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Abstract: Developing small molecules capable of modulating
epigenetic signatures can activate the transcription of tissue-
restricted genes in a totally unrelated cell type and have potential
use in epigenetic therapy. To provide an example of an initial
approach, herein, we report on one synthetic small molecule termed
‘SAHA-PIP X’ from our library of conjugates, which triggered histone
acetylation accompanied by the transcription of retinal tissue-related
genes in human dermal fibroblasts.

The eukaryotic system harbors an organized pattern of
tissue-specific gene expression, which is tightly regulated by a
complex series of interactions between epigenetic factors and
DNA sequences. Epigenetic regulation, including DNA
methylation and histone modifications, controls the stepwise
sequential activation of particular genes related to specific tissue
development and related functions. " Genes that are regulated
in a tissue-specific fashion are thought to be surrounded by a
specific chromatin environment in which the distribution of a high
level of histone acetylation thereby triggers the active
transcription of the respective genes. &
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Figure 1. Chemical structure of the conjugates (A) SAHA-PIP X and (B)
SAHA-PIP K. Pyrrole and Imidazole are portrayed as open and closed circles
respectively.

Retinal tissue is a part of the central nervous system that
covers the inner surface of the eye and forms a vital part of the
human visual system. In this sensory tissue, visual information in
the form of light energy is encoded into electrical signals, which
are then decoded by the brain as a complex visual image. "
Several ocular disorders can damage the morphology of the
delicate layers of retinal tissue, resulting in varying degrees of
irreversible vision loss. Once damaged, the retina cells cannot



regenerate and are susceptible to a wide range of disorders
such as retinal detachment, Usher syndrome, age-related
macular degeneration (AMD), and retinitis pigmentosa (RP), an
inherited retinal degenerative disease. Among the degenerative
diseases, AMD and RP cause visual impairment affecting about
14 million and 1.5 million people worldwide, respectively. ['?

Table 1: Functional annotation of differentially regulated
ophthalmic genes (= 2 fold) in SAHA-PIP X treated HDFs.

Genes p-Value a Ophthalmic disease b

RARB, 2.41E-04 syndromic microphthalmia 9

STRA6

COL4A1, 3.47E-03 anterior chamber malformation

PAX6

PAXE6, 7.42E-03 coloboma

RARB,

STRA6

PAXES, 9.98E-03 iris structural abnormality

RARB

CERKL, 1.43E-02 autosomal recessive retinitis

USH2A pigmentosa

RS1 1.55E-02 X-linked retinoschisis

PAX6 1.55E-02 aniridia, cerebellar ataxia, and mental
retardation, bilateral optic nerve
aplasia, bilateral  optic  ne|
hypoplasia, congenital aniridia, f
hypoplasia and presenile c
syndrome, foveal hypoplasi
anterior segment
hereditary keratitis,
disc anomaly,

CRYBB3 1.55E-02 autosomal  recessive  con
nuclear cataract type 2

COL4A1 1.55E-02 brain small vessel disease with
Axenfeld-Rieger anomaly

RIMS1 1.55E-02 cone-rod dy

KERA 1.55E-02 cornea plana 2

STRA6

LCN1

USH2A

RS1,

SCN1A

SCN5A

ability of the focussed genes related with a

b Ophthalmic disease resulte defect in the corresponding gene.
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Reports on the pathology of retinal degeneration have
shown that several genetic components are responsible. For
example, a defect in the ge FRKL, which regulates
apoptosis in the retina, results in the sion of RP26. '3 At
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biological role. e analysis suggested the significant
association of SAH P X in regulating genes that fall into the
ophthalgasedisease ca ry (Table S1).

Upon investi e SAHA-PIP X induced ophthalmic
disease network, revealed an array of potential ocular-specific
tl erapeuticﬁs and their significance in providing resistance

the deve ent of corresponding ocular disorders (Table 1).
at map of these differentially expressed ophthalmic genes
constructed using the normalized probe-level intensity
from the microarray data of HDFs treated with DMSO,
HA-PIPs (K and X). As a control, the expression
cell genes induced by SAHA-PIP K ¥ is also
e heat map to display the specificity of SAHA-PIP
X in up-regulating the ocular genes (Figure 2A). The result
demonstrated clearly that SAHA-PIP X specifically stimulated
theyophthalmic-associated gene network in HDFs but not the
ell genes, and the controls DMSO, SAHA, SAHA-PIP K ¥
cell switch) failed to regulate the ophthalmic gene network.
confirm this specific gene activation by SAHA-PIP X, we then
erformed qRT-PCR. Consistent with our microarray data, qRT-
PCR confirmed that SAHA-PIP X activated the significant
expression of ocular-specific genes such as PAX6, RS1, USH2A,
CRYBBS3, and STRAG6 in HDFs. By contrast, the expression of
these genes was not induced by the controls DMSO and SAHA
(Figure 2B-2F).

