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PD-1, S-100 and CD1a expression
in pseudolymphomatous folliculitis,
primary cutaneous marginal zone
B-cell lymphoma (MALT lymphoma)
and cutaneous lymphoid hyperplasia
Background: Pseudolymphomatous folliculitis is a lymphoid
proliferation that clinically and histopathologically mimics
primary cutaneous extranodal marginal zone lymphoma of
mucosa-associated lymphoid tissue (MALT lymphoma). In this
study, we assessed the diagnostic value of three
immunohistochemical markers, programmed death-1 (PD-1),
CD1a and S100.
Methods: We evaluated 25 cases of cutaneous lymphoid
proliferations with established diagnoses, including 9 patients
with pseudolymphomatous folliculitis, 11 with MALT lymphoma,
and 5 with cutaneous lymphoid hyperplasia (CLH). The clinical,
histopathologic and immunohistochemical characteristics were
reviewed and three major characteristics assessed: (a) proportion
of T cells expressing PD-1, (b) pattern of expression of CD1a by
dendritic cells and (c) pattern of expression of S100 by dendritic
cells.
Results: We found pseudolymphomatous folliculitis to have a
signiicant increase in PD-1+ T cells compared with MALT
lymphoma (p < 0.0001). The pattern of CD1a staining is also
informative: MALT lymphoma is signiicantly more likely to
demonstrate a peripheral concentration of CD1a+ dendritic cells
around lymphoid nodules than pseudolymphomatous folliculitis
(p < 0.0003) or CLH (p < 0.05). Pseudolymphomatous folliculitis
demonstrates an interstitial distribution of CD1a+ cells more
often than MALT lymphoma (p < 0.04). S100 staining was not a
helpful discriminator.
Conclusions: Histopathologic factors including PD-1 and CD1a
staining patterns may allow for more certainty in distinguishing
lymphoid hyperplasia, including pseudolymphomatous
folliculitis, from MALT lymphoma.
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Pseudolymphomatous folliculitis represents
a variant of cutaneous lymphoid hyperplasia
(CLH) that presents as a solitary, often violaceous, domed nodule on the face, scalp or upper
trunk.1 – 12 This form of lymphocytic iniltrate
was initially deined solely based on histopathology, classically presenting as a dense, patchy
or diffuse, dermal lymphocytic iniltrate with
characteristic ‘activation’ of folliculosebaceous
units.1 – 4,9 Hair follicles in pseudolymphomatous
folliculitis characteristically are hyperplastic,
branching and irregularly shaped and include
intra-follicular dendritic cells. Granulomas may
also be present.1,4
Widespread use of immunohistochemical
staining has allowed further deinition of
pseudolymphomatous folliculitis as a distinct
entity.13,14 In 1999, Arai et al. found that
cutaneous biopsies of pseudolymphomatous
folliculitis demonstrate increased numbers of
S-100-positive or CD1a+ dendritic cells within
hair follicle epithelium compared with other
forms of CLH.2 In conjunction with histopathologic indings, these immunohistochemical
characteristics have become integral in diagnosing pseudolymphomatous folliculitis.1,2,5 – 8,10,12
The primary challenge in diagnosing pseudolymphomatous folliculitis is that it may
closely mimic lymphoid malignancies, both
clinically and histopathologically. The most
important neoplasm in the differential diagnosis for pseudolymphomatous folliculitis is
primary cutaneous marginal zone lymphoma of
mucosa-associated lymphoid tissue (MALT lymphoma). The authors acknowledge that the term
marginal zone lymphoma may be preferred for
this tumor when it occurs in the skin;15 nevertheless, in this report, we have used the terminology
in the latest World Health Organization (WHO)
Classiication of Tumors of Hematopoietic and
Lymphoid Tissues.16
The clinical presentation as an erythematous
dome-shaped nodule in pseudolymphomatous folliculitis and MALT lymphoma can be
indistinguishable; the diagnosis ultimately
rests on histopathologic analysis. MALT lymphomas are histopathologically characterized
by dermal nodules of lymphoid cells with a
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proliferation of CD20+ marginal zone cells,
plasma cells with monotypic expression of
immunoglobulin light chains (in 70% of
cases) and clonal immunoglobulin heavy chain
rearrangement.1,15,16 Biopsies of MALT lymphomas and pseudolymphomatous folliculitis
can be strikingly similar: both may present
with hyperplasia of the folliculosebaceous units
clonal T-cell receptor or IgH rearrangements,
atypical lymphocytes and numerous admixed B
and T cells.1,4,9,17
Although MALT lymphomas are typically
indolent and have little risk of extracutaneous
involvement, a diagnosis of MALT lymphoma
can result in more staging studies and careful follow-up.18 An incorrect diagnosis of
pseudolymphomatous folliculitis may result
in under-staging and under-treatment of a
lymphoma, while an inappropriate diagnosis of
MALT lymphoma may subject a patient to unnecessary testing, treatment and expense. Thus,
differentiating pseudolymphomatous folliculitis
and MALT lymphoma is of great importance to
patient care and improved methods of distinguishing these entities based on histopathology
and immunohistochemistry are needed.
In this study, we propose that differential
expression patterns of programmed death-1
(PD-1), CD1a and S-100 in tissue samples may be
helpful in distinguishing pseudolymphomatous
folliculitis, MALT lymphoma and CLH. In order
to assess the diagnostic value of immunohistochemical staining for PD-1, CD1a and S100, we
examined staining patterns in 31 unique tissue
samples: 12 biopsy samples from 9 patients with
pseudolymphomatous folliculitis, 13 biopsies
from 11 patients with MALT lymphoma, and 6
biopsies from 5 patients with CLH.
Materials and methods
Parafin-embedded skin biopsies and/or glass
slides from 9 patients with pseudolymphomatous
folliculitis, 11 patients with MALT lymphoma
and 5 patients with CLH were identiied from the
archives of the Dermatopathology Unit and the
private consultation iles of the authors. Multiple
biopsy samples were available for each of three
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of the patients with pseudolymphomatous folliculitis, one of the patients with MALT lymphoma
and one of the patients with CLH, yielding a
total of 11 tissue samples of pseudolymphomatous folliculitis, 13 of MALT lymphoma and 6 of
CLH. All cases had been previously reviewed by
expert dermatopathologists and hematopathologists. Cases were selected by searching the electronic pathology iles. Initially, we sought to
compare cases of pseudolymphomatous folliculitis to cases of MALT lymphoma occurring on
the face. We found few cases of MALT lymphoma on the face and elected to include tumors
from other sites as well. MALT lymphomas were
diagnosed based on the standards set out in
the most recent edition of the WHO Classiication of Tumors of Hematopoietic and Lymphoid
Tissues.16,19 The presence of light chain restriction or clonal IgH rearrangement prohibited
a diagnosis of pseudolymphomatous folliculitis.
Cases of pseudolymphomatous folliculitis were
identiied histopathologically based on the presence of hyperplastic, irregular hair follicles containing S100+ and CD1a+ dendritic cells and
a nodular to diffuse dermal mixed lymphocytic iniltrate lacking signiicant atypia. In all
instances, cases were only excluded if tissue for
further immunohistochemical studies or necessary slides were unavailable.
All patients diagnosed with MALT lymphoma
and for whom follow-up data were available
were staged as was considered clinically appropriate, including via physical examinations, blood
counts and computed tomography. No patients
showed any evidence of extracutaneous disease
at the time of diagnosis. Clinical characteristics
examined included sex, age, clinical diagnosis,
solitary or multiple lesions, anatomic location,
tumor size and duration of the lesion.
Sections from all biopsies were routinely
stained with hematoxylin/eosin. Histopathologic features examined included lesion size,
architectural pattern, lymphocytic iniltration of
folliculosebaceous units, hair follicle morphology and irregularity (activation), grenz zone,
presence and architecture of lymphoid follicles
(deined as aggregates of B cells organized
with a follicular dendritic cell meshwork, often
including a germinal center), zones of plasma
cells and marginal zone cells.
Initially performed for diagnostic work ups,
CD3 and CD20 immunostains were available
for all tissue samples. Other immunohistochemical stains varied from sample to sample and
included reagents to detect CD2, CD4, CD5,
CD7, CD8, CD10, CD21, CD30, CD68, CD79a,

