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Aim. To examine the characteristics of immunohistochemical expression of inducible nitric oxide synthase and estrogen receptors
alpha in patients with keratoderma climactericum compared to postmenopausal women with clinically intact skin, to reveal possible
correlation between these markers’ expression levels and pathomorphogenesis of menopausal keratoderma.

Materials and methods. The pathomorphological and immunohistochemical analysis was performed on the biopsy material of
22 patients with keratoderma climactericum, who constituted the study group, and on the autopsy material from 32 women in a
postmenopausal period without any signs of climacteric keratoderma, who were considered as a control group.

Results. Asignificant difference was found in the area and intensity of inducible nitric oxide synthase expression between the study
group diagnosed with keratoderma climactericum and the control group with unaffected skin, with increasing expression parameters
among patients with keratoderma. A significant difference was also observed in the area and intensity of estrogen receptors alpha
expression between the study and the control group, this time with increasing expression parameters among the control group.

Conclusions. Patients with keratoderma climactericum demonstrate statistically significantly higher levels of nuclear and cyto-
plasmatic expression of inducible nitric oxide synthase in epidermal and dermal cells than individuals from the control group, which
may indicate acute inflammation as a part of climacteric keratoderma pathogenesis. The area and intensity of estrogen receptors
alpha expression in material from patients diagnosed with menopausal keratoderma are lower than in the material from the control
group, which demonstrates a correlation between estrogen-deficient state in postmenopausal period and the development of skin
changes in women with keratoderma climactericum.

ImyHoricToxiMiuHa XxapaKTepucTUKa ekcnpecii iHAyLM6eAbHOI CUHTa3K OKCHAY a30Ty
Ta aAbda-peLenTopiB ecTporeHy B NawieHTIB i3 KAIMaKTepUuHOIO KepaTtoaepmieto

I. I. Makypina, C. |. Teptuwwunmi, B. I. Croctoka, 0. B. BepetenbHuk, 0. K. CuHax

MeTa po60oT1 — BUB4MTM OCOBNMBOCTI iIMYHOTICTOXIMIYHOI eKCnpecii iHAyLMOenbHOI CUHTa3n oKeuay a3oTy Ta peLenTopiB ecTpo-
reHy anba B NaLjeHTIB i3 KNIMaKTEPUYHO KepaToAepMIEt0 MOPIBHAHO 3 XKiHKamu B MOCTMEHOMNAy3i 3 KNiHIYHO IHTaKTHOIO LLKIPOHO,
BUSIBATW MOXIIMBY KOpensiLiito Mix piBHAMY ekcnpecii Lmx MapKepis i naToMopdoreHe30M MeHonay3anbHoi kepaTogepMii.

Martepianu Ta meToau. MatomopdonorivHuiA Ta iMyHOrCTOXiMiYHWA aHani3 3aiicHNnn Ha BionciliHomy mMaTepiani 22 nauieHToK i3
KNiMaKTepU4YHOLO KepaToaepMieto (rpyna AOCHIMKEHHS) Ta Ha ayTONCiliHOMY MaTepiani 32 XiHok y NoCTMeHonay3anbHoMy nepiopi
6e3 03HaK kniMakTepu4Hoi kepatogepmii (KOHTpoNbHa rpyna).

Pesynkrati. Bussunu aHadyLLy pisHWLIO 3a NTOLLEI0 Ta iHTEHCUBHICTIO ekcripecii iHayLMBenbHOT CUHTa3m OKCuay asoTy MixX rpy-
MO0 AOCTIKEHHS (3 AiarHO30M KriMakTepuyHa kepaToaepMisi) Ta KOHTPOSBHOK MPYNO0 (3 HEYPAXKEHOH LLKIPOHO) 3i 30iNbLIEHHSM
napameTpiB ekcnpecii B NaLieHTIB i3 kepatoaepMmieto. CyTTEBY Pi3HWLIO TaKOX BU3HAYMIM 3a MITOLLEIO Ta IHTEHCUBHICTIO ekcnpecii
peLenTopiB ecTporeHy anbda Mix rpynoro JOCHIMKEHHS Ta KOHTPOMBHOIO 3 MIABULLEHHAM NapaMeTpiB ekcrpecii B npenaparax
Bif, 06CTeXeHUx Be3 03Hak KriMaKTepUYHOI KepaToaepMii.

