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The immune system must maintain an intricate balance between the identification and elimination
of “non-self” antigens and the suppression of any uncontrolled immune response that might attack “self”
antigens.1 This delicate interplay is regulated by immune checkpoints (ICPs), a plethora of stimulatory and
inhibitory molecules naturally expressed both on T cells and antigen-presenting cells. ICPs have been
compared to accelerators and brakes, as they ensure the immune system is sufficiently engaged in its
attack against exogenous microorganisms while avoiding excessive activation that can destroy healthy
cells and tissues.2
Interestingly, ICPs are also found on the outer membrane of many tumor cells, allowing them
to cleverly evade the host immune response.3 These findings have revolutionized cancer treatments,
changing the way we view how cancer can be managed. Several preclinical studies have demonstrated
that antibodies directed against key ICPs inhibit their function, enabling the elimination of certain tumor
cells. For this reason, a number of co-stimulatory molecules and checkpoint inhibitors are used to treat
certain types of cancers, offering patients a durable remission from diseases whose outcomes were once
inevitably terminal.4–6
However, before transferring results from preclinical models to the bedside, clinical validation of
the therapeutics is necessary: immuno-oncology compounds must be carefully assessed in preclinical
ICP models to predict their efficacy before launching any human trial. The sad, well-known story of
the CD28 superagonist antibody TGN1412 illustrates this principle well.7 Two key, interrelated aspects
must be considered when choosing a humanized ICP model for drug discovery programs: i) the specific
question(s) the research needs to address, and ii) the translatability and functionality of the model. With
these two concepts in mind, we present specific examples of humanized ICP models currently used in
drug development pipelines.
The preclinical humanized CD28 (hCD28) mouse model represents an excellent example of
a model whose experimental design was driven by the need to accurately address specific biological
questions. More particularly, this model was conceived to profile and assess the efficacy of immunooncology agents targeting the human CD28 in fully immunocompetent mice. The hCD28 model expresses
a chimeric CD28 with a human extracellular domain, which confers the versatility to test any biologics
targeting the extracellular domain of hCD28, and murine transmembrane and intracellular domains, which
should optimize the anchoring of the protein to the membrane and its intracellular signaling. Yet, in a recent
study, Tuosto and colleagues demonstrated that a single amino acid variant in the intracellular domain of
CD28 seems to regulate differential signaling between the human CD28 and mouse CD28, resulting in an
enhanced inflammatory response in humans.2,8 Because the hCD28 model features a murine intracellular
domain, its use is recommended to run efficacy but not safety nor toxicity studies, as the results obtained
using this model may underestimate the inflammatory responses induced upon hCD28 activation.
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Another important point to consider when choosing a humanized ICP model for drug discovery
studies is its translatability and functionality. That is why it is so important that the humanized model
displays the same biological features (e.g., expression levels and regulation of the ICP to target, and the
preservation of the humanized ICP-murine ligand interaction) of its murine counterpart, as exemplified by
the humanized PD-1 (hPD-1) and CTLA-4 (hCTLA-4) mouse models. As shown in Figure 1, the expression
pattern of hPD-1 in hPD-1 mice recapitulates the murine PD-1 (mPD1) well, making this model a powerful
tool to evaluate human-specific PD-1 therapeutics such as pembrolizumab in vivo. A recent study has
demonstrated that administering pembrolizumab induces anti-tumor response in hPD-1 mice inoculated
with MC38 and GL261 tumor models.a,11
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Figure 1) Human PD-1 (hPD‑1) expression pattern recapitulates mouse PD‑1 (mPD-1).