Bcl2, Bcl6, Ki-67, kappa light chain and lambda
light chain. Immunohistochemical staining was
performed as previously described.20 In most
cases, T-cell receptor and immunoglobulin
heavy chain rearrangement were assessed by
polymerase chain reaction after DNA extraction
from the parafin tissue blocks per established
techniques.20 For the purpose of this investigation, immunohistochemical staining for
PD-1 (Z0311, Dako, Carpinteria, CA, USA),
CD1a (PA0235, Cell Marque, Rocklin, CA,
USA) and S100 (315M-96, Cell Marque, Rocklin, CA, USA) immunostains were performed
on formalin-ixed parafin-embedded tissue
sections.21,22 Control lymphoid tissue was
present on the majority of slides; slides for
which control tissue stained aberrantly were
excluded or remade. Not all cases were stained
for all markers owing to limitations in the
specimen size and block availability.
PD-1+ cells in the context of CD3+ T cells were
evaluated immunohistochemically in 7 biopsies
of pseudolymphomatous folliculitis, 7 of MALT
lymphoma and 6 of CLH. The percentage of
cells expressing PD-1 was evaluated as previously
described by Cetinozman et al.23 We added the
use of ImageJ technology to provide a more
quantitative estimate as follows: four photos of
representative areas of each slide were taken at
×60 magniication. The positive and negative
cells in each photo were manually counted using
ImageJ (Bethesda, MD), and the percentage
of PD-1 positive cells averaged across the four
images. The number of CD3+ cells was assessed
similarly, and the ratio of PD-1 to CD3 positive
cells was then calculated.
To identify dendritic cell distribution,
immunohistochemical stains for S100 and
CD1a were performed on 12 cases of pseudolymphomatous folliculitis, 13 cases of MALT
lymphoma and 6 cases of CLH. The pattern
of staining of S100 and CD1a was categorized as within the hair follicle epithelium
(intra-follicular), interstitial throughout the dermis or peripheral about the lymphoid aggregates
or excluded from reactive lymphoid follicles and
scored on a scale of 0–3, 0 representing no staining and 3 indicating many dendritic cells with
intense staining in the speciied location. Statistical analysis was performed using Student’s t-test,
Fisher’s exact test and 1-way analysis of variance
test. p-Values <0.05 were considered signiicant.
Results
The cases examined included 12 biopsies
from 9 patients with pseudolymphomatous
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Table 1. Clinical features of patients with pseudolymphomatous folliculitis, MALT lymphoma and CLH

