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Diffuse intrinsic pontine gliomas are malignant brain tumors which arise from the pons in children. These tumors

are incurable and nearly all the patients die within a year after diagnosis.

diffuse intrinsic pontine glioma molecular biology patient derived xenografts

genetically engineered mouse model humanized mouse model

| 1. Introduction

Diffuse intrinsic pontine glioma (DIPG), a high-grade glioma that arises in the pons is predominantly seen in
children. This central nervous system (CNS) malignancy represents the leading cause of brain-tumor related death
[, |onizing radiation extends overall survival to a median of 11 months 2. Numerous clinical trials have failed to
identify effective agents, or therapeutic combinations against DIPG Bl. A key to identifying improved treatments is

to enhance our biological understanding of this tumor.

DIPG molecular signature has been profiled over the last decade. Landmark studies from multiple groups identified
an epigenetic oncogenic histone H3K27M mutation in ~80% of DIPGs HIBIEl, This mutation was defined as a new
entity labeled “diffuse midline glioma H3K27M-mutant” in the 2016 World Health Organiztion (WHO) tumor
classification . A number of molecular aberrations, which are potential targets for treatment have been identified.
They include RB phosphorylation (~30%) &, p53, Weel, STAT3, PPM1D (9-23%) and EGFRuVIII overexpression &
(LOJILLIA2NA3]  platelet-derived growth factor receptor A (PDGFRA) (30%) and MET (26%) amplification B4l and
ACVRI (21%) USI6ILTII8] pi3K-mTOR or -MAPK (62%) activation [&l. These aberrations are either independent or
concurrent with H3K27M mutations in DIPGs. More recently, multiple pathways, such as Notch signaling 12,
glycolysis and tricarboxylic acid (TCA) metabolic pathways 29, Wilms’ tumor protein (WT1) overexpression [2122]
and FGFR2-VPS35 fusion 23 were delineated. These pathways are also potential therapeutic targets. Altogether,
these abnormalities indicate the molecular complexity of DIPGs. Thus, to identify effective targeting therapeutics or
combinations of such, reliable and personalized animal models are desirable for precise preclinical evaluation prior
to clinical trials.

Various animal models have been developed for the identification of potential therapeutics against DIPGs. One
reason for this development was that historically, surgical biopsies for DIPGs were not performed due to the critical
nature of the brainstem, limitations of surgical techniques and histological heterogeneity within the tumor [24],

Multiple murine gliomas induced with various carcinogens were transplanted, so called “allografts”, into the
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brainstem as models for DIPGs [22l, The results from these models, however, failed to translate into clinical trials
due to differences in tumorigenesis mechanisms between these murine gliomas and DIPGs in children. Recently,
several groups have safely performed biopsies and obtained tumor specimens from DIPG patients (28], Moreover,
adequate autopsy DIPG specimens have been obtained for experimental purposes. With availability of these
invaluable specimens, more accurate patient-derived orthotopic xenograft (PDOX) DIPG mouse models were and
continue to be generated for pre-clinical therapeutic testing 2228129 More importantly, these specimens helped
generate multiple cell-based models, which have provided significant insights into genetic and epigenetic
alterations driving DIPGs. These insights, in conjunction with current cutting-edge gene editing techniques, have
allowed and prompted scientists to generate robust genetically engineered mouse models (GEMMs), to understand
DIPG tumorigenesis and to provide precise molecular models for pre-clinical testing. One caveat is that the
majority of xenograft models are produced in immunodeficient athymic or NOD-SCID gamma (NSG) mice, which
lack normal immunity. Consequently, these mouse models do not mimic the human tumor microenvironment
including infiltration by immune cells. Recent work has shown that immune cells discovered in pediatric DIPG
tumor specimens are distinct and differ from those in adult glioblastomas BY. Generation of humanized DIPG
mouse models is urgently needed to explore these differences, an understanding of which will accelerate

therapeutic discovery.

| 2. Molecular Characteristics of DIPG

Diffuse intrinsic pontine glioma (DIPG) was identified in 1926 1. For decades, its biological behavior was thought
to be similar to adult malignant gliomas, thus therapeutic regimens for adult tumors were copied in children. These
treatments failed to improve patient outcomes B! which led researchers to ask if pediatric malignant gliomas

including DIPGs fundamentally differ from adult gliomas.

