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We identified 11 patients with CD10(þ ) cutaneous T-cell lymphoma by flow cytometry. All cases were CD4(þ )

and CD8(� ). Three patients had extensive lymphadenopathy, systemic symptoms and an aggressive clinical

course consistent with angioimmunoblastic T-cell lymphoma or peripheral T-cell lymphoma. However, 8 of the

11 patients had a prolonged disease course with gross morphology, histology and tumor cell phenotype

indistinguishable from mycosis fungoides or Sezary syndrome. Immunohistochemical studies confirmed CD10

expression in seven of the eight cases and revealed the lymphoma cells were Bcl-6(þ ), PD-1(þ ), and EBV(� ).

Two had significant expression of CXCL-13(þ ). The findings indicate that lymphoma cells from mycosis

fungoides or Sezary syndrome may express follicular center helper T-cell markers CD10, Bcl-6, and PD-1 and

occasionally CXCL-13. The expression of these markers in some cases of mycosis fungoides/Sezary syndrome

suggests follicular center helper T-cell differentiation and may lead to confusion in distinguishing mycosis

fungoides/Sezary syndrome from other follicular center helper T-cell marker positive T-cell lymphomas with

cutaneous manifestations.
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CD10 is a cell surface glycoprotein with endopepti-
dase activity that is expressed on a variety of hema-
topoietic and epithelial cells.1 CD10 expression has
been described on a number of cells types and
neoplasms that involve skin including the perifol-
licular fibrous sheath of the hair follicle, dermal
fibroblasts, neutrophils, germinal center B cells,
lymphomas of germinal center cell origin, melanoma,
atypical fibroxanthoma and a variety of mesenchy-
mal tumors.2–12 Additionally, CD10 is expressed on
a subset of CD4(þ ) T cells residing in the lymph
node follicle germinal center termed follicular helper
T cells.13 These T cells are also known to express
PD-1, CXCL-13, CD57, CXCR5, SAP, and ICOS with
their differentiation controlled by Bcl-6.14–19

Some T-cell lymphomas express follicular center
helper T-cell markers including CD10, suggesting
derivation from follicular center helper T cells.15,20–35

These include angioimmunoblastic T-cell lymphoma,

peripheral T-cell lymphoma with a follicular
growth pattern, primary cutaneous CD4(þ ) small/
medium-sized pleomorphic T-cell lymphoma and,
occasionally, peripheral T-cell lymphoma, not
otherwise specified and anaplastic large cell
lymphoma.15,20–35

Clinically, primary cutaneous CD4(þ ) small/
medium-sized pleomorphic T-cell lymphoma and
angioimmunoblastic T-cell lymphoma present or
may present with primary cutaneous involve-
ment.20,36–40 Other CD4(þ ) T-cell lymphomas with
primary cutaneous manifestations include mycosis
fungoides and its variants including Sezary syndrome,
adult T-cell leukemia/lymphoma and primary cuta-
neous CD30þ lymphoproliferative disorders.41

CD10 has not been reported to be a feature of
mycosis fungoides or Sezary syndrome.41

Primary cutaneous CD4(þ ) small/medium-sized
pleomorphic T-cell lymphoma is an indolent lym-
phoma that usually manifests as solitary plaque or
nodule on the upper torso or face. Patches, as seen
in mycosis fungoides, are lacking. The cells in
primary cutaneous CD4(þ ) small/medium-sized
pleomorphic T-cell lymphoma frequently express
the follicular center helper T-cell-associated markers
PD-1, and CXCL-13 but infrequently CD10.20,34
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Angioimmunoblastic T-cell lymphoma is an aggres-
sive nodal-based disease that involves skin in
roughly 50% of individuals.38–40 The neoplastic
T cells in angioimmunoblastic T-cell lymphoma
express the follicular center helper T-cell markers
CD10, PD-1, and CXCL-13 in the majority of
cases.27,41–43 Angioimmunoblastic T-cell lymphoma
is also notable for an association with EBV as 70% or
more angioimmunoblastic T-cell lymphoma lesions
contain EBV(þ ) B cells, a finding helpful in
establishing the diagnosis.44 Peripheral T-cell lym-
phomas may express follicular center helper T-cell
markers with or without a follicular growth pattern.
These lymphomas have morphologic findings that
overlap with, and may be indistinguishable from,
angioimmunoblastic T-cell lymphoma.26

Detection of CD10 on tumor cells in skin biopsies
by immunohistochemistry can be difficult due to
expression of CD10 on tumor-associated dermal
fibroblasts obscuring the cellular origin of the
staining.6,7,42 As an alternative to immunohistoche-
mistry, CD10 on tumor cells can be detected by flow
cytometry. Previously, we have had success in
evaluating T cells isolated from skin biopsies using
flow cytometry.45–47 Here, we report CD10 expres-
sion on 11 T-cell lymphomas with primary cutaneous
manifestations detected by flow cytometry. Although
three of these cases exhibited features consistent
with angioimmunoblastic T-cell lymphoma or peri-
pheral T-cell lymphoma, the remaining (8 of 11)
were best classified as mycosis fungoides or Sezary
syndrome and expressed the follicular center helper
T-cell-associated markers bcl-6 and PD-1. The findings
indicate that follicular center helper T-cell marker
positive T-cell tumors with cutaneous manifesta-
tions include mycosis fungoides and its variants.

