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Psoriatic epidermis is characterized by increased DINA syn-
thesis and disturbed differentiation. Even though these pro-
cesses are closely associated, most investigations do not give
insight into temporal/spatial relationships between both
events. We previously developed a double labeling method
for the simultaneous demonstration of the germinative and
differentiated epidermal compartments in normal human
skin by using tritium-labeled thymidine ([*H] Thd) incorpo-
ration and immunoperoxidase staining of 67 kD keratin
polypeptides.

In this paper we report the results of combined evaluation
of these compartments in stable plaques of psoriasis. Scanning
of skin sections with an automatic image analyzer allows
objective quantification of areas of total epidermis, 67 kD*
differentiated epidermis and numbers of [?’H]| Thdr+ nuclei.
Our data indicate that the 67 kD™ undifferentiated psoriatic

epidermis is expanded. Increased numbers of [*H] Thd* basal
and suprabasal psoriatic keratinocytes are present and most of
them (97.9%) pertain to the 67 kD™ compartment. Keratin
identification in scales taken from the same sites showed a
variable but distinct decrease of 67 kD keratin polypeptides.
Hence, the hyperplastic epidermis of stable plaques of psoria-
sis is characterized by the presence of increased numbers of
[PH] Thd* cells, which primarily belong to the undifferen-
tiated (67 kD~) basal and suprabasal compartments, espe-
cially in the lowermost parts of the elongated interpapillary
rete ridges. These changes are associated with a relative de-
crease of synthesis of 67 kD polypeptides and the presence in
the scales of keratins that confer a characteristic hyperprolif-
erative epidermal keratin pattern to the psoriatic plaque. J
Invest Dermatol 90:382 386, 1988

he affected skin lesions of psoriasis are characterized
by a number of changes in the epidermis. These modi-
fications are associated with increased DINA synthesis
and disturbed differentiation. Increased numbers of
DNA-synthesizing epidermal cells have been re-
ported by almost every investigator interested in the study of epi-
dermal proliferation in psoriatic lesions. This is in agreement with
the early reports of increased numbers of mitotic figures in the
psoriatic epidermis. Mitoses are present in the three lowermost cell
layers of lesions, but in a single basal layer in uninvolved skin of the
same patients [1]. When [*H] Thd-labeling indices from various
sources are compared, a wide variation exists. The difficulty resides
in identifying which cells are actually in the germinative compart-
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ment. Indeed, in a recent study using [*H] Thd labeling of normal
and psoriatic epidermis in vivo, the germinative labeling index was
calculated as the number of labeled basal cells/100 basal cells X 100
and the total labeling index as the labeled cells (basal and suprabasal)
per 100 basal cells for each specimen [2]. This implies that neither
index is representative of the expanding proliferative cell popula-
tion. Although the basal cell population only represents a fraction of
the proliferating cells [3], the total labeling index, as defined here,
overestimates the size of the labeling index by including exclusively
S phase cells amidst a population of suprabasal cycling and noncy-
cling cells. This complexity is further illustrated by a statement by
Goodwin et al [4]: “Definition of the germinative cell population in
psoriasis is difficult and somewhat arbitrary.” All these obstacles
associated with the potential heterogeneity of basal keratinocytes
[5] will not be overcome unless specific markers are developed that
are able to distinguish between the various subpopulations in basal
and adjacent cell layers pertaining to the growth fraction and differ-
entiating cell populations.

On the other hand, the differentiation is disturbed, as evidenced
by abnormal quantitative and qualitative keratin synthesis. These
patterns are characterized by expression of keratin gene products
that are not present in normal skin and by concommitant reduction
of synthesis of high molecular weight keratin polypeptides [6-9]. A
useful topographic marker of epidermal cell differentiation is the
expression of 67 kD keratin polypeptides.
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Expression of 67 kD occurs almost exclusively in suprabasal cells
of normal epidermis and reduced synthesis has been shown in psor-
iatic epidermal cells (52% instead of 77% labeled epidermal cells
[10]). The possibility of combining the immunolabeling of 67 kD
with autoradiography after [*H] Thd labeling of S phase keratino-
cytes [11] prompted us to further characterize the proliferating cell

ool in psoriasis. In this report we confirm decreased synthesis of
67 kD polypeptides in psoriatic epidermis and expansion of the
67 kD~ compartment, which involves both basal and suprabasal
cells. Interestingly, increased numbers of [*H] Thd-labeled cells
were located in the 67 kD~ compartment, which, in psoriasis, ex-
tends largely above the basal cell layer especially in the lowermost
part of interpapillary rete ridges.

