
u n i ve r s i t y  o f  co pe n h ag e n  

Role of B-cells in mycosis fungoides

Nielsen, Pia Rude; Eriksen, Jens Ole; Sørensen, Mia Dahl; Wehkamp, Ulrike; Lindahl, Lise
Maria; Bzorek, Michael; Iversen, Lars; Woetman, Anders; Ødum, Niels; Litman, Thomas;
Gjerdrum, Lise Mette Rahbek

Published in:
Acta Dermato-Venereologica

DOI:
10.2340/00015555-3775

Publication date:
2021

Document version
Publisher's PDF, also known as Version of record

Document license:
CC BY-NC

Citation for published version (APA):
Nielsen, P. R., Eriksen, J. O., Sørensen, M. D., Wehkamp, U., Lindahl, L. M., Bzorek, M., Iversen, L., Woetman,
A., Ødum, N., Litman, T., & Gjerdrum, L. M. R. (2021). Role of B-cells in mycosis fungoides. Acta Dermato-
Venereologica, 101(3), [adv00413]. https://doi.org/10.2340/00015555-3775

Download date: 22. maj. 2023

https://doi.org/10.2340/00015555-3775
https://curis.ku.dk/portal/da/persons/pia-rude-nielsen(51d8659a-4752-4d3e-9d14-fe2784ea1c2a).html
https://curis.ku.dk/portal/da/persons/anders-woetmann-andersen(18df0978-d38c-4ffb-985d-b544e22fa387).html
https://curis.ku.dk/portal/da/persons/anders-woetmann-andersen(18df0978-d38c-4ffb-985d-b544e22fa387).html
https://curis.ku.dk/portal/da/persons/niels-oedum(ccbe7651-d54d-4564-ab94-fdb59f073372).html
https://curis.ku.dk/portal/da/persons/thomas-litman(3affc55b-df0a-436a-b3bd-2cb3bf560602).html
https://curis.ku.dk/portal/da/persons/lise-mette-rahbek-gjerdrum(0b70cdd9-e7b4-4414-a024-51b77a203fe5).html
https://curis.ku.dk/portal/da/publications/role-of-bcells-in-mycosis-fungoides(0ec394fb-6c8b-4ce3-a0a0-0347f2f3b7c0).html
https://doi.org/10.2340/00015555-3775


A
ct

aD
V

A
ct

aD
V

A
d
v
a
n

c
e
s 

in
 d

e
rm

a
to

lo
g
y
 a

n
d
 v

e
n

e
re

o
lo

g
y

A
c
ta

 D
e
rm

a
to

-V
e
n

e
re

o
lo

g
ic

a

INVESTIGATIVE REPORT
1/7

Acta Derm Venereol 2021; 101: adv00413
This is an open access article under the CC BY-NC license. www.medicaljournals.se/acta doi: 10.2340/00015555-3775
Society for Publication of Acta Dermato-Venereologica

SIGNIFICANCE
The inflammatory microenvironment in mycosis fungoides 
is complex, and little is known about the presence of B-cells 
in this disease. This retrospective study examined 85 biop-
sies from patients with all stages of mycosis fungoides. 
MS4A1 gene expression was significantly upregulated in 
mycosis fungoides compared with controls, and further 
upregulated in disease progression. Digital quantification 
of double (PAX5/CD20)-stained slides confirmed the in-
creased presence of B-cells in mycosis fungoides compared 
with controls. No aberrant CD20 expression was found in 
the neoplastic T cells. These findings could potentially pro-
mote new treatment strategies for mycosis fungoides.

