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Ab.ftract. The morphology of the horny layer was utilized 
to determine the age distribution of corneocytes in early 
psoriatic lesions and in their vincinity. By using the age 
distribution the number of corneocyle layers found in any 
time interval could be obtained and expressed as the rate 
of comeocy1e laycr� formed. Deposits of immunoglobulins 
G, M and A and C3 were also age-distributed in a similar 
way. In the period during which the horny layer was 
formed. variation in the rate of corneocyte formation 
could be related to the appearance of immunodeposits. 
Hyperproliferation was found to precede deposits of im
munoglobulins G. M and A and C3 by one 10 several days. 
Deposits were examined both visually and by means of 
microfluorometry. wi1h 1he same resul1. The specifici1y of 
1he deposits was established in two ways. A Fab,-anti
immunoglobulin conjugate was used to detect a possible 
Fe receptor binding. This was not demonstrated. Albumin 
was used as a plasma filtrate marker. Albumin wa� not 
found in the horny layer but was abundant in the intercel
lular spaces in the rest of the epidermis. It was concluded 
that the immunodeposits found in the early lesions of 
psoriasis are a secondary phenomenon during Lhe initia
tion of a psoriatic lesion. 

Key ll'ords: Psoriasis; Hyperproliferation in epidermis; 
lmmunodeposition in the horny layer; I nitia
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The initiation of a psoriatic lesion is suggested to be 

mediated by an autoimmune mechanism. since im

munodeposits in the homy layer are found in early 

lesions (2). Previously, Krogh and Tönder (4, 5) 

have found circulating immunoglobulins directed 
towards antigen determinants in stratum corneum, 

while activation of C3 was observed by Tagami & 
Ofuji (7). The hypothcsis has been proposed that an 

immune complex reaction takes place in the homy 

layer. thus initiating the psoriatic lesion. Hyper
proliferation of the epidermis is thought to be a 

secondary repair process. 

In the present work the proposed sequence of 

events in the epidermis of minute psoriatic lesions 
was tested: Is hyperproliferation secondary to im

munoglobulin deposition, or not? 

We have recently shown that the structure of the 

preserved homy layer can be uscd to outline the 
speed of its formation in nearby areas (3). The cor

neocytes in the horny layer are of varying age, with 

the youngest in its basal part and the oldest in its 

supe1ficial part. Thercfore. the age of a particular 

corneocyte can be determined from the site it oc

cupies within the horny layer. The numbcr of cor
neocyte layers found du ring any interval of time of 

this age distr ibution gives the rate of corneocytes 

formed during this period. Comparison of a minute 
psoriatic lesion with its vicinity is used to obtain the 

relative rate of corneocyte formation (3). This is a 

quotient of how many times more the rate is in the 

lesion than it is in the non-involved epidermis. The 
deposition of immunoglobulins and complement in 

the homy layer can be examined to obtain its age 

distribution by the same procedure as indicated 

above. This can be compared with the relative cor

neocyte formation rate in order 10 answer our ques
tion. 

MATERIAL AND METHODS 

Patie111s. Sixteen patients with active psoriasis supplied 28 
biopsies. The patients were 24 to 46 years old. Nine were 
females. All had guttate or nummular lesions, which were 
disseminated. untreated and at an acute stage. The thigh 
skin was carefully examined under a magnifying glass, 
x3-I0, for detection of minute lesions located at a dis
tance from visible lesions (>5 cm) and clearly within inter
follicular fields. Without anesthesia a punch biopsy 1-2 
mm thick and 2-3 mm in diameter was excised, frozen 
immediately on solid carbon dioxide with the dermal side 
down, transported in a cold environment and kept in a 
deep-freezer at -90"C until sectioned. 
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Table I. N11111her <H psoriatic lesio11.1 wit// deposi11 
in the lwmr layer 
An early lesion had normal-looking corneocyte layers on 
top of the parakeratotic area. At lew.t one of these layers 
could be traced out to the adjacent normal epidermis and 
ww, found not to be al tered in morphology I hroughout. A 
late lesion had areas ofparakcratosis out to thc rim ofthc 
horny layer 

Type of lc"on 

Conjugate Early Late 

lgG 13 13 
lgM 7 5 
lgA 9 6 
C3 � 5 
No dcposits 2 0 

No. of patienl!> 15 13 

The histological techniques and the unalysis of the sec
tions for measurement of the relative corneocyte forma
tion rate (RCR) wru, done as de,cribed recen1ly (3). In 1he 
ma1erial of serial sec1ions 1hc measurement of rhe cor
neocyte formation rate was done on 3-4 consecutive sec
tion, ,elected just before and after the 6 used for immuno
fluorescence to detec1 lg or C3 dcposit�. The ,ec11ons werc 
6 µm thick. The size of the lc�ion� vuricd betwecn 0.2 and 
0.8 mm in diameter. 

