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Abstract

Background: Discoid lupus erythematosus is a cutaneous disgisea worldwide distribution, and its pathogesesmains unclear.
Case Report:A 41 year old male was evaluated for hair losgatcthes on the scalp. We studied selected adpmitains expressed in
T, natural killer, neutrophil and mast cells; th@eseteins are important mediators for antigen ramegignaling in situMethods: Skin
biopsies for hematoxylin and eosin examinationwai as for direct immunofluorescence and immuntaaisemistry analysis were
performed.Results: Hematoxylin and eosin staining demonstrated dafesatures of lupus with focal dermal scarring;depinal
atrophy was noted, with lymphohistiocytic infiltestaround the skin appendages. Direct immunoflearesrevealed classic, lupus band
positive staining along the dermal/epidermal jumetiln addition, immune reactants were identifiechéurovascular areas, and around
pilosebaceous units. Immunohistochemistry stairsingwed positive staining for the T-cell antigeneqgor zeta chain, the linker for
activation of T cells, myeloperoxidase, cyclo-oxygse 2, melanoma-associated antigen 1, B cell leakgmphoma-2 associated X
protein, and BCL-2 markers. The positive staining wiaserved within the dermal inflammatory infiltrateound pilosebaceous units,
upper dermal blood vessels, and focally within iecsweat gland€Conclusions: The pathobiology of cutaneous lupus involves not
only the epidermis, but also dermal pilosebacemits,ueccrine sweat glands and blood vessels. &ustudies are recommended,
especially in the light of presented data regardirgll activation and proapototic molecules.

Streszczenie

Wstep: Dyskoidalny toczé rumieniowaty jest chorabskory z dystrybugj na calymséwiecie, a jej patogeneza jest niejas@mpis
przypadku: 41-letni nezczyzna zostat diagnozowany z powodu wypadania wiasé skérze gtowy. Badano ekspresje selektywnego
adaptera biatek na limfocytach T, komorkach-natkilér, neutrofilach i komérkach tucznych; biatita 1 waznymi mediatorami
receptora antygenu sygnalizacji in sitMetody: Wykonano biopsj skory w barwieniu hematoksylini eozyri, jak réwnie
immunofluorescengj bezpdredni i analiz; immunohistochemiczn Wyniki: Barwienie hematoksylini eozyry wykazaty klasyczne
cechy tocznia z ogniskamblizng skéry; obserwowano zanik naskoérka z lymphohistaxcymi naciekami w okbie przydatkow skory.
Immunofluorescencja bezgrednia wykazata klasyczne, lupus band pozytywnwieaie wzdhi polaczenia skéra / naskdrek. Ponadto,
immunologiczne reagenty zostaly zidentyfikowane bgszarach naczyniowych i w okolicy jednostek wiosdejowych. Barwienia
immunohistochemiczne wykazaty pozytywne barwied@éahtygenu T-cell receptorfaucha zetaatznika do aktywacji limfocytéw T,
MPO, cyklooksygenazy 2, antygenu Zmanego z czerniakiem 1, komérek B leukemia/lymph@naaviazanych z biatkiem X i BCL- 2
markera. Pozytywne barwienie stwierdzono w naciekpalnym skory, w olbie jednostek wlosowo-tojowych, gdrnych natzy
krwionosnych skary i ogniskowo w ekrynowych gruczotach potoh. Wnioski: Patobiologia skdérnej postaci tocznia nie dotygaiyat
naskorka, ale rownieskérnych jednostek wtosowo-tojowych, ekrynowycligrotow potowych i naczykrwionasnych. Niezledne g
dalsze badania, zwlaszczawietle przedstawionych danych dotgcgch aktywacji komorek T i proapototycznychisteczek.
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gruczoty potowe

