2022 2023

Dissecting the tumor suppressive role of Utx in multiple myeloma

Dissecting the tumor suppressive role of Utx in multiple myeloma

Rizq, Ola
3,500,000
UTX (MM) 1.5 4% /
Utx Braf V600E cIDR UTX
RNA
MM UTx

MM

We developed a mouse model in which Utx loss and the activating Braf V600E mutation induced mature
B-cell malignancies including multiple myeloma. We found that epigenomic reprogramming gradually
proceeded and/or plasma cell clones that aquired myeloma-like properties were selected over time.

UTX, an X-linked histone demethylase, is inactivated/deleted in 1.5-4% of
multiple myeloma (MM) patients. We established a novel myeloma mouse model in which Utx loss and
Braf V600E mutation are combined. We observed a significantly shortened survival of compound mice
compared to Cre negative control, single Utx loss or single Braf V600E KI. Add-back of WT or mutant
UTX revealed that the cIDR domain is largely responsible for the tumor suppressor function of UTX
while its demethylase activity is dispensable. Analysis of our RNA seq data from BM plasma cells
from MM mice showed moderate transcriptomic reprogramming of plasma cells towards a myeloma-like
transcriptome after a long latency. Our Utx/Braf mutant cells had largely different chromatin
accessibility and H3K27ac status from control plasma cells. These data suggest that epigenomic
reprogramming gradually proceeds in the absence of UTX and/or plasma cell clones that acquire
myeloma-like properties are selected over time.
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1. BrEEBRRRYFIDE &

Multiple myeloma (MM) is a neoplastic disease of terminally differentiated plasma
cells. In the last decade or so, development of novel therapies for MM has
significantly improved the outcome of patients. However, most patients relapse or
develop resistance to available therapies (Pawlyn and Davies. Blood. 2019).
Dysfunction of the epigenetic modifiers has recently been incriminated in
hematologic malignancies. The histone methyltransferase EZH2, an enzymatic
component of Polycomb repressive complex 2 (PRC2), is mutated in germinal center
(GC) B-cell type diffuse large B-—cell lymphoma (DLBCL) and follicular lymphoma
(FL) (Morin el al. Nature Genetics. 2010). In addition, EZH2 is overexpressed in
MM and correlates with disease progression (Kalushkova et al. PLoS One. 2010).
UTX (ubiquitously transcribed tetratricopeptide repeat X chromosome; also known as
KDM6A) counteracts the transcriptional repression mediated by PRC2 by actively
removing the repressive H3K27me2/3 marks (Brand et al. Cell Stem Cell. 2019). In
addition, UTX is a component of MLL3/4 COMPASS complexes (Shilatifard. Annu. Rev.
Biochem. 2012) and coordinates the activation of enhancers in concert with p300/CBP
histone acetyltransferases (HATs) in a demethylase activity—-independent manner

(Wang et al. Mol Cell. 2017) (Figure 1).
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mutations in U7X were found in 30-40% of human MM cell lines (Ezponda et al. Cell
Reports. 2017). Importantly, poor overall survival (0S) was observed in MM patients
with a U7X mutation or deletion (Pawlyn et al. Clin Cancer Res. 2016). These
findings suggest a role as a tumor suppressor. However, the molecular consequences
of UTX loss in myelomagenesis have yet to be thoroughly investigated.

2. HEOHN

In this study, I aimed to elucidate the tumor suppressor role of the histone
demethylase Utx in the pathogenesis of multiple myeloma (MM) using conditional
knock-out of 0Utx in a mouse model. To accelerate myelomagenesis, I crossed Utx
flox and Braf "* mice. Mutations in ARAS, NRAS and BRAF were found in up to 50%
of newly diagnosed MM patients (Walker et al. Clin Oncol. 2015 and Blood. 2018).
In order to induce conditional gene targeting in germinal center (GC), post-GC B
cells and plasma cells (PCs), I crossed the Utx/Braf compound mice with CylCre
transgenic strains.

3. BrEDOTGE

e Flow Cytometry and Fluorescence—Activated Cell Sorting: surface flow cytometry

and cell sorting of mouse BM, spleen, enlarged lymph nodes, tumors, or body



fluids.

e RNA-sequencing (RNA-seq) analysis of plasma cell samples from mice of

different genotypes.

e Chromatin immunoprecipitation sequencing (ChIP-seq) for active-H3K27ac and

repressive—H3K27me3 modifications.

e Assay for transposase—accessible chromatin with high—throughput sequencing

(ATAC seq).

e Gene set enrichment analyses (GSEA).

e [Expression of wild-type, enzymatically inactive or mutant U7X in U7X-null

murine MM cells using lentiviral vectors.

