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Elevated phosphorylase kinase activity in psoriatic epidermis:
correlation with increased phosphorylation and psoriatic activity
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To determine whether abnormal activity of a calmodulin-containing enzyme which catalyses
phosphorylation reactions may play a pathogenetic role in psoriasis. the presence and activity of
phosphorylase kinase (PK) in human epidermis were determined in patients with untreated/active
psoriasis (n=10), treated/resolving psoriasis (n=10), and non-psoriatic controls (n= 10). Biopsies
were taken from involved and uninvolved skin for PK. organic phosphorus, and inorganic phosphate
estimation. and light and electron microscopy. The enzyme was present in involved and uninvolved
skin of every patient in the study. PK activity (units/mg protein) was significantly higher in active
psoriasis than in resolving psoriasis and controls. PK activity correlated directly with organic
phosphorus levels. and inversely with the extent of cellular glycogenolysis measured by the depletion
of glycogen granules within the keratinocytes. The study demonstrates that PK is present in both
psoriatic and normal epidermis. with significantly higher levels in active psoriasis. Furthermore,
higher levels of PK activity, glvcogenolysis and phosphorylation are associated with increased clinical
psoriatic activity. We conclude that PK, a calmodulin-containing enzyme, is involved in regulating
calcium-dependent phosphorylation events in human epidermis, and disturbance of its activity majr
play a key role in the clinical manifestations of psoriasis.

Psoriasis is a hyperproliferative skin disease in which the
causal mechanisms are not completely understood,
despite many studies into its pathogenesis.' " Abnormal
activity of some compounds involved in signal transduc-
tion events has been reported in both involved and
uninvolved psoriatic epidermis. These include elevated
levels of calmodulin®® and phospholipase A2.# a calmo-
dulin-dependent enzyme.** In this study, we report the
discovery of the presence of the calmodulin-containing
enzyme, phosphorylase kinase (PK), in human epider-
mis. and the finding of an abnormally increased activity
of the enzyme in patients with active psoriasis.
Phosphorylase kinase, through activation of glycogen
phosphorylase and inhibition of glycogen synthase, is
the key enzyme in glycogenolysis. This enzyme is,
therefore, involved in providing the essential energy for
the production of high energy phosphate bonds used in
many phosphorylation reactions involving proteins.*#7
In addition; PK transfers high energy phosphate bonds
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from ATP to convert phosphorvlase-b to phosphorylase-
a. the active form of the enzyme. This reaction is a
necessary step in the activation of phosphorylases which
are regulated by phosphorylation and dephosphoryla-
tion. Although PK is known to be abundant in
muscles.***" it has never been reported to be present in
human epidermis. However. a number of abnormalities
which are known to occur in psoriatic epidermis. such as
keratinocyte terminal differentiation.*®**! and ligand-
dependent epidermal growth factor receptor acti-
vation,*~*7 appear to involve calcium-dependent phos-
phorylation.*” Accordingly. we postulate that disturbed
activity of a calmodulin-containing enzyme which cata-
lyses calcium-dependent phosphorylation reactions may
be a key pathogenetic mechanism in psoriasis. This
hypothesis is supported by preliminary observations in
our laboratory that periodic acid Schiff-staining glyco-
gen, which is decreased in active untreated psoriasis, is
increased in the healing stage of the disease. The present
study was designed to demonstrate the presence of PK in
human epidermis. and to determine whether changes in
activity of PK in the skin are related to clinical psoriatic
activity.




