerebellar tracts, and axonal
swelling.['3®) hSODIWT mice show neurodegenerative
alterations, including vacuolization of mitochondria
in the spinal cord, brain stem, and subiculum axons,
moderate spinal motoneuron loss at 2 years, and modest
motor impairments.[t3%132]

Transgenics Used in the Gastrointestinal Research

Transgenic models have significantly advanced our
knowledge of the pathophysiology of diseases and their
cellular pathways, including gastric precancerous lesions
(GPLs). As the fifth most common disease worldwide,
gastric cancer significantly raises the death rate from
cancer. Over 1 million people receive a GC diagnosis
each year, and over 720,000 of them pass away from
the illness.'33134 By creating mice with specific genetic
alterations, such as knock-out or transgenic mice,
scientists have gained valuable insights into the roles
of genes within living organisms and the genetic factors
contributing to health and illness.['**] The genetically
modified species commonly used in gastrointestinal
research include (Table 8):
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Table 7: Uses and Limitations of species used in the neurological research

Species Uses Limitations
APP/PS1 Focusses the effects of amyloid-beta accumulation It primarily focuses on amyloid-beta pathology and may not fully
on neuronal function and cognitive impairment. represent the complex nature of Alzheimer’s disease, including
tau pathology and neuroinflammatory processes.
B6-hSNCA Used to investigate alpha-synuclein overexpression =~ The complete range of Alzheimer’s disease pathology, including
on neurodegeneration and motor deficits. the existence of non-motor symptoms and the complex
interaction of environmental factors, might not be fully
replicated by it.
FVB/N Allows the researchers to explore its effects on It primarily expresses human alpha-synuclein, which may not
neuronal toxicity and motor function. fully recapitulate the post-translational modifications and
aggregation patterns observed in human Alzheimer’s disease.
Tau P301L Used to study the pathophysiology of tau-related It may not fully replicate the heterogeneity and complexity of
neurodegenerative diseases, allowing researchers human tauopathies, as it primarily focuses on a specific mutation
to explore tau aggregation, neuroinflammation, and and its downstream effects.
cognitive decline.
5xFAD Used to study the pathophysiology of Alzheimer’s It develops amyloid plaques rapidly, which may not accurately
disease, particularly the rapid buildup of amyloid- reflect the slower, more progressive plaque formation observed
beta plaques. in human Alzheimer’s disease.
hSOD1 G93A Used to assess possible treatment strategies and It predominantly represents a specific genetic form of ALS,

look into the mechanisms of ALS.

This might not fully encompass the range of pathophysiological
processes at play in isolated instances of the illness.

The APC”min /+ Mouse model

Many intestinal adenomas, mostly in the small intestine,
occur as a result of a mutation in the APC gene present in
the APC”min /+ Mouse model. Mice with a heterozygous
APC mutation are able to live but develop numerous
intestinal polyps.[t3¢! Referred to as “Min” mice, or
multiple intestinal neoplasia mice, they serve as valuable
models for studying intestinal tumorigenesis due to their
polyps resembling those found in patients with familial
adenomatous polyposis (FAP).['37] Additionally, COX-2,
a gene responsible for promoting intestinal and colonic
polyps, was found to significantly reduce the number of
intestinal polyps in APC*Min mice when A716 animals
were given COX-2 (Ptgs2 null mutation) knock-outs.[!38]

CAC

Cre recombinase was particularly expressed in the large
intestine of the CAC mouse model. This model makes
use of a promoter from the mouse carbonic anhydrase
I gene. This transgenic animal was created by crossing
CAC mice with APC580S mice, which inactivated the APC
gene in either one allele (CAC; APC580S/+) or both alleles
(CAC; APC580S/580S). Nonetheless, the small intestine
of Apcmin mice and tissues beyond the large intestine
frequently exhibit increased malignancy expression in
the transgenic models for colon cancer that are currently
available.['*°] Additionally, Apcmin mice and other
genetically modified mice have been found to develop
mammary tumors.['*% Genetically modified mice allow for
precise control over cancer initiation molecular mutations.
The CAC model was generated using Pme I restriction
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endonuclease digestion to separate CAC from pUC13kb-
mCA-cre, following conventional procedures at the Purdue
University Transgenic Mouse Core Facility.[“l]

cMyc and shp53 tansgenic mice

The cMyc and shp53 transgenic mice model overexpresses
cMyc and exhibits reduced p53 expression in the liver,
serving as a valuable model for studying hepatocellular
carcinoma (HCC) and gastrointestinal cancer. Developed
by Sandgren et al., these mice utilize an albumin enhancer/
promoter to drive c-Myc expression, specifically in the
liver. This targeted expression leads to the development
of hepatoblastoma in older mice after 15 months, while
younger mice display varying degrees of liver damage.[1*?]
The study demonstrated that c-Myc overexpression results
in B-catenin gene mutations, which disrupt 3-catenin
signaling pathways and ultimately contribute to HCC
development.!143!

