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Abstract

Theelemental distributionsover epidermal skin cross
sections as revealed by proton probe analysis on cryo-
sections from human skin provides new insight into the
physiology of skin. The present investigation shows that
in comparison with skin from non-afflicted individual s non-
lesional skinfrom psoriaticsreveal sabnormality (higher than
normal levels) in calcium (Ca), iron (Fe) and zinc (Zn). In
addition, the abnormality isnot only present in the quantity
recorded but aso in the particular distribution of these
elements. Thus, the stratum corneum contai ns appreciable
amounts of Fe and Zn in the skin of psoriatics, a finding
never recorded in normal skin. Theincreased Calevelsmay
be related to the phenomenon of “programmed cell death”
which will bethe end point of the differentiation processin
the epidermis. The Fe and Zn findings may be interpreted
as defects in the retaining mechanisms for these valuable
trace elements. The recorded defects in trace element
distributions can be regarded as new additions to the
aready known spectrum of abnormality in the genetics
expressed as the disorder of psoriasis.
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Introduction

At abasiclevel, the fundamental physiological fac-
tors involved in the pathogenesis of psoriasis are still
unknown. A great deal of research has been focused onthe
immunological events coupled to the evolving psoriatic
lesion. Thus, it has been demonstrated that in very early
lesions a chemotactic attraction of T-cells (CD 4+) is
operating directed towards the epidermis. These T-cells
originate from the blood stream. A sequel inflammatory
responseisthen stimulated by cytokinesfrom different kinds
of cellswhich resultsin a proliferation of keratinocytesin
the basal region [14]. The (patho-)physiological process
resulting in this activation of the T-cellsis not known.

A direct physiological approach to the study and
understanding of the disease has been impeded by the phys-
ical dimensionsof the epidermis, e.g., the cellular part of the
skinwhichisonly approximately 120 umthick [7, 23]. The
situationisfurther complicated by thefact that the epidermis
containslayersof cellsat different stagesof differentiation.
Thus, bulk methods, which sample the entire cross section
of the epidermis as one unit, do not make it possible to
differentiate between the epidermal strata [12].
Consequently, bulk methods provide analysisresultswhich
do not allow a functional analysis based on elemental
contents. Conventional physiological capillary probes
generally cannot be located with any satisfactory precision,
within aspecified cell of aspecified skinlayer innormal or
in pathological conditions. Other means of exploration are
therefore necessary for the study of skin physiology.
Particle probe analysis on quench-frozen and freeze-sec-
tioned, freeze-dried material provides such a practical
approach that allows a “snap-shot” view on the physio-
logical status of thetissue[5, 16, 24].

Particle probe analysis allows only the detection of
elements but does not provideinformation on the chemical
status of theelements[5]. However, biochemistry provides
information that allows elemental distribution data to be
interpreted in terms of ion distributions and physiological
function of thetissue. Theelemental distributionsover the
cross section of psoriatic skin has been studied using X-ray
microanalysis (XRMA) in the electron microscope [3, 11]
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and using proton induced X-ray emission (PIXE) analysis
[15, 24], in most casesin the spot mode. Whereas XRMA
allows a high spatial resolution, it has comparatively low
sensitivity, i.e., ~200 ppm. In contrast, PIXE has a high
sengitivity, around 1 ppm, and therefore allows determination
of trace elements such as Ca, Fe, and Zn. The spatial
resolution of PIXE isgenerally taken to be lower than that
of XRMA inorder to achieve sufficient signal-to-noiseratio.

Trace elements have been subject of special interest
inrecent years. Calcium (Ca?*) and zinc (Zn?") has proven
to beavery important signaling substancein agreat variety
of cellular systems[1]. The Cadistribution over the skin
cross section has been studied in the transmission electron
microscope (TEM) using histochemical methods [18] in
order to ascertain its role in the differentiation process of
the epidermis. Additional properties of this particular ion
are currently the subject of intensive studiesin general cell
biology aswell asin experimental dermatology. Thus, the
importance of Ca?* to “programmed cell death,” has been
suggested [2]. Obvioudly, the final step of differentiation
between the stratum granulosum level and the stratum
corneum represents a particular aspect of “ programmed cell
death.”