BucHOBKM. Y nawieHTiB i3 KNiMakTepu4HOI0 KepaToaepMiIer0 BUSIBUNM CTaTUCTUYHO BiPOTiAHO BULL PIBHI SAEPHOI Ta LuTonnasma-
TUYHOI eKcnpecii iHayLuMbenbHOT CHTa3n OKCKay a30Ty B enigepManbHIX | fepManbHUX KNiTUHAX, HX B OCIG KOHTPOMLHOI rpynu.
Lle moxe BkadyBaTW Ha 3amaneHHs sik YacTWHY naToreHesy KriMakTepuyHoi kepatogepmii. Mnowa i iHTEHCUBHICTb exkcnpecii
peLenTopiB eCTPOreHy anbda B LUKIpi NALEHTOK i3 MEHONAay3arnbHOK KEpaToAepPMIErd MEHLLI, HiX B OCID KOHTPOMBHOI rpynu; Le
nokasye KopensiLito Mk eCTporeH-AeilMTHAM CTaHOM Y NOCTMEHOMAY3i Ta PO3BUTKOM LLKIPHWX 3MiH Y XKIHOK i3 KNiMakTepUyHO0
KepatoaepMmieto.

Keratoderma climactericum (KC) is a term, firstly proposed
by Haxthausen in 1934, who described a condition de-
veloping in postmenopausal women with appearance of
non-pruritic circumscribed hyperkeratosis of the palms and
soles. Haxthausen’s disease is one of the most common
forms of acquired palmoplantar keratoderma, which occurs
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in 10-15 % of females in the climacteric period, often in
pressure and abrasion sites, and is associated with hyper-
tension and obesity [1].

Clinical manifestation of this dermatosis is presented by
hyperkeratotic papules with clear margins, which do not rise
above the skin surface and tend to coalesce into plaques
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with appearance of skin fissures, localized on palms and
soles exclusively. Hyperkeratotic lesions on the plantar
surfaces are usually larger, than on the palmar surface, and
gradual development of deep, sometimes even bleeding
fissuring, may cause painful walking. The disease is prone
to progression with the growth of lesion areas, loss of edges’
clarity, increase in degree of infiltration and a number and
depth of fissures [2].

Histological examination of the skin in patients with
KC usually observes the following changes: a thickening
of the epidermis, moderate acanthosis, pronounced hyper-
keratosis, in some cases — small focal parakeratosis and
spongiosis, moderate papillomatosis, edema and slight,
predominantly perivascular lymphohistiocytic infiltration
of derma [3,4].

Estrogen deficiency is considered to be the major
reason of KC development. Estradiol levels rapidly decline
after menopause, which adversely affects many cellular
and homeostatic skin mechanisms, as well as other sig-
nificant physiological functions. The changes include loss
of collagen and elastin, decrease in vascularity, resulting
in cellular and extracellular degradation which leads to
dryness, wrinkles, atrophy, impaired barrier function and
decreased antioxidant capacity of skin [5].

Two estrogen receptors (ERs), aand B, are the predomi-
nant transducers of estrogenic signals in the skin. Their rela-
tive expression levels start to decrease as women enter an
estrogen-deficient state after menopause, however, the role
of this decline as well as of estrogen deficiency in general in
the development of KC is still not completely identified [6].

The inflammatory component of KC pathogenesis,
manifested by lymphohistiocytic dermal infiltration, observed
in histological examinations of patients with KC, requires
thorough assessment in order to understand the nature
of this disorder. Inducible nitric oxide synthase (iNOS) is
the enzyme, involved in a formation of nitric oxide (NO),
which can be expressed by immune (macrophages,
neutrophils, monocytes) as well as by non-immune (fibro-
blasts, keratinocytes) cells. INOS can be strongly induced
by proinflammatory stimuli, and thus be an indicator of
inflammation. A large amount of NO, produced by iNOS is
toxic, and may cause oxidative damage, nitrosative stress
and apoptosis, contributing to the subsequent pathological
skin changes [7,8].

The pathogenesis of KC still remains insufficiently
researched as well as the role of INOS expression and
the mechanisms of estrogen deficiency effects on skin in
postmenopausal women.

Aim

To examine the characteristics of immunohistochemical
expression of INOS and ERa in patients with KC compared
to postmenopausal women with clinically intact skin in order

to reveal possible correlation between these markers’ ex-
pression levels and pathomorphogenesis of KC.