Recently several groups have developed safe and feasible methods to collect biopsy tissue samples from pediatric
DIPG patients with minimum mortality 281321 though routine DIPG biopsy continues to be debated. Furthermore,
autopsy samples can be acquired for either direct molecular profiling or development of patient-derived primary cell
lines and/or xenografts to gain insight into tumor driving mechanisms 23, These tissues sources, as well as high-
throughput genetic technologies enabled researchers to acquire data, which provided insight into DIPG molecular
signatures. For instance, recurrent amplifications of PDGFRA, MET and retinoblastoma protein (RB) are unique for
pediatric DIPG B34l These findings prove that DIPG is molecularly distinct from adult malignant gliomas. Other
groups using high-throughput genetic sequencing technologies have identified that ~80% DIPGs contain somatic

point heterozygous H3.1K27M or H3.3K27M mutations “IBIEl recognized to be major oncogenic drivers in these
tumors [B1351[36],

DIPGs with H3.1K27M or H3.3K27M mutations, coded by HISTIH3B, HIST1H3C and H3F3A, respectively [E7]
have different clinical manifestations and gene expression profiles. H3.1K27M tumors are usually restricted to the
pons, and show a mesenchymal-like phenotype, with an overall survival of 15 months. Tumors with H3.3K27
mutation are found in the pons and other midline locations such as the thalamus, with an overall survival of 9

months [B8l3A40 These tumors display an oligodendroglial-like phenotype and are more resistant to radiation
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therapy 9. Both H3.1K27M and H3.3K27M mutations primarily influence the epigenome and are required for
DIPG tumorigenesis and maintenance 4142 These mutations predominantly reduce genome-wide levels of
repressive H3K27me3 74344l through inactivation of Polycomb Repressive Complex 2 (PRC2) “8l. Further
studies have confirmed that H3K27M suppresses PRC2 through tight binding to EZH2, a core subunit of PRC2 [4€],
H3K27me3 levels are differentially associated with H3.1K27M or H3.3K27M mutations, with H3.3K27M epigenome
maintaining a certain amount of H3K27me3, while H3.1K27M almost completely excludes genomic-wide
H3K27me3 47, Moreover, H3K27M DIPG shows slightly elevated H3K27ac 4214811491 \which colocalizes with
H3K27M mutations at enhancer or promoter areas 43, Multiple pre-clinical therapeutic evaluations have shown
that inhibition of histone deacetylases is effective and has survival benefits in DIPG xenograft animal models B9,
indicating therapeutic potential targeting H3K27ac in H3K27M mutant DIPGs. Interestingly, global H3K4me3 levels
are relatively stable regardless of histone H3 mutation 42l however, promoter H3K4me3 level is higher in H3K27M
mutants than in WT tumors, at specific gene loci including Lin28b, a marker for neural stem cells 2L, More recently,
H3K36me2 and H4Kl16ac were identified as important histone marks in DIPGs B2, These findings indicated
complicated crosstalk among posttranslational histone modifications, the underlining mechanisms are still under

investigation.

In addition to epigenomic alterations in H3K27M mutant DIPG, numerous aberrations of gene expression, DNA
copy number variations and signal pathways have been uncovered. These may occur concurrently or
independently with H3K27M mutation. p38 MAPK is activated in both H3.3K27M and H3.1K27M cultured cells with
H3.1K27M tumor cells more sensitive to p38 MAPK inhibition 42, WNT 2953l mTOR B3I34] gnd RTK-RAS-PI3K
signaling pathways [B3I33] were also active in both tumor subtypes. Interestingly, H3.1K27M and H3.3K27M DIPGs

have their own associated mutations as summarized in Figure 1.
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Figure 1. Venn diagram illustrates molecular characteristics of histone H3 wild type (H3WT), H3.1K27M and
H3.3K27M diffuse intrinsic pontine gliomas. Abbreviation: TCA, tricarboxylic acid.

The diversity in genetics, chromatin landscape and metabolic reprogramming of DIPGs clearly shows that
individualized therapeutics will be critical for effective treatments. To this end, developing personalized animal

models for pre-clinical assessment is an important step to identify and determine the best therapeutic agents.

| 3. Humanized Mouse Models for DIPG Precision Medicine

Recently, serval studies have shown that the tumor immune microenvironment (TIME) has critical roles in DIPG: (i)
Tumor-infiltrating cells (TILs) including Treg, CD4 T cells, NK, B cells, monocytes and eosinophils have been
identified in H3K27M mutant DIPGs [B8: (i) Expression of indoleamine 2,3 dioxygenase 1 (IDO1), an
immunosuppressive enzyme that metabolizes tryptophan, is low in cultured DIPG cells. However, in vitro induction
of IDO1 with IFNy showed potential therapeutic value BZ: (iii) the disialoganglioside GD2 is highly expressed in
patient-derived H3K27M mutant glioma cell cultures. Anti-GD2 CAR T cells incorporating a 4-1BBz costimulatory

https://encyclopedia.pub/entry/8735 4/12



Diffuse Intrinsic Pontine Gliomas | Encyclopedia.pub

domain demonstrated robust antigen-dependent cytokine generation and killed DIPG cells in vitro B8 and (iv) a

humanized anti-CD47 antibody, HuSF9-G4, demonstrated therapeutic efficacy 22,

These cutting-edge findings require testing using reliable animal models prior to translation into clinical trials. For
many years, chimpanzees were used to bridge the gap between rodent models and humans. However, the
biomedical use of chimpanzees is prohibited in Europe and the United States. Therefore, to overcome the
limitations of translating laboratory rodent discoveries into clinical applications, development of mouse models that
closely recapitulate human biological systems, labeled as “humanized” mice is critical for pre-clinical investigation.
In this section, we will discuss recent progress in the development and potential use of humanized DIPG mouse

models.

