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Abstract: Abnormal histone modification by histone deacetylases (HDACs), including HDAC1 and
sirtuin 1 (SIRT1), has been reported to play an important role in the pathogenesis of psoriasis by
altering cell proliferation, differentiation, and inflammation. However, findings on the expression
level of HDACs in psoriatic skin lack consistency. We assessed the expression of HDAC1, SIRT1,
p63, and proliferating cell nuclear antigen (PCNA) in skin tissues from 23 patients with psoriasis
(15 with plaque psoriasis and eight with guttate psoriasis) and five healthy individuals using
immunohistochemistry, and analyzed their associations with clinical phenotypes of the disease.
The expression of HDAC1 and keratinocyte proliferative markers, such as p63 and PCNA significantly
increased, whereas that of SIRT1 decreased in the basal layer (p < 0.05) of the patients with psoriasis
compared to those in healthy controls. Among the patients with psoriasis, expression of HDAC1,
p63, and PCNA was significantly higher in plaque psoriasis than in guttate psoriasis. There was no
significant differences in the level of SIRT1 between the two clinical phenotypes. The findings of
this study suggest that histone modifications are involved in the pathogenesis of psoriasis and may
contribute to the formation of clinical phenotypes.
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1. Introduction

Psoriasis is a common inflammatory disorder of the skin, characterized by excessive proliferation
and abnormal differentiation of keratinocytes [1]. Psoriasis is classified into five morphological
subtypes, among which plaque and guttate psoriasis are the most common clinical phenotypes [2].
Some studies have shown that plaque and guttate psoriasis are associated with Th1 cytokines and
Th17-mediated immune responses, respectively [3,4]. However, few studies have attempted to
determine the correlations of biochemical markers with clinical phenotypes.
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The development of psoriatic lesions is known to involve complex interactions between genetic
and environmental factors, which are not fully understood yet. Epigenetic modifications, changes
in gene expression in the absence of alterations in DNA sequence [5], are emerging putative links
between genetic and environmental factors in the pathogenesis of psoriasis [6]. Histone acetylation
and deacetylation are essential parts of epigenetic regulation. Histone deacetylases (HDACs) remove
acetyl groups from the lysine residues of histones, resulting in a more condensed chromatin structure
and repressed gene transcription. HDAC proteins are grouped into four categories based on function
and DNA sequence similarity. The acetylation of histones is primarily regulated by HDAC1, 2, and 3
proteins, which belong to the class I HDAC [7].

Inhibitors of HDACs have emerged as a possible treatment option for psoriasis because of their
anti-inflammatory, anti-proliferative and anti-angiogenic effects [8–11]. There are controversies as to
whether HDACs are upregulated in psoriasis. HDAC1 mRNA has been reported to be overexpressed
in lesional skin and peripheral blood mononuclear cells (PBMC) of patients with psoriasis [12,13].
However, Ekman and Enerbӓck found no differences in HDAC activity and HDAC1, 2, and 3 protein
expression levels between patients with psoriasis and healthy controls [14].

Sirtuin 1 (SIRT1) is a nicotinamide adenine dinucleotide (NAD+)-dependent class III HDAC,
crucial for cell survival, metabolism, senescence, and stress response [15]. Similar to HDAC1, SIRT1
removes acetyl groups from histones, but it also has various non-histone targets including p53, nuclear
factor-κB (NF-κB) and peroxisome proliferator-activated receptor- γ (PPAR-γ) [16]. The role of SIRT1 in
psoriasis is opposite to that of HDAC1. SIRT1 exhibits anti-inflammatory [17,18] and anti-proliferative
activity [19]. SIRT1 expression is reported to be decreased in fibroblasts and keratinocytes of lesional
psoriatic skin [20–23]. However, only a few studies involving small sample sizes have examined the
expression levels of SIRT1 in patients with psoriasis.

In this study, we examined the expression of HDAC1, SIRT1, and the proliferation markers p63 and
proliferating cell nuclear antigen (PCNA) in guttate and plaque psoriasis using immunohistochemistry
to investigate whether they are dysregulated in psoriatic skin and if there is any difference between
subtypes of psoriasis.

