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Ab;tract. 1 he conccntration of cyclic adeno,ine 3' .5' • 
monopho,phate (cAM P) and the acti,ity of adenyl cyclase 
and cyclic nucleotidc pho,phodie,tcrn,e were mca,ured in 
thz plaquc and healthy epidermis of p,oriatic persern, and 
c'.lmp3rtd with the values for normal human cpid�rm·,. 
Daily urinary ex,:retion of cAMP wa, also mea,ur�d i11 
p,orhtic a:id con11ol ,ubjects. The concentration of 
cA'.\IIP wa, fouml to be slightl) clcvated in thc p,oriatic 
plaquc when compar �<.I with the healthy areas of the 
,:ime p�r,on. Therc was no diffcrence in the urinary 
cAMP cxcretion in normal and p,oriatic person,. Adenyl 
cyclase activi1y (with or without ,odium [uoride) was 
sJ:ghtly lowcr, and C}clic nudeotide pho,phodi:,terase 
consic.Jer:\bly lower, ,n p,oriatic plaque than in hcalthy 
epidermi�. Contrary 10 carl:er repons, thc response of 
adenyl cyclase to sodium fluoride wa� found to be ,imilar 
in nornlll and p,ori:itic epidermi,. 

Cyclic adenosine 3',5'-monophosphate (cAMP) is 
known to regulatc a number of intracellular mc­
labolic pathways, e.g. glycolysis and lipolysis. by 
activating phosphorylase and lipases. It is also 
thought 10 play a role in the regulation of cell 
division (8). �AMP is produced from ATP by an 

enzyme. adenyl cyclase, situaled in the plasma 

memhrane. The enl) me of se,·eral tissues is 
lrnown to be acti\'ated by adrenalin, othcr cate­
cholamines and sodium fluoridc (20). 

Mier & Urselmann (13) demonstrated the pres­

ence of adenyl cyclase in \\.hole skin homogenate 
of the guinea-pig and found that it was acti,·ated 
by fluoride hut not by adrenalin. Using similar 
cechniques, the �ame investigators did not find 
any differences in adenyl cycla�e activity between 
homogenates of normal and atopic human skin 
(14). Vorhees et al. (23) and Duell et al. (5) found 

that an adenyl cyclase preraration oblained from 

the epidermis of a ne" born rat was �timulated b} 

isoproterenol, whilc adrenalin had hardly an) 
stimulatory effect. On the other hand. Bronstadt 
ct ul. (3) showed that adrenalin augments the for­
matic;n of cAMP in ham�ter skin in , i tro. The) 

found no formation of this metabolite in skin 

from which the epidermis had been �crapcd. and 
concludeo lhat cAMP is formed only in the 
epidermis. Rao et al. ( 18), however, found that 
cultured human skin fibroblasts contained aden} I 
cyclase with propcrties resembling those of othcr 

tissue3 and thc capacity lo form cAM P. The con­
centration of this nucleotide in tissucs i\ regulatcd 
not only by thc rate of S) nthesis, but also by thc 
rate of breakdown. The enzyme thal cleaves 
cAMP is cyclic nuclcotide phosphodiesterasc. 
Phosphodiesterase in mouse skin homogenate \\as 

detected by Mier & Ursclmann (15) and enzymc\ 
with similar characteristics have been found in 
othcr mammalian tissues, fn a later stucly by the 
same author5 (7) no difference was observed in 

the acti\'il) of phosphodiesterase in atopic and 
normal human whole-skin homogenates. 

