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• Treatment resistance in both acute and in cGVHD is common and emerges quickly 

during disease evolution. 

Background-1

• During aGVHD irreversible organ damage 
may occur (e.g. Thymus, intestinal crypt; 
biliary ductules..other..); these sequelae 
deeply influence the course of subsequent 
cGVHD and the response to treatment.

• JAK1/2 inhibitors fail to rescue 50% of 

patients with SR-cGVHD

SR-GVHD….still unmeet medical need…

……often the cause of a present failure lies in the past……



Background-2

• In aGVHD the derangement of intestinal Stem Cell–supportive niches drastically reduces enterocyte 

regeneration.…shortened enterocyte telomeres have been found in biopsies from patients with severe 

forms of intestinal aGVHD…*

• …Similarly, the thymic damage, the exhaustion of T reg pool or the irreversible peribronchiolar fibrotic 

damage in lung cGVHD, suggest that some manifestations cannot be cured simply with 

immunosuppressive/anti-inflammatory drugs…. Representing some examples of the limitations of 

treatments targeting the traditional immune effectors (e.g. alloreactive T-cells; aberrant B-

lymphocytes)….

*Voermans C, Hazenberg MD. Cellular therapies for graft-versus-host disease:
 a tale of tissue repair and tolerance. Blood. 2020; 136(4):410-417. 

……often the cause of a present failure lies in the past……





AGENDA

• Non Immune Effector Cells (NIEC) involved in cGVHD 

• Antifibrotic drugs ( for Scleroderma; lung fibrosis, joints, fasciae…..)

• Pathways associated with NIEC

• Strategies potentially usefull with NIEC and future scenarios



Non-immune cell targets in cGVHD
…and pathways not directly involving immunological effectors

• PMN

• Fibroblasts

• Monocytes

• Machrophages

• MDSC*

• MSC° (secretome)

• Antigen Presenting Cells (any) 

• NK…

Involved pathways

• Elastase production: tissue damage (IL8-TNF)

• Collagen production: TGF-;  fibroblast 

activation; myofibroblast generation

• Monocyte polarization (M1 or M2): 

 CSF1 induced M2 shift (profibrotic; 

proinflammatory)

• Secretome and Induction of tolerogenic APC

MDSC*: myelod derived suppressor cells;  °MSC: mesenchymal stem cells



PMN
in cGVHD

PMN play 

a central role 

in the development 

or progression 

of BOS

IL 8

Matrix degradation 
and

tissue remodelling

Fibroblasts activation and collagen 
production

sustained bronchiolar 
epithelial damage;  

ischemia; infections; 
CLAD/GVHD





Inhibitors of neutrophil elastase (NE): alvelestat, sivelestat 
and α1-antitrypsin are promising in aGVHD and in BOS

• NE: serine protease stored in azurophilic granules of  PMN in its inactive form; 
     When PMN are exposed to inflammatory stimuli*, active NE is released. 

• Release of NE degrades extracellular matrix components: elastin, laminins, and 
collagens, resulting in tissue damage (e.g. elastic fibers of the bronchiolar wall)

Stockley, R. et al Phase II study of a NE inhibitor (AZD9668) in patients with bronchiectasis. Respir. Med. 2013, 107

*Henriksen P.A. The potential of NE inhibitors as anti-inflammatory therapies. Curr. Opin. Hematol. 2014 



Th17 cells secrete 
CSF-1 driving 

monocyte 
recruitment

In SS-like GVHD and in BOS, inflammatory milieu induces 
macrophage-2 polarization with TGF-beta production 

inducing myofibroblast differentiation from fibroblasts, 
pericytes or endothelial cells







Belumosudil showed reduction of fibrosis in 

animal models of BOS and sclerodermatous 

cGVHD, inhibiting multiple fibrotic pathways 



pirfenidone, (FDA)-approved drug for idiopathic pulmonary fibrosis, 

• Hydroxyproline (HP) in lung 
correlates with the amount of 
collagen in lung.

• HP in cGVHD mice is two-fold 
higher than the non-cGVHD 
mice

• Pirfenidone reduced lung HP 
content

Pirfenidone reduces 
fibrosis, F4/801 

macrophage 
accumulation and TGF-b 

deposition in lung 



CSF1R signaling– dependent monocytes 
and macrophages mediate inflammation 

and fibrosis in cGVHD

Alexander KA, et al. CSF-1-dependant donor-derived macrophages 
mediate chronic graft-versus- host disease. J Clin Invest 2014;124: 4266-80. 

