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Abstrac1. The enlarged intercellular space in the lower 
malpighian layers of unlreated psoriasis contains a fine 
granular and a coarse granular substance. Both types of 
this substance increase in amount <luring 2-6 weeks of re­
tinoid (RO 10-9359) therapy. Retinoid stimulates the forma­
tion of these substances, which previously have been 
termed .. mucus". After glutaraldehyde--0smium tetroxide
fixation their mucoid nature cannot be ascertained. morc 
�pecific cytochemical techniques being needed for this. A 
darker. more homogeneous substance in the upper 
spinous intercellular spaces increases in amount <luring 
retinoid therapy. Large amounts of keratinosome-dcrived 
lamellae are observed at the boundary • of the stratum 
intermedium and the stratum comeum. Even after 14 
weeks of treatment with retinoid or retinoid plus PUVA. 
at cl inical remission. the histological and electron micro­
scopical pictures still show some psoriatic changes, i.e. 
enlarged intercellular spaces with fine or coarse granular 
substance. 
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An aromatic retinoid (RO 10-9359) is a new sub­
stance which. when orally given. is effecti ve in 
psoriasis and other diseases with disturbed 
keratinization. Its mode of action is not known. but 
se veral ultrastructural changes have been reported 
to be produced by topicaJ or oral retinoid in various 
conditions. These include tight junction formation. 
gap junction growth. inhibition of desmosome and 
tonofilament formation, increases in the Golgi ele­
ments, keratinosomes. polyribosomes and endoplas­
mic reticulum. development of surface microvilli. 
formation of mucin granules. and clevelopment of 
intercellular canaliculi (7. 10, 16, 17. 18. 20, 21). 
Fine structural observations on the effect of oral 
retinoicl on psoriasis have also been macle. Orfanos 
& Runne ( 14) administered retinoid to 3 patients 
for 3 weeks. One of their main findings was the 
formation of intercellular mucous substance in the 

tural changes in 8 patients for up to 14 weeks. We 
have also used the clinically highly effective 
therapy of retinoid followed up PU VA (RePU VA) 
and have studied biopsy samples fine-structurally. 
In the present paper we report a detailed study of 
the effect of retinoid and RePUV A therapy on the 
epidermal intercellular space in psoriasis. 

MATERIAL AND METHODS 
Eight patients with severe psoriasis were studied. The 
characterisrics of the patienrs are summarized in Table I. 
Four parients were treated with retinoid Ro I 0-9359) for 
14 weeks. The initial oral dose was 50-60 mg daily (0.5-1.0 
mg/kg). This dose was gradually reduced to 0.3-0.5 mg/kg 
according to the clinical response. Four patients were 
treated for 4 weeks with the same dose of retinoid and 
thereafter with psoralen-UVA (PUVA) during the follow­
ing 10 weeks. PUVA treatment was intially given three 
limes a week and later once or twice a week depending on 
the clinical response. The dose of 8-methoxy-psoralen 
was approximately 0.6 mg/kg weight, followed 2 h later by 
irradiation in a high intensity cabin (PUV A-22. Airam Ltd. 
Helsinki. Finland). 

Biopsies were taken from a psoriatic lesion before 
treatment and a nearby biopsy from the same area was 
taken after every 2 weeks of treatment. 

The light microscopy specimens were stained with 
haematoxylin-eosin, PAS. Alcian blue at pH 3, toludine 
blue at pH 3. and Hale's colloidal iron stain. 

For electron microscopy. I mm3 or smaller blocks were 
fixed for 2 hours or longer in cacodylate (0.1 M) buffered 
2.5 <;f glutaraldehyde at 4°C and postfixed with I% os­
mium tetroxide, stained en bloc • in uranyl acetate for 2 
hours at room temperature, dehydrated in a graded series 
of alcohol and embedded in Epon 812. Ultrathin sections 
were cut with an LKB ultramicrotome, stained with lead 
citrate and examined with a Jeol 100S electron microscope 
operated at 80 k V. 