PHOSPHORYLASE KINASE ACTIVITY IN PSORIATIC EPIDERMIS 299

Methods

Patients

Thirty subjects for the study were recruited from the
dermatology clinics at the Veterans Administration
Medical Center, Sepulveda, California. They consisted of
10 men with clinically active psoriasis who had not
received any form of treatment for the disease
(untreated/active group); 10 men with resolving lesions
of psoriasis after therapy with diltiazem 60 mg t.i.d. '
with or without tar or methotrexate (treated/healing
group): and 10 men with the following untreated non-
psoriatic skin diseases—three eczema. one urticaria, one
mycosis fungoides, one Darier's disease, one melanoma.
one tinea corporis and two sguamous cell carcinoma
icontrol group). Six punch biopsies, each 4 mm in
diameter and weighing about 50 mg, were obtained
from each patient—three from involved skin, and three
from uninvolved skin. In psoriatic patients, 'involved
skin' refers to the active lesions [rom the active/
untreated group, or resolving lesions from the healing/
treated group. In the non-psoriatic control patients,
‘invalved skin' refers to the active untreated lesions of
non-psoriatic skin disease. In each patient, biopsies from
the uninvolved skin were taken at least 10 cm distant
from those obtained from involved skin. Of the three
biopsies obtained from each involved or uninvolved site,
one was processed for microscopy, and the others for
biochemical assavs. The studvy was approved by the
Human Studies Subcommittee of Sepulveda VA Medical
Center, and informed consent for the biopsies was
obtained from all patients.

Light and electron microscopy

Each biopsy obtained for microscopy was divided longi-
tudinally. One half was lixed in 10% neutral-buffered
formalin and processed for light microscopy. The para-
fin sections were stained with haematoxylin and eosin.
The other half, for electron microscopy, was fixed in
2-5% glutaraldehyde, buffered to pH 7-3 with 0-19%
sodinm cacodvlate, post-fixed in osmium tetroxide,
treated en bloc with tannic acid, dehydrated in ethanol
and propylene oxide, and embedded in a mixture of Epon
812 and Araldite 502, Silver sections (70-80 nm thick)
were cut on a Sorvall MT 2B ultramicrotome with a
diamond knife (Dupont) and examined with a Philips
EM201 electron microscope.

Cytosolic preparation of epidermal cells

Two skin biopsy samples. welghing approximately 100
mg, were used for biochemical analysis. The samples
were stored at — 70°C until use. Each frozen sample,
with the epidermal surface upwards. was placed in a
glass tube to which 3 ml Tris-HCl buffer (10 mu Tris-
HCl, pH 7-8, 1 mwm dithiothreitol (DDT), 3 mm MgS0,
and 1 mm EGTA) was added. and homogenized vigor-
ously with a Teflon plunger in a Tris-R model K41
homogenizer for 1 s. Homogenization was repeated if
necessary. The lysate of epidermal cells, separated from
the dermis, was in the cytosolic solution. The fibroblasts
which were inadvertently detached, together with the
relatively intact piece of dermis, were removed by
decanting the cytosolic solution into a 5-ml-capacity
polypropylene test-tube. The lysates were centrifuged at
3000 g for 15 min. Membranes and other cytosolic
organelles which formed a pellet at the bottom of the
tube were removed. The supernatant, which contained
the cytosolic component of epidermal cells. was then
subjected to biochemical analysis.

A separate study. using biopsies from 12 subjects. was
performed to validate the technique of separating .the
epidermis from the dermis in the skin samples. '!‘hé
samples, after thawing, were placed in a glass tube with
the epidermis upwards, and suspended in Tris-HCI buffer
solution containing (-9% NaCl, for the separation of
intact epidermal cells. The currents generated by stirring
with the Teflon plunger caused the separation ol the
epidermis from the dermis at the dermo-epidermal
junction, which was confirmed by histological examin-
ation alter the tissue samples, separated from the dermis
by this procedure, were fixed in formalin and processed
through paraffin sections for light microscopy. They
consisted of 94-1 +4-2% epidermal cells for samples
from psortatic patients (n=6). These results show that
the tissue from which our cytosolic preparation was
obtained consisted mainly of epidermal cells.