Materials and methods

The pathomorphological and immunohistochemical analysis
was performed on the biopsy material of 22 patients with
KC. The study group consisted of 22 women aged 46-60
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years, in a climacteric period, who were diagnosed with KC.
The autopsy material from 32 women aged 4660 years, in
a postmenopausal period without any signs of KC, obtained
during surgical dermatology interventions, was used as a
control group.

Biopsy and autopsy material of the skin was fixed in
neutral 10 % buffered formalin (pH 7.0) for 24 hours, then
the standard method of paraffin section preparation of 4
um thick was used for further histological and immunohis-
tochemical examination (IHC analysis).

Microscopy of skin samples of the study and control
groups was evaluated using histological staining with he-
matoxylin and eosin.

IHC analysis using monoclonal and polyclonal anti-
bodies were performed on serial paraffin sections placed
on adhesive slides “SUPER FROST PLUS” by “DAKO”
company (Denmark). Deparaffinization and rehydration
with simultaneous high-temperature unmasking of antigens
were performed by heating in a RT module using Dewax &
HIER buffer H by “Thermo Fisher Scientific’, USA (pH = 9.0),
endogenous peroxidase activity was inhibited with 3 % H,0,
solution. Incubation with primary antibodies was performed
according to the instructions of the manufacturers, visualiza-
tion of the IHC reaction was performed using the detection
system UltraVision Quanto HRP + DAB System (“Thermo
Fisher Scientific’, USA). The sections were stained with
Mayer’s hematoxylin and sealed in Canada balsam.

Polyclonal antibody Rb a-Hu iNOS kit (“Thermo Fisher
Scientific’, USA) was used to identify enzyme that catalyzes
the formation of NO in epitheliocytes.

Immunohistochemical reactivity for INOS was defined
as the proportion score multiplied by the intensity score.
The proportion score was defined as 0 — <5 %; 1 —6-25 %;
2 — 26-75 %; or 3 — >76 % positive cells. The staining
intensity score was defined as 0 — negative; 1 — weak;
2 — moderate; 3 — strong. The total score ranged from 0
to 9. The immunoreactivity scores were used to classify
the samples into one of the following three groups based
on the final score: negative immunoreactivity, defined as a
total score of 0; low expression, defined as a total score of
1-3; moderate expression, defined as a total score of 4-6;
and high expression, defined as a total score of >6.

To determine estrogen-dependent cells and their
localization, a monoclonal antibody Mo a-Hu Estrogen
Receptor-Alpha, Clone SP1 kit (“Thermo Fisher Scientific”,
USA) was used.

Semi-quantitative analysis was performed following
the Allred morphological scoring system for estrogen recep-
tors (Er). In the Allred scoring system, cells are assigned
a score from 0 to 5 depending on the proportion of stained
cells (Proportion Score [PS]): 0 — no cells are Er positive,
1 —<1 % cells are Er positive, 2 — 1-10 % of cells are Er
positive, 3 — 11-33 % of cells are Er positive, 4 — 34-66 %
of cells are Er positive, 5 — 67-100 % of cells are Er pos-
itive, and a score from 0 to 3 is assigned depending on
the intensity of staining (Intensity Score [IS]): 0 — negative
expression, 1 —weak expression, 2 —moderate expression
and 3 - strong expression.

Microphotographs of histological and IHC skin samples
of the study and control groups were recorded in an Axioplan
2 microscope (“Carl Zeiss”, Germany) using a digital camera
Camedia C5060WZ Olympus (Japan).
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Statistical processing of the results was performed
on a personal computer in the program Statistica®
for Windows 13.0 (StatSoft Inc., USA, license No.
JPZ8041382130ARCN10-J). The hypothesis of the distribu-
tion normality for the studied indicators was tested using
the Shapiro-Wilk test. Data with a different from normal dis-
tribution were presented using the median and interquartile
range of Me (Q1; Q3), and the data obtained in the study
and control groups were compared using the nonparametric
Mann-Whitney U test for two independent groups. For all
types of analysis, differences were considered significant
ata P level <0.05.

Results

Pathohistological examination of skin biopsies of patients
with menopausal keratoderma showed signs of diffuse
acanthosis, mainly of the spinous layer of the epidermis,
with the presence of single eosinophilic apoptotic Civatte
bodies and morphological manifestations of severe hyper-
keratosis (Fig. 7).

