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ABSTRACT
Introduction: Apoptosis plays a major role in maintaining the
balance between cellular proliferation and cell death in the
skin. Blockage of apoptosis has been implicated as one of
the contributing factors in the pathogenesis of psoriasis. P53
has a role in induction of cell cycle arrest, apoptosis as well as
regulation of cell proliferation, bcl-2 is anti-apoptotic protein.
Previous studies have reported controversial results relating to
their expression in psoriatic skin.
Aim: To evaluate the immunohistochemical expression of p53 and
bcl-2 in the epidermis, basal cells and lymphocytes of psoriatic
skin and compare it with the adjacent perilesional skin.
Materials and Methods: This cross-sectional study was conducted
in Hind Institute of Medical Sciences, Safedabad, Barabanki, Uttar
Pradesh, India from June 2016 to December 2017. Fifty cases of
psoriasis were included and punch skin biopsies including a small
part of perilesional skin was taken. The sections were studied for
the presence of immunohistochemical expression of p53 and bcl-2
using scoring systems. The perilesional part of the biopsy was used
for comparing the histopathological and immunohistochemical
expressions. The student t-test was used for comparison of groups

using Statistical Package for the Social Sciences (SPSS) version
23.0 program and a p-value of <0.05 was taken as statistically
significant.
Results: The age of the patients ranged from 15-68 years. Majority
of the patients were males comprising 32 out of 50 cases (64%).
The most common site was the extensor surfaces of limbs.
The histopathological findings of psoriasis, such as acanthosis,
spongiosis, suprapapillary thinning, dilated dermal vessels and
dermal lymphocytic infiltrate was seen in all 50 cases of the lesional
skin (100%). Dermal lymphocytic infiltrate was the most common
finding in the perilesional skin and was observed in 21 cases (42%).
Statistically significant immunohistochemical expression of p53 was
seen chiefly in the epidermis, while bcl-2 expression was seen in the
dermal lymphocytes of psoriatic (lesional) skin.
Conclusion: The immunohistochemical expression of p53
in the epidermal keratinocytes of the lesional skin in psoriasis
is suggested to be of wild type in response to frequent DNA
damage in the actively cycling cells of epidermis. The expression
of bcl-2 in the dermal lymphocytes could point towards its role
in promoting the chronic inflammatory and recurrent nature of
psoriatic lesions.
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INTRODUCTION
Psoriasis is a chronic, relapsing, inflammatory and hyperproliferative
skin disorder with a prolonged capacity to resist apoptosis in the
epidermal keratinocytes [1]. The epidermal hyperplasia and the
altered tissue architecture observed in psoriasis is postulated to be
due to abnormal apoptotic pathways [2].
Apoptosis, also called the programmed cell death is required for
various developmental and maintenance processes of the body
including foetal development, immune system and balancing cell
numbers in continuously renewing tissues [3]. This balance between
cell death and cell proliferation maintains homeostasis of the epidermal
keratinocytes of the skin, in which apoptosis plays a major role [4].
Increased epidermal expression of apoptosis related molecules
causing suppression of apoptotic process has been postulated
in the pathogenesis of epidermal hyperplasia [5]. The chronic and
relapsing characteristics of this disease has also been proposed
to be due to suppression of apoptosis in the T-lymphocytes and
hence, their increased survival in the lesional skin [6].
Psoriatic keratinocytes are resistant to factors that induce programmed
cell death. As a result of keratinocyte resistance to proapoptotic
signals transmitted by TNF-a, a paradoxical increase in the
concentration of this proinflammatory cytokine occurs. Inhibitors
of apoptosis include the survivin protein belonging to the IAP
(Inhibitors of Apoptosis Proteins) family that binds to caspases,
virtually absent in the epidermis not affected by the disease
process. However, the process of apoptosis, which is one of the
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main factors clearly affecting the pathomechanism of the disease,
is not well understood [1]. Apoptosis is controlled by bcl-2 family
of proteins which includes several pro-apoptotic (bax, bik, bad,
bcl-xs) and anti-apoptotic proteins (bcl-2, bcl-xL, bcl-w, mcl-1) [7].
Bcl-2 is a proto-oncogene, and protects the cells from apoptosis
[7]. P53 gene is a tumour suppressor gene, and plays a role in
inducing cell cycle arrest or apoptosis as well as regulation of cell
proliferation. The aberrant expression of p53 is seen in squamous
epithelium of hyperproliferative skin diseases of inflammatory nature
[8]. Several studies done in the past about the expression of p53
and bcl-2 have yielded controversial results [9,10]. The present
study aimed to determine the role of p53 and bcl-2 in psoriasis
by studying their immunohistochemical expression in the lesional
and peri-lesional regions of the skin biopsy. The objectives were to
study the histopathological features in the lesional and perilesional
regions of psoriatic skin and to determine the immunohistochemical
expression of apoptotic markers p53 and bcl-2 in them.

