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Abs11act. The acl1vuy of nd�oylate kinase (AK), ATP 

phosphohydrola�e (ATPase) and glyccraldehydephosphate 
dehydrogenase (GAPDH) was measured in various epi­
dermal layers in �kin from healthy controls and from 
patients with psoria�is, neuroderma1i1i�, lichen planus and 
pityriasis rosen. The assays wcre performcd on micro­
dissected specimcns preparcd from cryostat section� ac­
cording to Lowry·s microtecbniques. AK activity was in­
creased about 60% in thc 1>5oriatic lcsion and diffcred 
in this rcspect from the affccted skin in neurodermatitis, 
lichen pianos and pityriasis rosea in which the increases 
in A K activity were less pronounced. The enzyme dis­
played higher activities in the basal than in the subcomeal 
epidermis. The ATPase nctivity did not differ belween 
controls and psorialic patients. The GAPDH activi1y was 
increased by various degrccs in all four lcsions studicd. It 
rose about 90°0 in epidermal layers of the psoriatic lcsion 
and abou1 90% in subcomeal and 60•� in basal epi­
dermis of tbe tichcn planus lesion. 11,c relative cpidermal 
heigh1 in psoriasis, oeurodermatitis and lichen planus 
sbowed no correlatioo wi1h enzymatic acllvities of AK 

and GAPDH. 

In an accompanying paper (7) a report is given 

on the ATPl and ADP contents of normal epi­

dermis and of epidermal material obtained from 

patients with psoriasis, neurodermatitis and lichen 

planus. The general view that the adenylate pool 

in a specificd tissue is fairly constant (9) can 

be applied to the results obtained from healthy 
skin, neurodermatitis and lichen planus (7). The 

pool seems to be increased, however, in the pso­

riatic lesion (7). 

ATP is a nccessary co-factor in many energy­

requiring reactions such as the synthesis of pro­
teins and nucleotides (9). The interconversion 

• For abbrevations, see legend to Table II.

rate between the adenylates is of importance in 

this context. The reaction, 

ATP+AMP � 2ADP 

is catalysecl by the enzyme AK (l l ). This enzyme 
serves as a regulator between ATP and ADP 

when AMP is accumulating during biosynthesis 
(9). The cnzymatic activity of AK was therefore 

mcasurecl on the same material as the epidermal 

adenylates described in the accompanying paper 

(7). An assay of A TPase was included in order 
to investigate the turnover of ATP to ADP in 
the control and psoriatic materials. 

The formation of ATP by anaerobic metabo­

lism is achieved in glycolysis by the phosphogly­

cerate and the pyruvate kinase steps (9). Closely 
rclated to the first of the�e �teps i� !hat of 
GAPDH. The activities of both GAPDH and 
pyruvate kinase were increased in psoriasis (8). 

In the present study the analysis of lhe GAPDH 

activity was extended to include neurodermatitis, 

lichen planus and pityriasis rosea in order to 

compare enzymatic activity between psoriasis and 

the other three dermatoses which, in different 

ways, show similarities to psoriasis (6). 

MATERIAL AND METHODS 

Punch biopsies were collected without anaesthesia from 
pntieots with psoriasis, ncuroderma1i1is, lichcn planus and 
pilyriasis rosea and from healtby conlrols. The number af 
patients in the different groups and the length of tbeir 
illness are summarized in Table I. The lesions were gu1-
1ate or papulur and lhe criteria for their dingnosis were 
the same as described carlier (6). The biopsies were taken 
from thc exlensor region of lhe forearm, one from the 
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Table r. Composition oj rhe parieflf material 

Rela1i,e epidermal heighl was mcasurcd as the ralio of lhe hcight or the subcorneal epithelium in an epidermal papilla 10 that 
ovcr the adjacenl corial papilla. Meuns and S.E.M. arc 11ivcn. Sincc measurcmcnts of relative epidcrmal hei11h1 were rnadc in 
only a small nurnbcr of patients with pityriasis rosea none or the present patients were included. Mcans for 6 01her patients are 
therefore includcd within paremheses: the values marked with an asterisk indicate the trunk as biop�y site 

Ourotion 

Agc or patients or illness Epidermal height 

Groups No. Range Mean Rangc 

Controls 20 20 47 26 
Psoriasis 24 11-61 33 0.1-35 
Neurodermatitis 8 25 71 56 2-12 
Lichcn planus 11 19 70 42 0.5-16
Pityriusis rosea 8 17-38 24 4-14

a Onc value lost. 

centre of a le�ion and another from unaffected skin 40 
mm awny from the lcsion in all cases excepl for those 
with pi1yriasis rosen. In these patients the biopsies were 
taken from a gullate lesion on the trunk and from non­
involvcd skin 40 mm away from the lesion 1oge1hcr with 
onc from unaffcctcd skin on the forearm. None of the 
patients had bccn treated during the monlh prior to 

biopsy and except for the present d,sease 1hcy considered 
themsclvcs healthy. 