Concerning other trace elements, there are old sug-
gestions of an inference of the skin's dependence on ap-
propriate availahility of zinc (Zn?*) for normal function and
at wound healing [10, 21, 22, 25]. Finaly, there are the
findings of substantial iron (Fe)-lossesviapsoriatic lesions
[19]. For such reasons, we have pursued PIXE studies of
normal human skin and skin disorders, including psoriasis
and atopic dermatitis, to provide an understanding of the
formation of a mature stratum corneum with a functional
barrier [4, 6, 7, 9] asreflected in physiol ogical/biochemical
mechanisms controlled by trace elements, e.g., C&*, Fe**
and Zn*,

In the present study, our aim has beento investigate
physiological parametersrepresented by the elemental and
trace elemental distributions over cross sections of
paralesional psoriatic skin, and ascontrols, skinfrom normal,
non-afflicted individuals. We sought to find very early
changesin the psoriatic skin asexpressed by physiological/
biochemical mechanisms active before theimmunological
system has been alerted.

Materialsand M ethods

After subcutaneous infiltration of the chosen area
with 10 mg/ml lidocainein 5 mg/ml adrenaline using 4 mm
punches, skin biopsieswereimmediately obtained fromthe
lower back in 3 psoriaticsat least 3cm fromlesionsor lesional
rests. Biopsiesfor control weretaken from acorresponding
area of 3 volunteerswith no records of skin disorder. The
biopsieswereimmediately quench-frozenin liquid nitrogen
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Figure 1. Anatomy of a skin cross section including the
principleof pixel mapping. A pattern of pixels, usually 64 x
64, islaid out over a skin cross section. From each pixel,
intensity data can be retrieved on all elements included
within the volume covered by the pixel.

and stored in a deep freezer at -20°C. Sectioning was
performed at -20°C in aconventional cryostat with anominal
section thickness of 16 um. The sections were transferred
to specimen support rings covered with Kimfol® (Kimberley
Clark, Neenah, W1) fail, which givesvirtually no contribution
to the particle induced X-ray spectrum. The complete
specimen support sandwich was stored in sealed vessels
with drying material to prevent water uptake until analysis.
Thenew Lund Nuclear Scanning Microprobefacili-
ty provided a 2.5 MeV proton beam for irradiation of the
specimens. The proton beam was focused by quadropole
electromagnetsto anominal beam cross section of 5pmx5
pm, and the beam current on the specimen was 0.5 - 1 nA.
Therectangular beam scan was|ocated over aselected area
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on each skin section so as to cover a cross section of
epidermisand dermisdown to thereticular dermis(Fig. 1),
which corresponds to a total depth of about 200 um. To
minimizethethermal load on the specimen, ascanning mode
for element excitation and dataacquisition wasused. Thus,
the probe irradiates each specimen volume (pixel) on the
average 5 ms(milliseconds) in aniterate process. The pixel
sizewas chosen so asto avoid overlap of the beam penumbra
(8 um in the X- and Y-directions) and typical acquisition
timesfor apixel map (64 x 64 pixels) was between 30 minutes
to 2 hours. Thebeam chargewascollected in aFaraday cup
positioned after, and in line with the sample. The induced
X-ray radiation (PIXE) was detected and quantitated by a
Kevex (Kevex Instruments, Scotts Valley, CA) energy
dispersive system, and the mass cross section at a point
(i.e., specimen sub-volume) of analysiswas determined by
thebackscatter (BS) which was subsequently used for mass
normalization of the samples[26]. Beam scanning control
and data collection was performed using a VME bus
computer [17] (Motorola, Schaumburg, IL) while storage
and sorting was done on a DEC 3000 Alpha AXP work
station (Digital Equipment Corp., Hudson, MA).

During specimen irradiation with the scanning pro-
ton beam in an iterative way, the data acquisition system
sorted the produced information into elemental pixel maps
(Fig. 2). The complete X-ray data (the relative elemental
content) and BS (the mass cross section) data for
corresponding pixels were merged into a number of pixel
spectra evaluated by computer fitting using HEX [13]. In
addition, from the elemental maps produced, datafrom pixel
arraysrepresenting across section of the skin are presented
ascross section distributions of mass and elements (Fig. 3).
Inacorresponding manner, pixel arraysrepresenting similar
structures (e.g., parallel band in the epidermis) were chosen
for presentation of the data on the quantitative elemental
content of aspecified cellular layer [e.g., ahorizontal layer:
stratum basal e, stratum spinosum or stratum corneum (Fig.