MATERIALS AND METHODS
This cross-sectional study was conducted in Hind Institute of Medical
Sciences, Safedabad, Barabanki from June 2016 to December 2017.
The study was conducted in the Department of Pathology to evaluate
the apoptotic changes in the skin by immunohistochemical markers
bcl-2 and p53. The study was started after approval from the Institutional
scientific and Ethical Committee (HIMS/15-16/13) and is in accordance
with the principles of Helsinki declaration. Fifty cases of psoriasis were
included and punch skin biopsies including a small part of perilesional
skin was taken.
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Inclusion and Exclusion criteria: All the clinically diagnosed and
histopathologically confirmed cases of psoriasis were included in
the study. The patients suffering from any co-existing dermatological
or systemic illness (known to affect the skin) were excluded from
the study.
Sample size calculation: The sample size was calculated taking α
(type I) error as 5%, the confidence interval of 95% and the power
of the study as 80%.

Study Procedure
The clinical and demographic parameters of the patients were noted
and a 6 mm punch biopsy including a small part of perilesional
skin was performed. The skin biopsies were immediately fixed
in 10% buffered formaldehyde solution and subjected to routine
histopathological processing and haematoxylin and eosin staining.
The histopathological characteristics of the lesional and perilesional
part of the biopsy were studied. Serial 5 micrometer thick sections
from the paraffin embedded biopsies were mounted on poly-L-lysine
coated slides. The sections were immersed in xylene for 5 minutes
and hydrated using a gradient series of alcohol. Antigen retrieval was
performed by immersing the sections in citric acid buffer (pH 6.0) in
a microwave oven for 15 minutes. Endogenous peroxidase activity
was blocked with 3% hydrogen peroxide for 10 minutes and then
incubated with a primary antibody in a humidified chamber overnight
at 40°C. Monoclonal p53 antibody and monoclonal mouse antibody
bcl-2 (Dako) were used as primary antibody at 1:200 dilution. About
500 cells were counted at 400X microscopic magnification under light
microscope and an average was taken. The immunostaining results
were analysed semi-quantitatively as a percentage of positive cells.
Localisation of immunohistochemical staining was observed, grouped
and classified as epidermal cells, epidermal basal layer cells and dermal
lymphocyte staining. Nuclear expression of p53 and nuclear as well
as cytoplasmic expression of bcl-2 were taken as positive. Tumour
cells of serous adenocarcinoma of the fallopian tube were taken as
positive control for p53. The T and B-lymphocytes from mantle zone
of reactive follicles of tonsillar tissue were taken as positive controls
for bcl-2. The level of p53 and bcl-2 expression in keratinocytes was
evaluated by a scoring system as devised by Liang S et al., in which a
sum of two scores is taken as representative of the level of expression
[8]. The scoring system has a score ranging from 0-3 for both the
degree of positivity (0 denotes <1%, 1 denotes 1-10%, 2 denotes
10-50%, 3 denotes >50% of positively stained keratinocytes) and the
intensity of staining (relative colour intensity of positively stained cells
from faint-brown for score 1 to deep brown for score 3), which were
then added up. In the dermal lymphocytes, the immunohistochemical
expression of p53 and bcl-2 was scored in a range from 1-4 in which
score of 0 means no staining, 1:<25%, 2: 26-50%, 3:51-75% and 4:
>75% staining of the lymphocytes in accordance with that used by
Yildiz L et al., [6].
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47 (94%) cases. Grattage sign was positive in 32 (64%) patients.
The auspitz sign and silvery white scaling could be seen in 40 (80%)
patients each respectively.
On histopathology of the lesional tissue, features such as acanthosis,
spongiosis, suprapapillary thinning, dilated dermal vessels and
dermal lymphocytic infiltrate was seen in all 50 cases (100%),
followed by parakeratosis 49 (98%), hypogranulosis 48 (96%),
micro munro abscess 18 (36%) and kogoj pustules 4 (8%) cases,
respectively [Table/Fig-1]. The perilesional part of the biopsy showed
a variable distribution of the above features [Table/Fig-1]. Few of the
features were retained in perilesional tissue of some patients such
as dermal lymphocytic infiltrate in 21 (42%) cases, dilated dermal
vessels in 8 (16%), mild acanthosis in 7 (14%), spongiosis in 3 (6%)
and hypogranulosis in 2(4%) cases, respectively.
Psoriatic lesional
area, n (%)