Psoriasis has been suggested to originate from 
a defect in the adenyl cyclase-cAMP cascade (23). 
The psoriatic skin lesion is characteri1ed by a I 0-

to 12-fold increase in the rate of cell di, ision, 

with low phosphorylasc activity and glycogen ac­
cumulation in the epidermis (I). Theoretically, 
thesc changes could be due to a low concentra­
tion of cAMP in the epidermal cells, since an in­
crease in cAMP leve! retards epidermal cell divi-
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PSORIATIC PLAOUE 

sion and initiates glycogen breakdown. This theory 
is supported by the experimental evidence that 
adrenalin (4). isoproterenol. and cAMP arc known 
to inhibit epidermal cell proliferation (16). The 
effect of the hormones is simulated and potenti­
atcd by theophylline (25), which inhibits phospho­
diesterase and thus prevents degradation of 
cAMP. ft is also mimicked by <libutyryl cAMP.

a lipid-solublc derivati,e of cAMP (25). 
1 t remains to be seen whether. in fact, the leve! 

o' inherent cAMP in the psoriatic epidermis is 
lo\\er than normal. and if so. \\he ther there is a 
defcct in thc rate of synthesis ar an increase in 
the breakdown of cAM P. Recently, Vorhees el al. 
(24) reported km cA \.(P le,els in psoriatic plaque 
epidermis, and Halprin (6) ha\ suggestcd thal 
adcnyl cyclase is defcctive in lhc psoriatic epi­
dermis.

Tn this s tudy we report  our findings at the leYel 
of inlracellular cAMP, adenyl cyclase, and cyclic 
nuclcotide phosphodie�lerase in normal and psori­
atic human epidermi\. At the ,ame lime. , alues 
for the urinary secretion of cAMP by psoriatic 
and normal control persons are given. since 
systemic as well as local changes are often pre�­
ent in psoriatics. 

MA'IERlAL AND METHODS 

Epider111al sa111ples 

P,llients suffering from p,oriasis as wcll as non-psoria1ic 
controls wcrc ,clected from 1he in-paticm departmcm of 
the D�rmatologic'.11 Clinic, Turku. None of thc ,ubjec1, 
had receivcd any S},ternic or local 1rca1ment on the 
biop,y area during the prcceding 2 wcck<. The cpidermal 
,amplc� were tal-en with a keratotomc from lorgc typical 
p,oriotic plaquc, on thc body or thighs after removing 
all scales with pincers. Comrol s'.lmplcs were taken from 
thc corresponding comrah11cral area or from 1he irn­
mediate vicinily of the plaque. The keratotomc slices 
were imrn�diatcly placcd on dry ice anJ kepl ni - 75°C 
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until analy�cd. Lighl-microscopc cAamination of the ,cc­
tions revealed 1ha1 1he sec1ions wcrc cut ,o that about 
one-half of the volume of 1he clermal papillae was in­
cluded both in conlrol and involvc<l biopsic,. as seen in 
1-'ig. I. 

Uri11e samples 

Urine from psoriatic and from non-psoriatic patients was 
collec1ed Jor 24 hours and slirrccl well, the volume wa< 
rneasurecl and 50-ml aliquots werc �tored al - 20°C un-
111 analysed. 'o coffcc or 1ea wa, aUm,ed during the 
period of collec1ion. 

Cyclic cule11osi11e 11w11opho.rphale (cAMP) 

rnuen \lin ,amples \\ere weighed on a 1or,'on balanc: 
in a cold room al - 20°C. For cAMP dc1crmina1ion, 
sa111ple, weighing ca. � mg were cx1rac1ed by homogenirn-
1ion with 500 _,,J of 6°0 ice-cold trichlorouce1ic acid and 
a\,aye<l "ith the radioimmunoa,,ay kil produced by 1hc 
Schwarz Mann Chcmical Company (Oran�cburg. New 
York, USA). 

Urinary cyclic AMP was mea5ure<l eithcr accorcl:ng 
10 1he m:1hcd of RaiJ el al. ( 17) or with 1he radioim 
munoa"ay I.il. The fir,t rne1hod is based on separa1ion 
of cAM P from 01her nucleotides by colurnn chroma10-
graphy, followed by hydroly,is with cyclic nuclco1ide 
phosphod1e,1erase and cnzymic co,wen,ion to A TP3' which 
w as countcd by Cercnl.ov radialion. 