The annotation represented in Table 1 shows clearly the
pivotal role of SAHA-PIP X in the regulation of retinal disease-
associated genes. Knockout studies of genes such as Pax6 ',
Stra6 "9 Ush2a "® CERKL ", and Rs1 ""® have reported to
display abnormal retina owing to the onset of dreadful retinal
disorders.

Histone acetylation functions as a central switch that
governs the conversion of repressive to permissive chromatin,
which can facilitate the access of gene-regulatory sequences to
the transcriptional machinery. " Our previous reports on the
SAHA-PIP conjugates K (germ cell switch) and | (pluripotency
gene switch) have demonstrated a positive correlation between
the induced expression and histone acetylation of the PIWI
pathway ¥ and pluripotent"” genes respectively. Therefore, the
observed effective induction of the retina -specific gene network
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(5-WCGGWW-3’). The frequency of the SAHA-PIP X binding

potential SAHA-PIP X binding site
site is relatively higher around the histone-acetylated regions in
retina-sgi@ific genes than the control germ cell gene
V10L1 ure 3A-3C). The above observations support the
ctiveness of each SAHA-PIP conjugate in activating its
cluster of regulatory genes.

|P-seq data for other imperative retinal genes such
SH2A, and SCN1A (Figure S1A-S1C) in SAHA-
PIP X trea§d HDFs and their corresponding regions showing
H3K27 acetylation (Table S2) is provided in the supplementary
information. The peak annotation (Table S2) demonstrates that
theistone acetylation was obtained in the functionally important
regj@tory promoter and also in the intergenic regions of the
zed retinal genes.

Furthermore, we performed HOMER motif analysis with
hlP-seq acetylation peaks to identify the possible genomic site
recognized by SAHA-PIP X. " The highly significantly enriched
motif from the above mentioned analysis closely resembles the
potential binding site for SAHA-PIP X (5-WCGGWW-3’) (Figure
3D and Table S3). These observations suggest the possibility of
sequence specific SAHA-PIP X binding, leads to the active
histone acetylation and probable gene activation.

Epigenetic modifications such as histone acetylation play an
important role in regulating appropriate gene expression that
aids in the proper functioning of the retina without any
complications. ' However, histone deacetylases such as
HDAC2 and HDAC3 have been reported to induce the death of
retinal ganglion cells (RGC) by inhibiting the expression of
crucial RGC genes. * ?? Several nonspecific HDAC inhibitors
(e.g., sodium butyrate, valproic acid  #* and trichostatin A 2*)
have indicated positive effect by shielding the retina against
disorders. However, the application of HDAC inhibitors in
treating retinal diseases has disadvantages in terms of
selectivity as they modify histones at a global level causing
detrimental side effects. Achieving selective gene activation
without disturbing the undesirable histone marks is one of the
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aims in the development of small molecules that could be of use
in treating retinal or any other dreadful disorders. In this context,
we are pursuing the development of library of potent artificial
transcriptional activators (SAHA-PIP) composed of two units;
SAHA, a HDAC inhibitor and cell permeable pyrrole- imidazole
polyamide that can bind to sequence-specific target DNA. This
study describes one of our small molecules SAHA-PIP X that
displayed quite a significant sequence specificity in activating
the therapeutically important retinal genes by histone
modification as observed by ChIP-seq in HDFs. Our future
studies will be aiming towards the elucidation of mechanism and
optimizing the structure of SAHA-PIP X in improving its
specificity to the retinal gene circuits by mapping its interaction
125 across the human genome by Chem-seq. In addition, better
understanding of the cell type behavior and pharmacokinetic
properties of SAHA-PIP X will be helpful in using our strategy for
possible therapeutic applications.
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Artificial retinal gene switch: Dynamics of histone acetylation and deacetylation i iptional Activator
governs the complex mechanism of tissue specific gene expression. Our present
work demonstrates the notable ability of the conjugate SAHA-PIP X, in inducing the
transcription of therapeutically important retinal genes in HDF by histone
modifications. SAHA-PIP X enhanced H3K27 acetylation occupancy along specific

retinal genes and ChIP-seq peaks exhibited enrichment of motif corresponding t
SAHA-PIP X binding site.
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