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S{ogren’ s syndrome (SS) affects the salivary glands leading to dry mouth
and a reduced quality of life in many patients, therefore, many novel cell-based therapies to
prevent or repair salivary gland function loss are being studied. The salivary glands of SS patients
present chronic inflammation due to over production of inflammatory molecules. Many animal models
are used to perform research on SS, including the MRL/Ipr mouse and the non-obese diabetic (NOD)
mouse. We have developed a therapy that consists of using anti-inflammatory cells called m2
macrophage-like cells. We aimed to study if M2 macrophage-like cell transplantation could reduce the
inflammation in salivary glands in Sjogren’ s syndrome mouse models. Our results showed that m2
macrophage-like cell transplantation in these mice reduced inflammatory gene expression.
This suggests that m2 macrophage-like cells are an effective therapy for alterations in salivary
glands caused by immune disorders such as Sjogren®s syndrome.
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(Background at the beginning of research)

At present, there is no cure for Sjogren’ s syndrome (SS), therefore, novel cell-
based therapies to prevent or repair salivary gland function loss are being studied.
Salivary gland or mesenchymal stem cell transplantation have shown promise in mouse
models of irradiation or SS, (Nanduri LS et al., Radiother Oncol, 2013; Lombaert IM et
al., PLoS One, 2008), however, these experimental therapies for salivary gland atrophy
have significant limitations because harvesting these cells is difficult and invasive,
complicating its clinical application. Our recently published study, (IT, Raudales JLM
et al., Stem Cell Res Ther. 2019) shows a practical method of cell therapy for atrophic
salivary glands. It consists of culturing the readily available peripheral blood
mononuclear cells (PBMCs) for only 5-7 days in serum-free medium with 5 recombinant
proteins: stem cell factor, thrombopoietin, vascular endothelial factor, IL-6 and flt-
3 ligand. This culture results in the proliferation of CD11b/CD206+ cells (M2
macrophage-like cells) which have anti-inflammatory and tissue remodeling properties.
Our study shows that M2 macrophage-like cell transplantation in radiogenic-injured
salivary glands of mice restores saliva secretion. This therapy compared to others, is
minimally invasive, safe, and proven to be effective for salivary gland regeneration.

Indeed, M2 macrophage-like cells recovered salivary gland function, yet, its
mechanism needs elucidation. Aberrant production of T cell-derived cytokines promote
salivary glands deterioration in SS. T cell activation is regulated by signaling
cascades, for example, protein tyrosine phosphatases (PTPs) which act like on/off
switches of signals involved in T cell activation (Castro-Sanchez et al., Front.
Immunol. 2019). Recently, Wang J et al. (J Clin Invest. 2016) showed that the SH2
domain-containing PTP (SHP2) is overexpressed in MRL/Ipr mice (a model for systemic
lupus erythematosus (SLE) and SS. They showed that inhibition of SHP2 reduced symptoms
of SLE, infiltration of T cells/macrophages in spleen and expression of cytokines
related to SS such as, interferon-gamma (INF-y) and interleukin-17 A/F (IL-17A/F).
These mice are also known for developing salivary gland inflammation, with inflammatory
cell infiltration as a hallmark of disease.

Although currently there is not much evidence between SHP2 and SS, SHP2 is related
to autoimmune diseases, therefore this relationship could be explored and possibly in
the future be treated by m2 macrophage-like cell therapy. M2 macrophage’ s anti-
inflammatory potential might reduce SHP2-derived inflammation. Recently, Xioa P et al.
(J Exp Med. 2019) showed a role for SHP2 during colon inflammation in mice and humans.
SHP2 could desensitize IL-10-STAT3 signaling in macrophages, weakening IL-10" s anti-
inflammatory effect. Also, tumor necrosis alpha (TNF-a) upregulated SHP2 expression.
This data underlines the role of SHP2 in inflammation by desensitization of IL-10
signaling and alteration of T cell activity.

(Purpose of research)

We have recently shown that M2 macrophage-like cells have a positive effect in
the recovery of salivary secretion in irradiated C57BL/6 mice. These cells had a
significant higher expression of the anti-inflammatory cytokine IL-10. Therefore, these
cells may also assist inflammatory regulation, since much of the damage in SGs from SS
comes from inflammatory cytokines.

Recently, there have been important studies in relation to SHP2 and SLE
manifestations and inflammation (Wang J et al., J Clin Invest. 2016; Xioa P et al. (J
Exp Med. 2019) Attention has come into inhibiting aberrant expression of PTPs. Therefore,
if the anti-inflammatory and regenerative potential of E-MNCs, could be applied, soon
we may Ffind a way to not only regenerate damages in SGs but also to prevent its
initiation.