Number of patients
Age
M/F
Size of lesions
Duration of follow-up
Number of patients with multifocal lesions
Number of lesions biopsied
Lesion locations
Head
Trunk/extremities

Pseudolymphomatous
folliculitis

MALT lymphoma

CLH

9
17–69 years
Mean: 52 years
8/1
0.2–2 cm
Mean: 1.03 cm
2 months–9 years
Mean: 2.8 years
1
12

11
38–84 years
Mean: 65 years
5/6
0.4–4 cm
Mean: 1.16 cm
3 months–15 years
Mean: 5.5 years
1
13

5
36–77 years
Mean: 48 years
2/3
0.5–1.6 cm
Mean: 1.15 cm
5–9 years
Mean: 7 years
1
6

12
0

1
12

1
5

CLH, cutaneous lymphoid hyperplasia; F, female; M, male; MALT, mucosa-associated lymphoid tissue.

While pseudolymphomatous folliculitis, MALT
lymphoma and CLH were dificult to distinguish
based on examination of the routinely stained
sections alone, some characteristic features were
observed. All cases of pseudolymphomatous folliculitis demonstrated hair follicles with irregularly shaped hyperplastic epithelial structures in
the dermis (Fig. 1). Lymphoid follicles and zones
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folliculitis, 13 biopsies from 11 with MALT lymphoma and 6 from 5 patients with CLH. There
was no statistically signiicant difference in
patient age or gender (Table 1). While all cases
of pseudolymphomatous folliculitis occurred on
the head and neck, MALT lymphoma and CLH
were more likely to occur on the trunk or extremities (p < 0.0001 and p < 0.01, respectively).