Materials and methods

Patients

Patients with skin biopsies or blood specimens sent
to the Flow Cytometry Laboratory at University
Hospitals Case Medical Center to evaluate for
mycosis fungoides or Sezary syndrome from 2003
to 2011 were reviewed for the presence of a CD10(þ )
abnormal (neoplastic) T-cell population.45–47 In all, 148
skin biopsies from 136 patients were sent to the
Flow Cytometry Laboratory for evaluation. An
abnormal T-cell population was identified in 50
of these patients. Of these, 36 were ultimately
considered to have mycosis fungoides or Sezary
syndrome. Six (16.7%) of the mycosis fungoides/
Sezary syndrome patients had tumor cells that were
CD10(þ ) in at least one sample. Fourteen patients
with abnormal T-cell populations from a skin biopsy
did not have mycosis fungoides or Sezary syndrome.
Three of these 14 patients had CD10(þ ) tumor cells.
All three had an aggressive clinical course with
systemic symptoms and lymphadenopathy. Lymph

node biopsies performed in these three patients
were consistent with angioimmunoblastic T-cell
lymphoma or peripheral T-cell lymphoma. Two
additional patients had abnormal CD10(þ ) T cells
identified from peripheral blood flow cytometry.
Therefore, in total, 11 patients were identified in
which one or more specimens contained an abnormal
CD10(þ ) T-cell population. Flow cytometry data,
skin biopsy histology and clinical data on these
patients were reviewed for this study. Clinical data
were obtained from review of the medical records
after IRB approval.

Histology

Representative hematoxylin–eosin-stained histolo-
gic sections were available in six patients (patients
1, 3, 4, 9, 10, and 11) and evaluated for epidermi-
tropism and dermal infiltrate density on a 0–3 scale
and dermal location (superficial, mid, or deep).
Cytologic atypia of each lesion was evaluated by
determining the percentage of hyperchromatic or
large lymphoid cells. Cases were evaluated by
two investigators (HM and PP) with concordance
reached by examining the sections together. Immuno-
peroxidase stains were performed on formalin-fixed,
paraffin-embedded tissue in the standard manner
and evaluated for the CD4/CD8 ratio and tumor
cell expression of CD10, Bcl-6, PD-1, CXCL-13 was
determined as a percentage of total lymphoid
cells. We also evaluated CD45RB/CD45RO epider-
mal staining discordance (epidermal CD45RB(þ )
lymphocytes lacking CD45RO), a feature previously
described as an indicator of neoplasia in CTCL-MF
not found in reactive infiltrates.48 CD45RB/CD45RO
epidermal staining discordance is present in B80%
of mycosis fungoides or Sezary syndrome lesions.48

The presence of Epstein–Barr virus RNA was
assessed by in situ hybridization staining with
Epstein–Barr virus-encoded RNA 1 and 2 oligonu-
cleotide probes on paraffin-embedded tissue sections
as per the manufacturer’s directions. Antibodies and
reagents were purchased from Dako, Carpinteria,
CA, USA (CD3, CD4, CD8, CD45RB, and CD45RO),
Leica, Buffalo Grove, IL (CD10, Bcl-6), Abcam,
Cambridge MA (PD-1), R&D Systems, Minneapolis,
MN, USA (CXCL-13) and Ventana, Tucson, AZ, USA
(Epstein–Barr virus RNA) and were used according
to the manufacturer’s recommendations. Staining
for CD10 and Bcl-6 was performed on the Leica
Bond-Max and staining for PD-1, CXCL-13 and
in situ staining for Epstein–Barr virus RNA on the
Ventana Benchmark.

Flow Cytometry

For flow cytometry, 8-mm skin punch biopsy speci-
mens were placed in cold RPMI and transported to
the flow cytometry laboratory where the specimens
were processed and analyzed within 24h of receipt
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as previously described.45 Tissue specimens (skin
and lymph node) were mechanically minced and
incubated with 3.5 mg/ml of collagenase II (Sigma
Chemical, St Louis, MO, USA) and 300 mg/ml of
trypsin inhibitor, type II-O (Sigma) at 371C for 1h
with rocking, then filtered over a 40-mm nylon mesh.
The isolated cells were washed once and resu-
spended in 2ml of Minimum Essential Medium
Eagle Spinner Modification (S-MEM) media and
used for staining. Four-color direct immunofluo-
rescent staining was performed on 200 ml of blood,
bone marrow or tissue cell suspensions using the
stain-wash-lyse method with antibody concentra-
tions and incubation times as recommended by the
manufacturer. The following antibodies were used
for this analysis: CD2-PE, CD3-FITC and -APC, CD4-
APC, CD5-FITC, CD7-PE, CD8-PE, CD10-PE, CD19-
APC, CD23-PE, CD25-PE, CD26-FITC, CD30-PE,
CD45-PerCP, CD45RA-FITC, CD45RO-PE, HLA-DR-
FITC, anti-k-FITC, and anti-l-PE. All monoclonal
antibodies used in this study were purchased from
BD BioSciences (San Jose, CA, USA). For skin
biopsies, tubes were aspirated until dry to maxi-
mize cell recovery. Cells were acquired and
analyzed on a FACSCalibur flow cytometer (BD
BioSciences) using Cellquest software (BD
BioSciences) from 2003 to 2009. From 2009 to
2011, samples were analyzed on a FACSCanto flow
cytometer (BD BioSciences) using Diva software (BD
BioSciences). Roughly 25 000 total cells from skin
biopsies were recovered. In all, 100 000 total cells
were acquired from other tissue sources. Tumor cells
were identified by abnormal antigen expression
and/or scatter profile as previously described.45–47