Therefore, we aim to study if M2 macrophage-like cell transplantation can reduce
inflammation in salivary glands of SS mouse models such as MRL/Ipr mice with
overexpressed SHP2. Perhaps the anti-inflammatory activity of M2 macrophage-like cells



can inhibit TNF-o, via IL-10 secretion and normalize SHP2 expression or indirectly
suppress SHP2 by enriching salivary glands with M2 macrophage-like cell that stably
express SHP2. This study will be the first to analyze the relationship between SHP2,
SS and salivary gland inflammation and test if cell therapy affects SHP2 expression,
opening new directions for the use of E-MNCs.

(Research methods)
(1) Preliminary stage:

Determination of the best timepoint for E-MNC transplantation in SGs of MRL/Ipr
mice: Firstly, the peak expression of candidate genes in salivary glands of in SS mice
will be determined. Starting with TNF-a, IL-1p, INF-y (detected in salivary glands of 8-
week-old MRL/Ipr mice (von Blokland et al., Clin Immunol. 2002)) and SHP2. The mice
will be sacrificed at 6, 12, 18 and 24 weeks of age. After harvesting the salivary
glands of each mouse, gene expression with RT-QPCR will be analyzed. Also, the number
of inflammatory cell infiltrates and percentages of T cells, B cells and macrophage in
the infiltrates will be counted (same timepoints). For this, H&E staining and
immunohistochemistry (IHC) for antibodies of these cell types will be used.

Donor mouse culture screening: Background matched C3H/He (SLC/Japan) mice will be
used as donors for transplantation and 5x10° PBMCs/well (6-well plate) will be used
for M2-macrophage-like cell culture. M2-macrophage-like cells are going to be prepared
by culturing donor mouse PBMCs for 7 days in serum-free medium with 5 recombinant
proteins: SCF, TPO, VEGF, IL-6 and FLT-3L. To confirm if M2 macrophage-like cells
proliferated, flow cytometry will be used to detect CD1lb* and CD206" cells (M2
macrophage markers). As an alternative donor, the congenic strain of MRL/Ipr mice,
MRL/Mp (SLC, Japan) could be used.

(2) Transplantation stage:

M2 macrophage-like cells will be transplanted at 1x10° cells/salivary gland in
each SS model mouse (treatment group), 1 week prior to peak inflammatory gene expression.
For controls we will leave salivary glands untread or transplant them with PBMCs. To
analyze the involvement of m2 macrophages in tissue recovery, the CD1lb* portion of
cells will be depleted from the total cultured cells with an automated cell separator
and transplant the remaining portion of cells into the salivary glands of SS mice (m2
macrophage group). For most analyses, salivary glands will be harvested after 2 weeks
of transplantation.

(3) Post-transplantation analyses:

Tracking of transplanted cells: To track m2 macrophage-like cells in salivary
glands we will stain the cells with PKH staining (membrane staining) 1 week after
transplantation and can be detected with in sections of fixed tissues.

Inflammatory gene expression analysis: Analyze if there is a reduction in the
expression of the genes established in the preliminary stage using the methods stated
above.

Histological analysis: Asses the number of inflammatory infiltrates and
percentages of T, B cells and macrophages by H&E and IHC as described in the preliminary
stage. Finally, the data will be analyzed and prepared for dissemination.

(Research results)

As we aim to study if m2 macrophage-like cell transplantation can reduce
inflammation in salivary glands of Sjogren®s syndrome mouse models, such as the MRL/Ipr
mice. Firstly, we have examined the potential of the anti-inflammatory effect of m2-
macrophage-like cell transplantation in a well-established model of Sjogren®s disease,
the non-obese diabetic (NOD) mouse. Our rationale behind this decision is due to our
previous experience with this model and we could use it as a base for the study of the
MRL/Ipr later on.



During the preliminary stage, the peak of inflammatory gene expression (TNF-a, IL-
1B, and INF-y) and signaling molecules involved in lymphocyte infiltration in salivary
glands of in SS mice was determined to be around 8 weeks. Through H&E staining of
salivary gland tissue, lymphocyte infiltrates were detected from this stage. IHC
staining showed that these infiltrates were composed in part by CD4* T cells.

