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Psoriasis appears in most cases to be a 
genetic diseaseR in which stratified squa
mous epithelium (epidermis) of skin in 
involved versus normal-appearing unin
volved areas has the following prototypic 
features: (1) excessive cell proliferation 
and an accelerated cell cycle of the pro
liferating cells2

'; (2) incomplete epidermal 
specialization (keratinization) for tissue 
function; and (3) marked increase in gly
cogen content. 7 It has been widely held 
that the relative lack of epidermal spe
cialization is due to the rapid transit of 
cells through the epidermis (i.e., the cells 
are shed from the patient without sufficient 
time for normal keratinization to occur). 
However, an alternate explanation is that 
the excessive cell proliferation is the result 
of an inability of differentiated basal cells 
to make the commitment of specialization. 
For this reason we have listed incomplete 
specialization as one of the three charac
teristic findings in psoriasis lesions. 

We developed the concept that increased 
proliferation, decreased specialization, and 
increased glycogen content in psoriasis 
lesions might be associated with diminished 
levels of epidermal cyclic adenosine mono
phosphate (cAMP).1O This concept was 
derived from earlier observations that 
epinephrine inhibits epidermal mitosis in 
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vitro and in viv0 3 and also promotes gly
cogenolysis in most tissuesY Epinephrine 
elevates the levels of cAMP in the tissue, 
which then initiates glycogenolysis.12 Using 
the four criteria of Sutherland, a series of 
experiments" 15-17 were conducted showing 
that epinephrine inhibited the G2 ~ M 
phase of the epidermal cell cycle via a rise 
in the cellular levels of cAMP. 

The concept that deficient cAMP was 
possibly central to the prototypic features 
of the psoriasis lesion was further supported 
by observations of Pastan and his co
workers9 on malignant cells in culture. 
Lowered steady-state levels of cAMP could 
be found in rapidly dividing cells exhibit
ing "malignant" growth characteristics. 
When such cells are grown in the presence 
of exogenous cAMP, differentiation appears 
to be promoted since their morphology 
quite closely resembles that of benign cells 
and there is also a slowing of their growth 
rate. It seemed to us that these findings in 
malignant cells in culture might have 
relevance to psoriasis (i.e., both are charac
terized by rapid growth and lack of cell 
specialization) . 

Thus arose the hypothesis that cAMP 
was responsible for the coordinate regula
tion of normal epidermal morphogenesis 
(proliferation-specialization) and glycogen 
content. The corollary of this hypothesis 
was that in the presence of low steady-state 
epidermal levels of cAMP one might expect 
to find the coordinate misregulation of 
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epidermal morphogenesis and glycogen 
metabolism (i.e., the three prototypic fea
tures of the psoriasis lesion). 

To test this postulate we compared 
cAMP levels in involved versus uninvolved 
epidermis from 50 patients using two dif
ferent assays and three data bases-deoxy
ribonucleic acid (DNA), protein, and wet 
weight. 14, 18 Depending on the assay and 
denominator selected, the decrease in 
cAMP levels in involved areas was between 
55% and 17%. All decreases were statisti
cally significant except the 17% that was 
based on wet weight. In our hands DNA 
is the most reliable denominator,t8 and in 
our view the Gilman assay5 for cAMP is 
superior to the method of Brooker, Thomas, 
and Appleman2 since smaller quantities of 
tissue are required. Using this data base 
and the Gilman assay, a 36% (p < 0.005) 
decrease in cAMP levels was found in in
volved versus uninvolved areas. IS However, 
due to inherent problems in the biologic 
material, any decrease might best be 
viewed as strongly suggestive rather than 
as conclusive.Is 

Since the cAMP level is probably de
creased in the involved areas, the cause 
of this decrease has been investigated. 
Contrary to the findings of Wright and 
associates,n we have not been able to 
detect a defect in the biosynthesis of 
cAMpI7 if saturating concentrations of 
substrate and hormone are utilized. Pre
liminary results also indicate that excessive 
release of cAMP from the involved areas 
into the culture medium in vitroI

!! does not 
occur. Lastly, preliminary results have been 
obtained indicating that the catalytic ac
tivity of cAMP phosphodiesterase may be 
increased in involved areas. 20 Although ad
ditional experiments are required to estab
lish this increase with certainty, such an 
abnormality if present could explain the de
creased cAMP levels. 