4]
Results

The sensitivity of the PIXE method is to a certain
extent dependent on the acquisitiontime at analysis. Inthe
present experiments, the time frame used has not allowed
detection of copper (Cu) and magnesium (Mg) abovetheir
respective thresholdsin most of theindividual experiments.
We have, therefore, chosen not to indicate the spurious
presence of these elements.

To illustrate the fact that there is a considerable
variation (i.e., rangesof content) in trace elemental content
indifferent strataand also within aparticular stratum dueto
the actual metabolic status of particular cells, we have
compiled datain Table 1.
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Figure2. Pixel mapof P, S, K, and massdensity distribution
laid out over a skin cross section from clinically normal
paralesional skin of apsoriatic patient.

Crosssection elemental distributions

Normal skin The mass distribution curves peak in
the stratum corneum region and flatten out in the basal cell
region, againtoriseinthedermis. Thesulfur (S) distribution
curvesfollow the mass curvesin concert (Fig. 3a).

The phosphorus (P) distributions peak somewhat
50 pm below the maximum mass peak at a region corre-
sponding to the upper stratum spinosum.

Chlorine (Cl) has a weak minimum approximately
where the P distribution has its peak (Fig. 3a). Thereisa
conspicuousdrop inthe Cl content inthe vicinity of stratum
corneum. Conversely, the Cl content rises in the dermis
compared to the epidermal content. Potassium (K) reaches
the highest levelsin the Malpighian layers, dropsnil inthe
stratum corneum and shows relatively low values in the
dermis, i.e., theextracellular compartment.

Iron (Fe) has a high peak valuein the basal cell re-
gion and dropsto valueslessthan half the peak valueinthe
uppermost epidermal layers and is not detectable in the
stratum corneum region (Fig. 3b). Zinc (Zn) shows a
comparatively stable level over the Malpighian epidermis
and disappears coincidentally with Fe in the stratum
corneum region. Copper (Cu) isjust barely detectablein
the Malpighian layers, but no quantificationis possiblewith
the dataavailable in these experiments.

Calcium (Ca) maintainsarelatively constant level up
to the stratum corneum and lingers somewhat closer to the
skin surface than the trace elements Fe and Zn, athough
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Table 1. Elemental content of normal and psoriatic epidermis, PIXE analysis. Datain g/g dry weight; DL: detection limit.

Normal, basal layer

Normal, str. spinosum

Normal, str. granulosum/cor neum

Mean + SD Range Mean + SD Range Mean+ SD Range
Ca 320+ 77 160-455 234+120 43-352 351+107 252-582
Fe 105.0+53.7 12.2-2288 35.0+£16.0 DL-516 16.6+10.6 116-30.6
Zn 231+27.7 DL -864 453+43.1 DL -1132 285+131 152-61.2
Psoriasis, basal layer Psoriasis, str. spinosum Psoriasis, str. granulosum/corneum
Mean + SD Range Mean + SD Range Mean+ SD Range
Ca 10739+5536  267.7-2187 727+183 92.0+£1075 841.0+£156.5 4496+9284
Fe 161.9+83.6 26.8-2704 1285+78.0 554+279.7 458+225 16.6+81.7
Zn 354+56.5 DL -176.7 50+50 DL-1749 97.0+404 DL -180.9
o Normal (major elenrents) Psoriasis (major elements)
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Figure3. (a) Massdistribution, el ement; (b) trace element data extracted from apixel map of anormal skin cross section; (c)
mass distribution, element; and (d) trace element data extracted from apixel map of aclinically normal skin cross section from
acase of psoriasis.
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Figure4. A horizontal channel extracted from apixel map of normal (a, b) and paralesional psoriatic (c, d) skin, representing

the basal (aand c) and stratum spinosum (b and d) regions.

closeto the detection limit.