Mycosis fungoides is the most common type of cu-
taneous T-cell lymphoma. The inflammatory micro-
environment in mycosis fungoides is complex. There is 
accumulating evidence that the neoplastic T-cells take 
control of the microenvironment and thereby promote 
their own expansion by suppressing cellular immuni-
ty. B-cells have proved to be upregulated in large-cell 
transformed mycosis fungoides, and could potentially 
play a role in disease progression. To investigate the 
presence of B-cells in mycosis fungoides compared 
with controls, this study analysed 85 formalin-fixed 
and paraffin-embedded mycosis fungoides biopsies. 
MS4A1 gene expression was significantly upregu-
lated in mycosis fungoides compared with controls 
(p < 0.0001) and further upregulated in disease pro-
gression, (p = 0.001). Digital quantification of PAX5+/
CD20+ cells confirmed the increased presence of B-
cells in mycosis fungoides compared with controls. 
No co-labelling of CD3/CD20 was observed in the 
neoplastic T-cells. This study found a significantly in-
creased presence of B-cells in the tumour-associated 
microenviron ment in mycosis fungoides. These fin-
dings could potentially lead to new treatment strate-
gies for mycosis fungoides.

Key words: B-cells; cutaneous T-cell lymphoma; mycosis 
fungoides; tumour microenvironment.
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Cutaneous T-cell lymphomas (CTCLs) are a hetero-
geneous group of non-Hodgkin lymphomas in the 

skin. The predominant subtype is mycosis fungoides 
(MF), comprising approximately 60% of all CTCLs 
(1). Other subtypes of CTCL include Sézary syndrome 
(SS), primary cutaneous CD30+ lymphoproliferative 
disorders, and some other rare variants according to 
the World Health Organization (WHO) classification of 
tumours of haematopoietic and lymphoid tissues (2) and 
the classification of cutaneous lymphomas by the WHO 
and European Organization for Research and Treatment 
of Cancer (EORTC) (1, 3). 

Despite decades of research, the pathogenesis of MF is 
only partly understood. A number of possible pathogenic 

factors, especially genetic and epigenetic events, have 
been explored in MF, including recurrent mutations and 
deletions (4–7). Deregulation of microRNAs (miRNAs) 
has been identified as an important epigenetic mechanism 
in a wide range of cancers, and several miRNAs have 
been associated with MF, where miR-155, miR-22 and 
miR-29b have been implicated in the pathogenesis of 
MF (8–11). In addition, environmental factors, such 
as bacterial infections, have been linked with disease 
progression, and antibiotic treatment of skin infections 
with Staphylococcus aureus has proven to clinically 
improve skin symptoms and inhibit the malignant T-cells 
in patients with MF (12–14). 

Furthermore, the tumour-associated inflammatory 
micro environment and changes herein have been outlin-
ed as a critical point in the transition from indolent to 
advanced disease stage, where the neoplastic T-cells are 
suspected to be involved in driving the inflammatory 
environment from anti-tumourigenic to pro-tumourigenic 
by the production of a wide variety of distinct chemo-
kines and cytokines (15, 16). Moreover, the malignant 
T-cells have also been suspected to exploit innate immune 
cells, such as monocytes and dendritic cells, to prolife-
rate and prolong their own survival. Interestingly, the 
malignant T-cells have been shown to keep the dendritic 
cells in an immature state by secretion of interleukin 
10 (IL-10), thereby maintaining a tolerogenic immune 
micro environment. In addition, IL-10-producing re-
gulatory B-cells (Bregs) are significantly decreased in 
advanced-stage MF (AS-MF) compared with controls 
(17). B-cells, especially Bregs, have been shown to 

Role of B-cells in Mycosis Fungoides
Pia Rude NIELSEN1,2, Jens Ole ERIKSEN1, Mia Dahl SØRENSEN3, Ulrike WEHKAMP4, Lise Maria LINDAHL5, Michael BZOREK1, 
Lars IVERSEN5, Anders WOETMAN2, Niels ØDUM2, Thomas LITMAN2 and Lise Mette Rahbek GJERDRUM1,6

