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"The human machine i1s not no different from the animal
machine or the fish machine or the bird machine or the
repbtile machine or the insect machine! It's just =
whole God damn lot more complicated and conseguently

more trouble to keep together'.

Tennespee Williams
"OCat on a Hot Tin Roof!
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SUMMARY

The epidermal fibrous protein has been successfully
exbracted Prom the cornified cells of human plantar
callus and stratum corneum with buffered urea solutions.
The proteins of these two horny cell layers are
gtructurally dissimilar and differ alsc from the fibrous
proteln, prekevatin, of the living cell layers. Human
prekeratin is a multichain protein, and on polyscrylamide
gels, three different polypepltlde chaing of molecular
welghts 70,000, 63,000 and 55,000 can be detected. All
three of these chainsg are present in plantar callus,
but there is a much higher proportion of the 70,000
molecular welght chaln than in purified prekeratin,.

The 55,000 molecular weight chain is not present in

sbtratum cornewns

The polypeptide chains of the fibrous protein are
the major constituents of both living and horny cell
layers, but in extracts of foreskin epidermis a
prominent pale~blue staining polypeptide has been detected.
It has a molecular weight of 15,000 and is apparently

unrelated to any previously extracted epidermal protein.

The 55,000 and 63,000 molecular welight chains of
the fibrous protein are prominent in psoriatic scales,
but the 70,000 molecular weight chain is defilcient and
occasionally absent. The psoriatic fibrous protein is
structurally abnormal resembling neither the protein of

callus nor stratum corneum. Iffective treatment of



psoriasls causes changes in the fibrous protein, finally
resulting in a normal structure., The uninvolved callus
and stratum corneum of psoriatics have fibrous protein
structures indistinguishable from those of the normal

timsues.

There ia an overall similarity between the amino
acid analyses of callus, stratum corneun, psoriatic
scale and human prekeratin, apart from differences in
their contents of glycine and serine, Differences in
the tissue contents of these two amino acids appear
to be related to changes in the intensity of the 70,000

molecular weighlt chaln of the fibrous proteins.

Varying the conditions of extraction of the horay
cell layers aliers the amount but not the polypeptide
compoglition of the isolated material. In the absence of
a reducing agent, a large amount of [fibrous protein
polypeptides are released from psoriatlc scale but

only a very small amnount from plantar callus.

These resulis a¥e discussed in relation to normal
keratinisation and to the defects in this process in

psoriatic epidermnise.

ix



CHEMICALS

Acrylamide, bovine serum albumin, carbonic
anhydrase (bovine erythrocytes), catalase (beef liver),
glycine, ovalbumin, phosphorylase a and trypsin (type

III) were obtained from the Sigma Chemical Co., Londomn.

All other chemilicals were Analay reagents supplied

by BeD.H., Chemicals Ltd., Poole, Dorset.



GENERAL, INTRODUCTION




NORMAL, TEPIDERMIS

Adult memmalian skin consits of two distinct layers
of different embryological origin (Balinsky, 1970).
The mesodermally derived dermis is composed of a
fibrillar network secreted by fibroblastic cells embedded
in a matrix of gelatinous mucopolyseccharide. The outer
layer, the epidermis, 1s a stratified squamous eplthelium
of ectodermal origin. It is separated from the under-
lying dermls by the basement membrane, an electron-
dense fibrillar matrix, anchored by dermal fibrils
(Heaphy & Winkelmann, 1977). The epidermis 1s avascular
and nutrients pass by diffusion across the basement

membrane from dermal blood caplllaries.

The epidermal cell population ls produced and
maintained by the proliferatlon of celles adjacent to the
basement membrane. Daughier cells produced by mitosis
in the basal layer move up through the spinous and
granular layers finally reaching the outer stratum
corneum, a tough, water resistant barrier between the
organism and its environment. The upward movement of
cells is accompanied by the synthesis of characteristic
differentiation products and distinct morphological

changes .

Ultrastructurally, the horizontal stratification of
the epldermis is clearly seen (Brody, 1960). DBasal
cells contain all the usual,K subcellular organelles, the
unique presence of centrioles confirming that proliferation

is restricted to this layer. The basal cell cytoplasm
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is rich in the primary epldermal differentiation product,
the tonofibrils, comprising bundles of individual

filaments about 7nm in diameter (Odland & Reed, 1967).

The splnous layer is characterised by the presence
of a distinet intercellular space into which project
protrusions of the plasma membranes givihg rise to the
s0 called ‘'prickle cell' appearance. Small oval particles
(membrane coating granules) appear for the first time and
heve a highly ordered internal structure of alternating
dense and less dense lamellae, 2-3 nm thick (Lavker,

1975; Hatoltsy & Bednarz, 1975). The tonofibrils have
a more amorphous appearance and the individual filaments

are less distinct.

The granular layer contains numerous keratohyalin
granules which may be round, oval or irregular in shape
and of variable size. The tonofibrils are less opaque
than those of the lower layers and tend to parallel the
gurface of the epldermis. The membrane coating granules
first observed in the spinous layer are also present in
the granular layer and as keratinisation proceeds they
discharge their lamellae into the intercellular space
where they apparently remain intact and often contact
the plasma membrane (Lavker, 1975). The lamellae are
believed to have a lipid content (Breathnach & Wyllie,
1966), which may ald the barrier function of the

epldermis.

The onset of cornification is marked by considerable
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cell flattening and is accompanied by the release of
hydrolytic enzymes from the lysosomes, which bring about
degradation of the subcellular organelles. Transition
cells (T-cells) in which cell flattening is almost
complete, may occasionally be observed above the granular
layer. The cytoplasm of horny cells becomes filled with
bundles of tonofilaments embedded in a highly opague
interfilamentous matrixe. The plasma membrane is thickened
by the deposition of electiron-dense material on lis

inner surface, the main component of which appears to

be protein (Matoltsy & Matoltsy, 19663 Sun & Green,
1976)« Cornified cells are lost from the surface of the
epidermis by desguamation, proliferation of the basal

cells maintaining a balanced cell population.

Columns of stacked horny cells may occasionally be
observed in the epldermis (Mackenzig, 1975) and thease
interdigitate in a step~like manner (Menton , & Eisen;
1971a). Regular cell alignment is most prominent i..
the thin epidermis of mouse, or guines pig ear and appears
to be related to a low rate of cell proliferation

(Christophers et al, 1974).

The cell ptacking extends into the living cell layers
and basal cells lying beneath a column lead to the forme-
ation of the superficlal horny cells (Potten, 1974). The
proliferation of the basal cells is apparently under the
control of a centrally located cell (Allen & Potten,
1974)
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Control of growth and differentiation in the epidermls
apparently involves both dermal and epidermal influences.
In embryogenesis, the dermal influence is partlcularly
apparent and epithelium from one body site transplanted
onto mesoderm at another site develops the morphological
characteristics specified by that mesoderm (Calrns &
Seunders, 1954). In adult tissue the dermis was found to
determine the kind of epldermis produced by ear, sole and
trunk, but thls was not the csse for tongue and cheek

pouch (Billingham & Silvers, 1967).

It is possible to grow keratinocytes in dilspersed
cell culture (Constable et al, 1974; Prunidras et al, 1976)
and .stratification and keratinisation may occur, as demon-
strated by the presence of keratohyalin granules, tonofibrils,
desmosomes and the basement membrane (Mann & Constable,1977).
Human keratlnocytes grown on collagen gels Fform multi-
layered structures (Kerasek & Charlton, 1971) and addition
of viable fivroblasts or fibroblast conditloned medium
increases the cell survival time. Subeulturing of
keratinogytes normally resulits in de-differentiation

(Regnier et al, 1973).

Stable cultures of keratlinocytes may be established
by growing cells on a feeder layer of X=-irradiat ed
fibroblasts (Rheinwald & Green, 1975). Such cultuves have
a lifetime of up to L£ifty cell generations and undergo
keratinisation {Sun & CGreen, 1976) and desquamation

(Green, 1977).

Thus, epidermal growth and differventiation in viiro



is dependent upon fibroblasts or their products, but
attempts to isolate an epidermal stimulation factor have
been of limited success., A fraction isolated from rabblt
fibroblast conditioned medium, which stimulates epldermal
growth in vitro, has been partlally characterised (ielbye
& Karasek, 1973). The substance was dislysable, heat-
stable, had a molecular weight of less than 1,000 and

was protease and nuclease registant. Epldermal growth
factor (EGF), a polypeptide of molecular weight aboutb
7,000, isolated from the submaxillary gland of male mice,
was shown to stimulate epidermal growth both in vivo

and in vitro (Cohen, 1972), but its role in normal

growth and differentiation is not clear.

In addition to these exogenous compounds, a unber
of intra-epidermal factors have been implicated in growth
control. The epidermis contains a tissue specific,
species non-gpecific mitotic inhibitor, the-"tpidermal
chalone" (Bullough, 1962). It was characterised as a
protein or glycoprotein of molecular weight 30,000 -
1,0,000 and was trypsin sensitive (Hondius Boldingh &
Laurence, 1968). The epidermal chalone apparently
inhibits the cell cyele in both Gﬂ and G2 rhases. It is
the Intracellular chalone level which determines the fate
of a cell. DBelow a critical chalcne level, the cell
undergoes mitosis, while above this level, cell
maturation occurs. If there 1ls a sudden decrease in the
chalone level due to cell damage, then the newer post—
mitotic eells revert to mitosis (Bullough, 1975).

Chelone systems have been proposed to exist in a number

of tissues, but to date no chalone has been obtained in
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a purifled form from any source.

The nucleotide, cyclic ANMP is apparently an important
factor in the control of growth and differentiation in a
number of systems (Froelich & Rachmeler, 1972; Pastan,
19723 Judewlcz et al, 1973). Low cellular cyclic AWMP
levels stimulate proliferation, while alt high levels
proliferation is inhibited and differentiation is
stimulated (Sheppard, 1971). In vitro inhibitlon of
miltosls hag been demonstrated by addlition of dibutyryl
cyelic AMP (Voorhees et al, 1972) and cyclic AMP elevating
drugs (Delescluse et al, 1974) to cultured epidermal
cells. Cyelic GMP apparently has an opposite effect to
cyclic AMP, and it is thought to be the ratio of these
two e¢yclic nucleotides which exerts a controlling influence
over growth and differentiation in a tissue (Voorhees et

al, 1976).

Biochemical studies have indicated that all the major
pathways of intermediary metabolism are qualitatively
functional in the epidermis. Many of the enzymes of the
Embden-Meyerhof pathway have been detected (Weber, 196l.)
and regional variations in enzyme sctivity may occur
within the epidermis (Adachl & Yamasawa, 1966). Glucose
metabolism by the pentose phosphate pathway is also
present wlthin the epidermis (Fréﬁnkel, 1960; Jarrett,
1974 ) being particularly active in the upper cell layers
(Im & Adachi, 1966), Although the epidermis is capable
of synthesising glycogen (Halprin & Ukswara, 1966), its
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utilisation ls confined to times of increased metsbolle

activitye.

The human skin is an active site of lipid biosynthesls
(Rheinertson & Wheatley, 1959), but quantitively the
epidermls is much more active than the dermis (Hsla, 1971),
especially in the synthesls of sterols (Nicolaldes &
Rothman, 1955) and polar Lipids. Within the epidermis the
phogpholipid content of the stratum corneum is considerably
lower than that of the non<keratinised layers (Rheinertson

& Wheatleys 1959).

Normal hnman skin contains a number of proteases,
gome of which have been isolated and characterised (Hopsu-
Havu & Jansen, 1969; FPrakl & Hopsu-Havu, 1976) and a
numbexr of protease inhibitors. Proteolytic enzymes are
found predominantly in the basal layer and thelr sctivity

decreases towards the skin surface.

The epidermis has also a large number of acid
hydrolases. These enzymes which include proteases, lipases,
nucleases and carbohydrate degrading enzymes are located
in small, membrane hkound organellies, the lysosomes, first
detected in the epidermis by Rowden (1967, 1968).
Histochemically, the strongest reactlion for the acid
hydrolases occurs in the transitlonael zone of the epldermis,
where ithey have been implicated in the degradation of the
subcellular organelles during normal keratinisation. The
hydrolytic enzymes arve believed to be syntheslsed in the
basal cells and carried up through the epidermls in the

lysosomes. Acld hydrolases have been deteclted in the
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stratum corneumy, but only about 10% of their activity
appears to survive terminal differentiation (Roelfzema

eh 8.1’ 1976).

The specific incorporation of glycine and hisgtidine
into the granular layer of the epidermis (Fukuyama et al,
1965) and the histochemical localisation of histidine in
the keratohyalin granules (Reaven & Cox, 1965; Fukuyama
& BEpstein, 1966, 1967) was attributed to protein synthesis
in the upper layers (Bernstein, 1964 ) and a histidine rich,
cystine poor protein was isolated (Hoober & Bernstein,
1966; Gunucio et al, 1967). BExtraction of keratohyalin
granules from newborn rat epidermis (Matoltsy & Matolisy,
1970) and subseguent amino acid analysls, showed that
cystine and proline were present in large amounits whereas
only a small amount of histldine was present. Labelling
studies (Tezuka & Freedberg, 1972) failed Lo show
histlidine incorporation into keratolyalin fractions, while
keratohyalin extracted by Ugel (1969, 1971) was found to
be a ribonucleoproteln in which the protelin component
was rich in serine,arginine, glycine and histidine (Ugel

& Idler, 1972).