An abnormal CD4(þ ) T-cell population was
considered present if there was a discrete cluster
of CD4(þ ) T cells (20 or more cells) based on FSC x
SSC, CD45 x SSC or CD3 gating and cells within the
gated population demonstrated a phenotypic abnor-
mality defined as altered or absent expression of
CD2, CD3, CD4, CD5, CD7, or CD26.45–47

Molecular Analysis

TCR gene rearrangement was assessed by PCR
using oligonucleotide consensus primers specific
for the T-cell receptor g gene variable and joining
regions. Studies were performed on DNA extracted
from fresh frozen tissue, tissue sections obtained
from formalin-fixed, paraffin-embedded blocks, or
peripheral blood. The limit of detection for the
assay is roughly 1 in 100 cells. The studies were
performed at ARUP Laboratories, Salt Lake City,
UT, USA.

Results

In all, 34 specimens from 11 patients with cutaneous
T-cell lymphoma or suspected Sezary syndrome
contained an abnormal CD10(þ ) T-cell population

by flow cytometry, Figure 1, top. In all cases, the
abnormal cells were CD4(þ ) and CD8(� ). Review
of patient data indicated that, in total, there were 60
flow cytometry samples from these 11 patients of
which 43 samples were from blood, 12 from skin, 4
from lymph node, and 1 from bone marrow, Table 1.
In all, 53 of the 60 analyses were positive for an
abnormal T-cell population; however, in four
patients, the detection of CD10 on the neoplastic
cells was seen in only a portion of the specimens as
indicated in Table 1. In two, CD10 expression
became evident on the tumor cells some time after
the diagnosis was made. In these samples, CD10
expression was noted on the lymphoma cells 6
months (patient 9) and 3 years (patient 3) after the
initial detection of an abnormal T-cell population. In
summary, 34 of the 53 ‘positive analyses’ contained
a discernable population of abnormal CD10(þ ) T
cells, Table 1.

The neoplastic CD10(þ ) T population was ob-
served by flow cytometry in skin biopsies from eight
patients (patients 1, 2, 4, 5, 6, 7, 8, and 10) and in the
peripheral blood in six (patients 3, 6, 7, 9, 10, and
11). Two of these latter patients (patients 3 and 9)
did not have additional tissue evaluated by flow
cytometry. Four patients (patients 6, 7, 10, and 11)
had flow cytometry of the skin and blood, Figure 2.
Three patients (patients 5, 6, and 8) had atypical
CD10(þ ) T cells detected by flow cytometry in
lymph node biopsies as well as skin. All three of
these patients were classified as angioimmunoblas-
tic T-cell lymphoma or peripheral T-cell lymphoma.

The patients fell into two groups. Eight patients
had clinical disease indistinguishable from mycosis
fungoides or Sezary syndrome, Table 2, and are
described below. The remaining three patients
(patients 5, 6, and 8) had an aggressive clinical
course with systemic symptoms and lymphadeno-
pathy and lymph node biopsies consistent with
angioimmunoblastic T-cell lymphoma or peripheral
T-cell lymphoma. Two of these patients died of
disease 1 and 2 years after diagnosis. This patient
group will not be discussed further.

Patients with Mycosis Fungoides/Sezary Syndrome
(patients 1,2,3,4,7,9,10,11)

Clinical Features. These patients consisted of
seven men and one woman with a median age of
67 years, ranging from 54 to 85 years, Table 2. Sites
of involvement of disease included areas commonly
involved by mycosis fungoides; axilla (3/8), abdo-
men (3/8), arms (4/8), back (3/8), shoulders (2/8),
chest (2/8), thigh (3/8), and head and neck (3/8),
Table 2. Erythematous patches or plaques typical for
mycosis fungoides were seen in 6/8, Figure 3.
Papules were seen in 2/8. Both of these patients
also had patches or plaques. Generalized erythro-
derma was present in three patients. Four were
clinically classified as mycosis fungoides, two as
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Figure 1 Skin biopsy flow cytometry and immunohistochemistry demonstrating expression of CD10 in mycosis fungoides. Flow
cytometry dot plots are shown at the top; corresponding histology is shown at the bottom. For flow cytometry, mycosis fungoides cells are
highlighted in blue, normal lymphocytes are in red. Mycosis fungoides cells generally have slightly greater side scatter and CD45
expression than normal lymphocytes.45–47,58 In this example, the cells are CD3dim, CD4(þ ) with a normal expression level, CD7(� ) and
CD10(þ ). Note that CD10 is expressed only on the CD3dim cells (arrow). At the bottom, hematoxylin and eosin-stained tissue sections
and immunohistochemical stains for CD10 and Bcl-6 are shown. Data are from patient 10.
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Sezary syndrome, and two as mycosis fungoides
with Sezary syndrome.

