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Key problems with conventional immunosuppression

Inadequate prevention of chronic rejection, increased incidence of
infectious complications, increased incidence of malignancy

Sommerer (DZIF) Open Forum Infect Dis 2022, ctstransplant.org
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What would the ideal immunosuppression look like?

Learning from nature: illustration of the "natural tolerance" of
Freemartin cattle, so-called Freemartinism

https://www.starzl.pitt.edu/transplantation/immunology/ 

chimerism.html
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What would the ideal immunosuppression look like?

Microchimerism results in a 50% reduction in rejections requiring
treatment due to temporary "tolerance" to NIMAs. 

Engels Pediatr Transplant 2022
5

In
tr

o
d

u
ct

io
n

TO
L-

1
 S

tu
d

y
M

ec
h

an
is

m
TO

L-
2

 S
tu

d
y

O
u

tl
o

o
k

M
IC



Heidelberg University Hospital | Apr 2024 | Christian Morath

From Freemartinism to MIC cell therapy

Is permanent chimerism a prerequisite for the successful establishment
of immunological tolerance?

Kant and Brennan J Clin Invest 2020
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From Freemartinism to MIC cell therapy

Combined bone-marrow kidney transplantation (MDR-101, FCRx), 
regulatory T-cell therapies (Treg) and modified immune-cell therapy (MIC)

7

In
tr

o
d

u
ct

io
n

TO
L-

1
 S

tu
d

y
M

ec
h

an
is

m
TO

L-
2

 S
tu

d
y

O
u

tl
o

o
k

M
IC

Cell product Cell type Clinical findings Immunological

findings

Ref

MDR-101 Enriched CD34+ hematopoi-

etic stem cells and defined

dose of CD3+ T cells

Interim analysis of 18 HLA-matched patients: 

100% graft survival, no rejection, no DSA, no

GvHD, 5 patients w/o IS on day 365

9 patients with mixed chimerism on 

day 180

12

FCRx CD34+ hematopoietic stem

cells and CD8+/TCR-

facilitating cells

Interim analysis of 37 patients: 2 GvHD,

2 graft loss at 1 year, 2 deaths, 22 w/o IS

23 patients with stable chimerism 13

Treg (Berlin) Autologous polyclonal

regulatory T lymphocytes

3-year data: 100% graft survival, 3/11 patients

with rejection >BANFF Borderline, 8/11 

patients on Tac monotherapy

Less HLA-DR+CD4+ T cells, more

marginal zone B lymphocytes

15

Treg

(London/ 

Oxford)

Autologous polyclonal

regulatory T lymphocytes

4-year data: 100% graft survival, no rejection, 

4/12 patients on Tac monotherapy

Less CD14highCD16+ pro-

inflammatory monocytes, more

CD4+CD25highCD127low T 

lymphocytes, more

marginal zone B lymphocytes

16

MIC Allogenic PBMC treated

with an alkylating agent

3-year data: 100% graft survival, no rejection, 

no DSA with LD-CyA, LD-MPA in pat. of

group C

Increased CD19+CD24hiCD38hi

transitional B lymphocytes,

Reduced antidonor T cell response

20

Modified from Morath Der Nephrologe 2021
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Increasing Treg effectiveness by introducing a CAR

Tregs are isolated, modified by introduction of a HLA-A*02 CAR, 
expanded and reinfused into the HLA-A*02-negative patient. 

Schreeb KIReports 2022
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Increasing Treg effectiveness by introducing a CAR

HLA-A*02-negative patient receives HLA-A*02-positive organ, HLA-A*02 
CAR-Treg accumulate in the organ bind to the antigen and are activated. 

Schreeb KIReports 2022
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Early clinical observation “transfusion effect”

Improved kidney graft survival with increasing number of pre-transplant 
whole blood transfusions in the pre-cyclosporine era

Opelz Lancet 1981
10

>10 transfusions

1-10 transfusions

0 transfusions
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Donor-specific transfusions

1993-2003, N = 61, 2x 200 mL whole blood or mononuclear cells from
living donor, 55 transplanted, 6 sensitized (not transplanted)

Marti Transpl Int 2006
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What are MIC (= Modified Immune Cells)?

Monocytes (PBMC) that are replication-incompetent after a short treatment
with an alkylating agent and have immunosuppressive properties. 