MATERIALS AND METHODS

Skin Specimens Skin specimens were taken from the outer edges
of stable Fsoriatic plaques. Skin lesions were located on the arms and
thighs of four patients (aged more than 45 yr) who had not been
treated during the last month. All biopsy specimens were taken
between 9 and 12 aMm in order to avoid possible diurnal fluctuations
of DNA synthesis, After oral consent was obtained, the biopsies
were performed under local anesthesia (2% lignocaine without
adrenalin) exactly 45 min after intradermal injection of 0.1 ml of
[*H] Thd (10 uCi, specific activity 10 Ci/mmol: Centre d’ Energie
Nucléaire, Mol, Belgium). The 4-mm punch biopsy specimens
were immediately fixed in Bouin’s fluid. For comparative purposes,
we made serial sections in control specimens (four subjects, mean
age 81 yr) available from a previously published study [11].

Antiserum Antiserum against the 67 kD keratin polypeptide was
raised by immunizing Hartley guinea pigs (400 g). We therefore
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used 67 kD polypeptides that were extracted from normal human
corneocytes as described in detail by Viac et al [12]. Briefly, horny
layers were obtained by scraping foot callus of healthy subjects.
After keratin extraction [6] and separation of fibrous proteins by
12% polyacrylamide slab gel electrophoresis (PAGE), the bands
containing 67 kD keratin polypeptides were used for immuniza-
tion. Specifity of this 67 kD antiserum was controlled by light and
electron microscopic studies [13]. The same batch was used for all
the skin preparations.

Immunoperoxidase Staining Throughout this study we used a
1:20 dilution of 67 kD antiserum. Serial sections were left in con-
tact with this antiserum for 30 min. Subsequently, they were
washed for 30 min in PBS and then treated for 30 min with peroxi-
dase-labeled rabbit antiguinea pig lg (1 : 50 dilution; Nordic). After
two successive washes (30 min in PBS and 10 min in Tris HCI
buffer; pH 7.6), the presence of peroxidase was revealed by a 15-min
contact with Graham Karnowsky medium. Slides were then rinsed
in Trish HCI (pH 7.6), PBS and finally processed for light micros-
copy autoradiography. Preliminary experiments established that la-
beling of 67 kD polypeptides in psoriatic epidermis was not affected
by fixation and autoradiographic procedures.