1Department of Pathology, Zealand University Hospital, Roskilde, 2Leo Foundation Skin Immunology Research Center, Department of 
Immunology and Microbiology, University of Copenhagen, Copenhagen, 3Department of Pathology, Odense University Hospital, Odense, 
Denmark, 4Department of Dermatology, University Hospital, Schleswig-Holstein, Kiel, Germany, 5Department of Dermatology, Aarhus 
University Hospital, Aarhus and 6Institute for Clinical Medicine, University of Copenhagen, Copenhagen, Denmark

http://crossmark.crossref.org/dialog/?doi=10.2340/00015555-3775&domain=pdf


A
ct

aD
V

A
ct

aD
V

A
d
v
a
n

c
e
s 

in
 d

e
rm

a
to

lo
g
y
 a

n
d
 v

e
n

e
re

o
lo

g
y

A
c
ta

 D
e
rm

a
to

-V
e
n

e
re

o
lo

g
ic

a

P. R. Nielsen et al.2/7

www.medicaljournals.se/acta

play an important role in a range of inflammatory and 
auto immune diseases (18), but studies concerning the 
presence of B-cells in patients with MF are sparse. A 
previous study from Shin et al. (19) reported several 
upregulated B-cell related genes in MF, and Krejsgaard et 
al. (20) showed ectopic expression of B-lymphoid kinase 
(Blk), primarily related to the epidermotropic T-cells. 
These findings could contribute to the diagnostic workup 
of early-stage MF (ES-MF). An abundant population of 
CD20-positive B-cells has also been described in some 
cohorts of transformed MF (T-MF) (21, 22).

In a previous gene expression study utilizing Na-
noString technology, we found that the MS4A1 (CD20) 
gene was highly upregulated in ES-MF and AS-MF 
compared with controls (23). This prompted us to further 
characterize these findings and elucidate whether CD20 
upregulation was due to increased presence of B-cells 
in MF, or to a combination of the increased number of 
B-cells and aberrant CD20 expression in the neoplastic 
T-cells. 

MATERIALS AND METHODS

Patients and samples

This study analysed a total of 85 formalin-fixed and paraffin-
embedded (FFPE) skin biopsies from 69 patients with either 
ES-MF (≤ IIA) or AS-MF (> IIA). The majority of the samples 
(n = 58) were collected from the archives at the Department of 
Pathology, Zealand University Hospital, Denmark, as previously 
described (24). In addition, 27 FFPE samples were provided 
from the Department of Dermatology, Aarhus University Hos-
pital, Denmark and the Department of Dermatology, University 
Hospital, Schleswig-Holstein, Kiel, Germany (23). All slides for 
diagnostic workup were histologically re-evaluated, and clinical 
records were reviewed for establishing diagnosis and clinical 
stage according to the diagnostic criteria of MF (25). A control 
group included FFPE skin biopsies from patients with chronic, 
unspecified dermatitis (D) (n = 46) and healthy skin from breast 
reduction surgery (HS) (n = 11). 

The study was approved by the Data Protection Agency (J.NR. 
REG-009-2017) and the local ethics committees (SJ-603, B249/16 
and 1-10-72-91-13).

Gene expression analysis

Total RNA extraction was performed using Roche high pure RNA 
FFPE isolation kit (Roche Life Science, Mannheim, Germany) ac-
cording to the manufacturer’s guidelines. Gene expression analysis 
was performed using NanoString platform (NanoString Technolo-
gies, Seattle, WA, USA) with the nCounter Human Myeloid Innate 
Immunity Panel v2 (NanoString Technologies), complemented 
with an additional 30 genes of interest as described previously 
(23). Total RNA input for each sample extracted from FFPE tis-
sues ranged from 50 to 100 ng, with an A260/280 absorbance ratio 
between 1.5 and 2.1. Direct hybridization of unique barcodes to 
target RNAs were analysed on the Prep Station and digital detec-
tion and counting of the hybridized probes were performed on the 
digital analyser. Normalization factors were calculated based on 
40 housekeeping genes included in the myeloid innate immunity 
panel using nSolver™ software. All procedures were performed 
following the NanoString guidelines.