Introduction disease [1]. Other, less common presentrationsidecl
Cutaneous lupus erythematosus (LE) covers tumid lupus erythematosus, lupus profundus, chitbla
broad morphological spectrum, extending beyondegcut lupus, mucosal lupus erythematosus and bullousslupu
subacute and chronic cutaneous lupus erythematosus, erythematosus [1]. Possible vascular sequelae mfslu
which are commonly classified as lupus-specificnski erythematosus include leukocytoclasis, urticarial
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vasculitis, livedoid vasculopathy and livedo relécis
[1]. Many previous histologic investigations have
emphasized 1) immune deposits at the dermoepiderm
junction (DEJ) of the base membrane zone (BMZ), i.e
the lupus band), and 2) the role of autoantibodied
antibody dependent cellular cytotoxicity in the
pathogenesis of LE [1]. It is known that autoimmune
helper cells drive pathogenic autoantibody produrctn
LE, but the mechanisms maintaining those pathogénic
cells are unknown. Here, we explore pertinent T cel
signaling activators, and the possible roles ofeoth
immune cells mediators in lupus erythematosus. W
include products derived from activated neutroplsilech
myeloperoxidase; and also other molecules located i
lupus susceptibility region on chromosome 1, sush a
cyclo-oxygenase 2.

Case report

A 41 year old male was evaluated for the
presence of hair loss, in patches in the scalppl@sical
exam, the patient demonstrated atrophic scaly scal
plagues, with hair loss inside the plaques. A lesigkin
biopsy was taken for hematoxylin and eosin (H&E)
analysis. In addition, direct immunofluorescencdH)D
and immunohistochemistry (IHC) studies were
performed.

Methods

In brief, skin preparations for H&E, DIF and
IHC studies were performed as previously describéd.
utilized antibodies from Dako (Carpinteria, Cali@
USA), including 1) anti-human cyclo-oxygenase 2
antibody (COX-2), which does not crossreact withlay
oxygenase 1, 2) th&-cell antigen receptor zeta chain
(ZAP-70 antibody), 3) the linker for activation ofcells
(LAT), myeloperoxidase, 4) mutated melanoma-
associated antigen 1 (MUM-1), 5) B cell
leukemia/lymphoma-2 associated X protein (BAX) and
6) BCL-2 antibody. The direct immunofluorescence
(DIF) and immunohistochemistry (IHC) studies
performed as previously described [2-10].

Results
Microscopic description:

Examination of the H&E tissue sections
demonstrated classic features of lupus erythemsitosy
focal atrophy and follicular plugging were notecthin
the epidermis. The presence of a mild, perifolbcul
concentric fibrosis and in few areas with some raogr
was seen. No significant interface inflammation was
noted. A mild, superficial and deep, perivasculad a
periadnexal dermal infiltrate of lymphocytes,
lymphocytes, plasmacytoid lymphocytes and histiesyt
was noted. Neutrophils and eosinophils were rariéd,M
perifollicular concentric fibrosis was observed, thwi
additional areas of interstitial scarring. The \afi
elastin special stain confirmed the extent of dérma
scarring (Fig. 1,2). Focal edema was also appextiat
around sebaceous and eccrine sweat glands. D
demonstrated the following staining results: 1gGH,(+
focal and linear at the epidermal basement membrar
zone (BMZ), sebaceous gland BMZs and within setecte
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neurovascular structures; IgA (-); IgM (+, focahdar
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epidermal BMZ and dermal perivascular); IggE (+, in
selected papillary dermal cells; Complement/C1q, (++
focal and linear at epidermal BMZ and sebaceousdgla
BMZs); Complement/C3 (++, focal linear epidermal
BMZ and sebaceous gland BMZs, and surrounding some
dermal neurovascular structures; Complement/C4 (++,
focal perifollicular ~and  surrounding  dermal
neurovascular structures); Kappa and Lambda light
chains (+, focal punctate epidermal BMZ, and
surrounding dermal neurovascular structures andatswe
glands); Albumin (++, focal linear epidermal BMZdan
sebaceous gland BMZs); fibrinogen (++, focal linear
epidermal BMZ and sebaceous gland BMZs) and,
finally, ZAP-70, LAT, myeloperoxidase, COX-2, MUM-

1, and BCL-2 (+), around dermal sebaceous and sweat
glands, and dermal blood vessels (Fig. 1,2). Inteahd
some of these final antibodies clearly reacted it
BMZs of the sebaceous and sweat glands.

