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Histone Deacetylase(HDAC) is an enzyme that eliminates acetyl group from the histone octamer complex.
The acetylation state of histone proteins is a major interest of epigenetic gene expression. HDAC1 inhibitors
are used for anticancer therapeutics by controlling multiple signaling protein kinases like SAPK, ERK and
TNF-alpha. Here, we used single strand DNA 18-oligomer to mimic RNA interference technology. We

modeled the HDAC1 mRNA secondary structure and identified the possible four siRNA binding sites by

Keywords: higher possibility than miR-449 targeting site. Also, its possible configuration was modeled according to
HDAC1 binding energies. Three places, where the possibility of siRNA binding is low, were randomly identified as
RNAI positive controls. As a Result, the 18-omer single strand DNA was generated according to the identified

antisense DNA

sequences. This preliminary data can be further warranted to generate HDAC1 knockdown activity and its

comparison to the current HDACL inhibitors. Furthermore, generation of single strand DNA as a antisense

Abbreviations:

HDAC1- Histone deacetylase 1;
TNF- Tumor necrosis factor;
ssDNA- single strand DNA

sequence to a specific mMRNA can be utilized for therapeutics along with RNAI. With the thermodynamically
stable structure of DNA compared to RNA, it can be applied for long term usage.
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Introduction

In eukaryotic cells, there are three protein families with classes I, Il and
111 which has multiple interaction pathways. Class | HDACs (HDACL,
2, 3, 8) are closely related to the transcriptional regulator RPD3 in the
yeast S. cerevisiae [1]. Class Il HDACs (HDAC4, 5, 6, 7, 9, 10) have
protein domains that are similar to HDAL, a deacetylase found in yeast.
Class 111 HDACs form a structurally distinct class of NAD-dependent
enzymes. HDACs regulate gene expression by removing the acetyl
group from the N-terminal tail of histones. Hypoacetylation of histones

decreases the space between a nucleosome and its associated DNA with
less accessibility to transcription factors. This leads to transcriptional
repression of gene expression [2]. Therefore, traditional HDAC
inhibitors can reverse these effects and suppress proliferation of cancer
cells and experimental tumors in vivo.

HDACL1 is a class | HDAC which is closely related to various cell
responses including the progress of cell cycle, proliferation and gene
expression. by regulating RB. HDACL1 inhibitor KBH-A42 decreases the
phosphorylation of p38 by dose dependent manner. Also, TNF-alpha,
IL-6 and IL-1beta expression is decreased by dose dependent manner.
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With the treatment of HDAC1 specific sSIRNA miR-449a, p27 levels
increased via HDAC1 downregulation [3-4]. RNA is folded to have a
secondary or tertiary structure by its self-binding in the cytoplasm.
Hairpin and loop structures are formed by this mechanism. RNA
secondary structure can be identified by bioinformatics approach with
generating potential hybrid sites along the mRNA sequence. The energy
level and stability differ by the energy levels of the A=U and G=C bonds.

In our study, we used the idea of RNAI and substituted RNA to single
strand DNA molecule to see the long-term effects. Previous studies show
that interference effects of DNA to a certain mMRNA molecule has a
highly stable and long term knock down effects in plants. We identified
the mRNA secondary structure of HDAC1 comprising the 5° and 3’
UTR. After all, an antisense DNA single strand (ssDNA) was modeled
to mRNA regions where self-hybridization bonding is unlikely or likely
to happen. Also, ssDNA that encodes the sequence of miR-449 was also
incorporated.

Materials and Methods
| Identification of HDAC1 Sequence

HDAC1 full mRNA sequence was identified and its starting open
reading frame (ORF) was also identified. BLAST analysis with HDAC1
MRNA generated statistically similar sequences.

11 HDAC1 mRNA Secondary Structure Analysis

Full HDAC1 mRNA sequence in FASTA format was submitted to
Wadsworth Bioinformatics Center and generated the possible siRNA
binding site with calculated probability. Also, 10 secondary structures of
HDAC1 mRNA were generated according to total bond energy and
binding energies. Sequences were modeled in circles to identify
matching pairs, loop/hairpin connection.

111 Generation of Antisense ssSDNA Complementary to HDAC1
mRNA

Followed by the secondary structure and siRNA binding probabilities,
antisense ssDNA was generated to the sites that have higher probability
compared to miR-449 site. The 18-oligomer was generated to gain very
high specificity. The number 18 was calculated by the following; four
base pair with 18 sequences makes 4 possible configurations, which
exceeds the number of 3 billion basepairs, the human genome size. This
makes the ssDNA to uniquely bind to the HDACL specific site.