The great varilety of 'keratohyalins' so Ffar detected
undoubtedly reflects to a large extent differences in the
extraction procedures, and it is possible that kerstohyalin
granules contain a number of proteins. Although the
exaect functlon of keratohyalin remains unknown, it is
believed to form the interfilamentous matrix of the horny

cells (Lavker & Matoltsy, 1970).
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The A~type X-ray diffraction pattern characteristic
of keratinising epithelis is due to the fibrous protein of
the tonofilaments. Rudall (1952) using 6M urea solutions
performed the first successful extraction of mammalian
epidermis, isolating both fibrous and non-~fibrous protein
components. The fibrous protein fraction 'epidermin’
retained the ability to give an &\ ~keratin diffraction
pattern, but its heterogeneous nature prevented further
structural charegeterisatlion.

It was not until the work of Matoltsy (4196L, 1965)
that the flbrous protein was obtained in a homogeneous
form. Using 0.1M citric acid-sodium citrate (CASC) buffer,
pH2.6 he was able to extract 'prekeratin', which was
purified by serial precipitation, from the non-keratinised

layers of cows'

nose epildermise. Physlcochemical analysis
of the fibrous proteln (Skerrow, 1972, 1974) showed that
it was a dimer of three chain subunits, with a total
molecular welght of 375,000, The individual polypeptide
chains of the proteln could be separated on SDS poly-
acrylamide gels, each subunit consisting of one chain of
molecular weight 72,000 and two chains of molecular
weight 60,000, This chain composition was observed
whether the proteln was treated with a reducing agent
prior o0 electrophoresis or not, and indicated a lack

of interchaln disulphide bonds. The LOWA-~helilx content
of each subunit was present as two discrete coiled coil
reglons of the molecule, cach about 20nm in length and
separated by non~hellical regions of undetermined

dimenslonse. The ablility of the isolated prekeratin to

aggregate into long fllaments resembling those in vivo,
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and to give andl-keratin X-ray diffraction pattern (Matoltsy,
1965) suggests that these molecules are undenatured

structural units of the tonofilaments.

A subseguent analysis of the bovine fibrous protein
(Steinert, 1975) found that it consisted of six different
polypeptide chaing on polyacrylamide gels, and this was
attributed to the increased resolution of the electrophoretic
system used. The chain molecular weilghts ranged from
47,000 - 58,000 and were therefore, somewhalt lower than
those of Skerrow (1974), although the reason for this

was not clear.

In yet another study of cows' nose prekepratin, Baden
et al (1973a) originally characterised the protein as
consisting of two major chains of molecular weights 47,000
and 58,000 and a constantly occurring minor band of
molecular weight 98,000, while in later studies (Lee et al,
1975; Baden et al, 1976) prekeratin had a four chain
structure in which bands A and A' had molecular welghts
close to 45,000 and bands B and B' had molecular weights
of 67,000 and 56,000 respectively. Both A and B type
chains were required to glive andetype diffraction pattern
and subunit structures of AA'B and AA'B' were proposed,
whieh now closely resemble the three chain structures
identified by Skerrow (1974). The studies of Stelnert
(1975) and Baden et al (1973a) confirmed the original
observation thal prekeratin lacked interchain disulphide

bonds .

More recently (Skerrow, 1977a) human prekeratin was

lsolated and purified by a modifed CASC extraction
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procedure. It was similar in composition to the bovine
fibrous protein, lacked interchain disulphide bonds and
consigted of three polypeptide chalins on polyacrylamide
gels of molecular weights 70,000, 63,000 and 55,000,

Fibrous protein fractions exiracted from human
epidermls with 0.,02M NeOH, were found to consist of two
fast moving bands, A and B and a large amount of material
which did not enter the gel (Bauer, 1972). It was
proposed that A was a dimer and B a monomer of the fibrous
protein and that the fibrous protein macromolecule was
built up by a process of polymerisation. Identical
electrophoretic patterns were also obltained for rat and

rabbit fibrous proteins and for cows' nose prekeratin.

CASC buffer is ineffective in the extraction of
proteins from ‘keratinised’' tissues, and this insolubility
was originally attributed to disulphide bonding of the
fibrous protein (Rudall, 1968, Fraser et al, 1972).
Extractlon of the horny layer generally requires the use
of denaturing solvents and although Baden et al (1976)
found that the epidermal fibrous protein from cows' nose
and human stratum corneum could be isolated with urea
solutions, separation of the individual polypeptide chains
required pretreatment of the protein with a reducing agent,
Thus, during normal keratinisatlion, it was proposed that
the fibrous protein which lacked disulphide bonds in the
living cells became stabllised by Interchain disulphide

bonds in the horny cell layers.
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Steinert (1975), however, disagreed with this
observation, and found that the same amount of fibrous
protein polypeptides could be isolated from bovine stratum
corneun in the absence of a reducing agent as in 1its
presence, bul that mechanical disruption of the horny
layer was required in the former case. IHe concluded that
the cell membrane was the site of disulphide bond stabll-
isation in the horny layer and this was 1in agreement with

the chemical study of Matoltsy & Matoltsy (1966).

In following the fale of the fibrous protein during
normal keratinisation, no differences in polypeptide
compoglition have been detected between the living and horny
cells of bovine (Steinert, 1975; baden et al, 1976) or

human epidermis (Bauer, 1972).

The cA=keratin X-ray diffraction pattern of keratinised
tissues (Astbury & Street, 1931 ) was originally explained
as resulting from a right handed A-helix (Pauling et al,
1951), but this did not fit the observed reflections
exactly. Both Crick (1953) and Pauling & Corey (1953) then
independently suggested that a tilted helix with a coilled
coil etructure would provide a better £it. The diffraction
pattern of mammaliandd ~keratin was found to deviate from
that expecied for a colled coll and thus there are probably
a number of departures from thils ldealised conformation

(Praser et aly 1971 ).

Psoriatic Epidermis

Psoriasis is an extremely common skin disease affecting

1 = 2% of the population of the United Kingdom (Ingram, 195.).



Evidence of a familial tendency sugpgests thaet psorlasis is
genetically determined and an autosomal dominant mode of
inheritance has been proposed (Kimberling & Dobson, 1973).
Lomholt (1963) found that the elbows, knees and scalp were
the most commonly affected sites, and Cauvcaslans are
apparently more predisposed towards psoriasis than Asiatics

or Negros.

In the psoriatic epidermis the keratimocytes are
conslderably enlarged, as are the nuclei, nucleoli and
mitochondria (Brody, 1962) and there is a reduction in the
amount and the extent of aggregation of the tonofilaments
(Lagerholm, 1965). "The basement membrane is highly cone
voluted and bresks in it have been detected (Cox, 1969).
Pgoriatlc epidermis lacks keraltohyalin granules and T-
cells have not been found. The cytoplasm of the keratin-
ocytes increases in opacity towerds the stratum corneum
but the noruwal plasma membrane thickening is absent (Brody,
1962). A lack of organelle degradation and defective
desquamatlion of the parakeratotic stratum corneum resulis
in the formation of the fine silvery scales associated

with the disease.

A distinet intercellular space, normally confined to
the lower layers of the epidermis extends as far as the
granular layer in psoriatic tissue and is thought to be the
result of s defective glycocalyx on the psoriatic
keratinocytes (Mercer & daibach, 1968)., Villous projections
are detected on the cell surfaces in psoriasis and a
number of other scaling dermatoses . (Griffiths & Marks, 1973)

and these appear to be closely related to increased
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mitotic activity and parakeratotic scaling. BarriBre et
al (1974) believe that the presence of these protrusions
igs insufficilent to characterise a partlcular pathologiecal
epldermis, but that their shape may be a diagnostic
feature. The even distribution of villi on psoriatic
horny cells and the presence of depressions of a similar
size may allow intimate cell contact and increase cell
adhesion (Dawber et al, 1972). A large nunber of granules
or vacuoles (occurring either singly or in aggregates) is
randomly distibuted within the cytoplasm and intercellular
space of psoriatic stratum corneum (Brody et al, 1974) and
the excavatlons frequently Tound on cell surfaces may be
the result of granule or vacuole excretion. The columnar
organisation which appears to be an Intrinsic property of
the epidermls below a particular rate of proliferation
(Christophers et al, 1974) is completely lacking in

psorissis (Menton . & Lisen, 1971b).

Attempts to detect the initial morphological change
in psoriasis have implicated dermal blood vessels (Telner
& FPekete, 1961) and exbended, oedematous dermal papillae
containing dilated and tortuous capillary loops have been
detected underlying psoriatic lesions (Braverman & Yen,
1977). The dermal changes are however, apparently preceded
by epidermally located disturbances of the spinous layer

(Pedace et al, 1969).

In vivo and jin vitro autoradiographilc studies of DIRA
synthesis have shown the number of labelled cells to be
at least four times hlgher in psoriatic than in normal

epidermis, The duration of mitosls in psorlasis has been
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reported as lengthened (Fisher & Wells, 1968) or shortened
(Goodwin et al, 1974) while Weinstein & Frost (1968) found
that the whole cell cycle was compressed into 37 hours as

opposed o 152 hours normally (Epstein & WMaibach, 1965).

Bauer & De Grood (1975) used impulse:cytophotometry,
a rapid method forxr analysis of cell kinetic data where
light intensities are measured as a funcetlion of cell
characteristlics and have obtaineé a cell cycle time of
about 50 hours for both normal and psoriatic epidermis.
There is some evidence of a resting cell population in
the epidermis (Gelfant & Candelas, 1972) and it is believed
that the increased cell numbers in psoriasis are: due Lo
the release of non-cycling (GO) and blocked (G1 or G2)
cells. The normal transit time of 3 -~ I weeks for
keratinoeytes through the epldermis, is reduced in psoriasis
to about 3 - 4 days (Rothberg et al, 1961; Van Scott &
Ekel, 1963).

The balance between the nucleotides cyclic AMP and
cyclic GMP implicated in the control of growth and
differentiation in normal epidermis (Voorhees & Hier, 1974)
is profoundly altered in psoriatic leslons. Decreased
ceycelic AMP levels are detected in psoriatic epidermis
(Voorhees et al, 1976) which may be due to defective adenyl
cyclase activity (Mahrle & Orfanos, 1977) while increased
levels of cyclic GMP are found. Cyclic CGMP stimulates the
breakdown of cyeliec AMP in vitro (Beavo et al, 1971) and
this may be the cause of the low levels in psoriasis.

Cyclic AMP inhlibits the cell cycle in both G, and Gz yhages

1
(Abell & Monahan, 1973) and the increased proliferation of
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bagal cells in psoriasis may be explained by a lack of

inhibition of mitosis in the pathological epldermis.

Ag esrly as 1923, Gans reporited increased glucose
and oxygen consumption by psoriatic epildermis and subseguent
metabolic studies have been both diverse and extensive.
Individual metabolites have been measured (Halprin &
Okawara, 1966), enzyme activities have been quantified
(Hammar, 1970) and whole pathway studies have been undepr-

taken (Jarrett, 1971 ).

Pgoriatic scale has a low free amino acid content
(Wheatley & Farber, 1961) and increased polypeptide levels
(Fleseh el al, 1962) thought Lo be the result of impaired
enzymic degradation of protein, The lipid content of
psoriatic scele is apparently three times higher than that
of normal horny cells (Wheatley & Farber, 1961) and
increased sterol and fatty acid blosynthesls have been
reported in psoriatic lesions (Cooper et al, 1976).
Quslitative abnormalities of the phospholipid fraction are
found in psorilatic epidermis (Tsamboas et al, 1977) with
increased levels of sphingomyelin and phosphatidyl
inositol and a significant decrease in the lysophosphat-
idylchollne and diphospvhatidyl glycerol levels. Anionic
lipids such as phosphatidyl inosltol have been found to
modulate the activity of membrane bound adenyl cyclase
(Michell, 1975) and the altered phospholipid levels in
psoriasls may have caused the reduced cyclic AMP levels found

in lesionse.

Fraki & Hopsu-Havu(1976) have extracted a number of

proteases from psorliatic scales and these have been
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characterised with respect to preferventizl substrate and

pH optima. They differ from the enzymes of healthy skin

and include a histone splitting protease which may cause
de-~represslion of psoriatic cells, leadling to increased

DNA synthesis and cell division. Normal epildermal proteases
are predominantly located in the basal layer with decreasing
acbivity towards the skin surface while a strong proteolytic
activity has been detected in the varekeratotic stratum

corneum of psoriatics (Herrmann,!976).

Increased levels of acid hydrolases are found in
psoyiatic leslons, with arylsulphatase and/anglucosidase
‘gctivities being particularly elevated (Mier & Van den
Hurk, 1976a, h). Some 30% of the original activity of the
hydrolases is retalned in psorlatic scales, about three
times as much as survives normal keratinisation (Roelfzems
et al, 1976). It 1s not clear why enhanced hydrolase
activity falls to complete organelle digestlon in psoriatic
epidermis, although it has been proposed that enzyme release

from the lysosomes may be defective (Reid & Jarrett, 1967).

The lack of labelled histldine incorporation into the
"histidine~rich' protein in psoriatic epidermis is correlated
with the absence of keratohyalin granules (Voorhees et al,
1968) although high tissue histidase activity has been
reported (Reaven & Cox, 1965). It was suggested that
failure to de~repress keratohyalin clstrons could cause

the observed synthetic defects,

structure of the fibrous protein of psoriatic epidermls.

Roe (1959) isolated a fibrous component (protein A) from



18,

the parakeratotic stratum corneum of psoriatics which
appeared to be identical 1o the normal fibrous protelne.
Anek~fibrous protelin extracted from psoriatic stratum
corneum (Baden & Bonar, 1968) was compositionally similar
to the protelin from normal epidermis. Preliminary
gtructural studies have shown that the psoriatic fibrous

protein is abnormal (Skerrow, 1977D).