Fig. 1. CD3 and programmed death-1 (PD-1) in pseudolymphomatous folliculitis, mucosa-associated lymphoid tissue (MALT)
lymphoma and cutaneous lymphoid hyperplasia (CLH). Pseudolymphomatous folliculitis, with a dense supericial and deep dermal
lymphocytic iniltrate (A, hematoxylin/eosin, ×10), numerous CD3+ T cells (B, CD3, ×10) and many PD-1+ cells (C, PD-1, ×10).
MALT lymphoma with dense dermal nodules of marginal zone B cells and reactive T cells (D, hematoxylin/eosin, ×10), reactive
CD3+ T cells within the nodular proliferation (E, CD3, ×10) and fewer than a third of the CD3+ T cells express PD-1 (F, PD-1,
×10). CLH with a dense nodular mixed lymphohistiocytic iniltrate (G, hematoxylin/eosin, ×10), a substantial population of CD3+
T cells (H, CD3, ×10) and less than half of CD3+ T cells express PD-1 (I, PD-1, ×10).
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Table 2. PD-1 and CD3 staining in pseudolymphomatous folliculitis, MALT lymphoma and CLH

Pseudolymphomatous folliculitis
MALT
CLH

N

%PD-1+ (range)

Reactive lymphocytes
%CD3+ (range)

PD-1/CD3 (range)

7
6
6

54 (38–70)
16 (6–21)
24 (13–30)
p < 0.0001

69 (57–78)
67 (29–80)
61 (53–64)
p = 0.49

78 (65–97)
23 (17–34)
40 (21–56)
p < 0.0001

The mean percentage of cells with small round nuclei positive for PD-1 and CD3 for each biopsy and percentage of CD3+ T cells expressing PD-1.
CLH, cutaneous lymphoid hyperplasia; MALT, mucosa-associated lymphoid tissue; PD-1, programmed death-1.
*One-way analysis of variance for determining significant differences between the three groups.

of plasma cells were most commonly observed
in MALT lymphoma, and light chain restriction
(12/13 cases, 7 kappa, 5 lambda) was used as
a diagnostic criterion in MALT lymphoma (and
was not seen in pseudolymphomatous folliculitis
or CLH). Neither hair follicle activation nor light
chain restriction was seen in CLH.
PD-1 and CD3 staining
The lymphoid iniltrate in all cases was composed of numerous admixed CD3+ T and
CD20+ B cells. In pseudolymphomatous folliculitis, CD3+ T cells comprised 57–78% of
the iniltrate (mean 69%), whereas 38–70%
(mean 54%) of the small round lymphocytes
stained positively for PD-1 (Fig. 1). In MALT
lymphoma, CD3+ T cells composed 29–80% of
the iniltrate (mean 67%), with 6–21% (mean
16%) of the small round lymphocytes staining positively for PD-1. In CLH, CD3+ T cells
accounted for 53–64% of the iniltrate (mean
61%), and 13–30% (mean 24%) of the small
round lymphocytes stained positively for PD-1.
The proportion of reactive CD3+ T cells
expressing PD-1, calculated as the PD-1/CD3
ratio,23 ranged from 65 to 97% (mean 78%)
in pseudolymphomatous folliculitis, to 17–34%
(mean 23%) in MALT lymphoma and 21–56%
(mean 40%) in CLH (Table 2).
S100 and CD1a staining
S100+ dendritic cells were present in the hair
follicle epithelium in all cases with hair follicles
present, including 12 cases of pseudolymphomatous folliculitis, 3 cases of MALT lymphoma and
2 cases of CLH. The distribution of S100+ dendritic cells in the dermis was examined. An interstitial pattern throughout the dermal iniltrate
was observed in all 11 cases of pseudolymphomatous folliculitis, in 6 of 13 cases of MALT lymphoma and 5 of 6 cases of CLH. Localization
of S100+ dendritic cells at the periphery of the