Assay of phosphorylase kinase concentration

Phosphorylase kinase activity was assayed by measur-
ing the conversion rate of phosphorylase-b to phosphor-
ylase-a, according to a modification of the method of
Cohen.*® Briefly, PK was assayed by measuring radioac-
tive phosphate transferred from [*P]ATP (Du Pont Co.,
Wilmington, DE. 11.5.A.) to the phosphorylase-b. sus-
pended in 30 mM cysteine solution., pH 7-0. in the
process of conversion to the phosphorylase-a form. Forty
microlitres of 30 mm cysteine solution, 50 ul of 0-25 M fi-
glveerophosphate solution. 50 ul of phosphorylase-b
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solution, and 20 pl of either PK standard solution or
cytosolic samples were transferred to each 5-0 ml
polypropylene test-tube. The tubes were incubated at
30°C for 3-5 min to equilibrate temperatures. At 0 min,
40 pl of [**P]-ATP solution was added to each tube,
mixed thoroughly by vortexing, and incubated at 30°C
for 15 min. One millilitre of ice-cold 5%, trichloracetic
acid (TCA) solution was then added to each tube. The
tubes were then placed in ice, and cooled for 10 min or
more. Each reaction mixture was then Rltered through a
millipore filter paper (pore size (45 um), and washed
three times with 2 ml of cold 5% TCA solution. The filter
paper containing phosphorylase-b was counted in a
liguid scintillation counter. Enzyme activity was deter-
mined based on a standard curve prepared with PK of
known activity supplied by Sigma Co (St Louis, MO,
0.5.A.).

The reproducibility of our methodology was assessed
by duplicate measurements of unknown concentrations
of the enzyme from the randomly selected patients in the
study population against known concentrations of PK.
Firstly, 10 solutions of standard PK with known concen-
trations, ranging from 0 to 38 ug/mg protein, were

-assayed, and a linear standard graph was obtained, The
average per cent variation of each duplicate measure-
ment from the mean was 4-7044-24% (range 0-
11-5%), and the linear correlation between the paired
measurements was r=(-98. Secondly, engyme activities
from 10 patients in the study population were measured
twice for each skin sample. The corresponding reprodu-
cibility measurements for this assessment were
3-354+2-27% (range 0-27-8-81), and r=0-98.

Determination of total phosphorus in the epidermal cytosol

To each 5-ml-capacity glass test-tube containing the test
sample {1-10 gmol of phosphorus or 10-100 ul cytoso-
lic sample), 40 ul of perchloric acid solution (20 M) was
added. and boiled on a hot-plate. Bumping was mini-
mized by placing a capillary tube, sealed at the top, into
the tube, One drop of potassium iodide solution (0-5 mg
Kl/ml) was added when the volume of each sample
was reduced to about 30 ul. When the sample had
evaporated almost to dryness, it was removed from
the hot-plate and cooled. Twenty microlitres of dilute
ammonia solution (5-6 s} was added to the sample,
and the preparation heated again on a hot-plate until
it was dry. The sample was dissolved in exactly 1-0 ml
distilled water when the test-tube had cooled. Exactly
40 ul of ammaonium molybdate reagent [2-0 mwm
{NH4)eMo7024-4H;0 in 5-0 M sulphuric acid solution]

was added, followed by 10 pl of sodium sulphate solution
{0-4 m). Precisely 10 min later, 20 ul of stannous
chloride working solution (20 ma SnCly- 2H>0 In 0-5 M
HCl splution] was added. Thirty minutes later, the
absorbance at 700 nm was read in a spectrophotometer.
The reagent blank was subtracted from the absorbance
reading of the sample. The concentration of inorganic
ion in the sample was determined against standards of
inorganic phosphate,

Inorganic phosphate concentration in each 1-0 ml of
cytosolic sample was determined by adding molybdate
reagent. followed by the addition of stannous chloride
solution, and reading of the absorbance at 700 nm. The
value of organic phosphorus was determined by sub-
tracting the value of inorganic phosphate from the total
phosphorus concentration.

Determination of the density of glycogen granules

For each biopsy sample, the glycogen granules within 10
adjacent keratinocytes situated mid-way between the
stratum corneum and the basal keratinocyte layer were
photographed at a magnification of = 20,000, and
printed at a further = 2-5 magnification on 203% 254
mm Kodak paper, to a final magnification of = 30,000,
The density of the glycogen granules was counted and
determined for each sguare micron. Areas occupied by
mitochondria, tonofilaments and nuclel were eliminated
from the count.