Ade11yl c,-clme (AC) 

For cnLymc ac11vi1y measuremerHs, the ti<,,uc sample, 
wer� homog!nized in 4 vol of 50 mM Tri,-HCl buffer, 
pH 7.5. containing 2 m\i di1hiothrci1ol al 0 2°C. Fifty-
111 portions of homogenates equivalent to 10-15 mg of 
1issue werc assayed for adenyl cycbse according to a 
modifica1ion of the mc1hod by Kri,hna. Wei,s & Brodie 
( IO). lncubations were carrie<l out nt 30°C for 20 m,n, 
w1th l mM ('H)-A TP (,pec. act. 60 mCi mmol) a, ,ub­
,1ra1e in 500 µI of medium contnining 50 mM Tris-1 ICI 
buffcr (pi I 7.5). 3 1111\l MgCI,, 10 mM thcophylline, 5 
mM p!lo,phoenolp)ru,a1e, 20 µg ml of pyru,ate kina,c 
anJ 2 m:-.t di1h101hrei1ol. Activit) was also mea,ured in 
1he pre,ence of 10 mM ,odium 0uoride or 0.1 mM adre­
nalin. Proportionality wilh lime was ob,crved in 1he 
prcsecce and absencc of these actirn1ors. Scpara1ion of 
('H)-cyclic AMP from ('H)-ATP was fac,litated by in­
crcasing the lcngth of 1he Dowex AG50 W-X4 column 
lO 8 cm and eluting wilh I mM pota�,ium pho<phale buf­
fer, pH 7.0. 

Cydic 1111cleo1ide pholphodiesterase (PDE) 

Cyclic nucleotide phosphodiestcrn�e was a"nyed by a 
melhod ba,e<l on 1he ,ame principlc as tha1 of Brecken­
n<!ge & John,1on (2). Twent) µI of thc homogenate 
cquivalent 10 4-6 mg of 1is,ue wa, added 10 I 00 ,,1 of 
rengent consisting of 50 mM lmidazol-1-lCI buffer (pl I 
7.5). 5 mM MgCI,. 0.02°0 bovinc ,crum albumin, 0.0 I 00 

Triton X-100, 100 µg ml of 5-nucleotidase (Sigma). and 
5 mM cAMP. lncubation was carricd ou1 al 30°C for 20 
rn:n and 1crrninated by adding ice-cold trichloroacetic 
acid to a final concen1ra1ion of 6%. The inorganic phos­
ph:11e liber.11ed wa� mea,ured uccording 10 Lowry & 



Table T. Cyc/ic adenosine monophosphate in normal

and psoriatic epidermis 

cAMP 
Tissue (pmol/kg wet weight) 
Normal (11) 0.94±0.17] Psoriatic 1.62±0.36 •• Heal1hy (13) Lesion (14) 2.10±0,35 
•• P<0.01.The values arc averages ± l S.E.M. The numbcr of speci­mens assayed is includcd in parentheses.
Lopez ( 11). Protein was de1ermjned according lo Lowry et al. (12). 
Statistics Sta1is1ical analyses of the resulls were carried out either by the I-test according to Jonge (9) or by a matched-pair Hest (l 9) in cases where skin specimens from the same patient wer: compared. 

RESULTS 
cAMP in epidermis In the psoriatic patients the cAMP concentration i!:!_healthy skin areas did not differ significantly from the leve! in the normal controls (Table T), whereas in rhe lesions the concentrations were about twice as high as in the normal controls. This difference was significant (P < 0.01). The concentration in the lesions was also higher lhan in the healthy skin area of the psoriatic patient; this difference was not significant. 
cAMP in urine Urinary cAMP excretion, estimated from samples of 24-hour urine, was !be same in the psoriatic as in control patients (Table II). With the same methods, the same level has been found in a larger series of patients (2.0-6.5 JLmol/24 h, inpreparation). There was no correlation between the age of the patient and urinary cAMP ex­cretion. 
A den yl cyclase Adenyl cyclase activities in normal skin, healthy psoriatic skin and psoriatic plaques are shown in Tablc 1II. It appears that the enzyme activities are roughly the same in normal controls and in skin of heallhy psoriatics. �gnificantly lower 
values were found in the psoriatic plaques, when estimated with or without fluoride, as compared 

cAMP in psoriasis 15 
Table H. Cyclic adenosine monophosphate in normal

and psoriatic urine 

cAMP Urine l/lmol/24 h) 