lm1111111of111oresce11ce ( IFJ vf t/re /rom,· larer. The non
fixe<l cryostal sections were placed on �icr�scopc slides. 
In six biopsies some sections were kepl at 30'C for 2 days 
to lh the section firmly 10 1he glass: others were used 
directly after thawing. The final resull was lhe same with 
the,e 1wo procedure,. The first mentioned procedure was 
carried out in only 4 patients. 

Dcposits of lgG. lgM. lgA and C3 were detected by 
mean, of dircct immunofluorcscence using fluorescein 
iso1hiocyanate (FITC)-conjugated an1iscra against the ap
propriate human serum proteins. The conjugates used had 
thc following charactcristic,. FITC-,hcep anti-human 
lgG. (Wellcome): F/P molar m1io 3.25: protein concentrn-
1ion 8.0 mg/ml, an1ibody protein 1.4 mg/ml; plateau end
poinl in a standard performancc !est I: 400: working dilu
tion I: 10. FITC-sheep anti-human lgG (WHOI: F/P molar 
rauo 3.90: protein concen1ra1ion 6.5 mg/ml: plateau end
point I : 400; working dilution I : 10: specific antibody 
concenrration 1.69 mg/ml. FITC-sheep anti-human lg.\.l 
(Wellcome): F/P molar ratio 3 .2: protein concentration 7 .2 
mg/ml: pla1eau end-point I: 200, working dilution I: 10. 
FITC-cheep anti-human IgM (WHO): F/P molar ratio 3.8: 
protein concenrration 6.1 mg/ml: plateau end-point I :200: 
work1ng dilution I :  10. specilic antibody concentration 
0.67 mg/ml. FITC-sheep anti-human lgA: (Wellcome) F/P 
molar ratio 4.:?; protein concentration 8.7 mg/ml: working 
dilu11on I: 10. FITC rabbit anti-human C3 (Behringwerke) 
F/P molar ratio 2.9: protein concenrra1ion 4.9 mg/ml and 
workmg dilution I: 5. Fab, sheep anti-human lg: F/P mo
lar rn1io 8.6x 10 ·•. pro1ein concentration 6.4 mg/ml. work
ing dilution I : I 0. 
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In order to detecl albumin a rabbi I anti-human albumin 
\erum of our o,�n production was u�ed. The reac1ivi1y of 
1hb ,erum was detected by a FJTC-conjugated sheep 
anti-rabbit immunoglobulin with F/P 3.2 and protein con
cencration 5.4 mg/ml and working dilution I : 10. In the 
dircct staining procedure the cr yos1a1 ti\SUe sec1ions wcre 
rcacted with the conjugates for 30 min at room tempera
ture. The sections \\Cre then wa5hed for 5 min 1hree time, 
in phosphme-buffered saline (PBS (l'\a,HPO, SmM. 
KH2PO1 1.5 mM. NaCI 0.14 M. KCI 3 mM) pH 7.4). In the 
indirect staining u�ed 10 detect albumin the ti,,ue sections 
\lere reacted for 30 min with the an1i-albumin serum di
luted I : 20  or I : 40. washed three times in PBS followcd 
b> incuba1ion with the conjugate for 30 min followed by 
three washe, m PBS. 

Fluorc,jcence n1icro)cop.,· and microjloron1e/r\' 

Tht: s1ained tissue \ection, were evaluated in a Le11z 
Dialux 20 microscope using incident light illumination. a 
50 W high prc,&ure mcrcury lamp and equipped with Leil7 
filter block K. Photograph, "'ere taken "ith a Leitz au
lomatic camera using Kodak ektachrome film. 

I.ornli�(lfio11 of lg deposit,. The IF s1ained scction wa.s 
ea,ily recognized 10 be morphologically very similar 101he 
RCR section�. This means 1hat the horny laycr on top of 
lhe microscopic lesion and at the nearby normal epidermis 
correspondcd completely in lhe two section� of IF and 
RCR compared. The localization of the IF deposits wa, 
thercfore measured by a simplified procedure with the uid 
of an ocular micrometcr. The distancc, bet\\cen the ,ur
face of the horny laycr (poin1 A) down 1he mo,t superficial 
part of the deposi1s (point B) and to the bordcr of Stratum 
Malpighii (poinl C) were me,1sured. as well a, the whole 
thickness of the horn} layer at the refcrence area of near
by normal epidermi,. The proportion of 1he lcngths bc
twecn poin1s A and B and between points B :ind C wa, 
used in the RCR slides to indicate the corneocyte layer 
"hcre IF staining fir,1 appeared. 

