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ABSTRACT One of the commonest neurodegenerative diseases, Alzheimer’s disease (AD), is characterized by
progressive decline in memory and cognitive functions with inexorable neurodegeneration in brain. Histone-tail
acetylation have been known to be associated with some crucial neurologic functions, thus, the enzymes regulating
this events such as HDAC1 are associated with such neurodegenerative diseases like AD. The research objective was
to document the levels of HDAC1 expression in peripheral lymphocytes harvested from patients clinically
diagnosed with AD. Fifty patients diagnosed with AD, and 49 age- and sex-matched controls were recruited to the
study. Total RNA was extracted, cDNA was synthesized, and HDAC1 expressions were tested using quantitative
real-time polymerase chain reaction (qRT-PCR). HDAC1 expression was found significantly attenuated in patients
with AD compared with the controls (p<0.001). The research data suggested that lower expression levels of
HDAC1 may have an impact in the etiology or disease course of AD.
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INTRODUCTION

Histone acetylation is an important regula-
tory mechanism of chromatin remodeling by tak-
ing role in various biological mechanisms
through fundamental alterations in gene expres-
sion (Roth et al. 2001). In those acetylation-
deacetylation events, histone deactylases
(HDACs), together with histone acetyl trans-
ferases (HATs), act as a rheostat to maintain
homeostasis in protein acetylation and transcrip-
tion events with pivotal roles especially in neu-
rons (Langley et al. 2005; Kazantsev and Th-
ompson 2008). HDACs often function as gene
expression suppressors via dictating heterochro-
matin formation, which is a tightly packed, con-
dense version of chromatin with certain Lysine-
Arginine residues remained deactylated on core
histone proteins silencing gene expression (Gall-
inari et al. 2007). Our current knowledge of the
effect of histone acetylation on neuronal activi-
ties was mostly achieved by the studies on
HDACs and their inhibitors (HDACi). Histone
tail acetylations have been known to be associ-
ated with some crucial neurological functions

including memory formation, neuronal plastici-
ty and learning (Alarcón et al. 2004; Korzus et al.
2004; Vecsey et al. 2007). Human HDAC pro-
teins are divided into four main classes, of which
class-I and II HDACs are mostly studied and
implicated with central nervous system and re-
lated neurodegenerative disorders (Alarcón et
al. 2004).  HDAC1 belongs to the class I HDACs,
and it is majorly implicated with memory func-
tion of fear extinction.

HDAC inhibitors improve the memory for-
mation in murine models of Alzheimer’s disease
(AD) suggesting that histone acetylation is as-
sociated with memory (Alarcón et al. 2004; Fis-
cher et al. 2007; Govindarajan et al. 2011). It was
suggested by proteome based HDACi studies
that HDAC1 and HDAC2 can be more potent
HDACS in memory formation. Those two close-
ly work together, and have nearly identical struc-
tures carrying crucial developmental roles in
neuronal differentiation (Montgomery et al.
2009; Salisbury and Cravatt 2007). DNA damage
and neuronal death are among the underlining
etiopathogenesis factors of many neurodegen-
erative disorders including AD, and studies in-
dicated that they can be prevented by increased
HDAC1 activity (Kim et al. 2008).

AD is characterized by progressive decline
in memory and cognitive functions with inexo-
rable neurodegeneration in brain eventually
causing dementia. The majority of dementia cases
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are diagnosed with AD (Qiu et al. 2009). It is one
of the leading causes of mortality and morbidity
in elderly. It was estimated that there were over
35 million individuals with dementia worldwide
in 2010 and social impact and economic burden
of this alignment is increasing (Wortmann 2012).
AD and dementia represent a significant health
care problem for Turkish society as well. A cross-
sectional, population based study reported that
AD prevalence in a Turkish metropolis reached
11% in population over 70 years old, which is
comparable to that of the statistics with the
Western European counterparts (Gurvit et al.
2008). Underlying neuropathological alterations
include extracellular amyloid plaques and intra-
cellular tangles causing progressive dysfunc-
tion and death of nerve cells in brain. The actual
causative factor of the disease is unknown, but
many possible risk factors are spelled including
inflammation, oxidative stress, genetics and epi-
genetics (Mattson 2004). In the etiology, vari-
able combinations of genetics and environmen-
tal factors are plausible especially for the late-
onset AD covering over 90% of the patients
(Zawia et al. 2009).