Quantitative Analysis of Keratin Polypeptides in Psoriatic
Scales One-dimensional gel electrophoresis was performed in
8.5% polyacrylamide slab gels using SDS in the discontinuous sys-
tem described by Laemmli [14]. The analysis was made on scales
taken at the same time and from the same site as skin specimens in all
subjects. Symmetrically located lesions were also sampled at the
same time and a second time 4 wk later in two cases. Scales were
immediately frozen after sampling and stored at —80°C until
transfer to the laboratory for further analysis. They were homoge-
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Figure 1. Image analysis of epidermal compartments of skin biopsy (control specimen) by combined labeling of S phase cells (keratoblasts-[*H] Thd*) and of
67 kD keratin polypeptides (keratinocytes and keratoblasts already engaged in cellular differentiation). The image of the skin section (a, scale bar = 50 ym) is
recorded by a video camera and projected on a high resolution video screen (a slight enlargement ensues when screen is photographed, see b and ¢). The
epidermis is delineated by using an interactive device. According to the intensity of gray at any given point of the selected area, two discrete compartments can
be separated: an unstained area (basal layer, b). In this picture, empty areas are visible. They represent 67 kD™ nuclear spaces. These and the stratum corneum
(67 kD~ band at the top of ) can easily be cleared as nonrelevant signals; a complementary dense 67 kD* compartment from the first row suprabasal cells to
granular layer. One of the pitfalls of automated image selection is illustrated (arrows): a tiny string of 67 kD* cells (a) is recognized as such in (c) but is included
in the 67 kD~ compartment in (b). This is because cells which have a prominent nucleus and show a limited band of stained cytoplasm are considered at the
screen level as nonadjacent dark elements in an otherwise homogeneous 67 kD~ compartment. With these limitations in mind, and by superimposing a4, b, and
¢ [*H] Thd cells can easily be alloted to the 67 kD* or 67 kD~ compartments.
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nized in 25 mM Tris HCI (pH 7.4) containing 1 mM phenylmeth-
ylsulfonylfluoride (PMSF), 1 mM EDTA, 1% Triton X 100. After
centrifugation at 4°C at 10,000 ¢ for 10 min, the water insoluble
pellet was further extracted by heating at 100°C for 5 min in a
solution containing 25 mM Tris HCI (pH 7.4), 10 mM dithiotrei-
tol, 1% SDS, 1 mM EDTA, 1 mM PMSF [15]. Cytoskeletal pro-
teins were electrophoresed and stained by Coomassie blue. The gels
were scanned using a laser densitometer (Shimaku Corporation).
For two-dimensional gel electrophoresis, samples were first sepa-
rated by nonequilibrium pH gradient electrophoresis (NepHGE)
and then a right angle in the second dimension by SDS PAGE (8.5%
polyacrylamide) as described by Bowden et al [16].

Morphometric Analysis For each specimen we determined the
following characteristics:

- length of the skin specimen at the surface (stratum corneum, SC)

» number of [*H] Thd labeled 67 kD~ cells (i.e, cells that were
below the stratum granulosum or parakeratotic SC down to the
dermal - epidermal interface and not stained with the anti-67 kD
antiserum)

- number of [*H| Tdh labeled 67 kD+ cells.

All data were then expressed in arbitrary units relative to 1 mm
length of SC. Representative segments of psoriatic skin as well as
control specimens and a 2-mm rule (one interval = 0.01 mm; Ernst
Leitz Gmbh, Wetzlar) were photographed at a standard magnifica-
tion. Slides were scanned under a high quality video camera and data
were recorded, after contrast enhancement, with an IBAS II image
analyzer (Kontron, D). Two running procedures were sequentially
adopted: first semi-automatic selection of the epidermis followed by
automatic recording of the intaepidermal 67 kD* and 67 kD~ com-
partments.

Epidermal segments, from granular layer (or stratum corneum in
parakeratotic areas) to dermal-epidermal interface, were isolated
manually from the image by outlining its contour with an interact-
ing device. After automatic recording of the total epidermal surface
in normal skin specimens, the 67 kD* and 67 kD~ compartments
were automatically isolated (Fig 1), measured, and finally the dark-
est elements of the preparations (i.e., the [*H] Thd* cells) were
identified and recorded as pertaining to the 67 kD* or 67 kD™ com-
partment. As in psoriasis the staining density was not homogeneous
but increased from deep to superficial keratinocytes (Figs 2 and 3a);
we adopted an automatic analysis procedure for quantification of
the 67 kD" compartment. On the basis of density of staining in
control skin specimens, we defined a range of gray levels corre-
sponding to the total epidermis (Fig 3b) and normal immunoperox-
idase detection of 67 kD polypeptides (Fig 3¢) hence discriminating
between the 67 kD* and the 67 kD~ compartments. Once again,
the darkest elements correspond to S phase keratinocytes, which can
easily be classified as 67 kD* or 67 kD~