1/1e i111emi1y offl11oresce11ce. In different areas of the 
tis,ue section fluorcscence was meawred u,ing a Leitz 
photometer coupled 10 a Lc11z orthoplan micro,cope. 
The�e measurcmeno, were performed in lhe same way as 
previously dcscribed in detail for inten,iy mea,urements 
in 'lngle cclh (6). 

In each �ection lhe horny layer was measured in thc 
centrc of fluorescent immunodcposits. in an area supcrfi
cial lo and adjoining dcposits but devoid of visible fluore�
cent material and also in the adjacem normal horny Jayer 
(Fig. I). The circular aperturc of the incident light had a 
diameter of 3 µm in 1he plane of the section. This indi
cated about 10 corneocyte layers in the normal stratum 
corneum and about half !hat in lesional skin. 

Speciflci11 af lgG hindin.I! was controlled by using the 
FITC-Fab,-anti-lg conJugate. Four biopsies showing lgG 
deposition in parakeratotic areas was 1csted with the Fab., 
conjugatc. ldcntical ,tains were obtained on consecutiv; 
sections with the two conjugutes. 

RESULT 

The result of the lg and C3 deposits is summarized 
in Table I. Deposits were present only in 
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Fig. I. Analysis of immunodcposits in the horny layer by 
microfluorometry. In the sketch the hatched area indi
cates visible immunodeposits. The circles show positions 
for measurements. The shutter has an aperture 3 µ.m. 

Site 3 is laken 2-3 layers of corneocytes on top of visible 
deposits in order to reveal unnoticed fluorescence. Low 
inrensiry at site 2 is due to 2 cases of a narrow band of 
fluorescence not completely filling the aperture of the 
instrument. The two rows of' values per site indicate du
plicate measurcmenrs. 

parakeratotic areas of the horny layer. In areas 

where th icke ned non-nucleated corneocytes (3) 
were present and in normal-looking parts of the 

homy layer. no deposits were seen. 
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According to the morphology of the minute le

sions these were divided into an early and a late 

group. The early lesions were defined as containing 

a normal-looking part of the horny layer on top of 

the parakeratotic part. 
1 n the 13 earl y lesions with deposits. the pa11 of 

the horny layer on top of the deposit was 2.5 (range 

1.65-5.0) times thicker than that of whole. normal
looking epidermis used as the nearby reference. 
The early lesions were analysed in detail to estirnate 

the relative corneocyte formation rate (Fig. 2). The 

appearance of lg or C3 deposits was designated as 

day 0. Prior to this day hyperprol iferation was pre

sent up to 4 days. The I wo lesions which did not 

contain any deposits had on average a maximum 
relative rate of corneocyte formation I 3 .5 times that 

of the adjacent normal-looking epidermis (range 

x 10.5-15.5). Deposition in an early and a late lesion 

is shown in Figs. 3 and 4. respectively. Five lesions 
with positive reactions for Ig deposits were used to 

reveal deposition of albumin. l n  stratum coneum 

the indirect IF staining using the anti-albumin 

serum was negative in all cases. In stratum Mal
pighii it gave a speckled intercellular tluorescence. 

The microtluorometric measurement was done on 

lgG-positive si ides. one from each of 8 patients with 

early lesions. The horny layer in the non-involved 

n. : j 

!j+---.-��_____._�2+--�___,____�
-t. -3 -2 -1 0 2 -3 -2 -1 0 2 DAYS 

A0PEARA�CE OF APPE•RANCE OF 
! OEPOSITS , lg DEPOSITS 

Fig. 2. Relative corneocyre formation rate in early psoria
ric lesions and ils relation 10 rhe appearance of deposits of 
IgG in the horny layer. The relative rate of corneocyte 
formation is defined in the introduction and in (3), expres
sed as the number of corneocyte layers formed in the 
lesion vis-a-vis each layer formed in non-involved skin. 
The age distribution of corneocytes in the horny layer was 
used to date the appearance of immunodeposits. The time 
basis on rhe abscissa is taken from earlier studies indicat-

ing a rate of corneocyte formation of two layers per day in 
non-involved psoriatic skin (3). The lesions fall into two 
groups, one with a slower onset of the increase in forma
tion rate (lejt panel) and another with a sudden onset 
(right panel). In the latter situation the rate peaked (P) in 
advance of deposits in two cases. An increased rate of 
corneocyte formation precedes immunodeposits by one or 
several days in both groups. 
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Fig. 3. Histology of an early lesion (a) Fluores
ceinisothiocyanate and 4-4-diamidinodiphenylamine 
stained section to reveal corneocyte membranes and nuc
lei. A sparse parakeratosis is present from the mid-portion 
of the horny layer and increases towards the Malpighian 

skin was compared to that of the lesion (Fig. I). 