Recently, another cyclic nucleotide, 
cyclic guanosine monophosphate (cGMP), 
has been implicated in the control of pro
liferation. For example, cyclic GMP had 
been found to be strikingly elevated in 
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lymphocytes that have been stimulated to 
proliferate with mitogens. G In collaboration 
with Dr. Nelson Goldberg at the University 
of Minnesota, we measured cGMP levels 
in psoriasis areas with increased prolifera
tion versus uninvolved areas with normal 
proliferation. Cellular levels of cGMP were 
significantly (p < 0.02) increased by all 
three data bases. IS Since cGMP can stimu
late the hydrolYSiS of cAMP in vitro,1 the 
elevated levels of cGMP observed in 
psoriasis tissue could also account for the 
decreased lli)vels of cAMP in the lesion. 

If decreased cAMp· is central to the 
morphogenetic abnormality of the psoriasis 
lesion, it should be possible to reverse or 
prevent the lesion by raising the epidermal 
cAMP levels. Because cAMP and its deriva
tives are relatively impermeable to cell 
membranes, we chose to elevate cAMP by 
the use of a known phosphodiesterase 
inhibitor papaverine. Papaverine has been 
demonstrated to raise intraepidermal cAMP 
160% in our laboratory in epidermal 
slices. 1 

:1 In a double-blind study with a 1% 
papaverine cream in which 45 patients 
participated, a statistically significant (p < 
0.05) improvement was found. Io However, 
the clinical potency of this particular for
mulation of papaverine is apprOXimately 
that of 0.5% to 1% hydrocortisone cream 
and is therefore inferior to certain of the 
fluorinated glucocorticoid creams. None
theless, the fact that a cAMP elevating 
agent improved psoriasis suggests that this 
type of therapy holds promise. The reasons 
for this view have been discussed else
where. 20 Additional clinical trials of other 
cAMP elevating agents are in progress with 
others scheduled for the near future. 

References 

1. Beavo, J. A., Hardman, J. G., and Sutherland, 
E. W.: Stimulation of adenosine .3',5'-mono
phosphate hydrolysis by guanosine 3',5'
monophosphate, J. BioI. Chern. 246:3841-3846, 
1971. 

2. Brooker, G., Thomas, L. J., Jr., and Appleman, 
M. M.: The assay of adenosine 3',5'-cyclic 
monophosphate and guanosine 3' ,5' -cyclic 
monophosphate in biological materials by en-



Volume 16 
Number 5, Part 2 

zymatic radioisotopic displacement, Bio
chemistry 7:4177-4181, 1968. 

3. Bullough, W. S., and Laurence, E. B.: Stress 
and adrenaline in relation to the diurnal cycle 
of epidermal mitotic activity in adult male 
mice, Proc. Roy. Soc. Lond., Series B 154: 
540-556, 1961. 

4. Duell, E. A., Voorhees, J. J., Kelsey, W. H., 
and Hayes, E.: Isoproterenol-sensitive adenyl 
cyclase in a particulate fraction of epidermis, 
Arch. Dermato!' 104:601-610, 1971. 

5. Gilman, A. G.: A protein binding assay for 
adenosine 3': 5' -cyclic monol'hosphate, Proc. 
Nat!. Acad. Sci. U.S.A. 67:305-312, 1970. 

6. Hadden, J. W., Hadden, E. M., Haddox, M. 
K., and Goldberg, N. D.: Guanosine 3':5'-cyclic 
monophosphate: A possible intracellular 
mediator of mitogenic influences in lympho
cytes, Proc. Nat!. Acad. Sci. U.S.A. 69:3024-
3027, 1972. 

7. Halprin, K. M., and Ohkawara, A.: Carbo
hydrate metabolism in psoriasis: An enzymatic 
study, J. Invest. Dermatol. 46:51-69, 1966. 

