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Introduction: During the process of skin ageing, changes occur in all skin layers and all cells, including the Lang-

erhans cells.

Aim: To assess whether any quantitative difference in the number of CD1a* LC cells/mm? and HLA-DR* LC cells/
mm? as well as in their morphological features can be observed during the course of different types of skin ageing.
Material and methods: The study was conducted in a group of 60 women, which was divided into three indepen-
dent groups: group | with symptoms of menopausal skin ageing, group Il with symptoms of photoageing, group
Il with symptoms of chronological ageing. Skin biopsy samples were taken from the pre-auricular region from all
of the participants. The number of CD1a* LC cells/mm? and HLA-DR* LC cells/mm? as well as their morphological

features were evaluated.

Results: The frequency of CD1a* LC and HLA-DR* LC in all the studied groups was diverse. In groups | and Ill, the LC
with large cell bodies and long, multi-branched processes were the majority. In group Il, the LC had small cell bodies

and their processes were mainly short and unbranched.

Conclusions: The obtained results indicate the presence of quantitative and morphological changes of the CD1a*
LC and HLA-DR* LC during the course of different types of skin ageing.
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Introduction

Skin ageing is a complex process depending on ex-
ternal, genetic and hormonal factors [1-5]. Increased
susceptibility to skin infections and rising incidence of
skin neoplasms observed in the elderly indicate that skin
immunity decreases with age [6-9].

Langerhans cells (LC) constitute approximately 3-8%
of all the cells in the epidermis. They play a role in the
pathogenesis of various dermatoses and take part in skin
neoplastic transformation. The number and appearance
of LC change depending on the type of dermatosis and
also during the skin ageing processes [10-13]. The main
roles attributed to LC in the skin immune system concern
the immune surveillance. They are the most abundant in
the basal layer and the spinous layer of the epidermis.

Under physiological conditions the number of LC in the
epidermis ranges from 450 to 1000 per mm?[8, 10, 11,
14]. The expression of CD1a molecules on the LC surface
is a characteristic feature of this cell line. Monoclonal
Anti-Human HLA-DR antibodies and Anti-Human CD1a
antibodies can be considered a good marker of Langer-
hans cells [15, 16].

Aim

1) Quantitative evaluation of LC/mm?2—CD1a*, HLA-DR*in
different types of skin ageing.

2) The assessment whether there is any difference in the
appearance of LC depending on the type of skin ageing
can be observed.
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Material and methods

The study included the group of 60 healthy women
with various symptoms of skin ageing at the age from 26
to 62 years. Then, three independent groups were distin-
guished, every group contained 20 persons.

Group | consisted of women (with symptoms of meno-
pausal skin ageing) at the age from 45 to 62 years, mean
age 52.70 +4.73, non-smoking, not menstruating, not us-
ing hormonal replacement therapy, not using solarium
and sunbathes and using photoprotection.

Group Il (photoageing) comprised 20 women at the
age from 26 to 49 years, mean age was 38.3 +7.46. Eleven
(55%) women in this group smoked cigarettes from several
to several dozen cigarettes a day. This group included men-
struating women, who do not use hormonal replacement
therapy and hormonal contraception. Analysed women of-
ten used sunbathes, attended solarium from 2-12 times
a month and they did not use photoprotection.

The third group was formed by women (with symp-
toms of chronological skin ageing) between 49 and 62
years of age —mean age was 55 +3.78. All women in this
group did not smoke, used hormonal replacement thera-
py during the study, did not attend solarium, did not tan
and used photoprotection daily.

Skin biopsy samples were taken from the pre-auricu-
lar region using biopsy punch, under topical anaesthesia
with 2% lignocaine solution, and then fixed in 10% buff-
ered formalin. In order to detect cellular antigens in the
epidermis with the use of the immunofluorescence (IMF)
method, antibodies marked with fluorochromes of differ-
ent fluorescent colours were used.

Immunofluorescence examinations were performed
using: indirect immunofluorescence (IIF) method and
double immunohistochemistry (ID).

The types of primary antibodies used in the experi-
ments are shown in Table 1, and types of secondary anti-
bodies are shown in Table 2.

The analysed material was incubated with the follow-
ing antibodies:

Table 1. Primary antibodies used in the experiments

— mouse anti-human CDla (dilution 1 : 50) + anti-mouse
(donkey) IgG/TRITC (dilution 1: 50),

—mouse anti-human HLA-DR (dilution 1 : 50) + anti-
mouse (goat) 1gG/FITC (dilution 1: 50).

Cell counting

In FITC- and TRITC-marked preparations the cells were
observed under the fluorescence microscope at the mag-
nification of 40x. All the cells observed in the high power
field were counted and multiplied by 16 in order to obtain
the number of cells per mm? of epidermis (LC/mm?).