Terness Proc Natl Acad Sci USA 2008, Kleist Clin Sci (Lond) 2015, 

modified from Morath Pediatr Nephrol 2018
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„First-use-in-men“

Complete cellular donor-chimerism after MIC-treatment in a child with a 
haplotype-identical SCT who suffered from repeated rejection

Kleist Clin Sci (Lond) 2015
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TOL-1 phase-Ib human study

Donor leukapheresis, GMP manufacturing and infusion into recipient on the same 
day, kidney transplantation 2 or 7 days later under triple immunosuppression

Morath J Clin Invest 2020, Schaier Front Immunol 2023, ClinicalTrials.gov

Identifier: NCT02560220, EudraCT number: 2014-002086-30
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Retrospective analysis of clinical end-points

Excellent kidney graft function and no proteinuria in MIC-treated patients
comparable to results in transplanted controls

15
Schaier Front Immunol 2023In
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Retrospective analysis of clinical end-points

No DSA, no acute rejections, „no“ opportunistic infections, and higher median 
anti-S1 IgG Index (53 vs. 2, P = 0.16) of MIC vs. controls (5-year follow-up)

16
Schaier Front Immunol 2023In
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TOL-1 phase-Ib human study

Detailed immunological analysis of 4 group C patients who received the highest
MIC cell count of 1.5 x 108 MIC per kg bw 7 days prior to surgery. 

Morath J Clin Invest 2020, Schaier Front Immunol 2023, ClinicalTrials.gov

Identifier: NCT02560220, EudraCT number: 2014-002086-30
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Generation of specific immunosuppression

Reduced in vitro lymphocyte reactivity against stimulatory donor blood cells 
while reactivity against third party cells is preserved

Full
4-fold IS

Reduced
2-fold IS

18
Morath J Clin Invest 2020, Morath J Am Soc Nephrol 2023In
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MIC induce an operationally tolerant phenotype

High levels of IL-10 producing regulatory B lymphocytes, evidence of the
consensus gene expression signature of operational tolerance.

Morath J Am Soc Nephrol 2023
19

Operational 
tolerance >0.32
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Regulatory B lymphocytes: Key cells of operational tolerance?

Increase in the anti-donor T-cell response after depletion of regulatory B 
lymphocytes (Breg) and/or addition of anti-IL-10 monoclonal antibody

20
Morath J Am Soc Nephrol 2023

Breg
depletion

Anti-IL-10 
mab

Both 
measures
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How do MIC (= Modified Immune Cells) work?

MIC lead to the formation of regulatory cell populations, such as regulatory B 
lymphocytes (Breg), which in turn inhibit alloreactive T lymphocytes via IL-10.

Terness Proc Natl Acad Sci USA 2008, Kleist Clin Sci (Lond) 2015, Morath J 

Clin Invest 2020, modified from Morath Pediatr Nephrol 2018
21

In
tr

o
d

u
ct

io
n

TO
L-

1
 S

tu
d

y
M

ec
h

an
is

m
TO

L-
2

 S
tu

d
y

O
u

tl
o

o
k

M
IC



Heidelberg University Hospital | Apr 2024 | Christian Morath

How do regulatory B lymphocytes (Breg) work?

By producing IL-10 and TGF-b, Breg suppress pro-inflammatory lymphocytes and induce
Treg differentiation. Cell-cell interactions?

22
Rosser and Mauri Immunity 2015In
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Kidney graft infiltrates in MIC-treated patients

B-cell infiltrates and FoxP3-positive T cells in protocol biopsies, but too few
samples to obtain meaningful results

23
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Morath J Am Soc Nephrol 2023

R14, CD20 R14, FoxP3
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Work in progress, Apr 2024
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Kidney360 2021, Front Immunol 2021, J Am Soc Nephrol 2023
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Multi-center TOL-2 phase-IIb study

MIC cell therapy plus dual immunosuppressive therapy (arm A) or

single therapy (arm B, "one-pill once-a-day") compared to SOC

26
Morath BMJ open 2022

TOL-2 phase-IIb study

Primary endpoint: 
Operational tolerance

Key secondary endpoints:
1) Patient-relevant infections
2) BPAR, graft loss, graft 
dysfunction, or death