RESULTS 

epidermis. I. Cli11ica/ ohserFUTions
In order to further elucidate the effect of retionid The clinical response to both retinoid and RePUV A 

therapy in psoriasis we have followed the fine struc- treatment was good; remission was achieved in all 
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Table I. Clwracteristics of 1he patients 

Patients I� on retinoid treatment. Patients 5-8 on RePUVA treatment 

Previous treatments 

Corticoids PUVA Retinoid 
Initial 

lnterval lnterval retinoid 
Pa- Type of Dithra- Dura- after last Dura- after last dose 
tient Age Sex psoriasis nol Local Oral tion treatment 1ion treatmenl (mg/kg) 

73 9 vulgaris X X 6mo 5 mo 0.8 
1 71 'i' erythrodermia X X X 0.9 
3 52 9 vulgaris X X 9 mo 1.5 yr 4mo 1.5 mo l.O 
4a 72 c3 pustulosa X X X 3 mo 3 yr 5 mo I mo 0.8 
5 43 c3 vulgaris X X 2 mo 5 mo 0.8 
6 27 c3 vulgaris X X 4 mo 2 yr 0.6 
7 44 0 arthropathica X X 1 yr 2 wk 0.5 
8 62 c3 vulgaris X X 3 mo 2 yr 0.9 

• Patient had also received methotrexate and hydroxyur ea treatment 2 years e.arlier.

patients. The mean treatment period needed for 
remission with retionid was 11 weeks (range I 0-14 
weeks) and with RePUVA 8 weeks (range 6-10 
weeks). 

Il. Lighr microscopy 

In light microscopy we found enlarged intercellular 
spaces but no increase in mucous substances in the 
epidermis. The intercellular material did not stain 
with PAS, Alcian blue, Hale's colloidal iron or 
metachromatically with toluidine blue. 

IIL Elecrro11 microscopy 

The present report concerns the main types of in­
tercellular substances seen before or <luring retinoid 
therapy. They were as foUows: 

(a) A fine and a coarse gramtlar substance seen
before rctinoid treatment and corresponding to 
what has been termed ·'mucous substance" (14). 

< b) A darker, more homogeneous intercellular 
space substance that was seldom seen before treat­
ment; this too has been termed a mucous substance 
( 19). 

(c) The keratinosome-derived lamellae in the in­
tercellular space of the upper spinous layers and the 
stratum intermedium. 

( a) Fi11e and coarse gra1111/ar inrercellular mate­
rial. In the lower malpighian layers, two types of 
intercellular material were found: I) A fine granu­
lar substance. with granules 80-150 Å in diameter 
embedded in an amorphous ground substance. This 
substance was also seen below the basal lamina 
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(fig. I). 2) A substance containing coarser granules 
t 20-l 50Å in diameter and less background amorph­
ous substance (Fig. 2). The granules resembled 
ribosomes or beta particles of glycogen. Mixtures of 
these substances resulted in a sliding scale of mat­
erials of variable granularity. 

During the first 2-4 weeks of therapy. these two 
types of material increased in the intercellular space 
(Fig. 3). Thei r fine structural appearance remained 
identical, although a change in their nature might 
ha ve occ urred (see Discussion). Vacuoles in the 
kerati nocytes contained the same types of sub­
stances, and connections between the vacuoles and 
the intercellular space were sometimes observed. as 
before treatment. At 6 weeks and later there was a 
tendency to decreased width of the intercellular 
spaces. although enlarged spaces were still found 
(Fig. 4). Even after 14 weeks of treatment. some 
intercellular spaces were larger than in normal skin. 
After RePUVA treatment there was strong melano­
cyte stimulation, but the intercellular space sub­
stances corresponded to those seen after pure re­
tinoid therapy. 

(b) Homogeneous dark rnaterial. ln the upper
malpighian layers a darker. more homogeneous 
substance in the narrow intercellular spaces was 
rare ly seen in untreated psoriasis. After 2--0 weeks 
of treatment this substance was encountered more 
frequently (Fig. 5). Keratinosomes were seen to 
protrude into the substance. Later <luring treat­
ment the amount of this substance decreased. 

