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Secretome of γ-irradiated PBMCs 
(PBMCsec)
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Tissue-regenerative effects mediated by 
PBMCsec
Experimental model

• Wound healing

• Myocardial infarction

• Autoimmune myocarditis 

• Ischemic stroke

• Spinal cord injury 
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Beer L, Mildner M, Gyöngyösi M, Ankersmit HJ. Peripheral blood mononuclear cell secretome for tissue repair. Apoptosis. 2016 Dec;21(12):1336-1353. doi: 10.1007/s10495-016-1292-8. PMID: 27696124; PMCID: PMC5082595.

Beer et al. Peripheral blood mononuclear cell secretome for tissue repair. Apoptosis. 2016



Translation of pre-clinical work to patient 
relevant settings
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• MARSYAS I – safety and tolerability of topically administered 

autologous PBMCsec for the treatment of dermal wounds

• MARSYAS II – safety and efficacy of topically administered 

allogeneic PBMCsec for the treatment of diabetic foot ulcers

• Systemic application in future therapeutic approaches



Aim
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Identification and dissection of transcriptional 

changes induced in immune cells from human 

whole blood following exposure to PBMCsec and 

map the resulting output to biological functions 

translating to tissue protective effects



Experimental Setup 
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Immune cell clusters and frequencies are 
not altered by PBMCsec
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Untreated PBMCsec
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PBMCsec induced DGE is highest in 
Monocytes 
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Pathways modulated by differentially up- and 
downregulated genes in monocytes treated with 
PBMCsec associate with tissue regeneration
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Pathways affected by upregulated genes in 

Monocytes PBMCsec (Biological Function)
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PBMCsec increases plasma levels of pro-angiogenic 
cytokines and promotes in vitro EC tube formation
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PBMCsec induced SerpinB2  associates 
with inhibition of urokinase activity
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Summary (1)
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• Transcriptional responses to PBMCsec were strongest in the 

subset of monocytes

• Modulated biological processes included 

- Cytokine production 

- Vasculature development 

- Inhibition of endopeptidase activity 

• Monocytes take up a pro-angiogenic, anti-proteolytic 

secretory phenotype and amplify tissue-protective 

mechanisms innate to PBMCsec 



Anti-thymocyte globulin (ATG)

13

• Polyclonal immune globulins 

• Clinical use: Induction therapy prior to  

- Stem cell transplantation 

- Solid organ transplantation 

• Diverse immunosuppressive effects 

- T cell depletion (ADCC, AICD, CDCC, opsonization)

- Masking of T-cell antigens 

- Expansion of regulatory T-cells (T
regs

)

- Dendritic cell modulation 

Mohty M (2007) Mechanisms of action of antithymocyte globulin:

 T-cell depletion and beyond. Leukemia 21: 1387-1394
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Hearts obtained from rats 

treated with ATG evidenced

smaller scar areas and a 

better preserved ventricular

geometry compared to 

untreated controls

Echocardiographic assessment of 

cardiac function 6 weeks after transient

LAD ligation revealed significantly

better cardiac function in ATG treated

animals compared to untreated and

sham animals 

Lichtenauer M et al (2012) Anti-thymocyte globulin induces neoangiogenesis and 

preserves cardiac function after experimental myocardial infarction. PLoS One



Aim
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Capture transcriptional changes in immune cells 

from healthy human whole blood after ex vivo

stimulation with ATG on a single cellular level to 

identify  novel mechanisms by which ATG  

regulates T cell effector functions



ScRNA-seq of whole blood cells following 
ex vivo treatment with ATG 
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ATG alters gene expression in all identified 
cell clusters  

17

Bar plot displays total number of DEGs in ATG treated 

compared to Isotype control for every cluster

Criteria for inclusion: adj.pvalue < 0.05 & 

log2Foldchange ≥ 1 or ≤-1

Volcano plot of DEGs in monocytes from ATG-treated 

whole blood compared to Isotype

Upregulation of various CXCLs; CCLs and CD274 (PD-L1)



Immune System processes associated with the 
up- and downregulated genes in Monocytes of 
ATG-treated whole blood
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Composition of paracrine factors is altered 
in plasma of ATG-treated whole blood 

19

Increased levels of IFN-γ and its response cytokines  

CXCL9 and CXCL11 were detectable in Plasma ATG
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ATG increases surface expression of PD-L1 
on monocytes from human whole blood

20

Percentage of PD-L1
+

Monocytes increased 

significantly after treatment with ATG



PD-L1 expression on monocytes is 
modulated by paracrine factors 

21

Treatment of purified 

Monocytes with  CM of ATG-

treated PBMCs increased 

surface expression of PD-L1 

on purified monocytes

Addition of ATG to purified 

Monocytes  did not alter

expression of PD-L1 



Expression of PD-L1 is regulated by 
Interferon-γ signalling (1)

22

Enrichment for IFN-γ mediated signalling pathway cell-cell interaction

ATG modulates IFN-γ in effector subsets of CD8
+

T cells 



ATG mediated expression of PD-L1 is 
regulated by  Interferon-γ signalling (2)

23



Paracrine induction of PD-L1 relies on 
JAK/STAT signalling

24

Surface expression of PD-L1 is strongly reduced by pre-treatment with ruxolitinib 



PD-L1+ monocytes inhibit T-cell effector 
functions in vitro

25

T cells were activated with αCD3/αCD28 antibodies and co-cultured with monocytes 

Proliferation was assesed on day 5 of co-culture



Summary (2)

26

• ATG changes the transcriptional profile of monocytes from 

human whole blood

• Effects of ATG on monocytes are in part mediated by CM and 

play an important role in the induction of immunoregulatory 

molecules (PD-L1) 

• JAK/STAT- signaling is modulated in monocytes after 

stimulation of whole blood with ATG and leads to increased 

surface expression of PD-L1

• PD-L1
+
 monocytes inhibit proliferation and production of 

granzyme B in activated CD8
+
 T cells in vitro 



Conclusion

27

PBMCsec and ATG extend their mechanistic repertoire by inducing 

endogenous secondary mediators in host immune cells

The induced mediators act as amplifiers of innate functions and 

introduce novel modes of actions  
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Thank you for your 
attention!

Aposcience AG

Jan Ankersmit

Katharina Klas

Martin Direder

Daniel Bormann

Department of Dermatology

Research Division of Biology

and Pathobiology of the Skin

Michael Mildner



PBMCsec inhibits enzymatic activity of the 
unselective serine-protease Trypsin

29
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No induction of pro-inflammatory 
cytokines IL-1β , TNF-α  and  IFN-γ
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PBMCsec ameliorates thrombin-induced 
decrease in endothelial barrier function 

31

Thrombin causes a transient drop in barrier resistance

This drop significantly reduced by PBMCsec



Expression of PDL-1 on monocytes over 
time

32



Combined treatment of ATG and hydrocortisone 
does not abolish induction of PD-L1

33
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