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CORNEOCYTE MORPHOLOGY AND FORMATION RATE

IN LICHEN PLANUS

AND EXPERIMENTAL PARAKERATOSIS IN SUBJECTS
WITH AND WITHOUT PSORIASIS
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Abstract. In a recent paper changes in corneocyte mor-
phology and formation rate in psoriasis have been estab-
lished. In the present study the specificity of these alterna-
tions were analysed in two situations. Early lichen planus
papules were chosen as a model of hyperproliferation with
hypergranulosis and orthohyperkeratosis. Hyperprolifera-
tion with parakeratosis was induced by nonanoic acid
(CH(CH.):COOH) as an experimental model in psoriatics
and non-psoriatics. In lichen planus papules. the rate of
corneocyte laver formation was 2.4 times that of the non-
involved skin. In psoriasis. a similar rate was tound in
parts with hypergranulosis. A 13 % decrease in corneocyte
diameter took place in lichen planus lesions—similar
to that found in psoriasis. The corneocytes in lichen
planus were also thicker than normal cells. though their
volumes were similar. Thickness decreased in more su-
perficial locations of these corneocytes. Swelling was a
finding during the histological procedure. Corncocytes in
the lesion increased markedly in volume. due to swelling.
The parakeratosis elicited by nonanoic acid showed cells
with irregular membranes and nuclei with non-flattened
and irregular borders. The rate of corneocyte layer forma-
tion was 2.6 times that of the normal skin. The epidermal
reaction to the superficial damage by nonanoic ucid did
not differ between psoriatics and non-psoriatics. This type
of parakeratosis was distinctly different from that present
in psoriasis.

Kev words: Rate of corneocytle formation: Corneocyte
morphology and sizc: Lichen planus: Toxic
contact dermatitis (nonanoic acid): Psoriasis

When the epidermis is stimulated. hyperprolifera-
tion and altered difterentiation are responses which
have been noted in various conditions. such as
lichen planus and psoriasiform dermatoses (18-14).
An interrelationship between these two changes has
been found in psoriasis. Cox & Watson have re-
ported on a positive correlation between mitotic
index and the amount of parakeratosis (2). We have
previously found a positive correlation between the
amount of parakeratosis and the proliferative activi-
ty. estimated by the rate of corneocyte layer for-
mation using the dansyl chloride method (6). Re-
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cently. a new method tor evaluation of the relative
rate of corneocyte layer formation was introduced
(8). A close relationship between corneocyte mor-
phology and the tormation rate was present in mi-
croscopical psoriatic lesions. It was also shown that
the corneocytes formed at a pulsative rate (8).

In the present investigation. the specificity of the
changes earlier found in the initial psoriatic lesion
was evaluated. Other situations were sought where
a disturbance is present in the epidermal differentia-
tion andfor change in the proliferative activity.
Lichen planus (11) was chosen. since the papules in
this discase are well demarcated and the discased
skin can be clearly distinguished from the non-af-
fected skin, at both the macro- and microscopical
level. A toxic contact dermatitis elicited by
nonanoic acid (CH; (CH.):COOH) was chosen as
an experimental model of parakeratosis. This com-
pound is used as a positive control for a toxic reac-
tion in the standard patch tests at our clinic (17).
Histological findings from these lesions have shown
patchy hyperparakeratosis with some resemblance
of the early psoriatic lesion. as shown in a prelimi-
nary investigation.

MATERIAL AND METHODS
Patients

Lichen planus. Five patients (30--53 years. one male) with
active untreated lichen planus supplied 15 biopsies of
minute papules on thighs and arms. The papules were
identified under a magnifying glass and clearly distinguish-
able papules in interfollicular areas were chosen. The
whole lesion was excised together with the surrounding
univolved skin.

Experimental parakeratoris. Ten patients supplied 20
biopsies from the skin of the upper back from the border
of a patch test with nonanoic acid. Seven were male and
the age range was 30 to 69 years. Five of the patients were
psoriatics hospitalized for treatment of an active discase
with nummular and plaque lesions. In the psoriatics. the
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tests were performed during treatment with UVB. anthra-
lin and salt baths. The test area had not been atfected and
it was protected against all external influence during the
period of study. Five of the subjects were hospitalized for
treatment of contact dermatitis. They served as controls
and tests were performed when the patients were almost
cured. The test area had not been affected. The procedure
was as described above.

