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A Defective Purine Nucleotide Synthesis Pathway in Psoriatic Patients
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Purine nucleotide concentrations in skin- and bloodcells of
psuriatic patients are abnormal: The increase in the steady state
level of cGMP and the decrease in the cAMP concentrations are
associated with an enhanced rate of cellular proliferation. Con-
comitantly we found in the present study decreased ADF and
ATP concentrations in blood cells {p <0.0001). The change in
nucleotide concentrations suggests a defective purine nucleotide
synthesis pathway. Stimulation of the Krebs cycle with fumarie
acid raises ATP {p <0.0001) and most probably cAMP levels
and at the same time slows down the purine nucleotide synthesis
through end-product inhibition. Beth effects can inhibit DNA
and protein synthesis activity, which results in inhibition of
cellular proliferation. Fumaric acid seems therefore a useful
treatment for psoriatic lesions if liver and kidney functions
(purine nucleotide and urea cycle) are controlled during treat-
meni. Key words: Fumaric acid: DNA synthesis; Protein syn-
thesis.
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More than 30 years have passed since the biochemist
Schweckendick in 1959 (1) reported successful treatment of his
own psoriatic lesions with fumaric acid. Since then more and
more psoriatic patients have been satisfied with fumaric acid
therapy, although some physicians are still sceptical about this
approach (2). Schweckendick (1,3) and Schiler (4, 5) empha-
size that fumaric acid is an intermediate in the Krebs cycle.
Dubiel & Happle (6) found with high dosages of fumaric acid
in 3 out of 6 patients an anti-psoriatic activity accompanied by
pathological kidney parameters.

To find a plausible explanation for the effect reported after
treatment with fumaric acid we decided to investigate the
related purine nucleotide levels in the blood cells of psoriatic
patients and healthy controls.

PATIENTS AND METHODS

Twenty patients (age range 19-52 years) with elinically proved psoria-
sis vulgaris (7) and more than a S-year disease history as well as 13
healthy volunteers having no history or signs of a skin disease (age
range 21—46 years) agreed to participate. The patients avoided alt
steroid and/or phototherupy for at least 2 months.

ATP- and ADP-concentrations in sera and whole blood of patients
and controls were determined with the ATP monitoring kit (1243-102)
from Colora MeBtechnik GmbH, Germuny, using the biolumines-
cence technique in a LKB 1214 Rackbeta liquid scintillation counter.
The Iyophilized ATP-monitoring reagent and the ATP-standard were
reconstituted in 10 m! of double distilled, deionized water each.

1 ml fresh EDTA-bloed or 1 ml fresh serum was shaken vigarously
in 4 ml ice-cold trichloracetic acid solution (1.2 M), after 10 min
incubation at room temperature the mixture was centrifuged for 10
min at 3000 rpm and the resulting supernatant frozen at —20°C unti]
measurements were performed (not more than 6 weeks later).

A) ATP: 10 pd sample (supernatant EDTA-blood or serum) together
with 40 pd ATP monitoring reagent mixed into 2 mi 40 mM Na-Hepes-
buffer, pH 7.75, was measured after 1 min in the scintillation counter
to get ATP cancentration. An ATP-standard curve has been obtained
with appropriate amounts of ATP-standurd solutions. The level of
detection is 10 to 20 nM ATP.

B) ATP + ADP: 10 ul sample (supernatant EDTA-bload ar serum}
was incubated with 10 ul phosphoenclpyruvate solution (100 mg/ml,
Bochringer Mannheim) and 10 pl pyruvate kinase (400 U/ml, Boeh-
ringer Mannheim) in 2 ml 40 mM Na-Hepes-buffer, pH 7.75, for 2
min; then 40 ul ATP monitoring reagent was added and the nucleotide
concentration was measured after 1 min in the scintillation counter.

Serum ADP could not be estimated because phosphoenolpyruvate
and pyruvate kinase were not clean enough to allow the detection of
the low concenirations present in sera. However, it was possible to
calculate that ADDP concentrations were in the range of ATP concen-
trutions. cAMP in EDTA-plasma and EDTA-blood was analyzed by
RIA in the laboratory of Drs. Hofimeister, 8480 Weiden/FRG.

