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Abstract

Dermatopathic lymphadenopathy is a distinctive form of paracortical lymph node hyperplasia that usually occurs in the
setting of chronic dermatologic disorders. The aim of this study is to update our understanding of the clinicopathologic and
immunophenotypic features of dermatopathic lymphadenopathy. The study cohort was 50 lymph node samples from 42
patients diagnosed with dermatopathic lymphadenopathy. The patients included 29 women and 13 men with a median age of
49 years (range, 12-79). Twenty-two (52%) patients had a dermatologic disorder, including mycosis fungoides (n = 6),
chronic inflammatory dermatoses (n = 13), melanoma (n = 1), squamous cell carcinoma (n = 1), and Kaposi sarcoma in the
context of human immunodeficiency virus infection (n=1). Twenty (48%) patients did not have dermatologic
manifestations. Lymph node biopsy specimens were axillary (n = 22), inguinal (n = 21), cervical (n = 4), and intramammary
(n=3). All lymph nodes showed paracortical areas expanded by lymphocytes; dendritic cells, including interdigitating
dendritic cells and Langerhans cells; and macrophages. Melanophages were detected in 48 (98%) lymph nodes.
Immunohistochemical analysis provided results that are somewhat different from those previously reported in the literature.
In the paracortical areas of lymph node, S100 protein was expressed in virtually all dendritic cells, and CD1a was expressed
in a significantly greater percentage of cells than langerin (80 vs. 35%, p <0.0001). These results suggest that the
paracortical regions of dermatopathic lymphadenopathy harbor at least three immunophenotypic subsets of dendritic cells:
Langerhans cells (S100", CD1a™®i€", Jangerin™), interdigitating dendritic cells (S100", CD1a*!°") langerin™), and a third
(S100", CD1a™, langerin~) minor population of dendritic cells. Furthermore, in more than 60% of dermatopathic lymph
nodes, langerin highlighted trabecular and medullary sinuses and cords, showing a linear and reticular staining pattern,
which could be a pitfall in the differential diagnosis with Langerhans cell histiocytosis involving lymph nodes.

Introduction

Dermatopathic lymphadenopathy is a distinctive pattern of
paracortical lymph node hyperplasia that typically occurs in
Supplementary information The online version of this article (https:// the setting of chronic skin diseases [1-3]. The original
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In recent years, much has been learned about the
immunophysiology underlying the histologic features of
dermatopathic lymphadenopathy [5-9]. Evaluation of
antigen-presenting dendritic cell subsets present in
healthy and chronically inflamed skin, as well as in skin-
draining lymph nodes, suggests that cutaneous Langer-
hans cells and other types of dendritic cells migrate to the
T-cell rich areas of regional lymph nodes where they
mediate an appropriate immune response [1, 5-8, 10].
This migration occurs in response to persistent antigenic
stimuli with subsequent local production of cytokines,
such as tumor necrosis factor-alpha, that downregulate
epithelial adhesion molecules facilitating migration.
Moreover, the characteristic accumulation of melano-
phages in dermatopathic lymph nodes might result, at
least in some cases, from pigmentary incontinence and
enhanced melanophagocytosis in inflamed skin, with
subsequent migration of melanophages through lymphatic
vessels to lymph nodes [8, 10-12].

Except for a few studies published nearly three decades
ago, only isolated reports have systematically evaluated
the clinicopathologic and immunophenotypic features
of dermatopathic lymphadenopathy [1, 8, 10, 13—18]. In
this study, we aim to provide an update on the clin-
icopathologic and immunophenotypic features of derma-
topathic lymphadenopathy.

Materials and methods
Study group

The study cohort included 50 lymph node samples from
42 patients diagnosed with dermatopathic lymphadeno-
pathy. Only lymph nodes without overt morphologic
evidence of involvement by B- or T-cell lymphoma were
included in the study group. In every case, the lymph
nodes were clinically abnormal, defined as 1.5 cm or lar-
ger in the longest transverse diameter or, regardless of
size, being firm, irregular, clustered, or fixed on physical
examination [19]. Available paraffin blocks or unstained
slides from 20 lymph node samples were retrieved from
the archives of the Department of Hematopathology at
The University of Texas MD Anderson Cancer Center
from January 1, 2009 through December 31, 2017. In
addition, paraffin blocks of 30 lymph node samples were
culled from the archives of the Department of Pathology
at Mount Sinai Medical Center from January 1, 2011
through December 31, 2018. Available clinical and
laboratory data were retrieved from the medical records.
The study was conducted under Institutional Review
Board—-approved protocols.

Histologic evaluation

Hematoxylin and eosin (H&E)-stained slides were obtained
from formalin-fixed, paraffin-embedded tissue sections,
including 42 excisional and 8 core biopsy specimens of
lymph nodes with dermatopathic lymphadenopathy. All
lymph node specimens were independently reviewed by
three authors. Dermatopathic lymphadenopathy was defined
morphologically as expansion of lymph node paracortical
areas by a mixed cellular infiltrate including lymphocytes
and dendritic cells, the latter with elongated, delicately fol-
ded, or twisted nuclear contours and abundant pale eosino-
philic cytoplasm. For inclusion in this study, we required
paracortical dendritic cells to be arranged in confluent col-
lections of >20 cells. This criterion facilitated the distinction
between mild dermatopathic lymphadenopathy from non-
specific reactive paracortical hyperplasia, in which dendritic
cells are usually evenly and singly scattered imparting a
starry-sky appearance. Dermatopathic lymph nodes also
harbor other immune cells including macrophages, plasma
cells, and eosinophils. The presence of melanin pigment was
not considered as an inclusion or exclusion criterion; nor
was the coexistence or lack of a dermatologic disorder
[1, 2, 4, 13, 14].

The extent of paracortical expansion in H&E-stained
sections of lymph nodes with dermatopathic lymphadeno-
pathy was assessed using an Olympus glass eyepiece
(WH10x/22) at 200x magnification, and stratified into three
categories as follows: mild (category 1), with easily dis-
cernible, confluent aggregates of >20 dendritic cells that do
not exceed a 200x power microscopic field; moderate
(category 2), showing confluent aggregates of dendritic cells
forming vague nodules or networks broader than a 200x
power microscopic field but without compression or per-
ipheralization of cortical lymphoid follicles toward the
capsule and/or trabeculae; and severe or “florid” (category 3)
dermatopathic lymphadenopathy, with confluent aggregates
of dendritic cells forming vague nodules or networks
broader than a 200x power microscopic field, and associated
with compression and peripheralization of lymphoid cortical
follicles toward the capsule and/or trabeculae. The amount
of intracytoplasmic melanin, defined as fine, non-refractile
dark-brown granules in macrophages, was assessed micro-
scopically at 20x and 600x magnification and was not
considered in the grading system. When present, the amount
of melanin pigment was semi-quantified as follows: abun-
dant, when the pigment was obvious at low power (20x)
magnification; scant, when the pigment was only recognized
after careful examination at high (600x) magnification;
and moderate, when the amount was between these two
extremes. We also assessed microscopically, at 600x mag-
nification, for the presence of other types of intracytoplasmic
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pigmented particles in macrophages, including hemosiderin,
recognized as refractile golden-yellow to golden-brown
globular particles; and tattoo pigment, identified as coarse
black non-refractile granules.

The presence of atypical lymphocytes with cerebriform
or hyperconvoluted nuclei was assessed in every case using
an Olympus glass eyepiece (WH10X/22) at 1000x magni-
fication under oil immersion and categorized using the
National Cancer Institute-Veterans Administration Hospital
classification (NCI-VA); as follows: LNO, no atypical
(cerebriform) lymphocytes; LN1, occasional and isolated
atypical lymphocytes; LN2, many atypical lymphocytes in
clusters of three to six cells and LN3, aggregates of atypical
lymphocytes with preserved nodal architecture [19]. Cases
were also classified according to the International Society
for Cutaneous Lymphomas/European Organization for
Research and Treatment of Cancer (ISCL/EORTC) staging
system [19]. By definition, no cases with partial or complete
effacement of the nodal architecture by atypical lympho-
cytes or frankly neoplastic cells that would have been
classified as stage LN4 (NCI) or stage N3 (ISCL/EORTC)
were included in this study. Paracortical eosinophils, neu-
trophils, plasma cells, and mitotic figures were quantified as
the average number in ten high power fields (400x) and
classified as O (absent), 1+ (1-3 per high power field), 2+
(4-5 per high power field), and 3+ (>5 per high power
field). We also assessed for the presence of reactive folli-
cular hyperplasia defined as one or more hyperplastic
follicles with germinal centers; and, for the presence of
Castleman-like changes, defined as the presence of three or
more follicles with both regressive changes and onion skin-
like mantle zones. We additionally evaluated the vascular
architecture of dermatopathic lymph nodes; and assessed for
the presence of capsular and/or trabecular fibrosis.