Most of the disturbances detected in psoriatic scale
ave belileved to be the result of, rather than the cause of
the disease. It has been suggested, however, that the
increase in epidermopoiesis found in psoriatic epidermis
may cause the defecltive cellular srchitlecture, characterised
by the absent granular layer and parakeratotic stratum
corneum, and that the controlling factors are either the
eyelic nucleotides (Voorhees & Mier, 197h) or the epidermal
chalone (Blgjo, 1972) but as yet there is no evidence to

gupport this being the primary fault.

During treatment of psorias;sg the granular layer
apparently re-appears prior to a decrease in mitotic
activity (Fry & McMinn, 1968) and in experimentally induced
hyperplasia of guinea pilg epidermis where the keratinocyte
transit time and epidermal thickness are the same as those
in psoriasis, no paraskeratosis is detected (Christophers
& Braun-Falco, 1970). These results tend to favour a
defect of the keratinisation as the initial cause of

psoriasiss



CHAPTER 13 NORMAL KBERATINISATION
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11 INTRODUCTION

During normal kevatinisation, the epidermal

tonofilaments undergo a process of aggregation, and in
the horny layer the cells become filled with £llament

bundles embedded in an opague interfilamentous matrix
(Brody, 1960). Ultrastructurally, there is apparently no
difference beltween the individusl Lilaments of the living

and horny cell layers.

Using CASC buffer, it is possible to solubillse the
living layers of the epidermis, and ithe fibrous protein of
the tonofilaments 'prekeratin' has been isolated
(Matoltsy, 196%; Skerrow, 1977a). Epidermal prekeratin
is a multichain protein which has the ability to aggregate
into long filaments similar to those observed in vivo
(Hatoltsy, 1965), and apparently represents non-denatured
units of the tonofilaments.

Although the tonofilaments of the 1living and horny
cell layers are indistingulshable, the cornified cells may
be identifled by their flattened appesrance, a lack of sub-
cellular organelles and by a thickened cell envelope. The
major component of the thickened cell envelope of horny
cells is protein (iatolisy & Matoltsy, 19663 Sun . UGreen,
1976) which is apparently stabilised by disulphide honds
(Matoltsy & Maloltsy, 1966).

The thickness of the horny loyer varies atbt different
body sites, being about 15}Lm thick on most surfaces, but
increasing to 6Qgpm in palmer and plantar callus. The

cells of the normal stratum corneum have a highly organised
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gspatial arraengement forming stacked columns, which
interdigitate al step-like depressions (Menton : & Lisen,
1971a). Corneocytes are normally hexagonal in shape, have
surface {olds and creases and low villous projecilons.
Palmar ané plantar callus lack a regular cellular arrange-
ment (ldackenzie & Linder, 1973) and the cells interdigitate

via distinet surface microvilli (Spearman & Hardy, 1976).

The horny cell layer is resistant to the action of
CASC buffer, and 1t has been suggested that the fibrous
protein is stabilised by disulphide bonds (Rudall, 1968}
Baden & Bonar, 1968). Denaturing solvents in the presence
of a reducing agent are generally used to extyract cornified
cell proteins (Baden & Lonar, 1968:; Tezuka & Freedberg,
1972; Huang et al, 1975). The individual components of
thege heterogeneous extracts have been separated on HlA
polyacrylamide gels, a technigue widely used in the study of

epidermal proteing.

818 polyacrylamide gel electrophoresis (weber &
Usborn, 1969) has been shown to be a relisble method of
molecular welght determination, with results generaslly in
close agreement with those obtained by mere conventional
physicochenlcal procedures (Weber et al, 1972). In the
presence ol a reducing agent, the detergent STE binds
strongly Lo proteins dissoclating them into their congtituent
polypeptide chains, and leaving them with an overall
negative charge. dHovement of the pepitides through the

polyacrylamide gels 1s then a functlon of theilr molecular
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welght which may be determined by reference to standard
proteln markers. Gel electrophoresis 1is rapid, reguires
only microgram quantities of material and provides
reliable, reproducible results. Glycoproibeins, proteins
with a high intrinsic charge and peptides below aboul
15,000 molecular welght may however, migrate abnormally

on D3 gels, and this 1s not a sulbtable method of molecular

welght deternination for such moleculess

Ppevious work has falled to demonstrate any difference
in the polypewntide composition of the filbrous protein from
the living and horny cell layers of either bovine (8teinert,
19753 Beden et al, 1976) or human epidermis (Bauer, 1972).
It has been coneluded that there 1is no change in the
structure of the fibrous protein during normal keratinisation.

The aim of the present situdy was to extracit eplidermal
proteins from both normal stratum corneun snd plantar
callus and to compare the chalrs of the flbrous protein with
those of prekeratin from the living cells. By this
procedure 1t was intenced to identifly any changes in the
moleculayr weights or relative amounts of the fibrous
protein chains which might accompany norimal keratinisation

in human epidermis.
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T eRe MATERIATS AND METHODS

142416  HMATERIALS

Tissue Hamples

Breast iisaue was obtalned from plastic surgery
operations and foreskins from c¢ilrcunscilsion of children
under ten years of age. Tissue sanples were ilmmersed
in digtilled water and transported to the laboratory on
ice. MNpidermis was removed from stretched skin by gentle
scraping with a scalpel blade and either used immediately
or stored in distilled water at wﬁooc Tor up to three
months .

Stratum corneum and plantar callus were obltained
by scraping of forearms and soles respectively and stored

desiccated at w3OOGa
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Preparation of Human Prekeratin

Human prekeratin was extracted from the living layers
of the epidermis by the method of &kerrow (1977a), a
modification of the orlglnal extraction procedure of

Matoltey (1965).

xtbraction of Tissue with Uvea Solutions, piH7.2

Tissue samples (20 mg callus or stratum corneum;
100 ag wel weight epidermis) were lmumersed in 2 ml
50 oM Tris-H(L pH7.2 containing 6 4 urea, 2 (V/v) Do
mervcaptoethanol., After extraction at MOC for 24 hr., the
samples were homogenised for 2 midn. with an Ultra Turrax
homogenlser, sonicated for 30 mec., and left to stand Lor
2 hre. at &Oﬂo The extract was centrifuged at H0,000 %' g
Tor 10 minss ., the supernatant decanted and the pellet
discarded. After acdition of excess solid 506 (aboutl 100
mg), the supernatant was boiled Ffor 2 min. and then
dialysed overnight into 0.0t phosphate buffer, pl7,
containing 0.1} 8D8, 0.1% zmmercaptoetﬁanolp prior to SDS

gel electrophoresise.

Preparation of Human "Stratum Corneum” kesidue from
Yhole Upidermis

Lue to the difflculty in obtalining stratum corneum in
large quantities,; horny layer residues wmay be prepared Lfrom
whole epidermis, by the prior exirsction of lLiving cell
proteins with CASC buffer. This method haa‘been used to

prepare both bovine gnd human stratum corneun (Baden et al,
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1973b,1976) from which fibrous proteins have been extrachted.
A human "stratum corneum" residue was prepared in this way;
and the structure of the fibrous protein compared with

that of normel styratum corneum derived dlirvectly.

Breast epidermis (100 mg wet weight) underwent an
initial human prekeratin extraction in 2 ml CABC buffer,
pH 2.6 (Skervow, 1077a). The resulling residue was soaked
in 2 ml CASG buffer for 2 days at QOC, homogenised fdr 2
nine wiﬁh an Ultra %urrax homogeniscer, sonicated Tor 30 seCey
centrifuged at H0,000 x:.g for 10 min, and the gupernatant
discarded. The pellet was immersed in 2 ml 50mi Tris-HCL,
ol 7.2 containing 6 urea and extracted Lfor a further two
dayse. The sample was then homogenised Tor 2 min., sonilcated
for 30 sec., centrifuged at H0,000x:g, and the supernatant
digcarded. The fingl pellef was dmaersed in 2 ml 50aM Yris-
HCL, H 7.2 containing 6 urea, 25 2-mercapltoethanol and
extracted overnight at uoﬁo The sample wes then homogenised
for 2 min., sonicated for 30 sec., centrifuged at 50,000 x:8
and the pellet discarded. Afteyr addition of excess solld
5DhS, the final supernatant (stratum corneum extrvact) was
boiled for 2 wmin., before overnight dialysis into 0.01HU

phosphate buffer containing 0.1% 9DS, O.1w 2-mercaptoethanol.

Ssdectrovhoresis

508 Polyacrylamide gel electrophoXesis was performned
by the method of VWeber & Osborn (1959) using 7.5% gels with

half the standard smount of ecross-linker. The currenlt was
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8mA / tube and the running time was 3% - 4 hr. Gels for

densitometry were electrophoresed for 6 hr.

Standard molecular welght mesrkers used were:
phosphorylase a (94,000), bovine serum albumin (68,000),
catalase (58,000), ovalbumnin (43,000) and carbonic anhydrase

(29,000)

Densitometry

Gels stained for protein with Coomassie brilliant
Blue were scanned st 540 nm using a Gilford 250

spectrophotometer, fitted with a linear transport accessory.

Blution of Protein from Gels

Protein was eluted from polyacrylamide gels by a
method described by Weber et al (1972). The reguired protein
band was cut from gels and the plieces macerated in L volumes
Q01 M NHuHGD5, containing O«i% SDS. Samples were incubated
at 3700 for 6 - 12 hr., the eluate removed and the

extraction repeated, The combined eluates were lyophilised.

Bound SDS was wemoved by dissolving the lyophilised
material in sufficient water to give a 1% 8DS solution. To
one part of this solution were added nine parits of acetonee.
The preclpitated protein was collected by centrifugation and

washed with 90% acetone,.

Amino Acid Analysis

Proteln samples were hydrolysed in redistilled,

constant boiling HC1, at 440°C under N, for 2L hr. and 48 hr.
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Analyses were performed on a Joelco JLC H5AH amlno acld
analyser and correctlons made for destruction and slow

release of residues. COysteine and cystine weye determined

after pesrformic acid oxidatlion.
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143 RESULTS

Charscterisation of Human Prekeratin

Human prekeratin prepared by the method of Skerrow
(41977a) was electrophoretically pure and characterised on
polyacrylamnide gels as having three chains of molecular
weights 70,000, 63,000 and 55,000. Table 1(a) shows the
results of guantitative densitometry of prekeratin. The
polypeptide chains were not present in a simple 111
ratio, but the ratio of the 70,000 molecular welght chain
t0 the other two remained falrly constant at approximately
112, This was anaslogous t0 the chain distribution of the

bovine protein (Skerrow, 1974).

Urea Extraction of Human Bpidermis

Three pqupeptiﬂe chains corresponding to those of
prekeratin were the major components of the urea extracts
of both breasst and foreskin epldermis (Fige 1). There
were in addltion a number of faint polypeptide bands on
the gels of total urea extracts of epidermls. The most
prominent of these minor polypeptides was an unusual, pale-
blue staining band found in exivacts of foreskin epldermis
(Figes 1(e)) but this was sbsent from extracts of breast
tissue (Fige. 1(d)). The fibrous protein polypeptides
extracted from the human epidermis with urea solutions were

indistinguishable from those extracted wilth CASC buffer.

Urea xtraction of Stratum Corneum

Only two major polypeptides were detected in extracts



of normal stratum corneum (Fig. 5(b)). These were very
similer to chains 1 and 2 of prekeratin, the upper chain
having a molecular weilght of 70,000, while the lower chailn
had an estimated molecular welght of 60,000, Chaln 3 was

not present.

Spreading of the polypeptide chalns during prolonged
electrophoresis made densltometry difficult and chain
separation was not significantly improved on either 5k or
10% serylamide gels. Table 1(b) shows the vesults of
successful scans and direct comparison of the stratum
corneun and living cell proteins (Fige 2) cleprly demongtrated

the structural change which accompanied kerabtlnisation.

Urea Bxtraction of "Stratum Cormeum" Residue from hole
Epidermis

Stratum corneum may be derived dirvectly by scraping
or sellotape stripping of a sultable body areas or by
extracting the protelns of the non-keratinised layers of
whole epldeprmis to leave a horny layer rvesidues breasgt
Yairatum corneum” prepared by the latter method failed 4o
give the two chain sitructure characteristic of normal
gltratun corneum and retalned instead a thiree chain structure

similar to that of whole breast epidermis (Fige 3).

Extraction of the living cell layers of whole epidermis
wilth CASC buffer is apparently not a sultable method of
prepavring human stratum corneum. BExtreme caution should be

exercised if using this preparative procedure, and 1t is
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advisable to firgt check the fibrous protein structure

obbtained with that of nopmal sbtratum corneum.

Urea Bxtraction of Plantar Callus

Analysis of urea extracts of plantar callus, showed
that the most prominent components were three polypeptides
with molecular weighlts identical to those of prekeratin
(Pig. 6(b))« Band spreading agein made densitometry
impossible in a number of cases, bul the results of
gsuccessful scans are shown (Table 1@). The chain ratios
showed considerable variabllity, but in each case the
70,000 molecular weight polypepitide was always most intense.
Fige L4 shows the structural differences between prekeratin
from the living layers of the epldermis and the {ibrous

protein of plantar calluse.

Chareeterisatlion of the Pale-ilue Htalning Polypeptide of
Foreskin pidermis

The pale-blue staining band detecied in extracts of
foreskin epldermis (FPig. 41(ec)) was eluted from gels and
subjected to preliminary characterisation. It had a
molecular weight of 45,000 and an amino aclid composition

as shown in Table 2 (a).

It was more bapic than the epldermal Librous protein
(8kerrow, 1977a) and lacked cystine, but the possibility
that it may represent a breakdown product of the fibrous
protein polypeptides cannot be execluded. However, no
polypepiides of this type have been observed in
prekeratin solutlong kept over a period of several months.