Perilesional area of the
biopsy, n (%)

Acanthosis

50 (100%)

7 (14%)

Parakeratosis

49 (98%)

0 (0%)

Munro microabscesses

18 (36%)

0 (0%)

Hypogranulosis

48 (96%)

2 (4%)

Spongiosis

50 (100%)

3 (6%)

4 (8%)

0 (0%)

Histopathological features

Kogoj pustules
Suprapapillary thinning

50 (100%)

0 (0%)

Dilated dermal blood vessels

50 (100%)

8 (16%)

Dermal lymphocytic infiltrate

50 (100%)

21 (42%)

[Table/Fig-1]: Histopathological features of lesions (N=50).

On immunohistochemistry, the difference between p53 expression
score values in keratinocytes (p=0.014) of the lesional epidermis
(mean score=1.02) compared from the perilesional region (mean
score=0.62), were statistically significant (p<0.05) [Table/Fig-2].
The basal cells and lymphocytes of the lesional skin, expressed
bcl-2 in few of the cases with a mean score value of 0.32 and 0.2,
respectively, though the expression was not statistically significant
when compared with the perilesional skin (p-value>0.05) [Table/
Fig-3]. The mean score value of p53 expression in the epidermis,
basal cells and lymphocyte of the lesional skin was 1.02, 0.32
and 0.1, respectively. The mean score value of bcl-2 expression
in epidermal cells, basal cells and dermal lymphocytes of lesional
skin was 0.18, 0.18 and 1.76 respectively. On comparison between
lesional and perilesional skin, the difference between the bcl-2

STATISTICAL ANALYSIS
The results were statistically analysed using SPSS 23.0 version
program. The data were expressed as mean and standard deviation.
The student’s t-test was used to compare the groups and a p-value
of <0.05 was considered statistically significant.

RESULTS
Among the 50 patients included, the age of the patients included ranged
from 15-68 years. Majority of the patients were males, comprising
32 out of 50 cases (64%). With regard to the site, extensor surface
involvement was the most common, seen in 27 cases (54%) followed
by flexor 9 (18%), back 8 (16%) and erythrodermic and scalp psoriasis
3 cases (6%) each.
The duration of the disease was <6 months and >24 months in
16 patients (32%) each respectively. The patients with the duration
of disease 12-24 months and 6-11 months were 11 (22%) and
7 (14%), respectively. Clinically plaque like lesions was seen in
58

[Table/Fig-2]: (a) Predominant epidermal distribution of p53 positive cells in the
psoriatic skin (Immunohistochemistry using p53 as primary antibody at 100X
magnification); (b) Scattered/dispersed cells showing immunohistochemical nuclear
positivity of p53 in the keratinocytes of the psoriatic lesional skin, with a sum score of
4 (2+2). (Immunohistochemistry using p53 as primary antibody at 400X magnification);
(c) Predominant distribution of bcl-2 positivity in the lesional psoriatic skin chiefly in the
dermal lymphocytes.(Immunohistochemistry using bcl-2 as primary antibody at 100X
magnification); (d) Dermal lymphocytes express bcl-2 in the lesional skin with score of
3. (Immunohistochemistry using bcl-2 as primary antibody at 400X magnification).
National Journal of Laboratory Medicine. 2021 Oct, Vol-10(4): PO57-PO60