Immunohistochemistry and flow cytometry

Immunohistochemical studies were performed on fixed,
paraffin-embedded tissue sections using different systems in
each of the two institutions. At MD Anderson Cancer
Center, we used an automated immunostainer (BOND III:
Leica Biosystems, Buffalo Grove, IL, USA) as described
previously [20]. At Mount Sinai Medical Center, immuno-
histochemical analysis was carried out in a Ventana auto-
mated immunostainer (Ventana BenchMark Ultra, Tucson,
AZ, USA) as described previously [21]. The following
antibodies, some of which differed in the two institutions,
were used on all 50 lymph node specimens: CDla (Leica
Biosystem, Newcastle, UK; or Cell Marque, Rocklin, CA,
USA); S100 protein (BioGenex, Fremont, CA, USA; or
Cell Marque), and langerin (CD207) (clone 12D6, Novo-
castra/Vision Biosystem, Benton Lane, Newcastle-upon-
Tyne, UK). Additional antibodies were used on smaller
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subsets of lymph node specimens including: CD21 (Leica
Biosystem; or Cell Marque); CD30, CD163, E-Cadherin
(DAKO, Carpinteria, CA, USA; or Cell Marque); CD68
(clone KP1, DAKO, Glostrup, Denmark; or Cell Marque);
BRAF V600E (VE-1) (Spring Bioscience, Pleasanton, CA,
USA); cyclin D1 (clone SP4, Labvision/Neomarkers, Fre-
mont, CA, USA; or clone SP4-R, Ventana, Tucson, AZ,
USA); anti-Ki-67 (Ventana); and the highly specific p-ERK
antibody (anti-phospho-p44/42 MAPK [Erk1/2] [Thr202/
Tyr204]) (clone D13.14.4E, dilution 1:300, Cell Signaling,
Danvers, MA, USA); CD11c and CD33 (Novocastra/Vision
Biosystem); CD123 (Leica Biosystem); and desmin, smooth
muscle, actin and vimentin (Ventana).

Using antibodies specific for CDla, CDI1lc, CD21,
CD33, CD68, CD163, E-cadherin, langerin, and S100-
protein, we quantified the approximate percentage of posi-
tive cells among the total number of histiocytic cells
(including dendritic cells and macrophages) colonizing each
of three main lymph node compartments (i.e. cortex, para-
cortex, and sinuses) by visualization at 100x and 400x
magnification. The approximate percentage of positive cells
was rounded to the nearest fifth percentile and recorded.
Lymph node samples were considered positive if staining
was present in >5% of histiocytic cells.

Immunoblasts were defined as CD30-positive medium-
sized lymphoid cells with visible nucleoli, quantified in the
paracortex as the average in ten high power microscopic
fields (X400) and reported as: O (absent), (1+) 1 to 4;
(2+), 5-15; and (3+) >15 immunoblasts per high power
field. In ten lymph node samples with >15 immunoblasts
per high power field, we also performed ALK1 and CD15
(Labvision/Neomarkers; or Ventana). The Ki-67 pro-
liferative index was defined as the percentage of positive
cells among the total number of cells in the paracortex of
dermatopathic lymph nodes, and categorized as: <15%,
15-30%, and >30%.

Flow cytometry immunophenotypic analysis was per-
formed on 24 lymph node samples, including six lymph
node samples from six patients with mycosis fungoides. At
least four-color analysis was performed on all samples, and
lymphocytes were gated using CD45 and side scatter. At
MD Anderson Cancer center, standard multicolor analysis
was performed using the FACS Canto II instrument (Becton
Dickinson, San Jose, CA, USA), and at Mount Sinai
Medical Center, using a Beckman Coulter FC500 analyzer
(Miami, FL, USA) as described previously [22]. A variable
panel of antibodies was used at the two institutions, which
included varying combinations of reagents specific for:
CD2, CD3, CD4, CD5, CD7, CD8, CD10, CD16, CD19,
CD20, CD22, CD23, CD25, CD26, CD30, CD43, CD45,
CD52, CD56, CD57, CD94, CD79b, TCR of chain, and
TCR vd chain and surface immunoglobulin light chains
(Becton-Dickinson; or Beckman Coulter).
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Molecular studies

In ten lymph node samples, including all six samples
from patients with mycosis fungoides, TRG and TRB were
assessed for rearrangements using polymerase chain
reaction-based methods on DNA extracted from paraffin-
embedded tissues as described previously [23]. In five
lymph node samples that were not involved by T-cell
lymphoma as demonstrated by both negative flow cyto-
metry immunophenotyping and clonality studies, we
performed amplicon-based next-generation sequencing
targeting the coding regions of a panel of 146 genes
that are commonly mutated in hematopoietic neoplasms
using the Ion Torrent platform (Thermo Fisher Scientific,
Waltham, MA, USA) using DNA extracted from paraffin-
embedded tissues as described previously [24]. A com-
plete list of the genes tested is available in Supplementary
file 1. For four sequenced cases, we were able to retrieve
tissues that were not involved by dermatopathic lym-
phadenopathy or lymphoma to be used as a control. We
used 20 ng of DNA to prepare the genomic library. Fol-
lowing successful library generation and purification,
DNA was used for multiplex sequencing and analyzed
using the Torrent Suite and OncoSeek data pipeline.

Statistical analysis

Statistical analysis was performed using GraphPad Prism
8.2.11 (GraphPad Software, La Jolla, CA, USA). Fisher
exact test and the Mann—Whitney U test were used to assess
categorical and continuous variables, respectively. A p <
0.05 was considered statistically significant.

Results
Clinical features

The study group included 29 women and 13 men with a
median age of 49 years (range, 12—79). The clinical features
and the flow cytometry immunophenotyping and molecular
results are summarized in Table 1. All patients had lym-
phadenopathy; 22 (52%) patients had a dermatologic dis-
order, including mycosis fungoides (n = 6), atopic dermatitis
(n = 6), psoriasis (n = 2), erythrodermic drug reaction rela-
ted to therapy for classic Hodgkin lymphoma (n = 2), stasis
dermatitis (n = 2), chronic contact dermatitis (n = 1), mela-
noma (n = 1), squamous cell carcinoma (n = 1), and Kaposi
sarcoma in a patient with human immunodeficiency
virus infection (n = 1). Twenty (48%) patients did not have
dermatologic manifestations, including eight patients with
breast carcinoma, seven in whom lymphadenopathy was the
only clinical finding and one patient each with prostatic

adenocarcinoma, classic Hodgkin lymphoma, monoclonal
B-cell lymphocytosis, lipoma of the posterior neck, and non-
cutaneous extranodal Rosai—Dorfman disease. In 40 (95%)
patients, lymphadenopathy was discovered during physical
examination or by imaging studies performed for the
assessment of dermatologic or non-dermatologic disease
including mammography, magnetic resonance imaging,
computed tomography, and/or positron emission tomo-
graphy scans. In one patient (#17), the enlarged lymph node
was an incidental finding detected by computed tomography
scan performed following a motor vehicle accident. One
patient (#36) had an enlarged lymph node detected during
routine screening mammogram.