Humanized mice are defined as immunodeficient mice engrafted with human tissues 9 which include PDX or
PDOX models. Discovery of nude mice in the 1960s and severe combined immunodeficient (SCID) mice in the
1980s 81l were key advances for xenografts. Following these models, non-obese diabetic (NOD)/SCID and
NOD/SCID /g2m™! and NOD/Rag1™!'Pfp™!l mice were subsequently developed from NOD/SCID and
NOD/Rag1™'mice B, which contribute to humanized mouse generation. Another landmark advance in the
generation of humanized mice was the generation of NOD/SCID/yc™!' mice and Rag1/2"yc"!' mice through
introducing /L2ra into NOD/SCID and RAG1/27~ mice in the 2000s [l These mice show multiple
immunodeficiencies including impaired T, B and nature killer (NK) cells, and reduced macrophages and dendritic
cell immune function, which show a high rate of human cell including DIPG engraftment. More recently, several
humanized mouse models were used to test novel potential therapeutics for DIPG. NRG (NOD.Cg-Rag1tmMom
112rgtmIWiSzJy mice, which had DIPG cells implanted in the pons, were used to test therapeutic efficacy of a DNA-
damaging reagent 6-thio-2'deoxyguanosine (6-thio-dG). The results demonstrated promising therapeutic efficacy
(62l NOD-SCIDy (NSG) mice were used to test anti-CD47 antibody HuSF9-G4 through orthotopic injection of
several DIPG cells. The results showed intraperitoneal treatment with this antibody significantly reduced tumor
growth and showed significant survival benefit BJ. NSG NOD-SCID /L2rg™"~ (NSG) mice were used for testing anti-
GD2 CAR-T cell immunotherapy 28], with the results leading to an active clinical trial (NCT04196413).

Humanized mice are also defined as immunodeficient mice engrafted with hemato-poietic cells 6Bl There are
several strategies for establishment of these humanized mouse models (Eigure 2). The first one is humanized mice
receiving human peripheral blood mononuclear cells (PBMCs) engrafted to establish the Hu-PBL-SCID model. This
model is suitable for short-term research and investigation of the relationship between immune function of
lymphocytes in peripheral blood and tumor biological behavior 3. The second strategy is the transfer of human
hematopoietic stem cells (HSCs) into mice with the IL-2ry™! mutation to develop the Hu-SRC-SCID model 4],
HSCs can be obtained from granulocyte colony-stimulating factor-mobilized PBMCs, adult bone marrow, fetal liver
and umbilical cord 2. This model also supports engraftment of complete human immune system through injection
of CD34" HSCs (Hu-CD34* model), which is appropriate for investigating tumor growth and immune system
development [881. The third model is a bone marrow/liver/thymus (BLT) model which is developed via transplanting
human fetal liver and thymus under the kidney capsule. More recently, a novel and revolutionary humanized mouse
model NOD-SCID IL2rg"' SCF/IGM-CSF/IL3 strain engrafted with human thymus, liver, and hematopoietic stem
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cells (termed Bone marrow, Liver, Thymus [BLT]) (NSG-SGMS3-BLT) was used to develop an orthotopic model
through injection of SF8628, a H3.3K27M mutant cell in the pons, to test IDO1 induction by CD4* and CD8* T cells.
The results showed that these T cells directly increase IDO1 expression in intracranial DIPG tumor and are thus a

promising adjuvant immunotherapy 7.

= Biopsy, autopsy
l Primary culture cells
—
PBMC . #— !
L J
. | 1 DIPG
HSCs
. . —
'J-s 7] Huranization of Orthotopic Humanized DIPG
Liver/Thymus immunodeficient mouse implantation madel
LG > —
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human cytokines

Figure 2. Humanized mouse models for DIPG. Immunodeficient mice received peripheral blood mononuclear cells
(PBMCs), or hematopoietic stem cells (HSCs) and transplantation of liver/thymus, or genetically modified human
cytokines prior to orthotopic intracranial inoculation of DIPG cells, from patient biopsy or autopsy specimens or

primary cultured cells, into the pons to develop humanized DIPG models.

In addition, mice transgenically engineered to express human genes are also humanized mice. One example is
MISTRG mice, in which seven genes including M-CSF"" IL-3/GM-CSF"" SIRPa"" TPO"" RAG2™~ IL2Rg™~ were
knocked into mouse genomic loci €1, MISTRG mice are humanized with high immunodeficiency, which prevents
immune rejection of the human grafts. These mice are a robust tool to investigate engrafted tumors and innate

immune response, which is potentially useful for the development of humanized DIPG models.

Altogether, these advanced humanized mouse models provide a more realistic human tumor immune
microenvironment with potential for better drug response and prediction for clinical trials and will help to identify

effective therapeutic regimens for DIPG.
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