The L4H,000 molecular welght polypeptide has not been
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detected in extracts of callus or stratum corneumn, and 1ts
comppslblon is unrelated to keratohyalin ox actln. Dale
(1977) found a protein of similar molecular welght in the
epidermis of newborn rat, but 1t was compositionally
dissimilar to the 45,000 molecular weight protein of
foreskin epldermis. In particular the protein of ratb
tissue contained higher levels of arginine, seprine and
glutamic acid, but lacked lysine, found in large amounts in
115,000 molecular weight protein. In addition, the protein
P newhorn rat appears to be restricted to the horny cell

layers.



Table 1: The Molar Ratio of the Fibrous
Protein Chains of Prekeratin, Stratum

Corneun and Plantar Calluss.

Chain 1: iolecular weight 70,000
Chain 2: Molecular welight 63,000

Chain 3: Holecular weilght 55,000



(a)

(b)

Sample Chain 41: Chain 2: Chain 3 | Chain 1:Chain 2 + Chain 3
Prekeratin 1e& g 2.0 t 1.0 160 ¢ 2e5
(foreskin)

" 143 3 1.8 &t 1.0 1.0 : 2.2
Prekevatin 162 t 146 ¢ 1.0 1.0 t 262
(breast)

" 1a0 t 169 1 410 1.0 : 22
“Stratum 140 8 168 s 0.0
corneunm

" 1.0 H 19 3 0«0

W 140 H 263 H 0«0
Callus 2.0 3 1 05 H 10 10 H 162

B 2e0 H 1.0 H 195 10 H 142

W 2,0 H 120 b 105 1.0 : 162

1" 148 v el ¢ 1.0 1a0 t 1e3

" Zel t 1eH 5 1.0 10 : 0.7

" ).O H 1e? H 41«0 160 b 0.5




Figure 1: Comparison of Urea Lxtracts of

Whole Epldermis and Purified Prekeratin.

(a) BExtract of breast epidermis
(b) Furified prekeratin

(¢) Extract of foreskin epidermis



(a)

(b)

(c)
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65,000
55,000
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FPigure l: Determination of the Molecular Weights of
the Individual Polypeptide Chains of the Fibrous

Protein of Stratum Corneum,

The arrows (=) indicate the mobility of the
polypeptide chains of the fibrous protein of
stratum corneum on 7.5% polyacrylamide gels.

The mobility of the polypeptide chains of prekeratin
are shown for comparison {— — —3.

Prekeratin consists of three different polypeptide
chains of molecular weights 70,000, 63,000 and
55,000, Stratum corneum has two polypeptide chains
of molecular weights 70,000 and 60,000.

The molecular weight markers are: phogphorylase a
(94,000), bovine serum albumin (68,000), catalase
(58,000), ovalbumin (43,000) and carbonic anhydrase’

(29,000).
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Molecular weight (x 164 )

323,

0.2 0.3

004

0.5

Mobility

0.7



Pigure 2¢ Comparison of Densitometer Traces
of Purified Prekeratin and the Flbrous Protein of

Stratum Corneun

(——) Prekeratin.

(— — ) Stratum corneum.
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Figure 33 Comparison of the Fibrous Proteins
from Breagt Epldermis and Breast YStratum

Corneumn’ .

(a) Breast epidermis

(b) Breast "stratum cornecum"



()

(b)

3k>



Figure L.t Comparison of Densvtometer Traces of
Purified Prekeratin and the Flbrous Protein of

Plantar Ceslluse.

(——) Prekeratin,

(— =) Callus.
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Table 2: Amino Acid Analysis.

The Composition (residues / 1000 residues)of:

(a) 45,000 molecular welght protein of
Toreskin epidermis

(b) Keratohyalin (Tezuka & Freedberg, 1972)

(¢) Reratohyalin (Matoltsy & Matoltsy, 1970)

(d4) Actin (Kirschenbaum, 1972) |

(e) Stratum corneun basic protein (Dale, 1977).



Amino Acid (a) (D) (e) (a) (e)
Lysine 92,0 HeH 2640 5167 0
Histidine 328 3340 150 197 7940
Arginine 53e2 82,0 6240 167 139.0
Aspartic Acid T6.9 75.0 51.0 9549 360
Threonine 5748 5L4e0 L4140 68.9 57.0
Serine 10141 930 90,0 5666 1730
Glutamic Acid 1117 1450 103.0 109.6 20540
Proline U49e7 3840 13340 51.7 28.0
Glycine 1400.0 106.0 130.,0 787 14410
Alanine Thed 10160 3840 787 11840
Valine 55 L6.0 440 Bl e 6.0
Methionine 0 1040 0 L1 8 0
Isoleucine HO«l 3860 25.0 713 100
Leucine Tle7? 750 92.0 713 0
Tyrosine 0 2010 13,0 11 .8 trace
Phenylalanine 431 2940 35.0 Bl ely 0
Tryptophan NeEBe NoEo Nl 41 .8 Nolo
% cystine 0 16,0 104.0 12.3 0
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1ol DISCUSSION

Human prekeratin consists of three different
polypeptide chaimson polyacrylamide gels. The
gtoichiometry of the polypeptide chaing of prekeratin
suggests the existance of a number of subunit structures
in sgitu, and these may be the result of sequential changes
From cell layer to cell layer. Dale & Stern (1975) have
algso detected alterations in the protein profile from
each cell stratum of newborn rat epldermis, and some of
these diffevences may be due to changes in the fibrous
protein structure. CASC buffer does not attack all living
cells at the game wrate, the spinous layer apparently beling
the initial target. Thus, the incubation time in the
bulffer will probably be an important factor in determining
the composition of the final extract. The ratio of the
70,000 meolecular weight chain to the é&bher two remained
fairly constant at sbout 1:2 and was consistent with a
three chain subunit structure. The reproduciblliiy of
the chaln ratios obtained in the present study, no doubt
reflects the constant method of preparation, wherecas

prolonged incubation may yleld differing valueso.

During the transition from the living to the horny
cell layers in normal epidermis, the fibrous protein
undergoes a dramatic stiuctural change. Only two
prominent fibrous proltein chains were detected in extracts
of normal stratum corneum, the 55,000 molecular welght

chain being logt or modiflied during terminsl differentiation.



One possible mechanism for this structural change
is that the chain is subject to proteolytic digestion.
The onset of cornification is accompanied by the relesse
of a large number of acld hydrolases from the lysosomes
in the upper granular layer, which bring about the
digestion of the subcellular organclles. Amongst these
enzymes are a number of proteases (Jarrett, 1973) which
may attack the fibrous protein, and dlgest the 55,000
molecular welght chain. The loss of only one of the
Pibrous proteln chains would reguire preferential alttack,
and this will be examined more closely in Chapter 2.
The absence of the 55,000 molecular weight chain may
alter the mobility on polyaciylamlide gels of the remaining
polypeptides (Weber et al, 1972) and this may most readily
explain the apparent decrease in the molecular weight of
dhain 2 in normal stratum corneum. The loss of a 3,000
molecular welght fragment although less likely, cannot

be excluded.

Another possible explanation of the fibrous protein
gtructure of normal stratun corneum is that the 55,000
molecular weight chain hes been cross-linked during
keratinisatlion in such a way as to prevent extraction,and
there ls evidence for the existence of crogs-iinking
enzymes in the epldermis. Epidermal transglutamlinases
have been detested in cows' nose (Buxman & Wuepper, 1975)
and human epidermis (Goldsmith & Baden, 1973) and in
extracts of cultured kerstimocytes(Rice & Green, 1977).

They were locallsed in the granular layer, where they
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have been implicated in keratin cross-linking via

(¥ -glutanyl) lysine bonds {(Buxman & Wuepper, 1975).
Asquith et al (1970) identified such cross-links in
digests of wool keratin and they have been suggesnted 1o
exist in the stratum corneum proteins of both bovine

and numan epidermis (Baden & Goldsmith, 1972). However,
in studies of human callus and cultured keratinocytes,
Rice & Green (1977) found thatb-(¥ ~glutanyl) lysine
dipeptides were almost exclusively localilsed in the

cornified envelope protein.

The fibrous proteln of normal stratum corneum is
shown here to consist of two polypeptide chains.
Comparison of the horny cell fibrous protein with that of
the living cell layers iIndicates that a structural change
accompanies normal cornification. Preliminary resulis
suggest that a 1:2 chain ratio is present in human
stratum corneum fibrous protein. Two polypeptides have
heen previously deteclted in newborn rat stratunm corneum
(Huang et al, 1975) and in the stratum corneum of
cultured mouse kerabtinocytes (Steinert et al,-1977). The
chain molecular welghls were almost identical in each
case and were present in a 1:1 ratio. However, in
neither of these studies, was the structure of the
living cell fibrous protein known, and no conclusgion
could be drawn as to whether the filbrous protein under—

goes sitructural alteration during keratinisation.

The fivrous protein of plantar callus has been
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shown here fto be structuraslly dissimilar to that of the
normal gtratum corneum, retalning three polypeptide
chaing in the horny layer. The chain molecular welghts
are ldentical to those of prekeratin, although their
intensities are somewhalt altered. The chaln ratios are
extremely varliable, but the 70,000 molecular welght chain

ig always most intense.

The fibrous protein structure in callus may agaln be
the result of post-synthetic modification by either
digestion or cross-Llinking. In order to account for the
observed results, such processes would have to be more
extensive than in the stratum corneum attacking hoth
63,000 and 55,000 molecular welght chains. Modification

cauges legs complete chain lops in plantar callus.

Increased synthesis of the 70,000 molecular weight
chain due to transcriptional or translational changes
could also account for the observed protein structure in
callus, Although it was assumed that the normal
prekeratin structure was universally present in the living
c¢ell layers of human epidermis, no specific analysip of
plantar living cell protein has been undertaken, and an

altered fibrous protein may be synthesised in this tissue,

Ultrastructurally, the tonofilaments of the living
and horny cell layers ave apparently identical, while
at the molecular level, significant structural changes
in the fibrous protein, as keratinisation proceeds, have

been detecteds It is possible also, to distinguish



he

between normal stratum corneum and plantar callus of

human epidermis by thelr Librous protein structure.

In studies of bovine epidermis, Baden et al (1973a,
1976) and Steinert (1975) failed to detect differences
in the polypeptide composition of living and horny cell
fibrous protein. Baden et al (1973p,1976) prepared
stratum corneum from whole epildermis by first extracting
the living cell layers with CASC buffer. Fibrous proteins
extracted from human "stratwn corneun' prepared in this
way were structurally more comparable to the living than
the horny cell fibrous protein. This may explain the
conatant structure of the bovine protein. However,
Steinert (1975) having obtained bovine horny layer
directly, was still unable to detect any structural
differences, and it may be that the ithickened stratum
corneum of bovine epidermis more closely resembles .. human
callus, which retains a three chaln structure gimilar to
that of the living cell layers. Changes in chain
intensities were not detected in bovine horny cell

protein.

The only other major protein detected in human
epldermis is seen as an unusual pale-blue staining band
found 1in foreskin extracts. The protein had a molecular
welght of 45,000 and was apperently restricted to the
living cell layers. It has been shown to be unrelated to
keratohyalin, actin or a basic protein of similar molecular
welght Tound in newborn rat stratum corneum. The composition

of the 45,000 molecular welight protein is not similar
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to that of prekeratin overall, but it is possible that it
may be a breakdown product of one of the fibrous protein

chalnga
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221 INITRODUGT TON

The psoriastic epldermis is characterised by the absence
of keratohyalin grenules (Brody, 1962), bLasal call
hyperproliferation (Weinstein & Frost, 1968) and a
decreased transit time lLor keratinocytes through the
epidermis (Van Scott & ¥kel, 1963). The psoriatic stratum
covneuwn lacks a regular cellular organisation (Menton &
Bisen, 1971h) and there is a decrease in bolth the amount
and the extent of aggregation of the epidermal tonofila-
ments (brody, 19623 Lagerholm, 1965) which are otherwise
indlstinguishable Lrom those of the normal epidermis.
Pgoriatic horny cells lack the plasma membrane thickening
found in the normal tissue and a lack of subcellular
organelle digestion gives rise to a parakeratotlic stratum

COorneul.

Their have been few studies of the psorlatic
tonofilamenbsprotein. Roe (1959) isolated a fibrous
protein from psoriatic epidermis which was appavently
identlcal to the normal protein, as was the fibrous protelin
of pscri.tic scales isolated by Bsuer (1972). Skerrow
(1977b) found however, that the fibrous protein of
psoriatic scales was not stracturally identical to human

prekervatin or to the fibrous protein of calluse

Basal cell hyperproliferation has been implicated as
the initial cause of psoriasis and hoth the cyclic
nucleotides and chalone are suggested to control prolifer~

ation in the epidermis. Voorhees & HMier (1974) found that
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the cyclic nucleotide levels in psovistic epildermis were
signiflicantly different from those of the normal tissue,
with the cyelic AMF level decreased and the cyclic GMP
level elevated (Voorhees et al, 1976). Although this
represents yet another sbnormallty of the pasoriatic
epidermis, 1its relationship to the lnitial cause of the
disease remains unknown. ®lgjo (1972) suggests that the
chalone mechanism 1n psoriasis may be defective, but there
is no evidence Ho suggest that this is the primapry cause

of pathogelgsls.

It has also been proposed that a defect of keratinis-
ation rather than hyperproliferatlion may initlate psoriasise.
This is supporled by the finding that during tireatment of
psoriatices, the granular layeyr reasppears prior to a
decrease in mitotie activity (Fry & MeMinn, 1968). Also,
Christophers & Braun Palco (1970) found that in experimental
epldermsl hyperplasia, 1t was possible to increase both the
thickness and the turnover time of the epidermis to values
very similar to those found in psoriasis wilthoul causing
parakeratosis, although pavakeratosis did ocour if there was

a defect in cell differentiabion.