www.njlm.net

Sangita Bohara et al., Expression of p53 and bcl-2 in Psoriasis
p53 expression

Variables

Epidermis-L

Epidermis-PL

Basal cell-L

Basal cell-PL

Lymphocytes-L

Lymphocytes-PL

Range

0-4

0-2

0-2

0-2

0-2

0-2

Mean

1.02±0.999

0.62±0.779

0.32±0.551

0.2±0.495

0.1±0.364

0.08±0.340

p-value

<0.05 (S)

>0.05 (NS)

>0.05 (NS)

bcl-2 expression
Variables

Epidermis-L

Epidermis-PL

Basal cell-L

Basal cell-PL

Lymphocytes-L

Lymphocytes-PL

Range

0-2

0-1

0-1

0-1

0-4

0-3

Mean

0.18±0.482

0.06±0.239

0.18±0.274

0.04±0.198

1.76±1.04

0.42±0.836

p-value

>0.05 (NS)

>0.05 (NS)

<0.001 (HS)

[Table/Fig-3]: Expression of p53 and bcl-2 in lesion skin and perilesional skin.
Statistical test used: Student’s t-test; S: Significant; NS: Non significant; HS: Highly significant

expression of dermal lymphocytes was statistically highly significant.
The difference between the epidermal p53 expression of the lesional
skin and perilesional skin was found to be statistically significant.
The difference between the immunohistochemical expression of
bcl-2 in dermal lymphocytes of the lesional skin showing a mean
score of 1.76, while the perilesional skin showed a mean score of
0.42 was highly significant (p<0.001) [Table/Fig-2c,d]. The epidermis
and the basal cells of the lesional skin showed bcl-2 expression in
few of the cases with a mean score value of 0.18 in each of them
respectively, but none of them showed a statistically significant
expression (p-value>0.05) when compared with the perilesional
epidermis [Table/Fig-3].

