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Introduction

Chronic graft-vs-host disease (cGVHD) is a multifactorial inflammatory disease that affects patients undergoing hematopoietic stem cell
transplantation. Multiple organs, including the lacrimal glands (LGs) are negatively affected by cGVHD and lose function due to the resultant fibrosis.
Age-related changes, including the development of eyebrow and eyelash poliosis or skin wrinkles, can progress rapidly in patients with severe cGVHD.
Based on these findings, we hypothesized that chronic ocular GVHD is related to senescence. Our findings suggest a potential association between
ocular cGVHD pathogenesis and stress-induced cellular senescence through the senescence-associated secretory phenotype (SASP). Indeed, senescent
cell accumulation and SASP were presumably associated with cGVHD development in LGs, as evidenced by the improvement in LGs after the selective
elimination of senescent cells (senolysis) with ABT-263 and anti-mouse IL-6R mAb MR16-1 in the sclerodermatous cGVHD mouse model. Taken
together, our results indicate a potential association between the SASP and cGVHD development in LGs and suggest that targeted senolytic treatment
may be a new therapeutic option for this disease.

[cGVHD mouse model and treatment with ABT-263 and MR16-1)

(a) cGVHD mice model (b) [GFP transgenic mice as donors|(c)] Syngeneic control mice
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(a), Allogeneic BMT was performed with B10.D2 and BALB/c mice as transplant donors and recipients, respectively.

(b), To distinguish from donner- or recipient-derived cells, allogeneic BMT was performed with GFP transgenic mice as transplant donors.

(c), As a non-cGVHD control, syngeneic BMT was conducted by transplanting donor cells from BALB/c mice into BALB/c mice.

(d), Mice were treated daily for 7 consecutive days starting 10 days after BMT by gavage with either 50 mg/ kg, 25 mg/kg, 12.5 mg/kg of ABT-263.

(e), The anti-IL-6R mAb was administered by intraperitoneal (i.p.) injection at 2 mg/mouse 1 day before and at 0.5 mg/mouse 10, 17, and 24 days after BMT.

Results

[Doner-derived IL-6 producing macrophages in cGVHD model]
Donor-derived macrophages from the spleen produced more IL-6 in cGVHD mice
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than in syngeneic controls (Figurel, a). IL-6-producing donor-derived macrophages Figure 3 Se“°'yt'° agent ABT-263 treatment attenuates ocular CGVHD
accumulated in a time-dependent manner in cGVHD-affected LGs (Figurel, b). [ Trea_tment with anti-mouse IL-6R mAb MR16-1] o |
(@) SHisen (b) Lacimal giand To confirm that SASP exacerbates cGVHD, we performed an inhibition experiment
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. ‘ : : : significant reduction in excessive fibrosis in the LGs of MR16-1-treated mice compared
gle- a2 & | to vehicle-treated mice (Figure4, a). The number of cells/field expressing senescence
3| i 7 . biomarker (p16, p21), SASP factors (IL-6, CXCL9, OPN), and fibrosis marker (a-SMA)
| T o E—_E’ ’ o= in cGVHD LGs was significantly lower in the MR16-1-treated mice than in the control
§5 15 5 g: ° ) mice (Figure4, c). MR16-1 treatment did not suppress the induction of upstream
§§ . . -Eg i K o | SASP-related molecule expression (Caspase-1, IL-8) in cGVHD LGs suggesting that IL-
o« o : T, o e z-ﬂ 4 ﬁ' 6 is downstream of caspase-1 and IL-8.
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Figurei. Donor-derived (GFP*) IL-6-producing macrophages in cGVHD mice model

[Relationship between cGVHD and SASP related-molecules]

The LGs of cGVHD mice had significantly more expression of markers of the DNA
damage response (53BP1,y-H2A.X)(Figure2, a), senescent macrophages (p16+t*CD68")
(Figurel, b), and senescent T cells (PD-1+Osteopontin(OPN)*CD153*) (Figure2, c)
than those in sygeneic control mice. The number of cells/field expressing SASP factors
(IL-1B - IL-8) (Figure2, d right) and macrophages expressing major SASP components
(CXCL1+tCD68*, CXCL9+*CD68*) (Figurel, d left) was higher for cGVHD LGs than
conrol LGs. We further confirmed a significantly higher percentage of p16*and p16+IL-
6* double positive macrophages in cGVHD spleen than that of syngeneic controls
(Figure2, e).
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[Interaction between maropharges and T cells in cGVHD ]

To pursue mechanistic insight into the findings of this study, we cocultured various

donor- and recipient-originated T cells with macrophages from the spleen of cGVHD.

/

‘&.OP-ealld

Fibrotic areaffield
x10 pixcels

o
E
§
O

p16
LG

=

4 weeks
after BMT

§ i
10
S

. S t SASP factors and : . .
(a) | Sign of DNA damage |(b)|Maerophages |(C) Se"§§°§“‘ (d)| __ SASP factors Macrophages IL-6+*p16* macrophages were predominantly derived from cGVHD mice compared to
DAPI/p16/CD68 PD 1/OPN/CD153

53BP1 IL-8 CD68/

CD68/

syngeneic controls (Figure5, a-f). Among the cocultures, IL-6*p16* macrophages from
cGVHD mice were the most senescent upon coculture with T cells from cGVHD
recipients (Figure5, b). In addition, cGVHD macrophages interacting with recipient T
cells (wild-type BALB/c T cells) expressed IL-6 and p16 (Figureb, f), suggesting that
donor-derived p16* senescent macrophages may activate recipient T cells as antigen-
presenting cells, leading to IL-6 production in the cGVHD LG microenvironment. Taken
together, we made hypothetical model of ocular cGVHD pathogenesis (Figure5, g).
Macrophages exposed to severe damage undergo senescence and produce the SASP
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Figure2. Relationship between cGVHD and SASP related-molecules N ] = P 8
[Treatment with senolytic agent ABT-263] Bl e s e | | N |
To further confirm the association between cellular senescence and cGVHD, we used 3|, | . S | eluleleleln
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Bax* cells in cGVHD LGs (Figure3, a). The tear secretion volume was significantly ]
higher in 4 weeks after BMT in ABT-263-treated mice than in vehicle-treated mice COHCIUSIOH
(Figure3, b) and ABT-263 dose-dependently suppress the abnormal fibrosis in

cGVHD LGs (Figure3, c). The number of cells expressing the senescence marker [SASP factors promote ocular cGVHD ]

(p16, p21) and SASP factors (IL-1B, IL-8, IL-6, CXCL9, Osteopontin(OPN)), |Our results indicate a potential association between the SASP and cGVHD development
inflammatory cells (macrophages and CD4 T cells) and CD4+CD153+OPN+ senescent |IN LGs. Inhibiting the SASP evoked by senescent cells may be a new clinically
T cells in the LGs was significantly lower in the ABT-263-treated mice than in the |translatable strategy for attenuating the effects of cGVHD in LGs and other target
vehicle-treated mice (Figure3, d). We propose that 25 mg/kg ABT-263 is the ideal |organs. In the future, we would like to pursue the detailed mechanism of relationship
dose based on the maintenance of LG structures, depletion of CD4+CD153+OPN+ |between cellular senescence and cGVHD by observing SASP-related molecules on each

senescent T cells, and preservation of CD4+Foxp3+* regulatory T cells (Figure3, d). specific immune cells such as T cells, macrophages, and fibroblasts respectively.
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