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Polyamine biosynthesis and arginase activity in psoriasis were studied using keratotome 
strips and suction blister roofs as specimens. In the uninvolved psoriatic skin a slight ( 1.3-
fold; p<0.05) increase in the spermidine leve! was observed compared with control skin. 
There was also a 1.2-fold increase (p<0.05) in the spermidine/spermine molar ratio, which 
is considered lo be an indicator of proliferation activity. No changes were noted in other 
polyamines or polyamine-synthesizing enzymes omithinc decarboxylase (ODC) and S
adenosyl-L-methionine decarboxylase (AMDC) in the uninvolved psoriatic skin vs. control 
skin. Neither was there any significant difference in the arginase activity. In psoriatic 
lesions the levets of all polyamines, as well as the activities of biosynthetic enzymes, were 
significantly (p<0.001) elevated. The putrescine leve) was elevated to 2.5-fold, spermidine 
lo 2.7-fold and spermine to 1.4-fold. The enzyme activities expressed severalfold in
creases. The enhancement of arginase activity was less prominent than that of polyamine
synthesizing enzymes, but the increase from 271 ±88 to 354± 126 µmol/g/h (1.3-fold) was 
statistically significant (p<0.001; paired 1-test). The increase in arginase activity in suction 
blister roofs, which represents pure epidermis, was more pronounced than that in kerato
tome strips, i.e. about double. The results show thus that polyamine biosynthesis is 
significantly enhanced in psoriatic lesions, but there is only a slight difference between the 
uninvolved psoriatic skin and control skin. Arginase activity is also increased in psoriatic 
lesions but less so than polyamine biosynthesis. Arginase activity in normal skin is rather 
high and it does not seem to be a limiting factor for polyamine biosynthesis. Key words: 
Arginase; Polyamines; Ornithine decarboxylase; Adenosylmethionine decarboxy/use. (Re
ceived November 9, 1982.) 
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The biosynthesis of polyamines (putrescine, spermidine, spermine) is markedly enhanced 

in rapidly proliferating tissues (13). This is seen, for instance, in psoriasis, in whicb 

polyamine synthesis is normalized in parallel with clinical improvement (8, 19, 25, 28). 

After topical application of 12-O-tetradecanoylphorbol-13-acetate (TPA), a tumour pro

moter, induction of ornithine decarboxylase (ODC) activity is one of the early events 

preceding the increase in DNA synthesis (30). Studies with specific polyamine antimetabo

lites suggest that polyamine depletion leads to inhibition of cell proliferation in several 

experimental systems, including skin (9, 16, 17, 18). 

S-adenosyl-L-methionine and L-ornithine are the principal precursors of polyamines.

Ornithine is formed mainly by hydrolysis of arginine to ornithine and urea as a part of the 

urea cycle, which is especially active in liver. The skin shows high arginase activity, which 

is even elevated in epidermal hyperplasia and hyperkeratinization (26). The other stages in 

the urea cycle seem to be lacking in the skin (4). The skin arginase has been suggested to 

play a role in providing ornithine as a substrate for polyamine biosynthesis (3, 26). 

Ornithine is further decarboxylated by ODC to putrescine, and adenosylmethionine decar

boxylase (AMDC) is needed in the formation of spermidine and spermine (Fig. I) Arginase 

is apparently also needed in the production of two amino acids, glutamate and proline, 
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which are specifically incorporated in keratinous proteins (26, 30). The aim of our study 

was lo investigate still further the polyamine biosynthesis and arginase activity, and their 

relationship in psoriatic skin. 