DISCUSSION
Psoriasis is a common chronic, relapsing, inflammatory papulosquamous
skin disorder clinically characterised by variably sized well demarcated dry
scaly plaques covered with fine silvery scales [11-13]. A histopathological
examination is required for confirmatory diagnosis, which is based on
evaluation of histopathological features such as uniform elongation of
rete ridges, dilated blood vessels, thinning of the suprapapillary plates,
intermittent parakeratosis, perivascular infiltration of lymphocytes and
presence of occasional neutrophil aggregates in the epidermis [12].
The presence of evenly elongated and slender rete ridges along with
equally long dermal papillae is quite specific for psoriasis [14]. There
are many disease conditions which form the differential diagnosis of
psoriasiform hyperplasia. The histopathological features are specific
and characteristic in psoriasis, pityriasis rubra pilaris, pityriasis rosea
and inflammatory linear verrucous epidermal nevus. There is some
overlap in lesions like prurigo nodularis, lichen simplex chronicus and
allergic contact dermatitis for which diagnosis has to be based upon
a combination of proper clinical and histopathological observation [15].
The present study includes 50 histopathologically confirmed cases of
psoriasis including a small part of the perilesional skin. The perilesional
region retained some of the above histopathological features such as
dermal perivascular lymphocytic inflammatory infiltrate, dilated dermal
vascular channels and mild acanthosis in few of the cases. Occasional
cases showed hypogranulosis and mild spongiosis [Table/Fig-1].
Epidermal hyperproliferation along with incomplete and accelerated
maturation of the epidermal keratinocytes is the characteristic feature
of psoriasis [13,16].
According to previous studies, p53 accumulation has been a frequent
finding in the hyperproliferative non neoplastic skin lesions [17,18],
similar to the findings of p53 staining being significantly associated with
epidermal keratinocytes, in the present study. While Hussein MR et al.,
reported that intact p53 nuclear localisation in such hyperproliferative
non neoplastic skin lesions, allows mutant p53 protein to stay in the
nucleus and exert its dominant negative function, Moles JP et al., have
disregarded the TP53 mutation theory in the pathogenesis of psoriasis
[17,19]. According to Ren Z et al., a dispersed pattern of p53 staining
suggests the wild type status of TP53 protein, as also seen in our
study [20].
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The p53 is a marker of active cycling cells and it has been reported
that though the cycling time in psoriasis is normal, only increased
recruitment of epidermal cells is responsible for psoriatic lesions [21].
Unique mechanisms of keratinocytes for establishing cutaneous
homeostasis and maintaining structural integrity, in response to DNA
damage may be responsible for p53 expression (wild type) in psoriatic
epidermis due to cell cycle disturbance [22,23]. The increased p53
expression hence may also be a physiological response to counteract
the proliferation and repair of DNA errors [24].
Blockage of the normal apoptotic pathways has been proposed in
the pathogenesis of Psoriasis. Increased bax and bcl-x expression
but decreased bcl-2 has been postulated [25]. The limited
expression of bcl-2 in psoriasis does not appear to have a direct
association with cell proliferation or apoptotic resistance [26]. The
previous data on bcl-2 expression in psoriatic epidermis by some
authors, has been conflicting [5,27,28], while others proposed a
relatively unimportant role of bcl-2 protein in the pathogenesis of
psoriasis [9,10,29]. Recently, Shi HJ et al., studied the effect of
oxymatrine or acitretin treatment and found that it significantly
reduces psoriatic lesions, decreases the proliferative index
value possibly by inhibiting epidermal cell proliferation. However,
oxymatrine has been shown to inhibit cell apoptosis by increasing
the expression of the anti-apoptotic bcl-2 protein [30].
Moorchung N et al., reported a linear correlation between
immunohistochemical expression of anti-apoptotic bcl-2 in the basal
cells with expression of pro-apoptotic p53 in epidermal cells, basal
cells as well as lymphocytes [9]. The kinetics of basal cells differs
from the rest of the epidermis and a simultaneous activation of both
the pro-apoptotic and anti-apoptotic processes was postulated
which has also been previously reported by Takahashi H et al., [5].
The increased bcl-2 expression in the dermal lymphocytes as also
found in the present study suggests increased lymphocyte survival,
which may contribute to the chronic, inflammatory and relapsing
nature of psoriasis as failure to remove the excess cells after an
immune or inflammatory process, is crucial in the regulation of the
inflammatory response. Whether the anti-apoptotic changes in
the dermal lymphocytes is a primary or secondary process in the
pathogenesis is still an unanswered question and requires studies
on bcl-2 expression in the circulating peripheral blood lymphocytes
in cases of psoriasis for further clarification [6].
On review of recent literature, studies by Kokolakis G et al.,
showed a marked decrease in the expression of genes encoding
anti-apoptotic proteins bcl-2, bcl-xL, and transcription factor NFkB and also an increase in the expression of genes encoding the
proapoptotic proteins p53, bax, and Apoptosis Inducing Factor (AIF)
in the patients treated with Infliximab [31]. These changes correlated
with a decrease in epidermal thickness as well as a decrease in
the value of surface indicators and the severity of psoriatic lesions,
which indicates a positive effect of the use of TNF-alpha antagonists
in patients with psoriasis [31]. Similarly remarkable efficacy of
biological drugs in the treatment of psoriasis was also obtained by
Yu Q et al., [32]. Methotrexate monotherapy, has also been shown
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to significantly increase the expression of caspase 9 and decreases
the expression of genes encoding bcl-xL, c-FLIP, NFkBp65, and
pAkt1, which indicates a beneficial effect of methotrexate on the
induction of the mitochondrial apoptosis pathway, thus controlling
acanthosis [33]. These studies show that normalisation of apoptosis
process in the course of psoriasis may lead to the reduction of
clinical changes. For this purpose, biological drugs appear to be the
therapeutic future [34], hence, a need for more extensive studies on
the apoptotic pathophysiological mechanisms in psoriasis.

