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1. INTRODUCTION

Rheumatoid arthritis (RA) is a common autoimmune disease that is characterized by
chronic inflammation, progressive joint destruction, progressive disability and systemic
complications. RA is the most common type of inflammatory arthritis and affects 1% of the US
population overall, rising to 2% in those 60 years of age and older. It causes both significant
morbidity and increased mortality that is associated with socioeconomic costs. Although the
management of RA has advanced significantly, there is still no cure for RA. Treatment for RA is
unsatisfactory because some patients do not respond to the existing therapies and certain drugs
cause serious side effects. Therefore, it remains an unmet need for more efficient and safe
treatment options.

Inflammation is a tightly regulated and complex process that occurs in response to tissue
injury or infection. Inflammation is triggered mainly by the recognition of microbes or other
‘danger’ signals by pattern recognition receptors (PRRs) expressed by innate immune cells
(e.g., cells of the myeloid lineages).! These myeloid cells and other innate immune cells,
together with inflammatory mediators (e.g., IL-1B, IL-17, and prostaglandins) mount an
appropriate immune response that is vital to restore tissue homeostasis.? While inflammation is
a normal physiological response, malfunction of the elements in this system and nonresolving or
persistent inflammation can lead to tissue damage and inflammatory disorders, such as RA.2
There is a close interactive relationship between bone destruction and immune activation in RA.
45 Understanding the fundamental mechanisms responsible for abnormal inflammatory
cascades and bone absorption in RA and identifying key elements that perpetuate the vicious
cycle of these dysregulated processes could provide new opportunities to develop novel
therapeutic strategies for disease intervention.

Scavenger receptor A (SRA), also called CD204, is an innate pattern recognition
molecule primarily expressed on the cells of myeloid origin. Using a mouse model that mimics
human RA, we showed that genetic ablation of SRA renders mice highly resistant to collagen-
induced arthritis (CIA), which correlated with reduced levels of MDSCs, IL-17A, and Th17 cells.
During this funding period, we aim to determine the SRA effect on M-MDSC enhanced Th1l7
response and bone erosion well as the underlying mechanisms. These data together with our
previous findings indicate that SRA is involved in pro-inflammatory processes of autoimmune
arthritis and provide a scientific rationale for targeting SRA to potentially mitigate the symptoms
of RA.
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3. ACCOMPLISHMENTS

The major goal of the project for the period from Sep. 30", 2021 through Sep. 29", 2022
is to determine the SRA effect on M-MDSC enhanced Th17 response and bone erosion as well
as the underlying cellular and molecular mechanisms.

Accomplishments during this funding period:

During this funding period, we have examined the pro-inflammatory activity of SRA in
autoimmune inflammation and RA progression. We made new findings that monocytic MDSCs
(M-MDSCs), not granulocytic MDSCs (G-MDSCs) produced IL-1f in response to activated T
cell, which was impaired in the absence of SRA. More importantly, MDSCs from Wild-type (WT)
mice were more efficient than those derived from SRA’ counterparts in producing IL-18 when
co-culturing with Th17 cells, which did not require classical inflammasome activation. Inhibition
of SRA using monoclonal antibodies impairs the differentiation of MDSCs into OCs.

Specific Aim 1. Determine the functional relevance of SRA in the pathogenic
inflammation of autoimmune arthritis using animal models.

Major Task 4: Determine the SRA effect on M-MDSC enhanced Thl7 response and arthritic
progression.

Subtask 1. Demonstrate SRA-expressing M-MDSCs acquire enhanced capacity to promote a
Th17 response after arthritic induction.

Our previous work reported that human MDSCs were significantly elevated in RA patients
and correlated with the level of inflammatory cytokine IL-17A.% Therefore, we compared M-
MDSCs with or without SRA expression from mice with collagen-induced arthritis (CIA) in
producing the cytokine IL-1p driven by Th17 cells. Intracellular staining analysis showed that
SRA* M-MDSCs were more potent in producing IL-18 as compared with their SRA”
counterparts (Fig. 1A). In line with enhanced activation of M-MDSCs, there were higher
frequencies of Th1l7 cells and Thl cells in the peripheral blood of WT CIA mice (Fig. 1B),
suggesting that the correlation between SRA promoted M-MDSC activation and autoimmune
inflammation in RA development and that the potential cross-talk between MDSCs and Thl7
cells may further amplify the pro-inflammatory phenotype of myeloid cells (i.e., MDSCSs).
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Figure 1. SRA exacerbates autoimmune inflammation in rheumatoid arthritis. CIA was induced in WT and
SRA’ mice by immunization with collagen emulsified in CFA. The frequencies of IL-1B expressing M-MDSCs
(A), Th17 cells (CD4*IL-17A*) and Thl cells (CD4*IFN-y*) (B) in peripheral blood was determined by
intracellular staining and flow cytometry. Cells from naive mice were used as controls. **, p < 0.01.

