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Introduction

MDS is a very heterogeneous group of bone marrow myeloid malignant disorders characterized by
peripheral blood cytopenias and increased risk of transformation to acute myelogenous leukemia (AML).
The molecular pathogenetic mechanism of MDS s still far from clear. Through preliminary studies we
have identified that an innate immune signaling axis formed by Toll-like receptor activation of NF-kB
maintained by the histone demethylase JMJD3 is deregulated in the bone marrow hematopoietic stem/
progenitor cells (HSPCs) of patients. This potentially contributes to disease pathogenesis. Based on this,
we propose a systematic analysis of the TLR2-JMJD3 pathway in MDS. Specifically, we propose to
perform a large scale expression profile of the key genes in this pathway in primary samples from
patients with MDS; to study the molecular implications of deregulated TLR2/NF-kB/JMJD3 signals in
the pathogenesis of MDS; and to study the potential therapeutic effects of interfering with TLR2 function
in MDS. The objective of the proposed studies is to achieve a better understanding of this innate immune
pathway and its biology in MDS and, furthermore, to identify potential key biomarkers of prognosis and/
or novel therapeutic targets that will eventually improve the therapy of patients with MDS.

Progress Report

#1. In Aim 1 of this study we propose to perform gene expression analysis of TLR2 and its
downstream signaling components in MDS CD34+ cells. We have performed QPCR analysis for the
RNA expression of TLR 1, 2 and 6 in 103 cases of MDS BM CD34+ samples (Figure 1). Compared to
controls, average expression levels in MDS samples were increased by 10-fold for TLR1 (74% over 2-
fold increase, N=87, p<0.0001; Figure 1A), by 37-fold for TLR2 (82% over 2-fold increase, N=83,
p<0.0001, Figure 1B), and by 168-fold for TLR6 (73% over 2-fold increase, N=94, p=0.0001, Figure
1C). RNA levels of JMJD3 were examined in 121 samples and the levels were found to be
overexpressed in 54 percent of cases (> 2 fold

increase; Figure 1D). The average JMJD3 RNA

level in the whole cohort was 8-fold of control

normal CD34+ cell samples (p<0.0001). Interleukin-

8 (IL-8), a key transcriptional target of TLR2-

JMJD3 pathway in HSPCs, has also been evaluated

in 109 MDS BM CD34+ cells. Results indicated

that IL-8 expression was significantly elevated in

MDS (Figure 1E). We also compared their MYD88,

which encodes a signal relayer of the TLR2 pathway

in 64 samples of MDS CD34+ samples. Results

indicated that 27 percent of MDS patients (N=17)

had a more than 2-fold increase of MYD88 RNA,

and 14 percent (N=9) had a 1.3- to 1.9-fold

increase. In total, 41 percent (N=26) of patients

overexpressed MYD88 (Figure 1F).

To verify the overexpression of these innate immunity genes in MDS, we have also characterized their
protein levels in initial cohorts of primary MDS bone marrow samples. We performed flow cytometry
analysis of TLR1, 2, and 6 using primary MDS whole bone marrow samples. Data indicate that the
average increase in BM CD34+ cells were 2.5-fold, 2.4-fold and 8.5-fold for TLR2, 1 and 6 respectively
compared to controls (Figure 2A). Protein expression of JMJD3 was examined using immune-
histochemical staining in primary BM CD34+ cytospins of patients with MDS (N=7) and healthy
controls (N=2). Five of the seven MDS samples examined had strong JMJD3 signals in the cell nucleus,
whereas both control CD34+ specimens had very weak nuclear JMJD3 signals (Figure 2B). Finally, the
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IL-8 level in patient bone marrow plasma samples is evaluated using ELISA assays. IL-8 protein levels
in patients with MDS (N=33) was also elevated in comparison
to control counterparts (P=0.03; Figure 2C).

To further evaluate the prognostic value and clinical

implication of the deregulation of these innate immunity genes,

we correlate  RNA expression data with other clinical

annotations of the patients. First, our analysis has indicated that

overexpression of two of the genes being characterized are

associated with adverse clinical outcome, particularly overall

patient survival: TLR6 expression had a tendency to be

negatively correlated with OS (22.7 vs. 72.8 months, p=0.18;

Figure 3A). Patients with higher MYD88 RNA expression in

bone marrow CD34+ cells (split by median value) had a

propensity for shorter survival (p=.09, HR 1.9, 95% CI 0.89-

4.26; Figure 3B). Of interest, higher MYD88 expression

correlated significantly with shorter overall survival in the

multivariate model, adjusted for IPSS risk score and patient

age (p=.027, HR 2.46, 95% CI 1.1-5.45). Furthermore,

increased levels of TLR2 expression were associated with low-

risk MDS by IPSS (p=0.01; Figure 3C), diploid cytogenetics (p=0.04), and a diagnosis of chronic
myelomonocytic leukemia (CMML; p=0.04). In contrast, expression of TLR6 gradually increased with
IPSS risk: high-risk patients had highest TLR6 expression, intermediate-1 and -2 patients had
intermediate expression, and low-risk group had lowest TLR6 expression (p=0.015; Figure 3D). Patients
that had lowest TLR6 expression were associated with diploid cytogenetics (p=0.02) and a diagnosis of
CMML (p=0.0004). Furthermore, patients with higher TLR6 expression (above median) had increased
percentage of bone marrow blasts (7.8% vs. 3.2%, p<0.0001).