Lymphadenopathy was exclusively axillary in 15 (36%),
inguinal in six (14%) and cervical in three (7%) patients.
Ten (24%) patients had lymphadenopathy involving the
axillary and inguinal regions; three (7%) patients had axil-
lary and ipsilateral intramammary lymphadenopathy, and
five (12%) patients had multicompartmental lymphadeno-
pathy, including axillary, inguinal, and cervical regions.
Among the latter group, two patients also had mediastinal
lymphadenopathy. Lymphadenopathy was bilateral in 23
(55%) patients and unilateral in 19 (45%) patients. Lymph
node biopsy specimens were axillary in 22 (44%), inguinal
in 21 (42%), cervical in 4 (8%), and intramammary in 3
(6%) cases. In patients with a history of dermatologic dis-
orders, the median interval from onset of dermatologic
manifestations to detection of dermatopathic lymphadeno-
pathy was 28 months (range, 1-207 months). Lymph nodes
were not tender on palpation in 38 (90%) patients; 4 (10%)
patients had tender lymph nodes (patients # 9, #36, #37, and
#42). Radiologically, the maximal diameter of the largest
lymph node in each patient ranged from 1 to 3.5cm
(median, 1.8 cm). None of the patients had bone or lung
lesions on radiologic examination.

Clinical follow-up data were available for 29 patients. The
median follow-up time was 33 months (range, 1-92 months).
Among eight patients who underwent subsequent lymph node
biopsy, 5 (#4, #7, #28, #30 and #41) showed persistent der-
matopathic lymphadenopathy. None of the patients with
associated benign dermatologic diseases and available follow-
up data developed cutaneous lymphoma. Thirteen patients
were lost to follow-up.

Histologic features

All lymph nodes showed expanded paracortical regions by a
mixed cellular infiltrate that included lymphocytes, variably
sized aggregates of dendritic cells and occasional macro-
phages. Langerhans cells were morphologically indis-
tinguishable from other dendritic cell subsets; these cells had
ill-defined cell borders, elongated and delicately folded or
twisted nuclear contours with occasional nuclear grooves,
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Table 1 Clinical features, flow cytometry immunophenotyping and molecular results in patients with dermatopathic lymphadenopathy.

Patient no. Age® Sex Associated disease Interval from skin LAD anatomic distribution FC of LN PCR analysis of TRG NGS
disease to DL (months) with DL and TRB genes results
1 23 F MF 55 Bilateral, multicompartmental Negative Polyclonal No
mutations
2 43 M MF 6 Unilateral axillary Negative Polyclonal No
mutations
3 64 F AD 78 Bilateral axillary and inguinal Negative Polyclonal No
mutations
4 48 F AD 13 Bilateral, multicompartmental Negative Polyclonal No
mutations
5 50 M  Chronic contact dermatitis 81 Bilateral axillary and inguinal Negative Polyclonal NA
6 55 F  Breast carcinoma NA Unilateral axillary NA NA NA
7 12 M Erythrodermic drug cruptionb 20 Unilateral axillary and inguinal Negative NA No )
mutations
8 59 F Breast carcinoma NA Unilateral axillary NA NA NA
9 19 M AD 68 Bilateral axillary and inguinal Negative NA NA
10 28 F Non-cutaneous RDD NA Bilateral inguinal Negative NA NA
11 44 F Melanoma 6 Bilateral axillary and inguinal NA NA NA
12 46 M  No significant® NA Unilateral axillary NA NA NA
13 36 M Erythrodermic drug eruptionb 62 Bilateral axillary NA NA NA
14 69 M  CLL-type MBL NA Bilateral axillary Negative NA NA
15 71 F MF 207 Bilateral axillary Negative Polyclonal NA
16 30 F CHL NA Unilateral axillary NA NA NA
17 55 F  No significant® NA Unilateral axillary Negative NA NA
18 52 F AD 7 Unilateral inguinal Negative NA NA
19 51 M MF 13 Bilateral axillary and Inguinal Negative Polyclonal NA
20 54 F  SCC of head and neck 1 Unilateral cervical NA NA NA
21 50 M HIV-associated Kaposi sarcoma of skin of 2 Bilateral, multicompartmental Negative NA NA
lower extremities (including mediastinal)
22 46 F Breast carcinoma NA Unilateral axillary and intramammary NA NA NA
23 40 F Breast carcinoma NA Unilateral axillary NA NA NA
24 79 M Prostatic adenocarcinoma NA Bilateral inguinal NA NA NA
25 72 F MF 35 Bilateral axillary and inguinal Positive Monoclonal NA
26 38 F AD 13 Bilateral, multicompartmental Negative Polyclonal NA
27 75 M Stasis dermatitis of lower extremities® 58 Bilateral inguinal NA NA NA
28 48 F  Breast carcinoma NA Unilateral axillary NA NA NA
29 48 F Psoriasis 154 Unilateral cervical Negative NA NA
30 69 F  Breast carcinoma NA Unilateral axillary and intramammary ~ NA NA NA
31 23 F No significant® NA Bilateral axillary NA NA NA
32 36 F  No significant® NA Unilateral axillary NA NA NA
33 53 M Lipoma of posterior neck NA Unilateral cervical NA NA NA
34 59 F Breast carcinoma NA Unilateral axillary and intramammary NA NA NA
35 63 F AD 17 Bilateral, multicompartmental Negative NA NA
(including mediastinal)
36 52 F No significant? NA Bilateral axillary Negative NA NA
37 48 F  No significant® NA Unilateral inguinal Negative NA NA
38 51 F Stasis dermatitis of lower extremities® 83 Bilateral inguinal Negative NA NA
39 76 F MF 16 Bilateral axillary and inguinal Positive Monoclonal NA
40 42 F No significant® NA Bilateral axillary and inguinal Negative NA NA
41 27 F Breast carcinoma NA Unilateral axillary NA NA NA
42 43 M Psoriasis 122 Bilateral axillary and inguinal Negative NA NA

AD atopic dermatitis, CHL classic Hodgkin lymphoma, CLL chronic lymphocytic leukemia, DL dermatopathic lymphadenopathy, F female, FC
flow cytometry immunophenotyping, HIV human immunodeficiency virus, LAD lymphadenopathy, LN lymph node, M male, MBL monoclonal
B-cell lymphocytosis, m months, MF mycosis fungoides, NA not available, NGS next-generation sequencing, PCR polymerase chain reaction,
RDD Rosai-Dorfman disease, SCC squamous cell carcinoma, TRB T-cell receptor beta, TRG T-cell receptor gamma

“Indicates age at time of diagnosis of dermatopathic lymphadenopathy

The erythrodermic drug eruption was related to therapy for classic Hodgkin lymphoma
“Palpable lymphadenopathy in a patient with no other significant medical history
dLymphadenopathy detected incidentally on radiologic imaging

lacy or vesicular chromatin, inconspicuous nucleoli and pale  (42%). (Figs. 1-5) Melanophages were present in sinuses
eosinophilic cytoplasm, often with fine vacuoles. (Figs. 1-5)  and paracortical areas in 48 (98%) lymph node samples,
The extent of the nodal paracortical expansion was stratified including 11 (22%) with scant, 18 (36%) moderate and 19
as follows: mild (category 1) in 13 (26%), moderate (cate- (38%) with abundant melanin pigment. In addition, 8 (16%)
gory 2) in 16 (32%) and severe or florid (category 3) in 21 ~ lymph nodes showed hemosiderin-laden macrophages,
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Fig. 1 Florid dermatopathic lymphadenopathy (category 3) asso-
ciated with mycosis fungoides (Patient #2). a The paracortex
is expanded by vaguely nodular, pale-staining cellular aggregates.
Follicles are frequently compressed toward the lymph node capsule and
trabeculae (arrows). Pigment is observed even at low-power magnifi-
cation (arrowhead) (20x). b Under oil immersion, occasional scattered
atypical (cerebriform) lymphocytes are seen in association with a mixed
histiocytic infiltrate (arrows), however, flow cytometry immunopheno-
typing and polymerase chain reaction studies of this lymph node were

which were discernible only at high power (600x) magni-
fication, and mostly distributed within sinuses and near
vessels in the paracortex. None of the lymph nodes analyzed
showed tattoo pigment deposits. Lymph nodes from patients
with dermatologic disorders more commonly showed severe
or florid (category 3) dermatopathic changes vs. patients
without associated skin disorders (66% vs. 10%, p <0.0001).
However, no significant difference in the quantity of mela-
nophages was observed between lymph node samples in the
two patient groups.