The stacking of horny cells into regularly arranged
columns has been observed in normal epidermis (HMenidén &
Fisen, 1971a) but is absent in psoriatic tissue (Menton &
Eisen, 1971b). It was found that if normal stacked epidermis
was wounded by compression, there was an increase in
mitotic activity without the loss of cell owxder, while

cell loss or damage caused by wounding led to disruption of
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cell stacking (Christophers, 1971 ). Apparently then, an
inereased rate of new cell production by itself 1ls not
sufficient to produce loss of order or parskerstosis in
mammalian epldermis. Nevertheless, 1t is clear that drugs
which decrease cell proliferztion are effective antle

psoriatics.

Corticosteroids may clear the discase very quickly,
but withdrawal of this treatment often results in severe
relapse. Triamcinolone causes a decrease in epidermal
thickness (Jarveltt & Witham, 1961) and may reduce cytoplasmic
RNA levels, assumed to reflect lower levels of protein
synthesis., In human skin, triamcinelone decreases the

uptake of tritiated thymidine (Fisher & Maibach, 1971).

Methotrexate and hydroxyurea both act by inhibiting
DNA synthesis. Methotrexate, a folic acid antagonist,
competes as a substrate for dihydrofolate reductase and
exerts its effect in the 'S' phase of the cell cycle (Weinstein
& Velageco, 1972). Hydroxyurea inhibits pyrimidine
bicgynthesis and is apparvently less effective bul less toxic
than methotrexate (Leavell et al, 1973) These antimitotic
reagents alﬁhough of proved use in the treatment of
psoriasis may have dangerous silde effeclts, are generally
only employed in severe cases and reguire careful patient

selection.

The c¢ombination of psoralens and long wavelength UV
1ight (PUVA) is apparently a highly effective method of
treating psorliasis which does not have many of the side

effects of systemic Lreatment oy the inconvenience of
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topical therapye. Photoezcitatlion of the psoralen causes 1%
to form a stable bond with the pyrimidine bases of DNA or
interstrand cross-links between oprosite bases (Petrozzi et
al, 1977) resulting in the inhibition of DNA synthesis and
cell multiplication. Wolff et al (1977) found that 90% of

patients treated in this way were completely cleaved.

Ultrastructurally, large paranuclear vacuoles were
detected in PUVA treated psoriatic eplderunis, and these
grew to the detriment of the nucleus (Vukas et al, 1977)
Topical administration of psoralens followed by UV light
caused a high incidence of carcinomas (Griffin, 1959) while
oral administration of the drug and UV.1light did not incresse
the level of carcinogenesis above thal for UV 1light alone
(MacDonald et al, 1963)s The effect of long term treatment

with PUVA remains 1o be evaluated.

The patients in this present study were belng treated
with topical applicatiorsof either crude coal tar (CCL)
or dithranol., CCT contains thousands of compounds most of
which remgin unidentified, and although this treabtment has

proved elfective, its mode of actlon remalns uncleav.

Dithranol is an effectlve antl~psoriatic structurally
similar Lo acridine which is known to complex with DhA. It
has been suggested that by interacting with DLNA, dithrenol
may inhibit protein synthesis (Swanbeck & Thyresson, 1965)
while work with bscterial systems suggests that
mitochondrial DNA may be the primary target (Zetterberg
& Swenbeek, 1971 ). Dithranol has the ability to decrease

the activity of glyceraldehyde-3-phosphalte dehydrogenase,
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and glucose~o-phosphate dehydrogenase 1in psoriatic lesions
(Hammar, 1970) either by synthetic control or direct

regulation of enzyme asctiviitya

The present work was undertaken in order to compare
peoriatic scale proteins with those of normal callus and
stratum corneum. In addition, the reault of effective
treatnment on the structure of the fibrous protein has

been sbtudied.
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2o MATERIATS AND SEPTTHODS

2.2,1 MATERIALS

P

Tissue Hamples

Paoriatic scales were obltalned from hospitalilsed
patients being treated with crude coal tar or dithranol.
Scales were collected from any affected ares by gentle
scrapling, but preference was gilven 1o plegues several cil.
in diameter and situated on flat areas of the truonk.
When studying a patient over a complete treatment period,
pesoriatic scales were always collected from the same pleague
and at the same time relative to the application of treatmente

Pgoriatic scales were stored desgiccated at »3000.
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2,2.2 METHODS

Lxtraction of Tlssue

Psoriatic scale (20mg/2ml) was extracted in
50 mM Tris-HCl, pH7.2 containing 6 M urea, 2j 2-mercaptoethanol

as descpibed previously.

Trypsinisation

Tryptic digestion of epidermis was by the addition of
1 ml trypsin‘solution (Amg/ml, in 50 mM Tris-HC1l, pH 8) to
100 mg wet weight tissue. Samples were incubated at 3700
in a shaking water bath for various time intervals, from a
few min. to two hr. The reaction was stopped by the
additlon of solid urea to give a final concentration of 6 I,
and 2% (V/v) 2-mercaptoethanol. After stirring for a Tew
mine. samples were left to stand at 1°c for 2L, hr., then

extracted as described in Chapter 1.

Control samples containing 100 mg tissue/ml Trig-
HCL, pH8 were extracted for 2 hr. at either 5700 or 400
before the addition or urea and reducing agent. After
atirring for a few min. the samples were left to stand at
AOC for 24 hr. and extracted as deseribed in Chapter 1.
A normal extraction of epidermis in 50mM Trig-HCl, pH 7.2
containing 6 W urea, 2w 2-mnercaptoetland wss also perforined,

as described in Chapter 1.

Electrophoreals and densitometry were as described

previously.



50

243  RESULTH

Characterisation of the Fibrous Protein from Psoriatic Scale

When extracts of psoriatic scale were run on
polyacrylamide gels, a major structural difference was
noted (Fig. 5{(a)). Whereas chains 2 and 3 of prekeratin
were clearly present, chaln 1 was either absent or greatly
diminished in amount. A number of other minor bands were
also present, including one of molecular weight L5,000,
but this latter polypeptide lacked the pale-blue stalning
property of the polypeptide of the same molecular welght

from Fforeskin epidermis,

Samples of c¢rude cosl tar or dithranol failed to
produce any bands on polyscrylemide gels and prior
extractlion of psoriatic scales with chloreoform: methanol
(%:1) did not alter the polypeptide composition of
peoriatic horny layer extraclts. Thus, the sbrnormal Tibrous
proteln structure deteeted in psorlatic seales dogs not
appear to be an artefact, due to either the presence of
toplcal treatment material opr the increased lipld content

of the tissue,

Comparison of the Fibyrous Protelns of Psoriastic Scale
and Normal Horny Layer

(a) Stratun Corneum

There were distinet structural differences between the
fibrous proteins of normal stratum corneum and psorlatic
scale (Fig. 5). The retention of chain 3 and the

deficient chaln 1 of the psoriatic protein characterised
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it as abnormel with respect to the control tissue. There
was in addition a significant increase in the number of

low molecular welight polypeplides in psoriatic scale.

(b) Callus

The seme three chains were present in extracts of
hoth callus and psoristic scale, but the chain intensities
were somewhal different in the two tissues (¥Fig. 6)s Thus,
the lntense chain 1 of callus was much depleted in the
pathological horny layer, and again the peoriatic Tibrous
protein was abnormal when compared with the control. The
large nunbey of low molecular weight polypeptldes detected
in psoriatic scale exitwraclts was not present in similar

extracis of plantar callus.

The Effect of Treatuent on the Psoriatic Fibrousg Proteln
Slrugture

Femlsslon of psoriasis during treatment was studied in
about 20 patients. In some, treatment was not effective,
while others were discharged at a velatively carly stage of
remlssion. Patlents A and B described below are typlcal
of the majority of in-patients who were treated successfully
over a period of one to btwo weeks and then discharged in an
advanced state of remission. In patient C, a particularly
advanced stage of remission was achleved in the plaque
studied, because more slowly responding plagues on other

body sites delayed hig discharge.
Patient A was treated over a period of 11 days and at
the end of that time scaling had almost ceased. Chain 1

initially absent, gradually increased 1in intensity as
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treatment proceeded (Fig. 7). Densltometer traces of the

polypeptides confirmed the increased chain lntensity
(Fige 8) and guantitatively this was reflected as a
decrease in the ratio of chain 1: chain 2 + chaln 3
(Table 3(a)). As recovery proceeded there was no detech-
able gualitative or quantitative change in any of the Jlow

molecular welght polypeptidese.

A subsequent series of extracts from patient B was
obtained over a treatment period of 8 days. This patient
was less severely affected and chaln 1 was already present
prior to treatment. The intensity of chain 1 gradually

increased and was followed by densitometry (Table 3(b)).

Fig. 9 shows the effect of treatment on the Tibrous
nrotein from psorlaltic scales of patient C. In this
patient treated over a period of 1l days, there was not
only a detectable increase in the intenslty of chain 1,
but this was asccompanied by a decrease in the intensity of
chain %. The final product had a structure closely
resembling thalt of normel stratum cornewn in which chains
1 and 2 of prekeralin were prominent. The changing protein
structure during recovery was followed by dengltometry
(Fige 10) but spreading of the polypeptides prevented
quantitative analysis. Towards the end of the treatment
period, there was an increase in the amount of low

moleculay weight polypeptides.

The Structure of the Fibrous Frotein in Uninvolved Horny
Layer of Usoriatics

(a) Stratum Corneun

Stratum corneum from an uninvolved area of patlent



Figure B: Comparison of the Fibrous Proteirs of

Psoriatic Scale and MNormal Stratum Corneuil.

(a) Psoriatic scale extract

(b) 8tratum corneun extract



(a)

(b)



Figure 5: Determination of the Molecular Weights of
the Individual Polypeptide Chaing of the Fibrous

Protein of Psoriatic Scale.

The arrows (=) indicate the mobility of the
polypeptide chains of the fibrous protein of
psoriatic scale on 7.5% polyacrylamide gels,

The mobility of the polypeptide chains of prekeratin
are shown for comparison 6-—-:-).

Prekeratin consists of three different polypeptide
chains of molecular weights 70,000, 63,000 and
55,000, The molecular weights of thé psoriatic
fibrous protein polypeptides are identical to those
of prekeratin, but the 70,000 molecular weight chain
is much reduced in amount( ss.«sy.

The molecular weight markers are: phosphorylase a
(94,000), bovine serum albumin (68,000), catalase
(58,000), ovalbumin (43%,000), and carbonic anhydrase

(29,000).
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Figure 63 Comparison of the Fibrous Proteins of

Pgorlatic Secale and Plantar Callus.

(a) Psoriatic scale extract

(b) Plantar eellus extract



(a)

(b)
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Figure 7: Structural Changes in the Epldermal

Fibrous Protein During Recovery of Patient A.

(a) Day 1, prior to treatment
(b) Day L of treatment

(¢} Day 7 " L

(@) Day 9 "

(e¢) Day 14" "



(a)

(b)

(c)

(2)

(e)



figure 6: Densitometer Traces of the Chainsg of
the Epidermal Fibrous Protein During Recovery of

Patient A.

(a) Day 1, prior to treatment

(b) Day L of treatment

(G) Day? 1 t
(d) Dayf} 4] H

(e) Day 114 " "

Chain 1: molecular welght 70,000
Chain 2: molecular weight 63,000
Chain 3: molecular weight 55,000
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Table 3: The Holar Ratilo of the Fibrous

Pyotein Chains During Psorlatic Recovery
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Sample Chein 1 :Chain 2:Chain 3| Chain 1:Chain 2 +Chain 3

Patient A

Day 1 0.0 1.0 1.0

Day L 1.0 3.7 3.0 1.0 6.8
(a) Day 7 1.0 308 266 1,0 6 oly

Day 9 1.0 He2 2.0 160 Bet

Day 11 1.0 2.l 106 1.0 e

Patient B

Day 1 1.0 3.0 2.0 160 560
(p) Day 5 160 3.0 13 140 Le3

Day B 1.7 303 10 1.0 2.5




Figure 93 Struetural Changes in the Epidermal Fibrous

Proteln Dupring Recovery of Patient C.

(a) Day 1, prior to treatment
(b) Day L4 of breatment

(¢) Day & " i

(a) Day 11 " H

(e) Day 14 " "



(a)

S Uy
| |

(1)

(¢)

(d)

(e)



Figure 10: Densitometer Traces of the Chains of the
Ipidermal TFibrous Protein During Recovery of

Patient C

(a) Day 1, prior to treatment

(b) Day L4 of itreatment

(0) I)ay 8 1 it
(a) Day 11 " "
(e} }Day ;“‘L 1 H

Chaln 1: moleculay welght 70,000
Chain 2: molecular welght 63,000

Chain 3: molecular weight 55,000
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¢ had a normal Ffibrous protein structure (Fig. 11(ec)),
almost identical to that obtained at the end of treatmente.
The structure in both cases corresponded to chains 1 and

2 of prekeratin and differed only from normal stratum
corneum in that chain 2 had a molecular weight of 63,000

rather than 60,000,

(b) Callus

Pt

Urea extracts of the uninvolved callus of severul
pasoriatic patients had a three chain flbrous protein
structure with an intense chain 1 characteristic of the
normal tissue (Fig. 11 (a)), while involved callus showed a
typical "psoriatic pattern', in which chain 1 was deficient

(Fige 11(0))s

Tryptic Digestion of wWhole Epidermis

The fibrous protein of psoriatic scale has a deficient
or sbeent chain 1. It is possible that this structural
abnormality is the result of post~synthetlic modification of
the protein by proteolytic digestlon. This possibility was
tested by performing a tryptic digestion of human epidermis.
Whole tissue rather than purified prekeratin was used as
it was believed that this would more closely parsllcl the
conditlons in vivo.