Since the NOD mouse model was selected at this point, the donor mouse to be used
was adjusted and the CB6F1 mouse strain was selected. Then we tested if our method of
PBMC culture from CB6F1 mice led to the proliferation of m2 macrophage-like cells. We
could confirm that after 7 days of culture the morphology of the cells after culture,
they presented a round shape resembling macrophages, with a larger size compared to
the initial PBMC culture. Then, to confirm that these cells were indeed m2 macrophage-
like cells, we used flow cytometry analysis. The results confirmed the proliferation
of m2 macrophage-like cells after 7 days of culture.

In an effort to validate if the transplantation of these cells in the salivary
glands was feasible, we first confirmed the presence of the transplanted cells in the
salivary gland tissues through histochemical analyses. After harvesting the m2
macrophage-like cells we labeled them with PKH-26 just before transplantation. PKH-26
labels the cell membrane and is detected as a red signal using fluorescence microscopy.
We could detect the transplanted cells as grouped or scattered formations in the tissue
confirming the effectiveness of the transplantation in the tissues even after 1 week
post transplantation. Furthermore, to confirm if the transplanted cells maintained
their phenotypical characteristics after transplantation and were correlated to the
phenotype shown by flow cytometric analysis, the donor cells in the salivary gland
tissue were stained with m2-macrophage markers. Our results showed positive staining
of donor cells with m2 macrophage markers confirming that these cells preserve their
phenotypes even after 1 week of transplantation. This confirms that M2 macrophages
maintained their phenotype in the tissue and did not change to an inflammatory ml type.

To assess the anti-inflammatory effect of m2 macrophage-like cells, these cells
were transplanted in the salivary glands of the SS model mouse at 8 weeks of age. To
prevent damage to the salivary gland tissue after transplantation at 1x10° cells were
transplanted using the minimum volume possible (5 ml). After harvesting the salivary
glands of each mouse after 1 week of transplantation, RT-QPCR was used to analyze gene
expression of inflammatory cytokines. Our data showed that within 1 week of
transplantation in salivary glands of 8-week-old NOD mice, expression of inflammatory
genes such as TNF-a, IL-1pB, INF-y were lower compared to untreated controls.

Having favorable results using the NOD mouse, we continued our investigations
using this model to see if m2 macrophage-like cell transplantation could reduce the
expression of inflammatory genes in salivary glands in Sjogren’ s syndrome. As
described above, M2 macrophage-like cell transplantation in salivary glands reduced
inflammatory gene expression in these mice.

Since m2 macrophage-like cell transplantation led to a decrease of inflammatory
gene expression we proceeded to investigate if transplantation of m2 macrophage-like
cells could also affect signaling molecules involved in lymphocyte infiltration,
particularly T lymphocytes. For this we transplanted m2 macrophage-like cells in the
salivary glands of NOD at around 9 weeks of age, since at this time point it showed
high expression. Then, after 1 and 3 days we measured the gene expression of theses
signaling molecules. Especially after 3 days their expression was significantly reduced.
In addition, histological analysis with H&E staining of diseased submandibular glands
showed a decrease in the size and number of lymphocyte infiltration.

While initially we aimed at evaluating if the anti-inflammatory phenotypes of
macrophages could reduce inflammatory gene expression in the MRL/Lpr mouse model, which
has over expression of SHP2, we found that the NOD mouse was also a suitable and well-
established model of SS and our laboratory had experience in its delicate handling,
since it also presents inflammation of the salivary glands, therefore our strategy
shifted towards this model. One limitation of using this model is that we couldn’ t
analyze the effect of m2 macrophage-like cells on the SHP2 expression since it is not
documented in the literature.

However, the positive effects from the m2 macrophage-like cell transplantation
may provide indirect evidence that the SHP2 pathway was positively affected. INF-y
expression is regarded as a signature signal in SLE and SS since SS patients present
elevated plasma levels of INF-y, in addition several studies using SS mouse models
have documented chronic expression INF-y in salivary glands. Moreover, research has
shown that inhibition of SHP2 reduced INF-y cytokine production. Nonetheless, we will



have to confirm this in further studies using the conditions we established in this
study.

In summary, these results suggest that our m2 macrophage-like culture method is
easily reproducible across different mouse strains and has a great flexibility in its
use making it a very feasible therapy to test in in vivo research and subsequently
clinical research. M2 macrophage-like therapy also showed it 1is effective for
inhibiting salivary gland inflammation by inhibiting the expression of TNF-a, IL-1j, and
INF-y. The inhibition of INF-y, in particular, demonstrates that m2 macrophage-like
cell therapy can possibly normalize aberrant T cell activity in these glands. This
therapy could be applicable to several inflammatory conditions aside from alterations
in salivary glands caused by immune disorders such as Sjogren®s syndrome.