Data availability statement 

Data related to this article are available in GEO (https://www.ncbi.
nlm.nih.gov/geo/query/acc.cgi?acc=GSE143382) with accession 
number GSE143382. 

Sequential double-immune-labelling technique

Double-immuno-labelling experiments were performed on 3-µm-
thick FFPE sections, using anti-human PAX5 clone DAK-Pax5 
(Agilent/Dako, cat. no. M7307, Glostrup, Denmark) and CD20 
clone L26 (Agilent/Dako, cat. no. M0755). All incubation steps 
were performed automatically on the Omnis (Agilent/Dako). 
Briefly, FFPE sections were exposed to deparaffinization, followed 
by antigen retrieval using EnVision™ FLEX Target Retrieval so-
lution (3-in-1) pH 9 (Agilent/Dako, cat. no. GV800/821) at 97°C 
(24 min). In the first sequence, slides were incubated with PAX5 
diluted 1:30 in Renoir Red (Biocare Medical, cat. no. PD904, Pac-
heco, CA, USA) for 30 min (32°C), and reactions were visualized 
with EnVision™ FLEX /HRP/DAB Detection Reagent (Dako, cat. 
no. GV800/GV821). After visualization with DAB, slides were 
incubated with CD20, diluted 1:500 in Envision Flex Antibody 
Diluent (Agilent/Dako, cat. no. K8006) for 30 min (32°C), reac-
tions were detected with EnVision™ FLEX/HRP Reagent (Dako, 
cat. no. GV800/GV821) and visualized using Magenta Substrate 
chromogen system (Agilent/Dako, cat. no. GV925). All slides 
were counterstained with haematoxylin and mounted with Pertex. 

Image analysis of PAX5+/CD20+ cells 

All CD20/PAX5-stained FFPE samples were digitalized and eva-
luated using Visiopharm Integrated System (VIS) software module 
(Version 2018.9.4, Visiopharm, Hørsholm, Denmark). Epidermis 
and islets of dermis were defined as a region of interest and ma-
nually outlined, excluding areas containing staining-artefacts and 
areas of dermal non-nucleated cells. The images were analysed and 
quantified using an automatic cell classification-based algorithm 
developed by VIS. The first step was to identify all nuclei using 
the red colour band feature (RGB-R band). Subsequently, a 1.7-μm 
perimeter was grown around all detected nuclei to identify the cell 
cytoplasm. The cytoplasm was separated into positive and negative 
cytoplasm based on the CD20 expression and using the haema-
toxylin-DAB colour band showing DAB structures (HDAB-DAB 
colour-band feature). Next, the algorithm was optimized using 
post-processing steps available in the VIS software, and the nuclei 
was divided into a positive or a negative cell population based 
on nuclear expression of PAX5 and using Liquid Permanent Red 
and DAB colour band showing DAB structures (Fast Red DAB-
DAB colour-band feature). Finally, the nuclei were subdivided 
further into populations, based on whether they were surrounded 
by CD20+-cytoplasm, overall generating 4 outcomes: (1) PAX5+/
CD20+, (2) PAX5+/CD20–, (3) CD20+/PAX5–, (4) PAX5–/CD20–. 
Areas of each cell population, double-positive cell population as 
well as the total nuclei area were defined as output variables, and 
area fractions for each population were quantified using the total 
nuclei area as the denominator.