The biopsy material was immediately fro,en in cold 
isopen1ane ( - 86"C) and �ept dry at this tcmperature in 

a D�war vessel until sectioned. The sectioning was pcr­
formed within 2 days and tbe further treatmcnt of the 
material such ns dissec1ion and wcighing was done as 
describcd carlier (5, 8). The clissected material compriscd 
1issue from the basal part of the rele ridgcs and from 
the adjacent subcorneal cpithelium. 

Asst1y co11di1/011s. Chemicals wcre of rc:igenl grnde. 
Enzymatic preparations werc purchased from Boehringcr 
Mannhcim GmbH, Gcrmuny. 

Ade11y/(l(e k/11ase. The analytical procedurc (2) is sum­
marized in Table IL An:ily,es of vnrious tissues displaycd 

a broad pH curve with an optimum near 8 (2, l I). Tests 
on pli dependence were thcrefore not made in the epi­
dermal material. In preliminary tests the con�umption of 
the substrate was proportional lo the sample weight which 

ranged bc1ween 140 and 850 ng. Specimens in quadrupli­
cate weighing about 300 ng werc 11sed. ATP and glucose 
6-phosphate werc run a� standards. The coefficient of 

variation calculatcd on quadruplicates was 17 0 •. 
ATP p/10.,phohydrolase. ATPase was measured (2) on 

quadruplicalcs by converting i1s reac1ion product ADP 
by pymvate kinase and phosphoenolpyruvate as sum­
marized in Tablc Il. Sample weighls of about 300 ng 
were u,ed. The coefficicnl of variation calculated 011 
quadruplicates was 33 % . 

Glycert,ldehydephosphate dehydrognrase. GAPDH was 
measured on quimuplicates a{ter capture of the primary 

reaction product by arsenntc (15) as summarized in Tablc 
IT. The pH dependence of the reac1ion in tbc range 7.0 lo 
9.5 displayed an optimal pH al 8.6. An initial study 
showed that thc consump1ion of thc substralc was propor-
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Mcan 

15 years 
4 years 
4 months 

10 days 

No. 

19 
15 

7 
4 
6 

Non-involved lnvolved 

2.18➔ 0.15 
1.80 0.12 4.08+0.45 
1.65± 0.06 4.62±0.98a 

1.75± 0.12 2.35+0.13" 
(2.12) (2.17•) (2.94•) 

tional to sample weights and 1ncuba1ion time in the 
ranges 240 to 600 ng und 20 to 60 min, respec1ively, 
Sample weights of about 450 ng wcre U!oed in the final 
procedure. The coefficient of variation calculated on 
quinluplicates was 10%. 

The ac1ivi1ics of the enzyrnes werc finally measurcd on 
a Farrand A fluoromeler utili.Ling the appropriatc nico-

1inamide adenine dinucleo1idc nccording lo Lowry (10), 
as shown in Table H. "The resull, are expressed as moles 
substrate convcrled per kg dry weighl and hour of in­
cub:mon (MKH). 

Measurements of relative epidermal beight were made 
as described in the precccling papcr (7). 

The statistical 1reatment consistcd of 1-1ests or analyses 
of variance :iccording to Snedecor (13) and Seeger (12). 

RESULTS 

The enzymatic activities obtained for the various 

diseases studied are summari7ed in Table JIT. 

Adenylare kinase. The activities of AK found 

in controls were 3.9 and 5.5 MKH in subcorneal 

and basal epidermis, respectively. This difference 

was significant (P < 0.01). Similar activities were 

found in the non-involved skin taken from pa­

tients with the various diseases examined (Fig. l ). 

The difference betwecn laycrs was significant as 

shown by analysis of variancc (P < 0.001). AK 

activity was incrcased 30 to 90 % in the various 

lesions. Except for pityriasis rosea, the Iesions 

displayed significantly higher enzymatic activities 

in the basal than in thc subcorneal epidermis (P < 

0.005). The psoriatic lesion showed the highest 

activity of A K, which was significantly different 

from thal in the other three diseases (P < 0.001). 