#2. In Aim 1 we also propose to perform the
mutational analysis of TLR2 (F217S) in bone marrow
cells of MDS. We have analyzed a cohort of 149 MDS
BM-MNC and identified that over 11 percent (N=17) of
the cases bear the alteration of TLR2-F217S. In 15 of
these 17 cases (88%) the TLR2-F217S alteration is
somatic, whereas 2 cases carry the same mutation in
control CD3+ T cells. No TLR2-F217S mutation was
detected in normal control DNA samples (N=47) that
were derived from human lymphoblastoid cells isolated
from healthy donors. When correlating the presence of
TLR2-F217S to other clinical outcomes, patients with
TLR2-F217S had a significantly higher frequency of
chromosome 7 deletion (p=0.03).

We have characterized the impact of TLR2-F217S on the

activation of innate Immumty Slgnalmg by EXpressing Fig 3. Clinical association of deregulated innate
green ﬂ_UOfGSCGﬂt prOtem (GI_:P) fused Wlld'type or TLRZ' immunity genes. (A-B) Adverse association of TLR6
F217S in 293T cells. In luciferase reporter assays, In the and MYD88 RNA level with patient survival (C-D)
absence Of TLR2 agonlst, expreSS|on of Wlld_type or Association of TLR2 and TLR6 levels with IPSS scores.
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F217S mutant TLR2 led to similar levels of NF-kB activation.
When a TLR2 agonist (PAM2CSK4, PAM3CSK4 or MALP2)
was added, NF-kB activation was increased in TLR2-F217S
versus wild-type transfected cells (Figure 4A). Similar effects on
AP1 activity and associated phospho-p38MAPK were also
observed. We then examined the status of IRAKL1 protein, a key
downstream signal mediator of TLRs. In the absence of TLR
agonist, a slight increase of a slowly migrating IRAK1 band (~
180KD) was observed in both wild-type and F217S transfected
293T cells. After MALP2 and PAM2CSK4 treatment, the density
of this high-molecular IRAK1 band was higher in TLR2 (F217S)
than in wildtype-transfected cells. IRAK1 immuno-precipitation
followed by immunoblotting indicates that this higher molecular

form of IRAK1 contained phospho- and polyubiquitin- IRAK1,
two active isoforms of this protein (Figure 4B). Taken together,
these results indicate that TLR2-F217S is a gain-of-function SNP
that augments TLR2 mediated down-stream signaling.

#3. In Aim 2 of the proposal, we plan to study the molecular

implications of the activation of TLR2/NF-kB/JMJD3 signaling in hematopoietic cells and to
evaluate its potential impacts on MDS pathogenesis. We assessed the effects of several TLR2 agonists
(MALP2 and PAM3CSK3). Results indicated that in the ex vivo cultured BM CD34+ cells, these

agonists increase the expression of both JMJD3 and IL-8
expression. Stimulation of TLR2 has been shown to alter
hematopoietic differentiation in cultured mouse HSPCs.
Furthermore, flow cytometry assays indicated that
MALP2 caused a significant decrease of an erythroid
precursor cell population, which was defined by strong
CD71 expression and absence of HLA-DR. PAM3CSK4
had similar but less significant effect (Figure 5A). The
negative influence of TLR2 agonists on erythroid lineage
was further confirmed by colony formation assays in
methylcellulose medium (methocult). After 2 weeks in
methocult culture, MALP2 treatment led to a 55 percent
reduction in erythroid forming units (CFU-E; Figure 5B).
Consistent with the results of flow cytometry,
PAM3CSK4 had a similar but less significant effect on
CFU-E formation. We also assessed the impact of 1L-8

treatment in colony formation of normal BM CD34+ cells
and observed a similar negative effect on CFU-E
formation as TLR2 agonist treatments (Figure 5B).