A four-point scale was used, the points being as fol-
lows: 0 — complete lack of cells, 1 — from 1% to 50% of
cells, 2 —from 51% to 99% of cells, 3 — 100% of cells.

Morphological characteristics

Morphological characteristics of LC was based on the
assessment of: the size of the cell body (small and/or
large), the dendritic processes (short unbranched and/
or long branched).

The distribution of LC in the epidermis (regular or ir-
regular) and in the dermis (lack of, single or infiltrations)
was also assessed.

Results

The assessment of CD1a+ LC in the studied
groups

The frequency of CD1a* LC varied in all the groups. The
highest number of CDla* LC was observed in group Ill -
min = 128, max = 736 (x = 316.8 £190.8, me = 240) and
a slightly lower number was in group Il = min = 80, max =
720 (x = 303.4 +158.6, me = 296). In group | the number of
CD1la* LC was the lowest — min = 80, max = 368/mm? (x =
200.8 +68.2, me = 192). A statistical analysis of the groups
was performed using the Mann-Whitney test and revealed
statistically significant differences between groups | and |l
(p = 0.013). When the number of CD1a LC was compared
between groups | and Il, the differences were also observed,
but they were not statistically significant p > 0.05 (Figure 1).

Identification of antibodies Type of antibodies

Specificity of antibodies Immunogenicity

MCABOGA (Serotec) Mouse IgG2a (monoclonal)

Anti-human CDla Human thymocytes,

spleen lymphocytes

Anti-HLA-DR (Serotec) Mouse 1gG1 (monoclonal)

Anti-human HLA-DR Human lymphoma cells

Table 2. Secondary antibodies used in the experiments

Identification of antibodies Type of antibodies

Specificity of antibodies Fluorochrome

Jackson Immuno Research Donkey anti-IgG (conjugate) Against mouse 1gG TRITC
Laboratories, INC (USA)
Jackson Immuno Research Goat anti-IgG (conjugate) Against mouse IgG FITC

Laboratories, INC (USA)
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Figure 1. Mean CD1a + LC values in individual groups

Quantitative assessment of HLA-DR+ LC in the
studied groups

When comparing the minimum, maximum and mean
values of HLA-DR* LC, differences between the studied
groups were found, but they were not statistically sig-
nificant (p > 0.05). In group |, HLA-DR* LC amounted to:
min = 64, max = 656 (x = 270.4 +171.3), me = 208; in group I
—min =32, max = 688 (x = 234 +157.6, me = 208); and
in group Ill: HLA-DR*LC min = 64, max = 656 (x = 270.4
+171.3, me = 208) (Figure 2).

Analysis of the correlation between CDla+ and
HLA-DR+

The significance of the correlation for CD1a* and HLA-
DR* was assessed with the use of Spearman’s correla-
tion coefficient. A statistically significant correlation was
found in all three groups for CD1a* and HLA-DR*. In group |
—r=0.8978, p = 0.0001, in group Il = r = 0.9748, p =
0.0001 and in group Il —r = 0.9837, p = 0.0001.

Morphological characteristics of LC in the studied
groups

In group | Langerhans cells were mainly character-
ised by a large cell body (in 85% of the participants) and
long, branched dendritic processes (in 65% of the par-
ticipants). The distribution of LC in the epidermis was
regular in 15 (i.e. 75%) women. Infiltrations of LC in the
dermis were observed in 3 participants. Single cells were
observed in 9 (45%) women, 5 of which were single HLA-
DR* LC cells (Table 3, Figure 3).

In group Il, LC differed in the size of the cell body,
shape of dendritic processes and distribution (Table 3).
In the majority of participants — 12 (60%) women, cell
bodies were small. In this group, LC generally had short
dendritic processes (55%). The distribution of LC in the
epidermis was regular in 10 women and irregular in
10 women. In the dermis, LC appeared as infiltrations in
8 participants, single cells were observed in 6 partici-
pants and in 6 participants these cells were not observed
(Table 3, Figures 4 A and B).
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Figure 2. Mean HLA-DR+ LC values in individual groups

In group Ill (Table 3), in 16 (80%) participants LC
were characterised by large cell bodies and numerous,
long, branched processes. In 4 (i.e. 20%) participants LC
of a completely different morphological structure were
observed: with small cell bodies and short, unbranched
processes (Figures 5 A and B). The distribution of LC cells
in the epidermis was irregular. The presence of LC in the
dermis was not detected.

When comparing the size of cell bodies of LC in the
studied groups it was observed that the difference be-
tween LC in group | and in group Ill was not statistically
significant. In group Il, the cell bodies of LC were small
and statistically significantly different compared to the
LC from group | (p = 0.0033) and different from the LC
from group Il (p = 0.025) (Table 3, Figure 6).