Histology. Histology and immunohistochemistry of
representative skin biopsies from these patients
were examined. Histologic features are summarized
in Table 3 and were typical of mycosis fungoides.
Example of the histology is shown in Figure 4 and
the bottom of Figure 1. All cases demonstrated a

superficial lymphoid dermal infiltrate varying from
sparse to dense. Most cases (6/8) exhibited moderate
to marked lymphoid infiltrate. Significant epidermi-
tropism was present in 50%. The percentage of
atypical enlarged or hyperchromatic cells varied,
ranging from o5% to 50% of the lymphocytes.
Immunohistochemical staining revealed a high CD4/
CD8 ratio (10:1 or greater) in all cases examined,
Figure 4. In all, 4/8 showed CD45RB/CD45RO

Table 1 FCM specimens from patients with CD10(þ ) cutaneous T-cell lymphoma

Patient FCM specimens FCM specimen type FCM with abnormal
T cells

FCM with abnormal
CD10(þ ) T cells

Skin Blood Lymph node Bone marrow

1 1 1 — — — 1 1
2 1 1 — — — 1 1
3 16 — 16 — — 16 3a

4 1 1 — — — 1 1
5 3 1 — 1 1 3 3
6 8 2 5 1 — 8 8
7 4 2 2 — — 4 4
8 3 2 — 1 — 3 2b

9 9 — 9 — — 9 8c

10 8 1 7 — — 6 2d

11 6 1 4 1 — 1 1e

Total 60 12 43 4 1 53 34

aCD10 noted to be positive 3 years after initial FCM(þ ).
bOne skin specimen CD10 negative.
cFirst specimen negative, remainder positive.
dSkin positive, one blood negative for T-cell abnormality; CD10 very weak and partial in one blood specimen.
eFirst blood positive, remainder negative; skin and lymph node negative but uninvolved by disease.

CD45 CD10 CD3 CD26

CD45 CD10 CD3 CD26

S
S
C

C
D
3

C
D
7

C
D
4

S
S
C

C
D
3

C
D
7

C
D
4

Peripheral blood

Skin

Figure 2 Flow cytometry demonstrating CD10 expression on mycosis fungoides/Sezary syndrome cells in peripheral blood and skin
from the same patient. Mycosis fungoides/Sezary syndrome cells are highlighted in blue, normal lymphocytes are in red. Mycosis
fungoides/Sezary syndrome cells are not indicated in the CD45�SSC plots. In this example, the lymphoma cells are CD3dim, CD7(� ),
CD4(þ ), with slightly reduced expression, CD26(� ) and partially CD10(þ ). Lymphoma cell phenotype in the peripheral blood mirrors
that in the skin biopsy. Data are from patient 7.
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epidermal staining discordance. EBV, as detected by
in situ hybridization for EBER, was negative in
all cases. Immunohistochemical staining for CD10
on a skin biopsy specimen revealed moderate-
to-strong staining of 10–40% of the lymphoid cells

in 7/8, Figures 1, 4, and 5. Morphology confir-
med that cellular CD10 expression was not due to
polymorphonuclear neutrophils. In addition to
staining of lymphoma cells, CD10 expression was
noted in and around hair follicles and in lymphoma-
associated dermal fibroblasts and reticulin fibers
as previously reported, Figure 5 (2–10,42). CD10
immunohistochemistry staining was difficult to
interpret in some specimens due to strong staining
of the lymphoma-associated dermal fibroblasts and
reticulin, Figure 5. Similar reactivity has been noted
in association with non-hematopoietic and lym-
phoid cutaneous neoplasms and inflammatory skin
conditions.6–10,42

One patient (patient 9) demonstrated only rare
CD10(þ ) cells by immunohistochemistry despite
having CD10(þ ) mycosis fungoides/Sezary syn-
drome cells in the peripheral blood. This patient
had 5–15% abnormal CD10(þ )CD4(þ ) T cells
detected in the blood in eight separate samples over
3 years. The abnormal CD10(þ ) cells in blood
resided in a subpopulation of large lymphoid cells
as determined by side and forward angle light
scatter by flow cytometry and CD10 expression on
this subpopulation was only partial (data not
shown). Few large cells were seen in the skin biopsy
specimen.