MATERIALS AND METHODS 

Patients and biopsy techniques 

The polyamine levets and the activities of ornithine decarboxylase (ODC), S-adenosyl-L-methiunine 
decarboxylase (AMDC). and arginase were determined in the involved and uninvolved skin of 11 
psoriatics (I female, 10 males; mean age 40± 18 years). Seven healthy persons served as controls (2 
females, 5 males; mean age 38± 17 years). In thesc patients. kcratotome strips were used for assays. 
They were removed with a motor-driven Castroviejo keratotome. The keratotome shim setting for 
removal of the involved spidermis was 0.5 mm and that for the uninvolved psoriatic epidermis and 
normal epidermis was 0.2 mm. The skin was anaesthetized by local infiltration of I% lidocaine 

without epinephrine. Every specimen was examined histologically. A specimen from the uninvolved 
psoriatic skin was taken 2-3 cm from the margin of the lesion from which the lesional sample w-as 
taken. Pure epidermis was obtained by the suction blister technique (14) from both the invulved and 
uninvolved skin of 4 male psoriatics (mean age 58± 17 years) with slightly-infiltrated lesions on the 
trunk, and assayed for arginase. All specimens were immediately frozen in Iiquid nitrogen and stored 
at -50°C until processing. 

Polyamine assav 

The samples were homogenized in 0.2 N perchloric acid with an all-glass tissue homogenizer. 
Polyamines were assayed as their fluorescent dansyl derivatives by the method of Seiler (29). The 
polyamines were allowed to react with dansyl chloride (l -dimethylaminonaphthalene-5-sulphonyl 
chloride; E. Merck, Darmstadt). and the fluorescent dansyl derivatives were separated by thin-layer 
chromatography (oc-Alufolien aluminium oxide plates, Merck. art. 5550). using a chloroform-dioxan-

11-butanol (192: 4: 4) solvent system (5). The spots were cut off the plate and extracted into ethanol. 
The intensity of the fluorescence was assayed against known standards (putrescine. spermidine and 
spermine hydrochlorides, Calbiochem. San Diego) with a Hitachi MPF-2A fluorescence spectropho
tometer (exitation wavelength 335 nm, emission wavelength 515 nm). 
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De1er111i11wio11 of omilhine decarboxylase (ODC) and S-adenosy/-L-methionine 
decarboxyla�e ( AMDC) activities 

The sample� \\ere homogeniied in 25 mM Tris buffer (pH 7. I) containing 0.1 mM EDTA and 5 mM 
dithiothreitol The homogenates were centrifuged at 100()()0 g for 20 minutes and the supcrnatant 
fraction was used for the assay. Ornithine decarboxylase activity wa, <letcrmined as in ( 11) and 
adcnosylmeth1onine decarboxylase according 10 ( 12). L·[ l-14C(ornithine tpurcha�cd from Ra<lmchem-
1cal Centre. Amersham) and S-adenosyl-L-[l-14C)mcthionine (synthe,i✓ed as in ref. 24) �ere u,ed as 
wbstratcs. The CO2 liberated was captured into a base (Soluene®l an<l counted for radioactivity using 
a Wallac liquid scintillution counter. The activities or both decarboxylases were cxprcsse<l in pmol 
CO2/mg soluble protein/h. 

Arginase assay 

Arginase activity was a�sayed by quantitating the eon version of L[ U-"C]arginine into ornithine as 
described by Alhonen-Hongisto el al. (Il.The homogeniLation was performed as in ODC and AMDC 
a\�ay�. Arginase activity was determined from both the ,upcrnatanl and paniculate fraction,. The 
laner was washed and suspended in the homogenization bufTer. The final incubation mixture consist
ed of 50 mM glycine bufTer (pH 9.75), I mM MnCl2 • 50 mM L-arginine, 0.5 µCi of r-(U-14C) Hrginine 
and 115 µl of the enzyme preparation in a total volume or 150 µI. After the incubution for I hour at 
37°C the reaction w-ds halted with 15 µI of 50'7r trichloroacetic acid containing 0.5 m'.\11. 1.-ornithine. 
Twenty µI of the acid supernatant was subjected to paper electrophore\is in 0.065 M sulphosalicylic 
acid buffer (pH 3.2) for 3 hours al 300 V. The ornithine fraction was locali.i:ed by ninhydrin �taining, 
cut off and counted for radioac1ivi1y. Arginase activity was cxpressed as µmol/g tissue/h. 

DNA and pro1ei11 assay.1 

DNA was measured by the method of Giles & Myers (6) and protein ad mod11111 Lowry et al. (22). 