(c) Kerarinosomes. In untreated psoriasis.
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Fig. I. Untreated psoriasis. Wide (Fig. I A) and very wide 
(Fig. I B) intercellular spaces (/) are seen between the 
keratinocytes (K) in the lower malpighian layers. The 
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intercellular space contains a fine-grained substance that 
is also present be]ow the basal lamina (arrowhead). D, 

dermis. X9300. 
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Fig. 2. Untreatcd psoriasis. Dermo-epidcrmal junction. 
Wide intercellular spaces (n are seen betweeen the lower 
epidermal cells (K). Processes of melanocytes are abun-

kerati nosomes were seen lo protrude into the inter­

cellular space in the upper stratum intermedium 

layers. During the initial retinoid treatment (2---6 

we.eks) the number of keratinosome-derived lamel­

lae was clearly increased between the upper 

stratum intermedium layers. the transitional cell 

layers and the lower horn cell layers (Fig. 6). Some­

times these lamellae formed an almost continuous 

band intermingled with a few desmosomes. In later 

stages (8-14 weeks) the lamellae decreased in 

number. 

DISCUSSION 

The present study confirmed the previous electron 

microscopical findings of !arge intercellular spaces 

between the keratinocytes in psoriasis (3. 13). 1t 

was also known that in untreated psoriasis the in­

tercellular space contains a fine-grained substance 

(3. 13). It increases <luring retinoid therapy (14) and 

was best seen in our study <luring the first 6 weeks. 

Thereafter the amount of intercellular substance 
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dantly seen (M). The. intercellular space material is 
coarsely granular. as is seen in the larger magnification 
(inse.i. x 120000). D. dermi,. x9500. 

dccrcascd. giving the epidermis a more normal ap­

pearance. However, even in clinically cured skin 

there were wide intercellular spaces containing 

granular substance. 

The present study shows that one must be careful 

when analysing the fine structure of retinoid-in­

duced intercellular substance. It is quite possible 

that the substances that we observed are different, 

although they have the same fine structural appear­

ance. Before retinoid treatment we found a fine 

granular substance in the intercellular space and 

below the basal lamina. This we consider a protein­

ous substance derived from the dermal vessels. Af­

ter 2 weeks of retinoid treatment this type of sub­

stance was usually not seen below the basal lamina, 

indicating reduced Ieakage of vessel tluids. On the 

other hand. we found an increased amount of fine­

grained substance in the intercellular space. This 

fine granular substance is probably identical with 

the "mucous substance" of Orfanos & Runne (14). 

Fine structurally it cannot be distinguished from the 

proteinaceous vessel fluid, but the large amount 



Fig. 3. T" o weeh of re1ino1d treatment. 

Fig 3 A. No1e 1he very !arge intercellular spaces belween 
the lower epidcrmal cells. A lymphoid cell (/.) and 
melanocy1e (M) are aho surrounded by a space filled with 
granular �ubstance. 8. basal cells. D. upper derrnis. 
x3 600. lnse1: Greater magnification of imercellular sub­
stance. x 44 200. 
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Fig. 3 8. Greater magnifica1ion of the intercellular space 
containing granular substance. The "granules" closely re­
�emble the ribosomes or glycogen particlc� in the 
keratinocytes (circle). Note also the probable cell organel­
le� (arrow) in the inlercellular �pace. X21900. 
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Fif? . 4. Six weeks of retinoid lreatment. 

Fix. 4A. Even after 6 weeks of retinoid rreatment. )arge 
intercellular spaces are observed in the lower epidermal 
layers. The keratinocyles contain !arge vacuoles (V). at 
least some of which have connection with the intercellular 
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space (arrow). x 5 600. lnsel: Larger magnification of in­
tercellular sub,tance. x 78 500. 
Fig. 4 B. The intercellular space (/) at higher magnifica­
lion. The intra- and extracellular granular substances 

