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Abstract

Aims: Histopathologic overlap between luparythematosuandcertain types of cutaneous T
cell ymphomaCTCL) is well documentedCD123+ pasmacytoid dendritic cells (PDCade
typically inereasedh lupus erythematosus, but have not beefi studied in CTCLWe aimed

to compareCD123 immunostaining and histopathologic features in these conditions.

Methods and ResultSkin biopsies of cutaneous lupus erythematoSu&( n=18), lupus
erythematosupanniculitis(LEP, n=17), mycosis fungoides (MF, n=25) and subcutaneous
panniculitislike T-cell lymphoma (SPTCL, n99vereretrospectively reviewed and
immunostaied'with CD123. Percentage, distribution, and clustering of CD&2Bswere
compared-betwee@LE and MF, and between LEP and SPTCL, using Chi-square an@ited-
t tests A higherpercentagef CD123+ cells was observed in CLE than MF (p<.6tore
frequently comprising20% of the entire infiltrate 0.01) and forming clusters (p<0)01
Similarly, LEP.showea higherpercentagef CD123+ cells than SPTCL (p=0.0t)pre
frequently.comprising20% of the infiltratgp=0.34) andforming clustergp=0.0). Basal
vacuolar change or dyskeratosis was observed in all CLE cases and in 48% cases of MF cases
(p=0.09. Plasma cells were readily identified 6% cases dfEP but in none of th&PTCL
caseqp=0.0]). Adipocyte rimming by lymphocytes, hyaline fat necrosis, and fibrinoid/grung
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necrosis did not significalytdiffer between LEP and SPTCDermal mucin also failed to

distinguish between groups.

Conclusions: CD123 immunostaining is helgfulifferentiatingCLE from MF and [EP from
SPTCL but'should be interpreted in conjunction with clinicopathologic features and other

ancillary studiego ensure accurate diagnosis.

Keywords:.CD123, cutaneous T-cell lymphoma, lupus erythematosus, mycosis fungoides,

plasmacyteid dendritic cells, subcutaneous pannicuikisT-cell lymphoma

| ntroduction

Histopathologicroverlap between cutaneous/subcutaneous éugtihe matosuand cutaneous T-
cell lymphemaCTCL) is well recognized and may present a diagnostic chall@tigeaugh
mycosis fungoides (MF) ieadily diagnosed when fully developed, classatures such as
Pautrier microabscesses are often lacking in early .¢hs®sSuch cases may mimic various
inflammatory dermatosesich aseczematous dermatitispnnective tissue disease, pigmented
purpuric dermatosis, and lichen sclerosus.(®6bhese cutaneous lupus erythematosus Ep
may enterthe.dfferential diagnosi®f MF wheninterface changg1-3, 710) or dyskeratotic
keratinoeyte@,3, 8)are presenConverselysome cases @LE mayshow a robust
lymphomatoidinfiltrate at the dermepidermal junction and around blood vessatgentially

raising concern.foMF.(6, 10, 11)

Even more noteriously challenging is thstohction betweernupuserythematosupanniculitis

(LEP) andsubcutaneous pannicudilike T-cell lymphoma (SPTCL{12-19) Several authors

have reported misdgnoss of LEP asSPTCLand vice vers§l4, 15, 2021) Specifically,

interface changes and other clageatures oL EP have been reported in SPTCL.(13, 18, 22, 23)
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The striking similaritie®f LEP and SPTCL have led some authorprtgpose that these entities
maybelong on aectrum ofT-cell dyscrasig12, 16) A European Organization for Research
and Treatment of Cancer study group reported th#t d@he patients with SPTCL had an
associated autoimmune dase, with pe third of those havingystemidupus

erythematosugl5) These findings further support a possible link betwedh aritl SPTCL.