Paracortical eosinophils were present in 24 (48%) lymph
node samples, including 18 (36%) with 14 and 6 (12%)

iy A 8

_ :Langerin/CD207

negative for antigenic aberrancies and T-cell clonality, respectively
(1000x). ¢ This case showed occasional follicles with Castleman-like
changes consisting of regressive changes and onionskin-like mantle
zones (400x). d The paracortical histiocytic cell infiltrate showed a
homogeneous strong and diffuse expression of S100 protein, and
e CD1a showed heterogeneity in the intensity of staining of paracortical
dendritic cells, which comprised about 80% of histiocytic cells (100x).
f In contrast, langerin/207 highlighted only 10% of the histiocytic
infiltrate (100x).

with 24 eosinophils. None of the cases showed an average
count of more than 5 eosinophils per high power micro-
scopic field (3+) or eosinophilic clustering (“‘eosinophilic
microabscesses”). (Fig. Sa, inset) In 45 (90%) lymph nodes,
plasma cells were a part of the paracortical cellular infiltrate,
but always infrequent (1+) and scattered (Fig. 3b). In 2 (4%)
lymph node samples (cases #7 and #21), neutrophils were
part of the mixed paracortical infiltrate, albeit at a low level
(1+4). In the paracortex, 30 (60%) lymph nodes showed a 1+
mitotic score and 9 (18%) a 2+ mitotic score (Fig. 2c); no
lymph nodes showed a mean mitotic count >5 per high
power microscopic field (3+). In 38 (76%) lymph nodes, the
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Fig. 2 Dermatopathic
lymphadenopathy, moderate
(category 2), associated with
atopic dermatitis (Patient #3).
a The paracortex is expanded by
pale-staining cellular meshworks
without compression of
lymphoid follicles (40x). b The
paracortical infiltrate is
composed of Langerhans cells
and other cytomorphologically
indistinguishable dendritic cells,
macrophages and lymphocytes
including immunoblasts. There
are many thin-walled capillaries.
¢ Under oil immersion, there are
rare mitotic figures (arrowhead)
(1000x%). d This case showed
markedly increased CD30-
positive immunoblasts, without
immunophenotypic aberrancies
(200x). Immunostains for CD15
and ALK1 were negative (not
shown). e The paracortical
dendritic cell infiltrate showed
heterogeneous expression of
CDla, comprising ~80% of the
total histiocytic cells. f In
contrast, langerin/207
highlighted only 10% of the
histiocytic cell infiltrate (100x).

paracortical infiltrate was rich in small, thin-walled, occa-
sionally branching blood vessels. (Figs. 2b, 3b).

In 47 (94%) lymph nodes, the subcapsular, trabecular,
and medullary sinuses were patent; however, three (6%)
lymph nodes with “florid” (category 3) disease showed
partial compression of sinuses by the paracortical infiltrate
(Figs. la and 5a). When patent, lymph node sinuses har-
bored numerous histiocytes with and without intracyto-
plasmic melanin pigment. There was mild to moderate
plasmacytosis of the medullary cords in 42 (84%) lymph
nodes. Twenty-nine (58%) lymph nodes showed reactive
follicular hyperplasia (Figs. la, 2a, and 3a) and 18 (36%)
lymph nodes showed follicles with Castleman-like changes
(Figs. 1c and 3a, inset). There was mild fibrosis of the
lymph node capsule and/or fibrous trabeculae in 15 (36%)
of 42 excisional lymph node specimens. In two (4%)
samples (patients #2 and #10), inguinal lymph nodes also
showed a proliferation of thick-walled blood vessels,
smooth muscle bundles and fibroblasts in the hilum, diag-
nostic of angiomyomatous hamartoma. None of the lymph
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nodes showed giant cells, granulomas, areas of necrosis, or
overt morphologic evidence of involvement by lymphoma.
A summary of the histopathologic features of 50 lymph
nodes with dermatopathic lymphadenopathy is provided in
Table 2.

Immunophenotypic features

All 50 lymph node specimens showed paracortical expan-
sion by mixed populations of dendritic cells that were
variably positive for S100 protein, CD1a and langerin. S100
protein was positive in 80-90% (median, 90%) and CD1a in
70-90% (median, 80%) of the total dendritic cells in the
paracortex. Of note, whereas S100 protein was homo-
geneously strong in every lymph node sample (Fig. 1d), the
intensity of CD1a expression among individual paracortical
dendritic cells was heterogeneous, including subsets of
dendritic cells with strong intensity and others with weak to
moderate intensity. (Figs. le, 2e, 5¢ and 5c, inset) Con-
versely, langerin highlighted dendritic cells corresponding
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Fig. 3 Dermatopathic lymphadenopathy, mild (category 1), not
associated with a dermatologic disorder (Case 17). a There is
paracortical colonization by easily discernable, confluent aggregates of
at least 20 pale-staining cells in the paracortex (arrowheads). The
aggregate did not exceed a 200x power field. This case showed
occasional follicles with Castleman-like changes (100x; 400x, inset).
b The paracortical infiltrate is composed of Langerhans cells, other

to 10-70% (median, 40%) of all paracortical histiocytic
cells, a significantly lower proportion of positive cells than
those highlighted by CDla (p <0.0001). (Figs. 1f, 2f, 3d
and Se, inset).

In 40 lymph node samples, a larger battery of antibodies
was used. In all samples tested, CD68 and CD163 were
positive in macrophages predominately surrounding the
trabecular and medullary sinuses, away from the lymph
node capsule, and corresponded to 10-25% (median, 15%)
of all paracortical histiocytic cells. All lymph node samples
tested showed weak expression of E-cadherin by scattered
or loose aggregates of paracortical dendritic cells, com-
prising 5-20% (median, 10%) of paracortical histiocytic
cells. CD21 was negative in the paracortex of all lymph
nodes tested. Cyclin D1 and p-ERK were negative in
paracortical dendritic cells; nevertheless, these markers
were expressed in the nuclei of rare macrophages, corre-
sponding to <10% of histiocytic cells in the paracortex.
BRAF V600E (VE-1) was negative in the paracortex, cortex
and sinuses of all lymph node samples assessed. CD30-
positive immunoblasts were scattered in the paracortical
regions, with an average count per high power microscopic
field as follows: 12 (30%) lymph nodes with 1-4 immu-
noblasts; 14 (35%) lymph nodes with 5-15 immunoblasts;

RE27aN , NPT
B

Langerin/CD207

cytomorphologically indistinguishable dendritic cells, and pigment-
laden macrophages. There are many thin-walled capillaries and scat-
tered plasma cells (arrows) ¢, d More than 90% of the paracortical
mixed histiocytic cell infiltrate expressed S100 protein (not shown);
CD1a was expressed in ~80% of histiocytic cells. In contrast, langerin
highlighted only 20% of the histiocytic infiltrate (100x).

and 14 (35%) lymph nodes with >15 immunoblasts
(Fig. 2d). Immunoblasts did not form aggregates or sheets,
were not located within sinusoids and were negative for
CD15 and ALKI in all cases tested. In the paracortical
regions, Ki-67 showed a proliferative index of <15% in 31
(78%) lymph node and 15-30% in 9 (22%) lymph node
samples; none of the lymph nodes tested showed a pro-
liferative index >30%. In ten lymph node specimens tested,
antibodies specific for CD11c and CD33 highlighted vir-
tually all paracortical histiocytic cells. In addition, two of
three samples tested for CD123 highlighted occasional
loose clusters of plasmacytoid dendritic cells, which were
predominately distributed in the deep paracortical areas,
especially around blood vessels.

In the cortex, CD21 highlighted follicular dendritic cells
and CDllc was positive in rare scattered dendritic cells
associated with lymphoid follicles. Follicular dendritic
cells were negative for all other markers tested including
CDla, langerin, S100 protein, CD68, CD163, E-cadherin,
cyclin D1, and p-ERK.