Test performance. 0.04 ml 40% nonanoic acid
(CH3(CH,);COOH) in 1-propanol solution was supplied to
discs of the Al-test® (Imeco AB, Sédertilje, Sweden).
Two discs were applied on each patient tor 48 hours.
Occlusion was secured with Scanpore® tape. After 72 to
120 h the test area was well demarcated. It was brownish
in colour and had a slightly wrinkled surface. Material was
taken from the border region in one of the test areas at 72 h
and in the other at 120 h.

Samples were collected without anaesthesia by a punch
biopsy 1-2 mm thick and 2-3 mm in diameter which was
excised. immediately frozen on solid carbon dioxide with
the dermal side down, transported in the cold and kept in a
deep-freezer. —90°C. until sectioned on a cryostat.

Sectioning. The cryostat sections were cut 6 um
thick, perpendicular to the surface. The biopsies were
oriented in such a way that both the perilesional and
lesional areas were displayed in the same section. The
scctions were attached to the slides as earlier described
(8).

Staining. Corneocyte membrane were stained with 38
mM fluorescein-isothiocyanate (FITC) (Sigma. St. Louis)
in water (1). Nuclei were stained with 3.4 mM 4-4-
diamidinodiphenylamine dihydrochtoride (DDP) (May &
Baker. Dagenham, England) in a solution of 0.15 M NaCl
in water (16). The FITC-DDP sections were processed as
previously reported (8). Routine staining with haematoxy-
lin & eosin (H & E) was also performed.

Readings. The sections were read and photographed in
a Zeiss Universal microscope in unfiltered UV light and
with phase contrast at 64, 100 and X500 with a Nikon
camera, Kodak Panatomic film. ASA 32. Pictures were
prepared tor both UV and phase contrast micrographs and
rcadings were made from blow-ups of negatives. The
examination procedure is as described earlier (3).

Rate of corneocyte layer formation. Calculation was
done as previously reported (8). The reference area was
chosen at 0.24£0.01 (SEM) mm outside the lichen planus
lesion. In this part no dermal infiltrate or alterations of the
epidermis were seen. In the diseased skin. observations
were made in areas where the most distinct alteration was
present, The analysis of the test skin was made in the
border region of the patch test. The referencc arca was
chosen at 0.15£0.02 mm from the margin of notable
changes in the horny layer.

Corneocyte diameter was estimated from the length of
adjoining cells parallel to the surface on FITC-DDP
stained sections from 6 lichen planus papules. In order to
exclude any systemic error in the sampling procedure.
groups of 15-20 adjoining cells in each of three-five oppo-
site layers were counted. Clusters of cells were measured
in three different areas in the six lesions. I: non-involved
skin in up to 15 layers (100 cells): Ii: corneocyte layer
number 6-10 from the bottom in the diseased skin (107

Dermatovener (Stockholm) 62

cells) or in S layers around the 15th layer (42 cells): and
11l: the S lowermost corneocyte layers in diseased skin
(189 cells). The mean diameter of the corncocytes was
estimated from the apparent length of the sectioned cells
(1.). assuming these to be circular in torm. it was equal to
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where 1 is the number of measured cells (8). The diameter
data of the different patients and areas were submitted to
an analysis of variance (15).

Corneocyte thickness was estimated on unstained sec-
tions and after FITC-DDP staining of the same cells
whose diameters had been measured as outlined above. In
the unstained sections. the thickness was measured on
blow-ups of negatives taken in phasec contrast. In the three
areas I-Ill. five lines perpendicular to the surface were
arbitrarily chosen. Along these lines corneocyte thickness
was mcasured with a caliper. This was also done in area 11
in the S layers around the 15th layer. and in areas 1 and 111
as described above for diameter.

Corneocyte volume and cffect of shrinkage. The thick-
ness of the corncocyte was measured in two sections
taken direct from the cryostat and compared with the
measurements in the same sections after they had been
attached to the slides by the procedure earlier described
(7). No difference was found between thcse measure-
ments. Thereafter. the attached unstained sections were
used to measure thickness. The diameter of the cells was
not affected by the attachment or staining procedures.
The volume of the cells was estimated as indicated in Fig.
I. Volumes were also estimated from the stained sections.
Analyses of covariance were performed to evaluate vol-
ume changes in layers and between arcas (15).

