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Abstract

Introduction Although CD20 is classically a B cell marker, in the last three decades, dim expression has been noted on a
subset of T cells as well that has been independently verified by a number of groups. Our understanding of these cells and
their function is not well established.

Methods A thorough review of original articles on CD20™ T cells was undertaken of Pubmed by using combination of
phrases including “CD20*”, “CD20-positive” and “T cells”. Articles in English were considered, and there was no time
restriction.

Results CD20* T cells express the standard T cell markers and, in comparison to CD20™ T cells, appear to express greater
inflammatory cytokines and markers of effector function. Although the ontogeny of these cells is still being established, the
current theory is that CD20 may be acquired by trogocytosis from B cells. CD20" T cells may be found in healthy controls
and in a wide range of pathologies including autoimmune diseases, haematological and non-haematological malignancies
and human immunodeficiency virus (HIV) infections. One of the best studied diseases where these cells are found is multiple
sclerosis (MS) where a number of therapeutic interventions, including anti-CD20 depletion, have been shown to effectively
deplete these cells.

Conclusion This review summarises the latest understanding of CD20" T cells, their presence in various diseases, their
putative function and how they may be an ongoing target of CD20-depleting agents. Unfortunately, our understanding of
these cells is still at its infancy and ongoing study in a wider range of pathologies is required.
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Immunobiology of CD20* T cells Functionally, it is thought to serve as a calcium channel [2]
and is important in regulating B cell function by associating
with the B cell receptor [3].

Since the 1990 s, observations were made, by flow

Introduction

Cluster of differentiation 20 (CD20) is a lymphocyte sur-
face molecule that has become a ubiquitous marker for B
cells in flow cytometry, being expressed on pre-B cells to
mature B cells, and lost in plasmablasts and plasma cells
[1]. It is a molecule that ranges from 33 to 37 kDa and is
encoded by the MS4A 1 gene located on chromosome 11 [1].
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cytometry, that a small percentage of human CD3™" T cells
in peripheral blood dimly express CD20 on their surface
[4]. This is in contrast to the traditional bright expression
of CD20 found on B cells which are approximately 15-fold
brighter by flow cytometry [5]. CD20* T cells may range
from 1 to 6% of T cells in peripheral blood (PB) of healthy
controls (HCs), and do not express any other markers of
B cells such as CD19 [6, 7]. The frequency of these cells
bear no relationship to age of patient, sex or CD4:8 ratio [8,
9]. They may also be found in other human tissues such as
the thymus, tonsils, bone marrow and cerebral spinal fluid
(CSF) [6, 10].

However, the appearance of CD20 on T cells has gener-
ated some controversy. Some maintain that part of the CD20
expression on 7T cells may be a product of 7-B cell doublets.
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As evidence for this, ethylenediaminetetraacetic acid treat-
ment of PB reduces the frequency of CD20* T cells, as does
the exclusion of doublets via forward and side scatter gating
[9]. However, dim expression of CD20 create a distinct sub-
set from the bright CD20 found on B cells and furthermore,
these cells lack CD19, effectively ruling them out as 7-B
cell doublets [7, 11]. Multiple anti-CD20 clones have repro-
duced similar results and blocking studies have revealed that
CD20" T cells are not a product of non-specific binding of
these anti-CD20 clones [4]. Nevertheless, they are, to this
day, recognised as a bona fide subset that has been indepen-
dently verified by a large number of groups and using other
techniques such as single-cell imaging flow cytometry and
immunohistochemistry [12, 13].

Origins

The origin of CD20* T cells is not entirely clear. Certainly,
these cells express MS4A] mRNA suggesting an intrinsic
ability to generate CD20 protein [10]. In monkey experi-
ments, isolated CD20™ T cells up-regulate MS4A1 mRNA
and surface CD20 expression after concanavalin A and inter-
leukin (IL)-2 stimulation in vitro indicating that expression
may also be regulated by the cells’ microenvironment [14].

CD20 protein expression is absent on 7 cells of human
cord blood, suggesting acquisition of this molecule later in
development [6]. In mice, CD20™ T cells only appear in the
spleen after week 2 of age supporting this notion [15]. By
co-culturing T and B cell lines, de Bruyn et al. [6] were able
to show an increase in CD20 expression on 7T cells after just
1 h. They speculated that the mechanism of this was via
trogocytosis when T cells make contact with their cognate
B cells [6]. This theory was proven more recently when co-
culturing experiments of mice lymphocytes revealed that
direct contact with B cells was necessary for the transference
of CD20 to T cells [15]. However, why they are only selec-
tive for CD20 and not any other B cell surface markers is not
clear. A later study performed transcriptomic analysis via
RNA sequencing revealing activated CD20% T cells derived
from HCs do not upregulate MS4A 1 supporting de Bruyn’s
theory of trogocytosis [5].

Phenotype

After the exclusion of doublets, CD20% T cells are com-
monly identified via flow cytometry as CD3*CD19™ lym-
phocytes with dim expression of CD20. They may express
CD4, CD8 or neither; but are particularly enriched with
CD8 compared to CD20™ T cells in HCs [5]. HCs may have
around three-quarters of their PB CD3*CD20* compartment
as CD8" T cells [5, 16], In multiple sclerosis (MS) patients,
similar percentages are also seen [17].
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Human CD20* T cells may be either HLA-DR positive
or negative, and may express either CD45RA or CD45RO
[4, 6, 10], suggesting a differential role for these cells. In
MS patients, CD4" and CD8TCD20" T cells contain higher
central and effector memory T cells over CD20™ T cells [15].
Whilst CD69 is generally absent on CD20™ T cells in HCs,
in a disease model (psoriasis), there is marked up-regulation
of surface CD69 indicating activation of these cells [18].

They are more likely to express yd T cell receptors over
their CD20™ T cell counterparts, as assessed in HCs [4].
Assessment of chemokine receptor profiles in the PB of
MS patients reveal that CD20" T cells bear CC chemokine
receptor (CCR)2, CCR5, CCR6, CXC chemokine receptor
3 (CXCR3) and CXCR6, and more so than CD20™ T cells
[19, 20]. In HCs and psoriasis, around half of the CD20"
and CD20™ T cells are CCR7%.[18] Other phenotype markers
include CD49d* [20], CD27*, CD28" and a smaller fraction
express CD38 [18]. They are negative for CD40 [18]. These
data indicate that in human disease, CD20* T cells are likely
a more active subset of cells and display a rich diversity of
chemokine receptors to assist with CD20* T cell homing to
target organs.

