
Glucocorticoid in Inflammatory Proliferative Skin Disease 

Reduces Arachidonic and Hydroxyeicosatetraenoic Acids 

Abstract. Psoriasis is a prototype of several common, glucocorticoid responsive, 
inflammatory proliferative skin diseases. Within 28 hours, glucocorticoid reduced the 
increased concentration of free arachidonic acid in diseased tissue. This reduction 
was observed prior to visible improvement of disease and may be an important mo- 
lecular mechanism for the therapeutic efficacy -of glucocorticoids in psoriasis and 
similar inflammatory diseases. 

Lesional epidermis of the skin disease 
psoriasis is characterized by glycogen 
accumulation, increased cell prolifera- 
tion, and reduced terminal dif- 
ferentiation (1). The increased ratio of 
guanosine 3',5'-monophosphate (cyclic 
GMP) to adenosine 3',5'-monophos- 
phate (cyclic AMP) in the lesions may in 
part account for these characteristics (2). 
We previously reported mean increases 
of arachidonic acid and 12L-hydroxy- 
5,8,10,14-eicosatetraenoic acid (HETE) 
concentrations in lesional epithelium of 
psoriasis of 26- and 82-fold, respectively 
(3). The increase in free arachidonic acid 
may be important in the initiation or 
maintenance of the cyclic nucleotide im- 
balance since arachidonic acid and other 
free fatty acids stimulate the guanylate 
cyclase of platelets (4), fibroblasts (5), 
and fat cells (6) and can inhibit adeny- 
late cyclase of fat cells (7). 

Psoriasis is prototypic of several com- 
mon glucocorticoid-responsive, inflam- 
matory proliferative skin diseases (8). 
Anti-inflammatory glucocorticoids can 
prevent the release of free arachidonic 
acid in certain tissues (9) and cells (10). 
We now report that glucocorticoid ap- 
plied to lesions of psoriasis normalized 
the free arachidonic acid content and re- 
duced HETE concentrations, and sug- 
gest that this may be an important com- 
ponent of the mechanisms responsible 
for the therapeutic effect of glucocorti- 
coids in this disease. 

A new, highly effective topical gluco- 
corticoid known to clear psoriasis (11), 
diflorasone diacetate 0.05 percent in 
cream vehicle (12), or cream vehicle (13) 
alone (control), was applied under occlu- 
sive plastic film (Saran Wrap) to four 
separate lesions (14). Neither physicians 
nor patients knew which lesions received 
which treatment. The area of each lesion 
was approximately 25 cm2. Thus gluco- 
corticoid or control application was ran- 
domly assigned to four separate lesions 
of similar severity in each of 12 psoriasis 
patients such that two of these lesions re- 
ceived glucocorticoid and two received 
control applications. 

Each of the four sites received one ap- 
plication that was in place for 24 hours 
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continuously. Cross contamination 
among the four sites was prevented by 
the plastic-film dressings and a distance 
of 15 cm or more between sites. The 
patients were 18 years of age or older 
(seven males and five females) and had 
provided written informed consent. 
Pregnant women were excluded. Indi- 
viduals using oral or topical drugs for I 
week prior to the study were excluded. 
Twenty-four hours after application of 
the creams the plastic filmn was removed, 
and the lesions were gently cleansed and 
air-dried for 4 hours. Twenty-eight hours 
after application, two of the four lesions, 
one of which had received glucocorticoid 
and the other a control application (15), 
were cleansed with hexachlorophene 
and anesthetized by local injection of 1 
percent lidocaine hydrochloride without 
epinephrine. One biopsy (1 by I to 2 by 4 
cm) was taken from each of the two sites 
as previously described (16) by means of 
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Fig. 1. Arachidonic acid (AA) and 12L-hy- 
droxy-5,8,10,14-eicosatetraenoic acid (HETE) 
concentrations in 12 control (Con) and 12 
glucocorticoid-treated (Glu) specimens of in- 
volved epidermis of psoriasis. The bars repre- 
sent mean values and the vertical lines show 
one standard error of the mean (N = 12). A $ 
indicates the percentage decrease in glucocor- 
ticoid-treated versus control. Glucocorticoid 
treatment reduced the arachidonic acid con- 
tent by 57 percent (P < .0003) and the HETE 
content by 52 percent (P < .001). Data were 
analyzed by means of Student's t-test for 
paired data, 11 degrees of freedom, and a one- 
tailed hypothesis. 

a Castroviejo keratome with a mean 
0.375-mm shim setting for removal of the 
full thickness of the lesion (17). A small 
portion of the tissue was processed for 
histological examination of frozen sec- 
tions so that the correct depth could be 
verified. The remainder was frozen in 
liquid nitrogen within 5 to 8 seconds of 
removal from patients. 