Discussion

Consistent histopathologic features in many
cutaneous lesions of LE include a perivascular
mononuclear cell infiltrate, with subsequent inveshent
of the epidermis and dermal appendages. The higtolo
alterations affecting the epidermis, dermis, andeadl
structures reflect the specific lesion biopsied,d an
lesional age at the time of biopsy [11,12]. The tipld
clinical and serologic forms of lupus erythematosus
cannot reliably be distinguished histologically, ig¥h
supports the premise that lupus erythematosus is a
disease presenting a wide spectrum of clinical
manifestations and a common underlying pathogenesis
[11,1 2].
In our case, we were able to observe how skin alnex
structures and dermal blood vessels interfaced thith
pathologic inflammatory infiltrate; specifically, Tells
and neutrophil activated, downstream cell signaling
molecules seem to play significant roles in the
pathophysiology. Most of the markers of immune
activation were identified in the adnexal structuré/e
were able to identify the presence of COX-2, an
inducible enzyme that is normally absent in skifisce
however, in response to growth factors, tumor prenso
and some cytokines, it exhibits a rapid and tramsie
expression. In addition, ZAP-70 plays a role in
lymphocyte activation. It is known that autoimmuhe
helper cells drive pathogenic autoantibody produrctn
systemic lupus erythematosus (SLE); however, the
pathologic mechanisms maintaining these T cells are
unknown. Here we demonstrated both TCR (T-cell
antigen receptor) mediated and pre-TCR mediated
signaling, both in developing and mature T lymphesy
LAT is involved in FcGR3 (low affinity immunoglobial
gamma Fc region receptor lll)-mediated signaling in
natural killer cells, as well as FcER1 (high affini
immunoglobulin epsilon receptor)-mediated signaling
mast cells. Coupled activation of these receptord a
their associated kinases would then result in doeas
intracellular  events, including mobilization of
intracellular calcium stores, PKC activation, MAPK
activation and/or cytoskeletal reorganization tigfodhe
recruitment of PLCG1, GRB2, GRAP2, and other
signaling molecules.



T
H
‘5
i
¥

T

T Ly R )
S s
T

Figure 1. a H&E, showing atrophy of the epidermis, folliculslugging and no significant hyperkeratosis Mild,
perifollicular concentric fibrosis is present, witldditional focal interstitial scarring. A mild, gerficial, perivascular and
periadnexal dermal inflammatory infiltrate is alsoted. Focal edema is present within the dermgeaally around hair
follicular units (blue arrow)b. Positive staining within a hair follicle with thRlUM-1 antibody (brown staining; red
arrow).c. Positive staining with LAT antibody on an uppermat perivascular infiltrate (brown staining; blueaavs).

d. Positive staining with anti-BAX antibody acceneitat the basement membrane zone (BMZ) of the episleas well
as on individual cells within the papillary derntisgwn staining; red arrowsg. Positive staining with FITC conjugated
anti-human-Complement/C3 against the BMZ of thelepnis (green staining; red arrow) and against ugpemal blood
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vessels (green staining; yellow arrow).Positive staining with FITC conjugated anti-huntmplement/C3 against the
BMZ of a sebaceous glands and some areas withiglémel (green staining; red arrowg)IHC positive staining of a hair
follicle with complement/C3, at the BMZ of the héitlicle and inside the hair follicle (brown stéig; red arrows).

h. Complement/C1q positive IHC staining inside the fallicle shaft and at the epidermal BMZ areadyn staining; red
arrows).i, COX-2 positive staining at the BMZ of a hair foillar unit and in a perifollicular inflammatoryfiltirate(dark
staining; red arrows).. IHC positive staining with BCL-2 on inflammatocglls around sebaceous glands (dark staining;
maroon arrows)k. IHC positive staining with ZAP-70 inside an eoerigland coil (dark staining; maroon arrowspDIF
positive staining against eccrine sweat glandsgusiiC conjugated anti-human IgG (green stainirgdioyv arrows).

Autoreactive T cells are normally eliminated by
1) functional inactivation (anergy) and 2) actieat
induced cell death (AICD; directed apoptosis) tigtou
death receptor (Fas) signalingdther authors have
reported that activated T cells of lupus patiergsist
anergy and apoptosis by markedly upregulating an
sustaining COX-2 expression [13]. Inhibition of C@X
caused apoptosis of the anergy-resistant lupudi log
augmenting Fas signaling and markedly decreasiag th
survival molecule c-FLIP (cellular homolog of viral
FLICE inhibitory protein) [13]. Studies with COX-2
inhibitors and COX-2 deficient mice confirmed thhis
COX-2/FLIP antiapoptosis program has been use
selectively by anergy-resistant lupus T cells, ant by
cancer cells or other autoimmune T cells [13]. Kbta
the gene encoding COX-2 is located in a lupus

susceptibility region on chromosome 1. The sameg

authors also found that selected COX-2 inhibitoesen
able to suppress the production of
autoantibodies to DNA by causing autoimmune T-cel
apoptosis, an effect that was independent o
prostaglandin E (PGE) [13]. These findings could be
useful in the design of lupus therapies. Our COdafa
is consistent with expression of this molecule fre t
context of clinical lupus erythematosus.