2. Materials and Methods

2.1. Patients

A total of 23 patients with psoriasis (8 with guttate psoriasis and 15 with plaque psoriasis), with a
mean age of 45.6 ± 15.2 (range, 21–74) years, and five healthy volunteers were enrolled. The study
was approved by the institutional review board (IRB No. B-1405/250-301) of the research institution.
Both clinical and histopathological diagnoses were conducted, based on the following three major
inclusion criteria: no local or systemic treatment for at least 4 weeks prior to entering the study;
no significant infection or immune suppression; and no significant renal, hepatic, or other medical
conditions. Patients were divided into either the guttate or the plaque group according to their
clinical psoriasis phenotypes at the initial visits. Guttate psoriasis was defined as acute onset or
reactivation of scattered, small plaque lesions of <1 cm in diameter; while patients with plaque psoriasis
exhibited nummular and large plaques (≥1 lesion with a long-axis diameter of >5 cm). Punch biopsies
were performed under local anesthesia. All samples were fixed using neutral buffered formalin
and embedded in paraffin. Hematoxylin–eosin-stained sections were examined for pathological
changes such as: (i) the degree of acanthosis and parakeratosis in the epidermis, and (ii) the degree
of inflammation and angiogenesis in the dermis. These histopathological features were graded on a
4-point scale according to their prominence: 0, none; 1, mild; 2, moderate; and 3, marked.

2.2. Immunohistochemical Staining

The expression of HDAC1, SIRT1, p63, and PCNA was compared between patients with psoriasis
(plaque and guttate) and healthy controls using immunohistochemistry. Immunohistochemical
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staining was performed in 5 µm thick formalin-fixed paraffin-embedded tissue sections. Slides were
deparaffinized in xylene and then dehydrated in a series of graded ethanol concentrations. Antigen
retrieval was performed using a Trilogy solution (Cell Marque, Rocklin, CA, USA) and a pressure cooker.
After blocking using normal goat serum and donkey serum, the tissue sections were incubated overnight
at 4 ◦C with primary antibodies. Thereafter, the sections were washed and incubated with secondary
antibodies and stained using DAPI (4,6-diamino-2-phenylindole). Images were obtained using a
confocal laser scanning microscope (LSM710, Carl Zeiss, Jena, Germany) and ZEN 2011 microscope
software (Carl Zeiss). Staining intensity was quantitated by averaging the values of three independent
fields per section using ImageJ software (National Institutes of Health, Bethesda, MD, USA) [24].
Digital image analysis was performed as previously described [24,25]. Briefly, each digital image was
processed by using the “color deconvolution” plugin. Color deconvolution involves isolation of the
color information from histological red, green, and blue (RGB) images containing multiple stains.
The area fraction of positive staining was computed for each epidermal compartment.

2.3. Antibodies

Antibodies against HDAC1 (10E2, sc-81598), p63 (4A4, sc-8431), and PCNA (FL-261, sc-7907) were
obtained from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA). Anti-SIRT1 antibody (E104,
ab32441) was purchased from Abcam (Cambridge, UK). Secondary antibodies were Alexa Fluor® 488
goat anti-mouse IgG (A11001, Molecular Probes®, Invitrogen, Carlsbad, CA, USA) and Alexa Flour®

555 donkey anti-rabbit IgG (A31572, Molecular Probes®).

2.4. Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics Version 22 (Chicago, IL, USA). All data
are presented as mean ± standard deviation (SD). The Mann–Whitney U-test and Kruskal–Wallis
test were used to compare quantitative variables. For comparisons between qualitative variables,
the Chi-squared test or Fisher’s exact test was used. Correlation analysis was performed using the
Pearson correlation test or Spearman’s rank correlation test. Statistical significance was accepted at
p < 0.05.

3. Results

The clinical and histopathological data of the patients with psoriasis enrolled in the study are
presented in Table 1.

Table 1. Clinical and histopathological characteristics of psoriatic patients.