Bcl-6 staining, in general, mirrored that of CD10
being detectable in 5–40% of the cells in the cases
examined, Figures 1 and 5. Bcl-6 expression was
evaluated in dermal lymphoid cells since epidermal
keratinocytes stained with Bcl-6 making identifica-
tion of epidermal lymphoid cells difficult. Epider-
mal keratinocyte reactivity of Bcl-6 has been
previously reported.49 PCR for T-cell receptor g
chain gene rearrangement was performed in four of

Table 2 Clinical findings in patients with CD10(þ ) CTCL-MF or SS

Pt
Gender/

age
BSA
(%)

Clinical
diagnosis Skin sites

Disease
duration
(years) Gross morphology Outcome Therapies

1 M/ 65 410% CTCL-MF Shoulders, axilla,
abdomen, groin,
arms,
temples,back

10 Erythematous
patches/plaques

Progressive
disease

Bexarotene, MTX, topical
steroids, NBUVB, nitrogen
mustard, photo therapy

2 F/ 54 o5% CTCL-MF Arms, axilla,
lateral
chest, abdomen

6 Erythematous patches Limited disease
progression

Bexarotene, nitrogen mustard,
photo therapy

3 M/ 85 495% SS Generalized 7 Generalized erythroderma
with patches and plaques

DOD Bexarotene, topical steroids,
MTX, sunlight therapy,
photo therapy, vorinostat

4 M/ 50 5% CTCL-MF Bilateral axilla,
chest, abdomen

6 Erythematous patches/scaly
plaque, some papules

Lost to f/u Topical steroids

7 M/ 83 495% SS Generalized 3 Generalized erythroderma Limited disease
progression

Topical steroids,
photo therapy

9 M/ 67 NA CTCL-
MF/SS

NA 9 Erythematous papules
and plaques

Lost to f/u NA

10 M/ 73 495% CTCL-MF Generalized 6 Extensive hyperpigmentation
and erythroderma

DOD Bexarotene, NBUVB,
photo therapy

11 M/ 60 10% CTCL-
MF/SS

Upper extremities,
upper thighs, back

6 Plaques Limited disease PUVA, bexarotene, topical
steroids, topical tacrolimus,
photo therapy, Excimer laser

BSA, body surface area; MTX, methotrexate; PUVA, psoralen plus UVA treatment; NBUVB, marrow band UVB therapy; DOD, died of disease.

Figure 3 Gross morphology. Images demonstrate several erythe-
matous patches with a slight amount of scale on the upper arm.
Images are from patient 11.
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Table 3 Skin lesion histology in patients with CD10(þ ) CTCL-MF or SS

Pt Epidermi-
tropism

Dermal
density

Location CD4/
CD8

CD45RB/CD45RO
discord

% Atypical
cells

EBV CD10 Bcl-6 PD-1 CXCL-
13

TCR
PCR

1 2–3 2 Superficial 10:1 Yes 5–10% Neg 10–
20%

10–
20%

50% o5% Neg

2 1 2 Superficial 10:1 Yes 20–30% Neg 40% 10–
20%

30–
40%

o5% ND

3 1 2 Superficial 10:1 No 10% Neg 20% 20% 10% 10–
20%

ND

4 1 1 Superficial 10:1 No o5% Neg 20–
30%

20–
30%

20–
30%

o5% Pos

7 0–1 1–2 Superficial 5–10:1 Yes 30% Neg 20–
30%

20% 50% o5% Pos

9 2–3 3 Superficial 420:1 No 10–20% Neg o2% 2–5% 5% o5% Pos

10 2–3 2 Superficial 10:1 No 50% Neg 30–
40%

30–
40%

50–
60%

5% Posa

11 2 2 Superficial 10:1 Yes 30% Neg 20–
30%

20–
30%

20–
30%

20% Pos

aTCR Vbeta analysis performed on peripheral blood confirmed clonality.

Figure 4 CD10 expression in mycosis fungoides by immunohistochemistry in a skin biopsy. Hematoxylin and eosin-stained tissues
sections demonstrate acanthotic epidermis with prominent epidermotropic lymphocytes forming Pautrier microabscesses and a dense
lymphocytic infiltrate in the upper dermis. Immunohistochemical staining for CD3, CD4, CD8, and CD10 is shown revealing the
epidermotropic lymphocytes are CD3(þ ), CD4(þ ), CD8(� ), and CD10(þ ). Some CD10 staining by immunohistochemistry appears to be
arising from fibroblasts associated with the lymphoma. Images are from a skin biopsy from patient 1.
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the six patients and a dominant rearranged band was
detected in three. An additional patient’s T cells
were shown to be clonal in peripheral blood by
use of flow cytometry and TCR Vbeta region
antibodies.50

PD-1 expression was membranous and moderate
to strong and was similar to that of CD10 and Bcl-6,
Figure 5. PD-1 appeared to stain more cells than
either CD10 or Bcl-6 in three of the samples,
Figure 5. Little background staining was noted.
CXCL-13 expression was less impressive being
detected in a significant fraction of cells (10–20%)
in only two of eight cases, Figure 5. One of these
patients had Sezary syndrome and the other had
mycosis fungoides with Sezary syndrome. Staining
was granular and cytoplasmic.