Double-immunofluorescence staining with CD3 and CD20 

Double-immunofluorescence (dIF) studies (simultaneous techni-
que) were performed on representative cases (5 ES-MF and 2 
AS-MF) to investigate whether the neoplastic T-cells and the sub-
population PAX5–/CD20+ cells were malignant T-cells displaying 
an aberrant CD20 expression. The dIF staining was performed as 
described in detail elsewhere (26). In brief, after deparaffiniza-
tion and antigen retrieval, as described above, the slides were 
incubated for 30 min (32°C) with a mixture of anti-human CD3 
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clone EP41 (Cell Marque, cat. no. AC-0004, Rocklin, CA, USA) 
and anti-human CD20 clone L26 (Agilent/Dako, cat. no. M0755) 
diluted in Renoir Red (Biocare, cat. no. PD904) 1:20 and 1:250, 
respectively. Slides were incubated with a mix of goat anti-rabbit 
conjugated with Alexa Fluor 594 (Fisher Scientific, cat. no. 11012, 
Roskilde, Denmark) and goat anti-mouse conjugated with Alexa 
Fluor 488 (Fisher Scientific, cat. no. 11001), both diluted 1:200 in 
Envision Flex Antibody Diluent (Agilent/Dako, cat. no. K8006), 
for 30 min (32°C). After washing, the slides were air-dried and 
mounted with Vectashield with DAPI (Vector Labs, cat. no. H1200, 
Burlingame, CA, USA). Slides were evaluated with a Nikon 
Eclipse 80 fluorescence microscope with standard sets of filters 
for each fluorochrome. 

Statistical analysis

Gene expression data was analysed by 2-way analysis of variance 
(ANOVA) with Tukey’s post hoc test (which corrects for multiple 
testing), and cohort eliminated as a factor. Digital analysis of the 
double-immunohistochemically stained slides was performed in 
GraphPad Prism (version 8.1.1, GraphPad Software, Inc., San 
Diego, CA, USA) by the non-parametric Kruskal–Wallis test and 
significance was adjusted for multiple testing by estimating false 
discovery rate (FDR) by the 2-stage step-up method of Benjamini 
et al. (27). A significance level of 5% (α=0.05) was considered 
statistically significant. For visualization on a log-scale, 0 (zero) 
values were floored to 0.001.

RESULTS

Patient and sample characteristics 
The mean age at time of MF diagnosis was 63.8 years 
(range 18–84 years) and 40 males and 29 females 
(58%/42%) were included. Information on clinical stage 
and treatment at the time of biopsy is listed in Table I. 
The mean age of the dermatitis control group was 58.4 

years (range 23–88 years) and the male to female ratios 
were almost equal (1:1.1). The lymphocytic infiltrate 
ranged from discrete to moderate superficial dermal and 
perivascular infiltration with varying degrees of exocyto-
sis. The mean age of the healthy skin control group was 
71.5 years (range 46–83 years).

MS4A1 (CD20) gene expression analysis in the study 
cohort and validation cohort
MS4A1 gene (CD20) expression was significantly high-
er in both ES-MF and AS-MF compared with controls 
(Fig. 1). Median MS4A1 gene expression (normalized 
mRNA counts) was significantly elevated in ES-MF 
12.5 [8.2;29.6] compared with D 2.6 [1.7;4.1], p < 0.0001 
and to HS 1.0 [1.0;2.8], p < 0.0001. Likewise, MS4A1 
gene expression was significantly higher in AS-MF 87.2 
[26.8;272.4] compared with D 2.6 [1.7;4.1], p < 0.0001 
and HS 1.0 [1.0;2.8], p < 0.0001. MS4A1 gene expres-
sion was significantly upregulated in AS-MF compared 
with ES-MF (fold-change 5.2, p = 0.001). There was no 
statistically significant difference between the medians 
of the D and HS (p = 0.1) samples. 