Function

Although the function of these cells, and their roles in the
immunopathogenesis of various diseases, are still being
unearthed, it is clear that CD20% T cells play an important
effector role. Compared to CD20™ T cells, the CD20" T
cells express significantly greater IL-2, IL-4, IL-10 IL-17,
tumour necrosis factor (TNF), interferon (IFN)-y and granu-
locyte macrophage colony-stimulating factor (GM-CSF) as
assessed flow cytometrically [7, 10, 17, 20]. These were seen
in both HCs and diseased patients (e.g., MS) indicating that
these cells express inflammatory cytokines constitutively.
Interestingly, sorted and stimulated CD20™ from RA patients
secreted more IL-2 and IL-10 (by bead immunoassays),
however, [7]. The variety of cytokines hints at a large variety
of inflammatory and immunomodulatory functions of these
cells. Furthermore, and in line with their CD8% expression,
granzyme and perforin expression has been noted in patients
with MS, indicating a cytotoxic potential for these cells [21].

Role in autoimmunity
Multiple sclerosis (MS)

By far the most studied disease with these cells is MS, a
devastating demyelinating disorder of the nervous system.
Observation studies identify the presence of these cells in
the PB, CSF [20] and brain white matter of patients with
MS [19]. Increased percentage of T cells of both CD4* and
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CD8" are noted in the PB of MS patients (approximately
5-15%) compared to HCs [20]. However, other studies found
no differences in this percentage even after stratifying the
cells for CD4 and CDS expression [10, 22]. It is possible
that heterogeneity of patients and different anti-CD20 clones
have contributed to these apparent contradictory findings.

In brain biopsies of MS patients, the T cells are pre-
dominantly CD8? tissue resident memory (Tgyy) cells that
constitutively express dim CD20 and MS4A] mRNA [19].
Increased density of these CD20" T cells were found in
MS white matter active lesions compared to HC patients.
These cells had a higher expression of CXCR6, Ki-67 and
granzyme B than CD20"CD8" Ty cells [19]. Both CD4*
and CD8* CD20™ T cells co-localised with IL-17 on immu-
nohistochemistry and secreted IFN-y on flow cytometry
[22], confirming their pro-inflammatory function. These
circumstantial data hint that in MS, CD20" T cells are pro-
inflammatory and possibly contribute to the neuropathology.

More elaborate translational research has found myelin-
specific CD8" T cells in the PB of untreated MS patients,
using tetramer constructs [23]. Around 10% of these cells
expressed CD20 and in line with Hsiao et al.’s study [19],
were predominantly a memory phenotype (CD45RA") [23].
As a proof of principle of their pathogenicity, other research-
ers have utilised experimental autoimmune encephalomy-
elitis (EAE) mice (murine model for MS) and adoptively
transferred murine CD20™ T cells, using CD20™ T cells as
the comparator. Mice who had the former developed worse
clinical and histological disease, supporting the above cir-
cumstantial evidence for their pathogenicity [15].

The role that therapeutic anti-CD20 agents have in MS is
well recognised [24], hinting at the role that B cells play in
the pathogenesis of this disorder. It is reasonable to assume
that given the putative role that CD20" T cells have in MS
pathogenesis, that CD20 depletion functions in part by tar-
geting such cells. Indeed, it has been shown that anti-CD20
therapy (such as rituximab and ocrelizumab) effectively
depletes CD20™ T cells in both the PB and CSF of patients
with MS [10, 25]. Onset of depletion can be as quick as
2 weeks and has been seen up to 6 months post administra-
tion [26, 27], and CD8*CD20" T cells appear to somewhat
more susceptible to CD20 depletion over CD4YCD20* T
cells [12]. However, it is important to realise that a depletion
in CD20" T cells or B cells are not the only mechanisms for
the efficacy of CD20-depleting agents, as an increase in PB
regulatory T'(Tg,,) cells after ocrelizumab administration
was seen, which may assist with the dampening down of
neuroinflammation [28].

Other therapeutic options have been shown to modulate
CD20™" T cell numbers as well. Compared to untreated MS
patients, alemtuzumab, dimethyl fumarate and fingolimod
therapy decreased the absolute numbers of CD20" T cells
whilst natalizumab increased these, suggesting that CD20"

T cells enter the CNS via an a4-integrin-dependent manner
[10].

Rheumatoid arthritis (RA)

The role that T cells play in the pathogenesis of RA remains
well recognised and includes “classic” T cells such as T
helper 17 (Ty17) cells [29]. Interest in CD20* T cells and
RA, therefore, has emerged in the last decade. When looking
at the proportions of circulating CD20" T cells in PB, these
number approximately 1-2% of T cells in RA patients and
are comparable to HCs [7, 16]. Similarly to CD20" T cells
in MS, these are effectively depleted by rituximab, in part,
related to their susceptibility to apoptosis [7].

However, when CD20% T cells are stratified on their abil-
ity to secrete IL-17 (approximately 24% of IL-17-secreting
T cells), there was a marked increase in the percentage of
these cells over HCs—some 240-fold increase in median
percentage [16]. This implies that some 717 cells, which
have often defined as a T cell that secretes IL-17, are in fact,
CD20™.

Furthermore, whilst rituximab does little to affect the
overall 7 cell numbers in the PB pre- and post-therapy [30],
one study found that rituximab selectively depleted Ty;17
cells in the synovium of RA patients [31], which similar to
the MS studies, may be the result of their CD20 positivity.
However, this could also be a result of B cell depletion rather
than a direct effect on Ty17 cells, particularly because only
a limited number of these cells express CD20. A further
mechanism may be the alterations of cytokine environment
and consequential skewing towards T, cells following
rituximab therapy [32].

Psoriasis

The role of T cells and their inflammatory cytokine milieu
in the pathogenesis of psoriasis is also well recognised [33].
In the PB, 1-2% of lymphocytes are CD20™ T cells which
were comparable in proportion to HCs [18]. However, when
these cells were further stratified to the expression of CD4
or CD8, only CD20" T cells that expressed CD4 and/or
CDS8 were elevated; only double negative CD20* T cells
were comparable to HCs [34]. This interesting observation
is analogous to some of the MS studies where differences in
CD20™ T cell proportions were only seen upon CD4/CD8
stratification [20].