Plasmacytoid dendritic cells (PDCshostcommonlystained withCD123,arerarelypresent in
normal skin.(24-26) The distribution and quantification of CD123+ PDCs have been studied i
variety ofinflammatory @érmatoseg¢18, 26-33) hcreased density and clustering of PDCs have
been noted'iall forms oflupus erythematosus(24, 26-28, 30, 31, 34, 35) including LEP.(18, 29,
36) In contrast,fteir density and distribution have been less rigorously studi€d @L. Only 3

prior studieshave examine®DCsin SPTCL, all of which found PDC clusteis significantly

fewer casesfxSPTCLthanin LEP.(18, 29, 37) Another 2 studidave utilizedhe

BDCA2/CD303 antibody taetectPDCs in addition to other dendritic cdlpes, in various

stages oMF and Sezary syndrome.(38, 39)

The goal of this study veatocompareCD123 immunstainingand various histopathaygic
featuresnlupus erythematosus (€ and LEP)and CTCL MF andSPTCL).
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Materials and Methods

After approval by the Institutional ReviewoBrd,the pathology database at University of
Michigan wassearchedor skin biopsies diagnosed a&E(discoid, subacute cutaneous, or
systemig;LEP;"MF,andSPTCLbetweenyears 2000 and 201An additional case of SPTCL
was obtained from Tufts Medical Centail cases wereidgnosed originally based on
clinicopathologic correlatigrwith supporting immunohistochemical andc@l recepto(TCR)
gene rearrangement studies as neediwical data were obtained from electronic medical
records.

Hematoxylin and eosin (H&E) stained sections of CLE andcsides were evaluated for the
following featuresbasal vacuolatiowith associated lymphocytesd/ordyskeratotic
keratinocytes, Pautrier microabscessaslanin incontinencencreased dermal muciand
readilyidentifiableplasma cellsFor LEP and SPTCL the following were evaluatbdsal
vacuolatiomswith associated lymphocytes andimkeratotic keratinocytesicreased dermal
mucin,adipocyte “rimming’by lymphocytesyreadilyidentifiableplasma cellshyaline fat

necrosisand fibrinoid/grungyat necrosigfibrinoid necrosis containing karyorrhectic debris).

CD123 immunohistochentiy was performed on all cas@$e majority of cases were
immunostaied at the University of Michigan research laboratory using the following protocol:
4-um thickssections were deparaffinized and heat-induced epitope retrieval wasneeriasing
the DakoPT_Link with a proprietary TriEDTA buffer pH 9 from Dakd¢FLEX retrieval

solution, high pH). After blocking endogenous peroxidase activity, the slides weratedor
120 minutes at'room temperature with a mouse monoclonal CD123 antibody (7G3, BD
Phamingen*Franklin Lakes, New Jersey) and subsequentlyotieden the EnVision FLEX
Mouse DAB detetion system (Dakp A small subset of cases was immunostained at the time of
original diagnosis using the same antibodyteBenchMark ULTRA slide staining platform
(Ventana Medieal Systems, Tucson, AZ) according to standard protocols validatedlinioal
immunohistochemistry laboratoriyrotein expression was detected using the ultraView
Universal DAB Detection Kit (Venta).

Plasmacytoid dendritic cellwere identifed bystrong and crisp CD123 staininfismall round

to ovalcellsoutside of blood vessels. The percentage of CD123+ BDtDe entire infiltrate
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was assessed semuantitatively from 0% to 100%lustersof CD123+PDCswere defined as
tight aggregates af15 CD123+ PDCs. Subcutaneous location of Rihitersand
intraepidermal PDCs were additionatgcorded Other immunohistochemical findings were

recorded from the original pathology reports.

Histopathologic and CD12&munohistochemicdindingswere comparetietweengroups:
CLE vs.MF, and LEP vs. SPTCL. Chi-squaeadtwo-tailedt-tess were used for categorical

and continuous data, respectivelyp-value 0f<0.05 was considerestatistically significant.