IL-1B production is triggered by two-step mechanisms. Induction of pro-IL-13 requires
activation of the transcription factor nuclear factor (NF)-xB by pattern recognition receptors
(PRRs) such as the Toll-like receptors (TLRs).” To become biologically active, pro-IL-1B is
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Figure 2. SRA enhances IL-1B expression in response to T cell activation. 18 production  from
WT and SRA’ mice were injected with anti-CD3 mAb (20 ng, i.p.) or control myeloid cells in
IgG. IL-18 expression in M-MDSC and G-MDSC was determined by :

intracellular staining and flow cytometry (A and B) 20 h after antibody respons_e to aﬁCtlvated T
injection. Transcription of il1b in the spleen was assayed by realtime PCR (C). cell _de_“VGd S'Qnal_sv we
* p < 0.05. *, p<0.01. NS, not significant. administered anti-CD3

mAb (20 pg, i.p.) in WT
and SRA’ mice. Upregulation of pro-IL-1B protein was detected by intracellular staining and
flow cytometry in M-MDSCs (CD11b*Ly6C"9"Ly6G~) and G-MDSCs (CD11b*Ly6C""Ly6G") in
the spleen 3 hours after administration of anti-CD3 mAb (Fig. 2A and B). Intriguingly, induction
of pro-IL-1B was impaired in SRA” M-MDSCs, not in G-MDSCs that do not express SRA (Fig.
2A and B). Additionally, induction of pro-IL-18 mRNA transcripts in splenocytes was also
significantly reduced in SRA” mice compared to WT controls 20 hours after anti-CD3 Ab
injection. Therefore, these results suggest that SRA absence impairs the compacity of these
myeloid cell to produce IL-1B excecebated by activated T cells, thereby attenuating systemic
inflammation.

To investigate the SRA activity in governing IL-18 production from M-MDSCs in the
presence of Th1l7 cell-associated autoimmune inflammation, we co-cultured differentiated Th17
cells with M-MDSCs from WT and SRA” mice. The expression of pro-IL-18 was readily
detected by immunoblotting analysis of the whole-cell lysates after 24 h of co-culture in a Th17
cell number dependent manner, which was reduced in the absence of SRA (Fig. 3A). SRA also
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We have made efforts to
identify the potential signals
derived from Th17 cells that induces IL-13 maturation in M-MDSCs. We found that TNF-a,
another pro-inflammatory cytokine significantly elevated in SRA WT mice during RA
development, stimulated pro-IL-13 expression in M-MDSC lysates as well as secretion of IL-1
into the culture supernatant (Fig. 4). While additional studies are necessary to validate the
involvement of this cytokine signaling pathway, our data suggest that SRA exhibits unique
activity in modulating the cross-talk of this myeloid cell (i.e., M-MDSC)-T cell (i.e., Th17) axis
and conseuquent autoimmune inflammation associated with RA. This myeloid-T cell pathway
that is governed by SRA provide a new opportunity to develop novel approaches to improved
treatment of this disease. We have completed 50% of the proposed work in Specific Aim
1/Major Task 4.

Specific Aim 3: Test the feasibility of targeting SRA in the inflamed joints using SRA
monoclonal antibodies to reduce Th17 response and bone erosion.

Major Task 2: Demonstrate the I9G 3D 1C5 5G3
potential therapeutic benefit in BHEEREFEIFRE g ; ;
attenuation of bone erosion by
targeting SRA during arthritis
progression.

SUbt?'Sk L Determine S.RA Fig. 5. Inhibition of SRA impairs OC differentiation from
blocking can reduce the capability | MDSCs. MDSCs from WT CIA mice were cultured in the presence
of M-MDSCs in differentiation into of M-CSF (50 ng/mL) for 3 days. Cells were then cultured in the
OCs in vitro. presence of anti-SRA monoclonal antibodies (20 ng/mL, clones
3D11, 1C5 and 5G3) under OC differentiation conditions for
Our previous work showed additional 6days. OC differentiation was assayed by TRAP staining.

that MDSCs can serve as

precursors of OCs and lack of SRA on MDSCs resulted in inhibition of OC differentiation. To
test the feasibility of targeting SRA to achieve potential therapeutic benefits in treatment of SRA-
relevant diseases, we recently generated multiple hybridoma clones (i.e., 3D11, 1C5 and 5G3)
that can specifically react with SRA. For evaluation of their biological activities, we cultured CIA-
associated MDSCs under OC differentiation conditions for 6 days in the presence of SRA mAbs.
It was shown that blockade of SRA substantially impaired OC differentiation from MDSCs, with
clone 3D11 being the most effective (Fig. 5). This finding suggests that strategically blocking
SRA function using monoclonal antibodies against SRA could alleviate bone erosion in arthritic
mice. 30% of the work proposed in Specific Aim 3/Major Task 2 has been completed during the
past funding period.
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Opportunities for training and professional development has the project provided:
This funding provided a post-doctoral training opportunity for Dr. Zheng Liu.

The results disseminated to communities of interest:
A manuscript is being prepared for publication.

Plan to do during the next reporting period:

We will continue to investigate the SRA regulated cellular and molecular mechanisms that
amplify autoimmune inflammation, which involves cross-talk between myeloid cells and Th17
cells associated with RA. We also plan to test the potential therapeutic activity of anti-SRA
antibodies. We will focus on dissecting the relative contribution of myeloid cell subsets in
conferring SRA promoted RA progression and autoimmune inflammation.



4. IMPACT

We also provide compelling evidence that SRA, as a pattern recognition receptor, can modulate
the interactive communications between pro-inflammatory and pathogenic myeloid cells and
lymphocytes during RA development. Given its important role in promoting autoimmune
inflammation and osteogenesis that cause bone erosion, strategically targeting SRA may
provide a novel approach to the treatment of RA.

The impact on the development of the principal discipline(s) of the project:

Nothing to Report

The impact on other disciplines:
Nothing to Report

The impact on technology transfer:
Nothing to Report

The impact on society beyond science and technology:
Nothing to Report



5. CHANGES/PROBLEMS
Nothing to Report
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PUBLICATIONS:
Nothing to Report

ABSTRACTS AND PRESENTATIONS:
Nothing to Report

INVENTIONS, PATENT, AND LICENSES
Nothing to Report

OTHER PRODUCTS
Nothing to Report
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