Fig. 12 shows the effect of tryptic digestion of
humar epidermls. Frolonged digestlion resulted in the
Tormation of increased amounis of low molecular weight

polypeptides, and by 2 hr, most of the fibrous protein



chains were no longer visible. Between 5 min. and 10 mine
both chain 1 and chain 3 appeared to be digested, while

chéin 2 remalined intact.

Tryptic digestion of whole epidermls failed to
produce a psoriatic Cibrous proteln structure, and would
tend not to favour proteolytic digestlon of chain 1

dupring psoriatic keratinisation.



Migure 111 The 8tructure of the Epldermal Fibrous
Protein in Involved and Uninvolved Horny Layer

of Psoriatics

(a) Uninvolved Callus
(p) Involved Callus

(¢) Uninvolved Stratum Corneum



(a)

(1)

(¢)

62.



Pigure 12: Trypitic Digestion of Human Lpldermis

(a) Control at 37°C
(b) Gontrol at 4°C
(¢) ¥ormal extraction
(d) 2 min. digestion
(e) 5 min. "

(£) 10 min. "

(g) 2 hr. "



(a)

(t)

(¢)

(e)

®

63.

(2)
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2s.h  DISCUSSION

The fibrous protein of psoristic scale had an abnormal
structure in which the 70,000 molecular weighl chain was
deficient or absent, and this was in agreement with the
preliminarvy study of Skerrow (1977b). This deficiency
was observed in both affected stratum corneum and plantar
callus, despite the stiructural dissimilarity of the fibrous
protelin from these horny layers in normal epldermis.
Degsceription of the structural abnormalities of the psoriatic
Fibrous protein depends upon the normal control chosena
This is in contrast to a previocus chemicsl analysis
(Flesch & Tsoda, 1957), in which the differences present in
psoriatic scales were constant regardless of the control

tigsaue used.

In a previous structural study, Bauer (1972) was
unable to detect any abnormality of the psoriatic fibrous
protein and an oL ~Librous protein Lrom psoristic scale
was compositionally similar to the protein from normal
epidermis (Baden & Bonar, 1968). Peptide mapping studies
(Rothberg, 1960) deteclted a number of differences between
normal and psoriatic keratin Lfractiouns, suggested to
reflect defective fibrous prolein synthesis in the pathological
epidermis.

Although the effect of treatment on clinical remission
of psoriasis has been widely studied (Young, 1970;
Weinstein & Velasco, 19723 Wolff et al, 1977), its affect

on the sitructure of the epidermal Librous protelin has not
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been previously reported. Toplcal therapy was found here,
to cause a gradual change in the moleculsar structure of
the Tibrous protein. The recovery process started in
patients A and B inwolved an increase in the intensity of
the 70,000 molecular welght chain and was completed in
patient C by the disappearance of the 55,000 molecular
welght chain. The Tinal fibrous protein sitructure

closely resembled that of normal stratum corneume.

The loss of the 55,000 molecular welght chain during
treatment was analogous to the structural change which
accompanied cornification in normal epldermis, believed
to be due to modification of the fibrous protein by
digestion or cross-linking. Indeed, during the recovery
of patient C there was an increase in the level of low
molecular weilght material detected in the psoriatic scale
extracts, which appears to bhe correlated with the
dlsappearance of the 55,000 molecular welght chain. This
chaln, which was shown to e trypsin sensitive, may then

be subject to proteolytic digestion,

The structure of the f£fibrous protein from the living
layers of psoriatic epldermis is unkuown, and thus it is
not clear whether the abnormal structure detected in
psoriatic scales persists at all levels of the involved
tissue or 1s the result of delfective cornification. The
70,000 molecular weight chain was also found to be
sugceptible to tryptic digestion and a modification of this

type may occur during pscoriatic kervatinisation, increased
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proteoclytlic activity belng detected in the upper layers

of the pathological epidermis (Herrmann,19?6). The 70,000
moleculay weight chain was not subject to modification
during normal cornification, but Fraki & Hopsu-Havu (1976)
found that the proteases of psorlatic epidermis differed

from those of the normal tlssue.

Impaired protease and hydrolase activities have
been detected 1ln psoriatic epidermis, resulting in low
free amino acid levels (Flesch et al, 1962), high
peptide levels (Wheatley & Parber, 1961) and the presence
of undigested subcellular organelles in the parakeratotic
stratum corneum. This may be due to defective engyme
release from the lysosomes (Reid & Jarrett, 1967) or the
increased rate of epidermal turnover (Van Scott & Ekel,
1963) and does nol Ffavour enzymic modification of the
70,000 molecular weight chain of the fibrous protein in

psoriasise.

The 70,000 molecular welght chain was apparently
structurally unaltered in psoriasis, and simply decreased
in amount., A similar situation has been observed in the
thalassemias, pathological conditions of Man resulting from
decreased synthesils of either thet#~ox13chains of globin
(Comings, 1970). This synthetic imbalance is the result of
e genetic disturbance possibly causing supre@sioﬁ of
mRNA translation (Heywood et al, 1965) or defective mRNA
production (Clegg et al, 1968). A similar repression of
the synthesis of the 70,000 molecular welght chain in

psoriasis would yield the observed abnormal Librous
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protein structure. Voorhees et al (1968) proposed that the
absence of keratohyalin granules 1in psoriatic epidermis

was due to represgsion of the keratohyalin cistrons.

Tsuji & Cox (1977) found significant enlavgement of the
nuelel and nuclecli in pporiasis and a decreage in the
amnount of repressed DNA seguences, which is in contrast

to the proposed increase in repressed structural protein

cistrons.

In a review of the available genetic data on psoriasis,
Kimberling & Dobson (1973) coneluded that an autosomal
dominant mode of inheritence was most likely and although
the genetic predisposition is a major Tactor In determining
the occurrence of eruptions, appropriate environmental
factors are also necesgary in the majorlity of cases.
Dominant disorders are normally associated with deflects
of non~enzymic proteins (McKusick, 1971) and this is in
agreement with the proposed primary role for the defective

fibrous protein detected in psoriatic tissue,

Increased DNA synthesls and thymidine incorporatlon
(Newbold, 1972) and enhanced activity of the pentose
monophosphate shunt (Gordon & Johnson, 1967) have been
detected in ﬁhe_uninvolved skin of psoriatics. There was
also an increase in the level of the acid hydrolases:
(Jarrett, 1973) and in the lipid content (Madden, 1941).
All thege studies were in contrast to the analysis of the
fibrous protein of uninvolved horny layer of psoriatics,

which was indistingulshable from that of the normal tissue.
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It is suggested that psoriasis most probably resulils
from a defect of keratinisation in which there is
production of an abnormal [ibrous protein, and that this
leads to the defective cellular archltecture and increased
call proliferation characteristic of the disease., This
defect may direcily involve the siructural gene coding for
the 70,000 molecular weight chaih of the lfibrous protein or is

involved 1in the modificatlon of a repressor nrotein.

The alternative possibillty that the fibrous protein
is subject to posit-synthetic modification by elther digestion
or cross-linking seems less likely, but cannot be ruled
out. Trypsinisation of epidermis falled here, to produce a
psoriatic protein pattern and in the psoriatic epidermis
with its greatly increased yrate of turnover it seems
unlikely that a specific crogss-linking mechanism for the

fibrous protein would be present or elaborated.



CHAPITR %: THE COMPOSITION OF CORNIFIRED CBELL PROTHEINS
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3.1 INTRODUCTION

The fibrous protein of the epidermal tonofilaments has
been isolated and purified from the living layers of both
cows' nose (Matoltsy, 1965) and human epidermis (Skerrow,
1977a)e Bovine prekeratin is a multichain protein of two,
three chain subunits, with an d~<helix content of about
L. Two discrete three chainel-helical regions about
20 nm in length are present in each subunit, and these are
rich in the helix~favouring amino acids, glutamlc acld,
alanine and leucine whilst the helix~inhibiting residues,
proline, glycine and serine are preferentlally located in

the nonmok ~helical regions (Skerrow et al, 1973).

The cystine content of the epidermal Ffibrous protein
is very low, only 8.8 residues/1000 resildues For bovine
prekeratin (Skerrow, 1972), and is distributed between
A-helical and non=dh-helical regions (Skerrow et al, 1973).
1t has been shown that there is no interchain disulphide
bond stabilisation of the living cell fibrous protein
(skerrvow, 1974, 1977a) although intrachain disulphide
bonds have been detected in bovine prekeratin (Steinert,

1975) .

The cornified cells are resistant to the action of
CASC buffer, and extraction of the intracellular contents
reguires the use of denaturing solvents. The stabllity of
the horny layer has been generally considered to reflect

disulphide bond stabilisation of the fibrous proteine.

Paden et al (1976) found that the Fibrous protein
of bovine siratum corneum, isolated in the absence of a

reduclng agent, was a high molecular welght aggregated
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material staebilised by interchain disulphide bonds.
This stabllisation of the fibrous protein apparently
oceurs during cornification gince no disulphlde bOﬂding
of the living cell profein has been detected (BLaden et

al, 1973a, 1976).

In contrast, Steinert (1975) found that the same

amount of fibrous protein polypeplbides could be

extracted from the horny cells of bovine epldermis jin the
abgence as in the presence of a reducing agent, although
mechanical disruption of the horny layer was required in
the former casge., The stability of the cornified cells
was attributed to disulphide bonding of the cell

envelope protein, which sgreed with the cheuleal gtudy

of Matoltsy & Matoltsy (1966).

The kerstohyalin grenules of the epldermls are
believed to form the interfilamentous matrix of the horny
cells (Lavker & sMatoltsy, 1970). Intact granules isolated
from newborn rat epidermis (datoltsy & Matoltsy, 1970) had
a high cystine content, which was subsequently also
detected in the keratohyalin granules by electron

microscope aubtoradiography (Matoltsy, 197%).

Keyatohyalin isolated by an alternative extraction
procedure was shown to he histidine rich, cystine poor
(Hoober & Bernstein, 19663 Gumucio, 1967) while Ugel
(1969, 1971 ) extracted a ribonucleoprotein, thought to be
keratohyslin, in which the proteiln component was rich in

serine, arginine, gycine and histidine (Ugel & Idlers 1972).
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It has been celeulated thatl the matrixz of the horny
cells contains about ten times more gulphur than the fibrous
protein (Matoltsy, 1976) and this is not consistent with a
histidine rich, cystine poor proteln being the major
component of keratohyalin granules. The suggestion that
the histidine rich protein may be derived fyrom the
interstitial space of the keratohyalin granules (latoltsy,

1975) awalts further investigation.

Thus ,determination of_the amino acid composition of
epidermal proteins has been of value in determining the
nature of the bonding Torces pregent in thepe proteins,
and hags provided an insight into thelr posglble functicn

during bhe keratinisation process.

The preparation of proteins for amino acld analysis
regulres an initial acid hydrolysis and this may cause
degradation of some reslidues. Tyypbtophan is totally
deglroyed during acid hydrolysis. Serine, threonine and
tyrosine are particularly susceptible to attack, and
lysine, arginine and histildine may be partially destlroyed.
Temperature contreol is of particular importance during
hydrolysis, and slightl variations may cause an alteration
in both the rate of decomposition and the release of amino
aclds.

The cystine content of a protein is generally
measured after performic acid oxication. This converts
cystine to cysteic acid, in which sulphur is in a

stable oxlidetlon state and allows accurate measurement of
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this amino sclde. Performic ascild may also react with
serine and threonine and forms several derivatives of

tryptophan in which the indole ring is opened (Hirs, 1967).

The aim of this study was to compare the amino
acld contents of callus, stratum corneum and psoriatic
scale with that of purified prekeratin, and to attempt
to correlate differences in amino acid composition with
the differences in polypeptide chain compogiition described

in Chapters 1 and 2.
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302 MATERIALS AND METHODS

30201 MATURIALS

Plantar callus, stratum corneum and psoriatic

scale were obtained an described in Chaplers 1 and 2.

30202  ETHODG

Aming Acid Analysis

Tissue samples were subjected in duplicate to amino
acid analysis as described in Chapter 1. Cystine and

cysteine were determined after pervformlc acld oxidatione
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303 RUSULTS

The Composition of Human Prekerastin

The amino acid composition of human prekeratin is
similar to that of the bovine fibrous protein (Skerrow,
1977a). Glycine, serine and glutamic acild were present
in large amounts., while proline, methionine and cystine

were present only in small amountse.

The Composltlon of the MHorny Cell Proteins

There is an overall compositional similarity
between normal snd psoriatic horny layer (Table L). As
is the case {or prekerating glycine, serine and glutamilc
acid are the most abuwadant and proline, methionine and
cystine the least sbundent amino acids in the cornifled
cells. The proline contents of psoriatic scale and
normal sitratum corneum are higher than those of prekerabin

and plantar callus.

However, there were large dilfferences between the
glycine and serine contents of the tissues. Nol only were
large guantitative differences present, but in addition,
the levels of these amino scids varied in an e¢xact
relationship to the intensifiy of chain 1 of the fibrous
protein, and were the only residues to do so. Thus,
callus with its increased proporiion of chain 1 had high
contents of glycine and serine while much lower levels
were present in psoriatic scale, which had ilttle or
no chain 4. Prekeratin and normal stratum corneuwn had
values between the two and were alsco Intermediagte in thelr

contents of chaln 1.



Pable 4o Amino Acid Anslysis.