Transgenics Used in the Reproductive Research

For the past 20 years, transgenic mice have advanced
our knowledge of how transcription factors regulate the
reproductive system. Their genetic and physiological
similarities to humans, coupled with their ease of care,
rapid breeding, and high reproductive rates, make mice
the most popularly used ones in biomedical research. The
availability of the mouse genome shortly after the human
genome further underscores their importance in health
science research.** 1451 Some notable transgenic models
that have contributed to reproductive research include
(Table 9):
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Table 8: Uses and limitations of species used in the gastrointestinal research
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Species Uses Limitations
APC*min /+ used to investigate how APC mutations influence This model develops tumors in the small intestine, whereas
intestinal tumor development and progression. human colorectal cancer typically arises in the colon, limiting
its direct relevance to human disease.
CAC The connection between chronic inflammation and colon = The induced inflammation and tumor development may not
cancer is investigated using the colitis-associated cancer  fully mimic the gradual and multifactorial progression of
(CAC) model, which sheds light on the mechanisms colitis-associated cancer in humans.
behind inflammation-driven carcinogenesis.
cMyc and used to investigate how p53 suppression and MYC It may not fully capture the genetic diversity and
shp53 overexpression work together to promote carcinogenesis, heterogeneity found in human cancers, limiting its ability to
especially in lymphoma cancer. represent all tumor subtypes.
Table 9: Uses and limitations of species used in the reproductive research

Species Uses Limitations

C57BL/6] s Its susceptibility to certain metabolic conditions may not be

representative of responses in other mouse strains or in humans.

BALB/c Used in studying tumor development and The limitation of the BALB/c model is its genetic uniformity, which
infectious diseases due to its Th2-biased may not accurately reflect the heterogeneity of immune responses and
immune system. disease progression seen in diverse human populations.

CD-1 The CD-1 mouse model is widely used in A limitation of the CD-1 model is its genetic variability, which can lead
pharmacological and toxicological studies due  to inconsistent results in experiments compared to more genetically
to its high reproductive capacity. uniform strains.

FVB/N The FVB/N model is used for transgenic studies A limitation of the FVB/N model is its susceptibility to certain
due to its high reproductive performance and diseases, which can complicate experimental outcomes and affect the
favorable conditions for germline transmission. generalizability of findings.

C57BL/6] Animal welfare

strain is The C57BL/6] strain is widely utilized due
to its well-defined genome and robust reproductive
performance. C57BL/6] mice are a versatile and popular
strain in biomedical research. Their combination of genetic
homogeneity, robustness, and disease susceptibility makes
them well-suited for a variety of applications.

BALB/c

This strain is frequently utilized for generating transgenic
lines to study reproductive toxicology and fertility effects
due to its strong reproductive capabilities.

CD-1 strain is widely utilized in reproductive studies due
to its high fertility rates and large litter sizes, making it
ideal for embryo transfer and cryopreservation studies.
FVB/N is favored for pronuclear microinjection due to its
large oocyte and pronuclei size, making it a popular choice
for creating transgenic mice expressing reporter genes or
reproductive research modifications. FVB/N mice are used
asinbred strains in biomedical research. They are known
for their high fertility, rapid growth rate, and relative ease
of handling.

Ethical Implications in the Welfare of Transgenic
Animals

Several ethical issues are brought up by the use of
transgenic animals in drug discovery:
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The use of transgenic animals often involves procedures
that can cause pain, suffering, or distress. Ethical
considerations focus on minimizing harm and ensuring
humane treatment, including appropriate housing, care,
and the use of anesthesia or pain relief during procedures.

Necessity and justification

There must be a strong scientific justification for using
transgenic animals. Researchers need to demonstrate that
the knowledge gained or the potential benefits of drug
discovery outweigh the ethical costs.

Genetic alteration consequences

The genetic modifications in transgenic animals may have
unforeseen consequences, affecting notjust the individual
animal’s well-being but potentially leading to broader
ecological impacts if such animals were to be accidentally
released into the wild. The long-term welfare of genetically
modified animals must be considered.