Similarly, humanized CTLA-4 (hCTLA-4) mice implanted subcutaneously with MC38 colorectal
carcinoma were recently shown to achieve significantly increased life spans when treated with ipilimumab
compared to both the control group and the one treated with murine anti-CTLA-4 (9H10) antibody (Figure
2 and unpublished data). Interestingly, these mice possess a chimeric CTLA-4 whose extracellular domain
is humanized, enabling in vivo efficacy assessment and profiling of any biologics targeting the human
CTLA‑4.
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Figure 2) In vivo anti-tumor activity is observed in response to ipilimumab in hCTLA‑4 mice.
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Combination therapies and bispecific antibodies are being used more and more to treat certain
types of cancers, as, over time, some tumors develop resistances to checkpoint inhibitors and/or costimulatory molecules, including CTLA-4. These limitations have pushed scientists to understand the
biological mechanisms responsible for developing such resistances, and establish new therapeutic
strategies using humanized ICP models.12
Along this line, researchers at Alligator Bioscience generated a bispecific antibody, ATOR-1015,
targeting the human ICPs CTLA-4 and OX40. This compound was assessed in humanized OX-40 (hOX40)
mice, where it enhanced immune activation in the tumor area, improved clinical efficacy, and reduced
toxicity compared to last-generation CTLA-4 monotherapies. Interestingly, this treatment also induced
a tumor-specific immunological memory, suggesting that the hOX40 model supports long-term studies.
Experiments conducted in hOX40 mice revealed that ATOR-1015 acts synergistically with anti-PD-1/
PD‑L1 therapy. The data obtained in this study have allowed starting a first-in-human trial to treat patients
with advanced and/or refractory solid malignancies.13
More recently, humanized ICP models have been also used to support and evaluate the efficacy
of novel anticancer treatments versus renowned ones (Figure 3). For example, a group of researchers at
Bristol-Myers Squibb demonstrated that tumor growth in humanized VISTA (hVISTA) mice bearing MC38
cells is reduced in animals treated with combination therapy (anti-VISTA and anti-PD-1) compared to those
that received monotherapy (anti-PD-1). Johnston and colleagues found that VISTA binds and suppresses
T cells at acidic pH such as that typically measured in tumor microenvironments. Pharmacokinetic
experiments conducted on hVISTA mice treated with VISTA-blocking antibodies showed that acidic
pH‑selective antibodies accumulate preferentially within tumors and exhibit longer serum mean resistance
time than non-pH-selective antibodies.14
In another paper, recently published in Science,
a team of researchers at the Geisel School of Medicine
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antibodies targeting human VISTA.15
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Humanized ICP models represent, therefore, key tools in our fight against cancers and immunerelated diseases. The first syngeneic mouse models expressing humanized ICP were developed
approximately a decade ago, and since then, they represent a valid alternative to assess biologics targeting
human ICPs. Before that, anticancer therapies were tested in immunodeficient mice engrafted with human
xenografts; however, since these models lack a functional immune system, they were not suitable to
evaluate the efficacy and safety of such treatments.16 Instead, scientists turned to immunodeficient mice
reconstituted with human immune system (HIS), but due to species-related differences, HIS models do not
necessarily recapitulate the reciprocal interactions between tumor and associated immune and stromal
cells, and so they may not be suitable to study therapies targeting such components.
Humanized ICP mice, on the other hand, can be engrafted with well-established mouse tumor
lines, including MC38, CT26, and MB49,b while keeping the proper interaction between stroma, immune
cells and tumor cells, and a functional immune system: they allow the readout of mouse, but not human,
cell responses. Another main advantage of these models is that they do not require surrogates’ antibodies,
which greatly reduces the complexities and challenges of translating preclinical efficacy data into the
clinic.19
However, it is important to develop a line of sight to the clinic at the early steps of drug discovery
projects, as this will help in selecting the most appropriate humanized ICP model, i.e., the one that
best addresses the study’s research aim(s) within the research constraints. The experimental design of
the model is important, because using an inappropriate model for hazard identification may alter data
interpretation.
Alessia Armezzani is scientific communication manager at genOway.

a

   MC38 and GL261 are murine colon adenocarcinoma and glioma models, respectively.9,10
   MB49 and CT26 are murine bladder cancer and colon carcinoma models, respectively.17,18

b
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