Results

I HDAC1 Sequence Identification and microRNA Sequence
HDAC1 mRNA was consisted of 2091 nucleotides. The ORF started at
the 64th base (Fig. 1). The miR-449a was bound to the 1958th base at
3’-UTR.

11 Secondary Structure Hybrid Places and Possible Configuration
The full HDAC1 mRNA sequence was submitted to Sfold 2.2, a software

for statistical folding of nucleic acids and studies of regulatory RNAs,
provided by Wadwroths Bioinformaticscenter
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(http://sfold.wadsworth.org). 10 possible mMRNA secondary structures
with relative energy of -654.1, -646.7, -639.3, -632.1, -624.8, -617.5, -
610.2, -602.8, -595.6 and -584.6 (kcal/mol) were generated (Fig. 4). The
most stable configuration had an energy level of -687.4 kcal/mol. A
circle with binding sites was identified according to the self-binding
properties of HDAC1 (Fig. 2).

111 Probability of siRNA formation

Each site in mRNA had a different alteration of siRNA binding
probability. miR-499a binding site had a probability of 0.90 and there
were 4 other sequences with probability higher than 0.90 (420~437 5'-
aagtgctgtgaaacttaa-3' / 610~627 5'-gtggaagaggccttctac-3' / 1010~1027
5'-cagctgtggcecctggata-3' / 1880~1897 5'-ctgtttttttcaggctee-3'). Three
sites with very low probability were 750~676 (5'-agacgggattgatgacga-
3), 950~967 (5'-tgatgctgggaggcggtg-3') and  1450~1467 (5-
gagaaaaccaaggaggag-3') (Fig. 3).

Discussion

HDACL1 is crucial in epigenetic control of gene expression. We
performed HDAC1 mRNA secondary structure analysis by Sfold. There
were 10 structures identified with different energetic properties [1]. The
hairpin and loop structure were used to identify the possible siRNA
targeting sequence. This was actually generated to determine potential
ssDNA hybridization sites. As a result, there were 4 positions where the
siRNA binding probability was higher than HDAC1 siRNA miR-449a.
Three low probability sites were also chosen for positive control.

The previous study performed by HDAC1 siRNA miR-449 had an effect
in knock down of HDACL1 and the overexpression of p27 [2]. To
demonstrate that ssSDNA has a similar effect with microRNA [3], the
identical site with antisense DNA incorporated. Other sites with high
probability should be tested with experimental procedures in previous
reports [5]. The study should be further warranted in comparison of
HDACL1 inhibitors and ssDNA in terms of dose dependent and time
dependent manners.
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Figure 1: The sequence of HDAC1 mRNA The ORF started at the
64th base. The miR-449a was bound to the 1958th base at 3>-UTR
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Figure 2: A circle with binding sites was identified according to the self-binding properties of HDAC1. The ensemble centroid was generated for
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Figure 3: The siRNA possible sites. Squares indicate the high probability sites and the circles indicate low probability sites.

dGat37°C

dGat 37'C

6102 6028 -5956 o046 mdGat 37

_654.1 -6467 -639.3 -6321 -624.8

Clin Oncol Res doi:10.10xx/j.COR.2018.10.008 Volume 1(1): 3-4



Antisense DNA oligomer targeting of histone deacetylase 1 (HDAC1) mRNA for potential knockdown effects 4

HDACH full

AG:=-887.4

Figure 4: 10 structures according to bond energy. The configuration is sequentially changed according to bonding energy

Table 1: The site where the probability of siRNA formation was high in HDAC1. The 18oligomer ssDNA was generated to be antisense to this MRNA

Nucleotide Position Sequence(5'->3")

420~437 5'-aagtgctgtgaaacttaa-3’
610~627 5'-gtggaagaggccttctac-3'
1010~1027 5'-cagctgtggccectggata-3°
1880~1897 5'-ctgtttttttcaggcetee-3°
1958~1978

5'-gtgagccaagaaacactgec-3'

DNA antisense sequence DNA antisense sequence
(3'->3') (3'->3")
3'-ttcacgacactttgaatt-5’ 5'-ttaagtttcacagcactt-3'
3'-caccttctccggaagatg-5'  5'-gtagaaggcectcttecac-3'
3'-gtcgacaccgggacctat-5° 5'-tatccagggccacagcetg-3’
3'-gacaaaaaaagtccgagg-5' 5'-ggagcectgaaaaaaacag-3’
3'-cactcggttctttgtgacgg-5' 5'-ggcagtgtticttggctcac-3'

Table 2: The site where the probability of sSiRNA formation was relatively low in HDACL. The 18oligomer ssDNA was generated to be antisense to this

MRNA Nucleotide Position Sequence(5'->3")
750~767
950~967
1450~1467
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