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autonomy of these cells is well-recognized al-
though the problem of their origin is not
settled. The long considered theory regarding
them as "worn-out elements . . . doomed to be
expelled" (13, 14) or "effete" melanocytes (15)
has been strongly challenged. The theory of
their neural nature as intraepidermal recep-
tors (16—18) has not had any definite con-
firmation. The more recent hypothesis that
considers them as a product of division or
transformation of melanocytes (19, 20) is
questioned by recent quantitative and earlier
irradiation experiments (6—12).

The strip method of removing the horny
layer of the epidermis induces a shedding of
the suprabasal parts of the cpithelium and
with them a high proportion of the Langcrhans
cell population (21). The reconstitution of
the epidermis and its repopulation with
Langerhans cells appears to be a very interest-
ing situation in which one can look for the
formation or the migration of these cells.
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Forty-two guinea pigs of both sexes (31 albino
and 11 red) were used. By means of transparent
adhesive tape, the horny layer was completely
removed from the epidermis of the dorsal surface
of the right ear. The left side was not stripped
and served as a control. From 17 to 20 strippings
were necessary to remove the horny layer com-
pletely.

Biopsy specimens were subsequently taken at
various intervals: immediately after stripping,
every 3 hours for 12 hours, every 12 hours up to
48 hours, every day up to 4 days, every 2 days up
to 15 days, and at 3 and 4 weeks.

Vertical sections—Three blocks of skin, ap-
proximately 1.5 by 3 by 10 mm, were prepared.
Two of these were placed in 5% neutral formalin.

After 3 hours of fixation at 0 to 4 C, one for-
malin-fixed block was frozen in the cryostat and
sectioned at 20 microns. The sections were briefly
rinsed in distilled water and incubated free-float-
ing for demonstration of nucleoside triphosphatase
according to the method of Wachstein and Meisel
(22) as modified for Langerhans cells (6).

After additional formalin fixation, the second
block was embedded in paraffin, sectioned at 10
microns, and stained with hematoxylin and eosin,
with the combined technique of Alcian Blue and
periodic acid-Schiff (PAS), and with Fculgen
stain or the polychrome methylene blue stain.

The third block of tissue was quickly frozen
immediately after biopsy and sectioned in the
cryostat at 20 microns. Sections were fixed in 5%
neutral formalin for 30 minutes, incubated in a
phosphate buffered 0.055M solution of 3, 4-dihy-
droxyphenylalanine (dopa) at pH 7.4 (23) for 6
hours at 37 C, rinsed in distilled water, post-fixed
in Bouin's solution for 1 hour, dehydrated, and
mounted in Pcrmount.®

Epidermol sheets.—Blocks of tissue, approxi-
mately 1.5 by 5 by 10 mm, were placed in a solu-
tion of 2N sodium bromide (24) for 4 hours at
room temperature. Then the specimen was pinned
to a wooden board with the epidermis of the
dorsal surface up. It was then possible to remove
the epidermis very easily by carefully splitting it
from the underlying dermis with a cataract knife.

These pure epidermal sheets were rinsed in
distilled water for 5 minutes and fixed in 5%
neutral formahn at 0 to 4 C for 15 minutes. After
another rinse for 5 minutes in distilled water, they
were incubated for 1½ hours in adenosine tn-
phosphate (ATP) substrate at 37 C as described
for vertical sections. The incubated sheets were
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Stripping of the horny layer was first used
by Wolf (1) in 1939 to study the horny layer
itself. Twelve years later, Pinkus (2, 3) studied
the mitotic activity and the regeneration of
the epidermis by the strip method. Since then,
several investigators have used this method
to study the regeneration of the epidermis
with different histochemical methods of dem-
onstrating glycogcn (4) or enzymes (5) in
the regenerating epidermis. The possibility
of studying the relationship of the clear cells
to the malpighian cells by the strip method
was suggested by Pinkus (3).

It has been well established that guinea pig
epidermis contains a constant number of
Langerhans cells (6) and that these dendritic
cells differ from melanocytes histochemically
(7, 5) and ultrastructurally (9—11) and in their
response to melanogcnic stimuli (12). The
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were counted in sheet preparations, with a cali-
brated microscope equipped with a reticle in the
eyepiece, at magnification >< 430. At least 10
fields were counted on each sheet and the count
was expressed as an average number of cells per
square millimeter of surface of epidermis. This
was done with the same equipment and according
to a technique used previously and described
elsewhere (6).

More than one sheet was prepared for adcno-
sine triphosphatase and dopa oxidase for each
animal. Therefore the value given in the tables
expressing the number of Langerhans cells per
square millimeter in one animal is an average of
the two or more preparations on the same animal.