lymphoid nodules was not seen in pseudolymphomatous folliculitis (0/10 cases, 1 case was a
small punch biopsy without the edge of a lymphoid nodule) or CLH (0/6) and was only seen
in 1 case of MALT lymphoma (1/7 cases).
A prominent population of CD1a+ dendritic
cells was observed in the hair follicle epithelium
of all cases of pseudolymphomatous folliculitis
(10/10 cases), in the 2 cases of MALT lymphoma
with hair follicle epithelium and in both cases of
CLH with hair follicles present (Fig. 2). CD1a+
dendritic cells were observed throughout the
dermis in an interstitial pattern in most cases of
pseudolymphomatous folliculitis (9/10), occasionally in MALT lymphoma (6/13 cases) and
most cases of CLH (5/6 cases) (Table 3). CD1a+
dendritic cells were not observed localized to the
periphery of lymphoid nodules in cases of pseudolymphomatous folliculitis with lymphoid nodules (0/7 cases), but were seen in the majority
of cases of MALT lymphoma (11/13 cases), and
occasionally seen in CLH (2/6 cases). In cases
with reactive lymphoid follicles (most cases of
MALT lymphoma and rare cases of CLH), the
CD1a+ cells were absent in lymphoid follicles
(Fig. 2F).
Discussion
In this study, we reviewed parafin-embedded
tissue samples from 9 patients with pseudolymphomatous folliculitis, 11 patients with MALT
lymphoma and 5 patients with CLH. The clinical,
histopathologic and immunohistochemical characteristics were reviewed with the goal of determining the utility of PD-1, S100 and CD1a in
differentiating these three entities. We examined
three major immunohistochemical features: (a)
the proportion of T cells expressing PD-1, (b)
the pattern of expression of CD1a and (c) the
pattern of expression of S100. We found that
the density of PD-1+ T cells and the distribution
of CD1a+ dendritic cells were helpful in distinguishing these three entities.
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Fig. 2. CD1a in pseudolymphomatous folliculitis, mucosa-associated lymphoid tissue (MALT) lymphoma and cutaneous lymphoid
hyperplasia (CLH). Immunohistochemical staining patterns for CD1a staining were classiied as follicular (within the hair follicle
epithelium), interstitial (within the lymphocytic iniltrate) or peripheral (around the periphery of lymphoid nodules or excluded
from reactive lymphoid follicles). In pseudolymphomatous folliculitis, there are numerous CD1a+ dendritic cells are present within
the hair follicle epithelium (A) and interspersed in the lymphocytic iniltrate (B). Peripheral staining is absent (C). MALT lymphoma
with CD1a+ dendritic cells are present in the hair follicle epithelium (D). While interstitial CD1a+ dendritic cells are absent (E),
there are numerous intensely-staining cells around the periphery of a lymphoid aggregate (F). CLH demonstrates numerous
perifollicular (G) and interstitial (H) CD1a+ dendritic cells. Peripheral staining pattern is absent in CLH (I). (CD1a, ×10).

Regarding patient characteristics in this study,
there were no signiicant differences in patient
age or gender. Of note, while all cases of pseudolymphomatous folliculitis were found on the
head and neck, MALT lymphoma and CLH
were more likely to present on the trunk or
extremities (p < 0.0001 for pseudolymphomatous folliculitis vs. MALT lymphoma and p < 0.01
for pseudolymphomatous folliculitis vs. CLH).
Differentiating reactive cutaneous lymphoid
proliferations (particularly pseudolymphomatous folliculitis and CLH) from MALT lymphoma
is critical for appropriate patient care and can
pose a signiicant histopathologic challenge.
First, while lymphoid follicles, zones of plasma
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cells and zones of neoplastic B cells are characteristically present in MALT lymphoma,9
cytologic atypia may be subtle and B cells may be
outnumbered by T cells.24,25 Because numerous
B cells are present in some cases of pseudolymphomatous folliculitis, the proportion of B cells
and T cells cannot be relied upon to distinguish
these two conditions.1,2,4 The identiication of
light chain restricted plasma cells (with immunohistochemistry or in situ hybridization) allows
for the diagnosis of MALT lymphoma in over
70% of cases, and in the remaining 30% of
cases clonal immunoglobulin heavy chain (IgH)
rearrangement is detected by polymerase chain
reaction. While detected in most cases of MALT
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Table 3. CD1a and S100 in pseudolymphomatous folliculitis, MALT lymphoma and CLH
CD1a
Follicular
Pseudo-lymphomatous
folliculitis
MALT lymphoma
CLH