#4. In Aim 3 of the proposal, we plan to study the
potential therapeutic effects of interfering with TLR2
function in MDS through recombinant retrovirus

Fig 5. Biological impact of TLR2 activation in primary BM
CD34+ cells cultured ex vivo. (A) Flow cytometry analysis
detected decrease of CD71-high/ HLADR-low erythroid blast
cells in TLR2 agonists MALP2 and PAM3CSK4 treated cells.
(B) Decreased erythroid colonies (CFU-E) in methocult
culture when CD34+ cells are treated with TLR2 agonists
MALP2 and PAM3CSK4 or IL-8.

mediated sShRNA transduction and also a TLR2 specific antibody. First, we transduced primary BM
CD34+ cells isolated from patients with newly diagnosed lower-risk MDS (N=4) and higher-risk MDS
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(N=3) with a recombinant retroviral mediated sShRNA against TLR2. After two weeks of culture in
methocult medium, all four lower-risk

samples had an increased number of

erythroid colonies (CFU-E) after

TLR2 shRNA transduction. On

average, 64 CFU-E were formed per

10* MDS BM CD34+ cells plated in

response to the transduction of TLR2-

shRNA, which was a 35 percent

increase compared to the number of

CFU-E formed after control-shRNA

transduction  (Figure  6A). No

significant effect on the formation of

myeloid colonies (CFU-G/M) was

observed after TLR2 inhibition. In

contrast to lower-risk MDS, we did not

observe a positive effect on the

formation of erythroid or myeloid

colonies in any of the three BM

CD34+ cells isolated from patients

with higher-risk MDS. To further

verify the effect of TLR2 inhibition in

lower-risk samples, we measured

transcripts of several genes known to be positively associated with erythroid differentiation, including
Glycophorin-A (GYPA), CD71, EPOR and GATAL (Figure 6B). In the cells collected from methocult
colonies, expression of all four genes was increased after TLR2 inhibition. The effect on gene expression
further confirmed the positive impact of TLR2 inhibition on the differentiation of erythroid lineage in
MDS BM CD34+ cells of lower-risk type of MDS. Besides TLR2, we also evaluate the effect of IMJD3
inhibition by applying a ShRNA that targets JMJD3 in primary MDS CD34+ cells of patients with newly
diagnosed lower-risk MDS (N=4) and higher-risk MDS (N=4) cultured ex vivo with a recombinant
retroviral-mediated shRNA against JMJD3. Three out of four lower-risk samples had an increased
number of CFU-E after JMJD3 shRNA transduction (Figure 6C). Similar to TLR2-shRNA, no
significant effect on the formation of myeloid colonies (CFU-G/M) was observed after JMJD3 inhibition.
In contrast to the observations in lower-risk MDS, we did not observe positive effect on the formation of
erythroid or myeloid colonies in any of the four BM CD34+ cells isolated from patients with higher-risk
MDS. In the cells collected from methocult colonies, expression of Glycophorin-A (GYPA), CD71 and
EPOR were all increased after IMJD3 inhibition (Figure 6D).

Key Research Accomplishments
1. Achieved a systematic gene expression profiling of key components of the TLR2-JMJD3 mediated

innate immunity signaling pathway, including TLR1, 2, 6, JMJD3, IL8, MYD88, in the CD34+
enriched MDS bone marrow hematopoietic stem/ progenitor cells;

2. Established preliminary associations between the deregulation of TLR2-JMJD3 innate immunity
genes and key prognostic results of patients with MDS, including their IPSS score and overall
survival time;



3.

4.

Analyzed the TLR2-F217S as a potential somatic mutation with biological gain-of-function property
and occurs in over 10% of patients with MDS;

Characterized the biological impact of the activation of TLR2 signaling on cultured primary bone
marrow CD34+ HSPCs, which indicated that abnormal activation of this signal may inhibit erythroid
differentiation from HSPCs. This observation is relevant to one of the important clinical features of
patients with MDS, which is persistent anemia; and

Demonstrated that interference of the TLR2-JMJD3 innate immunity signaling through inhibition of
TLR2 and JMJD3 could rescue the differentiation of erythroid lineage in patients with lower-risk
diseases (low risk and intermediate-1 by IPSS score).

Reportable Outcomes
A. Publications:

11.

14.

15.

=

Wei Y, Chen R, Dimicoli S, Bueso-Ramos C, Neuberg D, Pierce S, Wang H, Yang H, Jia Y, Zheng
H, Fang Z, Nguyen M, Ganan-Gomez |, Ebert B, Levine R, Kantarjian H, Garcia-Manero G. Global
H3K4me3 genome mapping reveals alterations of innate immunity signaling and overexpression of
JMJD3 in human myelodysplastic syndrome CD34+ cells. Leukemia. e-Pub 3/2013. PMID:
23538751.