In arbitrary units the mean fluorescence of the non

involved homy layer was 9.7 units. In the area of Ig 
deposits it was 18.0 units and just superficial to 

observed deposits it was 10.0 units. An analysis of 

variance gave a highly significant difference be

tween the area of deposits vis-a-vis those without 

visible deposits (F=268, degrees of freedom 1/24; 
P<0.001). The area outside the lesion and that su

perficial to visible deposits did not differ (F=0.29, 

degrees of freedom 1/24; P>0.5). The error in the 

Fig. 4. Histology of a late lesion. (n) and (b) refer to the 
same stainings as in Fig. 3. Parakeratosis and lgG deposits 
coincide. The maximum relative corneocyte formation 
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layer. (b) The same lesion with a faint lgG deposit located 
in the bouom part, coinciding with severe parakeratosis. 
The relative corneocyte formation rate ranged from x4.5 
up lo x 16 in lhe area of the horny layer formed prior 10 

that where the deposit is located. Bar equals 50 µm. 

double determinations ofthe fluorescence expressed 

as coefficient of determination was 12.9 %. 

DISCUSSION 

The finding of the deposition of lg or C3 in very 

early lesions in psoriasis. shown in the Table, was 

also noted by Jablonska et al. (1). The deposits are 
interpreted as specific. since they do not occur out

side areas with parakeratosis. The controls made 

with the Fab2 anti-Ig conjugate support this conclu-

rates in the two areas with severe parakeratosis were x 7 .O 
and x 12.5 for the superficially and the more basally lo
cated areas. respectively. Bar equals 50 µm. 
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sion. as this conjugate yielded the same staining a 
the class-specitic conjugate. In the Fab2 anti-lg con

jugate the Fe part of the immunoglobulin is de

tached and therefore cannot react with an Fe recep
tor on the surface of the cells but only with the Fab 
portion of bound lg molecules. The results of thc 
indircct IF staining of albumin indicated that albu
min is excluded from the horny layer in thc 
examined sections but was abundant in the rest of 

the epidermis. Albumin was used as a marker of the 

intercellular plasma filtratc and differed from the 

results of the immunodeposits. again indicating 
specificity of the lat ter in the lesion. The strict 

localization of the deposits to parakeratosis has not 
been 100 well remarked on in recent literature (I. 2). 

The division of the material into early and late 
lesions is arbitrary. Lesions in which parakeratosis 
is shown to appear up to the surface clearly is not 

newly formed. Therefore. we decided to indicate 
lesions as early only when they had a normal look
i ng horny layer near the surface. We cannot exclude 
that in these lesions there might be already de!>

quamated parts which have had an immunoreac

tive region. This is hardly likely. however. since 
normal corneocytes near the surface could be 
traced as a continuous layer from the non-involved 
area into the lesion. Near the surface several of thc 
early lesions had an increased ratc of comeocyte 
formation (Fig. 2.). The reason for this is that the 
top layer of corneocytes--which could be traced 
without difficulty in the RCR slides--was located 
just beneath the surface. Since one layer gives only 
a time coordinate, two must be retrieved before the 
rate measure is available. Our conclusion is that the 
lesions used are young. but we cannot state their 
age accurately in every case. 

The results indicate that IF deposits are often 
delayed several days after initiation of hyperprolif

eration. This was expected, as IF deposits coincide 

with parakeratosis, which is known to be preceded 
by hyperproliferation for one or several days (3). 
One of our cases (Fig. 2) had a normal rate which 
suddenly increased from X I up to x 17.5. The de
posits did not appear until half of the parakeratotic 
layers had been formed, however. 

These interpretations are founded on the assump
tion that the observer can decide whether immune 

deposits exist or not. by visual inspection. The re

sults of the microtluorometry measurement support 

the interpretation and deny that the observed de

po:.its are preceded by small. imperceptible immune 
deposits. From our results it can be concluded that 

IF deposits are a secondary phenomenon to other 
events precipitating hyperproliferation in the initial 
psoriatic lesion. 
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