Limitation(s)
Only two easily available, popular as well as significant
immunohistochemical markers of cell cycle regulation and apoptosis
were used as these were significant in the evaluation of possible
apoptotic process in psoriatic lesions. These could not be further
worked up to study its molecular basis and hence was a major
limitation to our study. A tiny part of perilesional tissue included in
the biopsy was taken for comparison, also formed a drawback of
the study.

CONCLUSION(S)
The nuclear positivity of p53 in the epidermal keratinocytes of
psoriatic lesional skin may indicate the retention of wild type TP53
as a response to increased frequency of DNA errors taking place
during the rapid proliferation of keratinocytes or an expression
of cell cycle disturbance. The insignificant expression of bcl-2 in
psoriatic epidermis indicates that it does not play an important role
in its pathogenesis, on the other hand, increased expression of
bcl-2 in the dermal lymphocytes of psoriatic skin points towards
its possible important antiapoptotic role responsible for the chronic
inflammatory and relapsing nature of psoriasis.

REFERENCES

[1] Wrone-Smith T, Mitra RS, Thompson CB, Jasty R, Castle VP, Nickoloff BJ.
Keratinocytes derived from psoriatic plaques are resistant to apoptosis compared
with normal skin. Am J Pathol. 1997;151:1321.
[2] Laporte M, Galand P, Fokan D, de Graef C, Heenen M. Apoptosis in established
and healing psoriasis. Dermatology. 2000;200:314-16.
[3] Kastelan M, Prpic-Massari L, Brajac I. Apoptosis in psoriasis. Acta Dermatovenerol
Croat. 2009;17:182-86.
[4] Raj D, Brash DE, Grossman D. Keratinocyte apoptosis in epidermal development
and disease. J Invest Dermatol. 2006;126:243-57.
[5] Takahashi H, Manabe A, Ishida Yamamato A, Hashimoto Y, lizuka H. Aberrant
expression of apoptosis-related molecules in psoriatic epidermis. J Dermatol Sci.
2002;28:187-97.
[6] Yildiz L, Baris S, Senturk N, Kandemirt B. Overexpression of bcl-2 in lymphocytes
of psoriatic skin. J Eur Acad Dermatol Venerol. 2003;17:538-40.
[7] Karasek MA. Progress in our understanding of the biology of psoriasis. Cutis.
1999;64:319.
[8] Liang S, Ohtsuki Y, Furihata M, Tacheuchi T, Iwata J, Chen B, et al. Sun exposure
and aging dependant p53 protein accumulation results in growth advantage for
tumour cells in carcinogenesis of nonmelanocytic skin cancer. Virchows Arch.
1999;434:193-99.
[9] Moorchung N, Vasudevan B, Dinesh Kumar S, Muralidhar A. Expression of
apoptosis regulating proteins p53 and bcl-2 in psoriasis. Indian J Pathol Microbiol.
2015;58:423-26.