In the subcapsular, trabecular, and medullary sinuses,
CD163 highlighted macrophages, corresponding to
90-100% (median, 90%) of histiocytic cells within sinuses
(Fig. 4e). Similarly, CD68 was positive in 90-100%
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Table 2 Summary of histopathologic features of 50 lymph node samples from patients with dermatopathic lymphadenopathy, including

comparison between cases associated and unassociated with mycosis fungoides.

All cases (%) MF (%) Non-MF (%) P value
Lymphadenopathy distribution (n = 42)
Axillary 15/42 (36) 2/6 (33) 13/36 (36) 0.9999
Inguinal 6/42 (14) 0/6 6/36 (17) 0.5688
Axillary and inguinal 10/42 (24) 3/6 (50) 7/36 (19) 0.1349
Intramammary 3/42 (7) 0/6 3/36 (8) 0.9999
Cervical 3/42 (7) 0/6 3/36 (8) 0.9999
Multicompartmental 5/42 (12) 1/6 (17) 4/36 (12) 0.5378
Laterality
Unilateral 19/42 (45) 1/6 (17) 18/36 (50) 0.1973
Bilateral 23/42 (55) 5/6 (83) 18/36 (50)
Histopathologic features (n = 50)
DL categories 0.0556
(1) Mild 13/50 (26) 1/9 (11) 12/41 (29)
(2) Moderate 16/50 (32) 1/9 (11) 15/41 (37)
(3) Severe 21/50 (42) 7/9 (78) 14/41 (34) 0.0253*
Atypical (cerebriform) lymphocytes
Present 35/50 (70) 8/9 (89) 27/41 (66) 0.2465
Absent 15/50 (30) 1/9 (11) 14/41 (34)
NCI-VA classification**
LNO 15/50 (30) 1/9 (11) 14/41 (34) 0.3760
LNI 19/50 (38) 4/9 (44.5) 15/41 (37)
LN2 16/50 (32) 4/9 (44.5) 12/41 (29)
LN3 0/50 0/9 0/41
LN4 0/50 0/9 0/41
Pigment-laden macrophages 0.2021
Absent 2/50 (4) 0/9 2/41 (5)
Scant 11/50 (22) 1/9 (11) 10741 (24)
Moderate 18/50 (36) 6/9 (67) 12/41 (29)
Abundant 19/50 (38) 2/9 (22) 17/41 (42)
Lymph node paracortex
Eosinophils®
0 26/50 (52) 3/9 (33) 23/41 (56) 0.3851
1+ 18/50 (36) 5/9 (56) 13/41 (32)
2+ 6/50 (12) 1/9 (11) 5/41 (12)
3+ 0/50 0/9 0/41
Mitotic figures®
0 11/50 (22) 1/9 (11) 10/41 (24) 0.6765
1+ 30/50 (60) 6/9 (67) 24/41 (59)
2+ 9/50 (18) 2/9 (22) 7/41 (17)
3+ 0/50 0/9 0/41
Immunoblasts®
0 0/40 0/7 0/33
1+ 12/40 (30) 1/7 (14) 11/33 (33) 0.3702
2+ 14/40 (35) 2/7 (29) 12/33 (37)
3+ 14/40 (35) 4/7 (57) 10/33 (30)
Small thin-walled branching blood vessels 0.4251
Present 38/50 (76) 8/9 (89) 30/41 (73)
Absent 12/50 (24) 1/9 (11) 11/41 (27)
Immunophenotype of paracortical histiocytic cells
S100 protein, median (range) (%) 90 (80-90) 90 (90-90) 90 (80-90) 0.1830
CDla, median (range) (%) 80 (70-90) 90 (70-90) 80 (70-90) 0.6294
Langerin, median (range) (%) 35 (10-70) 10 (10-60) 30 (10-60) 0.0826
Lymph node cortex
Castleman-like changes® >0.9999
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Table 2 (continued)

All cases (%) MF (%) Non-MF (%) P value
Present 18/50 (36) 3/9 (33) 15/41 (37)
Absent 32/50 (64) 6/9 (67) 26/41 (63)

Follicular hyperplasia >0.9999
Present 29/50 (58) 5/9 (56) 24/41 (58)
Absent 21/50 (42) 4/9 (44) 17/41 (42)

Capsule and trabeculae

Fibrosis 0.4255
Present 15/42 (36) 4/8 (50) 11/34 (33)
Absent 27/42 (64) 4/8 (50) 23/34 (67)

*Statistically significant P values

**In the presence of clinically abnormal lymph nodes, NCI-VA grades LN 0 to 2 correspond to nodal stage N1 according to the International
Society for Cutaneous Lymphomas/European Organization for Research and Treatment of Cancer (ISCL/EORTC) staging system

“Paracortical eosinophils and mitotic figures were quantified as the average number in ten high power fields (400x) and classified as: O (absent), 1+
(1-3 per high power field), 2+ (4-5 per high power field) and 3+ (>5 per high power field)

*Immunoblasts, defined as CD30-positive medium-sized lymphoid cells with visible nucleoli were quantified in the paracortex as the average in ten
high power fields (400x) and reported as: O (absent), (+) 1-4, (2+) 5-15, and (3+) >15 immunoblasts per high power field

Castleman-like changes were defined as the presence of three or more follicles with both regressive changes and onion skin-like mantle zones

Fig. 4 Dermatopathic lymphadenopathy. a Partially involving a
lymph node (Patient #25) showing patent sinuses and medullary cords
(x20) b, ¢ Langerin/CD207 shows a linear and reticular pattern of
immunopositivity in cells of the lymph node conduit system including
trabecular sinuses, medullary sinuses and cords (20x, 400x); d without

4
cD163 Ao

coexpression CD1a (20x); or cyclin D1, which highlights the nuclei of
sinus macrophages and endothelial cells (x200, inset). e, f Sinus
macrophages are positive for CD163 (e) and CD68 (f) comprising
~90% of sinus histiocytic cells (x20, x400 inset).
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Table 3 Summary of the results of immunohistochemical analysis of histiocytic cells in lymph nodes with dermatopathic lymphadenopathy.

Marker Paracortex

Sinuses

Positive cases over total
cases tested (%)*

Percentage of histiocytic cells
positive for the marker

Positive cases over
total cases tested (%)*

Percentage of histiocytic cells
positive for the marker

$100 protein® 50/50 (100) 80-90% (median, 90%) 0/50 NA

CD1a“ 50/50 (100) 70-90% (median, 80%) 0/50 NA

Langerin/CD207 50/50 (100) 10-70% (median, 35%) 31/50 (62) NA¢

CDl11c 10/10 (100) 100% 10/10 (100) 100%

CD33 10/10 (100) 100% 10/10 (100) 100%

CD68 (KP1) 40/40 (100) 10-25% (median, 15%) 40/40 (100) 90-100% (median, 90%)

CD163 40/40 (100) 10-25% (median, 15%) 40/40 (100) 90-100% (median, 90%)

E-cadherin 40/40 (100) 5-20% (median, 10%) 0/40 NA

BRAF V600E 0/40 NA 0/40 NA

(VE-1)

Cyclin D1 40/40 (macrophages only)>'  <10% 38/40 (95)F 5-25% in 20 (53%)
25-50% in 15 (39%)
>50% in 3 (8%)

p-ERK 40/40 (macrophages only)*  <10% 0/40 NA

NA not applicable

Cases were considered positive if staining was present in 25% of histiocytic cells

°In every case, the intensity of staining of S100 protein and langerin in the paracortical areas was strong and homogenous

“In each individual case, CD1a showed heterogeneous (weak, moderate, and strong) intensity of staining

dLangerin-positive cells in the sinuses of dermatopathic lymph nodes were arranged in meshworks delineating lymph node sinuses and did not
display the typical morphology of sinus histiocytes. Therefore quantification in relation to the total number of sinus histiocytic cells was not

performed

Although in paracortical lymph node areas cyclin D1 and p-ERK were negative in dendritic cells, these markers were expressed in the nucleus of

rare (<10%) paracortical macrophages

'In each individual case, the intensity of cyclin D1 expression was heterogeneous, varying from weak to moderate