Results

EighteenCLEbiopsies from 18 patients, 2BF biopsies from 23 patients, 17 LEP biopdiesn

14 patients, and S8PTCLbiopsies from 9 patients were identifiectiéntswith CTCL (mean

age, ® years)were generallplder tharthosewith lupus erythematosusmgan 45 years)

(p<0.01). Emalepredominane was observed the lupus grougmaleto-femaleratio, 1:2.5),
whereas the'reverse was sdan CTCL grougdmaleto-femaleratio, 2:1). Anti-nuclear antibody
serologeswere available in a subset of cases and wes#ive in 9/11 CLE patients, 2 LEP
patients, 0/3 MFE patients, and 1/2 SPTCL patients. Falipwlata were available f8rCLE
patientsand=1:dEP patients, none of whom developed lymphoma over a mean follow-up period

of 4 and5 yearsrespectively

Thehistopathologic and immunohistochemical findings lEGNdMF are summarizeth
Table 1.Basal vacuolar changes and/or dyskeratotic cells were more frequently Sadntiman
in MF (p=0.05)(Fig 1A-B). Pautrier microabscesses were found exclusiveMF (p<0.01).

Increased dermal mugimelanin incontinengeand plasma celldid not show significant
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differences between these groups. The mean percesft@f@l 23+ PDCsvas higher irCLE
(219% Fig 1Q thanin MF (4%; Fig 1D) (p<0.0J). These cellsnore frequently comprisee20%
of the entire infiltratgp<0.01) andormedclusters §p<0.01) in @.E (Fig 1E) compared tdMF
(Fig 1F) Intraepidermal CD123+ PD@gerecommon in both groups.

The histopathologic and immunohistochemical findingsi® and SPTC are summarized in
Table 2.Plasma cells were readiigentifiedonly in LEP (Fig 2A) and not in SPTCLKig 2B)
(p=0.01). All otherexamined histpathdogic features failed to distinguish betwegnoups(Fig
2CD). The'mean percentagé CD123+ PDCsvas significantly higher in LB (17%) than in
SPTCL @%)(p=0.01). About half of the LE cases caisted 0£>20% CD123+ PDCgFig 2E)
while none of the SPTCL cases didg 2F)(p=0.04). The majority of LE cases contained
clusters ofsPDCs (Fig 2GWhichwas consistentlgbsent irSPTCL (Fig 2H) (p=0.01).
Intraepidermal{CD123+ cellsere smilarly common inboth groupsNonspecific, weak and
“fluffy” CD123 staining was noted in the subcutaneous fat in bdghand SPTClcaseswith
significantfat necrosigFig 3). Such staining appeared to be located in histiocytes and/or

extracellular' matrix.

Additional"immunohistocherpal stainswere performed on €LE cases7 LEP casesand all
CTCL caseat the time of diagnosig\ll examined lupus casehowed a normal €ell
immunophenotype except forllEP case. This latter cadesplayed a reversed CD4:CDS8 ratio
(1:3) but otherwiselassichistomorphologic features of LEP including vacuolar interface
changs, hyaline fat necrosis, increased dermal mucin, and incrgdassaa cells. All MF and

SPTCLcasesrevealed aberrantell immunophenotypes.

Results'offTCR'gene rearrangement stud{eerformed at time of diagnosiskweavailable for a
subset of MF, LEP, and SPTC@hsesA T-cell clone was identified in 4/5 (80%) MF cases, 0/5
(0%) LEP cases, and 4/4 (100%) SPTCL cases.