RESULTS 

Table I shows that the spermidine level in uninvolved psoriatic skin was slightly (1.3-fold; 

p<0.05) elcvated, while the levels of putrcscine and sperrninc rernaincd practically un
changed. The spermidine/sperrnine ratio was also slightly elevated ( 1.2-fold; p<0.05). In 

involved psoriatic skm all polyarnines a� well as the spermidine/spermine ralio were 

significantly elevatcd (p<0.001) compared with healthy controls (unpaircd 1-test) or with 

uninvolved psoriatic skin (paired I-test). The level of putrescine in involvcd skin wa� 2.5-
fold compared with that in uninvolved skin. The spermidine leve I was elevated to 2. 7-fold 
nnd spermine level to 1.4-fold. 

Table Il gives the activities of the enzymes involved in polyamine biosynthesis. There 

was no significant difTerence between the uninvolved psoriatic skin and control skin. The 

ODC activity was very low in both uninvolved psoriatic skin and control skin, being 

unrneasurable in rnany samples, but showed a signiticantly increased activity in lcsional 

skin. the AMDC showed a slight upward trend in uninvolved skin comparcd with control 
skin, but the difference was statistically non-significant. In psoriatic lesions, AMDC 

activity showed a 7.4-fold increase. In arginase activity the increase in lesional skin was 

only 1.3-fold. being, however, statistically significant (p<0.01). The enhancement of 

arginase activity was about the same as the increase in the concentration of solublc protein 

(1.5-fold; data not shown). Table Il further shows that in pure epidermis, removed by the 

suction blister technique, arginase activity was 2.1 limes as high in involved as in 
uninvolved psoriatic skin. 

Argina,;e activity was found in both the supematant and particulate fractions. The latter 

could be detcrmined after washing and suspending the 100000 g pellet in the homogeniza
tion buffer. and it was found to contain 25-50% of the total activity, with no significant 
difTcrence between the uninvolved and involved p,;oriatic skin when keratotome strips 
were used. However, in suction blister roof a significantiy greater fraction (38% vs 17%; 
p<0.05) of thc activity was found in the particulate fraction. 
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Table I. The levets (mean ± SD) ofputrescine (Pu), spermidine (spd) and spermine (Sp), 

and the spermidinelspermine molar ratio in psoriatic and control skin 

Pu Spd 
(nmoll (nmoll 

Il mg DNA) mg DNA) 

Healthy controls 7 20±7 168±23 
Psoriatics 

Uninvolved Il 22+9 218±60* 
lnvolved Il 52± 12** 523± 123** 

• p<0.05 (uninvolved vs. control skin; unpaired t-test).
** p<0.001 (involved vs. uninvolved skin: paired 1-test).

DISCUSSION 

Sp Spd/Sp 
(nmol/ (nmol/ 
mg DNA) mg DNA) 

308±16 0.54±0.05 

335± 124 0.63±0.11 • 
407±79** 1.35±0.22** 

In agreement with previous reports (2, 20, 21, 25, 28), our study shows that polyamine 

biosynthesis is markedly enhanced in psoriatic lesions. In uninvolved psoriatic skin, 

variable changes in polyamine patterns have been observed in different studies. Further
more, ODC activity has been reported to be normal (28) or elevated (21). Difference in the 

methods and in the type of the patients may at least partly explain these discrepancies. Our 

patients had severe plaque-type psoriasis, some even at eruptive stage. For polyamine 
assay we used the dansylation method in contrast to an amino acid analyzer used by the 

other groups. The enzyme assays have been performed using nearly identical techniques. 

We found that only the leve) of sperrnidine and the spermidine/spermine ratio were slightly 

elevated in the uninvolved psoriatic skin. furthermore, there was a slight upward trend in 

AMDC activity, but no other notable changes in polyamine contents and enzyme activi

ties. The number of DNA-synthesizing cells is slightly greater in the uninvolved psoriatic 
skin (7, JO), which according to our results seems to be associated with a slight elevation in 
the spermidine leve! of the tissue. A marked increase in polyarnine biosynthesis occurs 
only in clearly visible psoriatic lesions with profoundly elevated proliferative activity. 