Inisolated cases, there were weak signs of epitheliocyte
spongiosis, local parakeratosis of the stratum corneum
with the preservation of nuclei in single keratinocytes.
Signs of balloon degeneration of single epitheliocytes were
detected in the cells of the basal and spinous layers, and
single microvesicular lipid inclusions were visualized in
the cytoplasm of the cells in the spinous and granular layers.
Examination of the papillary dermis revealed signs of weak
interstitial edema and the presence, mainly perivascularly,
of foci with moderate lympho-macrophage inflammatory
infiltration (Fig. 2).

IHC analysis with monoclonal antibodies to INOS among
patients with keratoderma revealed moderate intensity of nu-
clear expression, mainly of nucleoplasmic type, with an area
of 35.02 (28.04; 41.32) %. The highest expression of INOS
was associated with the nuclear membranes of epitheliocytes
inthe basal and parabasal layers of the epidermis with a grad-
ual decrease in the number of immunopositive nuclei in cells
in the spinous and granular layers of the epidermis (Fig. 3). At
the same time, cytoplasmic expression of INOS was observed
in epitheliocytes, the degree and intensity of which varied
considerably among patients of this clinical group.

A study of the dermal complex showed that in the pa-
pillary layer of the dermis, INOS expression was observed
among vascular endothelial cells and foci of immunocom-
petent cells.

Cytoplasmic expression of iINOS in the epidermis of
clinically unaltered skin in the vast majority of cases was
negative or was detected only in single apical cells within
the spinous layer of the epidermis (Fig. 4).

When comparing the results of INOS expression among
the control group, a mild intensity of nuclear expression
was observed in the cells within the spinous and granular
layers, mainly of the nuclear type, the area of which was
23.84 (15.00; 28.00) %.

In the study group of patients with keratoderma and
clinically unaffected epidermis, via the statistical analysis
of the data using the Mann-Whitney U-test, a significant
difference was found between the area and intensity of
iNOS expression (U = 22.000; P < 0.05) with increasing
expression parameters among patients with keratoderma.
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IHC analysis of epitheliocytes to estrogen alpha-recep-
tors (ERa) in the group of patients with keratoderma in all
cases had a negative expression, low intensity of nuclear
expression was observed in single cambial cells of the se-
baceous glands, the area of which was 4.61 (3.15; 6.35)
%; among the glandulocytes of the excretory and terminal
ducts of the sweat glands and among the cells of the hair
follicles, the expression of ERa was also absent (Fig. 5).

The area of ERa expression among the control group
was 11.62 (9.65; 13.06) %, the morphogenesis of immu-
nohistochemical changes was mainly localized only in
the nuclei of cells in the basal layer of the epidermis (Fig. 6).

During examination of the dermal complex, nuclear
expression of ERa among the cambial cells of the se-
baceous glands, in single differentiating sebocytes and
dermal fibroblasts was observed, immunopositive reaction
was revealed in the glandulocytes of the excretory ducts
of the sweat glands. During microscopy of hair follicles at
different levels of section, immunopositive coloring of ERa
was observed only in cells of the infundibular zone of a hair
papilla and among basal cells of a hair bulb (Fig. 7).

Decreased number of a-estrogen receptors among
the pilosebaceous skin complex did not exclude secretory
dysfunction of sebaceous and sweat glands and caused
changes in protein and lipid metabolism of the skin, which
was manifested in the balloon degeneration of keratinocytes
and the appearance of lipid vacuoles in the cytoplasm of
single epitheliocytes, which was not observed in the control
group.

Statistical analysis using the Mann—-Whitney U-test, in
the material of the study group of patients with keratoderma
and clinically unaffected epidermis found a significant dif-
ference between the area and intensity of ERa expression
(U=1.000; P <0.05) with increasing expression parameters
among the control group.

Discussion

The study of INOS expression in the skin in an animal ex-
periment several decades ago proved that as a very mobile
and indicative substance. Thus, in the study of injured skin
of mice, the expression of INOS and eNOS was determined
both in and around the skin lesion and subsequently in granu-
lation tissues, which may serve as a marker of inflammatory
activity and duration of the lesion [9]. At the same time, it was
noted that with the skin aging, age-related changes were
accompanied by a decrease in L-arginine, a substrate for
NO synthesis, and a decrease in INOS expression, which
reduced the bioavailability of L-arginine [10].

In practical medicine, the study of INOS was conduct-
ed in non-inflammatory and inflammatory dermatoses.
Thus, in melasma, there was a direct correlation between
the increase in INOS expression in the affected areas of
the skin and the degree of activity in the disease clinical
manifestation [11]. Examination of patients with psoriasis
and concomitant hypertension showed an increase in iNOS
expression in psoriatic plaques, which was accompanied by
marked structural changes in the skin and was associated
with systemic disorders of NO metabolism [12].