Looking at the elemental distribution patternsfrom
one section to another and from one subject to another,
there are slight but obvious variations in concentration
values, although a general trend can clearly be discerned.
Thus, the Fe distribution in a few cases has its center of
gravity in the stratum spinosum/stratum granulosum area
rather thaninthebasal cell region. Incontrast, Znisconfined
to the basal layer.

Paralesional normal looking skin from cases of
psoriasis The mass distribution has the same general
features as that of the normal skin although generally at a
lower level (absolute mass content). The P and S dis-
tributions are not conspicuously different from those of
normal skin (Fig. 3c).

In contrast to the Cadistribution in normal skin, that
of psoriasisfollowsthe massdistribution more closely (Fig.
3d). Cashowsatwo-fold or even higher increasein stratum
granulosum region compared to normal skin. In many
sections, thereisan additional Capeak inthevicinity of the
basal cell layer.
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The main Fe peak appears closer to the mass distri-
bution peak than in the normal skin (Fig. 3d). There are
obviousvariationsin the Fe content of different strata (cell
layers), and the lowermost values are consistently at least
twiceashighasinnormal skin. TheZn content isincreased
especialy in the stratum spinosum, except in one single
section where the Zn follows suit with Fe distribution.

Although not shown here, it may be stated that the
Cu concentrations are, asarule bel ow the detection thresh-
old. Cuistherefore not considered in this context.

Horizontal e emental distributions

Normal skin Themassdistribution along the basal
cell layer varies minimally along the horizontal scan (Fig.
43) and remainsfairly constant at the upper level (thelevel
of the stratum spinosum/granulosum). Potassium (K) and
chlorine (Cl) are covariant with massin the basal region but
moreindependent inthe upper region. Sulfur (S) co-varies
to agreat extent with themassdistribution. Inboth regions
(basal and upper), more conspicuous variationsin relation
to mass are seen in the phosphorus (P) distribution.
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Table2. Elemental content of skin. Datacompiled from ref.
(12].

Element Content range Method
(inppm)
Ca 0.034-20 AESXRF
a 2654- SAS
Cu 6.9-143 AAS/AES
Fe 34-1900 AAS/AES
K 0.846-118 AESFES
Na 1016- 4968 FES/misc.
P 0.3-40 AES/SAS
S 1577-1850 SAS/misc.
Zn#1 (wholeskin) 6.1-1000 AAS/INAA
Zn#2 (epidermis)  39-83 NAA
Zn#3 (dermis) 13-23 NAA

AAS: atomic absorption spectrometry; CAT: catalytic
method; FES: flame emission spectrometry; NAA: neutron
activation analysis; SAS: solution absorption spectrometry;
XRF: X-ray fluorescence spectrometry; misc.: miscellaneous.

Iron (Fe) and zinc (Zn) distributionsvary extensively
in the basal region (Fig. 4b). The Fe content is closeto or
below the detection limit in the upper region, the Zn content
shows some peaks above the detection limit. Single off-
limit valuesinthesetrace elementswere seen. Interestingly,
calcium (Ca) appears to stay rather constant within each
horizontal scanned band.

Psoriaticsnormal-looking skin Themassdistribu-
tion pattern essentially follows that seen in the normal
control skin with somewhat more variability in the upper
layer (Fig. 4c).

In comparison to the control skin, there are high
mean val ues and prominent variationsin thetrace elements,
notably Fe and Znin the upper level of the epidermis (Fig.
4d). In comparison to the control skin, where copper (Cu)
was a spuriousfinding, there were more spots of Cu above
the detection limit in the psoriatic skin sections both in the
basal and the upper level (not shown).

Discussion

A full understanding of the influence of trace ele-
ment content on the differentiation process of human skin
has not yet been reached. In the past, the attempts to
analyse the skin content of physiologically important
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elementsand trace elements have essential ly been restricted
to bulk methods[12]. Compilations of such datashow such
great ranges of elemental contents, and it appears that the
rangesare moreamatter of the manner inwhich the material
has been collected than related to the sensitivity and
precision of the methods used (Table 2). A biological
interpretation of such dataisimpossible.