The other two lesions were similarly 
treated (one glucocorticoid and one con- 
trol) but no biopsies were taken. These 
unbiopsied (in vivo) lesions were ob- 
served at 3 days, but hormone and con- 
trol applications were discontinued 2 
days prior to observation. Tissues taken 
at biopsy were ground to powders (70 to 
360 mg) at -78?C and suspended in a 
mixture of chloroform and methanol 
containing deuterium-labeled arachidon- 
ic acid (8 jig) and HETE (1.7 /,g) as car- 
riers. The carrier compounds were also 
labeled with 3H or 14C to aid subsequent 
purification by silicic acid chromatogra- 
phy and (after methylation) thin-layer 
chromatography. After conversion of 
HETE to the trimethylsilyl ether deriva- 
tive, both compounds were subjected to 
combined gas-liquid chromatography 
and mass spectrometry. The degree of 
isotope dilution was determined by re- 
cording two ions representing deuterium- 
labeled and unlabeled species, respec- 
tively, during analyses [see (3)]. The bio- 
chemical data were analyzed statistically 
as summarized in Fig. 1. 

The mean arachidonic acid concentra- 
tion was 4.3 ? 0.6 (+ standard error; 
N = 12) jg/g (wet weight) in control le- 
sions and 1.9 ? 0.3 /xg/g in glucocorti- 
coid-treated lesions (57 percent de- 
crease, P < .0003), whereas the corre- 
sponding HETE levels were 0.55 ? 0.07 
and 0.27 ? 0.05 ,/g/g, respectively (52 
percent decrease, P < .001). Similar re- 
sults were obtained when values were 
expressed as nanograms per milligram of 
lesional protein [AA: 23.5 ?+ 3.3 
(N = 12) and 9.8 ? 1.9, 58 percent re- 
duction (P < .0005); HETE: 3.05 ? 0.47 
and 1.53 ? 0.28, 50 percent reduction 
(P < .0005)] or as micrograms per mil- 
ligram of lesional DNA [AA: 1.03 ? 
0.18 (N ==8) and 0.516 + 0.091, 50 
percent reduction (P < .008); HETE: 
0.125 + 0.019 and 0.070 + 0.014, 44 per- 
cent reduction (P < .008)]. These data 
show that glucocorticoid depresses the 
concentrations of arachidonic acid and 
HETE in lesional tissue. This may be 
brought about by inhibition of arachidon- 
ic acid release from lesional membrane 
phospholipids as indicated in Fig. 2, pos- 
sibly by induction of phospholipase A2 
inhibitors, inhibition of phospholipase A2 
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synthesis, increased degradation of 
phospholipase A2, or to stimulation of re- 
esterification of arachidonic acid into 
membrane phospholipids or combina- 
tions of these. 

Arachidonic acid and HETE concen- 
trations in control lesions were lower 
than those we previously reported for 
untreated lesions (3) and than concentra- 
tions found in untreated lesions during 
the course of the present investigation. 
This may indicate that a component of 
the cream vehicle or the occlusive plastic 
dressings per se, or both (13), inhibit 
arachidonic acid release in psoriasis epi- 
dermis. It is interesting that the cream 
vehicle alone (18) and the occlusive plas- 
tic dressings alone (19) have therapeutic 
effects in psoriasis. The fact that we ob- 
served statistically significant depres- 
sions of arachidonic acid and HETE in 
lesions treated with glucocorticoid plus 
cream vehicle in comparison to those 
treated with cream vehicle alone in- 
dicates that the glucocorticoid has a high 
potency in normalizing the concentra- 
tions of arachidonic acid and HETE in 
psoriasis [the mean concentrations in 
glucocorticoid plus cream-treated lesions 
were reduced by 94 percent (HETE) and 
95 percent (AA) in comparison to mean 
concentrations in untreated lesions from 
our previous study (3)]. 