Similar enzymatic activities were found in neuro­

derma titis, lichen planus and pityriasis rosea (Fig. 
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Table 11. Co11di1io11s for the assays 

lncubation Time ofin- Final 
volumc cubation at volumc Product Enzyme 

measured Burrer Substrnte Other additivcs (.ul) 38° C (min) (ml) measured 

AK 25 mM Tri· 
ethanolamine 
pH 7.6 

1.9 mM ADP 1.3 mM Gluco,c 10.4 60 0.13 NADPH 
1.0 mM NADP 
0.6 mM EDTA 
32 mM MgCI• 
0.7 U/ml HK 
0.3 U/ml G6POH 
0.03°0 BPA 

ATPase 42 mM Tri­
ethanolamine 
pH 7.6 

2.0 mM ATP 1.2 mM Phospho- 9.7 60 0.13 NAD 
enolpyruvate 

1.2 mM NADH 
12 mM MgCI, 
135 mM KCI 
0.5 U'ml PK 
2.9 U,ml LDH 
o.os •. BPA

GAPDH 25 mM Tris- 0.3 mM Gly- 4 mM Disodium- 4.17 60 0.17 NADH 
(hydroxymethyl)· ccraldehyde- arsenate 

aminomcthane phosphate 0.25 mM NAD 
pH 8.6 1.5 mM EDTA 

5 mM Mercapto-
ethanol 

0.02% BPA 

ADP 
AK 

ATP 

ATPasc 
BPA 
EDTA 
GAPDH 

Adenosine 5'-diphosphatc 
Adenylate kinase, EC 2.7.4.3 
Adenosine 5'-triphosphate 
ATPphosphohydrolase, EC 3.6. 1.3 
Bovine plasma albumin 
Ethylenediamine letraaceiic acid 
Glyceraldehydcphosphate dehydrogenase, 
EC 1.2.1.12 

1). These differe<l significanlly from controls 
(P < 0.001). 

ATP phosphohydrolase. These activities were 
measured in controls and in psoriatic patients 
(Table 111). No diffcrcnces wcrc evident between 
the various groups cxamined. Means of the ac­

tivities ,aried between 1.3 and 2.0 MKH. 

Glyceraldehydephosphate dehydroigenase dis­

played higher activities in all of the lesion types 

studied, as compared with uninvolved skin (P < 
0.01); Fig. 2. The activities in psoriasis increased 
97 % in subcorneal and 81 '}o in the basal part 

of the epidermis and in the lichen planus lcsion 

91% and 64%, rcspectively. The increase in 
activity of GAPDH ,aried between 60 and 40 °'o 

in neurodermatitis and pityriasis rosea. The dif­
ference between layers was significant only in 
the lesion of lichen planus (P < 0.05). Psoriasis 
and lichen planus were probably different from 
each other (P < 0.05) and both ,,ere different from 

the othcr two lesions (P < 0.05 - 0.001). 

G6PDH Glucosc 6-phosphate dehydrogenase EC 1.1.1.49 
HK Hexokinase. EC 2.7.1.1. 
LDH - Lactate dehydrogenasc, EC 1.1.1.27
N AD. NA DH - Nicotinamidc adenine_ dinuclcotide, oxidizcd 

and rcduced form 
ADP, NADPH NAD-, NADH-phosphate 

PK - PyrU\ ate kinase, EC 2. 7.1.40 

The rela1ive epidermal heiuht is summarized in 
Table I. Thesc values showed no corrclation to 

the enzymatic activity of AK in controls or pso­
riatic pat.ients. No correlation was found between 
the�e values and GAPDll activity in controls or 
in patients with psoriasis, neurodermatitis or 

lichen planus. 

DISCUSSlON 

The activity of AK (3.9 to 5.5 MKH) was re­

latively higher than some glycolytic enzymes re­

cently measurccl (8). The increase of about 60 % 

found in the affccted psoriatic epidermis as com­
pared with non-involved skin in these patients 

was also in line with the alterations shown for 
many othcr enzymes in this disease (4, 8). The 
sum of the ATP and ADP contents ranged be­
twcen 10 and 15 mmoles/kg dry weight in various 
layers of epidermis in healthy skin as well as in 

psoriatic, neuroclermite and lichen planus skin (7). 
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Table III. The activity of adenylate kinase, ATP phosphohydrolase and g/ycera/dehydeplwsphate dehydro­

genase in human epidermis 

Means and S.E. M. arc given. Values are exprcssed as mo les of substratc consumcd per kg dry weight and hour or incubation 
at 38°C (MKJ..I)

Non-involvcd epidermis Jnvolved epidermis 

Group No. Subcorneal Basal Subcorneal Basal 

Ade11y/11re ki1111se 

Controls Il 3.9:::0.4 5.5+0.5 
Psoriasis Il 4.0.:_0.3 4.9+0.3 6.6:::0.5 8.0=0.4 
Neurodcrmatitis 7 3.8:: 0.6 4.9 0.3 5.2i 0.4 6.9±0.3 
Lichen planus 8 3.5±0.2 4.910.3 5.2±0.5 6.5+0.3 
Pityriasis rosea 6 3.6.:_0.5 4.7+0.2 6.0±0.4a 6.0=0.6° 