Statistical analysis

Comparison of the differences between mean measure-
ments of the three patient groups was performed by
multiple analysis of variance (MANOVA) and Tukey's
post-hoc test. The results were considered statistically
significant when P<0-05, All results in this report are
expressed as mean + S0,

Results

Comparisan of phosphorylase kinase activity in the
cytosolic supernatant of epidermal cells

The results are shown in Figure 1,

The PK activity (U/mg protein) in the epidermis of the
three groups of patients is given below: active/untreated
psoriasis — Involved epidermis 25:9 + 11-48, uninvolved
epidermis 16-11£9-95; healing/treated psoriasis -
involved epidermis 5-71+2-67, uninvolved epidermis
4-45 4 2-67; controls - involved epidermis 2-954+1-75,
uninvolved epidermis 4-07 & 3-18. In untreated psoria-
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Figure 1. Phosphorylase kinase activity (U/mg protein) in epldermal
cytoselic preparations in involved and uninvelved skin from active/
untreated psoriatics. resolving/treated psoriatics. and non-psoriatic
controls. *P<(05 compared with Involved untreated psoriasis;
2P 0-00] compared with involved untreated psoriasis: < P<0-01
comparad with uninvolved treated psoriasis. |, involved: U, unin-
volved.
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Figure 2. Organic phosphorus concentrations (pmol/g protein} in
epidermal cytosollc preparations In involved and uninvolved skin from
active/untreated psoriatics, involved and uninvolved skin from resolv-
ing/treated psoriasis, and invelved and uninvelved skin from non-
psoriatic controls, **P=0-005 compared with involved untreated
psoriasis. [, involved; U, uninvolved.

tic patients, the PK activity of the involved epidermis was
significantly higher than in the uninvolved epidermis
{P<0:05). The enzyme activity in both involved and
uninvolved epidermis of untreated psoriatic patients was
significantly higher than that of patients with treated
psoriasis and non-psoriatic controls. The differences
between PK levels of the involved epidermis in untreated
psoriatics and both involved and uninvolved skin in the
other two groups were all significant at the P<0-001
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Figure 3. Inorganic phosphate concentrations (umaol/g protein) in
epidermal cytosolic preparations in involved and uninvalved skin from
active/untreated psoriasis, involved and uninvolved skin from treated
resolving psoriasis, and involved and uninvolved skin from non-
peoriatic controls. There is no statistical difference between the
Involved and uninvolved skin of the three groups. |, involved: U,
uninvalved.

level; the corresponding differences for the uninvolved
epidermis in untreated psoriatics were all significant at
the P<0-01 level. The PK activities of the involved and’
uninvolved epidermis in the healing psoriatics and
controls were all statistically similar.,

Epidermal organic phosphorus concentrations in psoriatic
patients and controls

The results are shown in Figure 2.

The organic phosphorus concentrations (gmol/g pro-
tein) in the epidermis of the three groups of patients were
as follows: untreated psoriatic patlents - involved epider-
mis 244-34+142-2, uninvolved epidermis 96-9 £ 30-2;
treated psoriatic patients - involved epidermis
58:94+ 12, uninvolved epldermis 742 £ 49-1; controls -
involved epidermis 54-8+ 23-6, uninvolved epidermis
58:7 4+ 30-4. The organic phosphorus concentration in
the involved epidermis of the untreated psoriatics was
significantly higher than the uninvolved skin of the
same group, and the involved and uninvolved skin of the
other two groups; the differences were all significant at
the P<=0-0035 level. The values of the uninvolved skin in
untreated psoriatics and the involved and uninvolved
epidermis in the treated psoriasis group and controls
were statistically similar.

The levels of organic phosphorus were directly related
to the levels of PK activity; the correlation coefficient
between the two parameters was r=0-934 (P<0-001).
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Figure 5. Density of glycogen granules in number/um® in keratino-
cytes from involved/untreated and uninvolved /untreated psoriasis.,
involved,treated and uninvolved /treated psoriasis, and involved and
uninvolved non-psoriatic controls, *P<0-05 compared with involved
untreated psoriasiss **P<0-01 compared with involved untreated
psoriasis; ***P<0-001 compared with involved untreated psoriasis:
+ P 0-005 compared with involved and uninvolved treated psoriasis.
I. involved: U, uninvolved.