4. BFRERE

Utx loss cooperates with Braf’®*” to induce B-cell neoplasms

We found that concurrent Utx loss and Braf’®”* expression significantly shortened

the survival of mice compared to Cre negative control, single Utx loss, and single

Braf'™” expression (Fig. 2). Utx?/?Braf™” females succumbed to disease earlier

than Utx?""Braf®” males and Utx*"Braf’®* Figure 2
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in Utx?ABraf®” and Utx*"Bratf™” mice (Fig.3).

Development of plasma cell neoplasia in Utx insufficient Braf"®” mice

The most frequent neoplasm that developed in Utx insufficient Braf’™” mice was

plasma cell neoplasm: 60% 31.3% and 35.3% in
Utx* " Braf®% — Utx3" Braf®%  and Utx?2 Braf®%
mice, respectively (Fig. 3). These mice showed
significant increase in the percentage of plasma
cells in the BM and spleen (Fig. 4A).

Genomic PCR analysis of purified plasma cells

revealed that they were of clonal origin showing a
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(Fig. 4B). M-spike was detected in serum protein electrophoresis (SPEP) assays in

half of the mice with plasma cell neoplasms (Fig. 4C).



Catalytic activity is dispensable for the tumor suppressor function of UTX in
MM

We developed a plasmacytic cell line (MM/BU749) from a moribund Utx?/?Braf’®”
mouse (BU-749) with an MM-like disease. We conditionally overexpressed human U7X
in MM/BU749 cells using a Tet-on lentivirus system. Exogenous U7X significantly
impaired the proliferation of MM/BU749 in suspension culture in the presence of
doxycycline (DOX) in vitro and in vivo (Fig.5A, B). U7X add-back in U7¥-null human
MM cell line (RPMI8226) also impaired their growth in vitro and in vivo (Figure

5C, D).
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To investigate the role of the demethylase activity of UTX in MM, we transduced
RPMI8226 cells with WT and a demethylase—inactive mutant 7X. Of note, add-back of
H1146A/E1148A mutant impaired the growth of RPMI8226 cells in a manner similar to
WT UTX (Fig.6A). We then performed western blot analysis of histone modifications
in plasma cells from Uzx?”4 mice and found no significant changes in both H3K27me3

and H3K27ac levels (Fig. 6B).
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In addition, ChIP-seq analysis did not reveal any significant change in H3K27me3
levels in Utx?"*Braf®” plasma cells compared to Braf’®™” plasma cells (Fig. 6C).
These results indicate that UTX exerts a tumor suppressor function in a demethylase

activity—independent manner.
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the cells (Fig. 7). These results suggest that the cIDR

domain is largely responsible for the tumor suppressor function of UTX in MM.



Utx loss with Braf”" induces myeloma—like gene signature in plasma cells

To understand the impact of U7X loss on the plasma cell transcriptome, we performed

RNA-seq of plasma cells from young (20 25-week—old) and old (40 50-week—old) Cy I-

Cre negative control mice, Braf®” mice (31-week-old), young Utx*/4Braf™” mice
(207 25—week-o01d), Utx/Braf® mice with overt MM (MM1-3, 20 50-week-old), and BU749
(Utx*/4Braf™”) cells. Clustering analysis using UMAP of RNA seq data from BMPCs

showed that Utx loss together with Brar™” induced moderate

transcriptomic

reprogramming of plasma cells towards a myeloma—like transcriptome after a long

latency (Fig. 8A). Gene set enrichment analysis revealed that genes related to

multiple myeloma, Myc, cell cycle and ribosomes were positively enriched, while

gene sets associated with B lymphocytes and CD40 signal were downregulated in

compound mice that developed MM and to a moderate degree in compound mice before

overt disease onset (Fig. 8B). K-means clustering showed the gradual upregulation

of genes related to multiple myeloma and Myc from normal plasma cells to overt

myeloma (Fig. 8C).
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Characteristics of chromatin accessibility in Utx-null myeloma cells

To understand the transcriptional networks operating in Utx—null
myeloma cells, we performed ATAC-seq in plasma cells from young
Cy 1-Cre negative control, Braf®” and Utx*’* mice (24-27-week—
old), and BU749 (Utx?/4Braf®”) plasma cells. UMAP analysis and
hierarchical clustering of ATAC-seq data revealed that BU749 cells
had largely different chromatin accessibility from control,
Braf'®™”, and Utx*’? plasma cells, while the changes among control,

Braf'®™”, and Utx?’* plasma cells were mild (Fig. 9).
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