Clinical Data

Age (years) Mean ± SD 45.6 ± 15.2
Median 45
Range 21–74

Sex Male 12 (52.2%)
Female 11 (47.8%)

M:F ratio 1.1:1
Duration Mean ± SD 31 ± 39.4
(months) Median 12

Range 0.5–144
Clinical phenotype Guttate 8 (34.8%)

Plaque 15 (65.2%)
Guttate: Plaque ratio 1:1.86

Histopathological Data

Acanthosis Mild 6 (26.1%)
Moderate 10 (43.5%)
Marked 6 (26.1%)
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Table 1. Cont.

Parakeratosis Mild 11 (47.8%)
Moderate 9 (39.1%)
Marked 1 (4.4%)

Inflammation Mild 10 (43.5%)
Moderate 10 (43.5%)
Marked 3 (13.0%)

Angiogenesis Mild 8 (34.8%)
Moderate 13 (56.5%)
Marked 2 (8.7%)

3.1. Expression of HDAC1, SIRT1, and Proliferative Markers in Patients with Psoriasis and Healthy Controls

The expression of HDAC1, SIRT1, p63, and PCNA was compared between patients with psoriasis
and healthy controls using immunohistochemistry (Table 2 and Figure 1). HDAC1 was expressed
throughout the epidermis in both normal and psoriatic tissues but was significantly upregulated in
psoriatic lesions (p < 0.05). As expected, the expression of proliferation biomarkers, PCNA and p63,
was also significantly increased in the psoriatic skin (both p < 0.01). SIRT1 was only detected in the
basal layer of epidermis in both psoriatic skin and healthy controls, and the staining intensity was
significantly lower in psoriatic lesions.

Table 2. Comparison of immunohistochemical staining intensity between healthy controls and psoriasis
patients, and results of statistical assessments.

Healthy Controls (n = 5) Psoriasis Patients (n = 23) p-Value a

HDAC1 21.82 ± 6.28 40.47 ± 17.73 p < 0.05 *
SIRT1 51.15 ± 8.67 31.02 ± 12.51 p < 0.01 *

P63 19.29 ± 3.70 37.83 ± 11.93 p < 0.01 *
PCNA 20.22 ± 3.86 42.02 ± 17.62 p < 0.01 *

HDAC1, histone deacetylase 1; SIRT1, sirtuin 1; PCNA, proliferating cell nuclear antigen. a Mann–Whitney U test
or Student’s t-test between healthy controls and psoriasis patients. * denote statistically significant difference at
p < 0.05.

The association between each marker and clinical and histopathological characteristics was
analyzed. There was no significant correlation between HDAC1, SIRT1, or PCNA level with age,
or disease duration. P63 showed a significant positive correlation with disease duration (r = 0.47,
p < 0.05 *, Pearson correlation test), but not with age. The HDAC1 expression level was positively
correlated with the degree of acanthosis, parakeratosis, and inflammation (p < 0.05, p < 0.05, p < 0.05,
respectively, Spearman’s rank correlation test), but not with angiogenesis (p = 0.0654). SIRT1 level did
not show a significant association with histopathological characteristics. P63 and PCNA expression
levels were positively correlated with acanthosis (p < 0.05, p < 0.01, respectively, Spearman’s rank
correlation test) but not with inflammation, parakeratosis, or angiogenesis.

3.2. Expression of HDAC1, SIRT1, and Proliferative Markers in Patients with Guttate and Plaque Psoriasis

Next, we compared the expression of HDAC1, SIRT1, p63, and PCNA in guttate and plaque
psoriasis. The expression of HDAC1, p63, and PCNA was significantly higher in the plaque psoriasis
group than in the guttate psoriasis group (p < 0.01, p < 0.01, and p < 0.05, respectively; Table 3 and
Figure 1). HDAC1 was expressed throughout the epidermis in both plaque and guttate psoriasis.
SIRT1 showed no significant difference between plaque and guttate psoriasis (Table 3 and Figure 1).
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Guttate Psoriasis 

(n = 8) 
Plaque Psoriasis 

(n = 15) P-value a 

HDAC1 26.27 ± 15.09 48.04 ± 14.27 P < 0.01 * 
SIRT1 36.19 ± 13.92 28.26 ± 11.20 P = 0.152 

p63 27.56 ± 3.98 43.31 ± 11.10 P < 0.01 * 
PCNA 26.89 ± 14.46 50.09 ± 13.51 P < 0.05 * 

Figure 1. Expression of HDAC1, SIRT1, p63, and PCNA in guttate psoriasis, plaque psoriasis, and
normal skin (Bars: 100 µm).