In keratotome strips the arginase activity of involved psoriatic skin is only moderately 

increased. In suction blister roofs, which represent pure epidermis, the difference between 

the involved and uninvolved skin is more pronounced, i.e. about 2-fold. ft is known that 

Table IL The activities of ornirhine decarboxylase (ODC). S-adenosyl-L-merhionine de

carboxylase (AMDC) and arginase in psoriatic and conrrol skin 

ODC AMDC Arginase Arginase in suction 
(pmol/ (pmol/ (µmol/ blister roof 

11 mg protlh) mg prot/h) g tissue/h) n (µmollg tissue/h) 

Healthy controls 7 0.8± 1.0 55±13 285±137 
(0-2.2) 

Psoriatics Il 0.7±0.9 64±27 271 ±88 4 273±53 
Uninvolved (0-2.4) 

Involved Il 15.8±12.I** 337± 135** 354± 126** 4 539± 105** 
( 1.9--37 .5) 

•• p<0.001 (involved vs. uninvolved; paired 1-test).
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arginase is mostly present in the epidermis (27) and thus dermal contamination in kerato

tome strips may have diminished the differcnce. A large proportion of the enzyme reside<; 

in the particulate fraction and this "insoluble" fraction !>eems to increase in hyperprolifer

ative skin. 

Arginase apparcntly provides ornithine for polyamine biosynthesis. lts activity is elevar

ed in psoriatic lcsions wherc the demand for ornithine seems to be increased. Similarly, in 

a lactating mammary gland. increased arginase activity has been suggested to be associat

ed with enhanced polyamine biosynthesis (23) and in lymphocytes �timulated lo prolifera
tion by concanavalin A, increascd arginase activity has been suggested to participate in 
increased polyamine formation ( 15). The basal arginase ac1ivi1y in human skin is rathcr 

high and thercforc it does not seem to be a limiting factor in polyamine biosynthesis, since 

a dramatic increase in polyamine formation may occur with only a moderate increase in 

arginase activity. This is consistent with the results of Verma & Boutwell (30) who found 

that a topical application of TPA produces a rapid increase in ODC activity but not in 

arginase activity. 

ACKNOWLEDGEMENT 

This study was supported by the grant from the Finnish Dermalological Society. 

REFERENCES 

I. Alhonen-Hongislo L, Seppänen P, Hölttä E & Jänne J. Replacemenl of natura! polyamines by
cadaverine and i1, aminopropyl derivativcs in Ehrlich ascites carcinoma cells. Biochem Biophy\
Res Commun /06: 291, 1982.

2. Böhlen B. Grove J. Beya M, Koch-Weser J, Henry M & Grosshans E. Skin pol}amme levels in
psoriasis: thc ctTect of dithranol therapy. Eur J Clin Invest: 8;215, 1978.

3. Cotton D & Mier P. Role of arginase in the epidermis. Nature 252:616, 1974.
4. Crounse R & Rothberg S. Evaluation of the enzymes of the Krebs-Henseleit urea cycle in human

epidermis. J lnvest Dermatol 36: 287. 1961.
5. Dreyfuss G, Dvir R. Harell A & Chayen R. Determination of polyamines in urine. Clin Chim Acta

49:65, 1973.
6. Giles K & Mycrs A. An improved diphenylamine method for the estimation of deoxyribonucleic

acid. Nature 206:93, 1965.
7. Goodwin P, Hamilton S & Fry L. A comparison between DNA �ynthesis and mitosis in

unmvolved and mvolved psoriatic epidermis. Br J Dermatol 89:613. 1973.
8. Grosshans E. Henry M, Tell G, Schechter P. Grove J & Koch-Weser, J. Les polyamines dan� le

psoriasis. Ann Dermatol Venereol /07:377, 1980.
9. Heby 0. Role of polyamines in the control of cell proliferation. Diffcrentialion 19: I. 1981.

10. Hell E & Hodgson C. The uptake of 3H-thymidine by epidermal cell, in normal and psoriatic
subjects. Br J Dermatol 78: 262. 1966.

11. Jänne J & Williams-Ashman H. On the purification of 1-ornithine decarboxylase from rat prostate
and efTects of thiol compounds on the en.:yme. J Biol Chem 246: 1725, 1971.