Like the aforementioned diseases, CD20% T cells are
thought to be inflammatory and contribute to the disease
pathogenesis. In contrast to HCs and CD20™ T cells, pso-
riasis patients’ CD20" T cells were enriched with CD4* T
cells, displayed an activated phenotype (CD69) and secreted
greater IFN-y, TNF and IL-21 as assessed flow cytometri-
cally [18]. Double negative CD20" T cells were also found to
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be inversely related to disease duration and disease severity,
giving some clinical utility to measuring these in the diag-
nostic laboratory [34]. Indeed, circulating double negative T
cells have received special attention for their purported role
in the pathogenesis of psoriasis [35]; however, this study did
not look at the CD20 expression on these cells.

Sjogren’s syndrome

Only one investigation regarding CD20" T cells could be
found in the systemic autoimmune diseases. Like the auto-
immune disorders above treated with rituximab, double
negative IL-17% T cells, as opposed to other T cell subsets,
were suppressed by approximately 50% 3 months follow-
ing rituximab therapy in patients with Sjogren’s syndrome
[36]. Examination of these cells revealed approximately
29% of these expressing CD20. Hence, it is likely that
other mechanisms apart from CD20 depletion is at play in
the targeted reduction of these IL-17% cells. The role for
these CD20*IL-17* T cells in Sjogren’s syndrome was not
explored but it is probable that given their IL-17 secretion,
they likely remain a pathogenic subset of cells. In in vitro
models of Sjogren’s syndrome, human salivary glands
treated with IL-17 increased cell death suggesting a direct
pathogenesis for these IL-17% T cells in contributing to sali-
vary gland dysfunction [37].

Role in malignancies
Lymphomas

A large range of CD20% T cell lymphomas has been
described in the literature. The exact frequency of such is
unclear as a detailed epidemiological study has not been
performed; however, it is thought to be quite rare. They tend
to occur in elderly and male patients [38]. These lymphomas
may be CD4*, CD8* or double positive [39], and it is not
clear if the lymphoma arises from normal CD20* T cell pre-
cursors, or develop CD20 expression aberrantly. Although
the literature is focused on primary CD20* T cell lympho-
mas, these cells have occasionally been described in medi-
astinal [39] and pleural [40] B cell lymphomas. This gives
rise to the possibility that these cells may be reactive to the
tumour and may exert anti-tumour immunity; although no
evidence for the latter currently exists. One interesting case
on a CD20" T cell lymphoma documented CD20 expres-
sion on malignant T cells nodally whilst the patient’s skin
lesions lacked this marker [41]. This probably reflects clonal
evolution of the tumour and indicates that CD20 itself is a
dynamic marker that may either be gained or lost. It may
also relate to the cytokine microenvironment since cytokines
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may modulate CD20 expression on CD20™ T cells in in vitro
monkey experiments [14].

Primary CD20% T cell lymphomas have been described
nodally or extra-nodally. Described extra-nodal sites have
included the nose [38], neck [42], skin [43], and gastroin-
testinal tract [44]. Generally, these CD20% T cell lymphomas
express pan-T cell markers, confirming their identity as T
cells, although cases do exist with the aberrant loss of nor-
mal T cell markers [45]. The usual method of identification
is via immunohistochemistry and flow cytometry. However,
given the rarity of CD20* T cell lymphomas, and aberrant
expression of lymphocyte markers, some caution is needed
to avoid a misdiagnosis of a B cell lymphoma [41]. B cell
expansion in response to a primary T cell leukaemia/lym-
phoma may also complicate the diagnosis [46].

Given their CD20 expression, the use of rituximab and
other CD20-depleting agents for therapy remains a possi-
bility. A review by Kakinoki et al. qualitatively found that
CD20 staining intensity roughly correlated with the cancer’s
response to therapy, with T cell lymphomas that had stronger
CD20 expression appearing to enter remission more readily
compared to others that displayed weak or variable CD20
expression [47]. This gives some justification to reporting
CD20 staining intensities semi-quantitatively in these group
of patients.

Leukaemias

Several primary CD20" mature and immature T cell leu-
kaemias have been described in the literature, which may
be part of the same disease spectrum as 7 cell lymphomas.
Similar to lymphomas, they may be CD4*%, CD8* or double
positive [48, 49]. Case series on CD20" T cell lymphoma/
leukaemias (ATLL) show that they may occur in children or
adults, tend to be associated with an aggressive course and
can be associated with human T-lymphotropic virus (HTLV)
[49, 50]. In contrast, a case of a CD20" T cell large granular
lymphocytic leukaemia associated with RA had a good prog-
nosis with no specific therapy [48]. Patients have received
conventional chemotherapy but no case of the use of anti-
CD20 therapy could be found. Being a unique marker on T
cells, CD20 may be a useful marker for performing minimal
residual disease analysis by flow cytometry.

Non-haematological malignancies

There are only limited studies looking at CD20* T cells in
non-haematological malignancies. In tissue studies, tumour-
infiltrating lymphocytes (TILs) are well studied in the litera-
ture and are stratified using immunohistochemical methods
into T and B cells [51]. For the latter, CD20 is oftentimes
used as a sole B cell marker which unfortunately, may lead
to incorrect attribution of all CD20* lymphocytes as being
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B cells. Future studies would need to delineate the nature of
these cells in various malignancies.

Circulating CD20* T cells, on the other hand, have been
explored in a few studies. In a group of patients with ovar-
ian cancer, these cells were detectable in the PB of patients,
at approximately 6% and not differing significantly from
HCs [6]. They were also found in the ascitic fluid of these
patients, were found to be predominantly CD8" effector
memory T cells, and secreted IFN-y [6]. Compared to the PB
of ovarian cancer patients, the CD20% T cells were enriched
in the ascitic fluid (23% vs. approximately 6% in the PB)
suggesting a tumour-specific function of these cells [6]. T
cell expansion in response to tumours are well recognised
and may be a bystander phenomenon or exert anti-tumour
responses [52]; it is probable that CD20* T cells may also
behave similarly.