11/11
2/2
2/2
NS

S100

Interstitial

Peripheral

10/11

0/8

6/13
5/6
Pseudolymphomatous
folliculitis > MALT*

11/13
2/6
MALT > pseudolymphomatous
folliculitis**
MALT > CLH***

Follicular

Interstitial

Peripheral

11/11

11/11

0/10

1/2
1/2
NS

6/7
4/6
NS

1/7
0/6
NS

Pattern of distribution was defined as follicular (within the hair follicle epithelium), interstitial (scattered throughout the dermal infiltrate) and
peripheral (around the periphery of lymphoid nodules, or excluded from lymphoid follicles). Listed are the number of cases that demonstrated
positive staining in each distribution, over the total number of cases assessed. Pseudolymphomatous folliculitis is more likely to have CD1a+
dendritic cells in an interstitial pattern than is MALT lymphoma (p < 0.04). MALT lymphoma is more likely to demonstrate a peripheral pattern
of CD1a+ dendritic cells than in pseudolymphomatous folliculitis (p < 0.005) or CLH (p < 0.05). CLH, cutaneous lymphoid hyperplasia; MALT,
mucosa-associated lymphoid tissue; NS, not significant.
*p < 0.04.
**p < 0.005.
***p < 0.05.

lymphoma, clonal IgH rearrangements of the
TCR may be also rarely observed in pseudolymphomatous folliculitis and CLH. Additionally,
T-cell receptor (TCR) rearrangements may be
detected rarely in MALT lymphoma.1,4,17 In our
cases of pseudolymphomatous folliculitis, 5 had
TCR gene rearrangement testing (2 revealed
clonal rearrangement, 3 were negative) and 3
patients had IgH gene rearrangement testing,
all were negative.
The term pseudolymphomatous folliculitis was
irst coined by McNutt in 1986.26 The entity was
more formally established as a distinct subtype of
CLH in 1999 by Arai et al., who distinguished it
from other types of CLH because it was characterized by lymphocytic invasion into the epithelial lining of folliculosebaceous units, resulting in
architectural distortion (but not destruction) of
the hair follicle epithelium. Adnexal invasion was
previously considered a histopathologic characteristic favoring cutaneous lymphoma over
benign hyperplasia. Since then many authors
have published case reports and small series,
establishing that pseudolymphomatous folliculitis has distinct clinical and histopathological features including the presence of hyperplastic,
irregularly shaped hair follicles in the setting of
a benign lymphoid iniltrate distinctive from the
changes observed in other forms of CLH.
Given the dificulties inherent in clinically and
pathologically differentiating MALT lymphoma,
pseudolymphomatous folliculitis and CLH, we
sought new immunohistochemical tools to elucidate this differential diagnosis. In this study,
we found that there is a signiicant difference