Flow Cytometry. Flow cytometric analysis of a skin
biopsy was performed in 6/8 patients. Five of the six
had an abnormal T-cell population detected, all of
which were CD10(þ ), Figures 1 and 2. One patient’s
(patient 11) skin biopsy flow cytometry did not
detect an abnormal T-cell population but morpho-

logically the biopsy was uninvolved by mycosis
fungoides at the time.

By flow cytometry, the cellular phenotype was
indistinguishable from mycosis fungoides/Sezary
syndrome except for the expression of CD10,
Table 4.41,45–47 Diminished CD3 expression was
present in all cases (8/8). In all, 5/8 lacked expres-
sion of CD7, two had partial expression of CD7, and
one was CD7(þ ). CD26 was absent in 6/7 and
weakly expressed in another. CD10 expression was
partial in 4/8 and dimly expressed in two others.

Blood Findings. Flow cytometry was performed on
peripheral blood in 5/8 patients. Peripheral blood
morphology was evaluated in another. Two patients
did not have blood evaluated. All patients evaluated
for peripheral blood involvement (6/6) had abnor-
mal cells detected. Enumeration of the circulating
lymphoma by flow cytometry demonstrated a vary-
ing degree of circulating lymphoma cells (range:
200/ml -6,200/ml). In four patients, the level was
41000/ml in one or more analysis (stage B2 in ISCL/
EORTC staging scheme).51 Two of these patients

Figure 5 Follicular center helper T-cell marker staining of lymphoma cells. Staining for CD10, Bcl-6, PD-1, and CXCL-13 in two cases are
shown. Immunohistochemical staining for CD10 was difficult to interpret in many cases due to the staining of dermal fibroblasts in close
association with the lymphoma cells. In top (patient 3), CD10 staining of dermal fibroblasts is quite strong partially obscuring lymphoma
cell specific reactivity. Bottom (patient 10), dermal fibroblast CD10 staining is present but not as intense as to obscure lymphoma cell
reactivity. Bcl-6 and PD-1 staining mirrored that of CD10 although PD-1 staining was more abundant in some samples (eg, patient 10,
bottom). CXCL-13 stained significantly fewer cells than other follicular center helper T-cell markers in most cases. Staining in patient 3
(top) was similar to PD-1, Bcl-6, and CD10 but only a small percentage of cells were stained in the specimen from patient 10 (bottom).

Table 4 FCM phenotype of CD10(þ ) cases

Patient Dx CD2 CD3 CD4 CD5 CD7 CD8 CD10 CD25 CD26 CD30 HLA-DR CD45RO CD45RA

1 CTCL-MF Mod Dim Dim Bright Neg Neg Partial Dim Neg Neg Neg Mod Neg
2 CTCL-MF Mod Dim Mod Mod Mod Neg Mod ND Neg Neg Dim ND ND
3 SS Mod Dim Mod Mod Partial Neg Partial Dim Neg Partial Neg Bright Neg
4 CTCL-MF Mod Dim Mod Mod Neg Neg Mod Dim Dim Neg Dim Mod Neg
7 SS Mod Dim Dim Mod Neg Neg Dim Dim Neg Neg Neg Dim Dim
9 CTCL-MF Mod Dim Mod Bright Partial Neg Partial Mod Neg Neg Neg Dim Neg
10 CTCL-MF-4SS Mod Dim Mod Bright Neg Neg Partial Dim Neg Neg Neg Bright Neg
11 CTCL-MF/SS Mod Dim Mod Mod Neg Neg Dim Dim Neg Neg Neg Mod Neg

Modern Pathology (2013) 26, 32–43

TFH(þ ) mycosis fungoides

HJ Meyerson et al 39



were classified as Sezary syndrome and two as
mycosis fungoides with Sezary syndrome. One
patient (patient 10) had circulating lymphoma
cells but CD10 was detected on the cells in only
1/6 involved blood samples. CD10 expression in the
specimen was very weak and partial. CD10 expres-
sion was present in the lymphoma cells from a skin
biopsy by flow cytometry and immunohistoche-
mistry from this patient, however, Figure 1.

Clinical Follow-Up. Clinical follow-up data were
reviewed as available. Mean follow-up was 6.6 years
with two patients lost to follow-up, Table 1. Two of
the eight patients died of disease, 6 and 7 years post-
diagnosis. Three patients have had limited disease
progression at last follow-up, one patient progressed
from stage IB to IIA.

Discussion

We describe eight cases of mycosis fungoides or
Sezary syndrome that express follicular center
helper T-cell markers CD10, Bcl-6, and PD-1. The
cases were initially identified as CD10(þ ) CD4(þ )
T-cell neoplasms through flow cytometric analysis
of skin biopsies or peripheral blood samples. CD10
expression was also observed in tissue biopsy by
immunohistochemistry in seven of eight cases in
which tissue was evaluated. The findings indicate
that follicular center helper T-cell markers CD10,
Bcl-6, and PD-1 may be expressed in mycosis
fungoides or Sezary syndrome, suggesting a follicu-
lar center helper T-cell origin or follicular center
helper T-cell differentiation capability for these
lesions. Expression of these markers could poten-
tially lead to confusion in distinguishing mycosis
fungoides from other follicular center helper T-cell
marker positive cutaneous T-cell lymphomas such
as primary cutaneous CD4(þ ) small/medium-sized
pleomorphic T-cell lymphoma or angioimmunoblas-
tic T-cell lymphoma with cutaneous involvement.