Figure 4. Electron micrographs showing
glycogen granules in {a) involved and (h)
uninvolved skin of active/untreated psoriasis,
(e} involved and (d) uninvolved skin of
resolving/treated psoriasis, and (e) involved
and () uninvolved skin of non-psoriatic
controls. Note the sparse granules in active
psoriatic disease (a. b), with intracellular
oedema cansed by increased osmotically
active glucose particles from glycogenolysis,
as @ result of increased phosphorylase kinase
activity; numerous glycogen granules in non-
psoriatic controls (e, [, and intermediate
changes in resolving/treated psoriasis (c, d).
Mote also the presence of well-developed -
tonofilaments in uninvolved skin (b, d. [} |
compared with sparse tonofilaments in
involved skin (a, c. e) { = 50.0400).

Inorganic phosphate concentrations in psoriatic patients
and controls

The results are shown in Figure 3.

The levels of inorganic phosphate (umol/gm protein)
in the epidermis of the three groups of patients were as
follows: untreated psoriatic patients — involved epider-
mis 178-3£84-23, uninvolved epidermis 139-44+
50-98; treated psoriatic patients — involved epidermis
9669 + 36-24, uninvolved epidermis 103-63+79-91;
controls — involved epidermis 125-03 4+ 74:95, unin-
volved epidermis 121-434+79-91. The levels in the
involved and uninvolved skin in all three groups were
statistically similar.

Density of glycogen granules in involved and uninvolved
keratinocytes of psoriatic patients and controls

Electron microscopic examination of the skin specimens
showed a paucity of glycogen granules in both involved
(Fig. 4a) and uninvolved (Fig. 4b) skin of untreated
psoriasis, intermediate values in involved (Fig. 4c) and
uninvolved (Fig. 4d) epidermis of treated psoriasis, and
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abundant glycogen granules both in involved (Fig. 4e)
and uninvolved (Fig. 4f) epidermis of non-psoriatic
controls.

The density of glycogen granules. measured as the
number of granules/um®, were as follows (Fig. 5):
untreated psoriasis — Involved skin 10-1+2-8. unin-
volved skin 20)-5 4+ 4-3; treated psoriasis - involved skin
28-54+5-2, uninvolved skin 33-646-5; controls -
involved skin 60-3 £ 157, uninvolved skin 82-0414-8.
The glycogen density in the involved skin of untreated
psoriasis was significantly lower than the uninvolved
skin of the same group of patients (P<0-05), and both
involved and uninvolved skin of patients with treated
psoriasis (P<(0-01) and controls (P<0-001). In the
treated and control groups, there was no significant
difference between the density of glycogen granules in
involved and uninvolved skin biopsies. However, the
density in the treated psoriatics was significantly lower
than the controls (P<0-01).

Discussion

Caleium binding by calmaodulin, an intracellular caleium

hinding protein discovered by Cheung,*’ is the common-

est translator of the intracellular message following the
generation of the calcium signal. ™ Calmodulin-contain-
ing enzymes catalyse the formation or breaking of bonds
between phosphorus and other molecules.**-*73*4 Cal-
modulin levels have been reported to be elevated in
psoriatic epidermis.’' PK is a calmodulin-containing
enzyme which plays a crucial role in glycogenolysis. PK
catalyses the conversion of phosphorylase-b to phos

phorylase-a,>*27¥" which in turn is the mechanism of
activation of several phosphoryvlases, including glyeogen
phosphorylase, the enzyme responsible for the break-
down of glycogen into glucose during glycogenolysis.
Because the end-product of glvcogenaolysis is ATP, which
is required by many cellular protein kinases for phos-
phorylation of their target proteins, PK is critically
important in many cellular functions, lts abundant
presence in muscles, where ATP is the essential fuel for
the high energy requirements of the organ, has long
been known.