The ZAP-70 gene encodes an enzyme belonging to th
tyrosine kinase protein family; ZAP-70 plays roles
both T lymphocyte development and activation [T4]e
ZAP-70 enzyme, which is phosphorylated on its tyr®s
residues upon T cell antigen receptor (TCR) stitmurha
functions in the initial step of TCR-mediated signa
transduction in combination with Src family kinases

pathogeni¢
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Mutations in the ZAP-70 gene result in a form ofese
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combined immunodeficiency (SCID) syndrome in
humans [14]. ZAP-70 expression is also found in a
subset of chronic lymphocytic leukemia patientshwit
unmutated Ig genes and a poor clinical course [14].,

a transmembrane adaptor protein expressed in
lymphocytes, natural killer cells and mast cebsaliso an
important mediator for TCR signaling [14]. Upon TCR
engagement, activated ZAP-70 phosphorylates LAT at
multiple conserved tyrosine residues within SH2dbig
motifs, exposing these motifs as the docking sftes
downstream signaling targets [14]. The phosphtioia
process in LAT eventually leads to activation o€ th
corresponding signaling pathways [14].

In regard to the positive staining for BAX, the BAX
protein is a pro-apoptotic member of the Bcl-2 fgnoif
proteins; BAX is found in many cell types [15]. Bexa
cytosolic protein that translocates to the mitoch@n
and participates in Cytochrome c release in respoms
apoptotic stimuli [15]. Aberrant expression of B@L-
family members can inappropriately promote or pneve
apoptosis. Increased expression of BAX is assatiate
with the apoptotic loss of neurons in Parkinsomsgakse
[15]. Given 1) the presence of junctional zone igyto
bodies in many cases of LE and 2) our BAX IHC
findings, the role of BAX proapototic molecules it
warrants further investigation.

Based on our findings, the T cells and the celhaligg
cascades are actively targeting not only the BM&, b
also skin adnexal structures; thus, the process timay
result in dermal scarring and hair loss in someepts
with LE. Additional studies are necessary to furthe
explore and define these pathophysiologic posg#sli
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Figure 2. a. Positive IHC staining using anti-human BCL-2 batly against some areas of an eccrine sweat g(dads-
brown staining; red arrowsh. Positive anti-human-ZAP-70 antibody staining onedaseous gland?lease notice how
some staining areas are accentuated along the BMEeogland, and some staining areas accentuatiddhvihe gland
interior(brown staining; red arrowsy. ZAP-70 positive IHC staining in multiple pattermithin and around a sebaceous
gland. The patterns include dots inside and outidegland, clustered dot staining, and along thadyBMZ (brown
staining; red arrows)Y. A Verhoeff elastin special stain confirms the exteihdermal scarring (red arrowg, DIF positive
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staining with FITC conjugated anti-human-1gG, ipanctate dot pattern around a hair follicle uniligw staining; red
arrow).f, Positive DIF lupus band staining at the epiderBMZ with FITC conjugated anti-human-complement/@d(t
yellow staining; red arrows) Positive IHC staining with anti-human LAT antibodyound a hair follicular unit (brown
stain, red arrowsh. Positive DIF staining with FITC conjugated antirmn-Complement/C3 against some neurovascular
structures (yellow/green staining; red arrows).Positive IHC staining with anti-human COX-2 irhair follicle and the
eccrine gland coils (brown staining).Positive follicular and perifollicular IHC stainingith anti-human myeloperoxidase
(brown staining; red arrows). Positive IHC staining with anti-human myeloid higtiantigen antibody within and near a
sebaceous gland (brown staining; red arroldpositive IHC staining with anti-human MUM-1 antibodround a hair

follicle (brown staining; red arrow).
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