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Pre-Clinical Murine Models: Syngeneic Models for
Immuno-Oncology
Mini Review

Abstract
Experimental animal models are crucial in the study of the pathological
development of cancer and evaluation of the efficacy of novel therapeutic or
preventive agents. To date, several newer targeted therapeutics have been
unsuccessful. Novel therapeutics that have often appeared to perform well in
preclinical models have failed in the clinic. Many factors contribute to these
failures, but the one most often highlighted relates to the short-comings of
the preclinical models. Several animal models are available, including a wide
variety of genetic mouse models, cell line xenografts, patient derived xenografts,
and syngeneic xenografts. These models have generated an enormous amount
of information useful for the understanding of cancer. The complexities and
strategies of these models is beyond the scope of this mini-review, the aim here
is to briefly discuss the strengths and weaknesses of some of the popular models.
Given the progress in the rapidly developing field of immuno-oncology, particular
emphasis will be placed on the potential for syngeneic murine models as a means
of testing novel immune-modulatory compounds. New and improved preclinical
mouse models, combined with technological advances to study such models, will
undoubtedly lead to the success of future human clinical trials for cancer patients.

Abbreviations: SCID: Severe Combined Immunodeficiency;
PDX: Patient-Derived Xenografts; NK: Natural Killer; CTLA-4:
T-Lymphocyte-Associated Antigen-4; PD-1: Programmed Death;
PDL-1: Programmed Death Ligand; Treg: T-Regulatory (Treg);
MDSC: Myeloid-Derived Suppressor Cells

Introduction

Preclinical murine models are essential in the drug discovery
and development process for new cancer drugs, small molecules
and biologics. In spite of this, they are imperfect copies of human
cancers given their genetic and epigenetic heterogeneity and
the multiplicity of dysregulated survival and growth-regulatory
pathways that characterize the disease [1]. This mini-review
discusses some of these preclinical animal models for cancer
with respect to their advantages, limitations, physiological and
pathological relevance, and how they can best be utilized to
evaluate the efficacy of novel therapeutic agents emerging from
drug discovery programs.

Preclinical murine models

Preclinical murine models of cancer, including xenografts,
genetically engineered, and syngeneic mice, have been developed
as a means of studying the development and progression of the
disease. Such models help to increase our understanding of the
etiology and dissemination of cancer to overcome barriers to early
detection and resistance to standard chemotherapy [2,3]. Some of
these methods have been used for decades and are well-established
models; others are more recent and continue to develop. Animal
models have been instrumental in elucidating key biochemical
and physiologic processes of cancer onset and propagation in a
living organism. Most importantly, they have served as a surrogate
for patients in the evaluation of novel diagnostic and therapeutic
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anticancer drugs [4]. Improvements have led advances in the
field, such as live animal imaging techniques, allow for effective
monitoring of the microenvironment and therapeutic efficacy [2].

Xenograft models

One of the most widely used models is the human tumor
xenograft. Here, human tumor cells are transplanted, either under
the skin or into the organ type in which the tumor originated,
into immunocompromised mice that do not reject human cells.
For example, the xenograft will be readily accepted by athymic
nude mice, severely compromised immuno-deficient (SCID) mice,
or other immuno-compromised mice [5]. The development of
human tumor xenograft models was a big step in moving toward
more clinically relevant tumor models [6,7].
The advantages of using human tumor xenografts are:
I. Malignant cells are human.

II. Reproducibility of many of the models.

III. Long history and a strong baseline of drug response data.
IV. Readily available hosts.

V. Statistically valid numbers of mice can be used in studies.
VI. Availability of a wide variety of tumor lines.

Some disadvantages of using these models:

i. Syngeneic models are less costly to run.

ii. Stromal component of the tumors is rodent.

iii. Most of the tumor lines were developed using early
technology.
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iv. Tumors are regularly grown in a non-natural site
(subcutaneous).