Against growing body of studies aiming to
understand the nature of the disease and devel-
op therapeutic measures, AD is still a crucial
social and health issue of our aging community.
Epigenetic changes are accounted for one of
the important way of molecular regulatory mech-
anisms, and may contribute to the AD patho-
genesis [as reviewed in (Fisher A 2014)]. Thus,
epigenetics studies promise a new scope in AD
and dementia research for the development of
better diagnostic and therapeutic solutions.  In
the present study, the researchers aimed to de-
termine HDAC1 expression levels at mRNA lev-
el in patients with AD and compare the results
with those in healthy volunteers.

METHODOLOGY

Disease Diagnosis and Samples Collection

In the present study, the researchers recruit-
ed fifty elderly patients (age >58 years) with the

diagnosis of AD who  applied to the Department
of Neurology at Gaziantep University School of
Medicine. The total of forty-nine healthy indi-
viduals without any neurodegenerative disease
from the same ethnic origin and geographical
area with the patients were included to the study
as the control group. Informed consent was ob-
tained from all participants (informed consent
was obtained from the family in case of incom-
petent patients with AD). The study is approved
by the institutional ethics committee at Gaziantep
University.

Quantitative Real-Time PCR (qRT-PCR)

RNA was obtained from blood samples of
patients and controls. cDNA was made from
RNA samples using reverse transcriptase PCR
technique. Isolation of RNA from the blood
samples was performed using Pure Link RNA
Mini Kit (Ambion-Life Technologies, USA,
Catalog Number: 12183-018A). cDNA synthe-
sis from RNA samples was performed using
High-Capacity cDNA Reverse Transcription
Kit (Applied Biosystems, California, USA). In
determinination of the expression of target
genes, the primer sequences and probes used
are shown at Table 1. Primer sequences were
designed according to the recommendations at
the NCBI website.

The researchers used an online, web-based
tool for designing of the primers and probes
(www.roche-applied-science.com/sis/rtpcr/upl),
and validated the accuracies of the obtained
sequences with the NCBI nucleotide sequences
software. Primers were synthesized by IDT (In-
tegrated DNA Technologies, Belgium). The re-
searchers used probes of Universal Probe Li-
brary (UPL) in the study (Roche Diagnostics,
Mannheim, Germany).  UPL probed in short se-
quences of nucleotides with 8-9 bp, the locked
nucleotides (Locked Nucleic Acid; LNA) tech-
nology was used. 20 ul of qPCR reaction was
prepared [14 ml of distilled water, 0.2 ml of probe

Table 1: Housekeeping gene Beta Actin and  the  sequences and probes of target genes

Gene Primer sequence NCBI accession number

ACTB 5|- ACCACACCTTCTACAATGAGC-3| NM_001101.3
5|- CAGCCTGGATAGCAACGTAC-3|

HDAC1 5|- TCTGGCTTCTGTTACGTCAATG -3| NM_004964.2
5|- ATATCCCGTAGGTCCCCAG -3|
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UPL (10 mM), 0.4 ml of forward primer (10 mM),
0.4 ml of reverse primer (10 mM), 4 ml of the
Lightcyler TaqMan master (Roche Diagnostics,
Mannheim, Germany), 1 ml of the sample mixture
of cDNA]. The prepared mixture was transferred
to the capillary tubes and placed in the LightCy-
cler®2.0 real-time PCR instrument (Roche Diag-
nostics, Mannheim, Germany). PCR reaction was
setup according to the following protocol: 10
minute denaturation at 95° C, 10s denaturation
at 95° C for 45 cycles of amplification, 30s bind-
ing at 60° C, 60s elongation at 72° C. At the last
stage, a loop kept at 40° C for 30s, and the PCR
reaction was terminated.

HDAC 1 expression levels were normalized
to the corresponding â-actin gene expression
levels, and calculated relative to the mean level
in those acquired from the healthy controls by the
comparative CT method (Livak and Schmittgen
2001).

Statistical Analysis

Data is expressed as bars exhibiting the
means ± standard error of means (SEM). Statis-
tical analysis was performed using Minitab 17.1

(Minitab, Inc., Coventry, UK). Comparison of
the measures was performed with the 2-sample
Student’s t-test.

RESULTS

Patient group consisted of 50 patients diag-
nosed with AD, and their agerange was between
43 and 89 years. Control group was formed by
49 sex- and age-matched, healthy volunteers,
and their age range was between 61 and 81years.
The demographic characteristics of the study
participants were depicted in Table 2.