12. - Dissociation of putrescine-activated decarboxylation of S-adenosyl-L-methionine from the
en.:ymic synthesis of spermidine and spermine by purified prostatic enzyme preparation. Bio
chem Biophys Re� Commun 42:222, 1971.

13. Janne J, Pösö H & Raina A. Polyamines in rapid growth and cancer. Biochim Biophys Acta 
473:241, 1978.

14. Kiistala U. Suction blister device for separation of viable epidermis from dermis. J lnvest
Dermatol 50: 129, 1968.

15. Klein D & Morris D. lncreased arginase activity during lymphocyte mitogenesi�. Biochem
Biophys Res Common 81: 199. 1978.

16. Kousa M, Käpyaho K. Lauharanta J. Linnamaa K, Jänne J & Mu,takallio K. Methylglyoxal
bis(guanylhydrazone) and a-difluoromethyl ornithine induced polyamine deprivation in psorialic
lcsions. Acta Derm Venereol (Stockh) 62: 221, 1982.

17. Käpyaho K, Linnamaa K & Jänne J. EfTect of epidermal polyamine depletion on lhe accumula
tion of methylglyoxal bis(gyanylhydrazone) in mouse �kin. J lnvest Dermatol 78:391. 1982.



282 J. La11!111ra11ta and K. Käpyaho Acta Dcrm Vcncrcol (Stockh) 63 

18. Käpyaho K. Lauharanta J & Janne J. Combined topical use of diOuoromethyl omithine and 

mcthylglyoxal bis(guanylhydrazonc) in UV-irradiated mouse skin. Br J Dcrmatol 107: 1982. 

19. Lauharanta J, Kou�a M. Käpyaho K. Linnamaa K & Mustakallio K Reductton of mcrea�ed 
potyamine levels in psoriatic lesion, by rctinoid and PUVA treatmcnt,. Br J Dermatol 105:267. 

l 'i8 I.
20. Lo"'e N. Breeding J & Ru�sel D. Cutaneous polyamme� inp,oriasis. a reapprnisal. Clin Re, 

29:283, 1981. 
21. Lowc N. Kaplan R & Brecding J. Etretinate treatmcnt for psoria�is inhibits epidermal omithinc

decarboxyla�e. J Am Acod Dcrmatol 6:697. 1982. 

22. Lowry OH, Rosebrough NJ. Farr AL & Randall RJ. Protein measuremcn1 with the Folin phenol 
reagent. J Bio! Chem /93:265, 1951.

23. Oka T & Perry J. Arginase affccts lactogene�" through its mOuence on the biosynthesis of 
spermidine. Nature 250:660, 1974. 

24. Pegg A & William'>•Ashman H. On the role of S-adeno�yl-L-methionine in the biosynthesi� of 
spermidine by rat prostate. J Bio) Chem 244:682, 1969.

25. Proctor M, Wilkinson D. Orenberg E & Farbcr E. Lowered Ctllaneou, and urinary lcvcb of 
polyamines with clinical improvement in treated p�oria,i, Arch Dermatol 115:945. 1979.

26. Redmond A & Rothberg S. Arginase activity and ccllular cvcnts a"ociated with cpidermal
hyperplasia. J Cell Physiol 94:99. 1978.

27. Rothberg S & van Scott E. Evaluation of arginase activity in normal epidermal tissue and 
pathological stratum comcum. J lnvest Dermatol J/:263. 1958. 

28. Russel D. Combcst W, Duell E. Stawiski M. Anderson T & Voorhees J. Glucoconicoid inhibit,
elevated p0lyaminc biosynthesis in psoriasis. J Jnvest Dermatol 7 /: 177. 1978. 

29. Seiler N. Use of dansyl reaction in biochemical analys1s. Methods Biochem Anal 18:259, 1970. 
30. Ycrma A & Boutwell R. Characlerization of arginasc activity from mousc cpidermi'> and it, 

relation to ornithine decarboxyla,c induction by 1he tumor-promoting agent. 12-0-tetradecanoyl
phorbol-13-acetate. Biochim Biophys Acta 677: 184, 1981.