in expression of PD-1 by small round lymphocytes in pseudolymphomatous folliculitis, MALT
lymphoma and CLH with mean expression of
54, 16 and 24% of lymphocytes, respectively.
The proportion of lymphocytes expressing
PD-1 is signiicantly higher in pseudolymphomatous folliculitis compared with MALT
lymphoma (p < 0.0001), and likewise, higher
in CLH than MALT lymphoma (p = 0.03). In
contrast, we observed no signiicant difference
in CD3+ T-cell density between the three groups
(p = 0.49).
On evaluation of the proportion of CD3+ T
cells expressing PD-1, we also found signiicant
differences: our samples demonstrated a higher
ratio of CD3+ cells expressing PD-1 in pseudolymphomatous folliculitis (mean 78%) than
MALT lymphoma (mean 25%, p < 0.0001) or
CLH (mean 40%, p < 0.002). The PD-1/CD3
ratio is also higher in CLH than in MALT
lymphoma (p < 0.01). Our indings are in accordance with a recent study published by Cetinozman et al., in which they found that 10% of all
cells and 20% of T cells in MALT lymphomas
express PD-1.23 An additional important observation from our data is that in the cases of MALT
lymphoma studied, CD1a+ dendritic cells tend
to concentrate in areas of PD-1+ T cells.
Because of the signiicant overlapping features
between CLH and pseudolymphomatous folliculitis, some consider pseudolymphomatous folliculitis to be a clinically distinct form of CLH.
While these processes share the clinical presentation of an erythematous non-ulcerated nodule and the histopathological features of a dense
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dermal lymphoid iniltrate occasionally with lymphoid follicles, there are some distinguishing features. Pseudolymphomatous folliculitis is usually
localized to the face and occurs commonly in
young men, histopathologically there is a distinctive hyperplasia of hair follicle epithelium. In this
study, we also ind that T cells more commonly
express PD-1 (65–97%) in pseudolymphomatous folliculitis compared with CLH (21–57%).
The distinct immunological mechanisms that
result in these differences remains unclear, nevertheless, these indings support the distinction
of pseudolymphomatous folliculitis from CLH.
PD-1, an inhibitory member of the CD28
family, is predominantly expressed on activated
follicular helper T cells. This cell surface protein likely plays a role in peripheral tolerance.
PD-1 over-expression has been observed in a
variety of indolent T-cell lymphomas, including mycosis fungoides and primary cutaneous
CD4+ small/medium-sized T-cell lymphoma
(pcSMTCL).27 – 29 Of note, there is signiicant
clinical and histopathologic overlap between
pcSMTCL, CLH and pseudolymphomatous
folliculitis; some European experts suggest
that pcSMTCL actually belongs under the
umbrella of pseudolymphoma, alongside pseudolymphomatous folliculitis and CLH.28,30
While it is thus unsurprising that PD-1 is also
expressed in pseudolymphomatous folliculitis, the immunological role of PD-1 in this
setting remains unclear. Further complicating
the picture are reports of PD-1 expression in
aggressive T-cell lymphomas including angioimmunoblastic T-cell lymphoma and adult T-cell
leukemia/lymphoma.31,32
Several recent papers have examined the
expression patterns of PD-1 in cutaneous B-cell
lymphomas. Cetinozman et al. and Mitteldorf
et al. have demonstrated that MALT lymphoma
shows a greater density of PD-1+ T cells than
in primary cutaneous follicle center lymphoma
or cutaneous diffuse large B-cell lymphoma.23,33
Others have found that an increased density
of PD-1+ T cells correlates with improved survival in systemic B-cell lymphomas.34 Given our
incomplete understanding of the varied functional roles of PD-1, it is dificult to speculate
as to the signiicance of PD-1 expression in the
pathogenesis of pseudolymphomatous folliculitis, CLH or cutaneous B-cell lymphomas. In
our study, PD-1 expression was more commonly
seen in the T cells of pseudolymphomatous
folliculitis and CLH. Interestingly, absent from
the lymphoid follicles in the cases, we studied
were the PD-1 positive cells characteristically
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observed in the lymphoid follicles of lymph
nodes. All cases had tonsilar lymphoid tissue on
the stained slide serving as a positive control.
Further understanding of the role of PD-1+
cells in immune response to foreign antigens,
such as in viral infection, may lend insight
into the pathogenesis of pseudolymphomatous
folliculitis.35
Proliferation of CD1a-positive dendritic cells in
the hair follicle epithelium has been reported
as one of the deining characteristics of pseudolymphomatous folliculitis; we thus elected to
study this immunohistochemical marker because
of the diagnostic signiicance already ascribed
to it in the literature.1,2 Although we found no
notable difference in CD1a expression within the
hair follicles in pseudolymphomatous folliculitis,
MALT lymphoma or CLH, there was a striking
difference in the distribution of CD1a+ cells in
the dermal component of the iniltrate. Pseudolymphomatous folliculitis and CLH demonstrated CD1a staining of dendritic cells diffusely
throughout the dermal iniltrate. In contrast,
in MALT lymphomas, CD1a+ cells were concentrated around the periphery of the nodular aggregates of neoplastic B cells, absent from
reactive lymphoid follicles, with few scattered
throughout the dermis (p < 0.005 and <0.05
vs. pseudolymphomatous folliculitis and CLH,
respectively). This pattern is probably similar
to the aggregates of CD123+ plasmacytoid dendritic cells previously reported by Kempf.36 The
diffuse pattern of CD1a staining in pseudolymphomatous folliculitis found in this study is consistent with CD1a staining patterns reported in
other forms of CLH, also termed cutaneous pseudolymphomas. Our indings suggest that CD1a
staining can be a valuable adjunct in identifying a cutaneous lymphoid iniltrate as a MALT
lymphoma – a peripheral pattern supports the
diagnosis of MALT lymphoma, while an interstitial pattern is more consistent with pseudolymphomatous folliculitis or CLH.
CD1a is a transmembrane cell-surface protein expressed by dendritic cells, immature T
cells, activated monocytes and a subset of B
cells.37 In association with β2-microglobulin,
CD1a presents glycolipid antigens to α/β T
cells, allowing the T cells to detect changes in
the lipid milieu that may be caused by infection, malignancy or inlammation.38 CD1a+
dendritic cells are abundant in a variety of
T-cell-rich lymphoproliferative disorders, both
benign and malignant. These include reactive
conditions such as atopic dermatitis, psoriasis
and polymorphous light eruption. Schmuth