RESULTS
Lichen planus
Histological analysis of the stained sections re-
vealed the expected signs of lichen planus—band-
like dermal infiltrate. liguefaction degeneration of
the basal layer, hypergranulosis and hyper-
Keratosis. The diameters of the measured lesions
ranged between 0.58 and 1.15 mm. mean 0.90 mm.
The corneocytes in the perilesional skin and at the
margin of the lesion were thin and oriented in paral-
lel sheets. The hyperkeratosis was seen just stper-
ficial to the part where the basal layer of the
epidermis was altered (Fig. 2«).

Corneocyte The mean corneocyte
diameters of the diseased skin (areas [l and 1)
were 29.3+0.2 (SEM) um and 29.940.2 (SEM) pum.
respectively. This was significantly smaller (13%)
than the mean diameter of the uninvolved skin,
which was 34.0£0.2 (SEM) um (»<0.02). No dit-
ference was found between areas [l and 111 or be-
tween patients. In this analysis of variance. the

diameter.



F-tests were performed against interaction, as this
was found to be significant. The reason for covaria-
tion between areas of skin studied and subjects was
not further analysed. It was assumed that the in-
teraction was due to variation in the age of the
lesions.

Corneocyte thichness. 'The mean corneocyte
thickness in the five lowermost layers measured on
unstained sections was 1.00+0.02 (SEM) um in the
perilesional skin and 1.36+0.08 (SEM) um in le-
sional skin. The thickness decreased exponentially
towards the surface (Fig. 3). In perilesional skin a
plateau value was tound 3-5 corneocyte layers up
from the bottom. whereas in the lesion itself this
appeared higher up (Fig. 3). The mean thickness of
corneocytes in the mid-portion of the horny layer
was 0.62+0.02 (SEM) um in perilesional skin and
0.7520.06 (SEM) pm in lesional skin. The corneo-
cytes in the FITC-DDP stained sections were
thicker than were non-stained corneocytes. The
swelling resulting from the staining procedure was
prominent in lesional skin and particularly in the
lowermost part. where corneocyte morphology
changed considerably. The distribution of corneo-
cyte thickness in relation to corneocyte diameter is
given in Fig. 3a.b.

Corneocyte In both unstained and
stained sections the volumes decreased as the posi-
tion of corneocytes became more superticial (Fig.
3d). In the basal corneal layers. the decrease in
volume was exponential and similar to that in in-
volved and perilesional corneocytes. since the
slopes of regressions were not different in analyses
of covariance. Adjusted means were not different
in the unstained material. which indicated that the
volume was the same in spite of differences in dia-
meter and thickness in the two locations. In the
stained material volumes varied, p<0.001 (F = 103.
degrces of freedom 1/87).

volume.

Rate of corneocyte layer formation in the lesion
was 2.44+0.2 (SEM) times that of non-involved skin,
range 1.0-4.6. No difference was seen in the rela-
tive formation rate measured for the very thick cells
located in the basal part of the horny layer. 2.4+0.2
(SEM) compared with cells slightly thicker than
normal located in the mid-zone of the horny layer.
2.6x0.4 (SEM).

Nonanoic acid treated skin

Morphology. The Malpighian layers were slightly
enlarged (26 % increase in sectioned area) com-

Corneocyte morphology
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Fig. 1. Calculation of corneocyte volume in lichen planus.
(«) Perilesional horny layer. The volume equals wh (3L)*.
(b) Basal part of the horny layer of the lesion. The volume
is calculated on the indicated polygon rotated around its
axis obtained by calculus and is equal to wh((L)*—3yL +
bv3. where y=(V(4x*(h*+L)+h*)—4x*L): 4(1-4x*) and
x=i:j. The cell diameter was obtained from expected
length (L), height (/) and the ratio (i :j) was taken as the
mean 0.44. It was measured in 10 corneocytes sectioned
centrally. The cell chosen had the diameters above the
cxpected cell diameter of 29 xm.

pared with perilesional skin. The granular layer was
present at 72 h and clearly enlarged at 120 h.