Digital analysis of PAX+/CD20+ immunostained cells 
To evaluate protein expression of PAX5+/CD20+ cells, 
double-immunohistochemical staining was performed on 
58 MF (both early- and advanced-stage MF), 29 D and 
11 HS FFPE samples, referring to the cohort collected 
from the Department of Pathology, Zealand University 
Hospital. Furthermore, this study aimed to investigate 
whether overall CD20 expression was related to B-cells, 
or whether some of these cells were neoplastic T-cells 

Table I. Clinical characteristics at time of biopsy

Characteristics

Cohort 
n = 85
n (%)

Clinical stage
  IA 43 (50.6)
  IB 22 (25.9)
  IIA   1 (1.2)
  IIB 10 (11.8)
  III 3 (3.5)
  IVA 1 (1.2)
  IVB 0 (0)
  No data available 5 (5.9)
T-stage
  T1 45 (52.9)
  T2 21 (24.7)
  T3 10 (11.8)
  T4   4 (4.7)
  No data available   5 (8.6)
Treatmenta 
  No treatment 13 (15.3)
  Topical steroids 31 (36.5)
  Otherb 11 (12.9)
  Two or more treatmentsc   7 (8.2)
  No data available 23 (27.1)

aTreatment at time of biopsy. bOther treatment strategies includes ultraviolet 
B (UVB), psoralen plus ultraviolet A (PUVA), nitrogen mustard, methotrexate, 
neotigason and extracorporeal photopheresis. cTopical steroid in combination 
with other treatment modalities (e.g. UVB, PUVA and/or systemic treatment).

Fig. 1. MS4A1-gene (CD20) expression in patients with mycosis 
fungoides (MF) compared with controls. Significant upregulation of 
MS4A1 in early-stage (ES) MF and advanced-stage (AS) MF is observed 
compared with controls. Also, significant upregulation of MS4A1 gene 
expression in AS-MF compared with ES-MF (fold-change = 5.2, p = 0.002) 
was seen. There was no significant difference in MS4A1 gene expression 
between controls (dermatitis (D) and healthy skin (HS) (p = 0.541). 
Horizontal lines represent median, ns: not significant, *indicate p < 0.05 
by 2-way analysis of variance (ANOVA) and Tukey’s post hoc test.
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with an aberrant expression of CD20. The PAX5+/CD20+ 
cells were digitally quantified, and the results are visuali-
zed in Fig. 2. The median fraction of PAX5+/CD20+ cells 
of all nucleated cells, in percentage, was 0.32 [0.14;0.71] 
in ES-MF, 1.61 [0.94;7.59] in AS-MF, 0.08 [0.03;0.19] in 
D, and 0.09 [0.001;1] in HS. The fraction of the digitally 
analysed PAX5+/CD20+ cells was significantly increased 
between ES-MF and AS-MF (p = 0.005) and the fraction 
of B-cells in both ES-MF and AS-MF was significantly 
higher compared with D (p = 0.0002, p < 0.0001, respecti-
vely) and HS (p < 0.0001, p < 0.0001, respectively). There 
was no significant difference in the presence of PAX5+/
CD20+ cells between D and HS (p = 0.11) (Fig. 2). 

The distribution pattern of PAX5+/CD20+ B-cells was 
diverse, ranging from diffusely scattered single cells to 
a denser band-like infiltrate in the dermal compartment. 
Some biopsies presented with both perifollicular and 
perivascular infiltrates of B-cells. The morphology of the 
PAX5+/CD20+ cells in the majority of the samples was 
small-to-medium-sized B-lymphocytes with no atypical 
appearance, suggesting their reactive nature. One patient 
with AS-MF (stage IIB) had a dense dermal infiltrate of 
> 50% large, CD20+ centroblast-like B-cells with reactive 
germinal centres. The B-cell immunophenotype in this 
patient was positive for CD20, PAX5, CD23, BCL6, and 
the proliferation marker Ki67 was, as expected, higher 
in the germinal centres compared with the rest of the 
biopsy. Immunoglobulin (Ig) heavy chain clonality was 
negative, and there was no kappa/lambda light chain 
restriction. The neoplastic T-lymphocytes were positive 
for CD3 and CD4, but negative for CD8. The patient 
had clonally rearranged T-cell receptor genes in the skin. 
No large cell transformation (LCT) of the neoplastic 

T-cells was observed, but the patient later transformed 
to large-cell MF and, at that time, there was still a signi-
ficant presence of B-cells in the dermal infiltrate. Fig. 3 
illustrates PAX5/CD20 immunohistochemically stained 
slides in representative patients with ES-MF, AS-MF, 
dermatitis and healthy skin.