PD-1 and CD1a in lymphoma and pseudolymphoma
et al. hypothesize that the presence of CD1a+
dendritic cells in reactive conditions indicates
active antigen presentation to T cells.37
While the presence of CD1a+ dendritic cells
has been reported in T-cell neoplasms including
mycosis fungoides and lymphomatoid papulosis,
several studies have shown depletion of CD1a+
dendritic cells cutaneous B-cell lymphomas.37,39
Given the purported role of CD1a+ dendritic
cells in the presentation of antigens to T cells,
dendritic cells may preferentially associate with
T-cell-rich areas. This would be consistent with
the observations in this study: CD1a+ dendritic
cells are numerous throughout the T-cell-rich
dermal iniltrate of CLH and pseudolymphomatous folliculitis, abundant in the T-cell-rich
periphery of the dermal nodules of MALT
lymphoma, but absent within the neoplastic
proliferation of B cells, and absent in reactive
lymphoid follicles. Pigozzi et al. suggest that
the neoplastic B-cell proliferation may hinder
recruitment of CD1a to T-cell-rich areas.39 The
restriction of CD1a staining to areas of high
T-cell density in B-cell lymphomas has previously
been reported.37
Others have reported S100+ dendritic cells in
the hair follicle epithelium as a major diagnostic
criterion in diagnosis of pseudolymphomatous folliculitis.1,2 However, while we did ind
numerous intra-follicular S100+ dendritic cells
in pseudolymphomatous folliculitis, our results
indicate no statistically signiicant increase in
intra-follicular S100+ dendritic cells between
pseudolymphomatous folliculitis, MALT lymphoma and CLH. We also did not ind any
signiicant difference in the pattern of dermal
distribution of S100+ cells. Although historically

S100 staining has been considered integral to
identifying cases of pseudolymphomatous folliculitis, it may be less useful for discriminating
between pseudolymphomatous folliculitis, from
MALT lymphoma and CLH. The observation
that the CD1a and S100 staining patterns differ,
and that often more CD1a-positive cells were
observed than S100+ cells, relects that they
are staining different populations of dermal
dendritic cells.
In summary, our immunohistochemical evaluation found that cases of pseudolymphomatous
folliculitis have a statistically signiicant increase
in PD-1 expression by T lymphocytes compared with MALT lymphoma. We also found
that although S100 staining was not helpful in
differentiating these conditions, the pattern
of CD1a staining was informative, with MALT
lymphoma signiicantly more likely to have
CD1a+ cells at the periphery of the dermal
lymphoid iniltrate, with few CD1a+ cells in
lymphoid follicles, whereas pseudolymphomatous folliculitis and CLH have CD1a+ dendritic
cells scattered throughout the iniltrate. While
the indings of this study may be limited by
spectrum (sampling) bias, our results suggest
that immunohistochemical resources may be
helpful in distinguishing these dense dermal
lymphocytic iniltrates. MALT lymphoma is most
readily distinguished from pseudolymphomatous folliculitis and CLH by the presence of light
chain restricted plasma cells or demonstration
of IgH gene rearrangements. However in up
to 30% of cases of MALT lymphoma, clonality
is not detected. In these cases, PD-1 and CD1a
may be effective additions to the diagnostic
algorithm.
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