(median, 90%) of histiocytic cells within sinuses in all
lymph nodes examined (Fig. 4f). CD11lc was positive in
virtually all histiocytic cells within sinuses. Cyclin D1
highlighted the nuclei of sinus histiocytic cells in 38 (95%)
of 40 lymph nodes examined; specifically, 5-25% of the
sinus histiocytic cells in 20 (53%) lymph node samples,
25-50% of the sinus histiocytic cells in 15 (39%), and in
>50% of sinus histiocytic cells in 3 (8%) samples assessed.
Notably, the intensity of cyclin D1 expression was broadly
heterogeneous among individual cells, varying from weak
to moderate. (Fig. 4d, inset) Unexpectedly, langerin was
expressed by cells in the sinuses and medullary cords of 31
(62%) of 50 lymph nodes examined, showing moderate to
strong staining intensity. Furthermore, in every positive
case, langerin-positive cells were organized into tight linear
meshworks delineating the walls of the lymph node sinuses
and medullary cords, instead of showing the typical mor-
phology and distribution of sinus histiocytes (Fig. 4b, c). In
25 (81%) of 31 lymph nodes, langerin-positive cells were
present in the trabecular sinuses, medullary sinuses and
cords; and in 6 (19%) samples langerin-positive cells were
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additionally found in the subcapsular sinuses. Notably,
these langerin-positive cells were negative for CDla
(Fig. 4d). Cyclin D1 (Fig. 4f, inset) and fibroblastic reticular
cell markers such as desmin, smooth muscle actin, and
vimentin failed to reveal a staining pattern similar to that
shown by langerin. S100 protein, E-cadherin, and p-ERK
highlighted <5% of histiocytic cells within sinuses. A
summary of the results of the immunohistochemical ana-
lysis of histiocytic cells in lymph nodes with dermatopathic
lymphadenopathy is provided in Table 3.

The immunophenotype of B cells, T cells, and plasma
cells was assessed by flow cytometry in 24 lymph node
samples, including those from patients with clinical history
B- or T-cell lymphoma. B-cells and plasma cells were
polytypic in all samples. Among a total of six lymph node
samples from six patients with mycosis fungoides that were
analyzed by flow cytometry, two (patients #25 and #39)
showed aberrant T-cell populations, which comprised ~10%
and 15% of the total lymphocyte population, respectively.
The remaining, 22 lymph node samples tested did not show
aberrant expression of T-cell antigens.
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Comparison between dermatopathic
lymphadenopathy associated and unassociated with
mycosis fungoides

We compared key clinicopathologic and immunophenotypic
features of dermatopathic lymphadenopathy arising in the
setting of mycosis fungoides with cases not associated with
mycosis fungoides (Table 2). Lymph node samples from
patients with mycosis fungoides showed florid (category 3)
dermatopathic changes significantly more often than lymph
nodes from patients without associated mycosis fungoides
(78 vs. 34%, p =0.0253). Conversely, the latter group dis-
played the full spectrum of dermatopathic changes ranging
from mild to severe. Notably, lymph node specimens from
patients with and without mycosis fungoides showed atypi-
cal lymphocytes with cerebriform or hyperconvoluted nuclei
(89% vs. 66%, p =0.2465), corresponding to stages LNO to
LN2 when classified according to the National Cancer
Institute-Veterans Administration Hospital system (NCI-VA)
and stage N1 according to the ISCL/EORTC classification.
As defined by our inclusion criteria, none of the lymph node
samples showed partial or complete architectural effacement
by atypical cerebriform lymphocytes that would be con-
sistent with stages LN3 or LN4 NCI, or N2 or N3 (ISCL/
EORTC). No other clinicopathologic or immunophenotypic
differences were observed between the two subgroups. A
summary of key clinicopathologic and immunophenotypic
features, including a comparison between cases of derma-
topathic lymphadenopathy associated and unassociated with
mycosis fungoides is provided in Table 2.

Molecular results

As stated above, the 146-gene panel included genes shown
previously to be relevant to the pathogenesis of histiocytic
disorders such as ARAF, BRAF, CCNDI, ERBBI, ERBB2,
ERBB3, KRAS, MAP2K1, NRAS, PIK3CA, SRC, and SMADA.
No gene mutations were detected in five patients with avail-
able DNA from lymph node biopsy samples. Assessment of
clonality revealed monoclonal TRG and TRB rearrangements
in two (20%) of ten samples, both from patients with mycosis
fungoides (patient #25 and #39). The other eight lymph
node samples tested, including four samples of dermatopathic
lymphadenopathy occurring in the setting of mycosis fun-
goides, showed a polyclonal pattern of 7RG and TRB
rearrangements.

Discussion

Dermatopathic lymphadenopathy is a distinctive lymph
node reaction pattern that typically occurs in patients with
cutaneous diseases. Other than case reports, most studies on

dermatopathic lymphadenopathy were published over two
decades ago when there were relatively few antibodies
available and, as a result, detailed immunophenotypic stu-
dies of dermatopathic lymphadenopathy are few. In this
study, we present an update on the clinicopathologic fea-
tures of dermatopathic lymphadenopathy with a special
focus on the immunophenotype and distribution of histio-
cytic cells (i.e., dendritic cells, macrophages, and others) in
the different compartments of dermatopathic lymph nodes.

All lymph node specimens in this study showed typical
histopathologic features of dermatopathic lymphadenopathy,
including paracortical areas expanded by varying numbers
of pale-staining dendritic cells and lymphocytes. Immuno-
histochemical analysis, however, yielded results that are
somewhat different from those previously reported in the
literature [2, 24]. In all cases, we observed that S100 protein
and CD1a were expressed by paracortical dendritic cells to a
very similar extent and distribution. However, whereas S100
protein consistently showed strong, homogeneous reactivity,
the intensity of CDla among individual paracortical den-
dritic cells was heterogeneous, including dendritic cells with
strong/high expression of CDla, closely intermingled with
other dendritic cells with weak/low intensity of expression of
CDla. Another finding of note is that the number of CD1a-
positive cells in the paracortical areas was significantly
higher than the number of langerin expressing cells.

These findings are better understood in light of recent
advances in the characterization and classification of human
dendritic cell subsets [6, 7, 25]. Dendritic cells are bone
marrow-derived members of the mononuclear phagocyte
system found in the circulation, lymphoid tissues, and other
organs including the spleen, liver, skin, lungs, and intestines
[6, 7]. Dendritic cells constitute the most efficient translators
between the innate and adaptive immune system due to their
capacity to capture, process, and present antigens on major
histocompatibility complex molecules and activate naive
T-cells [6, 7, 26-29]. A recently proposed unified classifi-
cation identifies three main types of human dendritic cell
subsets: plasmacytoid dendritic cells and myeloid (“classi-
cal”) dendritic cells, types 1 and 2. Plasmacytoid dendritic
cells have eccentric nuclei, prominent endoplasmic reticu-
lum, and a Golgi complex to produce type I and type III
interferon; these cells express CD123 (interleukin-3 recep-
tor), CD303 (BDCA-2; blood dendritic cell antigen 2), and
CD304 (BDCA-4), and do not express CDllc or the
myeloid antigens CD13 and CD33. Type 2 myeloid den-
dritic cells represent the major population of myeloid den-
dritic cells in blood and lymphoid and nonlymphoid organs;
most interdigitating dendritic cells in the T-cell areas in
lymph nodes correspond to type 2 myeloid dendritic cells
[6]. Type 1 myeloid dendritic cells are found at one-tenth
the frequency of type 2 dendritic cells in steady-state blood,
among resident dendritic cells of lymph nodes and other
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tissues. Immunophenotypically, while both type 1 and type
2 myeloid dendritic cells express CD13 and CD33, only
type 2 myeloid dendritic cells show CDla expression,
which is characteristically low/dim [6, 7, 29]. Other markers
frequently used by experimental immunologists to distin-
guish type 1 from type 2 include CD1c (BDCA-1), CD11b,
and CD172a (SIRP alpha; signal-regulatory protein alpha)
which are expressed by type 2 but not type 1 myeloid
dendritic cells; and CD141 (BDCA-3) which is expressed
by type 1 myeloid dendritic cells [6, 25]. In a separate
category are Langerhans cells, which are specialized self-
renewing dendritic cells that share a primitive origin with
brain microglia and other tissue macrophages, as they ori-
ginate from yolk sac-derived myeloid progenitors and fetal
liver monocytes (embryonic derived) [6, 7, 26]. Immuno-
phenotypically, Langerhans cells can be distinguished from
type 2 myeloid dendritic cells by their high expression of
the C-type lectin langerin, an endocytic receptor that indu-
ces the formation of Birbeck granules; and by higher/
brighter expression of CDla [6, 7, 26-29]. Table 4

summarizes the major mononuclear phagocyte (histiocyte)
categories and their immunophenotype.