At 72 h the horny layer in the treated area was
hyperplastic. with parakeratosis surrounded by or-
thokeratotic cells. One or two layers of non-nu-
cleated corneocytes were interposed between the
parakeratotic area and the granular layer. At 120 h
the interposed layers were increased in number.
The horny layer had a tendency to detach easily
from the remainder of the epidermis.

Small perivascular infiltrates were occasionally
present in both treated and perilesional skin. There
was no accumulation of inflammatory cells near the
epidermis. In the FITC-DDP stained sections of the
lesion, the horny layer showed irregular membranes
and the parakeratotic nuclei were non-flattened or
irregular in shape (Fig. 4a. b).

The rate of corneocyte laver formation in the
parakeratotic part of the horny layer was 2.6+0.1
(SEM) times that of the reference area. No increase
in formation rate preceded the formation of nu-
cleated cells. The orthokeratotic cells interposed
between the parakeratotic area and the reappearing
granular layer could not be completely delineated.
No precise measure of their formation rate could
therefore be obtained. It was our impression that it
might be slightly increased. No ditference could be
detected between psoriatics (2.7£0.2) and non-
psoriatics (2.5%0.1).
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DISCUSSION
Lichen planus

One of the main features of lichen planus is the
destruction of the basal layer. Despite this fact.
Marks et al. (11) found a decrcased transit time of
keratinocytes through stratum Malpighii. together
with a greatly increased [*HJthymidine labelling
index in the lesion and at its margin. compared with
normal controls. Their interpretation was that there
is a repopulation of keratinocytes from the margins
and from sweat ducts into the lesion.

Ebner et al. (3) also found a greatly increased
labelling index in the lesion and in the dermal por-
tion of the eccrine sweat ducts. The labelling index
at the margins was also increased. but not to the
same cxtent as in the other sites mentioned. Their
data were interpreted as showing that a repopula-
tion from the margins was less probable, in com-
parison with that from the sweat ducts.

The increased rate of corneocyte layer formation
of 2.4 times in the lichen planus lesion compared
with that of the perilesional skin found in this
study is of the same magnitude as the threefold in-
crease in desquamation rate earlier found by Ham-
mar (5). These data. together with the shortened
transit time found by Marks et al. (11). favour an
increased epidermal cell turnover in the lichen
planus papules as the net result of the two simul-
tancous processes: destruction and hyperprolitera-
tion. The change in the thickness of the horny layer
occurred at the margin of the lesion (Fig. 2«). This
means that the rate of corneocyte formation was not
increased outside the lesion.

An increased labelling index at the margin of the
lesion has been found as indicated above. The
daughters of such germinative cells should lead to

Fig. 2. Cryostat sections of a lichen planus papule stained
with the fluorochromes FITC and DDP. The bar indicates
S0 um. (a). Border region of a medium-sized lesion. To
the right. hyperplastic epidermis with a detectable basal
layer. @n top of this part a thin horny layer is present with
parallel sheets of corneocytes. The hyperkeratotic mid-
portion is located superficial 1o an area where the basal
layer is hardly distinguishable. (b). A small lesion with
normal looking epidermis to the left. At the bottom a
dense dermal infiltrate is present, invading the epidermis.
centrally and to the right. In this part the basal layer
cannot be distinguished and the corneocytes overlying
appear voluminous. (¢). A medium-sized lesion with a
hardly recognizable basal layer. The whole lesion is cov-
ered by voluminous corneocytes.
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Corneocyte morphology

hyperkeratosis on top of these if they moved per-
pendicular 1o the surtace. The result of the present
study. which showed an increased corneocyte for-
mation just inside the lesions but not at its margins,
favour the theory of a repopulation of cells to the
lesion from its margin. It would be valid it the
increased labelling index at the margin found by
others were consistent with an enhanced formation
of cells in the germinative compartment.

The combination of hyperproliferation and hy per-
granulosis is also repoirted in lichen simplex and
lamellar ichthyosis (4. 13. 14). The hypothesis may
be proposed from this study that hypergranulosis.
together with orthohyperkeratosis. is a histological
sign of moderately increased proliferation. Biologi-
cally this could mean that the process which main-
tains orthokeratosis. i.e. the time tor the formation
of the keratohyalin granula and the subsequent ter-
minal differentiation. cannot be speeded up over a
certain limit while still maintaining orthokeratosis.
By extension of the granular compartment from
about one layer up to about 3-4 layers in lichen
planus, the transit rate can be increased 3-4 times.
though the time spent in the granular compartment
will remain about the same.