When comparing the appearance of dendritic pro-
cesses of LC in the studied groups, a statistically signifi-
cant difference between them was not found (Figure 7),
but the difference between group Il and group Il was
nearly statistically significant (p = 0.052).

When comparing the distribution of LC in epidermis
(Figure 8) and in the dermis, no statistically significant
difference was found (Figure 9). A statistically significant
difference was noted between groups | and Il (p = 0.001)
and between group Il and group Ill (p = 0.001).

Discussion

The increasing incidence of neoplasms as well as
bacterial, fungal and viral infections in elderly people
indicates the disturbances in the skin immune system.
Immune ageing is a multifactor process in the skin. There
is some evidence that different immune response cells
change during the skin ageing process [7, 17-21]. The
changes concerning LC during the process of skin age-
ing occur in all the types of this process. Authors most
frequently describe them as a decrease in the general
number of LC or as changes in their appearance. Such
changes are quite frequently accompanied by distur-
bances of the presentation to T lymphocytes [22-25].
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Table 3. Morphological characteristics of LC: group |, II, Il

Cell body Dendritic processes Distribution - Distribution —

_E Small Large Short unbranched Long branched epidermis dermis

§ Group Group Group Group Group Group
| 1l 1l | 1l ] | 1 ] | ] 11l | 1l ] | 1 1]
1 0 1 2 3 2 1 2 3 2 1 0 1 r ir ir - - -
2 0 1 1 3 2 2 2 1 1 1 2 2 r ir r s i -
3 2 2 1 1 1 2 2 2 1 1 1 1 r r r - i -
4 3 2 1 0 1 2 3 2 1 0 1 2 r r r S i -
5 1 3 1 2 0 2 1 2 1 2 1 2 ir ir r s s -
6 1 3 1 2 0 2 2 1 2 1 2 ir r r i - -
7 1 3 1 2 0 2 1 3 1 2 0 2 r ir r i - -
8 1 3 2 2 0 1 1 0 2 2 3 1 r r r - s -
9 1 2 1 2 1 2 1 2 1 2 1 2 r r r - i -
10 1 2 1 2 1 2 2 2 1 1 1 2 r ir ir - S -
11 1 2 1 2 1 2 2 2 1 1 1 2 r ir ir S i -
12 1 1 1 2 2 2 1 1 2 2 2 1 r r r ir s -
13 1 1 2 2 2 1 1 1 2 2 2 1 r ir ir S i -
14 1 1 1 2 2 2 1 1 1 2 2 2 ir ir ir - i -
15 2 2 1 1 1 2 2 2 1 1 1 2 r ir r s s -
16 1 1 1 2 2 2 1 1 1 2 2 2 r r ir S - -
17 1 2 1 2 1 2 1 2 1 2 1 2 ir r r - i -
18 1 1 2 2 2 1 1 1 2 2 2 1 r r ir s s -
19 1 1 1 2 2 2 1 1 1 2 2 2 ir r ir - - -
20 1 2 1 2 1 2 1 1 1 2 2 2 r r ir S - -

r—regular, ir — irregular, s — single, i — infiltration.

Figure 3. Langerhans cells: A — CDla+ LC (TRITC), B — HLA-DR+ LC (FITC). Visible LC with large cell bodies and long,

branched dendritic processes
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Figure 4. Langerhans cells: A — CD1a+ LC (TRITC), B — HLA-DR+ LC (FITC). Visible LC with small cell bodies and short,

unbranched processes

In studies conducted on healthy volunteers, no differ-
ence in the number of LC was observed depending on the
age. Authors noted a decrease of LC in the participants
chronically exposed to UV radiation [26].

Studies conducted on cell cultures and animals
showed that under the influence of UV radiation, the
number and activity of LC decreased. It was also ob-
served that LC migrate from the epidermis to the sur-
rounding lymph nodes, whereas the number of dendritic
cells in the dermis increases [27-30].

A

A very interesting research was conducted by Wong
et al. They investigated the number of LC in skin samples
collected from the deceased at the age of 20-78, from
the anterior neck surface (exposed to UV radiation) and
from the periumbilical area (not exposed to UV radia-
tion). The authors did not observe a statistically signifi-
cant difference in the number of LC in the samples of skin
exposed to UV compared to the skin protected from UV
radiation. Similarly, no statistically significant difference
between the number of LC in the skin exposed to UV ra-

B

Figure 5. Langerhans cells: A — CDla+ LC (TRITC), B — HLA-DR+ LC (FITC). Visible LC with large cell bodies and long,

branched dendritic processes
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Figure 6. A comparison of the size of a cell body between
the studied groups
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Figure 7. A comparison of the shape of dendritic processes
in individual groups
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Figure 8. A comparison of the distribution of LC in the epi-
dermis in individual groups

diation depending on the age was found. In the skin of
women exposed to UV radiation, a lower number of LC
was observed compared to men exposed to UV [31].