Composition (residues/41000 residues) oft-

(a) Callus
(b) Stratun corneun
(¢) Prekeratin (Skevrows 1977a)

(¢) Psorviatic scale



Amino Aciad (a) () (e) (a)

Lysine 64 0 525 51 b 706
Hisgtidine 2042 2603 e 2063
Arginine W77 %6 o 5.9 L6 oly
Aspartic Acid 7846 686 87.2 87,8
Threonine 3866 43,9 L1369 Hlie3
Serine 145.8 130.5 108.9. 815
Glutamic Acid 121 .7 114 .2 119.2 118.8.
Proline 2243 18,6 2267 5667
Glycine 208.7 176 .0 17%.8 90,9
Alanine 3962 53.5 535.5 6563
Valine 3lte 9 1365 49,8 607
Methionine 1062 179 8.8 16,0
Isoleucine %6 oly 3605 h5.9 L7614

Leucine 61 00 598 8608 8502
Tyrosine 339 3367 2607 3568
Phenylalanine 2860 370 363 546
% cystine 13566 27 ol 133 27.0

«-'?E?fe



3ol DISCUSSION

The amino acid composition of human prekeratin is
gimilar to that of the bovine protein (Skerrow, 1977a)e
Both have low cystine contents, and lack interchain

disulphide bonds (Skerrow, 1974, 1977a).

There have been few previous analyses of human
horny layer, and nelther that of callus guoted by Flesch
(1958) nor of psoriatic scale by Zahnd & Citron (1960) is
in good agreement with the present results. In the
latter case, this may be due to a hydrolysis time of
only 15-20 hours and the subseguent elutlon of amino
acids from a home made system of ilon exchange columns,
with manual addition of ninhydrin. An analysis of
psoriatic scale by Liss & Lever (1963) was however, in
agreement with the results obtained here, except for the
increased glutamic acid and decreased cysltine levels of
their study. Baden et al (1973b) failed to distinguish
between normal stratum corneum and callus, but the amino
acid analysis of thely o ~fibrous protein, isolated from
human horny layer closely resembles the present whole

tissue analysis of plantar callus.

Despite the remarksble overall compositional
similarity between prekeratin and both normal and
pesoriatic horny layer, the glycine and serine levels
are particularly variable. The changes in the conients

of these amino aclds correspond with the changing
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intensity of the 70,000 molecular welght chaln of the

fibrous protein, previously detected in these tissues.

In an analysis cof previous data, a simllar change in
the levels of glycine and serine can be seen in a
comparison of the compositions ofd~fibrous proteins
isolated from normal epldermis and psoriatic scale (Baden
& Bonar, 1968) and from normal horny layer (Baden et al,
197%b). In a similer analysls of the individual
polypeptide chains of bovine prekeratin (Baden et al,
1973a) glyeine and serine were unevenly distributed, with
higher amounts in the heavier molecular weight band.
However, the fibrous protein chain composition found by
Baden et al (1973%a) was not in agreement with that of
bovine prekeratin characterised by Skerrow (1972, 1974)
and found to be structurally and compositionally similar
to human prekeratin (Skerrow, 1977a). It is difficult,
therefore, to compare their results with those of the

present study.

Whole tissue amino acid analyses are derived from
all the horny cell proteins and thus, the changing
glycine and serine levels may not be asgoclated with the
fibrous protein. However, neither keratohyalin (Table 2)
nor the cornified envelope protein (Matoltsy & Matoltsy,
1966) are rich in these amino acids, and a basic protein
igolated from the horny cells of newborn rat (Dale, 1977)
had a glyeine and serine content similar to that of

human prekeratin. It 1s possible then, that these amino
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acids are preferentially located in the 70,000 molecular

weight chain of the fibrous protein.

Neither glycine nor serine has aw helix~favourling
properties, and they are predominsntly localised in the
non~ok ~helical regions of bovine prekeratin (Skerrow et
al, 1973)s The possible functlon or benefit of such an
uneven residue distribution is not cleawv. Little 1s
known sbout aggregation of the Fibrous prolteln into
filaments, and 1t is suggested that the glycine and
gerlne resldues located in the non-ek-hellcal regions of

the fibrous protein may be involved in filament assembly.

Recently, it has been observed that the DRA levels
of the nuclel decrease during keratinisation while
the nuclear volume remains the same (Rowden, 1975)e
Suzukl et al (1977) have postulated that the space thus
created in the nucleus becomes Lilled with newly
synthesised protein. It is suggested that the DMA is
conpletely replaced by protein and that this protein mass
survives cornification. Thus, changes in these ‘'nuclear
proteins’ in normal and psoriatic epidermis may also

account for the observed differences in composition.



CHAPTER L3 THE EFFUCT OF EXTRACTION CONDITIONS ON
GORNIFIED CELL PROTEINS
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hed INTRODUCTION

Fibrous protelnsapparently derived from the
tonofilaments have been extracted from mammalian
epidernls under a number of conditions. Using CASC
huffer 1t has been possible to isolate the fibrous
protein of the living cell layers in an undenatured
form (ilatoltsy, 1965). The horny cell layer is however
resistant to the action of CASC buffer, and denaturing
solvents are used in the extraction of horny cell

fibrous proteing.

The Librous protein of the Lliving cell layers
lacks inter-chain disulphide bonds (Skerrow, 1974, 1977a)
but the nature of the bonding in the horny cell fibrous
protein is in dispute. Fibrous proteln fractlons
have been isolated both in the presence (Baden & Lonav,
1968; Huang et al, 1975); Baden et al, 1976) and in
the absence of a reducing agent (Eoe} 19563 TFlesch &
Tsoda, 19973 Steinert, 1975). In many cases the
izolated proteln represents only a small amount of the
total cell protein, while in other cases no guantitative
analysis was performed, which makes interpretation of
such data extremely difficult. Thus, although Roe (1956)
and Flesch & EBsoda (1957) were able to extract the
fibrous protein of horny cells in the absence of a
reducing agent, the asmount of material isolated was so

amall that the remaining unexitracted protein may well



have been disulphide bond stabillised.

The extraction of considerably more material from
horny cells in the presence of reduclng agent than in
its absence (Baden & Bonar, 1968) need not necessarily
indicate that the Fibrous protein is disulphide bonded
since both the proteln of the cornified euvelope
(Matoltsy & watolisy, 1966) and the interfilamentous
matrix protein (Matoltsy & Matoltsy, 1970) are believed
to be stabilised by disulphlde bonds. Indeecd, in a
study of bovine stratum corneum, Steinert (1975) found
that the same amount of Ffibrous protein polypeptides
could be extracted in the absence as in the presence of
a reducing agent, provided the horny cells were
disyrupted mechanically in the formey case. This
indicated that the envelope protein and not the Librous

protein was disulphide bonded.

In contrast, Baden et al (1976) found that Tibrous
protein isolated from elther bovine or human horny layer
was a high molecular weilght material which could be
separated into individual polypeptide chalns, when treated

with a reducing agent.

There has been Little work done on the extractlon
of fibrous proteins Ffrom psoriatic sceles. Roe (1959)
isolated a psoriatic fibrous protein which was
indistingulishable from the normal proteln and an

A ~Fibrous vrotelin extracted from psoriastic scale was
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compositionally similar fto the fibrous protein of whole
epidermis. PFlesch & Esoda (1957) found that the

fibrous protein of psoriatic scale could be extracted

in the absence of a reducing agent and that the amount
of material isolated was three times as much as could be

exbracted Ffrom callus.

In addition to the effect of reducing agents,
Baden & Bonar (1968) found that both the pH and the
temperature of the extraction were important in
determining the amount of material isolated Lrom horny
cells, The proteins isolated under diffevent conditions

were apparently very similar.

In the present study both the elffect of pIl and
the presence of a reducing agent on the extracilon of
horny cells, has been studled. The elfficiency of a
particular extraction procedure ig monitored by
determining the amount of material isolated (dry weight
analysis) and the composition of the isolated material

determined by polyacrylamlde gel electrophoresis.
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Le2 MATERIALS AND RTHODS

o2, MATERTALS

Tissue Samples

Callus, stratum corneum and psoriatic scale were

obtained as described in Chaplers 1 and 2.

lo2o2  HETHODS

Dry Welght Analyeis, piH7.2

Tissue samples (20 mg dry weight callus or psoriatic
scale) were immersed in 2 ml H0mM Tris-HCL, pH7.2
containing 6M urea. Samples to be reduced contained in
addition, 2% (v/v) 2-mercaptoethanol. After extraction
at MOC for 24 hr., the samples were homogenised for 2
mine., with an Ultra Turrax homogeniser, sonicated for
30 sec. and left to stand at hOG for 2 hr. The extracts
were then centrifuged at H0,000x g for 10 min., and the
supernatant retained. The pellet was then re-exitracted
under the same conditions, homogenised for 2 min.,
sonicated for 30 sec. and centrifuged at 50,000x g for
10 min. to produce a gecond supernatant and final
rellet. The supernatants were dlalysed extensively
against distlilled water over a perviod of L& hr. and the
pelletls washed with several changes of distilled water
for the same time. The final samples were oven daried to

constant weight, overnlight at 41000w



Dry Weight Analysis, DH10.6

Tissue samples (20 mg dry weight callus or psoriatic
scale) were immersed in 2 ml 10mi Glycine-RNaOH, pH10.6
containing 6 urea. 2% (V/ﬁ) 2-mercaptoethancl was
added to samples Lo be reduced. Addltion of Z-mercapto-
ethanol to the bulffer caused the pH to drop to about 9,
and this was corrected by the addition of NaOH, before
making up the 6M urea solution. Samples were incubated
ab 5700 for 2 hr. and extrascted in an identical manner

to those at pH7.2.

Ixtractlion of Tissue with Ures Solubtions., pH7.2

Tissue samples (20 mg callus, psoriatic scale ov
gtratum corneum) were immersed in 2 ml 50mi Tris-HCL,

pH7.2, containing 6M urea, 2% (v/v) 2-mercapboethanol

and extracted as described in Chapler 1. 2Z2-mercapioethancl

wag omitted from some samples, and in others,extracied in
the absence of reducing agent, 1» 2-mercaptoethanol

was added prior to electrophoresis.

Lxtraction of Tissue with Urea Solutions, pHiI0.6

Tissue samples (20 mg callus, psoriatic scale op

stratum corneum) were immersed in 2 ml 10mi Glycine-

NaQH, pH10.6 containing 6M urea, 2 (V/V) 2-mercaptoethanol .

Addition of 2-mercaptoethanol cause the bulfer pH to

fall to about 9 and this was corrected by addition of
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NaOH, before making up the 6M urea solution. After
incubation at 37°C for 2 hr., the samples were extracted
as described in Chapter 1 for pH7.2 samples. After
addition of solid SDS, the final supernatants were

acidifled to pH7, before boiling and dialysis.

Electrophoresis was performed as described in

Chapter 4.



85

o3 RESULTS

Txtraction of Plantar Callus

The results of dry weighit analysis of callus

fractions avre shown in Table 5.

(a) Effect of pH

In the presence of 2-mercaptoethanol more material
could be extracted from plantar callus abt pHI0.6 than at
pH7.2, but in the absence of a reducing agent the pH
of the extraction buffer had little effect on the

extraction of callus.

(b) Effect of Reducing Agent

Both at pH10.6 and at pH7.2, considerably more
material could be isolated from plantar callus in ‘the
presence of Z-mnercapltoethanol than in its absence.
Re~extraction of the initial pellets in the presence
of a reducing agent, lisolated an additlonal, samalley
amount of materiasl. In the absence of reduclng apent
re-extracted pellets normally ylelded about the same

oy an increased amount of material.

Polypentide Compeosition of Callus lixtracts

Bip. 1% shows the polypeptlde composition of human
callus extracted under a number of conditions.

Considerably more material was present im the extracts

obtained in the presence of a reducing asgent. The major
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comphnents of all @pe extracts were the three polypeptide
chains of the fibrous protein. The same polypeptides
were present in all the extracts and varying the pH of
the extraction buffer or adding 2-mercaptoethanol

simply varied the amount of these polypeptides extracted,
Addition of reducing agent to material extracted in its
absence did not alter either the amount or the nature

of the isolated polypeptides.

Txtraction of Psoriatlc Scale

Dry weight analysls of psoriatic secale is shown

in Table 6,

(a) fLffect of pH

Both in the presence and in the absence of
2~mercaptoethanol, more material was extracted From
psoriatic scale at pH10.6 than at pH7.2. kore material
was isolated by re-extraction of the initial pellets at

PH7.2 than at pli10.6.

(b) Effect of Reducing Agent

At PH10.6 and ab pH7.2 addition of Z2-mercaptoethanol
to the extrsction bhuffer increased the amount of material

Xtracteda

Polypeptide Composition of Psoristic Scale kxtractg

The same polypeptides were extracted from psoriatic

scale under all conditions (Fige. 14), and the major
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bands were those of the fibrous protein. At identical
loadings the sample extracted at pl7.2 was only Jjust
visible, while the extract obtained at pH10.6 in the

presence of Z-mercaptoethanol was clearly overloaded.

Addition of reducling agent to the material extracted
in its absence did not alter the polypeptide composition

or the amount of the extracted protein.

Txtraction of Stratum Corneum

Insufficient material prevented guantitative
analysis of stratum corneum, but qualitatively the
order of extlraction as Judged on polyscrylamide gels
was similar to that for psoriatic scale. The two
polypeptide chains of the fibrous protein were the

major constituents of all extracts.



Table H. Dry Weight Analysis of Plantar Callus.

{a) The amount of material extracted was

expressed as a % of the stariting weighta
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Sample Lxtraction (a) 18% (a) 2nd (a) Pellet
Conditions Supernatent Supernatant )
% % Yo
1 oM urea, 3840 1.0 20.0
2 PH1 06, 2% 2~ 4.7.0 9.0 160
3 mercapto- L45.0 L4 o0 28.0
Ly ethanol 51,0 1040 1640
1 64 urea, 5,0 6.0 88.0
2 pH1 066 120 1340 L42.0
3 1.0 2e0 6540
340 140 Llye0
4 6 urea, 23,0 1%40 38,0
2 pH7, 2% 2- 3560 660 220
3 mercapto- 23,0 9.0 41 .0
ethanol 20,0 6.0 310
1 6M urea, 2.0 e 67.0
2 pH7 1.0 1.0 67.0
) 160 360 5l .0
4 L.O 1.0 3860




Figure 135e. Urea Lxtraction of Plantar Callus

(a) Tissue extracted at pHA0.6 in the presence
of Z2-mercaptoethanol.