Only a few previous studies have investigated the
expression of follicular center helper T-cell markers
in mycosis fungoides or Sezary syndrome. The best
studied of these is PD-1. There are conflicting
reports about the frequency of PD-1 expression in
mycosis fungoides. Wada et al.52 evaluated 41
mycosis fungoides and Sezary syndrome cases for
the expression of PD-1. They found PD-1 expression
in 56% of cases including 8/11 (73%) of Sezary
syndrome samples examined. The authors noted a
slight increase in the frequency of PD-1-positive
cases in mycosis fungoides in tumor stage (60%)
compared with plaque/patch stage (40%). Kantekure
et al.53 also noted frequent expression of PD-1
in mycosis fungoides; however, these authors
identified decreasing expression of PD-1 in the
more advanced forms of mycosis fungoides. PD-1
was detected in all (9/9) patch and plaque phases of
mycosis fungoides. However, PD-1 was expressed

less frequently (3/6, 50%) at the tumor stage. The
authors noted that PD-1 expression loss
preferentially affected the large lymphoid cells.
They did not evaluate Sezary syndrome cases.
Roncador et al.31 evaluated PD-1 in a wide array of
lymphomas including mycosis fungoides and noted
expression in 5/9 mycosis fungoides. These authors
also examined the follicular center helper T-cell-
associated marker SAP in six mycosis fungoides
cases but did not detect significant expression in
any.31 In contrast to these studies, Cetinozman
et al.34 identified infrequent expression of PD-1 in
mycosis fungoides observing reactivity in only 2 of
21 (9.5%) of cases. The reason for the reported
differences in the frequency of PD-1 expression in
mycosis fungoides is unclear but may relate in part
to specific reagents used and the stage of disease
examined. Although all of our cases were PD-1
positive, we only examined those mycosis fungoides
or Sezary syndrome specimens that were known to
be CD10(þ ).

Other follicular center helper T-cell markers have
not been evaluated to any significant degree in
mycosis fungoides. Ortonne et al.42 evaluated the
usefulness of CXCL-13 for the detection of
angioimmunoblastic T-cell lymphoma in skin
lesions. They did not detect expression of CXCL-13
in three skin biopsies involved by mycosis fun-
goides in their study.42 CXCL-13 immunoreactivity
was encountered infrequently (2 of 14 (14%)) in
mycosis fungoides cutaneous lesions studied by
Picchio et al.54 However, these authors noted that
CXCL-13 was commonly expressed in Sezary
syndrome samples (13 of 16, 81%)). The increase
frequency of expression of CXCL-13 between Sezary
syndrome and mycosis fungoides observed by these
authors was similar to the increased frequency of
PD-1 expression on Sezay syndrome cells compared
with mycosis fungoides cells noted by Wada et al.52

Although we did not evaluate expression of
follicular center helper T-cell markers by mycosis
fungoides stage, it is interesting to note that
circulating lymphoma cells were detected all (6/6)
patients in which blood was evaluated. Four of five
patients in which flow cytometry was used to
enumerate the circulating cells had one or more
sample in which mycosis fungoides/Sezary syn-
drome cells were present at 41000/ml, indicative of
stage B2 disease in the ISCL staging scheme. Two of
these patients were CXCL-13 positive. Our data
therefore appear to support the supposition that
follicular center helper T-cell expression may occur
at higher frequency in Sezary syndrome than in
more limited stage mycosis fungoides.

Bcl-6 and CD10 have not been the formally
evaluated in mycosis fungoides or Sezary syndrome.
Chubachi et al.55 published a case report of a
CD10(þ ) Sezary syndrome in 1994 but we are
unaware of other similar cases. CD10 and Bcl-6
were evaluated secondarily by Cetinozman et al.34

in their two PD-1 positive mycosis fungoides cases.
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In both cases, the cells expressed BCL-6 and CXCL-
13. CD10 however, was only expressed in one of the
two cases.34 The authors did not evaluate Bcl-6 and
CD10 in PD-1(� ) mycosis fungoides.

The expression of follicular center helper T-cell
markers in mycosis fungoides could lead to diag-
nostic confusion with angioimmunoblastic T-cell
lymphoma or primary cutaneous CD4(þ ) small/
medium-sized pleomorphic T-cell lymphoma. Inter-
estingly, although PD-1, BCL-6, and CXCL-13 are all
expressed on the neoplastic T cells in primary
cutaneous CD4(þ ) small/medium-sized pleo-
morphic T-cell lymphoma, CD10 appears to be
infrequently expressed in these lesions.20,34