In a study of colorectal cancer, CD20 (MS4A1) expres-
sion was noted on PB and tumour T cells, respectively [53].
CD8™ T cells in the tumour, compared to corresponding
cells in non-neoplastic colonic tissue, downregulated CD20
expression. Nivolumab, a programmed cell death-1 (PD-1)
blocker, was then used to explore a possible mechanism for
MS4A1 modulation. Interestingly, nivolumab-bound 7 cells
had higher expression of MS4AI than unbound T cells sug-
gesting a mechanism for downregulation of CD20 in tumour-
associated T cells is via the PD ligand 1-PD1 pathway [53].

Role in infections
Human immunodeficiency virus (HIV)

CD20" T cells have been found in the bone marrow and PB
of patients with HIV [8, 54]. In the PB of untreated HIV
patients, there is a reduction in the proportion of circulat-
ing CD20" T cells (percent of lymphocytes) compared to
HCs, which is somewhat restored following treatment [54].
However, stratifying these cells by CD4 yields conflicting
results in the literature depending on how their frequency
is defined. Forster et al. [54] found no difference in the
CD4*CD20* T cells expressed as a percentage of lympho-
cytes across treated and untreated patients, and HCs. They
did, however, find a relative increase in CD8TCD20" T cells
in untreated patients compared to treated patients and HCs
[54]. In contrast, when CD4"CD20™" T cells were expressed
as a percentage of CD4" T cells, Serra-Peinado et al. [11]
found untreated HIV patients had a higher proportion of
CD4*CD20* T cells over treated HIV and HCs (at approxi-
mately 1% of CD4* T cells). Phenotypically, these CD20"
T cells had a more activated phenotype than CD20"CD4*
T cells with greater expression of CD69 and HLA-DR, and
were predominantly memory cells (CD45RO™) [11], in line
with activated CD207 T cells in MS (see above). However,

the literature on these cells in HIV is still preliminary and it
is unclear what role they play in the pathogenesis or immu-
nity against HIV.

The question remains if these CD47CD20" T cells
may act as viral reservoirs. In HIV patients, regardless of
treatment status, higher HIV RNA and DNA was noted in
CD4*CD20" over CD47CD20™ T cells [11, 55]. It is pos-
sible that HIV may, hence, cause activation of these cells
and CD20 up-regulation. Similarly, in the animal models for
HIV (SIV and African green monkeys and macaques), CD20
(along with CD32) identified CD4" T cells that contained
higher actively transcribed SIV RNA over CD32°CD4* T
cells [56]. Serra-Peinado et al. examined the effects of the
addition of rituximab to co-cultures of these CD4*CD20*
cells and found that they were efficiently targeted by this
drug and completely abrogated HIV replication [11]. These
data indicate that CD20 is a reliable marker of HIV-activated
CD47" T cells and CD20-depleting agents to target these
virus-infected cells may be a therapeutic option in the future.

Other infections

Apart from HIV, there has been very little in the literature
examining the role and presence of CD20" T cells in infec-
tions. In a clinical, observational study of patients with
adenovirus pneumonia, higher absolute numbers of CD4™,
CD8* and CD20™ T cells were noted in the PB of patients
without pleural effusion, compared to those patients with
[57]. Whilst the mechanism is unclear, the authors opined
that viral suppression of T cells in a more extensive disease
(with effusion) may be responsible for the finding [57].

Discussion and conclusion

Although still in the infancy of our understanding of the
role and function of CD20" T cells, it is clear that they are
emerging as a 7T cell subset of interest that is involved in a
variety of pathologies. Figure 1 summarises some of the
important features of CD20™ T cells presented in this article.
With the recognition of CD20 on T cells, older studies that
use this as a sole marker of B cells in conditions such as lym-
phomas and cancers (TILs) should prompt some care in the
interpretation of results. At this point in time, it is unclear
whether these cells are reactive, are directly pathogenic or
both. Only the role they play in MS has been studied in
some detail where recent studies are suggesting that CD20™"
T cells are pathogenic. Unfortunately, there is a paucity of
detailed studies examining their role in the pathogenesis of
other diseases and most studies are currently restricted to
being just observational studies.

The most basic observations of the circulating fre-
quency of CD20% T cells is fraught with uncertainty and
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Fig. 1 Key features of CD20" T cells. IL interleukin, TNF tumour necrosis factor, IFN interferon, GM-CSF granulocyte—-macrophage colony

stimulating factor

heterogeneity as studies use various definitions of defining
the parent populations. However, the mere quantitation of
cells reveals little about their function. Nevertheless, the
presence of CD20" T cells in HCs and evidence for their
function through cytokine secretions suggests that they play
a role in providing “background” immunity or homeostasis.

In addition, the relationship and function between their
CD20" T cell counterparts need exploring. Given that CD20™
T cells comprise only a fraction of T cells, and represent a
more “activated” and inflammatory phenotype over CD20™
T cells, it is possible that CD20™ T cells represent cells that
are resting or providing homeostatic functions. The strong
proliferative capabilities in CD20™ T cells over CD207 [7]
indicates that these cells are likely poised to become effector
cells. However, these notions are not solidly proven in the
available literature and further work is required to elucidate
the role and association of this subset.

Immune cells often work in concert with each other to
drive pathology; however, the interactions and relationships
of these cells with other immune cells has been poorly stud-
ied. From the limited literature so far, it is probable that
CD20% T cells interact with their cognate B cells which

@ Springer

facilitates CD20 trogocytosis to the receiving T cell. CD20*
T-B cell conjugates have been identified in situ in tonsillar
tissue confirming the interaction beyond in vitro experiments
[6]. This likely leads to antigen presentation, subsequent 7'
cell activation and the differentiation into memory and effec-
tor subsets.

A further avenue for exploration is the IL-17-secreting
properties of CD20% T cells and the notion that these repre-
sent a subset of Tj;17 cells. Overall, less than 5% of CD20%
T cells secrete IL-17 [10]. Ty17 cells have overwhelmingly
been implicated in the pathogenesis of several autoimmune
disorders including MS and RA [58]. T;17 cells exert their
pathogenicity through IL-17 and GM-CSF cytokines [58],
which are also some the key cytokines secreted by the
CD20™" T cell subset. Only around a quarter of IL-17-se-
creting T cells express CD20, [16, 36] making them a sub-
set that likely overlaps with classic Ty17 cells. How these
CD20" cells are different phenotypically and functionally
from the CD20™ IL-17-secreting T cells is not clear and no
published research is yet available to answer this question.
IL-17 production in CD4" T cells, nevertheless, appears
to be predominantly restricted to the CD20" subset [17].
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Additionally, it is not clearly if the IL-17-secreting CD20*
T cells is also programmed by the classical retinoid orphan
receptor gamma t (RORgt) master transcription factor seen
in Ty17 cells.