Dimicoli S, Wei Y, Bueso-Ramos C, Yang H, Dinardo C, Jia'Y, Zheng H, Fang Z, Nguyen M, Pierce
S, Chen R, Wang H, Wu C, Garcia-Manero G. Overexpression of the Toll-Like Receptor (TLR)
Signaling Adaptor MYD88, but Lack of Genetic Mutation, in Myelodysplastic Syndromes. PL0S
One 8(8):e71120, 2013. e-Pub 8/2013. PMCID: PMC3744562.

Wei Y, Dimicoli S, Bueso-Ramos C, Chen R, Yang H, Neuberg D, Pierce S, Jia Y, Zheng H, Wang
H, Wang X, Nguyen M, Wang SA, Ebert B, Bejar R, Levine R, Abdel-Wahab O, Kleppe M, Ganan-
Gomez I, Kantarjian H, Garcia-Manero G. Toll-like receptor alterations in myelodysplastic
syndrome. Leukemia 27(9):1832-40, 9/2013. e-Pub 6/2013. PMID: 23765228.

Oral Presentations:

Toll-Like Receptor (TLR) Signaling Adaptor Protein MYD88 in Myelodysplastic Syndromes
(MDS) Sophie Dimicoli, Yue Wei, Rui Chen, Carlos E. Bueso-Ramos, Sherry A. Pierce, Hui Yang,
Yu Jia, Hong Zheng, Zhihong Fang, Irene ganan-Gomez, Martin Nguyen, Michael Fernandez, Hagop
M. Kantarjian, and Guillermo Garcia-Manero. American Society of Hematology (ASH) Annual
Meeting, Nov 2012, Atlanta

Targeting Innate Immunity Signaling in Myelodysplastic Syndrome (MDS). Yue Wei, Sophie
Dimicoli, Rui Chen, Carlos E. Bueso-Ramos, Sherry A. Pierce, Guillermo Garcia-Manero. 2012
National conference of Hematologic Malignancies, Oct 2012, Houston

C. Poster Presentations:

1.

Serum Amyloid Protein A 1 (hSAAL) Is Overexpressed in Myelodysplastic Syndromes and
Potentially Mediates Toll-Like Receptor 2 Innate Immunity Signaling in CD34+ Hematopoietic
Stem Cells. Yue Wei, Carlos E. Bueso-Ramos, Hui Yang, Yu Jia, Hong Zheng, Simona Colla,
Martin Nguyen, Michael Fernandez, Hagop M. Kantarjian, and Guillermo Garcia-Manero. American
Society of Hematology (ASH) Annual Meeting, Nov 2012, Atlanta
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2. Deregulation of TLR2-JMJD3 Innate Immunity Signaling, Including a Rare TLR2 SNP As a
Potential Somatic Mutation, in Myelodysplastic Syndromes (MDS). Yue Wei, Rui Chen, Sophie
Dimicoli, Carlos E. Bueso-Ramos, Donna S. Neuberg, Sherry A. Pierce, Hui Yang, Yu Jia, Hong
Zheng, Zhihong Fang, Martin Nguyen, Michael Fernandez, Sa A. Wang, Hagop M. Kantarjian, and
Guillermo Garcia-Manero. American Society of Hematology (ASH) Annual Meeting, Nov 2012,
Atlanta

Conclusion

In the first year of this grant, we have successfully provide multiple lines of evidence that abnormal
activation of innate immunity signaling is involved in the pathogenesis of MDS. We have reported that
an innate immune/ inflammatory signal network centered by Toll-like Receptor (TLR) and inflammation-
associated histone demethylase JIMJD3 (KDMG6B) is deregulated in hematopoietic stem cells (HSCs) of
MDS and contributes to disease pathology. We have demonstrated that inhibition of TLR2, JMJD3 and
the inflammatory cytokines that are regulated by this signaling pathway can improve hematopoietic
differentiation in the HSCs of MDS. In the next year, we will expand the gene profiling effort and focus
on the characterization of the potential association of the overexpression of innate immunity genes and
the occurrence of other known molecular lesions such as frequent genetic mutations in MDS. We will
investigate the impact of co-occurrence of innate immunity signal deregulation and other molecular
lesions on the progress and prognosis of the disease. Based on the effect of inhibition of TLR2 and
JMJD3, we will characterize several inhibitors of this pathway, including TLR2 antibody and JMJD3
inhibitory compound, and their potential therapeutic effects in MDS. Finally, we have also performed
pilot analysis using peripheral blood and bone marrow HSC samples collected from patients on
hypomethylation agent (HMA)-based clinical trials and observed that multiple innate immune genes are
actively induced by HMA, specifically in patients who failed treatment. These results suggest that
activation of innate immunity signaling is not only involved in MDS pathogenesis but also in the
mechanism of HMA resistance/ failure in MDS and potentially also in AML. We will further investigate
this hypothesis and try to develop novel therapeutic strategies of combining anti-innate immunity agents
with HMA drugs to improve treatment of patients with MDS.
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