Cetinozman et al.34 did not detect expression of
CD10 on any of their cases of primary cutaneous
CD4(þ ) small/medium-sized pleomorphic T-cell
lymphoma (0/11)). In the study of primary cuta-
neous CD4(þ ) small/medium-sized pleomorphic
T-cell lymphoma by Pinilla et al.,20 CD10 was
observed to be expressed in only 4 of the 15 cases;
all but one demonstrating weak staining. The
infrequent expression of CD10 in these tumors may
explain why we did not identify a primary
cutaneous CD4(þ ) small/medium-sized pleomorphic
T-cell lymphoma in our series which was based on
the detection of CD10. Bcl-6, on the contrary,
appears to be ubiquitously expressed in these
tumors.20,34 In all, 6/8 of our follicular center helper
T-cell marker positive mycosis fungoides cases had a
CD10(þ )Bcl-6(þ )CXCL-13(� ) phenotype. Based
on these data, although limited, a cutaneous CD4(þ )
T-cell lesion with such a phenotype would favor a
follicular center helper T-cell marker positive
mycosis fungoides rather than primary cutaneous
CD4(þ ) small/medium-sized pleomorphic T-cell
lymphoma.

Although we did not evaluate parameters that
might distinguish angioimmunoblastic T-cell lym-
phoma from a follicular center helper T-cell (þ )
mycosis fungoides in a skin biopsy we would make
the following comments. CD10 expression is seen in
roughly 70% of angioimmunoblastic T-cell lymphoma
cases and although useful for detecting angioimmu-
noblastic T-cell lymphoma in most non-nodal sites,
it has less utility in skin biopsies.27,41,42,43,56 We
do not know exactly the percentage of mycosis
fungoides cases that are CD10(þ ) but based on our
flow cytometry data, roughly 16.7% (6/36) of mycosis
fungoides cases were found to express CD10. An
evaluation of a large number of mycosis fungoides
cases for follicular center helper T-cell markers
including CD10 and Bcl-6 would be necessary to
determine more precisely the frequency of reactivity
of these markers and their relationship to one another
and, ultimately, their utility in distinguishing
mycosis fungoides from angioimmunoblastic T-cell
lymphoma. Currently, we would not recommend
distinguishing angioimmunoblastic T-cell lymphoma
from mycosis fungoides based on CD10 expression
alone in a skin biopsy.

Morphologically bottom-heavy dermal infiltrates
favor angioimmunoblastic T-cell lymphoma as we
did not see deep infiltrates in our mycosis fungoides
cases. Evaluation for PD-1 and CXCL-13 may be of
use distinguishing angioimmunoblastic T-cell lym-
phoma from mycosis fungoides, although as noted
above, PD-1 is expressed in a significant percentage
of mycosis fungoides cases. CXCL-13 expression is
less commonly expressed in mycosis fungoides.
EBV(þ ) cells are present in a high percentage of
angioimmunoblastic T-cell lymphoma cases and are
not present in mycosis fungoides.41,44 However,
EBV(þ ) cells are variably detected in the skin
lesions of angioimmunoblastic T-cell lymphoma.57

The flow cytometry phenotype of angioimmunoblastic
T-cell lymphoma and follicular center helper T-cell
(þ ) mycosis fungoides and Sezary syndrome in our
study were similar although two of the three angio-
immunoblastic T-cell lymphoma samples demon-
strated abnormal bright expression of antigens
(HLA-DR, CD2, and CD4) not normally over-
expressed in mycosis fungoides or Sezary syndrome
(data not shown).41,45–47 Overall, it may be difficult
for the pathologist to distinguish a follicular center
helper T-cell (þ ) mycosis fungoides from angio-
immunoblastic T-cell lymphoma based solely on
histology and immunophenotype. A full evaluation
of the patient’s clinical picture still appears
necessary to satisfactorily differentiate these
processes.

Evaluation of CD10 and Bcl-6 by immunohisto-
chemistry can be problematic due to reactivity of
normal skin cells with these antibodies.2–5,49

Perifollicular dermal sheath fibroblasts and dermal
fibroblasts may express CD10 in inflammatory and
neoplastic skin conditions.2–8 We noted staining of
this sort in some of our specimens. The strong
staining of CD10 in dermal fibroblasts associated
with the lymphoma cells made it difficult to identify
lymphoma cell specific staining as has been
previously noted.42 CD10 expression on abnormal
CD4(þ ) T cells by flow cytometry was easier to
demonstrate. Bcl-6 is expressed in epidermal kera-
tinocytes making evaluation of Bcl-6 expression in
epidermal infiltrating lymphoma cells difficult.49

Dual staining immunohistochemical methods
therefore might be the most helpful in evaluating
these markers in tissue sections. We would advocate
flow cytometry due to the multi-parameter capability
of flow cytometers and the sensitivity afforded by
the instrumentation. Flow cytometry evaluation of
archived paraffin-embedded tissue sections, of
course, is not possible. Regardless, based on the
findings presented here, the identification of folli-
cular center helper T-cell marker positive, particu-
larly CD10(þ ) Bcl-6(þ ), T cells in skin involved by
a T-cell lymphoproliferative process does not exclude
mycosis fungoides or Sezary syndrome. Additionally,
the expression of follicular center helper T-cell
markers in mycosis fungoides or Sezary syndrome
suggests follicular center helper T-cell differentiation
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or follicular center helper T-cell differentiation
capability in some of these tumors.
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