Hence, there is certainly an urgent clinical need to study
these cells, particularly with the availability of anti-CD20
therapeutic agents which could deplete these cells. Future
studies should explore the role and function of these cells
in other diseases such as other non-haematological malig-
nancies and infections. Some important areas to explore
would include whether other T cell subsets may express
CD20 and if so, do they signify a more “immunologically
active” subset with greater effector functions? Furthermore,
it would be interesting to see of the enumeration of CD20*
T cells in various diseases offer any useful diagnostic, prog-
nostic or predictive potential in selected diseases. Indeed,
we have only scratched the surface in our understanding of
this enigmatic subset and modern research techniques such
as single-cell RNA sequencing should surely shed light on
these relatively unexplored cells.

Author contributions AL: contributed to concept design and wrote
the entire manuscript.

Funding Open Access funding enabled and organized by CAUL and
its Member Institutions.

Declarations

Competing interests The authors declare no competing interests.

Conflict of interest The authors declare that they have no conflict of
interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Pavlasova G, Mraz M. The regulation and function of CD20: an
“enigma” of B-cell biology and targeted therapy. Haematologica.
2020;105(6):1494-506. https://doi.org/10.3324/haematol.2019.
243543.

2. Li H, Ayer LM, Polyak MJ, Mutch CM, Petrie RJ, Gauthier L,
et al. The CD20 calcium channel is localized to microvilli and

10.

12.

13.

14.

15.

constitutively associated with membrane rafts: antibody bind-
ing increases the affinity of the association through an epitope-
dependent cross-linking-independent mechanism. J Biol Chem.
2004;279(19):19893-901. https://doi.org/10.1074/jbc.M4005
25200.

van de Ven AA, Compeer EB, Bloem AC, van de Corput L, van
Gijn M, van Montfrans JM, et al. Defective calcium signaling
and disrupted CD20-B-cell receptor dissociation in patients with
common variable immunodeficiency disorders. J Allergy Clin
Immunol. 2012;129(3):755-61.€7. https://doi.org/10.1016/j.jaci.
2011.10.020.

Hultin LE, Hausner MA, Hultin PM, Giorgi JV. CD20 (pan-B cell)
antigen is expressed at a low level on a subpopulation of human
T lymphocytes. Cytometry. 1993;14(2):196-204. https://doi.org/
10.1002/cyt0.990140212.

Vlaming M, Bilemjian V, Freile JA, Lourens HJ, van Rooij N,
Huls G, et al. CD20 positive CD8 T cells are a unique and tran-
scriptionally-distinct subset of T cells with distinct transmigration
properties. Sci Rep. 2021;11(1):20499. https://doi.org/10.1038/
$41598-021-00007-0.

de Bruyn M, Wiersma VR, Wouters MCA, Samplonius DF, Klip
HG, Helfrich W, et al. CD20+ T cells have a predominantly Tcl
effector memory phenotype and are expanded in the ascites of
patients with ovarian cancer. Oncoimmunology. 2015. https://doi.
org/10.1080/2162402X.2014.999536.

Wilk E, Witte T, Marquardt N, Horvath T, Kalippke K, Scholz K,
et al. Depletion of functionally active CD20+ T cells by rituximab
treatment. Arthritis Rheum. 2009;60(12):3563-71. https://doi.org/
10.1002/art.24998.

Algino KM, Thomason RW, King DE, Montiel MM, Craig FE.
CD20 (pan-B cell antigen) expression on bone marrow-derived
T cells. Am J Clin Pathol. 1996;106(1):78-81. https://doi.org/
10.1093/ajcp/106.1.78.

Henry C, Ramadan A, Montcuquet N, Pallandre J-R, Mercier-
Letondal P, Deschamps M, et al. CD3+CD20+ cells may be an
artifact of flow cytometry: comment on the article by Wilk et al.
Arthritis Rheum. 2010;62(8):2561-3. https://doi.org/10.1002/
art.27527.

Schuh E, Berer K, Mulazzani M, Feil K, Meinl I, Lahm H,
et al. Features of human CD3+CD20+ T cells. J] Immunol.
2016;197(4):1111-7. https://doi.org/10.4049/jimmunol. 16000
89.

. Serra-Peinado C, Grau-Exposito J, Luque-Ballesteros L, Astorga-

Gamaza A, Navarro J, Gallego-Rodriguez J, et al. Expression of
CD20 after viral reactivation renders HIV-reservoir cells suscep-
tible to Rituximab. Nat Commun. 2019;10(1):3705. https://doi.
org/10.1038/s41467-019-11556-4.

Palanichamy A, Jahn S, Nickles D, Derstine M, Abounasr A,
Hauser SL, et al. Rituximab efficiently depletes increased CD20-
expressing T cells in multiple sclerosis patients. J Immunol.
2014;193(2):580-6. https://doi.org/10.4049/jimmunol.1400118.
Salva KA, Bennett D, Longley J, Guitart J, Wood GS. Multispec-
tral imaging approach to the diagnosis of a CD20+ cutaneous
T-cell lymphoproliferative disorder: a case report. Am J Dermato-
pathol. 2015;37(10):e116-21. https://doi.org/10.1097/dad.00000
00000000323.

Murayama Y, Mukai R, Sata T, Matsunaga S, Noguchi A,
Yoshikawa Y. Transient expression of CD20 antigen (pan B cell
marker) in activated lymph node T cells. Microbiol Immunol.
1996;40(6):467-71. https://doi.org/10.1111/j.1348-0421.1996.
tb01096.x.