The skin's dependence on appropriate availability
of Zn? for normal function [10, 22, 25] is a subject which
has not been resolved. The importance of Ca?* to promote
and Zn?* to inhibit “programmed cell death” has also
emerged asatopic of interest [2]. Facts such asthese have
prompted us to study normal-looking skin from psoriatics
aswell as skin from non-afflicted individualsfor controls.
The ultimate aim of our studies is to provide an
understanding of the physiological/biochemical
mechanisms behind the properties of changed skin in
patients afflicted with skin disorders of genetic and con-
stitutional origin. To our knowledge, this investigation is
thefirst to present elemental distribution mapsof skin cross
sections from both normal and pathological skins.

Thenew scanning nuclear microprobein Lund which
collects datain aformat of pixel maps provides extensive
possibilities for subsequent analysis of the primary data.
The two-dimensional pattern of data constituting a map of
elemental distributions (Fig. 2) can be directly compared
with the mass distribution map which represents the
morphological structuresfrom which dataarederived. The
data used for the elemental profiles (Fig. 3) have been
extracted from the elemental maps by choosing a“channel”
of pixelsrepresenting an interfollicular areafree from hair
follicles. In a corresponding way, we have assessed the
horizontal variation of different elementsin aspecified layer
of thedifferentiating epidermisby selecting pixel “ channels’
parallel to the basal lamina and the stratum corneum rep-
resenting the basal cell layer and the stratum spinosum,
respectively (Fig. 4).

The number of specimens investigated in a PIXE
study may appear small in comparison with corresponding
numbers used in different types of light microscopic
investigations or biochemical studies. It must be realized
that thetypical acquisitiontimesfor apixel mapfromasingle
section is generally at least 2 hours. The costs/benefit
aspects of running an experiment will require optimization
of dataacquisition for evaluation. Thisisalimiting factor
for the number of itemsthat can be analysed. For anumber
of data, that would allow statistical analysisby thea gorithm
used, the time allowed was not sufficient in this present
study. Consequently, a trace element such as Cu which
was only occasionally detected above the threshold of
sensitivity in our experiments had to be excluded from the
present study. However, theinteresting indicationsof higher
than normal content of Cu in the paralesional psoriatic skin
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Table 3. Elemental content of psoriatic epidermis, nuclear activation analysis. Datain g/g dry weight compiled from refs. [19]

and [20]. SD = standard deviation.

Normal
Mean + SD Range Mean + SD
Fe 26.53+£6.7 16.5-30.5 30.62+124
Cu 3.76+0.83 26-4.6 4.35+0.57
Zn 393+124 28.7-59.2 41.0+7.11

Psoriatic uninvolved

Psoriaticinvolved

Range Mean +SD Range
17.0-464 5751+26.3 275978
3.7-51 427+1.22 3074
34.1-483 90.8+48.2 46,6-198.7

suggest that Cuisan interesting element to exploreinfuture
studies.

The nominal probe size used in the experimentsre-
ported herewas5 pumx 5 pm, to which must be added ahal o
region of approximately 2 um. Thismeansthat the spatial
resolution of the PI X E analysissystemislow when compared
with the resol ution obtainablewith an XRMA system, which
allowssubcellular compartment (< 1 um) andysis. ThePIXE
analysis thus superposes the intra- and extracellular
compartment data during analysis, depending both on the
comparatively low spatial resolution of the measuring
system and on the thickness of the sections (~16 pm) which
of necessity must contain both compartments in a cross
section. These facts relate to the considerable smothering
of curves describing the elemental and mass distribution
over thecellular layersof adifferentiated epidermis (Fig. 3).
The effect is perhaps most conspicuous in the very narrow
stratum corneum region (atotal width inasection of approxi-
mately 10 um) wherethe mass curveisrather wideinthese
experiments. The variation in the mass distribution in the
basal cells corresponds to the fact that these cells are
involvedinthecell division cycle. Inthe present study, we
did not employ a spatial resolution that allowed
identification of single cells separated from theintercel lular
space or neighboring cells. Detailsrelated to the different
stages of the cell division cycle are therefore not possible
to give. It isto be expected that once the progeny has
entered the stratum spinosum, a higher degree of
synchronization of the physiological events, including
protein and lipid synthesis should be at hand.