5 3.2 0.4a 4.2=0.5" 

ATP pl,ospl,ol,ydrolase 

Controls 8 1.3±0.1 1.4 ± 0.2 
Psoriasis 9 1.4 j::0.2 1.6:+-0.3 2.0 0.5 1.9:::0.4 

Glyceroldel,ydephosplwre de/,J·droge11ase 

Controls 7 0.19±0.04 0.19±.0.04 
Psoriasis 11 0 24 ::: 0.02 0.26.:_ 0.03 0.47+0.04 0.46+0.03 
Ncurodermatitis 7 0 IS+0.03 0.17+0.02 0.25-+·0.06 0.26::::0.05 
Lichen planus 10 0.22±0.02 0.22 I 0.03 0.42+0.02 0.36�0.02 
Pityriasis rosea 6 0.18±0.04 0.17+0.03 0.31 ±0.0511 0.31 �0.0611 

0.22:::0.04" 0.2010.04" 

0 Biopsies taken from the trunk. 

The capacity of AK to conven the epidermal 

adenylate content is thus at least 400 limes this 

amount per hour. lt is therefore probable that 
the AK reaction is near equilibrium and that the 
enzyme can hold the relative concentrations of 
adenylates within narrow limits. The AMP eon-
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Fig. 1. Mcans of thc activity of adenylatc kina�e (moles/kg 
dry weight/hour, MKH). Range bars on each colum.n 
indicate S.E.M. The letters at the bottom indicate sub­
comeal (A, A*) and basal (B, n•) epWermis taken from 
non-involved skin and subcorneal (C, C*) and basal (D,
D•) epidermis taken from lesions. Asterisks refer 10 a 
biopsy site on the trunk; otherwise biopsies were collctcd 
from the forearm. 
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tent was calculated on this basis in the preceding 

paper (7) in order to estimate the energy charge 
of the adenylate system according to Atkinson (!). 

A point which might still affect the estimate of 
the energy charge is whether AK is unevenly dis­

tributcd within lhe various compartments of the 
cell. As indicated by Chappell (3), AK activity 
was found both in the mitochondria and in the 
cytosol of !iver cells. This compartmentation of 

the enzyrne would seem to constitute sufficient 
evidence against this objection. Another factor 
is thc epidermal ATPase activity which influences 

the ATP and ADP concentrations. J n this con­

text, it. can probably be concluded that the eon­

version of ATP by the ATPase reaction was not 

changed in psoriasis as compared with controls 
(Table I Il) . 

The method used here in the assays of GAPDH 
gave lower enLymatic levels than those reported 
earlier (8). An cxplanation for this diffcrence was 
not sought, since the assay gave reproducible re­
sults. 

The GAPDH activity was increased in all four 

diseases studied; with regard to psoriasis and 
neurodermatitis this was known earlier (5). The 
lichen planus lesion displayed activities almost as 
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Fig. 2. Means of tbe activity of glyceraldehydephosphate dehydrogena,e. The notation is the same as in Fig. I. 
high as those found in psoriasis (see Fig. 2). As recently shown, the same was evident for G6PDH (6). Both enzymes are located in the cytosol and differ from the intramitochondrial enzyme /3-hydroxyacyl-CoA dehydrogenase. The activity of this enzyme was decreased in epidermal layers of the lichen planus lesion (6). Thus, mitochondrial and cytosol enzymes are affected differently in this disease. It may be pointed out that the epi­dermal glycogen content in thc lichen planus lesion is low or has disappeared and that its res­piration at least is not increased (14). lo spite of the pronounced cellular alterations in basal epidermis, high activities were displayed by the glycolytic und the pentose shunt enzymes. Further studies must be undertaken in order to obtain a more precise scheme of the metabolic conse­quences in tbis disorder. One aim of this study was to find out whether a change of the relative epidermal height was related to enhanced enzymatic activities. No evi­dence of such a relationship was found, however. The various kcratinizing patterns i n  the diseases investigated could not clearly be associated with variation in enzymatic activities. The high levels of cnzymatic aclivity found in the psoriatic lesion are in agreemcnt with previous findings of in­creased activities of many enzymes belonging to different metabolic pathways (4). Such alterations are well explained by the increased cell turnover in psoriasis; how these results might be linked to the aetiology of the disease is, however, poorly understood. 
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