However, the major disadvantage is the lack of immune
response inherent in these models. Nude mice are athymic and,
therefore, have a limited T cell response, and severe combined
immunodeficiency (SCID) strains lack both T and B cell responses
[2]. Because tumors can promote anti-tumor responses, such
as tumor infiltrating lymphocytes, macrophages and myeloidderived immuno-suppressor cells (MDSCs), these models may
not accurately represent disease progression and therapeutic
response observed in otherwise immune-competent individuals
[8,9]. As a result of these inherent weaknesses, alternative models
have been utilized, emphasizing a need for improvements to
current models [2].

PDX models

Another option, in addition to traditional cell line-derived
xenograft models, involves the direct transfer of tumor fragments
from individual patients. Tumor graft models (otherwise referred
to as patient-derived xenografts, PDX) are based on the transfer
of primary tumors directly from the patient into an immunodeficient mouse [3]. Because PDX mice are derived from human
tumors, they offer a tool for developing anticancer therapies and
personalized medicine and can also be used to study metastasis
and tumor genetic evolution. In spite of these advantages, several
factors have contributed to hinder the use of PDX mice. The first
is cost, tumor grafts can only be maintained in mice, and their
passage requires a more specialized skill set than does the simple
maintenance of cultured cell lines. Moreover, PDX models can
suffer from long latency periods after engraftment and variable
engraftment rates. Tumor graft latency, measured as the time
between implantation and the development of a progressively
growing xenograft tumor, can range from 2 to 12 months [10,11].
Engraftment rates typically vary depending on the tumor type.
Higher engraftment rates are associated with more clinically
aggressive tumors [12]. Correlations between poor prognosis and
engraftment rate were so marked that it has been suggested to be
predictive of the disease course [13]. Finally, there is the problem
of broad availability and the number of PDX models that have
been reported [14]. Newer strategies to build orthotopic models
include implanting human bone marrow–derived mesenchymal
stem cells resulting in greater vascularity and maintenance of
hormonal status [15].

Syngeneic tumor models

Allograft mouse tumor systems, otherwise known as
syngeneic or syngeneic models, are tumor models whose genetic
background is similar, if not identical, to the host animal [16].
Because they retain intact immune systems, these models can
be particularly pertinent for studies of immunologically-based
targeted therapies, either used alone or in combination. Lack
of rejection of the transplant by the host’s immune system
allows researchers to monitor the tissues for changes, such as
growth or shrinkage, metastasis, and survival rate. Therapeutic
interventions can be performed and the results are assessed to
understand the treatment potentials. A mouse tumor growing
in mice of the strain in which the tumor originated, offer several
advantages [17].
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These advantages include:

a. Relatively low cost and high reproducibility.
b. Grow in immunocompetent hosts.
c. Wide variety of tumor types.

d. Generally non-immunogenic.

e. Long history of use and strong baseline of drug response
data.
f. Hosts are readily available.

g. Studies are easily conducted with statistically meaningful
numbers of mice per group.

The main disadvantages of syngeneic tumor models are that
the tumor cells are rodent, and therefore express the mouse/
rat homologues of the desired targets, and the tumors tend to
grow fast. In spite of this, syngeneic models are proving to be an
excellent model to test compound focusing on immuno-oncology
targets for the treatment of cancer.

Syngeneic models and Immuno-oncology

The immune system has the greatest potential for the specific
destruction of tumors with no toxicity to normal tissue and for
long-term memory that can prevent cancer recurrence. The
last 30 years of immuno-oncology research have provided solid
evidence that tumors are recognized by the immune system
and their development can be stopped or controlled long term
through a process known as immuno-surveillance [18]. In many
cancers, malignant progression is accompanied by profound
immune suppression that interferes with an effective anti-tumor
response and tumor elimination. Initially, most of the escape
from immuno-surveillance was ascribed to changes in the tumor
cells themselves (loss of tumor antigens, loss of human leukocyte
antigen molecules, loss of sensitivity to complement, or T-cell or
natural killer (NK) cell lysis), making them a poor target of an
immune attack. However, it has become clear that the suppression
comes from the ability of tumors to subvert normal immune
regulation to their advantage. The tumor microenvironment
can prevent the expansion of tumor antigen-specific helper
and cytotoxic T-cells and instead promote the production of
pro-inflammatory cytokines and other factors, leading to the
accumulation of suppressive cell populations that inhibit instead
of promote immunity [18].