Here, the researchers evaluated HDAC-1 ex-
pression levels in AD patients and controls to
test its potential effect in disease course. AD
patients have significantly lower HDAC1 expres-
sion levels than those in the control subjects
(Fig. 1; p<0.001)

Fig. 1. Relative histone deacetylase-1 mRNA levels in AD patients and control individuals

Table 2: Demographics of the study participants

    AD    Control

Number of Patients (n) 50 49
Age (year) ± (SD) 74.32 ± 8.94 72.33 ± 5.56
Sex (Female/Male) 29/21 25/24
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DISCUSSION

Alzheimer’s disease is a chronic disorder
characterized with a progressive and irrepress-
ible neurodegeneration along with associated
clinic features including deterioration in memo-
ry and cognitive functions. It is the most com-
mon dementia-related neurodegenerative disor-
der affecting patients with advanced age. Re-
cent studies have shown that epigenetic regula-
tion, especially histone tail acetylation, is asso-
ciated with the pathogenesis of AD (Lee and
Ryu 2010; Szyf M 2014). Deletion studies have
indicated that individual HDACs of class I (wide-
ly expressed in mammalian tissues) can affect
the expression of limited sets of genes ranging
from tumor suppressor genes to transcription
factors (Witt et al. 2009). In a clinical study, (Al-
sadany et al. 2013), it was reported that HDACs
activity levels were significantly increased in
patients with AD in moderate and severe condi-
tion compared to the age- and sex-matched
healthy controls (Alsadany et al. 2013). They
explored that altered HDACs level was correlat-
ed with patients’ cognitive functions. Data sug-
gested that HDACs may have negative impact
on disease course via silencing the expression
of critical genes organizing neuronal activities
such as cognition, memory and neuronal growth
(Strahl and Allis 2000). The outcome of the
present study suggested that patients with AD
have decreased levels of HDAC1 expressions
comparing with the healthy, age-matched con-
trols. This conflicting data may be due to their
measurement of total HDAC activity instead of
the individual activity via characterization of the
each HDAC. The important point to remember
for HDAC activities is that various specific func-
tions of HDACs are dependent of the substrates
they affect in specific tissues (Fischer et al. 2010).
HDAC1 belongs to class-1 HDACs and ubiqui-
tously expressed in tissues. The researchers did
not check the activity of HDAC1 in peripheral
lymphocytes as well. It is suggested that it may
be a worthy target to conduct activity studies
on HDAC1 in AD patients.

In another study (Guan et al. 2009), focusing
on memory formation, the researchers have
shown that the elevated expression of HDAC2,
one of the class-I HDACs, negatively affected
neuronal plasticity and memory formation events
in a mice model of AD. In the same study, they
found that neuronal synapse number and mem-

ory consolidation increased in HDAC2 knock-
out mice.  In mice with attenuated expression of
HDAC2 via chronic HDACi treatment, synapse
number and learning were moderately restored.
HDAC1 overexpression was not found to be re-
lated with the memory formation and learning in
that study. Those results suggested that HDAC2
is more implicated with memory-related path-
ways in AD mice model, and against their close
structural and working relationship, gene regu-
latory pathways of HDAC1 and HDAC2 can dif-
fer distinctly (Guan et al. 2009; Hassig et al. 1998).
It has been documented that current therapeu-
tic approaches with HDAC inhibitors may just
slow the progression and provide a moderate
enhancement in cognitive parameters and mem-
ory formation,  (Francis et al. 2009; Kilgore et al.
2010; Ricobaraza et al. 2012). In the present study,
attenuated expression level of one of the class-
1 HDACs, HDAC1, was detected in the patients
with AD suggesting that not just overexpres-
sion, but also decreased expression of HDAC1
may have a clinical importance yet to develop
better diagnostic as well as therapeutic
approaches.

It’s known that DNA damage and related
neuronal cell death are among the underlining
factors in some neurodegenerative diseases in-
cluding AD (Adamec, Vonsattel, and Nixon 1999;
Kruman et al. 2004). In a transgenic mice study
(Kim et al. 2008), it has been stated  that increased
cell cycle activity, DNA damage and eventual
neurotoxicity arose with HDAC1 loss of function
through p25-CK cascade. Low HDAC1 levels and
neuronal cell death were attributed as possible
pathological events in neurodegeneration sug-
gesting the critical cellular functions of HDAC1
in neurons (Kim et al. 2008). Class-1 HDACs have
explicit roles in neural system including transcrip-
tional repression of several genes, the inhibitory
function of especially HDACs 1 and 2 to assure
the expression of neural proteins in neuronal tis-
sues as landscaping regulators (Huang et al. 1999).
Attenuated expression of HDAC1 in patients with
AD correlates with this transgenic mice study
suggesting that low HDAC1 levels may nega-
tively affect neuronal survival, one of the hall-
mark findings of AD. It is also worthy to mention
here that HDAC inhibitors possessing anti-
HDAC1 activity (and other class-1 HDACs) gen-
erally have strong apoptosis-inducing and pro-
liferation inhibitory effects in cells suggesting the
importance of those HDACs in cell survival    (Witt
et al. 2009).
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CONCLUSION