Discussion
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Although most cases ofLE arereadily distinguishblefrom MF, this differential diagnosisan
be challenging at time&or examplemild basal vacuolachangs andoccasional dyskeratotic
keratinocytes in MF may raise consideration faECwhereasCLE with a robust lymphocytic
infiltrate at the dermepdermal junction may simulatepidermotropism iMF. Likewise,
histopathologic overlap between BE&nd SPTCIis well recognize2-14 16-19, 22, 23, 29)
and has led to.a proposed spectrum of subcutaneoek dyscrasi®ncompassingdih entities
As distinction"between cutaneous/subcutaneous lupus erythematosD$@hds crucial for
guiding appropriate clinical workup ameatmentwe aimed toassess the utility of CD123

immunostainn addition to various histopathologic featureslifierentiating these entities

Plasmacytoid dendritic cedlare a subtype of dendritic cells that produqeetlyinterferons
(alpha/beta)These cells can be highlightbg immunohistochemistry for CD123 (interleukin-3
receptor o chain) or BDCA-2/CD303. The quantity and distribution of PDésy in different
inflammatory and neoplastoonditions.Increasechumber and clusterg of PDCshave been
describecascommon findings in CE(24, 26-28, 30, 31, 34, 35) and LEP,(18, a9l these
cellsare thought telay an important role ithe pathogenesis of lupus erythematosus.(26)

Only 2 previeus studieBave assessed the quantnd distribution of PDEin MF, neitherof
which has'compared theisultswith CLE or other inflammatory dermatosé33, 39)
Schwingshackét al noted an increased number ofgle and loosely aggregated PDCs in MF
compared-with.normal skin, and concluded that thumbemwasdependent on thatensity of
theinfiltrate.(38) Pileri et al alsoobserved rarose aggregatest PDCs in MF, and that tire
number was'significantly higher in stage IIB compared to stage d&#as€39) While these
results offered insight into the microenvironmenM#, the utility of CD123+PDGCs in
distinguishingMF from CLE remainedo beinvestigated

Of all histgpathdogic parameters compared betw&drE andMF, basal vacuolar changeand
dyskeratotic cellsvereof particular interest given their potenttalmasquerade MF asa
interface'dermatiti¢6, 8, 9) In our cohort, althoughese changeweremore frequently seeim
CLE, the difference barely reached statistical significgdpe®.05). Thespecificity of these
changesvas poor (52%)as nearly half of our MF casssowed thesteatures. Other series have

reported interface chang@ 59-766 of MF case$2, 3) Thesefindings should caution
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pathologists against using basal vacuolation and dyskeratotic keratinaloyteto exclude a
diagnosis of MF. Althougthe presence of Pautrier microabscesseshggmy specific (100%)
for MF, its sensitivity was low (48%)Thisis in keeping with previous reports Bautrier
microabscesses in less than half of MF cé3e3.7, 40) Pasma cells are commonly present in
connective_ tissue diseases including lupus erythematosus. Althougkeledsscribedn MF,
plasma cellhave been reported in 9% of MF/Sezary syndrome cases.(41) We found modest
amountofplasma cells in 24% afir MF cases, whetbeywerereadily identifiedandfailed to
distinguish'between CLE and MEastly, oth increased dermal mucin antelanin
incontinencga common consequence of interface dermatitese slightly more common in
CLE, but the associations fell short of statistical significance (p=0.0§gtHer, hese findings
indicate that histeathdogic distinction betwee@LE and MF has its limitatiogy andancillary
tools areneededn challenging cases

The percentagef PDCs and their tendency to form clusters in@UE cases wasimilar to that
reported previously.(28, 30, 31, 35) We found that aoffutf 20% PDCs separatéil E and
MF reasonably wellFurthermore, esence of PDC cluster(s) wasth highly sensitive (94%)
and speceifie«(£00%) for the diagnosis diEEwhencompared wittMF, rendering CD123a
superior diagnostic tool in distinguishing these conditidhe. percentage @LE cases with
intraepidermal CD123+ cells (100%) was higher than reported previouslygBh)s feature

was also common in MF artduswasnot helgul.