Normal (6) 4.40± 0.79 Psoriatic (26) 4.00±0.37 Men (18) 4.28±0.45 Women (8) 3.38±0.67 
The values are averages ± I S.E.M. The numbcr of urine samples analyscd are given in parentheses. No significant diffcrcnces were found between the groups. 
with healthy areas in the same person or with normal control skin specimens. A response to sodium fluoride was clearly demonstrable and in this respect normal skin [10.2±0.8 (S.E.M.)-fold increase], healthy psoriatic skin (6.0 ± l.2-fold in­crease) and plaque enzymes (9.3 ± 1.5-fold in­crease) scarcely differed. 
Cyclic nuc/eotide phosphodiesterase Cyclic nucleotide phosphodiesterase activity meas­ured in normal control skin and healthy and 
plaque skin of psoriatics is recorded in Table IV. No difference was found between normal skin and healthy psoriatic skin. The psoriatic plaque, on the other hand, had a strikingly lower activity. 

DTSCUSSION The cAMP leve] recorded by us in lhe normal skin was the same as that found by Voorhees et al. (24). This leve! is in the range reported for other mammalian tissues (22). That healthy skin 
Table UI. Adenyl cyclase activity in normal and pso­

riatic epidermis 

Adenyl cyclase (pmol/mg prot./min) Tissuc 
Normal Psoriatic Healthy Lesion 

No activator 
0.25 .±. 0.03 (4) 0.44±0.07 (4)}·0.20 ± 0.05 (5) 

*P<0.05 } . **P<0.02S matched-pa1r 1-test.

10 mM NaF 
2.48 = 0.21 t4) l 2.31 ±0.19 (5)}·· 1.46±0.19 (6) 

•••P<0.01, Hest according 10 Jonge. 

••• 

The values are averages ± I S.E. M. The number of specimens analysed are given in parentheses. 
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Table lV. Cyc/ic 11ucleotide phosphodiesterase in nor­

mal and psoriatic epidermis 

The valucs are avcrages ± I S.E.M. The numberofspecimens
assayed arc gi,-cn in parcnthcscs

Tissue

Normal (11)
Psoriatic Healthy (11)

Lesion ( 12)
** P<0.01. 

Phosphodicstcrase 
(nmol/mg prot./min)

2.10=0.47 l 
••I .86 ± 0.46} •0.52±0.13 

• P< 0.02, matched-pair 1-test.

areas of psoriatics and normal epidermis of con­
trols had the same leve! of cAMP was as expected.
It is also in agreement with the findings of Voor­
he�s et al. (24).

Our finding of comparatively high Jevels of 
cAMP in the påoriatic as compared wilh the nor­
mal epidermi3 does not agree with the findings
cf Voorhees et al. (24), who reported 36% lower
values in psoriatic plaques (on a wct weighl basis).
The reporl of Yoorhees et al. appears to be base::I
on careful
althcugh,
Brooker's

work and their methods seem reliable.
as the aulhors themselves admit,
isotope mcthod may be subject to

some errors. The radioimmunoassay developed by
Steiner ct ul. (21, 22) and used by us is at least
equally reliablc. Thus the differences between
our chemical methods and those of Voorhees et
al. do not seem to explain the differences in the
values obtained, especially since the results in nor­
f'l'.:ll patients are identical.

Yoorhees ct al. (24) in terpreted the 36 % de­
crea�e in the mean cAMP leve! as support for the
theory that lhe high rate of mitosis in the psori­
a:i::: epidermis is due to lack of thc mitotic inhibi­
tisn caused by cAMP in normal epidermis. How­
ever, their data merit closer inspection. Tn psori­
utics the cAMP value, in hcalthy epidermis varied
from 0.3 to 3.3 and in plaque from 0.2 to 2.3
pm:::1/mg, i.e. the ranges are about tenfold and
for the most part overlapping. Moreover, in 5 of
their 25 patients the cA MP leve I in the psoriatic
p!aque epidermis was higher than in the healthy
skin area, i.e. the resulL is quite the reverse and
in accord with our findings. Therefore, we think
that it is too early to concludc from those studies
lhat cAMP is the so!e inhibitor of mitosis in the
Acta Der111ato1·e11er (S1ockho/111) 54 

epidermis and that tbe psoriatic plaque is a direct
consequence of a low local leve! of cAMP.