RESULTs

FIG. 1. Ten minutes after stripping, the basal
cells look focally swollen and puffy. (Hematoxylin
and cosin; )< 400.)

then rinsed in distilled water, developed in dilute
ammonium sulfide for 5 minutes, rinsed again,
and mounted with the dcrmal side up in glycerin
jelly.

Another cpidermal sheet was incubated in dopa
medium for 6 hours, rinsed, dehydrated, cleared,
and mounted in Permount.®

Paralceratotic layer and malpighian layer sheets.
—From specimens from animals subjected to
stripping 1 to 4 days previously it was possible to
prepare two sheets, one with the parakeratotic
layer and another one with the underlying regen-
erating epidermis. The separation of the paraker-
atotic layer was done under a dissecting micro-
scope with a surgical razor blade after the tissue
was moistened with isotonic sabne solution. The
first sheet was then placed in saline solution for
5 minutes, fixed in 5% neutral formalin for 15
minutes, and incubated with ATP and with dopa
as described above.

The remaining block of tissue was placed in 2N
sodium bromide for 4 hours at room tempera-
ture. It was then possible to free the sheet of
regenerating epitbdium from the dermis by the
same technique as described above. This second
sheet was also incubated with ATP and dopa.

Evaluation of material.—-Adenosine triphos-
phatase-positive and dopa oxidase-positive cells

Lan gerlians cells—Complete stripping of the
horny layer of the epidermis always produced
the same effect, a shedding of most of the supra-
basal parts of the epithelium. Almost im-
mediately afterward, foci of the basal cells
became larger and clearer (4, 5) (Fig. 1). In
the following hours, these cells and those of
the lower prickle layer modified their con-
figuration and reoriented themselves in an
effort to reconstitute a new epidermis. Pro-
liferation by mitosis took place later (2, 3, 5).

Twelve hours after stripping, the epidermis
appeared to be composed of two layers (Figs.
2 and 3). The lower layer (E on Figure 3)
was made up of the basal cell layer and the
suprabasal portion of the prickle cell layer.
On tissue sections prepared for demonstration
of adenosine triphosphatase, this layer oc-
cupied half of the full thickness of the epi-
thelial tissue. This lower layer is in fact the
regenerating new epidermis. The higher cells
of this new epidermis accumulated kerato-
hyalin material and took on the appearance
of a granular cell layer as soon as 24 hours
after the injury. This new epidermis con-
tained only a few poorly identifiable or no
Langerhans cells (Figs. 3 and 4 left).

The upper layer (P on Figure 3) represents
all the epithelial tissue located above the
line of cleavage (that is, the granular layer
and most of the prickle cell layer; the cleav-
age usually occurred suprabasally or a little
higher) (25). On adenosine triphosphatase
preparations this layer looked compact and
dense. Close observation of this compact layer,
which has been previously referred to as a
simple parakeratotic layer (2, 3, 5), revealed
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a striking phenomenon. It contained a large
number of adenosine triphosphatasc-positive
dendritie cells. Most of these looked nearly
normal, with their usual cell body and their
dendrites (Fig. 3). Similar observations on
sheet preparations of this layer 24 hours
after stripping were equally striking (Fig. 4
right).

Forty-eight hours after stripping, an already
acanthotie epidermis was seen under the para-
keratotic layer. A new, thick granular cell
layer and even a thin horny layer formed on
this new epidermis (Fig. 5). A splitting was
obvious and the overlying part was sloughed
off between the fourth and the sixth day. The
shedding of this parakeratotic layer removed
about 80% of the total number of epidermal
Langerhans cells.

Table I shows the numbers of adenosine
triphosphatase-positive cells per square milli-
meter in the separated parakeratotic sheet
and in the regenerating cpidcrmal sheet for

Fio. 3. Twelve hours after stripping, epithelial
tissue is divided into two layers: P, parakeratotie
layer; E, regenerating epidermal layer. Note
abundance of adenosine triphosphatase-positive
dendritic cells in layer P and sparcity in layer E.
(ATP; )< 300.)

the first 4 days. It was not possible to count with
relative accuracy the sheet prepared with the
parakcratotic layer and the regenerating layer
together for the first day only, because of the
thickness of the tissue at 48 hours (Fig. 5) and
the possible superimposition of cells. The
number of adenosine triphosphatase-positive
cells in the sheet preparation of the parakera-
totic layer appeared higher than normal (938
at 24 hours to 1,470 at 4 days) because of
shrinkage of this tissue. Effectively, the total
surface of the parakeratotic layer was less
than the underlying epidermis and this was
more and more obvious at succeeding days.
On the fourth day the epithclium of the sur-
face of the car appeared unevenly covered by a
dry and curled pellicle in the process of being
eliminated.