The corneocyte volumes in lichen planus seem to
be the same in healthy as in involved skin. This
indicates that the alteration present (Fig. 3) is as-
sociated with the terminal process of differentiation
in cells passing the granular compartment. The de-
crease in corneocyte volume seen in both normal
and in lichen planus lesions in the lowermost layers
probably reflects a water exclusion process second-
ary to the ongoing maturation in this part. This
seems 10 be of similar nature in normal and diseased
areas. since the slopes of cell volume reduction are
the same (Fig. 3d).

Nonanoic acid treated skin

The production of parakeratosis in the treated skin
led to a minor increase in the rate of corneocyte
layer formation. It is probable that the early ap-
pearance of granular cells as seen at 72 h indicates
that the damage inflicted killed the upper layers of
keratinocytes rather than disturbing the process of
their terminal differentiation. This damage should
correspond 10 the increased rate of formation as
measured. The absence of an inflammatory cell
reaction is noteworthy. The reaction to the treat-
ment became limited in time and also restricted the
perturbation of the cell population in the Malpighian
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Fig. 3 a. Distribution of corneocyte thickness in FITC-
DDP stained sections (a) perilesional skin (area !). (b)
lesional skin (superficial part. area 11) and (c) lesional skin
(basal part, area III). Periodicity is due to the resolution of
the measurement 0.43 um.
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Fig. 3b. Relative distribution of corneocyte thickness in
FITC-DDP stained sections in the three different areas
{see Fig. 2a).

layers, irrespective of whether the test person was
non-psoriatic or psoriatic.

Retations to psoriasis

The increased proliferation in lichen planus is in the
same range as carlier found in the orthohyper-
keratotic parts of the minute psoriatic lesion (9). A
rate of corneocyte layer formation of 3.4 times that
of the non-involved skin was feund. In the or-
thohyperkeratotic parts of psoriasis we also find
hypergranulosis. as in lichen planus. In the ex-
panded granular compartment in lesions of psoriasis
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Fig. 3c-d. (c). Corneocyte thickness in relation to posi-
tion of corneocytes in horny layer. Numbering of the
corneocyte layers starts from the basal part. Means and
standard errors are given. The upper solid and hatched
lines represent FITC-DDP stained corneocytes from in-

volved and non-involved skin. respectively. The lower
solid and hatched lines represent unstained lesional and
normal corneocytes, respectively. (d). Corneocyte vol-
ume in relation to cell position in horny layer. Conven-
tions as in Fig. 3c.



Fig. 4. Cryostat section of border region of a patch test
treated with nonanoic acid. stained as in Fig. 2. («). A thin
normal looking horny layer (/efr). and hyperparakeratotic
horny layer (right). The parakeratotic area show nuclei
with varying forms. A few cells are present in the dermis.

and lichen planus. the cells are less flat than in the
normal case. The result is the formation of the
thicker corneocytes with a decreased diameter. as
we found in both diseases.

The swelling present in the lichen planus cor-
neocytes, much larger than in normals, points to a
biophysical alteration in the keratinization process

Corneocyte morphology 469

Biopsy taken after 120 h. Bar S0 wm. (b). The corneocyte
membranes show heterogeneous and bizarre forms in the
mid-portion of the horny layer. Biopsy taken after 72 h.
Bar 20 wm.

in these cells. The swelling pattern seen in lichen
planus differs considerably from what has earlier
been found in psoriasis (6. 8). In this condition,
parakeratotic cells and the surrounding o1-
thokeratotic corneocytes were thicker and had de-
creased diameters compared with the cells in unin-
volved skin. The thicker cells did change in thick-
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ness on their way up through the horny layer. This
change was not so well marked as that shown in
lichen planus (6). These findings indicate that the
alterations of the keratinization process are differ-
ent in the two discases.