With regard tdthe comparison betweerEP and SPTCL, the onkgliablediscriminative
histopathologic feature in our study was the presence of readily identifiable plasma cells, seen
exclusively inLEP. Other histopathologic featurdeemecdhelpful in previous studiefsiled to

show significant differences in oursyélinefat necrosisvas more commoim LEP but was
observed indess thdralf of these casegibrinoid/grungynecrosis previously reported to be
supportive=of=SPTCL,(29) was seen at almost equal frequency in both groups. Adipocyte
rimming by-atypical lymphocytes was another useful feature accordipgetaous reports.(18,

29) In our experience, however, evaluation for lymphocytic atypia tendsstabpexive, asit

wasnot uncommon to find slightly hyperchromatic and irregular lymphocytes in VAP

therefore assessed for adipocyte rimming by lymphocggardless afhe degree aditypia, and

found no association with either grodghile thelimited utility of histopathologideatures in
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this differential diagnosisaybein partattributable to the small sample sizeSBfTCL inthis
cohort, our findings again highlightsignificant neefbr additional tools to help distinguish

these conditions.

The presence of PDCs has been examm&PTCL in comparison with LEP in 3 previous
studies All of these studiefound thatPDC clusters were more common ifEP but weralso
present ira smaller subset of SPTCL cag#8,29, 37) This featurenustthereforebe
interpreted.in the context of clinical, histopathologic, immunophenotypic and molaadiags.
As none of ourSPTCL cases show&f)% PDCs or BC clusterswe consider thesendings
highly specifie’for a diagnosis of LEP. Of note, we obsethaticaseswith fat necrosis teratl

to showweak," fluffy” CD123 staining of histiocytes and/or eatellular matrix in the subcutis
Such nonspeecifistainingcould lead to overinterpretation of PDC clusters. Recognition of the
strong andserisp staining tuie PDCs which aretypically small and round to oval in shape,
would avaid this pitfall. Also, a strict requirementdfS touching CD123+ PDCs in a PDC

cluster will likely improve the specificity of this finding.

Interestingly, L' LEP case demonstrated a reversed CD4:CD8 ratio. While this case was classified
as LEPbasedon a history of systemic lupus erythematosus and classic histopathologiedeatur
CD123+PDCs were notably abseéie therefore speculatiat the loss of PDCs could

represent an early sign of progression on the LEP-SPTCL spectrum. Unfoyttiniateltient

was lost tosfollowup a year after the biopsy, precludingther assessment

A major limitation of this study is the small sample size, espg@athe SPTCL group, due to
relativerarity"of'this candition and overepresentation afonsultcases from outside facilities
(hencelimited access to tissue block#)notherlimitation is that only a small subset of cases has
beenstudiedby TCR gene earrangement at the time of diagnphiswever)ack of evidenceof
progression to lymphoma in patients diagnosed wite &nd LEP provided additional support

for ther diagness.

In conclusion, eur study confirms that CD123 immunostain is a useful ancillary tool in
differentiatingCLE from MF,and LEP from SPTCLIn particular, CD123+ PDC clustease
highly specific for CLE and LEk thesecontexs. Although CD123 immunohistochemistry

shows sperior sensitivity and specificity compared to nfustopatholog featureseexamined in
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this study, itshould be interpreted in conjunction with clinical history, histopathologic
examination other immunohistochemical findings, and gene rearrangement studies (when

necessary) to ensure accurate diagnosis.
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Figure Legends

Figure 1.Selected Istopathologic features and CD123 immunostaining in cutaneous lupus
erythematesu€CLE) andmycosis fungoideéMF). A, An example ofCLE shows an interface
dermatitis,withiaggregates lyimphocytesat the dermoepidermal junctighematoxylin and

eosin [H&E], x200). B, An example of MF shows lymphocyte tagging and mild vacuotsdtion
the basal laygfH&E, x200. C and D,This case o€CLE demonstrates many CD123+
plasmacytoid dendritic cells (PDCs) constituting 30% of the entire inflammatory cell infiltrate
and forming prominent clusters (CD123 immbstochemistryx40 [C] and x100 [D]). E and

F, This example of MF shows fewer CD123+ PGsstituting 10% of the entire infiltrate
without clustering CD123 immundistochemistryx40 [E] and %100 [H]