(b) Tissue extracted at pHI10.6.

(¢c) ‘issue extracted at pH7.2 in the presence
of Zemercaptoeithanol.

(d) Tissue extracted at pHT7.2.



(a)

(b)

(c)

59.

(<)



Table 6. Dry deipght Analysis of Psorilatic Scale

(a) "he asmount of material extracted was expressed

as a % of the starting weight.
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Sauple | Lxtraction . (a) 184 (a) 2nd (a) Pellet
Conditions Supe%matant Supe%natanﬁ Y%
14 6il urea, 156 1.2 5 oh
2 pH10.6, 25 5.9 102 5o
3 2mnereapto- 4.2 .0 o9 L oH
L ethanol 57,0 860 2a5
% 12,0 12,0 165
1 61l urea, 3569 1.8 15.5
2 PH1 0.6 30.2 0a7 8.0
5 2953 o9 8,0
Ly L8a5 10 260
5 28,0 5.0 4.0
1 6 urea,pH7, 2l .6 56t 8.0
2 2n 2-mercapto~ 31 .8 643 6.0
% ethanol 1843 10.0 9,0
I 1100 8.0 8.0
5 1D 1.5 29.0
1 6l urea,pH7 197 et 5.5
2 22 3okt 16.0 .
3 117 550 27.0
Iy 140 10,0 8.0

5 3,‘?5 760 257@0




Figure 14« Urea Bxbtraciion of Psoristic Scéale

(a) Tissue extracted at pH10.6 in the presence

of 2-mercaptoethanol

(b) Tissue extracted at pi10.6
() Tissue extracted at pH7.2 in the presence

of Z2-mercaptoethanol

() Tissue extracted at pl7.2



(a)

()

(o)

(2)

91,



Lol DISCUSEIQN

Plantar callus and psoriatic scale differ with
respect Lo thelr extractability with 6l ures solutions.
The amount of material exitracted Trom these horny
layers is dependent upon both the pil of the extracition

buffer and the presence of a veduclng agent.

Alteration of the conditions of extrgction of callus
changed the gmount but not the polypeptide composition
of the isolated maiterial. The major constituents
of all the extracts were the three polypeptide chailns
of the fibrous proltein. Efficlent extraction of
plantar callus reguilred the presence of a reducing
agent, and in lts absence only small amounts of material
could be extracted. BSubsequent reduction of material
extracted in the absence of a reducing agent did not
cause either qualitative or quantitative alteration of
the isolated ploypeptides, and no high molecular
welight, disulphide bonded fibrous protein such as was
found by Baden et al {1976) was detected in the present
gbudyo.

Steinert (1975) found that in the absence of a
reducing agent, the epidermal tonofilaments of bovine
stratum corneum could be dissociated, but not relgased
from the horny cells. After vigorous mechanical
disruption of the horny layer the {ibrous protein

polypeptides lacking interchain disulphilde bonds could
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be isolated in the same guantity as obtalned 1in the
presence of reducing sgent. The release of the fibrous
protelin was aprarently prevented by disulphide bond
stabllisation of the cornified envelope protein, shown

to be rich in cystine (Matoltsy % Hatoltsy, 1966),

Similar disvupbtion of the cellp of plantar callus
Failed to release the fibrous protein polypeptides and
this sugpests that in the hwssn horny layer some cell
protein, probably either that of the interfilamentous
matrix ow of the cell envelope is disulphilde bond

stabilised.

liatoltsy & Matoltsy (1970) found that the
keratohyalin granuleg which form part of the inter-
filamentous matrix of the horny cells (Lavker &
Matoltsy, 1970) were sulphur rich, and the stability
of the horny cell layer hag been attributed to
disulphide bonding of the matrix protein (Matoltsy,
1975)s Buch a possibility would agree well with the
reptullts of the present work. The fibrous proteln
isolated from human callus in the absence of a reducing
agent lacked interchain disulphide bonds, but 1t is
possible that the remaining unexitrscted material is
stabilised in this way.

Extraction of psoriatlic gscale yields the same
polypeptides under all conditlons, and the chains of the

fibrous protein are easily identified. The psoriatic
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Tibrous protein apparently lacks interchain disulphide

vonds, since large amounts of malerial may be

exbrscted in the absence of a reducing agent. There

is apparently, however, some disulphide bonded protein

present In psoriatic scale since slightly more material
may be lsolated from the pathologilcal tissué in . the

pregence than in the absence of 2-mercaptoethancl.

Almost the same amounit of malerial can be

igolated from psoriatic scale and {rom callus in the
presence of a weducing agent, bult considerably more
material is extracted fyrom the pathological tissue
when reducing agent is absent. This is In agreecmenti
with a previous quantitative analysis bY Flesch &
Bsoda (1957). The ease of extraction of psoriatic
scales would agree well with the proposed disulphide
bond stabllisation of the interfilamentous matrix
protein since the keratohyalin granuvles which Torm this

matrix sre absent From psoriatic epidevmis (Brody, 1962).

Preliminary qualitative studies of normal stratum
corneum showed that a large gquantity of material could be
extracted from this tissue in the absence of o reducing
agent. The main componenlts of stratum corneum extracts
were the two polypeptide chains of the Tibrous protein.
The difference in the extractabllity of callus and
stratum corneun presumably reflects differences in the
disulphide bonding of the membrane oy matrix proteins

or possibly of the Librous protein itself. The
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intercellulayr cement of the horny layexy ls apparently
stronger than the horny cells (Huber & Christophers,
1977) and chanpges in the composition of the intey-
cellular material would also affect the extractlon

of the horny cell . proteins. Plantar callus is
apparently more highly stabilised by disulphide bonds

than normal stratunm corneum.

The stratun coyneum ig, however, generally
regarded as beling morve stabilised than calluse
Kligman {1964 ) found that the cells of callus were
more readlily dissoclated by mechanical trauma or
chemnicals and that the cell envelopes of callus were
more readlly dissolved in alkali. Callus 1s many
times more permeable to walter and chemicals than the
stratum corneum, and the protection given by callus is
malnly attributed to its thicknegs. In the present
gtudy the cells of callus were Fournd to he highly
reslstant to denaturing solvents while the cells of
both psoriatic scale and normsl styabuwr corneun were

much more readlly extracted.

The fibrous proteins of both normal and psoriatic
horny layers are apparently lacking in interchsain
disulphide DBonds, although disulphide bonding of sonme
other horny cell protein, possibly that of the inter-
Lilamentous metrix or of the cell envelope may prevent

release of the fibrous protein. The possibllity that
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the increased amount of material extracted from horny
calls in the presence of reducing agenb, was due to
reduction of interchain disulphide bonds of the Cibrous

protein cannot be execluded.
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The fibrous protein prekeratin, from the living cell
layers of human epidermis consilsts of three different
polypeptide chains of molecular weights 70,000, 63,000
and 55,000 (Skerrow, 1977a). The three chains of
the fibrous protein sre retained In plantar cellus,
but thelr intensitles are considerably altered and
in particular, the 70,000 molecular welght chain is
pregent in a much higher proportion. The stratum
co.noam contains only two fibrous protein polypeptides,
the 55,000 molecular weight chain having been
apparently modified during differentiation. The
gtructural differences between the fibrous proteins of
callus, stratum corneum and the living cell layers heave
not heen previously detected, and indicate that during
normal keratinisation, the fibrous protein is subject

to structural alteration.

The most Llikely explavaition of these structural
changes appears t0 be post-synthetic modification of
the fibrous protein by either cross-~Llinking or
proteolytic digestion. In normal eplidermis only the
55,000 molecular weight chain 1ls subject to modification,
and in the stratum corneum this chaln is completely
absent. Chain modification in plantar ecpidermis is
more extensive involving both 55,000 and 63,000
molecular welght chalns, but the process is less

complete since a small numbeyr of these chalins are
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present in callus.

The possgibility that there 1s increased synthesis of
the 70,000 molecular welght chain in plantar epidermis
cannot be excluded, and in future work, it is hoped to
test this possibility by snalysing the fibrous protein

from the living layers of plantar epidermis,

The fibrous protein polypeptlides are the major
constituents of both living and horny cell extracts.
However, in extracts of Fforeskin epidermis an additional
polypeptide is prominent. It has an unusual pale-~
blue staining property and a molecular weight of
5,000, Its amino acid composition does not correspond
with any previously analysed epldermal protein and 1its

function is not clear.

Only the 63,000 and 55,000 molecular weight
chalns of the fibrous protein are prominent in extracts
of psoriatic scale, while the 70,000 molecular welght
chain is deficient or absent. This proitein structure

is found both in affected callus snd stratum corneum.

The absence of the 70,000 molecular weight chain
may again be due to post-synthetic modification. However,
the impaired protease achivity of psoriatic epidermis
which leads to incomplete digestlon of the subcellular
organelles, does not favour proteolytic digestion of
the fibrous protein in the pathological tissue.
Specific cross-linking of the 70,000 molecular weight
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chain seems unlikely in psoriatic tissue, where both
the cell cycle time (Weinstein & Frost, 1968) and
the tranﬁiﬁ time For keratinocytes through the
epidermis (Van Scott & Bkel, 1963) are significantly

decreased.

The available structursl informatlon tends to
favour decreased synthesis of the 70,000 molecular
welght chain and this may ve due to a genetic deflect
in psoriatics, affecting either the Fibrous protein
itgelf or repressgor protelns involved in the control
off Tibrous protein synthesis. In this respect,
psoriasis closely resembleg the thalassemlas , in which
there is defective gynthesis of elther th@oLowa
chains of globin (Cominge, 1970). If the abnormal
Librous protein of pmoriasis 1s the result of
deflective synthesis, then Tthis structure should persist
at all levels of the affected epidermls and fubure
work will be concerned with a structural anglysis of

the living cell fibrous protein.

Effective treatment of psorialtics causes changes
in the structure of the fibrous protein, There is
an increase in the intensity of the deficient 70,000
molecular welght chalin accompanied by a decrease in
the intengity of the 55,000 molecular welight chain,
Linally resulting in a fibrous protein structure almost

identical to thet of normal stratum corneum. The
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fibrous protein of the uninvolved stratum corneum

of peoriatice is Indistinguishable from that of the
normal tissue. The recovery process has not been
studied in involved plantar epldermls but the
presence of a deficient 70,000 molecular weight chain
in involved cegllus and the presence of a noinsl
fibroug protein structure in uninvolved callus
gugpests that treatment would cause the producgtion

of a normal fibrous protein in this ltissue also.

It is suggested that treatment of psoriesis
overcomes the block in the synthesis of the 70,000
molecular weight chaln which then gradually increases
in intensitye. A8 the pgoriatic epidermis veturns to
normal, the flbrous protein is then subject to elther
digestion or cross-linking such as 1s believed to ocour
in normal tissue, resulting in the formation of stratum
corneum and calluslfibrcus protein structures. The
production of an abnormal Ffibrous proteln in psoriatic

epidermnis could be the primary cause of the disease.

Uallug, stratum corneum and psoriastic scale show
an overall simllarity in amino acid content and are
closely related to puriflied prekeratin. The glycine
and serine contents of these horny layers are however
strikingly different, and they vary in an exact
relationship to the intensity of the 70,000 molecular

welght chain of the fibrous proitein. In callus there
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is an increase in the proportion of the 70,000 molecular
welght chain and this tissue has high glycine and
serine contents while psoriatlc scale hes only a low
content of these residues and a deficient 70,000
molecular weight chain. As expected prekeratin and
gtyratum cornewn with thelr lntermediate 70,000 molew
cular welght chain level, have glycine and serine
contents between those of callus and psoriatic scale.
The TFinding that no other epldermal protein so far
isolated has o glycine and serine content as high as
that of the fibrous protein favours the present
sugpestion that these residues ave preferventially
located in the 70,000 molecular welght chain of the
fibrous protein. The function of these residues is
not known, but 1t is poesible that they may be involved

in filament assembly.

Bxtraction of the horny cell layers st different
pH values and in the presence and absence of a
reduclng agent alters the amount but not the poly-
peptide composition of the isolated materisl. 7The
major constituents of all horny cell extracts are the
polypeptide chains of the fibrous protein. In a
guantitative analysis, 1t is found that a large amount
of fibrous protein polypeptides can be extracled
from psoriatic scale in the absence of a reducling

agent, which indicates a lack of interchain disulphide
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bonding of the peoriastlc proteln. However, only a
amall amount of fibrous proﬁ@in lacking interchasin
disulphide bonds is extracted from callus in the
absence of a reducing agent. It is sugpgested that
the release of the fibrous protein is prevented by
disulphide bond stabilisation of the interfilamentous
matrix protein or of the c¢ell envelope, although
disulphide bonding of the Tibrous proteln itself

cannot be excluded.

This preliminary study of the Ffibrous proteins
of normal and pathological horny cell layers has
ravenled a large number of sitructural differences not
previously detected. The work is now the basis for
a more detailled analysis of these Tibrous proteing
and of ‘the processes which bring aboul the structural
changes. JIn this way a bellter understanding of the
process of keratinisation will be gained. The
initial cause of psoviasgis which remsins completely
unknown, desplite many years of study of the patho-
logical epidermis may well be closely related to the
production of an abnormal Tibrous protein in this

tissus.,
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