Taken together, these data and the findings we present
suggest that the paracortical regions of dermatopathic lymph
nodes harbor, at minimum, three immunophenotypically
distinct subsets of dendritic cells. These subsets include:
Langerhans cells (S100+, CDIla™®V Jangerin™hieh),
interdigitating dendritic cells, which likely consists of type 2
myeloid dendritic cells (S100+, CDla+"o%), langerin-); and,
at least, a third minor population of S100 protein-positive
dendritic cells that do not express CD1a and langerin, pos-
sibly corresponding to type 1 myeloid dendritic cells [6, 30].
These findings add information to the usual simplified
description of dermatopathic lymph nodes as harboring only
two types of dendritic cells in the paracortex (i.e., inter-
digitating dendritic cells and Langerhans cells). Furthermore,
our findings show that CDla is not expressed exclusively
by Langerhans cells, but also by other dendritic cell
subsets in dermatopathic lymph nodes. Others have descri-
bed the immunophenotypic heterogeneity of dendritic-cell

Table 4 Major mononuclear phagocyte (histiocyte) categories and their immunophenotype [6, 8, 25, 41, 56, 57].

Marker Plasmacytoid Langerhans cells Myeloid or “classical” Macrophagesb Monocytes

dendritic cells dendritic cells

Type 1 Type 2 M1 M2

CDla _ - HIGH _ 4 Low _ _ _
CD1c¢/BCDA-1 - + - + NA NA +/—
CD11b - + _ + + + +
CDl11c _ 4 Low 4 Low 4 HIGH + 4 I
CD13 - + + + + + +
CD14 - - - — + + +
CD33 - + + + + + +
CD68 (KP1) + + NA NA + + +
CD68 (PG-M1) + +/— NA NA + + +
CD123/IL3«x + - - - - - -
CD141/BDCA-3 - - + — NA NA +
CD163 - - - - - + +
CD172a/SIRPa - + - + + + +
CD207/Langerin - -+ HIGH - 8 — _ _
CD303/BDCA-2 + - - - _ _ _
CD304/BDCA-4 + - - - NA NA NA
Birbeck granules - + - - — - —
E-cadherin - + - — _ _ _
EpCAM - + - - - - —

BCDA-1I blood-derived circulating antigen-1, BCDA-2 blood-derived circulating antigen-2, BCDA-3 blood-derived circulating antigen-3, BCDA-4
blood-derived circulating antigen-4, EpCAM epithelial cell adhesion molecule, /L3« interleukin-3 receptor alpha, NA not available, SIRPa signall

regulatory protein alpha

“In myeloid dendritic cells type 2, langerin has been detected at low levels in vivo, and at high levels in vitro in response to transforming growth

factor-beta stimulation

"M (classically activated) and M2 (alternatively activated) denote the two major functional categories of macrophages
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Fig. 5 Comparison of pathologic and immunophenotypic findings
between dermatopathic lymphadenopathy and Langerhans cell
histiocytosis involving lymph nodes. a A case of florid (category 3)
dermatopathic lymphadenopathy (case 4) with massive expansion of
the lymph node paracortex by nodular, pale-staining areas composed
of Langerhans cells and other dendritic cells (20x). The inset shows
dendritic cells with delicately folded nuclei, pigment-laden macro-
phages and occasional eosinophils (1000x). b A case of Langerhans
cell histiocytosis involving lymph node in a predominantly sinus
pattern (100x). The inset shows neoplastic Langerhans cells admixed
with giant cells (arrow) and many eosinophils, frequently forming
“eosinophilic abscesses” (1000x). ¢ In the case of dermatopathic

populations colonizing the paracortex of skin-draining
lymph nodes [5, 8, 9]. Angel et al. using dual-color immu-
nofluorescence-based methods examined antigen-presenting
cell-populations inhabiting the paracortex of histologically
normal or “mildly reactive” axillary (i.e. skin-draining)
lymph nodes and found colonization by at least three
immunophenotypically distinct antigen-presenting cell sub-
sets, including two distinct subsets that expressed CDla
with and without coexpression of langerin, respectively; and
a third subset that was negative for both markers. Compar-
able with our findings, in their study only ~20-50% of

lymphadenopathy, ~90% of the histiocytic cells expanding paracortical
areas are positive for CDla, which shows variable intensity (20x;
400x inset), d and in the case of Langerhans cell histiocytosis CD1a
shows diffuse strong expression by neoplastic Langerhans cells within
the lymph node sinuses (100x) e Langerin in dermatopathic lympha-
denopathy is positive in ~5% of histiocytic cells in the paracortex
(100x; 400x inset). Cyclin D1 was negative in the paracortical areas of
this lymph node (not shown). f Conversely, in the case of Langerhans
cell histiocytosis, there is diffuse and strong staining of >90% of the
neoplastic Langerhans cells within sinuses (200x). The neoplastic
Langerhans cells were also positive for cyclin D1 showing strong
nuclear and moderate cytoplasmic expression (400x, inset).

CDla-positive cells expressed langerin [S]. The antigenic
heterogeneity of dendritic-cell populations colonizing the
paracortex of skin-draining lymph nodes might reflect not
only the presence of multiple distinct dendritic cell subsets,
but also the varying stages of activation of these cells
[5, 6, 8, 9]. Additional multiparameter immunophenotypic
studies are needed to fully characterize the different dendritic
cell subsets colonizing dermatopathic lymph nodes.
Another finding of interest is the presence of langerin-
positive cells arranged in meshworks that appear to
delineate lymph node sinuses and medullary cords in more
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than 60% of dermatopathic lymph nodes. These cells do not
have the morphology of Langerhans cells or sinus macro-
phages and are negative for other histiocytic markers, as
well as for fibroblastic reticular cell markers [31]. Com-
parable results were obtained by Chikwava and Jaffe in a
study analyzing the immunohistochemical expression of
langerin in various types of pediatric tissue samples. They
described langerin immunostaining without coexpression of
CDla in “fixed tissue elements” in the sinuses of all 12
dermatopathic lymph nodes, and other reactive lymph nodes
analyzed. Notably, Chikwava and Jaffe used the same type
of anti-langerin antibody (Novocastra, clone 12D6) used in
the current study [32]. Considering the striking linear and
reticular pattern of immunopositivity, these cells may truly
express langerin. An alternative explanation, however, is
that the anti-langerin antibody is cross-reacting with related
lectin-type molecules present in histiocytic or structural
cells of lymph node sinuses, for instance, sinus-lining cells
of lymph nodes. Sinus-lining cells, considered by some to
be variants of fibroblastic reticular cells, are immune
accessory cells with dendritic morphology that exhibit
endothelial and histiocytic structural and functional prop-
erties. These cells are organized in flattened cellular net-
works that line lymph node sinuses, where they are thought
to filter and trap antigens [33-37]. An older study of sinus-
lining cells of lymph nodes illustrated a strikingly similar
pattern of immunostaining with the monoclonal antibody
Ki-M9 and reported that these cells, similar to our results,
were not labeled by CD11c, CD68, CDla, or S100 protein
[36]. Other possibilities include cross-reactivity with non-
langerin molecules present in sinus macrophages, although
this possibility seems less likely due to the dissimilar pattern
of staining observed in langerin compared with CD163.
Functionally, macrophages are broadly categorized into
two types: M1 and M2; this nomenclature is derived from the
T-helper type 1 and type 2 immune responses promoted by
the two types of macrophages, respectively [37]. In this
study, the predominant phenotype of macrophages in der-
matopathic lymph nodes was CD68+/CD1634-, which has
been generally accepted as an M2-like macrophage phenotype
[37-40]. Recent immunohistochemistry-based studies, how-
ever, advocate the addition of transcription factor markers,
including STAT1 and RBP-J for M1, and C-MAF for M2,
as a better approach to determine the polarization status in
tissue infiltrating macrophages [41] Moreover, it has been
increasingly recognized that the M1/M2 classification is an
oversimplified approach that describes two extreme pheno-
types that are part of a continuum of phenotypic changes
that occur during macrophage activation [42]. Therefore,
although it is tempting to propose that macrophages in der-
matopathic lymph nodes show mostly M2 polarization,
additional studies are needed to more specifically categorize
the macrophage populations colonizing the different
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compartments of dermatopathic lymph nodes and their func-
tional properties (Table 4).