�eem to be identical (circle). X28800. 
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Fig. 5. Two weeks of retinoid treatment. The boundary 
between rhree spinou, cells \Sl in rhe upper ,tnilllm 
spinosum. The intercellular space is filled with a moderat­
ately dark homogeneous substance (/). This substance 

present above the basal lamina indicates that it is 

formed in thc keratinocytes. lts formation is prob­

ably stimulated by retinoid administration. The 
coarse-grained substance was probably of the same 

quality before and du1ing retinoid treatment. but 

during retinoid treatment it was morc oftcn inter­

mingled with small vesicles and sometimes also 

with ot.her cytoplasmic organelles which might 

have leaked from the cytoplasm of the kcratino­

cytes. Vitamin A has previously been shown to 

alter the pcrmeability and stability ofthe lipoprotcin 
cell membranes (:.. 6. 8. 11 ). This could explain an 
extrusion of cytoplasmic constituents into the inter­

cellular space. In the upper malpighian layer, we 

found a darker �ubstancc that rcscmbled thc mu-
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also protrudes between the outer membrane thickenings 
of the desmo,omes (fine arrow). Keratinosomes (heavy 
arrow) are seen to protnide into this dark substance. 
X48200. 

cous substancc of Wulff et al. ( I 9). It wa, relatively

rarely encountered. however. and was not seen in 

the lower epidermal cell layer, in the present study. 

The amount was so small that it would not have 

becn dctected in light micro:.cop). The mucou:, 

stainings were light microscopically negative. 

It has previously bcen shown that retinoids car. 
cause a ··mucous metaplasia"". at least during cell 

differentiation (9. 10. 18). Also. a periodic acid 

silver methenamine positive mucous substance has 

been found in guinea pig skin after vitamin A acid 
treatment ( I 9). Thu, it is possible that retinoid 

direch the cellular differentiation proce�,es to­

wards a mucou� direction abo during the treatment 

of psoriasi� (4. 19). Furthermore, retinoid ha, bcen 

A< 111 l),,r11wto1 ener (.ltotJ..holm) ()/ 
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Fig. 6. Six weeks of retinoid treatment. 

Fif?. 6A. Boundary between 1he slratum intermedium (/). 
the transitional cell (D and the stratum corneum cells (C). 
Note the very abundant keratinosome--derived lamellac 
(arrowhead) in the intercellular spacc. x 30 300.
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Fig. 6 B. Direct contact between the stratum in ler­
medium (/) with keralohyalin and the stratum comeum 
(C). Wide intercellular space with abundant keratino­
some-derived lamellac (arrowhead). x 30 300. 



found to modulatc thc glycoprotl.!in 3ynthesb in cul­

tured mou�e epiderrnal cells ( I J. These ob erva­

tion� indicate that thc intercellular substancc may 
be mucu.,, but thi� could not be a-.ccrtained with the 

present mcthods. fhc dernon�tration of mucin 
would rcquirc the u�e of fine structural cytochemical 

meth0<h. 
Whether a rnucou� metaplasia Is beneficial during 

psoriasis treatment with retinoid i, not known. Or­

fanos cl al. ( 14. 15) spcculated that retinoid has 

a mucogenic effect on the epidermis. According 

to them. mucin �} nthesis would cause an increase 

in the dcficient glycoprotein-rich surface coats in 
psoriasis ( 12) and thus restore the suggested loss 
of "contact inhibition of growth". resulting in the 
normalization of keratiniz.ation in pl>oriasis. 
Whethcr thc exccs.,ivc amount of intercellular -.ub­

stancc found by us rcpresents a surface coat sub­

stance remains to be shown. Such a large amount of 

cementing substance would seem unnecessary for 

norma I keratinocyte funct ion. 

A prominent featurc was the !arge arnount of 

keratinosome-derived lamellar structures at the bor­
der of the homy layer. Il has previously been shown 

that vitamin A actl. a5 a lyso�omal labilizer (5. 8). 

Thus. one target of the retinoids could be the 
keratinosomes, which betong to thc lysosome fami­
ly. The accumulation of keratinosomes at the 

boundary of the horny layer may account for the 

desquamative effect of retinoid by the ly�osomal 

action of these granulcs. as spcculated by Woo-Sam 
(20) and T�ambao� et al. ( 17).
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