Voorhees et al. (24) stress the importance of
the appropriate keratotome setting in obtaining
the biopsies for assay, and we fully agree that
differences in the biopsy technique may lead LO
differences in results. This is especially true of
assays made on whole-thickness epidermal homo­
genate, for the exact pattern of cAMP distribution
in the various epidermal layers is not known.
Voorhees et al. (24) used the keratotome setting
of 0.10 mm to isolate normal epidermis and a
setting of 0.25-0.50 mm to isolate psoriatic plaque
including the elongated rete pegs and dermal
papillae from skin. Our biopsies were considerably
more shallow in order to eliminate dennal con­
tamination which would have resulled in erro­
neously low cAMP values. Tt is possible t.hat the
difference in the technical procedures alone may 
explain the variance between two sets of data. 

cAMP is known to be liberated from cells into
plasma and excreted into urine: in fact, cAMP
and cGMP (cyclic guanosine 3' S-monophosphate)
are the only nuclcotides which have been found
in high concentrations in urine, the former being
the more abundant (22). It was therefore of in­
terest to study the urinary excretion of cA MP.
However. the similarity of the values for norm'.:ll
and psoriatic patients suggests that the psoriatic
epidermis doe� not liberale cAMP in greater
amounts than does normal skin. In the sera of 
patients with psoriasis the levels of several cel­
lular enzymes. e.g. nucleic acid phosphodiesterase,
are raised (26), and this has been considered a
sign of the "leakier" nature of psoriatic as com­
pared with normal epidermal cells.

Recently, Halprin (6) found that the adenyl
cycla�e of the psoriatic plaque is less sensitive to
activati:m by sodium fluoride (and adrenalin) than
is the aclenyl cyclase in the surrounding normal
skin. This would lead to decreased levels of
cAMP in the c;,idermal cells, if it is assumed that
tr.e cAMP leve! is physiologically regulated by
adrcnulin. Such a reversible defect in the enzyme
molecule could be explained only by a mutation
in the gene regulating the synthesis of the en­
.:yme itself or of some factor modifying ils f'unc­
tion. Our preliminary results clo not support this
Lheory. either, since adenyl cyclase from the nor­
m�! an�! psoilatic plaque epidermis was equally
;:-.::tivatcd by sodium fluoride. No stimulation by



adrenalin could be cxpected, since homogcniza­
tion is known to dcstroy this property. Wc are 

currentl> modifying our techniques lo obtain the 

experimental conditions described by Halprin and 

so eliminate differenccs in technique. 

We found low levels of cyclic nucleotide 

phosphodiesterase in psoriatic plaque epidermis 

compared "ith healthy �kin of psoriatics and of 

normal controls. No previously published data 

on the activity of this cnzyme arc availahle for 

comparison. The low levels of this enzyme would 

cxplain "hy the concentration of cAMP was re­

Lllively high in the psoriatic plaque. It should be 

remembered, howcver, that thc activity of this 
enzyme is always considerabl} higher than that 

of the synthesizing cnzyme, adenyl cyclase. We 

do not know, however. to what extent adenyl 

cyclase is active in living cells. 

Our results are based on a limitcd number of 

samples. and further studies are required to cs­
tablish thc histological variation of the properties 
measured. Furthcr studies are unlikely to alter 

our basic conclusion� on the concentration of 

epidermal cAMP. adenyl cyclase and phospho­

diesterase in psoriasis. Studies on other cellular 

control mcchanisms may afforcl morc insight into 

the biology of the psoriatic epidermis. 
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