Regulatory oversight

The creation and use of transgenic animals are subject to
strict regulatory frameworks designed to ensure ethical
standards are met. These include institutional review
boards and ethics committees that assess research
protocols to ensure they align with ethical guidelines.
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Public perception and trust

The use of transgenic animals can raise public concerns
about the ethics of genetic modification, animal rights,
and the natural order. Researchers must engage with the
public transparently, explaining the purpose, benefits, and
ethical safeguards in place to build trust.

Moral status of animals

Some ethical frameworks question whether it is morally
acceptable to create transgenic animals for human benefit,
considering the animals’ potential suffering and the
alteration of their natural state.

Impact on biodiversity

The creation of transgenic animals could potentially
impact natural biodiversity if these animals were to
interact with wild populations. The ethical implications
of such an impact need to be carefully evaluated, with
appropriate containment and monitoring measures in
place.

Challenges

Genetic background variability

The genetic background of an animal can greatly
impact the phenotype of a transgenic model, making it
challenging to differentiate the effects of the transgene
from background genetic variation. Maintaining a stable
and consistent genetic background requires careful
breeding and management, as inbreeding or genetic drift
can introduce variability over time.

Ethical and social considerations

Public concerns about genetic modification and animal
welfare can lead to resistance against use of transgenic
animals, affecting funding, regulatory approval, and
societal support. Researchers must balance the scientific
benefits of using transgenic animals with the ethical
obligation to minimize harm and justify the necessity of
such models.

Environmental and biosafety risks

Ensuring that transgenic animals do not escape or
interbreed with wild populations is critical to preventing
the spread of altered genes into the environment.
The long-term effects of genetic modifications on
animal health, behavior, and ecosystems are not fully
understood, posing risks that require careful monitoring
and management.

Reproducibility and validation

Variability in the creation and maintenance of transgenic
models can lead to reproducibility challenges, making it
difficult to replicate and validate experimental findings.
Establishing standardized protocols for generating and
using transgenicanimalsis essential to ensure consistency
and reliability in research outcomes.
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Alternative models and technologies

Advances in alternative research methods, including
organoids and CRISPR-based gene editing, are offering
new tools that could lessen the dependence on transgenic
animals. Ethical and legal frameworks are placing greater
emphasis on challenging the continued use of transgenic
animals in research by focusing on the reduction,
refinement, and replacement (3Rs) of animal use.

Limitations

Complexity of genetic modifications

Genetic modification can lead to off-target effects or
unintended changes in the genome, potentially causing
unexpected phenotypes or health problems in transgenic
animals. The expression of the introduced gene may vary
among individuals, leading to inconsistent results in
experiments. The introduced gene might be silenced or
expressed atlower levels than intended, making it difficult
to study the gene’s function or effect accurately.

Species-specific differences

Findings from transgenic animal models may not
always translate directly to humans due to species-
specific differences in genetics, physiology, and disease
mechanisms. The physiological and behavioral differences
between animals and humans can complicate the
interpretation of experimental results, limiting the
applicability of findings to human health.

High costs and time-intensive processes

Creating and maintaining transgenic animals is expensive
and requires significant time, specialized facilities, and
skilled personnel. The process of developing a transgenic
animal model, including breeding and validation, can take
several months to years, slowing down research timelines.

Ethical and regulatory constraints

The use of transgenic animals raises ethical concerns
regarding animal welfare, the moral implications of
genetic manipulation, and the potential suffering resulting
from genetic modifications. Strict regulations oversee
the invention and use of transgenic animals, potentially
delaying research progress and adding complexity to the
process of obtaining experimental approval.

Technical challenges

The process of integrating foreign genes into the animal
genome is not always efficient, leading to low success
rates and the need for repeated attempts. Precisely
controlling the timing, location, and gene expression level
in transgenic animals remains a challenge, which can affect
the outcomes and reproducibility of experiments.

CONCLUSION

In conclusion, the advent of transgenic technologies has
given rise to a remarkable understanding of intricate
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biological systems and the causes of disease. The
application of advanced methodologies like CRISPR-
Cas9, TALENSs, and various gene transfer techniques has
enabled researchers to create precise and informative
models, significantly advancing our understanding across
multiple research fields. The review demonstrates that
transgenic mice are indispensable tools in elucidating
disease processes, improving experimental accuracy,
and facilitating drug discovery. Despite the challenges
associated with transgenic research, including technical
and ethical considerations, the benefits and potential
of these technologies are immense. By bridging gaps in
knowledge and driving innovation, transgenic models
are crucial for addressing both fundamental scientific
questions and pressing global health issues.
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