8. Kimberling, W., and Dobson, R. L.: The 
inheritance of psoriasis, J. Invest. Dermatol. 
60:538-540, 1973. 

9. Pastan, I.: In Anfinson, C. B., Goldberger, 
R. F., and Schechter, A. N., editors: Current 
topics in biochemistry, current direction in 
research on cyclic AMP, New York, 1972, 
Academic Press, Inc., pp. 65-100. 

10. Powell, J. A., Duell, E. A., and Voorhees, J. J.: 
Beta adrenergic stimulation of endogenous 
epidermal cyclic AMP formation, Arch. Der
matol. 104:359-365, 1971. 

11. Robison, G. A., Butcher, R. W., and Suther
land, E. W.: Cyclic AMP, New York, 1971, 
Academic Press, Inc., pp. 106-127. 

12. Robison, G. A., Butcher, R. W., and Suther
land, E. W.: Cyclic AMP, New York, 1971, 
Academic Press, Inc., pp. 151-175. 

13. Stawiski, M. A., Powell, J. A., Lang, P. G., 
Schork, M. A., Duell, E. A., and Voorhees, 
J. J.: Improvement of psoriasis by topical 
papaverine in a double blind study. Sub
mitted for puhlication. 

14. Voorhees, J. J., Duell, E. A., Bass, L. J., 
Powell, J. A., and Harrell, E. R.: Decreased 
cyclic AMP in the epidermis of lesions of 

Psoriasis 921 

pSOrIaSIS, Arch. Dermato!' 105:695-701, 1972. 
15. Voorhees, J. J., Duell, E. A., and Kelsey, 

W. H.: Dibutyryl cyclic AMP inhibition of 
epidermal cell diVision, Arch. Dermatol. 105: 
384-386, 1972. 

16. Voorhees, J. J., Duell, E. A., Kelsey, W. H., 
and Hayes, E.: Effects of alpha and beta 
adrenergic stimulation on cyclic AMP forma
tion and mitosis in epidermis, Clin. Res. 20: 
419, 1972. 

17. Voorhees, J., Kelsey, W., Stawiski, M., Smith, 
E., Duell, E., Haddox, M., and Goldberg, N.: 
Increased cyclic GMP and decreased cyclic 
AMP levels in the rapidly proliferating epithe
lium of psoriasis, in Schultz, J., and Gratzner, 
H. G., editors: The role of cyclic nucleotides 
in carcinogenesis, Miami Winter Symposia, 
vol. 6, New York, 1973, Academic Press, Inc., 
pp. 325-373. 

18. Voorhees, J. J., Stawiski, M., Duell, E. A., 
Haddox, M. K., and Goldberg, N. D.: In
creased cyclic GMP and decreased cyclic AMP 
levels in the hyperplastic, abnormally dif
ferentiated epidermis of psoriasis, Life Sci. 13: 
639-653, 1973. 

19. Voorhees, J. J., Colburn, N. H., Stawiski, M., 
Duell, E. A., Haddox, M., and Goldberg, 
N. D.: Imbalanced cyclic AMP and cycliC 
GMP levels in the rapidly dividing, incom
pletely differentiated epidermis of psoriasis, in 
Clarkson, B., and Baserga, R., editors: The 
Cold Spring Harbor Laboratory Symposium on 
Regulation of Proliferation in Animal Cells, 
New York, 1974, Cold Spring Harbor Labora
tory, pp. 635-648. 

20. Voorhees, J. J., Duell, E. A., Stawiski, M., and 
Harrell, E. R.: Cyclic nucleotide metabolism in 
normal and proliferating epidermis, in Green
gard, P., and Robison, G. A., editors: Advances 
in cyclic nucleotide research, New York, 1974, 
Raven Press, vo!. 4, pp. 117-162. 

21. Weinstein, G. D., and Frost, P.: Abnormal cell 
proliferation in psoriasis, J. Invest. Dermato!' 
50:254-259, 1968. 

22. Wright, R. K., Mandy, S. H., Halprin, K. M., 
and Hsia, S. L.: Defects and deficiency of 
adenyl cyclase in psoriatic skin, Arch. Der
mato!' 107:47-53, 1973. 