In studies investigating the influence of different
doses of UVB on the number and morphological features
of LC in the epidermis, it was demonstrated that UVB
radiation induces two LC subtypes (differentiated based
on the expression of HLA-DR) — with a low and high or
normal expression of HLA-DR. It was proven that the
population of LC with a low expression of HLA-DR was
increasing depending on the applied UVB dose, whereas
the population of LC with a high expression of HLA-DR
was decreasing. High UVB doses caused the decrease
in the number of LC including those with a high expres-
sion of HLA-DR. Authors concluded that the expression of
HLA-DR on LC was probably a direct effect of UVB activity
in low and average doses, which do not cause the cyto-
static effect, or it could be the result of an indirect effect
exerted by the cytokines released by the LC themselves
or keratinocytes. A decrease in the number of LC is a re-
sult of detrimental action of UVB [32, 33].
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Figure 9. A comparison of the distribution of dendritic cells
in the dermis in individual groups

Our own studies revealed changes in all the studied
groups, but the most pronounced changes were observed
in study group Il which consisted of the women exposed
to UV radiation. The results of our own studies are con-
sistent with the data from available literature.

In our own studies, the number of CD1a and HLA-DR
was evaluated in all participants. The correlation signifi-
cance analysis conducted for the analysed parameters
showed that the features of CD1a and HLA-DR have a sig-
nificant correlation in all the groups. It is consistent with
the assumptions of Murphy et al. and confirms the thesis
that CD1a and HLA-DR are markers of Langerhans cells
[15, 16]. The largest number of CD1a* LC was observed
in group Il and the smallest number —in group I. When
comparing the number of CD1a LC between groups | and
I, statistically significant differences were demonstrated
at the significance level of p = 0.013. The participants
from group Ill used hormone replacement therapy (HRT)
and were not exposed to excess UV radiation. Such
elaborations do not appear in the available literature, so
it is not possible to refer to them. On the basis of our
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own studies, it can be assumed that using HRT may have
a certain influence on the normal functioning of LC.

The number of HLA-DR* cells did not statistically differ
between the groups. An increased expression of HLA-DR
antigens in the epidermis in some of the studied partici-
pants is probably associated with the effective presenta-
tion of antigens to T lymphocytes. The number of HLA-
DR* LC was lower than the number of CD1a* LC in all the
studied groups. In the studies of other authors, a greater
expression of CD1a was also observed in various derma-
toses [12, 32-36].

In our studies, a morphological evaluation was per-
formed in all the women. When comparing the size of
a cell body of LC it was observed that in the participants
from the groups with endogenous ageing, both meno-
pausal (group 1) and chronological (group Il1), cells with
large cell bodies and numerous branched and long den-
dritic processes were dominant. In the group with symp-
toms of photoageing (group II), mainly LC with small cell
bodies and short, unbranched dendritic processes were
observed. In some cases in group I, LC with very large
nuclei and long dendritic processes — similar to those ap-
pearing in the acute phase of atopic dermatitis — were
also observed [37, 38]. The presence of such type of cells
can be explained by the occurrence of the inflammatory
state which developed as a result of the influence of
external factors (such as exposure to UV, smoking), so
these cells differed from the others.

The distribution of LC in the epidermis was similar in
all the studied groups, but it was statistically significantly
different in the dermis. In group Ill, LC were not observed
in the dermis. The infiltrations of LC in the dermis ob-
served in some women from groups | and Il can indicate
the presence of the inflammatory state, local antigen
presentation and lymphocyte activation. Based on the
studies conducted by the authors, it was concluded that
the influence of UV radiation on skin leads to the im-
pairment of LC activity. Such changes are mainly caused
by UVB radiation, which leads to the damage of LC and
keratinocytes. Even low doses of UVB, not inducing vis-
ible structural lesions in LC, induce the disturbances of
antigen presenting mechanisms and a state of local im-
munosuppression [39-41].

In conclusion, it can be confirmed that the process
of skin ageing depends on many different factors, which
mutually overlap each other [41-43]. The results obtained
from our own studies demonstrate quantitative and
qualitative changes in LC during the skin ageing process,
and require further research.

Conclusions

There are morphological and quantitative differences
in LC, depending on the type of skin ageing. In the course
of menopausal and chronological ageing, LC are charac-
terised by long and multi-branched dendritic processes
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and large cell bodies. In the course of photoageing, the
LC have short and poorly branched dendritic processes
and small cell bodies.
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