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PLATELETS AND THROMBOPOIESIS
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Decitabine revives Treg
function in I'TP

Rick Kapur™? and John W. Semple® | 'Sanquin Research; “Landsteiner Lab-

oratory; 3Lund University

In this issue of Blood, Han et al describe that the hypomethylating agent dec-
itabine increases platelet counts in immune thrombocytopenia (ITP) by restor-
ing T-cell homeostasis through modulation of regulatory T cells (Tregs), thereby
increasing their numbers and enhancing their immunosuppressive function.’

ITP is an acquired autoimmune bleeding
disorder that is characterized by an iso-
lated thrombocytopenia (peripheral blood
platelet count <100 X 10%/L).% Clinical
symptoms include petechiae, mucosal
bleeding, purpura, and, rarely, intracranial
hemorrhages, resulting in a reduced
health-related quality of life.® Therapeutic
management of ITP has proven to be chal-
lenging because of its heterogeneous
nature and incompletely understood path-
ophysiology.®* Although the exact and
likely multiple mechanisms that are
involved in the pathogenesis of ITP have
not been fully elucidated, they culminate

in peripheral platelet destruction resulting
from  antiplatelet antibodies and/or
CD8™ cytotoxic T cells or in bone mar-
row-megakaryocyte impairment resulting
in decreased platelet production.® Thera-
peutic strategies in ITP are primarily
aimed at decreasing platelet antibody
production, preventing platelet clearance,
or stimulating thrombopoiesis. However,
central in the development of ITP is the
loss of immune tolerance due to a quanti-
tative and qualitative impairment in
CD4"CD25"FoxP3" Tregs, which is
related to the excessive expansion of
CD4" T helper 1 (Th1) and Th17 cells.*®

'.) Check for updates

Therefore, it has been suggested that
restoring immune tolerance in ITP, by
reversing Treg impairment and suppress-
ing Th1 and Th17 cells, may be the key
to a sustained therapeutic response.*

Decitabine (5-aza-2'-deoxycytidine) is a
hypomethylating agent that promotes
cell differentiation and maturation at low
doses; it is used for the treatment of mye-
lodysplastic syndrome.® It was previously
found that low-dose decitabine could pro-
mote megakaryocyte maturation and
platelet production in in vitro cultures
with plasma from healthy controls and
with plasma of more than half of patients
with ITP.” Very recently, it was demon-
strated that low-dose decitabine may
inhibit cytotoxic T lymphocyte-mediated
platelet destruction through the pro-
grammed cell death protein 1 signaling
pathway.® The use of low-dose decitabine
for treatment of ITP has also been
explored. For example, a prospective mul-
ticenter study evaluating the efficacy of
low-dose decitabine in adult patients
with refractory ITP was conducted; the pri-
mary response was defined as a platelet
count =30 X 10%/L and at least a twofold
increase in the baseline platelet count and
absence of bleeding (partial response) ora
platelet count =100 X 10%/L (complete
response).” The outcomes of that study
showed a complete response in 8 of 45
patients (18%) and a partial response in
15 of 45 patients (33%). For the respond-
ing patients, relapse-free survival rates at
6, 12 and 18 months were observed 87%
(20/23 patients), 61% (14/23 patients),
and 39% (9/23 patients), respectively.9

In the current study, Han et al further
explored the immunomodulatory poten-
tial of decitabine in ITP with a focus on
Tregs. They used in vitro cellular assays
in combination with a murine model of
active ITP, which allowed them to probe
antibody- and T-cell-mediated [TP in
vivo.'® In vitro, peripheral blood mononu-
clear cells from patients with ITP and
healthy controls were isolated and cul-
tured with different concentrations of dec-
itabine. Low-dose decitabine (100 nM)
significantly elevated the percentage of
Tregs in the cultures from ITP patients.
Furthermore, the division index of effector
T cells from patients with ITP was signifi-
cantly decreased after coculture with
Tregs and low-dose decitabine compared
with Tregs alone. Because decitabine itself
did not affect the proliferation of effector
T cells, these data suggested that the
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Immunomodulatory therapeutic mechanism of low-dose decitabine in ITP. (A) In ITP there is a quantitative and qualitative impairment in Tregs, with an expansion of Th1 and
Th17 cells, resulting in loss of immune tolerance leading to thrombocytopenia. (B) Low-dose decitabine treatment in ITP, through inhibition of STAT3, modulates Tregs,
increasing their numbers and suppressive function. Additionally, Th1 and Th17 cells are suppressed. Collectively, this leads to a rebalanced T-cell homeostasis, resulting
in a restored immune tolerance that allows platelet counts to increase. PLT, platelet.

immunosuppressive function of Tregs was
enhanced by low-dose decitabine. Further
analysis in a murine model of active ITP
revealed that low-dose decitabine could
increase the platelet counts. Strikingly,
this therapeutic response was associated
with increased numbers of Tregs in the
spleen and with a decrease in Th1 and
Th17 cells (as percentages of CD4" T
cells). To confirm that the mode of action
of decitabine was from the effects on
Tregs, the investigators performed elegant
Treg-deletion and -depletion experiments
in the active ITP mouse model (Treg dele-
tion by magnetic beads in transferred sple-
nocytes and Treg depletion in vivo using
anti-CD25  antibody treatment). This
revealed that Treg deletion and depletion
could negate the effect of decitabine on
increasing platelet counts and restoring
T-cell subpopulations, indicating that low-
dose decitabine modulates T-cell homeo-
stasis via Tregs. Importantly, Han et al
also observed an increase in percentages
of Tregs, decreases in Th1 and Th17 cells,
and an enhanced suppressive function of
Tregs, in peripheral blood samples of
patients with ITP treated with decitabine.
Finally, the authors investigated the contri-
bution of the Jak-STAT and PI3K-AKT sig-
naling pathways, which play important
roles in the maintenance of CD4" T-cell
homeostasis. They used STAT3 and AKT
inhibitors in vitro and in the mouse model

of active ITP. These data demonstrated
that in vitro, no differences in the percen-
tages of Tregs, and in vivo, no differences
in platelet counts were found in the STAT3
inhibitor plus decitabine group vs the
STAT3 inhibitor group (in contrast to the
AKT inhibitor). This suggests that, in TP,
low-dose decitabine may restore Tregs
through inhibition of STAT3.

In summary, Han et al provide important
insights into the mechanism of low-dose
decitabine in ITP. They demonstrate that
low-dose decitabine restores immune toler-
ance in [TP by reversing Treg impairment
through inhibition of STAT3 and by sup-
pressing Th1 and Th17 cells (see figure).
Further studies are needed to validate
these findings, and clinical trials are now
warranted to establish the potential role of
low-dose decitabine in the treatment of ITP.
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