Another notable finding is the strikingly high number of
CD30-positive intermediate-sized immunoblasts scattered
in the paracortical regions of more than half of dermato-
pathic lymph nodes. The marked increase in CD30-positive
cells might raise the differential diagnosis of lymphoma,
in particular, classic Hodgkin lymphoma or variants of
non-Hodgkin lymphoma associated with many histiocytes
(e.g., lymphohistiocytic variant of anaplastic large cell
lymphoma). In the present study, however, increased
immunoblasts were usually evenly dispersed in the para-
cortex, did not form clusters of more than three cells, were
not present within lymph node sinusoids, and were negative
for CD15 and ALKI.

Although not the focus of this study, a well-known diag-
nostic challenge is the differential diagnosis of dermatopathic
lymphadenopathy and mycosis fungoides/Sézary Syndrome
[15, 18, 19, 43—47]. In this study group, irrespective of the
nature of the underlying disease, we identified atypical lym-
phocytes with cerebriform nuclei in ~70% of lymph nodes,
including 28 (68%) from patients without mycosis fungoides;
and 7 (75%) from patients with mycosis fungoides. These
morphologic changes would be classified as stages LN1-2
(NCI-VA), or as stage N1 (ISCL/EORTC). Also, when
comparing other morphologic parameters in dermatopathic
lymph nodes arising in these two clinical settings, the only
significant difference was a higher frequency of severe or
florid (category 3) dermatopathic changes in lymph nodes
from patients with mycosis fungoides. The lack of clear-cut
morphologic features to distinguish these two entities has
been long acknowledged [15, 18, 45]. In 1981, Burke et al.
reported more extensive dermatopathic changes among lymph
nodes associated with mycosis fungoides than in lymph
nodes not associated with mycosis fungoides; nevertheless, no
other morphologic features were exclusive for either group,
including the quantity and distribution of atypical cerebriform
lymphocytes [18]. Currently, highly sensitive multicolor flow
cytometry and molecular studies to assess for T-cell clonality
are often used for the detection of potential low-level invol-
vement of dermatopathic lymph nodes by mycosis fungoides/
Sezary syndrome [23, 47].

One more important histologic differential diagnosis to
consider is Langerhans cell histiocytosis involving lymph
nodes. Langerhans cell histiocytosis most often occurs in
pediatric patients and rarely occurs primarily in lymph
nodes [48, 49]. Cervical lymph nodes are most often
involved, in up to 80% of cases, and axillary or inguinal are
involved uncommonly [49, 50] By contrast, dermatopathic
lymphadenopathy most commonly involves axillary and
inguinal lymph nodes and rarely cervical lymph nodes.
There are also histopathologic and immunoarchitectural
differences between these two entities. Langerhans cell
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histiocytosis commonly involves lymph node sinuses, either
extensively or focally, in addition to nodal paracortical areas
[48, 49]. In contrast, dermatopathic lymphadenopathy is a
paracortical process. Sinus histiocytosis is also present in
dermatopathic lymph nodes; however, CD1a-positive and
S100 protein-positive dendritic cells represent <5% of his-
tiocytic cells within sinuses. Importantly though, while a
sinus pattern of involvement supports Langerhans cell his-
tiocytosis, in some cases with extensive disease, the neo-
plastic Langerhans cells can infiltrate the paracortex and
obscure the characteristic sinus pattern [48]. Moreover, as
previously reported in one study, and seen in more than half
of dermatopathic lymph nodes in the current study group,
the anti-langerin antibody clone 12D6 from Novocastra
may show striking positivity in cells that delineate lymph
node sinuses and medullary cords [32]. It is advisable to
become familiar with this distinctive pattern of langerin
staining, which will not be accompanied by coexpression of
other dendritic cell makers, including CDla and S100
protein. Other helpful morphologic differences supporting
Langerhans cell histiocytosis involving lymph nodes
include: necrosis, present in up to 50% of cases of nodal
Langerhans cell histiocytosis and absent in all cases of
dermatopathic lymphadenopathy; eosinophils, abundant in
more than half of cases of nodal Langerhans cell histiocy-
tosis and absent or present only in low to moderate numbers
in cases of dermatopathic lymphadenopathy; plasma cells,
present in only 10% of cases of Langerhans cell histiocy-
tosis and in 100% of cases of dermatopathic lymphadeno-
pathy; and giant cells, present in 45% of cases of cases of
Langerhans cell histiocytosis and absent in all cases of
dermatopathic lymphadenopathy [48]. Lastly, none of the
cases of dermatopathic lymphadenopathy showed expres-
sion of BRAF V600E (VE-1), cyclin DI, or p-ERK by
dendritic cells in the paracortex, nor did we identify MAPK/
ERK pathway-related gene mutations, unlike Langerhans
cell histiocytosis, as has been shown by others [50-53].
Some of these differences are illustrated in Fig. 5, which
compares a case of Langerhans cell histiocytosis from our
archives with a case of dermatopathic lymphadenopathy.
Clinically, whereas dermatopathic lymphadenopathy is
best known as occurring in patients with skin disease, this
lymph node reaction pattern also has been described in
patients without skin disease [16, 54]. Accordingly, almost
half of the patients in this study did not have dermatologic
signs or symptoms prior to or at the time at which lym-
phadenopathy was detected. Gould et al. studied lymph
nodes from 50 axillary dissections of patients with breast
cancer, without skin disease, and observed mild to moderate
dermatopathic changes in 22% of lymph nodes that were
not enlarged; they concluded that the findings might
represent “the end of a histologic spectrum present in
axillary lymph nodes.” [16] In a more recent study, Angel

et al. detected colonization of antigen-presenting cells
including Langerhans cells in the paracortex of axillary and
inguinal, but not in hilar and cervical lymph nodes of
patients without skin disorders [5]. The explanation for
axillary and inguinal lymph nodes being colonized may be
attributable to their drainage of large areas of the skin [55].
The above findings have led to the theory that even under
“steady-state” (i.e. not overt inflammatory) conditions,
dermal dendritic cells continuously migrate to regional
lymph node T-cell areas where they cooperate to regulate
immune responses [5]. Therefore, in cases where lymph
nodes are not clinically enlarged, and the detection of
somewhat expanded paracortical dendritic cells is merely
incidental, we believe that a diagnosis of paracortical
hyperplasia may be more suitable. For this study, with the
goal of offering guidance for distinguishing between mild
dermatopathic lymphadenopathy and paracortical hyper-
plasia, our minimum criterion to define dermatopathic
lymphadenopathy required dendritic cells (i.e., Langerhans
cells and others) to be arranged in confluent collections of at
least 20 dendritic cells.

In summary, we provide an update on the definition,
clinicopathologic and immunoarchitectural features of
dermatopathic lymphadenopathy. Our findings suggest
that the paracortical regions of dermatopathic lymph
nodes harbor heterogeneous populations of dendritic cells
expressing varying combinations of S100 protein, CDla,
and langerin. We also show that cases of dermatopathic
lymphadenopathy lack genetic mutations or aberrant
activation of components of the MAPK/ERK pathway.
Lastly, we summarize potential pitfalls and common and
distinguishing features between dermatopathic lympha-
denopathy and other entities involving lymph nodes in the
differential diagnosis, including mycosis fungoides and
Langerhans cell histiocytosis.
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