The presence of PK in the skin, however, has not been
reported previously, In the skin, the breakdown of
glycogen stores in the keratinocytes provides the energy
for the calcinm-dependent reactions involved in termi-
nal differentiation of keratinocytes,***" including reac-
tions such as the conversion of profilaggrin to filaggrin.
The process of keratinocyte terminal differentiation, as
indicated by the expression of 1-fucose lectin binding

sites on keratinocytes, has been shown to be greatly
enhanced in active psoriatic epidermis.*' In addition, the
expression of the r-fucose moiety has been shown not
only to be associated with, but also to precede marked
epidermal proliferation in psoriatic plagues.®! Increased
PK levels in active psoriatic epidermis increase the
availability of ATP for phosphorylation reactions such as
those involved in the enhancement of calcium-depen-
dent processes in keratinocyte terminal differentiation.

Our data in patients with active psoriasis show that
involved epidermis contains significantly elevated PK
activity (Fig. 1). In addition, both involved and unin-
volved epidermis from active psoriatic disease contain
significantly higher PK activities than involved and
uninvolved skin from treated/healing psoriasis and non-
psoriatic controls (Fig. 1), suggesting that enhanced PK
activity parallels clinical psoriatic activity. The elevated
PK levels in uninvolved active psoriatic skin may explain
the tendency for the uninvolved skin in active psoriatic
disease to develop psoriasis. The much lower enzyme
level in involved epidermis of the resolving psoriatic
plaques in patients treated with diltiazem. a calcium-
channel blocker, suggests not only that decreased PK
activity may be a prerequisite for the induction of'the
healing phase of the disease, but that both PK activity
and psoriatic activity appear to be calcium-dependent. It
must be pointed out that although a combination of
treatment maodalities may have been responsible for
induction of the healing phase, the only treatment
common to all patients in the healing/treated group was
diltiazem. In a previous study.'? we found that diltiazem
was effective in preventing the development of tranma-
induced psoriasis.

Glycogen granules were decreased in density in
active/untreated psoriatic keratinocytes, with involved
skin containing fewer granules than uninvelved skin. In
addition, there was a paucity of glycogen granules on
electron microscopy in the keratinocytes of both
involved (Fig. 4a) and uninvolved untreated (Fig. 4b)
psoriatic patients. compared with similar biopsies of
control patients (Fig. 4e and [). The density of glycogen
granules is inversely related to glycogenolytic activity. so
that increased glycogenolysis results in a lower density
of glycogen granules. Accordingly, these findings are
consistent with increased glycogenolysis in  both
involved and uninvolved active psoriatic skin, but not in
involved and uninvolved non-psoriatic biopsies. Thus,
elevated PK activity correlates with increased glycoge-
nolysis in active psoriatic epidermis, with involved
epidermis showing a greater degree of glycogenolytic
activity than uninvolved psoriatic epidermis. This find-
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ing is expected, because PK activates glycogen phos-
phorylase, which in turn breaks down glycogen to
glucose-1-phosphate. In resolving psoriasis, the decrease
in PK activity is associated with the cessation of
enhanced glycogenolysis. which is reflected in the
accumulation of glycogen granules within the keratino-
cvtes,

Differences in cytosolic (epidermal cells) organic phos-
phorus concentrations reflect intracellular phosphoryla-
tion reactions. In this study, organic phosphorus in the
involved skin of active psoriatics was significantly
elevated. whereas levels of inorganic phosphates were
similar in all groups (Fig. 3). Thus, the increased
concentrations of organic phosphorus parallel the
increased activity of PK in involved, untreated psoriatic
epidermis, suggesting that increased PK activity is
required for the enhanced phosphorylation reactions in
involved epidermis of active, untreated psoriasis.
Because many protein kinases responsible for increased
protein phosphorylation utilize ATP from glycogeno-
lvsis. increased activity of PK in psoriasis may resultin the
enhancement of many of the epidermal processes which
are dependent on protein phosphorylation. For example,