FIG. 2. Adenosine triphosphatase-positive den- A a 1 (fl S \
dritic cells in normal epidermis of dorsal surface of ttt U uays r 1g. u tejt), tue paraKcratotic
guinea pig ear. (ATP; X 350.) layer was completely shed and there was left
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Rio. 4. Sheet preparations 24 hours alter stripping. (Adenosine triphosphatase; x 240.)
Left, Regenerating epidermal layer. Right, Parakeratotie layer.

an acanthotic epidermis containing fewer
adenosine triphosphatase-positive cells than
normal (Table I, Fig. 6 right).

At 10 days (Fig. 7), the epidermis was still
hyperplastic and contained more adenosine
triphosphatase-positive dendritic cells per
square millimeter but was still less thnn nor-
mal.

At 15 days, the phenomenon of repopulation
had progressed to a near-normal count of
adenosine triphosphatase-positive cells (Table
1). Histologically, the epidermis appeared
nearly normal (Fig. 5).

Figure 9 summarizes the phenomenon de-
scribed above.

Melonocytes.—Table II shows the counts of
dopa oxidase-positive dendritic cells at dif-
ferent intervals after stripping in pigmented
guinea pigs. Because of the variability of
melanocyte populations between correspond-
ing surfaces of different animals and its con-
stancy for corresponding surfaces of the same
animal (6, 15, 26), each stripped area counted
was compared with the contralateral side. The
variation in cell count between the control

side and the stripped side was minimal at
various intervals from 1 to 10 days after the
injury. Figure 10 shows the epithelial sheet
without injury and 48 hours after stripping.

COMMENT

The histoehemieal method for demonstration
of nueleoside triphosphatase has proved to be
very useful for identification of epidermal
Langerhans cells in light microscopy (Fig. 2)
(7, 27—29). The specificity of this method in
guinea pig epidermis was established recently
on the basis of ultrastruetural localization
(8).

It is important to show that an injury, such
as stripping, followed by epidermal shedding
will not affect the adenosine triphosphatase
activity of Langerhans cells. The leueine
aminopeptidase which is also present in epi-
dermal Langerhans cells (7) is still demon-
strable in the dendritie cells of the parakera-
totie layer 1 to 4 days after stripping (25).
The retention of these hydrolytic enzymes
after such a significant injury is another
argument in favor of the value of these tech-
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FIG. 5. Forty-eight hours after stripping, re-
generating epidermis is fully developed and aean-
thotic. Parakeratotie layer sits on top of a
keratinized layer. (Adenosine triphosphatase; )<
223.)

niques in selectively demonstrating epidermal
Langerhans cells. A comparison of the effect
of other physical damage to the epidermis on
the Langerhans cell enzymes may reveal other
and more specific features.

The stripping eliminates the epithelial tis-
sue located above the basal layer and per-
haps the immediate suprabasal layers. The
tissue located below this line of cleavage will
quickly assume the task of reconstitution of
the new epidermis. Two days after the injury
this new epidermis demonstrates evidence of
keratinization (Fig. 5). However, the reaction
is exaggerated, as in most epithelial healing,
and an acanthoma is formed, giving an epi-
dermis of three times its normal thickness on
the sixth day (Fig. 6). This epidermis will
then gradually reduce its thickness to nearly
normal on the 15th day (Fig. 8). The portion
of epidermis to be rejected is determined in
the first few hours after the injury, and by the
12th hour it is formed in a distinct sheet
which can be artificially removed as we have
shown. It will be spontaneously eliminated
between the fourth and the sixth day.

Because in the guinea pig epidermis the
Langerhans cells are located almost exclusively
in the suprabasal portion, it is easy to under-
stand that the great majority of these cells will

Right ear (stripped)

Malpighian layer

270; 227

mean = 248

221; 253
mean = 237

256
437; 333; 386
mean = 385

475; 423; 341

mean = 413

441; 817; 626; 614

mean = 624

818; 962; 727

mean = 836

1,133; 931

mean = 1,032

TABLE I
Langerhans cells* in various layers at various limes after stripping

Cell count (no.7mm')

Parakeratotic layer

713; 1,106; 994
mean = 938

1,102; 1,102
mean = 1,152

1,259

1,470

Time after stripping
Left ear (control)

24 hr 946

48 hr 893

3 days 778

4 days 915

6 days 812

10 days 968

15 days 920

21 days

Full-thickness epidermis

936; 949
mean = 942

*Adenosine triphosphatase-positive dendritie cells. Means for each animal and overall means are

given.
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Fro. 6. Six days after stripping. Left, Epidermis is acanthotic and contains only a few
poorly identifiable adenosine triphosphatase-positive dendritic cells. (Adenosine triphos-
phatase; X 250.) Right, Epidermal sheet preparation. (Adenosine triphosphatase; x 240.)

