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Studies of mouse ear epidermis showed that proliferative activity of basal epidermal cells has 
two active and two passive phases throughout 24 h. Active phases consist of two subphases: 
long (proliferation of cambial cell descendants) and very short (cambial cell proliferation). 
Cambial cells proliferate at the boundary between active and passive phases; this results in an 
increase in the counts of epidermal melanocytes and Langerhans cells resultant from division 
of epidermal cambial cells. The count of Langerhans cells almost 2-fold surpasses melanocyte 
count, because melanocytes gradually transform into epidermal basal cells.
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Structural organization of epithelial tissue attracts spe-
cial attention, as structurization disorders can lead to 
disease. The epidermis consists of epidermal prolifera-
tive units, each with a stem cell in the center. On the 
other hand, there are also Langerhans cells in the cen-
ters of these units. The main function of a Langerhans 
cell is realization of the skin immune response and 
regulation of mitotic activity of keratinocytes [1,8]. In 
addition to the epidermal proliferative units, an epider-
mal melanocytic unit functions in the epidermis: one 
melanocyte controls 36 basal cells [5]. The count of 
corneocytes is proportional to the sum of Langerhan-
scells, melanocytes, and keratinocytes. Hence, these 
cells are united by not only functional relationships, 
but are related.

We studied the relationships between epidermal me-
lanocytes, Langerhans cells, and cambial cells (ECC).

MATERIALS AND METHODS

The study was carried out on 60 adult male CBA mice 
(20 g). Specimens of ear tissue (5 per time point) were 
collected in animals every 2 h throughout 24 h.

Total planar preparations of the ear skin epider-
mis were studied. Tissue fragments were plunged in 
EDTA buffer solution and incubated during 4 h at 
37oC. After this treatment the epidermis was com-
pletely separated from the derma. One portion of the 
epidermis preparation was processed for detection of 
melanocytes as follows. Incubation solution (0.3% 
DOPA+phosphate buffer) was prepared and epider-
mal membranes were incubated in it for 2 h at 37oC. 
The epidermis was poststained with ferric hematoxy-
lin after Heidenhein. Brown-black granules showed 
the location of tyrosinase. Other epidermal mem-
branes were used for detection of Langerhans cells 
by ecto-ATPase activity. The membranes were fi xed 
in 5% neutral formalin (20 min, 4oC) and plunged 
in 1.32×103 M ATP incubation solution (1 h, 37oC), 
then in 1% ammonium sulfi de (1 min), after which 
black granules indicating ATPase activity of cells 
were detected.

Melanocytes and Langerhans cells were counted 
in 20 fi elds of view in 1 mm2. Morphometric analy-
sis of the epidermal population was carried out on a 
Video-Test-3.2 image analyzer for evaluation of the 
proliferative activity of the layer [4]. The content of 
cells of certain area and shape in the epidermis was 
evaluated.
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RESULTS

The ECC proliferate in a morphofunctional zone con-
sisting of 2 subunits, with the formation of maternal 
and daughter cells. Daughter cells gradually transform 
into peak 2 cells — the earliest descendants from ECC, 
which, maturing, transform into “narrow” and then 
“oval” cells. Oval cells are then added to reserve cells 
(30%), constituting the greatest part in the population 
and forming the depot of cells spent for physiological 
regeneration of the layer [3,4]. As the proliferation 
grows more intense, these cells transform into “transi-
tional” and then “elongated” cells which start mitosis. 
As a result, “round” cells form, gradually transforming 
into terminal ones and eliminated from the population.