Double-immunofluorescence labelling with CD3 and 
CD20
In a few cases there was a minor population of PAX5–/
CD20+cells. Double CD3/CD20 immunofluorescence 
staining could not verify an aberrant CD20 expression 
in the neoplastic T-cells in these cases (Fig. 4). 

Correlation between MS4A1 (CD20) and IL10 gene 
expression
This study did not attempt to identify different subtypes 
of CD20-positive cells, but a correlation analysis between 
CD20 and IL10 gene expression levels found no signifi-
cant correlation between CD20 and IL10 gene expression 
in the subgroups of MF and dermatitis, either in patients 
with early-stage MF who progressed to a higher disease 
stage or in those patients who did not progress (data not 
shown).

DISCUSSION

This study analysed the presence of B-cells in patients 
with ES-MF and AS-MF compared with controls. In ac-
cordance with previously published papers, a significant 
upregulation of infiltrating B-cells was found in MF 
compared with controls (21, 28, 29). However, contrary 
to these findings, Iliadis et al. (30) reported absent or 
lower numbers of B-cells in the inflammatory micro-
environment in various stages of MF. In the current study 
the morphology of PAX5+/CD20+ B-cells displayed, 
in most cases, small- to-medium-sized lymphocytes 
with no cytological atypia. The study cohort displayed 
no aberrant CD20 protein expression in the neoplastic 
T-cells, which has been reported previously (21, 31). An 
abundant proportion of CD20+ lymphoid cells in MF 
has previously been associated with poorer prognosis 
in T-MF (31), and the presence of < 10% or > 50% of 
tumour-infiltrating B-cells in patients with T-MF has been 
reported to have a negative prognostic impact compared 
with those with 10–49% tumour-infiltrating B-cells (21). 
However, this study consisted of relatively few patients; 
hence no firm conclusions can be drawn from the results, 
and the prognostic impact of the tumour-infiltrating B-
cells in T-MF still needs to be further elucidated. The 
current study could not confirm the prognostic impact of 
tumour-infiltrating B-cells in early-stage disease, as no 
significant differences were found in CD20 expression 
between patients who progressed and those who did not 

Fig. 2. Digital quantification of the double-immunohistochemical 
stained slides with PAX5 and CD20 in patients with mycosis 
fungoides (MF). Scatter plot of the digital image analysis of PAX5+/CD20+ 
cells, shows the fraction of double-positive cells of all nucleated cells as a 
percentage. Presence of B-cells is significantly increased in early-stage (ES) 
MF and advanced-stage (AS) MF compared with the controls of dermatitis (D) 
and healthy skin (HS). The number of B-cells was significantly upregulated 
in AS-MF compared with ES-MF (p < 0.005). No significant differences were 
observed between D and HS (p = 0.113). Horizontal lines represent mean, 
ns: not significant, *indicates p < 0.05 by Kruskal–Wallis test.
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Fig. 3. Double-immunohistochemical staining with PAX5 (nucleus, brown) and CD20 (cytoplasm, magenta) in early-stage (ES) mycosis 
fungoides (MF), advanced-stage (AS) MF, dermatitis (D) and healthy skin (HS). Presence of double-immunostained small-to-medium-sized B-cells 
in 3 different patients with (A–C) ES-MF, (E–G) AS-MF, (I–K) D and (M–O) HS. (E) PAX5+/CD20+ large, atypical, centroblast-like B-cells in a patient with 
AS (non-transformed MF). (A–C, E–G, I–K) Original magnification ×100, (E) white dotted line higher power field (×600) of the double-immunostained 
B-cells. Higher power field (×200) of patients (D) A, (H) G, (L) K, and (P) M.