The present study found that patients with
AD have lower mRNA expression levels of
HDAC1comparing with their healthy counter-
parts. More clinical studies individually deter-
mining HDAC activities in patients with AD are
required to figure out new alterations and their
clinical importance in the etiology of AD.

REFERENCES

Adamec E, Vonsattel JP, Nixon RA 1999. DNA strand
breaks in Alzheimer’s disease. Brain Res, 849: 67-
77.

Alarcón JM, Malleret G, Touzani K, Vronskaya S, Ishii
S, Kandel ER, Barco A 2004. Chromatin acetyla-
tion, memory, and LTP are impaired in CBP+/- mice:
A model for the cognitive deficit in Rubinstein-Tay-
bi syndrome and its amelioration. Neuron, 42: 947-
959.

Alsadany MA, Shehata HH, Mohamad MI, Mahfouz
RG 2013. Histone deacetylases enzyme, copper, and
IL-8 levels in patients with Alzheimer’s disease. Am
J Alzheimers Dis Other Demen, 28: 54-61.

Fischer A, Sananbenesi F, Wang X, Dobbin M, Tsai LH
2007. Recovery of learning and memory is associat-
ed with chromatin remodelling. Nature, 447: 178-
182.

Fischer A, Sananbenesi F, Mungenast A, Tsai LH 2010.
Targeting the correct HDAC(s) to treat cognitive
disorders. Trends Pharmacol Sci, 31: 605-617.

Fischer A 2014.Targeting histone-modifications in
Alzheimer’s disease. What is the evidence that thisis
a promising therapeutic avenue? Neuropharmacol-
ogy, 80: 95-102.

Francis YI, Mauro F, Haider A, Hong Z, Agnieszka S,
David SL,  Ottavio A 2009. Dysregulation ofHistone
Acetylation in the APP/PS1 Mouse Model of Alzhe-
imer’s Disease. Journal of Alzheimer’s Disease: JAD,
18: 131–39.

Gallinari P, Di Marco S, Jones P, Pallaoro M, Steinkühler
C 2007. HDACs, histone deacetylation and gene
transcription: From molecular biology to cancer ther-
apeutics. Cell Res, 17: 195-211.

Govindarajan N, Agis-Balboa RC, Walter J, Sananbene-
si F, Fischer A 2011. Sodium butyrate improves mem-
ory function in an Alzheimer’s disease mouse model
when administered at an advanced stage of disease
progression. J Alzheimers Dis, 26: 187-197.

Guan JS, Haggarty SJ, Giacometti E, Dannenberg J-H,
Joseph N, Gao J, Nieland TJ,Zhou Y,Wang X,
Mazitschek R, Bradner JE, DePinho RA, Jaenisch R,
Tsai LH 2009. HDAC2 negatively regulates memo-
ry formation and synaptic plasticity. Nature, 459:
55-60.

Gurvit H, Emre M, Tinaz S, Bilgic B, Hanagasi H, Sahin
H, Gurol E, Kvaloy JT,Harmanci H 2008. The prev-
alence of dementia in an urban Turkish population.
Am J Alzheimers Dis Other Demen, 23: 67-76.

Hassig CA, Tong JK, Fleischer TC, Owa T, Grable PG,
Ayer DE, Schreiber SL 1998. A role for histone
deacetylase activity in HDAC1-mediated transcrip-

tional repression. Proc Natl Acadb Sci USA, 95:
3519-3524.

Huang Y, Myers SJ, Dingledine R 1999. Transcription-
al repression by REST: Recruitment of Sin3A and
histone deacetylase to neuronal genes. Nat Neurosci,
2: 867-872.

Kazantsev AG, Thompson LM 2008. Therapeutic ap-
plication of histone deacetylase inhibitors for cen-
tral nervous system disorders. Nat Rev Drug Discov,
7: 854-868.