The present study showed two active proliferation 
phases (AP) in the basal epidermis layer (from 02:00 
to 06:00 and from 12:00 to 16:00) and two passive 
phases (PP; from 0.8:00 to 10:00 and from 18:00 to 
24:00). Active phases are characterized by more in-
tense onset of elongated cell mitosis, which is shown 
by reduction of their content to 20.6-20.7% in compar-
ison with PP (22.0-23.4%). The share of round cells, 
forming after their division, increases to 8.2-8.3% in 
AP vs. 7.2% in PP. The count of narrow cells (early 
descendants from ECC) reduces to 7.1-7.5% in com-
parison with PP (8.2-8.8%), because they transform 
into oval cells, their share increasing to 22.8% (19.8% 
in PP). Hence, elongated and narrow cells start mitosis 
and are transformed during AP, after these cells have 
been accumulated during PP. When both subunits of 
the morphofunctional zone are functioning, the pool of 
elongated cells actively starts mitosis in order to main-
tain the layer regeneration [3]. Two AP in the epidermis 
seem to refl ect the work of two subunits of the zone.

Interestingly, the counts of transitional cells virtu-
ally do not change in AP and PP, varying from 22.4 
to 22.8%. This indicates that reduction of proliferative 
activity during PP is primarily caused by delayed onset 
of mitosis in elongated cells.

Study of melanocyte activity in the epidermis has 
revealed that their count sharply increases at the inter-
phase between AP and PP (at 08.00 and 18.00), reach-
ing 269.2-307.7 cell/mm2. The melanocyte count grad-
ually decreases during PP to 223.1-200.0 cell/mm2, the 
percentage of narrow cells (the closest descendants 
from ECC) increasing to 8.2-8.8% (7.1-7.5% in AP), 
that of elongated cells increasing to 22.0-23.4% (20.6-
20.7% in AP), which then start mitotic division. The 
melanocyte count reduces still lower with the begin-
ning of AP, when elongated cells actively proliferate, 
and reaches 119.2-150.0 cell/mm2. Hence, melano-
cytes are involved in the maintenance of the prolifera-
tive pool of epidermal basal layer cells, and their count 
steadily decreases by the end of proliferation.

Studies of Langerhans cells have shown that their 
count somewhat increases at the interphase between 
AP and PP (08.00 and 18.00) to 480.8-500.0 cell/mm2 
and remains more or less stable, surpassing almost 
2-fold the melanocyte count. Their count then redu-
ces to 384.6-400.0 cell/mm2 and remains more or less 
stable throughout the entire proliferative period. Other 
authors have also noted the stability of these cells’ 
count in the epidermis; hence, changes in the Langer-
hans cells/melanocyte percent proportion are mainly 
caused by fl uctuations in melanocyte count [5,7].

The increase in the counts of melanocytes and 
Langerhans cells at the boundary of AP and PP in-
dicates a functional relationship between these cells. 
Morphological studies by two histochemical me-
thods, detecting tyrosinase activity in melanocytes 

Fig. 1. Black-brown granules in daughter cell cytoplasm indicate the 
location of tyrosinase in these cells; there is also a dense network 
of fine processes. Histochemical DOPA reaction, ×1000. 1) daughter 
cell (melanocyte); 2) maternal cell (Langerhans cell).

Fig. 2. The cell adjacent to the basal membrane remained spas-
modic and did not stretch, while its lateral edges stretched up, that 
is, the cell acquired a canoe-like shape. Histochemical staining for 
ecto-ATPase, ×1000.
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and ecto-ATPase activity in Langerhans cells, have 
shown that these cells are components of annular 
structures formed by maternal and daughter cells 
which formed in the ECC fi rst division. Black-brown 
granules, indi cating the tyrosinase location in these 
cells, and a dense network of fi ne processes have 
been detected by DOPA reaction in the daughter cell 
cytoplasm (Fig. 1). Hence, daughter cells in the an-
nular structures are transformed into melanocytes. 
After separation from maternal cells melanocytes are 
located between the basal membrane and basal cells 
as dark elongated cells, then they cleave and acquire 
a more round shape.