Fia. 7. Ten days after stripping. Adenosine tn-
phosphatase-positive dendntic cells are more num- Fia. 8. Fifteen days after stripping. Compare
erous but still less than normal. (Adenosine tn- with normal epidermis in Figure 2. (Adenosine
phosphatase; >< 240.) triphosphatase; X 350.)
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be caught in the tissue to be shed and will be
eliminated. Those cells that are located basally
or just above will be spared. These represent
about 17 to 20% of the total population
(Table I). Is it reasonable to assume that
while the remaining keratinoeytes build up
a new epidermis this small group of dendritie
cells will provide the new epidermal popula-
tion of Langerhans cells? The phenomenon of
replacement of epidermal tissue is rapid and
is mainly carried by the mitotic activity of
the basal cells (2, 3). But, at 4 days, when the
epidermis is already at least twice its normal
thickness, the failure of the Langerhans cells
to proliferate is obvious and the "Langcrhans
cell-epidermal cell unit" (6, 8) is broken. At
6 days, when the acanthoma is even thicker,
the number of Langerhans cells is only starting
to increase. We have not seen any evidence of
division or mitosis of any dendritic cell with
the enzymatic or the standard stains for light
microscopy or in ultrastructural preparations
(30).

The possibility that keratinocytes can trans-
form or differentiate into dendritic cells

Thus alter stripping

cell count (no/mm')

Left side
(control)

Right side
(stripped)

24 hr 442
666

422
697

2 days 480 628

4 days 934 1,126
6 days 599 688

10 days 403 569

should be mentioned, but this seems unlikely
or at least unexpected and there is no evidence
to support it (14).

Another possible point of origin for these
dendritic cells would be dermal elements mi-
grating into the epidermis through the base-
ment membrane. The observation of granules
similar to the granules of the Langerhans cells
in cells of the infiltrate in histiocytosis X
(31) supports this mesenchymal origin. The
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Number of days after stripping

Fia. 9. Epidermal response to stripping, expressed in number of
tasc-positive dendritic cells per square millimeter of epithelial tissue.

TABLE II
Metanoeytes* of various times offer stripping

Stripping

adenosine triphospha-

* Dopa oxidase-positive dendritic cells.
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Fie. 10. Epidermal sheet preparations showing the dopa-positive dendritie cells. (Dopa
oxidase; >< 240.) Left, Normal epidermis of dorsal surface of guinea pig ear. Right, Con-
tralateral ear of same animal 2 days after stripping.

hydrolytic enzymes in the Langerhans cell are
similar to those in mesenchymal cells. It is
impossible to draw definite conclusions in this
respect by means of light microscopy. On the
other hand, our electron microscopic prepara-
tions failed to demonstrate any cells passing
through the basal membrane (30).

The dopa oxidase-positive dendritic cells
are not affected by the induced shedding
of cpidermal tissue, undoubtedly because of
their location in the basal layer. The fact that
their number does not vary significantly after
stripping, and particularly between the fourth
and the 10th day, is evidence against the theo-
ries of the origin of Langerhans cells as
daughter cells, as products of transformation
of melanocytes (19, 20), or as worn-out or
effete melanocytes (13—15). During this period
of regeneration, the Langerhans cell popula-
tion is increasing and one would expect to see,
at some time, a variation in the number of
the postulated dopa oxidase-positive precur-
sors. The fact that the melanocyte population

stays constant during the process of epidermal
repopulation by Langerhans cells supports the
belief that these two populations of cells arc
independent of one another.

SUMMARY

The stripping method of removing the horny
layer was applied to the study of epidermal
dendritic cells of guinea pigs. As a result of
stripping, most of the soprabasal portion of
the epithelium is eliminated as a compact
parakeratotic layer carrying with it the
Langerhans cells. The newly regenerated epi-
dermis is almost devoid of Langerhans cells.
The phenomenon of reappearance of Langer-
hans cells was followed at various intervals up
to 3 weeks after stripping. Dendritie cells were
identified by demonstrating nueleoside tn-
phosphatasc and dopa oxidase activities.
Quantitative counts of the Langerhans cell
revealed that a normal number of these cells
is not found until the 15th day after injury
although the epidermis regenerated in 4 days.
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The dopa oxidase-positive melanocyte popula-
tion did not change.
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