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Combination of isoform-selective
histone/protein deacetylase inhibitors
improves Foxp3+ T-regulatory cell function
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Renal transplantation is curative for end-
stage renal disease. To ensure patient and
graft survival, the recipient’s immune sys-
tem must be suppressed in a carefully con-
trolled manner, avoiding allograft rejection
while maintaining protective immunity
against infection and cancer. Current
immunosuppressive regimens, involving
induction with T cell-depleting antibodies
and maintenance with calcineurin inhibi-
tors, are effective at reducing acute cellu-
lar rejection. However, such reduction of
acute rejection has not led to improved
long-term allograft survival,! and there are
persistent risks of malignancies and infec-
tions arising from maintenance immu-
nosuppression. Long-term allograft loss
is largely attributable to chronic allograft
nephropathy, a multifactorial disease pro-
cess involving immune- and non-immune
factors, leading to a gradual decline in
renal function. T-regulatory (Treg) cells,
characterized by expression of the tran-
scription factor Foxp3, are a subset of
T cells capable of attenuating immune
responses in an antigen-specific manner,
and can help prevent long-term allograft
loss.? Unfortunately, the induction agent
Thymoglobulin targets both effector T
cells and Tregs, and Basiliximab (CD25
monoclonal antibody) depletes Tregs as a
result of their constitutive CD25 expres-
sion. Likewise, maintenance agents such
as calcineurin inhibitors and the newly
introduced  Belatacept ~ (CTLA4-Ig)
impair Treg function.?

We have shown that Treg-suppressive
function can be selectively enhanced
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by targeting of the histone/protein
deacetylases (HDAC)-9, HDAC6 and
Sirtuin-1 (Sirt1).*® Indeed, all three
HDAC enzymes can deacetylate Foxp3,
and combined genetic or pharmacologic
targeting of these HDACs can be addi-
tive in improving Treg function.” Foxp3
acetylation is essential at regulating the
amount of available protein, as Foxp3
is subject to rapid turnover via ubiqui-
tination at unacetylated lysine residues
(Fig. 1A).% In addition, we identified
individual transcription factors subject
to deacetylation by these HDACs, and
which are more transcriptionally active
when acetylated (Fig. 1B). Sirtl can
deacetylate lysine 310 of the p65 sub-
unit of nuclear factor kB, also known as
RelAJ Deletion of HDACY leaves signal
transducer and activator of transcription
5 (Stat5) more acetylated, and acety-
lated Stat5 is stabilized in its transcrip-
tionally active phosphorylated dimer.
Furthermore, we have evidence that
HDACG6 can deacetylate cyclic AMP-
responsive  element-binding  protein
(CREB). HDACG is normally located
in the cytosol, but can translocate into
the nucleus upon T cell activation.
Taken together, both increased Foxp3
gene transcription and translation, as
well as delayed proteasomal turnover,
increase Foxp3 expression in Treg cells.
In addition, acetylation of certain lysine
residues can promote the DNA binding
and transcriptional activity of Foxp3
(Fig. 1B).” At present, many details are
lacking as to which specific HDACs and
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histone acetyltransferases (HATs) con-
trol the acetylation of individual lysine
residues of Foxp3. Recently, Kwon et
al. reported K31, K262 and K267 act
as Sirtl-dependent acetylation sites."
We hypothesize that HDAC6 might
deacetylate different lysine residues on
Foxp3, and are currently investigating
this question.

Remarkably, we found that combined
inhibition and/or deletion of HDACG6
and Sirtl, and to a lesser extent HDAC6/
HDAC9 and HDACY/Sirtl,

additive in improving Treg function.

were

Combining isoform-specific inhibitors
of the biologically relevant HDAC offers
advantages beyond maximizing thera-
peutic efficacy. Non-selective  HDAC
inhibitors have been studied in cancer
therapy, and their use is limited by their
toxicities. Avoiding class I HDAC inhibi-
tion altogether by using selective HDAC
inhibitors may bypass similar limita-
tions for HDAC inhibition aimed at
strengthening Treg-suppressive function.
Of note, Sirtl and HDACG6 can already
be rtargeted with isoform-selective
inhibitors, while no HDACY-specific
pharmacologic  inhibitors are yet
available.

In conclusion, we have demonstrated
that HDAC6, HDAC9 and Sirtl nega-
tively regulate Foxp3+ Treg, and that
combined isoform-specific targeting of
these HDAC has additive therapeutic
effects. This may be an interesting thera-
peutic option for enhancing Treg function
in transplant recipients.
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Figure 1. HDACs control Foxp3+Treg function. (A) HDAC6, HDAC9 and Sirt1 deacetylate Foxp3 lysine residues, enabling ubiquitination and proteasom-
al degradation. (B) Pharmacologic targeting of HDAC isoforms facilitating Foxp3 deacetylation favors Foxp3 acetylation by histone acetyltransferases,
preserving Foxp3 protein. Furthermore, acetylation of certain lysine residues improves DNA binding and transcriptional activity of Foxp3. In addition,
Foxp3 translation is increased due to removal of inhibitory effects on transcription factors promoting Foxp3 gene expression. Taken together, these
effects can improve Treg function and number. Toxic effects on other HDACs are minimized due to isoform-selective HDAC inhibitors. Abbreviations:
Tip60, 60 kDa Tat-interactive protein; p300, histone acetyltransferase p300; Sirt1, Sirtuin-1; HDAC, histone/protein deacetylase; Foxp3, forkhead box P3;
K, lysine; ctla4, Cytotoxic T-lymphocyte protein 4; IL, interleukin; stat5, signal transducer and activator of transcription 5; creb, Cyclic AMP-responsive
element-binding protein; p65, transcription factor p65.
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