Axatilimab, humanized IgG4 moAb, inhibits CSF1R 
signaling in CSF1R-expressing macrophages

241 pts with  SR-cGVHD enrolled 

74%

6% of TX stop
in 0.3mg group





MDSC increased in mice 
treated with PTCy
Cy  prevents GVHD 
not by eliminating 
alloreactive T cells 

but by inducing 
alloreactive T-cell 

functional impairment
Fletcher R.E.et al, 

Blood Adv april 2023

Increased circulating MDSCs 
in patients treated with ECP 

for acute or cGVHD

Wang L, Ni M, et al.
 Front Immunol. (2018) 9:2207 



MSCs exert pleiotropic activities both in acute and cGVHD*

• inhibit the activation and proliferation of CD4+T cells
• inhibit the migration of macrophages; 
• facilitate proliferation of Treg;↑ IL-10
• ↓BAFF
• ↓Collagen production

*Morata-Tarifa C,. MSC for the prophylaxis and 
treatment of GVHD: meta-analysis. 

Stem Cell Res Ther. 2020 

Paracrine effects of MSCs occur in response 
to their microenvironment……..

Cytoprotection and tissue repair/regeneration







• EVs contain microRNA and chemokines able to alter gene expression of target cells, to 
modulate immune and inflammatory responses in GVHD.

Mouse models and data from humans suggest that 
immunomodulatory properties of MSCs are mediated 

by secretome (micro-vesicles and exosomes: EV) 

• EVs from MSC can inhibit profibrotic pathway: miRNA miR-29-3p (contained in MSC-

EVs) regulates hub genes involved in TGF-beta signaling and fibrotic processes. 

Łacina P et al. Differential expression of miRNAs from EVs in cGVHD: a preliminary study. Adv Clin Exp Med (2022)

*Guo L et al. Extracellular vesicles derived from mesenchymal stem cells prevent skin fibrosis in the cGVHD mouse model by 
suppressing the activation of macrophages and B cells immune response. Int Immunopharmacol. 2020. 
*Chen W, et al. Adipose tissue-derived stem cells ameliorates dermal fibrosis in a mouse model of scleroderma. Asian Pac J Trop 
Med. 2017
*Okamura A, et al. Adipose‐derived stromal/ stem cells successfully attenuate the fibrosis of scleroderma mouse models. Int J 
Rheum Dis. 2020. 

MSC-EVs to treat and prevent GVHD…..

MSC-EVs to treat dry eye in patients with ocular GVHD (NCT04213248)



APC type Origin Function

CD141+ /CD123+

dendritic cells

Donor Regulate Tcell Tolerance

T reg expansion

CD19+

B cells

Host

Donor

Production of auto-Abs; disregulation of B-

cell homeostasis. 

Expansion of autoreactive T cells

Macrophages

Host

Donor

Production of auto-Abs

Promote fibrosis via TGF-beta; 

activate Th17;  shift M2 via CSF1R

Medullary thymic 

epithelial cells

 (mTECs)

Host

Donor

Restore Thymus microenvironment and 

tolerance

Defective autoreactive T-cell selection

APCs play 

as cGVHD drivers

Non-hematopoietic cells 
can develop antigen-
presenting ability under 
specific conditions:

keratinocytes, fibroblasts  
alveolar epithelial cells and 
intestinal epithelial cells 
(IEC)*.

*IEC were found to initiate 
lethal gastrointestinal GVHD

Both MDSC and MSC can modify 
the APC functions and polarization



CONCLUSIONS

Recent acquisitions on MSC secretome (EVs), promoted preclinical research with therapeutic 

applications of specific EVs, isolated in cell factories able to guarantee the standards 

for an easier and cheaper  product, compared to the cell therapy.

• NIEC are pivotal in cGVHD: MSC, MDSC, macrophages, myofibroblasts, PMN and APC 

represents both potential tools and potential targets.

• MSC: predominantly used in aGVHD, but data are accumulating about their efficacy also in 

cGVHD prevention/treatment.

• MSC show pleiotropic immunomodulatory abilities mediated by secretome, modulating both 

immune effector and NIEC and by their unique ability to promote the regeneration of critical 

tissues (e.g. Thymus, lung, bowel).

• Multiple studies have shown an excellent safety profile of MSCs and indicated their efficacy 

in treating and preventing cGVHD.
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