Figure2. Selected Istopathologic features and CD123 immunostaining in l@pythematosus
panniculitis(LEP) and subcutaneous panniculilise T-cell lymphomaSPTCL) A, Plasma
cells andadipocyte rimming by lymphocytes in a case BFLhematoxylineosin H&E], x400).
B, Fibringid/grungy necrosis in LEP (H&E, x200). C, A subcutaneous lymphoid infiltnate i
SPTCLIlackssplasma celléH&E, x400. D, Increased dermal mucin a case oSPTCL(H&E,
x200. E and FAn exampleof LEP contains 40% CD12Z3plasmacytoid dendritic cell®DC9
with formation of several clusters, includisgmein the subcutaneodat (CD123
immunohistochemistryx20 [E] and x200 [F]). G and Hhis case ofSPTCL $iowsa few
scatteredCD123+PDCs constituting less than 10% of the infiltrate, without formation of
clusters (ED1T2&nmunohistochemistryx20 [G] and x200 [H]).

Figure 3:.Noenspécific CD123 immunostaining. An example of subcutaneous pannidilgktis-
cell lymphemawith prominent fat necrosismonstrates weand “fluffy” CD123 staining in
the subcutaneous famostly within histiocytegsolid arrows) This type of nonspecific staining
contrasts'with thetong and crisp staining of the small ovoid plasmacytoid dendritic cells

(empty arrowsyCD123 immunaistochemistryx400.

This article is protected by copyright. All rights reserved



Tables

Table 1. Comparison of clinical, histopathologic, and immunohistochemical (CD123) findings in

cutaneous lupus erythematosus (CLE) and mycosis fungoides (MF)

CLE MF p-value
(n=18) (n=25)
Mean age (years) 47 70 <0.01
Male-to-female ratio 1:2.6 31 0.04
Basal vacuolar changes or 18 (100%)) 12 (48%) 0.05
dyskeratosis
Pautrier microabscesses 0 (0%) 12 (48%) <0.01
Increased dermal mucin 13 (724) 8 (320) 0.06
Melanin incontinence 11 (62%) 6 (24%) 0.06
Readily identifiable plasma 7 (39%) 6 (24%) 0.37
cells
Mean % CD123+ cells 21% 4% <0.01
>20% CDJ23+ cells 12 (67%) 3 (12%) <0.01
Intraepidermal CD123+ cells | 18 (100%) 19 (76%) 0.40
CD123+ clustek(s) 17 (94%) 0 (0%) <0.01

Boldface indicates statistical significance.
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Table 2. Comparison of clinical, histopathologic, and immunohistochemical (CD123) findings in
lupus erythematosus panniculitis (LEP) and subcutaneous panniculitis-like T-cell lymphoma
(SPTCL)

LEP SPTCL p-value
(n=17) (n=9)
Mean age“(years) 43 54 0.20
Male-to-female ratio 1:2.4 1:1.3 0.65
Basal vacuolarichanges or 10/16 (630)° 27 (2%0)° 0.29
dyskeratosis
Increased dermal mucin 12 (720) 417 (57%)* 0.70
Adipocytesimming by 12 (71%) 8 (89%) 0.60
lymphocytes
Readily identifiable plasma cells 13 (76%) 0 (0%) 0.01
Hyaline fat necrosis 8 (47™0) 1 (11%) 0.14
Fibrinoid/grungy necrosis 5 (2%) 3 (3M) 0.88
Mean % CD2123+ cells 17% 2% 0.01
>20% CD123+ cells 8 (47%) 0 (0%) 0.04
Intraepidermal CD123+ cells | 4/16(25%)® 2/7 (29%)° 0.86
CD123+ cluster(s) in any locatig 12 (72%) 0 (0%) 0.01
CD123+ cluster(s) in fat 7 (41%) 0 (0%) 0.06

®Absence of epidermis and/or dermis precluded evaluation of these features in some cases.

Boldface indicates statistical significance.
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