Changes in the concentrations of 
arachidonic acid and HETE were corre- 
lated in glucocorticoid-treated (r = .82; 
P < .01) and control lesions (r = .81; 
P < .01). In our previous study (3) of un- 
treated psoriasis lesions the changes in 
arachidonic acid and HETE levels were 
also correlated (r = .97; P < .001). Thus 
a change in arachidonic acid concentra- 
tion appears to be accompanied by a 
concomitant change in HETE concentra- 
tion. This is consistent with the notion 
that the reduction in HETE content is 
probably caused by inhibition of arachi- 
donic acid release from cell membranes, 
and resultant substrate depletion rather 
than inhibition of lipoxygenase by gluco- 
corticoid (Fig. 2). 

Glucocorticoids are known to induce 
terminal differentiation (20) and directly 
inhibit cell proliferation in epidermis 
(21). This action may in part account for 
the therapeutic effect of glucocorticoids 
which usually becomes visibly signifi- 
cant between 4 and 14 days after the ini- 
tiation of therapy. During this time le- 
sions progressively revert to normal-ap- 
pearing skin. A molecular correlate of 
this visible reversion between 4 and 14 
days could be the normalization of 
arachidonic acid and HETE levels. 
Based on data in other eukaryotic cells 
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we assumed that 28 hours should be 
ample time for skin penetration, gluco- 
corticoid-receptor activation, messenger 
RNA transcription (22), and molecular 
but not visible modulation of the lesional 
phenotype. Therefore, we assayed 
arachidonic acid and HETE after only 28 
hours of glucocorticoid exposure. Our 
assumption is supported by the fact that 
3 days after application the degree of le- 
sional redness in 8 patients and the 
thickness of the lesions in 9 of the 12 
patients on the remaining glucocorticoid- 
treated site were similar to those observed 
at the time of initial evaluation (23). Thus 
it is probable that the reduction in arachi- 
donic acid and HETE content is the re- 
sult of glucocorticoid-induced, revers- 
ible, early molecular events because the 
data were obtained from tissue that 
had not been visibly improved by gluco- 
corticoid. 

It is known that (i) injury to skin tissue 
can induce psoriasis (24), (ii) tissue in- 
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Fig. 2. Arachidonic acid transformations in le- 
sional epithelium of psoriasis patients. The 
black bar indicates a probable blockade of 
phospholipase A2 function as one important 
molecular event in the glucocorticoid treat- 
ment of psoriasis. The compounds within 
brackets are unstable intermediates which 
have not yet been directly demonstrated in 
epidermis (PGG2, TXA2, PGI2, HPETE). The 
compound TXB2 has recently been detected 
in lesional epithelium of psoriasis (27). Pre- 
viously we demonstrated statistically signifi- 
cant increases in the mean lesional concentra- 
tions of arachidonic acid (26-fold), HETE (82- 
fold), PGE2 (40 percent) and PGF20 (86 per- 
cent) in comparison to uninvolved, visually 
normal psoriasis epidermis (3). Abbrevi- 
ations: PL, phospholipid; AA, arachidonic 
acid; HETE, 12L-hydroxy-5,8,10,14-eicosa- 
tetraenoic acid; HPETE, 12L-hydroperoxy- 
5,8,10,14-eicosatetraenoic acid; PGG2, pros- 
taglandin G2 an endoperoxide intermediate in 
prostaglandin and thromboxane synthesis 
(28); PGI2, an unstable derivative of arachi- 
donic acid, which has properties opposite to 
those of TXA2 on platelet aggregation (29); 
TXA2, thromboxane A2 (28); TXB2, thrombox- 
ane B2 (28); PGE2, prostaglandin E2; PGF2a, 
prostaglandin F2,. 

jury leads to the release of arachidonic 
acid (25), (iii) hydrocortisone (a gluco- 
corticoid) inhibits skin inflammation (26) 
and the release of arachidonic acid in 
cultured cells (10), and (iv) testosterone 
and estrogen (nonglucocorticoids) do not 
inhibit skin inflammation (26) and have 
little or no effect on arachidonic acid re- 
lease in cultured cells (10). Therefore, 
the inhibition of arachidonic acid release 
and the subsequent cascade of biologi- 
cally potent molecules shown in Fig. 2 
may be an important molecular mecha- 
nism for the pharmacologic activity of 
glucocorticoids. Presumably, non- 
glucocorticoid inhibitors of arachidonic 
acid release might also have therapeutic 
potential. 
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the mitochondria as well, to deter- 
mine the biological relevance of the 
previously described mitochondrial 
receptor (5) by comparing its binding 
characteristics to that of other known 
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cellular binding sites and relating 
binding affinity and hormonal action. 