Ochs J, Nissimov N, Torke S, Freier M, Grondey K, Koch J, et al.
Proinflammatory CD20(+) T cells contribute to CNS-directed
autoimmunity. Sci Transl Med. 2022. https://doi.org/10.1126/
scitranslmed.abi4632.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3324/haematol.2019.243543
https://doi.org/10.3324/haematol.2019.243543
https://doi.org/10.1074/jbc.M400525200
https://doi.org/10.1074/jbc.M400525200
https://doi.org/10.1016/j.jaci.2011.10.020
https://doi.org/10.1016/j.jaci.2011.10.020
https://doi.org/10.1002/cyto.990140212
https://doi.org/10.1002/cyto.990140212
https://doi.org/10.1038/s41598-021-00007-0
https://doi.org/10.1038/s41598-021-00007-0
https://doi.org/10.1080/2162402X.2014.999536
https://doi.org/10.1080/2162402X.2014.999536
https://doi.org/10.1002/art.24998
https://doi.org/10.1002/art.24998
https://doi.org/10.1093/ajcp/106.1.78
https://doi.org/10.1093/ajcp/106.1.78
https://doi.org/10.1002/art.27527
https://doi.org/10.1002/art.27527
https://doi.org/10.4049/jimmunol.1600089
https://doi.org/10.4049/jimmunol.1600089
https://doi.org/10.1038/s41467-019-11556-4
https://doi.org/10.1038/s41467-019-11556-4
https://doi.org/10.4049/jimmunol.1400118
https://doi.org/10.1097/dad.0000000000000323
https://doi.org/10.1097/dad.0000000000000323
https://doi.org/10.1111/j.1348-0421.1996.tb01096.x
https://doi.org/10.1111/j.1348-0421.1996.tb01096.x
https://doi.org/10.1126/scitranslmed.abi4632
https://doi.org/10.1126/scitranslmed.abi4632

1188

A.Y.S. Lee

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Eggleton P, Bremer E, Tarr JM, de Bruyn M, Helfrich W, Kendall
A, et al. Frequency of Th17 CD20+ cells in the peripheral blood
of rheumatoid arthritis patients is higher compared to healthy
subjects. Arthritis Res Ther. 2011;13(6):R208. https://doi.org/
10.1186/ar3541.

Quendt C, Ochs J, Hausser-Kinzel S, Hausler D, Weber MS.
Proinflammatory CD20(+) T cells are differentially affected by
multiple sclerosis therapeutics. Ann Neurol. 2021;90(5):834-9.
https://doi.org/10.1002/ana.26216.

Niu J, Zhai Z, Hao F, Zhang Y, Song Z, Zhong H. Dissection of
a circulating CD3(+) CD20(+) T cell subpopulation in patients
with psoriasis. Clin Exp Immunol. 2018;192(2):206-12. https://
doi.org/10.1111/cei.13106.

Hsiao C-C, Fransen NL, van den Bosch AMR, Brandwijk KIM,
Huitinga I, Hamann J, et al. White matter lesions in multiple scle-
rosis are enriched for CD20dim CD8+- tissue-resident memory T
cells. Eur J Immunol. 2021;51(2):483-6. https://doi.org/10.1002/
€ji.202048665.

von Essen MR, Ammitzbgll C, Hansen RH, Petersen ERS, McWil-
liam O, Marquart HV, et al. Proinflammatory CD20+ T cells in
the pathogenesis of multiple sclerosis. Brain. 2018;142(1):120—
32. https://doi.org/10.1093/brain/awy301.

Boldrini VO, Quintiliano RPS, Silva LS, Damasceno A, Santos
LMB, Farias AS. Cytotoxic profile of CD34+CD20+ T cells in
progressive multiple sclerosis. Multiple sclerosis and related dis-
orders. 2021;52: 103013. https://doi.org/10.1016/j.msard.2021.
103013.

Holley JE, Bremer E, Kendall AC, de Bruyn M, Helfrich W,
Tarr JM, et al. CD20+inflammatory T-cells are present in blood
and brain of multiple sclerosis patients and can be selectively
targeted for apoptotic elimination. Mult Scler Relat Disord.
2014;3(5):650-8. https://doi.org/10.1016/j.msard.2014.06.001.
Sabatino JJ Jr, Wilson MR, Calabresi PA, Hauser SL, Schneck JP,
Zamvil SS. Anti-CD20 therapy depletes activated myelin-specific
CDS8(+) T cells in multiple sclerosis. Proc Natl Acad Sci U S A.
2019;116(51):25800-7. https://doi.org/10.1073/pnas.1915309116.
Montalban X, Hauser SL, Kappos L, Arnold DL, Bar-Or A, Comi
G, et al. Ocrelizumab versus placebo in primary progressive mul-
tiple sclerosis. N Engl J Med. 2017;376(3):209-20. https://doi.
org/10.1056/NEJMoal606468.

Cross AH, Stark JL, Lauber J, Ramsbottom MJ, Lyons JA. Rituxi-
mab reduces B cells and T cells in cerebrospinal fluid of multiple
sclerosis patients. J Neuroimmunol. 2006;180(1-2):63-70. https://
doi.org/10.1016/j.jneuroim.2006.06.029.

Capasso N, Nozzolillo A, Scalia G, Lanzillo R, Carotenuto A, De
Angelis M, et al. Ocrelizumab depletes T-lymphocytes more than
rituximab in multiple sclerosis. Mult Scler Relat Disord. 2021;49:
102802. https://doi.org/10.1016/j.msard.2021.102802.

Gingele S, Jacobus TL, Konen FF, Himmert MW, Siihs KW,
Schwenkenbecher P, et al. Ocrelizumab depletes CD20* T cells
in multiple sclerosis patients. Cells. 2018. https://doi.org/10.3390/
cells8010012.

Howlett-Prieto Q, Feng X, Kramer JF, Kramer KJ, Houston TW,
Reder AT. Anti-CD20 therapy corrects a CD8 regulatory T cell
deficit in multiple sclerosis. Mult Scler J. 2021;27(14):2170-9.
https://doi.org/10.1177/13524585211003301.

Giannini D, Antonucci M, Petrelli F, Bilia S, Alunno A, Puxeddu
I. One year in review 2020: pathogenesis of rheumatoid arthritis.
Clin Exp Rheumatol. 2020;38(3):387-97.