Apait trom the discrepancies mentioned above.
the pattern of the rate of corneocyte formation are
ditferent in lichen planus and psoriasis. In lichen
planus the rate is raised but even in nature, while in
the minute psoriatic lesion the rate was much in-
creased and pulsative (8). The parakeratosis ob-
tained by nonanoic acid was dissimilar to that of
psoriasis. The reaction in the epidermis was also
limited after nonanoic acid. In the psotiatic patient.
this must mean that the damage leading to the for-
mation of a minute lesion is located not in the supcer-
ficial Malpighian layers but rather in its basal por-
tion. The inflammatory response of mononucleat
cells always present in minute psoriatic lesions (8)
should also be considered important in this context.

ACKNOWILEDGEMENTS

This study was supported by the Swedish Medical Re-
search Council (12x-5665). the Foundations of Edvard
Welander. Finsen. O. E. and Edla Johansson and the
Karolinska Institute and by grants from the Swedish
Society of Medical Sciences and “"Fdrenade Liv''™ Mutual
Group Life Insurance Company. Stockholm. Sweden.

REFERENCES

I. Christophers. E.: Einc neue Metode zur Darstellung
des Stratum corneum. Arch Dermatol Forsch 237:
727, 1970.

. Cox. A. & Watson, W.: Histological evidence of the
nature of psoriasis. Psoriasis. Proceedings of the In-
ternational Symposium (ed. E. M. Farber. A. J. Cox).

9

pp. 151-158Y. Stantord University Press. Stanford.

1971.

3. Ebner, H.. Berhart. W.. Lassmann, H. & Jurecka, W.:
The epidermal cell proliferation in lichen planus. Acta
Dermatovener (Stockholm) 57: 133, 1977.

4. Frost. P.. Weinstein. G. & Van Scout. E.: The
ichthyosiform dermatoses. Il. J Invest Dermatol 47:
561. 1966.

Acta Dermatovener (Stockholm) 62

4

. Hammar, H.: ATP and ADP levels and epidermal
replacement rate in normal human skin and in some
papulosquamous diseases of the skin. Acta Der-
matovener (Stockholm) 33: 251, 1973.

6. Hammar, H. & Johannesson. A.: Corneocyte forma-
tion rate and skin disease. /n Stratum corneum (ed. R.
Marks. G. Plewig). 1982, to be published.

7. Johannesson. A. & Hammar. H.: The rate of forma-
tion of corneocyte layers atter stripping the nonin-
volved psoriatic skin and its relation to parakeratosis
and epidermal enzyme levels. J Invest Dermatol
74:226. 1980.

8. Johannesson. A. & Hammar, H.: The rate ol cor-
ncocyte formation in microscopical lesions in patients
with active psoriasis. Br J Dermatol /03: 391, 1981.

9. Johannesson. A. & Hammar, H.: Corneocyte forma-
tion rate in psoriasis. Psoriasis. Proceedings of the
Third International Symposium 1982, Grune & Strat-
ton, New York 1982, p. 227.

10. Porter. D. & Shuster., S.: Epidermal renewaul and
amino acids in psoriasis and pityriasis rubra pilaris.
Arch Dermatol 98: 339, 1968.

11. Marks. R.. Black. M. & Wilson Jones. E.: Epidermal
cell kinetics in lichen planus. Br J Dermatol 88: 37.
1972.

12. Marks. R. & Griffiths, A.: The epidermis in pityriasis
rubra pilaris: A comparison with psoriasis. Br J Der-
matol 89 (Suppl. 9): 19. 1973.

13. Marks, R. & Wells. G. C.: Lichen simplex: Mor-
phodynamic correlates. BrJ Dermatol 88: 249. 1973,

14. Pinkus. H. & Mehregan. A.: A Guide to Dermatohis-
topathology, pp. 103. 320. Butterworths, London.
1969.

15. Snedecor. G. W.: Statistical methods. 5th ed.. pp.
291. 394. lowa State College Press. Ames. 1956.

16. Trving. F. C. & Muwrgatroyd. L. B.: A new method for
identifying parakeratosis in human cpidermis. Der-
matologica /53: 357. 1976.

17. Wahlberg. J. & Maibach, H.: Nonanoic acid irritation.

A positive control at routine patch testing? Contact

Dermatitis 6: 128, 1980.

Received January 1. 1982

A. Johannesson. M.D.
Department of Dermatology
Karolinska Sjukhusct
S-104 01 Stockholm 60
Sweden