Male Sprague-Dawley rats weighing 
more than 300 g were obtained from 
Charles River Breeding Farms. Surgi- 
cally thyroidectomized rats (Hormone 
Assay Laboratories) given 0.2 percent 
CaC12 in tap water were kept at least 1 
month on a low-iodine diet, by which 
time hypothyroid stigmata had become 
obvious and serum triiodothyronine (T3) 
and thyroxine (T4) concentrations were 
in the hypothyroid range. Normal rat se- 
rum T4 concentrations were (mean ? 
standard deviation) 4.8 ? 1.6 /xg/dl in 
contrast to 1.1 + 0.6 ,ug/dl in hypothy- 
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roid serums, and T3 values were unde- 
tectable. Isolation and handling of nuclei 
and cytosol from rat liver and kidney 
have been described (1, 6). Isolation of 
mitochondria and preparation of mito- 
chondrial membrane protein were as de- 
scribed elsewhere (5), except that the ini- 
tial homogenate was centrifuged at ap- 
proximately 620g (corresponding to 2250 
rev/min in the Sorvall SS-34 head). The 
mitochondrial membrane protein ob- 
tained after Triton X-100 treatment was 
partially purified. Gel filtration of mito- 
chondrial membrane protein was carried 
out on a calibrated column of Sephadex 
G-200 (90 by 1.5 cm) at a flow rate of - 15 
ml/hour with 0.05M tris-HCI buffer, pH 
7.0, and 3-ml fractions were collected for 
determinations of absorbance and other 
analytic procedures. Electron micro- 
graphs were interpreted as verifying the 
high purity of the mitochondria. An elec- 
trophoretic study of mitochondrial mem- 
brane protein with added labeled T3 (5) 
showed it to have a mobility greater than 
that of serum prealbumin, whereas nu- 
clear protein had a mobility less than that 
of serum albumin, judging from scans of 
paper strips. Separation of inner and out- 
er mitochondrial membranes was done 
by the method of Schnaitman and Green- 
await (7) and verified by determinations 
of monoamine oxidase, cytochrome oxi- 
dase, and malic dehydrogenase. 

Samples of 25I-labeled T:, and T4, pro- 
vided by Abbott Laboratories, were 
checked for purity by paper electro- 
phoresis and chromatography. Phos- 
phate labeled with 32p was purchased 
from Squibb. All other chemicals were 
obtained from commercial sources and 
were of the highest purity available. 

Determination of binding constants. 
Hormone concentrations in the subcellu- 
lar constituents studied were: cytosol, 
2.3 x 10-2 to 300 x 10-2 MM; intact nu- 
clei or acidic nuclear protein (1), 0.75 x 
10-4 to 10 x 10-4, M; and mitochondrial 
membrane protein, 0.75 to 10 pM. The 
total radioactivity in each tube was de- 
termined by counting for V2 to 2 minutes 
during brief removal from the incubation 
bath. Incubations were for 1 hour at 0?C 
for cytosol and mitochondrial prepara- 
tions and at 37?C for nuclei. The volumes 
of the protein solutions were 0.4 ml plus 
40 ,ul of isotope solution. The medium 
consisted of 0.05M tris-HCl and 0.01M 
EDTA, at pH 7.0 for mitochondria and at 
pH 7.4 for cytosol and nuclei. In studies 
of mitochondrial protein binding a gener- 
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tions were determined subsequently and 
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Thyroid Hormone Action: The Mitochondrial Pathway 

Abstract. The subcellular compartments have been investigated to compare pro- 
teins capable of binding triiodothyronine and thyroxine; specific binders have been 
found in cytosol, nuclei, and mitochondria from rat liver and kidney. The binding 
protein from the inner mitochondrial membrane had the highest association constant 
(>1011 liters per mole), suggesting possible direct hormone action on the mito- 
chondria. Binding of hormone analogs was found to be related to known physi- 
ological potency, and stereospecific discrimination between L- and D-thyroxine was 
observed. The saturable receptor was found in the mitochondrial membranes of rat 
liver, kidney, myocardium, and skeletal muscle but not in mitochondria from the 
unresponsive tissues: brain, spleen, and testis. Oxidative phosphorylation by mito- 
chondrial vesicles from hypothyroid rats increased after the addition of physiological 
concentrations of triiodothyronine, which corroborated direct hormone action on 
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