Bergantini L, d’Alessandro M, Cameli P, Vietri L, Vagaggini C,
Perrone A, et al. Effects of rituximab therapy on B cell differentia-
tion and depletion. Clin Rheumatol. 2020;39(5):1415-21. https://
doi.org/10.1007/s10067-020-04996-7.

van de Veerdonk FL, Lauwerys B, Marijnissen RJ, Timmermans
K, Di Padova F, Koenders MI, et al. The anti-CD20 antibody

@ Springer

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

rituximab reduces the Th17 cell response. Arthritis Rheum.
2011;63(6):1507-16. https://doi.org/10.1002/art.30314.

Chen M, Zhang Q, Wei Y, Wan Q, Xu M, Chen X. Anti-CD20
therapy ameliorates p cell function and rebalances Th17/Treg
cells in NOD mice. Endocrine. 2022. https://doi.org/10.1007/
$12020-021-02965-x.

Nussbaum L, Chen YL, Ogg GS. Role of regulatory T cells in pso-
riasis pathogenesis and treatment. Br J Dermatol. 2021;184(1):14—
24. https://doi.org/10.1111/bjd.19380.

Fragiotta S, Mangino G, Iuliano M, Potenza C, Bernardini N,
Skroza N, et al. Role of CD 20(+) T cells and related cytokines in
mediating retinal microvascular changes and ocular complications
in chronic-plaque type psoriasis. Cytokine. 2020;136: 155253.
https://doi.org/10.1016/j.cyt0.2020.155253.

Sato T, Ohno S, Hayashi T, Sato C, Kohu K, Satake M, et al. Dual
functions of Runx proteins for reactivating CD8 and silencing
CD#4 at the commitment process into CD8 thymocytes. Immu-
nity. 2005;22(3):317-28. https://doi.org/10.1016/j.immuni.2005.
01.012.

Alunno A, Carubbi F, Bistoni O, Caterbi S, Bartoloni E, Di
Benedetto P, et al. Interleukin (IL)-17-producing pathogenic T
lymphocytes co-express CD20 and are depleted by rituximab in
primary Sjogren’s syndrome: a pilot study. Clin Exp Immunol.
2016;184(3):284-92. https://doi.org/10.1111/cei.12771.

Hwang SH, Woo JS, Moon J, Yang S, Park JS, Lee J, et al. IL-17
and CCRI9(4+)04p7(-) Th17 cells promote salivary gland inflam-
mation, dysfunction, and cell death in Sjogren’s syndrome. Front
Immunol. 2021;12: 721453. https://doi.org/10.3389/fimmu.2021.
721453.

Li YL, Wang HP, Zhang C, Zhai ZM. CD20-positive primary nasal
peripheral T-cell lymphoma: an analysis of one case and review
of the literature. Cytometry B Clin Cytom. 2020;98(4):348-54.
https://doi.org/10.1002/cyto.b.21852.

Gadgeel M, Al-Qanber B, Buck S, Savasan S. CD20+ T cells in
primary mediastinal large b cell lymphoma microenvironment.
Cytometry B Clin Cytom. 2020;98(1):16-8. https://doi.org/10.
1002/cyto.b.21832.

Lockhart G, Kaushal M, Azimi A, Nana-sinkam P. Extranodal
marginal zone lymphoma of the pleura presenting as unilateral
pleural effusion: a case report. Chest. 2014;146(4):657A. https://
doi.org/10.1378/chest.1991967.

Sun T, Akalin A, Rodacker M, Braun T. CD20 positive T cell
lymphoma: is it a real entity? J Clin Pathol. 2004;57(4):442-4.
https://doi.org/10.1136/jcp.2003.011734.

Quintanilla-Martinez L, Preffer F, Rubin D, Ferry JA, Harris NL.
CD20+ T-cell lymphoma. Neoplastic transformation of a normal
T-cell subset. Am J Clin Pathol. 1994;102(4):483-9. https://doi.
org/10.1093/ajcp/102.4.483.

Martin B, Stefanato C, Whittaker S, Robson A. Primary cutaneous
CD20-positive T-cell lymphoma. J Cutan Pathol. 2011;38(8):663—
9. https://doi.org/10.1111/j.1600-0560.2011.01709.x.

Wang X, Ng CS, Chen C, Yu G, Yin W. An unusual case report
of indolent T-cell lymphoproliferative disorder with aberrant
CD20 expression involving the gastrointestinal tract and bone
marrow. Diagn Pathol. 2018;13(1):82. https://doi.org/10.1186/
s13000-018-0762-4.

Gonin J, Kadiri H, Bensaci S, Le Tourneau A, Molina TJ, Diebold
J, et al. Primary mediastinal anaplastic alk-1-positive large-cell
lymphoma of T/NK-cell type expressing CD20. Virchows Arch.
2007;450(3):355-8. https://doi.org/10.1007/s00428-007-0371-1.
Sukumaran R, Nair RA. Adult T cell leukemia/lymphoma
complicated by proliferation of large B cells: a diagnostic
dilemma. J Hematop. 2018;11(3):83-6. https://doi.org/10.1007/
$12308-018-0326-2.

Kakinoki Y, Hashiguchi J, Ishio T, Chiba K, Niino D, Ohshima
K. CD20-positive primary gastric T-cell lymphoma poorly