Table 3. Comparison of immunohistochemical staining intensity between guttate, and plaque psoriasis
patient groups.

Guttate Psoriasis (n = 8) Plaque Psoriasis (n = 15) p-Value a

HDAC1 26.27 ± 15.09 48.04 ± 14.27 p < 0.01 *
SIRT1 36.19 ± 13.92 28.26 ± 11.20 p = 0.152

p63 27.56 ± 3.98 43.31 ± 11.10 p < 0.01 *
PCNA 26.89 ± 14.46 50.09 ± 13.51 p < 0.05 *

HDAC1, histone deacetylase 1; SIRT1, sirtuin 1; PCNA, proliferating cell nuclear antigen. a Mann–Whitney U test
or Student t-test between patients with guttate psoriasis and plaque psoriasis. * denote statistically significant
difference at p < 0.05.

4. Discussion

Although the introduction of biologics has greatly improved the treatment of psoriasis, patients’
satisfaction with existing therapies remains modest [26]. Therefore, new therapeutic targets need
to be explored. Abnormal histone modifications are considered as potential therapeutic targets for
psoriasis; however, the epigenetic profile of the disease has not been fully elucidated. In this study,
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we observed a significant increase in HDAC1 expression in psoriatic lesions compared to healthy
controls. In addition, HDAC1 expression levels were higher in plaque psoriasis than in guttate psoriasis.
Compared to guttate psoriasis, plaque psoriasis has a chronic disease course and tends to be more
resistant to treatment. The fact that HDAC1 expression levels were higher in plaque psoriasis suggests
that HDAC1 could have a more important role in chronic and severe psoriasis. The present study
is the first to compare the expression of HDACs in different clinical phenotypes of psoriasis; thus,
it could provide a partial explanation for the previous conflicting results on HDAC expression in vivo.
Increased expression of HDAC1, together with p63 and PCNA biomarkers, could contribute to the
formation of clinical phenotypes of psoriasis.

SIRT1 is another epigenetic therapeutic target for psoriasis. Some studies have reported
that deacetylation of NF-κB by SIRT1 downregulates tumor necrosis factor (TNF)-α and other
proinflammatory cytokines [27,28], while also inhibiting the cell cycle mediator retinoblastoma
(Rb)/E2F1 and increasing cell death of keratinocytes [19,29]. Based on these studies, SIRT1 activators
have been investigated as therapeutic agents for psoriasis; however, the treatment outcomes have
been inconsistent [30]. In a phase IIa clinical study on the efficacy of a SIRT1 activator (SRT2104) in
psoriasis, 35% patients showed good to excellent histological improvement, but did not demonstrate a
dose-dependent response according to histology endpoints [31]. In our study, we observed decreased
expression of SIRT1 in patients with psoriasis than in healthy controls, and there was no difference
between guttate and plaque psoriasis. Further studies are required to determine the clinical phenotypes
of patients who respond to the SIRT1 activator and those who do not.

A small sample size and imbalance of sample size between plaque and guttate psoriasis is the
limitation of this study. Compared to plaque psoriasis, it was much more difficult to recruit subjects
with guttate subtype because guttate psoriasis is less common and transient. The lack of quantitative
measures such as Western blot is another limitation of this study. Further studies with larger sample
sizes and including other clinical subtype will facilitate a better understanding of the role of epigenetic
modification in the pathogenesis of psoriasis and the development of clinical subtypes.

5. Conclusions

A decrease in SIRT1 and an increase in HDAC1 expression levels were observed in psoriatic
skin, along with p63 and PCNA upregulation. Furthermore, there were significant differences in
the expression levels of HDAC1 as well as p63 and PCNA between plaque and guttate psoriasis.
Our findings suggest that epigenetic modifications are involved in the pathogenesis of psoriasis and
may contribute to the formation of clinical phenotypes.
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