PEI SA 08.05.2017
EMEA/H/SA/4197/1/2019/SME/ADT/III
FDA PS005295, CRMTS #12224
Herstellungserlaubnis DE_BW_01_MIA_2020_0118/DE_
BW_01_Uniklinik HD_Med Klinik V GMP-Facility
EudraCT number: 2021-000561-33
ClinicalTrials.gov Identifier: NCT05365672
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ID Group Day S-Crea
(mg/dL)

MLC
(D / TP, %)

Breg
(%)

Immunosuppression Rejection, 
HLA-ab

01-R003 Con 367 1.09 5 / 0 11 IL-2, Tac, MPA (1,440), CS Ø Rej, Ø DSA

01-R013 MIC 367 0.97 0 / 23 28 Tac, MPA (720) Ø Rej, Ø DSA

01-R015 MIC 367 0.99 1 / 10 25 Tac, MPA (720), CS* Ø Rej, Ø DSA*

01-R017 MIC 367 1.11 0 / 2 33 Tac, MPA (720) Ø Rej, Ø DSA

01-R019 Con 367 3.32 0 / 34 23 IL-2, Tac, MPA (1,000*), CS Ø Rej, Ø DSA

01-R021 MIC 367 1.46 0 / 8 20 Tac, MPA (720) Ø Rej, Ø DSA

01-R023 MIC 367 1.59 pending pending Tac, MPA (720) Ø Rej, Ø DSA

04-R001 MIC ( -- ) ( -- ) ( -- ) ( -- ) ( -- , Center Stuttgart) ( -- )

01-R025 Con 277 1.29 8 / 16 3 IL-2, Tac, MPA (1,440), CS Ø Rej, Ø DSA

01-R027 Con 187 2.04 0 / 6 27 IL-2, Tac, MPA (1,440), CS Ø Rej, Ø DSA

01-R029 MIC 187 1.43 0 / 13 30 Tac, MPA (720) Ø Rej, Ø DSA

01-R031 MIC 187 1.70 0 / 6 26 Tac, MPA (720) Ø Rej, Ø DSA

01-R035 Con 97 1.12 0 / 1 2 IL-2, Tac, MPA (1,440), CS Ø Rej, Ø DSA

01-R037 MIC 142 2.03 pending pending Tac, MPA (720) Ø Rej, Ø DSA

01-R039 MIC 97 1.38 pending pending Tac, MPA (720) Ø Rej, Ø DSA

01-R043 MIC 37 2.27 2 / 27 46 Tac, MPA (1,440), CS – weaning Ø Rej, Ø DSA

04-R003 MIC ( -- ) ( -- ) ( -- ) ( -- ) ( -- , Center Stuttgart) ( -- )

04-R005 Con ( -- ) ( -- ) ( -- ) ( -- ) ( -- , Center Stuttgart) ( -- )

01-R045 MIC 37 1.34 pending pending Tac, MPA (1,440), CS Ø Rej, Ø DSA

01-R047 Con 7 ( -- ) ( -- ) ( -- ) IL-2, Tac, MPA (1,440), CS ( -- )

01-R049 Con 7 ( -- ) ( -- ) ( -- ) IL-2, Tac, MPA (1,440), CS ( -- )

01-R051 MIC randomized ( -- ) ( -- ) ( -- ) ( -- ) ( -- )

D
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B
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Work in progress, Apr 2024
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Outlook

• Cellular therapies in clinical trials, e.g. HSCT, (CAR)-Treg

• MIC are replication-incompetent monocytes

• MIC induce an operationally tolerant phenotype
(unresponsiveness, Breg, COMBINED-g7 signature)

• Back to bench: Mouse model of skin transplantation

• TOL-2 phase-IIb clinical trial

• Other indications (deceased donor transplantation, 
transplant rejection, SLE, other autoimmune indications)

28
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From man to mechanism

Adoptive cell transfer in the BALB/C-to-C57BL/6 skin transplantation model to
demonstrate the central role of IL-10-producing regulatory B lymphocytes
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From man to mechanism

Adoptive cell transfer in the BALB/C-to-C57BL/6 skin transplantation model to
demonstrate the central role of IL-10-producing regulatory B lymphocytes
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From man to mechanism

Adoptive cell transfer in the BALB/C-to-C57BL/6 skin transplantation model to
demonstrate the central role of IL-10-producing regulatory B lymphocytes
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