https://doi.org/10.1186/ar3541
https://doi.org/10.1186/ar3541
https://doi.org/10.1002/ana.26216
https://doi.org/10.1111/cei.13106
https://doi.org/10.1111/cei.13106
https://doi.org/10.1002/eji.202048665
https://doi.org/10.1002/eji.202048665
https://doi.org/10.1093/brain/awy301
https://doi.org/10.1016/j.msard.2021.103013
https://doi.org/10.1016/j.msard.2021.103013
https://doi.org/10.1016/j.msard.2014.06.001
https://doi.org/10.1073/pnas.1915309116
https://doi.org/10.1056/NEJMoa1606468
https://doi.org/10.1056/NEJMoa1606468
https://doi.org/10.1016/j.jneuroim.2006.06.029
https://doi.org/10.1016/j.jneuroim.2006.06.029
https://doi.org/10.1016/j.msard.2021.102802
https://doi.org/10.3390/cells8010012
https://doi.org/10.3390/cells8010012
https://doi.org/10.1177/13524585211003301
https://doi.org/10.1007/s10067-020-04996-7
https://doi.org/10.1007/s10067-020-04996-7
https://doi.org/10.1002/art.30314
https://doi.org/10.1007/s12020-021-02965-x
https://doi.org/10.1007/s12020-021-02965-x
https://doi.org/10.1111/bjd.19380
https://doi.org/10.1016/j.cyto.2020.155253
https://doi.org/10.1016/j.immuni.2005.01.012
https://doi.org/10.1016/j.immuni.2005.01.012
https://doi.org/10.1111/cei.12771
https://doi.org/10.3389/fimmu.2021.721453
https://doi.org/10.3389/fimmu.2021.721453
https://doi.org/10.1002/cyto.b.21852
https://doi.org/10.1002/cyto.b.21832
https://doi.org/10.1002/cyto.b.21832
https://doi.org/10.1378/chest.1991967
https://doi.org/10.1378/chest.1991967
https://doi.org/10.1136/jcp.2003.011734
https://doi.org/10.1093/ajcp/102.4.483
https://doi.org/10.1093/ajcp/102.4.483
https://doi.org/10.1111/j.1600-0560.2011.01709.x
https://doi.org/10.1186/s13000-018-0762-4
https://doi.org/10.1186/s13000-018-0762-4
https://doi.org/10.1007/s00428-007-0371-1
https://doi.org/10.1007/s12308-018-0326-2
https://doi.org/10.1007/s12308-018-0326-2

CD20* T cells: an emerging T cell subset in human pathology

1189

48.

49.

50.

51.

52.

53.

54.

responding to initial treatment with rituximab plus CHOP, and a
literature review. Int J Hematol. 2015;102(6):702-8. https://doi.
org/10.1007/s12185-015-1841-x.

Miyazaki K, Ohsaka M, Suzuki Y, Danbara M, Horie R, Higashi-
hara M. CD20-positive T-cell large granular lymphocyte leu-
kemia: case report and review of the literature. Intern Med.
2009;48(16):1443-7. https://doi.org/10.2169/internalmedicine.
48.2141.

Warzynski MJ, Graham DM, Axtell RA, Zakem MH, Rotman RK.
Low level CD20 expression on T cell malignancies. Cytometry.
1994;18(2):88-92. https://doi.org/10.1002/cyt0.990180206.
Kawano R, Niino D, Ohshima K. Six cases of CD20-positive adult
T-cell leukemia. J Clin Exp Hematop. 2016;56(2):119-25. https://
doi.org/10.3960/jslrt.56.119.

Nelson BH. CD20+ B cells: the other tumor-infiltrating lympho-
cytes. J Immunol. 2010;185(9):4977-82. https://doi.org/10.4049/
jimmunol.1001323.

van der Leun AM, Thommen DS, Schumacher TN. CD8(+) T
cell states in human cancer: insights from single-cell analysis.
Nat Rev Cancer. 2020;20(4):218-32. https://doi.org/10.1038/
541568-019-0235-4.

Mudd TW Jr, Lu C, Klement JD, Liu K. MS4A1 expression and
function in T cells in the colorectal cancer tumor microenviron-
ment. Cell Immunol. 2021;360: 104260. https://doi.org/10.1016/j.
cellimm.2020.104260.

Forster F, Singla A, Arora SK, Schmidt RE, Jacobs R. CD20+
T cell numbers are decreased in untreated HIV-1 patients and

55.

56.

57.

58.

recover after HAART. Immunol Lett. 2012;146(1-2):74-8.
https://doi.org/10.1016/j.imlet.2012.05.004.

Martin GE, Pace M, Thornhill JP, Phetsouphanh C, Meyerowitz J,
Gossez M, et al. CD32-expressing CD4 T cells are phenotypically
diverse and can contain proviral HIV DNA. Front Immunol. 2018.
https://doi.org/10.3389/fimmu.2018.00928.

Huot N, Rascle P, Planchais C, Contreras V, Passaes C, Le Grand
R, et al. CD32+CD4+ T cells sharing B cell properties increase
with simian immunodeficiency virus replication in lymphoid tis-
sues. Front Immunol. 2021;12: 695148. https://doi.org/10.3389/
fimmu.2021.695148.

Shen C-F, Wang S-M, Ho T-S, Liu C-C. Clinical features of
community acquired adenovirus pneumonia during the 2011
community outbreak in Southern Taiwan: role of host immune
response. BMC Infect Dis. 2017;17(1):196. https://doi.org/10.
1186/512879-017-2272-5.

Yasuda K, Takeuchi Y, Hirota K. The pathogenicity of Th17 cells
in autoimmune diseases. Semin Immunopathol. 2019;41(3):283—
97. https://doi.org/10.1007/s00281-019-00733-8.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1007/s12185-015-1841-x
https://doi.org/10.1007/s12185-015-1841-x
https://doi.org/10.2169/internalmedicine.48.2141
https://doi.org/10.2169/internalmedicine.48.2141
https://doi.org/10.1002/cyto.990180206
https://doi.org/10.3960/jslrt.56.119
https://doi.org/10.3960/jslrt.56.119
https://doi.org/10.4049/jimmunol.1001323
https://doi.org/10.4049/jimmunol.1001323
https://doi.org/10.1038/s41568-019-0235-4
https://doi.org/10.1038/s41568-019-0235-4
https://doi.org/10.1016/j.cellimm.2020.104260
https://doi.org/10.1016/j.cellimm.2020.104260
https://doi.org/10.1016/j.imlet.2012.05.004
https://doi.org/10.3389/fimmu.2018.00928
https://doi.org/10.3389/fimmu.2021.695148
https://doi.org/10.3389/fimmu.2021.695148
https://doi.org/10.1186/s12879-017-2272-5
https://doi.org/10.1186/s12879-017-2272-5
https://doi.org/10.1007/s00281-019-00733-8

	CD20+ T cells: an emerging T cell subset in human pathology
	Abstract
	Introduction  
	Methods 
	Results 
	Conclusion 

	Immunobiology of CD20+ T cells
	Introduction
	Origins
	Phenotype
	Function

	Role in autoimmunity
	Multiple sclerosis (MS)
	Rheumatoid arthritis (RA)
	Psoriasis
	Sjögren’s syndrome

	Role in malignancies
	Lymphomas
	Leukaemias
	Non-haematological malignancies

	Role in infections
	Human immunodeficiency virus (HIV)
	Other infections

	Discussion and conclusion
	References