Differentiation of daughter cells is determined 
by stretching in electric fi eld, created by 12 pairs of 
maternal and daughter cells in annular structures. 
Daughter cells stretch along their main axis, corre-
sponding to the anatelophase orientation of chromo-
somes [4]. Stretching stimulates Src kinase, involved 
in the formation of stress fi brils and microtubules, this 
providing stretching of the cell nucleus and looping 
of certain chromosome sites between points of their 
fi xation to the nuclear membrane. Growth factors in 
the immediate microenvironment correct the differen-
tiation in accordance with the tissue type. Different 
factors differently stimulate Src kinase, and this stimu-
lation determines stretching of certain chromosome 
sites - closer to telomers under conditions of stronger 
stimulation of Src kinase or closer to centromers in 
moderate stimulation, or intermediate between them. 
Depending on this, fi broblast-like or epithelial cells 
form. Growth factors with moderate Src kinase activ-
ity and strong RHOA activity, causing cell spasm, pre-
dominate in the epidermis  and daughter cell in the 
annular structure is stretching closer to the centromers, 
proving epithelial differentiation. Melanogenesis stim-
ulation is probable under these conditions.

Further studies of annular structures have shown 
that maternal cells possess ATPase activity. The body 
of the cell adjacent to the basal membrane remains 
spasmodic and does not stretch, while the lateral edges 
stretch upward, that is, the cell acquires a canoe-like 
shape (Fig. 2). The stretched edges then meet and fuse, 
forming a sulcus between them. As a result, a round 
cell with a plicated nucleus forms, because it has not 
been tretched in electric fi eld. Later this cell is elon-
gated and migrates into the suprabasal layer. Hence, 
a Langerhans cell in the basal layer is presumably a 
result of ECC division, formed from the maternal cell 
adjacent to the basal membrane. Growth factors ac-
cumulating in the basal membrane and characterized 
by a strong spastic activity play an important role in 
this process. Other authors have also noted that Lang-
erhans cells have a special epidermal precursor with a 
different proliferation rhythm [6,9].

The counts of Langerhans cells in AP and PP re-
duce negligibly and are rather stable, their share be-
ing always greater than that of melanocytes. This is 
presumably due to the fact that during ECC division 
the melanocytes are gradually transformed by one of 
subunits into basal cells, while the other subunit has 
no these cells at that time, and Langerhans cells are 
present in the other subunit as well, as they are not 
transformed into other epidermal cells.

Hence, melanocytes and Langerhans cells are for-
med during ECC division and serve as indicators of 
these cells’ proliferative activity. Therefore, higher 
percentage of melanocytes and Langerhans cells dur-
ing transition from AP to PP indicates more intense 
proliferation of ECC. That is why AP consists of two 
subphases: the fi rst is proliferation of ECC descen-
dants and the second is ECC proliferation. The mi-
totic activity of cells dies between two subphases, 
which manifests by inhibition of the mitosis onset in 
elonga ted cells and inhibition of round cells formation. 
This feature of the cell cycle is its basic characteris-
tic [2]. Our previous studies have shown that DNA 
synthesis in basal cells starts when the dermal effects 
on the epidermis is attenuated, which manifests by 
more intense compression of basal cells and inhibited 
work of transcription mechanisms [3]. Ribonucleo-
tides accumula ting under these conditions are gradu-
ally transformed into deoxyribonucleotides, which 
are involved in DNA synthesis. As the daughter cells 
stretch with looping of chromosome sites and emer-
gence of euchromatin under the effect of electric 
fi eld, the synthesis of DNA in these cells and their 
derivatives anticipates the events in ECC, in which 
heterochromatin predominates. How ever, as the spent 
deoxyribonucleotides should be replenished at the 
expense of ribonucleotides (and their transformation 
takes some time), this can cause attenuation of the 
mitotic activity of subphase 1 and arrest the subphase 
2 in ECC synthetic period. The length of subphase 
1 (from 02.00 to 06.00 and from 12.00 to 16.00) is 
longer than that of subphase 2 (08.00 and 18.00), this 
indicating a very short mitotic cycle of ECC; that 
is whyannular structures are rarely detected in the 
epidermis, which impedes their studies.

Hence, Langerhans cells and melanocytes stem 
from ECC. Melanocytes are gradually transformed 
into basal cells of the epidermis.
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