www.njlm.net
[10] Wrone-Smith T, Johnson T, Nelson B, Boise LH, Thompson CB, Nunez G, et al.
Discordant expression of bcl-x and bcl-2 by keratinocytes in vitro and psoriatic
keratinocytes in vivo. Am J Pathol. 1995;146:1079-88.
[11] Fox BJ, Oclom RB. Papulosquamous diseases: A review. J Am Acad Dermatol.
1985;1(4):597-624.
[12] Mobini N, Toussant S, Kamino H. Non infectious, erythematous, papular and
squamous diseases. In:Elder DE, editor. Lever’s histopathology of skin.10th ed.
Philadelphia: Lippincott Williams & Wilkins, 2009:169-203.
[13] Mc Kay IA, Leigh IM. Altered keratinocyte growth and differentiation in psoriasis.
Clin Dermatol. 1995;13(2):105-14.
[14] Tirumalae R. Psoriasiform dermatoses: Microscopic approach. Indian J Dermatol.
2013;58:290-93.
[15] Jayalakshmy PL, Babitha AM, Sanskar S, Nandakumar G. Histopathological
spectrum of Psoriasiform dermatitis. Journal of Pathology of Nepal. 2016;6:975-80.
[16] Iizuka H, Takahashi H, Ishida-Yamamato A. Psoriatic architecture constructed by
epidermal remodelling. J Dermatol Sci. 2004;35:93.
[17] Hussein MR, Al-Badaiwy ZH, Guirguis MN. Analysis of p53 and bcl-2 protein
expression in the non-tumourigenic, pretumourigenic, and tumourigenic
keratinocytic hyperproliferative lesions. J Cutan Pathol. 2004;31:643.
[18] Soini Y, Kamel D, Paakko P, Lehto VP, Oikarinen A, Vähäkangas KV. Aberrant
accumulation of p53 associates with Ki67 and mitotic count in benign skin
lesions. Br J Dermatol. 1994;131:514.
[19] Moles JP, Theillet C, Basset-Seguin N, Guilhou JJ. Mutation of the tumour suppressor
gene TP53 is not detected in psoriatic skin. J Invest Dermatol. 1993;101:100-02.
[20] Ren Z, Ponten F, Nister M, Ponten J. Two distinct P53 immunohistochemical
patterns in human squamous cell cancer, precursors and normal epidermis. Int J
cancer. 1996;69:174-79.
[21] Kerkhof P. Textbook of Psoriasis. Blackwell Publishing Ltd., Oxford; pp. 83-109.
[22] Qin JZ, Chaturvedi V, Denning MF, Bacon P, Panella J, Choubey D, et al.
Regulation of apoptosis by p53 in uv-irradiated human epidermis, psoriatic
plaques and senescent keratinocytes. Oncogene. 2002;21:2991-3002.
[23] Nickoloff BJ. Creation of psoriatic plaques: the ultimate tumour suppressor
pathway: A new model for an ancient T- cell mediated skin disease. Viewpoint. J
Cutan Pathol. 2001;28:57-64.
[24] Hannuksela-Svahn A, Paakko P, Autio P, Reunala T, Karvonen J, Vahakangas
K. Expression of p53 protein before and after PUVA treatment in Psoriasis. Acta
Derm Venereol. 1999;79:195-99.
[25] Kocak M, Bozdogan O, Erkek E, Atasoy P, Birol A. Examination of Bcl-2, Bcl-X
and bax protein expression in psoriasis. Int J Dermatol. 2003;42:789.
[26] Lu QL, Poulson R, Wong L, Hanby AM. Bcl-2 expression in adult and embryonic
non-haematopoietic tissue. J Pathol. 1993;169:431-37.
[27] Tomkova H, Fujimoto W, Arata J. Expression of the bcl-2 homologue bax in
normal human skin, psoriasis vulgaris and non-melanoma skin cancers. Eur J
Dermatol. 1998;8:256-60.
[28] Fukuya Y, Higaki M, Higaki Y, Kawashima M. Effect of vitamin D3 on the increased
expression of bcl-xl in psoriasis. Arch Dermatol Res. 2002;293:620-25.
[29] Gunduz K, Demireli P, Vatansever S, Inanir I. Examination of bcl-2 and p53
expressions and apoptotic index by TUNEL method in psoriasis. J Cutan Pathol.
2006;33:788-92.
[30] Shi HJ, Zhou H, Ma AL, Wang L, Gao Q, Zhang N, et al. Oxymatrine therapy
inhibited epidermal cell proliferation and apoptosis in severe plaque psoriasis. Br
J Dermatol. 2019;181:1028-37.
[31] Kokolakis G, Giannikaki E, Stathopoulos E, Avramidis G, Tosca AD, KrügerKrasagakis S. Infliximab restores the balance between pro- and anti-apoptotic
proteins in regressing psoriatic lesions. Br J Dermatol. 2012;166(3):491-97.
[32] Yu Q, Tong Y, Cui L, Zhang L, Gong Y, Diao H, et al. Efficacy and safety of
etanercept combined plus methotrexate and comparison of expression of proinflammatory factors expression for the treatment of moderate to severe plaque
psoriasis. Int Immunopharmacol. 2019;73:442-50.
[33] Elango T, Thirupathi A, Subramanian S, Ethiraj P, Dayalan H, Gnanaraj P. Methotrexate
treatment provokes apoptosis of proliferating keratinocyte in psoriasis patients. Clin
Exp Med. 2017;17(3):371-81.
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