Recent studies on the role of INOS in patients with me-
lanoma suggested that elevated levels of its expression were
a negative indicator of life expectancy and duration [13].
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Fig. 1. Keratoderma, signs of severe hyperkeratosis of the integumentary epithelium (shown
by arrows). Hematoxylin and eosin staining. Mag: x200.

Fig. 2. Interstitial edema (shown by white arrow) with the formation of foci with moderate
perivascular lympho-macrophage inflammatory infiltration (shown by blue arrow),
keratoderma. Hematoxylin and eosin staining. Mag: x200.

Fig. 3. Moderate nuclear expression of nucleoplasmic type among epitheliocytes in different
layers of the epithelium (shown by arrow), keratoderma. Rb a-Hu iNOS. Mag: x400.

Fig. 4. Mild nuclear expression of the nuclear type in the epitheliocytes within the spinous
and granular layers (shown by arrow), control group. Rb a-Hu iNOS. Mag: x400.

Fig. 5. Mild intensity of nuclear expression in single cambial cells of the sebaceous glands
(shown by arrows), keratoderma. Mo a-Hu Estrogen Receptor-Alpha, Clone SP1. Mag: x400.

Fig. 6. Local mild nuclear expression among epitheliocytes of basal layer (shown by arrow),
control group. Mo a-Hu Estrogen Receptor-Alpha, Clone SP1. Mag: x200.

Fig. 7. Local, moderate nuclear expression of the nucleoplasmic type in the pilosebaceous
complex (shown by arrows), control group. Mo a-Hu Estrogen Receptor-Alpha, Clone SP1.
Mag: x200.
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iNOS expression can be induced by cytokines and other
agents in almost any cell type, which leads to a massive
production of NO. High levels of NO not only provide a cy-
totoxic effect on pathogens or tumor cells, but also damage
to healthy tissues, resulting in a subsequent cascade of
inflammatory reactions [14].

In our opinion, the increase in the area of INOS expres-
sion in epitheliocytes among patients with keratoderma is
one of the indicators of the acute phase of inflammation, as
evidenced by perivascular increase inimmunopositive lym-
phocytes and macrophages. Significantly activated synthe-
sis of abnormal forms of NOSs amid pathological process in
morphologically altered skin may play a role in the structural
changes of the skin in this group of patients and serve as
one of the diagnostic parameters of dermatosis.

The triggers and molecular mechanisms of KC devel-
opment are not fully understood, though the main factor
— estrogen deficiency in climacteric period — is considered
to underly this disorder.

Estrogens are proved to play a significant role in skin
aging, their deficiency results in decreased collagen content
and elasticity, reduced vascularity, increased wrinkling and
dryness. Estrogen effects on skin are realized through a
complex system of interactions involving estrogen receptors
alpha and beta [15,16].

Our study has shown the significant reduction in
the ERa expression level among patients with KC. We
consider this decrease in the area of a-estrogen-depend-
ent cells in the epithelial-dermal complex to be related to
the histological appearance of acanthosis signs and hyper-
keratosis in patients with keratoderma, which may indicate
imbalance between desquamation of keratinocytes and
proliferative activity of basal epidermal cells. Thus, we can
see a possible correlation between estrogen deficiency and
the development of KC.

Thus, the revealed association between decreased
levels of ERa expression in skin of patients with KC and
increased levels of INOS expression, accompanied by
histological features of inflammation in foci of damage, can
highlight one more mechanism of disease development
and subsequent search of new therapeutic strategies of
dermatosis correction.

Conclusions

1. Patients with keratoderma climactericum demon-
strate statistically significantly higher levels of nuclear and
cytoplasmatic expression of inducible nitric oxide synthase
in epidermal and dermal cells than individuals from the con-
trol group which may be an indicator of inflammation as a
part of keratoderma climactericum pathogenesis.

2. The area and intensity of estrogen receptors alpha
expression in material from the patients diagnosed with
keratoderma climactericum are lower than in the material
from the control group which demonstrates a correlation
between estrogen deficient state in postmenopausal pe-
riod and the development of skin changes in women with
climacteric keratoderma.

Future research perspectives. The obtained results
can serve as a basis for further research in the direction of
NO metabolism and the corresponding therapeutic correc-
tion of patients with menopausal keratoderma.
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