The mass distribution curves peak in the stratum
corneum region, subsequently flatten out in the basal cell
region, and finally rise somewhat againinthedermis. This
form of the mass distribution curvesiswell related to the
morphology of human skin. The basal cells have
comparatively low mass content, but as the protein (ker-
atin) synthesis progresses, there is a continuous increase
in cellular massthat reaches apeak in the lower part of the
stratum corneum. Here, the cellular content is compacted
and containsasmaller amount of water [27]. Going fromthe
basal cell layer downwardsinto the dermis, wefind that the
papillary dermisisarel atively open compartment dominated
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by ground substance with alow content of fibrous (collagen
and elastin) material. Approaching thereticular dermis, we
find that the density of fibrous proteins increases,
corresponding to the mass increment seen in our curves.

Bearing in mind that the spatial resolution does not
allow discrimination between the intra- and extracellular
compartments, our data nevertheless reveal some crucial
points concerning the physiology of normal appearing
psoriatic skin, as contrasted to the skin of non-afflicted
individuals. Of specia interest isthe Cadistribution profile,
whichinthenormal skin remainsat an almost constant level
over the skin cross section, but in certain specimens, shows
a dlight increase in the stratum granulosum region. The
present findings differ somewhat from our earlier findings
in a preliminary study [8] based on selected point
measurementsin different strataof skin sections. However,
with the new information obtained from the elemental maps
such avariation is likely to occur as an expression of the
continuous changes occurring in vivo. These continuous
changes are represented in studies like this using quench
frozen specimensby a*“ snap-shot,” depicting momentarily
what are actually transient processes in the metabolically
active tissue.

A salient feature of biological tissuesisvariationin
morphological and physiological featureswithin the range
that are characteristically considered to be normal. One
conspicuous feature of our maps is the variation in the
distribution of elements and trace elements seen in the
different sections. Thisisafinding occurring both in the
normal skinaswell asintheclinically normal psoriatic skin.
Variationsinthedistribution of elementsand especially trace
elements, may be interpreted to indicate that there are
obvious differences in the detailed cellular physiology of
the differentiating keratinocytes. This interpretation is
underlined by our previous experiencefrom XRMA studies
of contact allergic reactionswhich show that the correlation
between the morphological image and the quantitative
elemental datais not adirect one[5, 16]. Thus, in certain
stratum cellsthat morphologically appear to besimilar, their
different physiological status in the patterns of elemental
distributions are revealed, as suggested by the elemental
maps and the horizontal distribution spectra(Fig. 4). Future
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investigationsusing, e.g., immunological techniquesto tag
different markersof differentiation in parallel with elemental
analysis, should provide an additional detailed insight into
thekeratinization process programmed to devel op acomplete
stratum corneum with afunctional barrier.

In the past, only occasionally has interest been
focused onto the elemental content of epidermis. The
pioneering study on psoriasisby Molin and Wester [19, 20]
using neutron activation analysis represents one such
attempt. Since the material analysed had its originin suc-
tion blister roofs, these datarel ate to the bulk content of the
main part of epidermisincluding the stratum corneum (Table
3). Hence, gradients of the elements cannot be detected.
Analysis performed with particle probes on skin cross
sectionsallowsrecognition of elemental (ion) distributions
in contrast to these earlier investigations performed on bulk
specimens. It isinteresting to note that our present datato
a great extent are compatible with those given by this
previouswork [19].

The previously reported finding that psoriatic pa
tients lose iron (Fe) through the shedding of stratum cor-
neum cellsin lesional areas [19] was given an interesting
corollary inarecent preliminary PIXE investigation where
clinically normal skin in psoriatic patients were shown to
contain higher than normal amounts of Fe [24]. We have
been able to verify this previous finding in our present
investigation (Fig. 3d).

In aprevious XRMA study [11], it was shown that
the concentrationsof Mg, Pand K werehigher in the stratum
germinativum, spinosum and granulosum compared to
corresponding strata in uninvolved psoriatic skin.
Concerning stratum germinativum, no conspicuous
difference was noted between either non-involved or in-
volved psoriatic skin as compared to non-psoriatic control
skin. Incomparison to uninvolved psoriatic skin, thevarious
strata of involved psoriatic skin showed a pattern of
elemental distributions typical for highly proliferative
neoplastic cells. Special notice may betaken of anincreased
Calevel in the upper strata of the epidermis of uninvolved
psoriatic and an unusually high P level of the stratum
corneum in the lesional psoriatic skin. The high P values
may be correlated to the presence of nuclear material inthe
diseased stratum corneum.