Checkpoint inhibitors

Checkpoint inhibitors represent the most heralded drugs
in immuno-oncology. They work by removing the brake on
the immune system to promote its activation. In other words
they block the molecules that switch off immune cells. The best
described are regulatory T-cells and myeloid-derived suppressor
cells. Great conceptual and technical advances in the field of
immuno-oncology over the past 30 years have provided us with the
knowledge and techniques to develop novel immunotherapeutic
approaches for the treatment of cancer. These include methods
that enhance tumor immunity by blocking inhibitory pathways
and inhibitory cells in the tumor microenvironment, for example,
antibodies against cytotoxic T-lymphocyte-associated antigen-4
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(CTLA-4), programmed death 1 (PD-1) or its ligand programmed
death ligand 1 (PDL-1). Similarly, they include methods that can
enhance the specificity of anti-tumor immunity by inducing the
expansion of T cells and antibodies directed to well-defined tumor
antigens, examples include cancer vaccines, potent adjuvants,
immuno-stimulatory cytokines. Even as monotherapies, these
approaches have a substantial impact on the treatment of some
patients with advanced, previously untreatable, malignancies.
These successes provide a rationale to expect that used in
various combinations or earlier in the disease, current and future
immunotherapy can transform cancer treatment, improving a
prognosis for many patients.

One direction is to continue using the old classes of
immunotherapy that target the cancer directly, but to use them
in combination with therapies that target the immune system in
the tumor microenvironment, such as cytokines, suppressors of
T-regulatory (Treg) or myeloid-derived suppressor cells (MDSC)
activity, or antibodies that modulate T-cell activity. The recently
approved antibody, ipilimumab, which acts to sustain cytotoxic
T-cell activity by augmenting T-cell activation and proliferation, is
one example of such an immuno-modulatory agent [19].
Another direction is to use immunotherapy, both old and new,
for preventing cancer in individuals at high risk [20]. Studies of
the tumor microenvironment are providing information about
immuno-surveillance of tumors from early premalignant lesions
to more advanced dysplastic lesions to cancer. At each step, tumorderived and immune system-derived components have a unique
composition that will have distinct effects on immunotherapy.
Because these premalignant microenvironments are less
developed and immunosuppressant is less entrenched, it should
be easier to modulate towards the elimination of abnormal cells.
For a comprehensive review of existing and future directions in
cancer immunotherapy, see review [21].

Conclusion

Enormous strides have been made in cancer therapy over
the last few years. Currently, the field of immuno-oncology
has emerged as one of the hottest areas in drug discovery,
development, and clinical translation. Some of the newest
approaches with checkpoint inhibitors, cancer vaccines, T cell
therapies, among others, have provided clinical efficacy in many
patients. With a conservative prediction of 500 new clinical
trials to begin in 2016, there is still more to do to bridge the gap
between patients that respond and do not respond to treatment.
Central to this effort will be the use of appropriate preclinical
models. In addition to the afore-mentioned models, humanized
mice, produced through inoculating human hematopoietic cells
into immunocompromised mice or creating transient human
immunity by mixing human peripheral blood mono-nucleated
cells with xenograft models, will likely play a prominent role. For
now though, the spotlight is on syngeneic models, and these will
likely form the backbone of many preclinical immuno-oncology
programs, particularly with the increasing focus on combination
therapy. Syngeneic models will remain a valuable source of in vivo
information and will play a prominent role in elucidating potential
compounds, either alone or in combination, that demonstrate
efficacy as immunotherapeutic anti-cancer agents.
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