protein phosphorylation is a necessary event following

receptor binding. In particular, phosphorylation of epi-
dermal growth factor-receptor (EGF-R) after binding by
its ligand epidermal growth factor, or its natural ligand
transforming growth factor-o (TGF-x). is associated with
epidermal growth and proliferation. Phosphorylation of
EGF-R has been shown to be calcium-dependent. and
oceurs at threonine and serine residues. ! It is significant
that PK has also been shown to phosphorylate serine-14
of glycogen phosphorvlase.®*® In psoriasis, phosphorvla-
tion of the receptor proteins follows the binding of TGF-z,
a cytokine secreted by activated macrophages, to its
ligand EGF-R. the expression of which has also been
found to be calcium-dependent.’” It is significant that
enhanced expression of both TGF-x** and EGF-R*® has
been observed in psoriatic epidermis. We propose that
PK enhances calcium-dependent phosphorylation reac-
tions. Support for this belief lies in the fact that we were
able to reduce both PK levels and organic phosphorus
levels in psoriatic epidermis after treatment with calcium
channel blockers.

Phosphorylase kinase is a calmodulin-containing
enzyme which is sensitive to the calcium signal.?*27 This
enzyme has the subunit structure of (xffyd).! where a
and [ are the subunits which are phosphorylated. The &
subunit is calmodulin, which binds calcium ions, and
then triggers the activity of PK. Another molecule of
calmodulin also binds to the apoenzyme when the

molecule is activated. In this way, the activity of PK is
affected both by calcium lons and by calmodulin levels.
The activity of PK is also regulated by two cAMP-
dependent protein kinases—one which phosphorylates
the f# subunit at low intracellular cAMP concentrations,
thus activating the enzyme, and the other which
phosphorylates the x subunit at high intracellular cAMP
concentrations, thus deactivating the enzyme. The
dependence of PK activity on cAMP levels may explain
why drugs which decrease cAMP, such as f-adrenocep-
tor blocking agents** and lithium,** have been reported
to aggravate psoriasis.

The fact that uninvolved skin in untreated psoriatic
epidermis did not show a similar increase in organic
phosphorus  concentrations, despite  moderately
increased activity of PK. suggests that elevations of PK
which occur without enhanced levels of phosphorylation
are not associated with clinical psoriasis. Alternatively,
it is possible that other factors, in addition to increased
PK activity, must be present before enhanced phosphor-
ylation reactions occur in uninvolved skin of untreated
psoriasis. We surmise that these factors, among others.
include trauma (Koebner |:|h|:z'nrlzrmﬁznc:ln}.11 or the pres-
ence of the allergen or cognate antigen,” whichln{ust
precede activation of the T-cell receptor. T-lymphocyte
proliferation is intimately involved in the psoriatic
process.'*'® The essential reaction following binding of
the cognate antigen'® to the T-cell receptor is signal
transduction, initiated by calcium influx and followed by
protein phosphorylation. It must be pointed out that
although the cytosolic extract consisted predominantly
of epidermal cells, lymphocytes trapped between kerati-
nocytes were also assayed. T-cell activation, with resul-
tant macrophage activation, appears to be a necessary
accompaniment to the psoriatic process, as TGF-z.
produced by activated macrophages. is the natural
ligand for EGF-R.** We believe that these additional
factors may play a role in induction of the proliferative
component of the psoriatic process.

In conclusion, our study demonstrates the presence of
increased epidermal glycogenolysis and increased phos-
phorylation reactions assoclated with enhanced levels of
PK. a calmodulin-containing ensyme. Our data also
show that a fall in PK levels may be important in
initiating the healing phase of the disease. An elevation
in PK activity in uninvolved skin of patients with active
psoriasis could be an important factor in predisposing
these patients to eruptive lesions. Increased enzyme
activity in both involved and uninvolved skin of active/
untreated psoriasis suggests that increased PK levels
may be pathogenetically significant in the disease. Our
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studv using proliferative controls suggests that PK
elevations are not a necessary phenomenon in non-
psoriatic proliferative processes. It is unclear at this time,
however, whether the elevated PK levels in psoriasts are
a result of increased gene expression or delective
homeostatic regulation due to a structural defect in the
ENEYME,
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