RESULTS

Psoriatic Epidermis The size of total epidermis was expanded in
psoriasis usually more than five times (range: 148.26 - 288.86, arbi-
trary units) that of normal epidermis (range: 36.95-43.03). The
automatic image analysis procedure revealed that the size of the
67 kD* compartment in psoriasis was larger (range: 51.00-62.19
in psoriasis vs. 7.90-31.45 controls arbitary units) in absolute
values, but by far not in relative (range: 3.3% - 21.5% in psoriasis vs.
18% —83% controls) terms. Therefore, the main factor of epidermal
expansion is in the 67 kD~ compartment (range: 146.75-226.67 in
psoriasis vs. 6.2-35.1 controls, absolute arbitrary units; range:
78.5%—-99.04% in psoriasis vs. 17.1%-81.6% controls relative to
total area of epidermis). Interestingly, the vast majority of [*H] Thd
labeled cells, either basal or suprabasal, belong to the 67 kD~ com-
partment and they are preferentially distributed in the lowermost
segments of the interpapillary rete ridges.

Quantitative Analysis of Keratin Polypeptides in Psoriatic
Squames The keratin patterns observed in psoriatic scales were
consistent with earlier findings [6-9]. The 65-67 kD and 56.5 kD
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Figure 2. Stable plaque of psoriasis. Combined labeling of S phase cells and
of 67 kD keratin polypeptides. There is a clear-cut distinction between [*H]
Thd labeled cells (black dots) which belong to the 67 kD~ compartment and
the absence of [*H] Thd labeling in the 67 kD* area (scale bar = 50 um)

keratins, markers for advanced stages of keratinocyte differentia-
tion, were markedly diminished when compared to keratins of nor-
mal epidermis. A 46-48 kD doublet and a 56 kD band, similar to
those of cultured hyperproliferative keratinocytes, were detected in
every case. The 50 and 58 kD keratins that are expressed in all
stratified squamous epithelia, were also present in all samples. The
intensity comparison of Coomassie blue stained keratins in six sam-
ples of two subjects (three samples per subject) is presented in Table
L. A marked decrease of the 65/67 kD keratins was observed and
important variations in the relative amount of these keratin poly-
peptides were observed between individuals and for a single subject
between a single lesion sampled at two different times or symmetri-
cal lesions taken at the same time. Two-dimensional gel electropho-
resis provided further evidence that an acidic 48 kD and a basic
56 kD keratin which are absent from normal scales were expressed
in psoriatic epidermis (Fig. 4).

DISCUSSION

Epidermal differentiation and DNA synthesis show abnormal dis-
tribution patterns in psoriasis. Both events have been reported sepa-
rately by numerous investigators and this paper illustrates the con-
currency of pathological events. Characteristic polypeptide profiles
of hyperproliferative epidermis were found in psoriatic scales.
However, the keratin synthesis does occur, albeit in reduced
amounts (65/67-56.5 kD keratins) as compared with normal sub-
jects. We can emphasize that the failure to make the correct amount
of these keratin polypeptides is not due to a defect of a specific subset
of abnormal keratinocytes within the psoriatic plaque. Our mor-
phologic study indicates instead a partial defect of all the epidermal
cells, with gradually increasing but delayed expression of the 67 kD
polypeptide in the lesion. Indeed, the final size of the 67 kD* com-
partment is only moderately increased as compared to the tremen-
dous increase of the total epidermal volume in psoriatic epidermis.
Conversely, the expansion of the 67 kD~ compartment could be
due to a partial deficiency of the proliferative cell in undergoing the
cellular commitment to terminal differentiation. At the same time,
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Figure 3. Image analysis of epidermal compartments in psoriasis by com-
bined labeling of S phase cells and of 67 kD keratin polypeptides. 4 Immun-
ohistochemical detection of 67 kD keratin polypeptides shows gradual ex-
pression of the marker of keratinocyte differentiation while cells in S phase
are 67 kD™ (scale bar = 50 um). b Same as a: by selecting the appropriate
gray levels in control biopsy specimens, a homogeneous epidermal compart-
ment can be automatically preselected. Elimination of nonepidermal and
nonrelevant structures is possible by utilizing an interactive device. ¢ Same as
aand b: more specific targetting of the 67 kD% areas is obtained by selecting a
more specific range of gray levels. This preselection is made on control
specimens. This picture clearly shows that S phase cells are 67 kD~