Eleven patients were treated orally with fumaric acid capsules,
potency 1 and 111, according ta Schiifer, Capsules potency 1 contained
30 mg Fumaric acid, 20 mg Ca-, 5 mg Fe-, 10 mg Li-, 20 mg Zn-, 1 mg
Cu-, 10 mg K- and 20 Mg salts of fumaric acid monoethylester, as well
as 30 mg fumaric acid dimethylester. Capsules potency I11 contained
50 mg Ca-, 6 mg Fe-, 1 mg Cu- and 40 mg Mg salts of fumarie acid
monoethylester, as well as 120 mg fumaric acid dimethylester. ATP,
ADP + ATP and cAMP measurements in EDTA-blood were per-
formed before and after 2 and 4 weeks of fumaric acid treatment
respectively. EDTA-blood samples were taken 2 h after fumaric acid
intake and worked out immediately as described above, The patients’
liver-, kidney- and haematological parameters were controlled regu-
larly every week during this trestment.

The statistical significance of the results was estimated by means of
the Student’s r-test.

RESULTS

The concentrations of the purine nucleotides cAMP (21 +4
nM vs 22+ 3 nM), ADP (231 = 83 oM vs 295 = 140 nM) and
ATP (see methods) in the sera of the psoriatic patienls when
compared to healthy controls were normal, which is contrary

Table 1. ADP-, ATP-concentrations and ATPI(ADP + ATP) ratio in blood of psoriasis patients and healthy controls

ATP + ADP ADP

ATP ADP/{ADP + ATP)
M uM M
Psoriasis patients (# = 20} 18764 39993 212496 0.47+0.2
Control persons {(n = 13} 309:474 60084 292492 0.52£0.1
Significance Student’s r-test p<0.01 p <0001 P05 NS
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Table 11, ATP and ADP plus ATP levels in blood cells of 11 psoviatic patients in dependence of 4 weeks oral ftunaric acid treatmens

ATP ATP + ADP Fumaric acid Fumarie acid Fumaric acid Time
uM uM mig/day mongethylester dimethylester weeks
my/day my/day

Psoriatic patients 170433 5BR+117 0 0 0 0
le2x45 5336+ 88 GO 172 6)
297464 6102109 90 258 90 2
3864410} 680+ 61 0 97 120
39537 655+ B2 a 194 240 4
48473 714+ 79 0 291 360

Significance betw. 0 and 90 change:

Student’s r-test to 360) mg FOME®: N§
p<0.0001

'FDME = fumaric acid dimethylester.

o the whole blood-nucleotide levels. These levels as well as
the ATP/{ADP + ATP) ratio in EDTA-blood and serum of
psoriatic patients and healthy controls are shown in Table 1.
Mean blood ATP level in psariatic patients was 187 uM vs 309
kM in controls, mean ADP level 212 uM vs 292 uM and mean
ADP plus ATP concentrations 399 uM vs 600 pM. The differ-
ence was highly significant for ATP plus ADP and significant
{for ADP or ATP alone. Comparison of the nucleotide concen-
trations in the sera with whole blood nucleotide levels impres-
sively demonstrates that the change in the described nucleo-
tide concentrations manifests itself entirely in the cell. The
ATP/(ADP + ATP) ratio remains unchanged. This constant
ATP/(ADP + ATP) ratio makes clear that ATPase/synthetase
and PGK (3-phosphoglycerate kinase) are not involved in
alterations of the nucleotide levels.

Table IT shows ADP plus ATP and ATP concentrations in
blood cells of 11 psoriatic patients during the 4 weeks of oral
fumaric acid treatment. As expected, the ADP plus ATP con-
centrations remained unchanged, ATP values increase signif-
icantly (p <<0.0001) while ADP levels decrease (ATP plus
ADP values minus ATP values) according to the increasing
fumaric acid dimetylester concentrations. A slow rise to a
dosage of once to twice daily one capsule of fumaric acid,
potency 111, containing 120 to 240 mg fumaric acid dimethyl-
ester has proven to be the best medication. Clinically we
noticed that the skin of the patients cleared after 4 weeks
therapy. There is a clear-cut correlation between raise in ATP
concentration and clearing of the skin. A concentration of
fumaric acid dimethylester below 100 mg gives only slight
improvements of the skin lesions. No changes in the urine and
biood parameters were noticed.