Kilgore M, Courtney AM, Daniel MF, Krista MH,
Stephen  JH, J David S, Gavin R 2010. Inhibitors of
Class 1 Histone Deacetylases Reverse Contextual
Memory Deficits in a Mouse Model of Alzheimer’s
Disease. Neuropsychopharmacology: Official Pub-
lication of the American College of Neuropsychop-
harmacology, 35: 870–80.

Kim D, Frank CL, Dobbin MM, Tsunemoto RK, Tu W,
Peng PL, Guan JS, Lee BH, Moy LY, Giusti P, Brood-
ie N, Mazitschek R, Delalle I, Haggarty SJ, Neve RL,
Lu Y, Tsai LH 2008. Deregulation of HDAC1 by
p25/Cdk5 in neurotoxicity. Neuron, 60: 803-817.

Korzus E, Rosenfeld MG, Mayford M 2004. CBP his-
tone acetyltransferase activity is a critical compo-
nent of memory consolidation. Neuron, 42: 961-
972.

Kruman II, Wersto RP, Cardozo-Pelaez F, Smilenov L,
Chan SL, Chrest FJ, Emokpae R, Gorospe M, Matt-
son MP 2004. Cell cycle activation linked to neu-
ronal cell death ýnitiated by DNA damage. Neuron,
41: 549-561.

Langley B, Gensert JM, Beal MF, Ratan RR 2005. Re-
modeling chromatin and stress resistance in the cen-
tral nervous system: Histone deacetylase inhibitors
as novel and broadly effective neuroprotective
agents. Curr Drug Targets CNS Neurol Disord, 4:
41-50.

Lee J, Ryu H 2010. Epigenetic modification is linked
to Alzheimer’s disease: Is it a maker or a marker?
BMB Rep, 43: 649-655.

Livak KJ, Schmittgen TD 2001. Analysis of relative
gene expression data using real-time quantitative
PCR and the 2(-Delta Delta C(T)) Method. Meth-
ods, 25: 402-408.

Mattson MP 2004. Pathways towards and away from
Alzheimer’s disease. Nature, 430: 631-639.

Montgomery RL, Hsieh J, Barbosa AC, Richardson JA,
Olson EN 2009. Histone deacetylases 1 and 2 con-
trol the progression of neural precursors to neurons
during brain development. Proc Natl Acad Sci USA,
106: 7876-7881.

Qiu C, Kivipelto M, von Strauss E 2009. Epidemiology
of Alzheimer’s Disease: Occurrence, Determinants,
and Strategies Toward Ýntervention. Dialogues Clin-
Neurosci, 11: 111-128.

Ricobaraza A, Mar CT, Sonia M, Isabel PO, Ana GO
2012. Phenylbutyrate Rescues Dendritic Spine Loss
Associated with Memory Deficits in a Mouse Model
of Alzheimer Disease. Hippocampus, 22: 1040-50.

Roth SY, Denu JM, Allis CD 2001. Histone acetyl-
transferases. Annu Rev Biochem, 70: 81-120.

Salisbury CM, Cravatt BF 2007.Activity-based probes
for proteomic profiling of histone deacetylase com-
plexes. Proc Natl Acad Sci USA, 104: 1171-1176.



182 ALI BAYRAM, FERIDUN AKKAFA, AHMET OZER AND REMZI YIGITER

Strahl BD, Allis CD 2000. The language of covalent
histone modifications.Nature, 403: 41-45.

Szyf  M 2014. Epigenetics, a key for unlocking com-
plex CNS disorders?Therapeutic implications. Euro-
pean Neuropsychopharmacology, http://ac. elscdn.
com/S0924977X14000212/dx.doi.org/10.1016/
j.euroneuro.2014.01.009.

Vecsey CG, Hawk JD, Lattal KM, Stein JM, Fabian SA,
Attner MA, Wood MA 2007. Histone deacetylase
inhibitors enhance memory and synaptic plasticity

via CREB:CBP-dependent transcriptional activation.
J Neurosci, 27: 6128-6140.

Witt O, Deubzer HE, Milde T, Oehme I 2009. HDAC
family: What are the cancer relevant targets? Can-
cer Lett, 277: 8-21.

Wortmann M  2012. Dementia: A Global Health Priority-
Highlights from an ADI and World Health Organiza-
tion Report. Alzheimer’s Research & Therapy, 4(5):
40.

Zawia NH, LahiriDK,Cardozo-Pelaez F 2009. Epige-
netics, oxidative stress, and Alzheimer disease.  Free
Radic Biol Med, 46: 1241-1249.