Fig. 4. Double-immunofluorescence staining with CD3 (red) and CD20 (green) in (A–D) early-stage (ES) mycosis fungoides (MF) and 
(E–H) advanced-stage (AS) MF. The neoplastic T-cells did not display aberrant CD20 expression (expected yellow reaction product) in (D) ES-MF or 
(H) AS-MF, respectively. Original magnification ×200 in A–C, E–G and ×600 in D, H.
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(data not shown). The prominent B-cell population in 
some of the patients in the current cohort masked, to some 
extent, the true nature of the neoplastic T-cell infiltrate, 
thereby contributing to a delayed diagnosis. 

The functional role of tumour-associated B-cells in the 
microenvironment of MF has not been fully clarified, but 
it seems that in various human solid tumours (e.g. lung, 
breast and ovarian cancer) the presence of B-cells impro-
ved tumour control and served as a positive prognostic 
factor (33, 34). On the other hand, absence of B-cells 
has been correlated with an improved tumour control in 
a murine breast cancer model (35). In addition, a sub- 
population of IL-10-secreting Bregs has been identified 
as a negative inflammatory regulator that can facili-
tate breast cancer metastasis by initiating anti-tumour 
response (36). Furthermore, in several gastrointestinal 
cancers (colon, oesophagus and gastric cancer) upregu-
lation of IL-10 secreting Bregs has been described as a 
poor prognostic factor, whereas, in advanced MF, the 
IL-10-secreting Bregs were decreased, and this could 
have an impact on the progression in MF (17). The 
current study did not find any correlation between the 
CD20 and IL10 gene expression levels, suggesting that 
the presence of the CD20+ cells was not related to IL-
10-secreting Bregs. 

Interestingly, a study from Theurich et al. (29) showed 
remarkable clinical regression and sustained complete 
remission of a nuchal MF tumour after local injection 
with the anti-CD20 antibody rituximab. Moreover, flow-
cytometric and histological analysis showed depletion 
of B-cells and CD4+ lymphoma cells and in addition, 
FoxP3+ regulatory T-cells were reduced and tumour-
infiltrating CD8+ cytotoxic T-cells were increased after 
treatment with rituximab (29). Likewise, a study from 
Ghosn et al. reported a sustained improvement of MF in 
a patient who had concomitant Kimura disease treated 
with rituximab (37). 

In conclusion, this study found a significant increase 
in B-cells in the tumour-associated microenvironment 
in patients with MF compared with controls. Further-
more, the number of B-cells increased significantly 
with disease progression; however, this study could not 
confirm the potential poor prognostic effect of the lym-
phoma-infiltrating B-cells in early-stage disease between 
patients who progressed and those who did not. These 
data prompt further questions: how do the infiltrating 
B-cells impact MF biology, and can we re-establish the 
immunological tumour control by targeting these cells 
therapeutically? A recent study implicates different roles 
for B-cells in atopic dermatitis (AD) and psoriasis (38). 
Here, AD revealed a higher incidence of CD27+ memory 
B-cells, plasmablast and IgE+ memory subsets. In cont-
rast, psoriasis revealed B-cell subsets resembling those 
of healthy skin. In line with this, rituximab treatment of 
patients with AD led to disease improvement, abolished 
B-cell counts, decreased T-cell activation and IL-13 

production in peripheral blood, together with reduction 
in CD20+, CD4+, CD8+ and CD1a+cells in skin biopsies, 
and decreased mRNA expression of IL-13 and IL-5 (39). 
In contrast, anti-CD20 therapy did not improve B-cell 
depletion in psoriasis (40) and, furthermore, treatment 
with rituximab could, in some patients, induce psoriasis 
lesions (41). This indicates opposite functional roles for 
B-cells in various T-cell mediated benign diseases. We 
hypothesize, that B-cells are implicated in the pathogene-
sis of MF, and hereby open a window for further studies 
elucidating the nature and functional role of various 
B-cell subsets in MF, which could potentially promote 
new treatment strategies in CTCL. 
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