DISCUSSION

Whahba and associates (8) postulated that a generalized defect
in cyclic nucleotide metabolism may be found not only in
epidermal cells but also in neutrophils and monocytes derived
from psoriatic patients. In support of this hypothesis, two
studies have shown decreased levels of cAMP in psoriatic
lymphocytes compared to normal controls (9, 10). We suppest
that the lormer postulate is valid for all purine pucleotides,

Acta Derm Venereol (Stockh) 72

Beginning with 5-Phosphoribosyl-1-pyrophosphate (PRPP)
the purine nucleotides IMP and AMP, ADP, ATP, cAMP were
synthesized in one direction and XMP, GMP, GDP, GTP,
cGMP in the other direction. ATP and GTP were used in
RNA and DNA synthesis, cAMP and ¢GMP control protein-
biosynthesis activity. cAMP levels in psorialic skin were re-
ported significantly lower than in normal skin, while on the
other hand ¢GMP levels in psoriatic epidermis were higher
than in the normal skin (11}. The measured cellular concentra-
tions of ADP, ATP, cAMP and cGMP make our suggestion
maost probable and imply the measurcments of the remaining
purine nucleotide levels.

Marcello & Duell (12) showed that in adult human epi-
dermis low levels of.cAMP stimulated proliferation, whereas
high levels inhibited growth. On the other hand, Goldberg &
Haddox (13) postulated that an increase in the steady state
level of cGMP may he associated with an enhanced rute of
cellular proliferation. As has already been mentioned,
psoriatic patients express low levels of cAMP, but high levels
of cGMP (11). This situation [avors then a high rate of cellular
proliferation, via acccleration of the protein-biosynthesis ac-
tivity. One direct way to normalize cellular proliferation is the
elevation of the normal fumaric acid concentrations present in
the cell by supplementation with oral or external (via skin)
fumaric acid (dimethylester) preparations. Fumaric acid will
accelerate Krebs cycle, respiratory chain as well as ATPsyn-
thetase and then elevate ATP- and consequently cAMP-levels.
Another important result of clevated fumaric acid is its end-
product inhibition which stows down purine nucleotide syn-
thesis. Fumaric acid is involved in 3 steps of the purine nucleo-
tide synthesis pathway: a) production of S-umino-imiduzolyl-4-
carboxamido-rionucleotide {(— IMP), b} production of AMP
and c) production of ATP.

Fumaric acid dimethylester alone can cross membranes. Hy-
drolysis in mitochondria makes it a substrate for the Krebs
cycle. Our results clearly suggest the accelerating power of
fumaric acid on ATPsynthetase and the metabolic connection
between the different cells. The most imporlant connecling
factors are the purines (especially adenosine)} and glucose
(14-19). We should emphasize that all measured ADP and
ATP levels belong mainly to the erythrozytes and are therefore




indirectly controlled by mitochondria and dependent celfutar
glycolysis. Measuring the actual ADP or ATP concentrations
in white blood or tissuc cells alone is to our knowledge im-
possible with the present methods.

A twolold rise in the ATP concentration due to mitochon-
drial fumarate increase should fead to a raised cellular cAMP
praduction, as mentioned above. Our cAMP assay in whole
biood was net sensitive enough to demonstrate this assump-
tion. and further tnvestigations on isolated white blood cells
are in progress.

Previous {indings (20-23) are compatible with our resuits.
They describe the inhibition of DNA synthesis activity and of
cellular proliferation by fumaric acid.

Another way to normalize the lowered cellular ATP concen-
trations seems to be the supplementation of ATP. The positive
results ol externally delivered ATP on psoriatic lesion are maost
likely induced by stimulation of adenylate cyclase and by in-
hibition of cellular DNA synthesis. However, the effective
compound hereby is adenosine (24; Paul, D., personal com-
munication). Adenosine itsell emerges mainly from the hydro-
lysis of supplied ATP in the blood stream and may, unlike
ATP, uactivate the f-receptors and cross the cell membranes.
Externally supplicd ATP cannot directly raise cellular ATP
levels.

The cytotoxic reagent methotrexate, used for the therapy of
cancer and psoriatic patients (25), inhibits antagonistically all
{vlic acid dependent reactions, among others purine bio-
synthesis and pyrimidine nucleotide synthesis (dTTP). RNA-
and DNA-synthesis and consequently the cell growth and pro-
liferation become equally impaired. Fumaric acid inhibits in
contrast only the growth of the most weak (proliferating) cells.

Topicatly applied dithrano] induces free radical reactions
with a lot of cell components, among them it also undergoes
molecular intercalation complexes and direct reactions with
the DNA-chain, thereby inhibiting the cellular growth. A risc
of the ATP concentration is not possible in this case because of
the various reactions caused by the compound (26, 27).

To our experience, slowly increasing blood concentrations
of fumaric acid formulations offer a valuable treatment for
psoriatic patients under controlled conditions,
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