increased numbers of [*H] Thd* cells, presumably in S phase of the
cell cycle, were present and interestingly all (97.9%) but a few of
these cells are in the 67 kD~ compartment. Those S-phase cells
were preferentially located in the elongated interpapillary rete
ridges where the 67 kD~ compartment comprised basal and supra-
basal cells. These cells probably represent cycling cells because mi-
totic figures were also observed in the three lowermost epidermal
cell layers [1]. This is in sharp contrast with the apparent restriction
of mitotic figures to the basal cell layer of normal involved psoriatic
epidermis [1] and the identification of [*H] Thd labeled DNA syn-
thesizing cells in the basal and adjacent supra-basal cells in normal
skin biopsies [3,11]. The possibility of participation of differentiat-
ing cells into the cycling populations in human skin has been sug-

Table 1.
Control of Six Samples
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gested [17] by sorting cells according to their DNA content. Indeed
a fraction of cells with DNA content compatible with S and G2/M
stages of the cell cycle could be labeled with KL1 monoclonal anti-
body, which is specific for 56.5 kD acidic keratin polypeptide and is
expressed in the suprabasal cells of normal human epidermis [18].
These KL1* cells did also express bullous pemphigoid (BP) antigen
and contained a high fraction of cycling cells as compared with the
KL1~ and BP* (or not differentiated basal) cells. These results sug-
gest that early onset of differentiation can occur in basal cycling
cells, which move into the suprabasal cell compartment further
supporting the concept of heterogeneity in the basal -suprabasal
“germinative” compartment [3,11,19]. The present study of double
labeling in psoriasis clearly identifies an increased number of kera-

Intensity Comgarison of Coomassie Blue Staining of Keratins® in a
rom Two Patients with Stable Plaques of Psoriasis®

Psoriasis 1

Psoriasis 2

Keratin Site 1 Site 2 Site 2 Site 1 Site 2 Site 2
(Type Mw)  Control Time1 Timel Time2 Timel Timel Time2
1:56.5 29.0 — - - — — — —
1:50 16.5 10.3 14.9 16.3 9.9 11.6 15.9
1:48 — 13.6 13.9 17.8 20.1 17.9 16.5
1:46 — 8.6 9.0 14.1 18.6 17.6 9.6
11:67-65 24.1 10.2 9.1 2.4 0.8 2.0 8.4
11:58 16.6 18.6 21.1 18.4 4.1 12.1 17.9
11:56 — 17.8 19.4 20.1 26.2 20.1 17.9

“ Expressed in percentage, according to molecular weight.
Paired samples taken simultancously at symmetrical sites (1 and 2) or at 4-wk intervals at a given site

(time 1 and 2).
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Figure 4. Comparative analysis of total human epidermal keratins by two-
dimensional nonequilibrium pH gel electrophoresis (NepHGE) on squames
from control skin (INS) and scales from involved psoriatic skin (IPS). Coo-
massie blue staining, molecular weight is indicated on detected spots.

toblasts belonging to the 67 kD, or nondifferentiated, epidermal
compartment. The expansion of the epidermis seems to be predomi-
nantly dependent upon proliferation of keratinocytes in the elon-
gated interpapillary rete ridges where the expression of 67 kD poly-
peptides is delayed and occurs only later on, after cells migrate
outwards (i.e., closer to a level roughly corresponding to the supra-
papillary areas of the epidermis). This is very similar to the nonran-
dom proliferation pattern observed in palmar skin of monkeys [19].
Furthermore, in view of the fact that a single basal cell layer popula-
tion maintains its normal immunocytochemical characteristics in
psoriasis [20], our data support the hypothesis of a transient amplify-
ing suprabasal cell subpopulation with cell division capacity (even
though it has lost the basal cell markers) and which is not yet
confined in a process of irreversible differentiation. The possibiliry
to modulate the proliferation/differentiation process at this level
may well represent an alternative concept in approaching the treat-
ment of psoriasis.

The authors acknowledge the assistance of Marianne Dumortier, Cyndy Rosewicz,
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