Aninteresting aspect of the Caand Zn distributions
is related to recent findings in lymphoid tumor cell lines
which have been shown to suffer apoptosis as a result of
increased Ca levels [2]. However, this effect was coun-
teracted when the Zn levels were increased. The ratio of
CalZn in stratum corneum of paralesional psoriatic skinis
approximately 8:1 compared to 12:1 in normal skin. This
suggests that the balance of Ca and Zn is shifted more
towardsfavoring Zn, and that the differentiation processin
the paralesional psoriatic skin may actually be an example
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of disturbed “ programmed cell death,” hencethe finding of
sporadic acanthotic cells in this skin. Though it is still
speculation that this effect is directly coupled to increased
cellular activity inthegerminative poal, theactual highlevels
of Fe compared to normal skin suggest such an increased
activity. Kurtz et al. [15] in their PIXE study of psoriasis
showed that Zn levelswere elevated in pinpoint lesions but
remained at normal levels in the control and old plague
specimens as compared to the control. No Fedistributions
were given, and the bulk data indicates a high degree of
variationinthe controlsand lower Fevaluesin the afflicted
skin compared to uninvolved psoriatic skin. Obviously,
more detailed particle probe analyses, preferably coordi-
nated with biochemical/immunological analysis, of the
tissues are required before the questions concerning levels
of Feand Zn content asrelated to cellular activity and ele-
mental distributions can be settled.

It is obvious that these initial experiments call for
analysis of alarger population of psoriatics. Not only the
clinically normal skin, but also lesional skin merits such
investigations. Future studies should help to relate the
variations in elemental content of specific strata to the
anabolic and catabolic processes that are the metabolic
expressions of cellular differentiation, e.g., apoptosis.

Conclusions

The Lund microprobe scanning system allows PIXE
analysisthat produces awealth of data allowing functional
analysis of the tissue physiology. A determination of
quantitative elemental content of the skin cross section,
e.g., from stratum corneum down into the dermis, ispossible
to extract from the maps choosing interfollicular areas (Fig.
3). Horizontal scans taken from the different strata of the
epidermisskin, i.e, parallel tothebasal lamina(whichisthe
border between the cellular epidermis and the essentially
non-cellular connective tissue of the dermis; Fig. 4), or the
stratum corneum gives an opportunity to study different
stages in the differentiation process. The dynamics of the
differentiating epidermisexpressed asredistributions of ions
thus provides a more detailed image of the cellular events
than morphology has hitherto given.

Normal-looking psoriatic skin harbors a number of
defectswhich inresponseto (@) crucial trigger(s) causesan
outbreak of a psoriatic lesion. Using the Lund scanning
microprobe system, we have been ableto present el emental
datawhich reflect this basic disturbance as abnormal trace
element distributions. PIXE thusrepresents anew method
for obtaining physiological information about skin disease
that should complement existing biochemical and
immunological approaches in the study of genetic
dermatoses.
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Discussion with Reviewers

J. Trevithick: Doestheprepsoriatic or psoriatic skinincrease
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in thickness? Could such apossibility exist, and if so how
would it affect the results?

Authors: Our material istoo small for astatistical analysis
of the thickness on normal-looking skin from psoriatic
individual sascompared to normal skin, but our impression
is that there is no such difference. If there is no specific
indication of an accelerated cell division cycle, we expect
no significant deviation from the data presented here.

J. Trevithick: Could part of the increased iron concen-
tration bearesult of an erythema-like reddening of the skin
which would not be visually perceptible? How might you
control for this possibility?

Authors: If thekind of phenomenon you suggest would be
at hand, wewould expect anincreasein theiron content of
the dermis due to an increased presence of hemoglobin or
derivatives of that in the connectivetissue. Thiswe do not
seein our maps of skin cross sectionswhich cover asbroad
aband of the dermisasthe epidermisiswide.
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