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CD3*CD20™ T cells are a population of CD3™ T cells co-expressing CD20 that make up to ~ 3-5% of the CD3 ™"
T-cell compartment in the peripheral blood of human beings. In healthy individuals, CD3*CD20™ T cells are
heterogeneous for containing a lower proportion of CD4 ™ cells, but produce higher levels of IL-17A and/or IFN-y
than those of CD37CD20~ T cells. Recently, emerging studies have shown a pathogenic behavior of
CD3*CD20™ T cells in autoimmune diseases and CD20* T-cell malignancies, and patients with the diseases may

benefit from anti-CD20 immunotherapy to deplete these cells. However, CD3*CD20" T cells may also play a
protective role in ovarian cancer and HIV infection for their strong propensity to IFN-y production. In this
review, we will describe the current knowledge about CD3"CD20* T-cell biology, and discuss their functional
roles in autoimmune diseases as well as cancer and infectious diseases.

1. Introduction

In immunology, CD20 is a putative B-cell antigen for its expression
on the surface of B cells but not other cell lineages, and it presents from
late pro-B cells to memory cells except early pro-B cells or plasmablasts
and plasma cells, while CD3 is acknowledged as the marker of T cells
for its indispensable to constitute T-cell complex with T-cell receptor
and {-chain to generate an activation signal. Traditionally, CD20 and
CD3 are expressed on different immune cells, and accurately used to
distinguish between CD20* B cells and CD3* T cells. However, in-
creasing evidence has shown that a subset of CD3* T cells co-expressing
CD20 is observed in the peripheral blood of healthy individuals and
patients with autoimmune diseases and cancer [1-3]. These cells totally
belong to CD3 ™" T cells, for they express CD3 molecule at a similar level
to conventional T cells, whereas the expression of classical B-cell
markers such as CD19 and immunoglobulin molecules are lacked. So
this subpopulation is justified to name CD20 expressing CD3* T cells
(CD3*CD20* T cells). In recent years, CD3TCD20™" T cells have been
found to display similar but unique biological characteristics compared
to conventional CD3™" T cells, and studies to be discussed below show
that CD3"CD20™ T cells may play an important role in human diseases.
Here, the review will focus on the current understanding of the char-
acteristics and functional roles of CD3*CD20* T cells in autoimmune
diseases, cancer and infectious diseases (Table 1).
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2. Distribution and source of CD3*CD20" T cells

The first report of CD3*CD20* T cells dated back to 1990, where a
small fraction of CD3™ T cells co-expressing CD20 were described in the
peripheral blood of patients with HIV infection [4]. Subsequently, with
the use of CD20 monoclonal antibodies, circulating CD3*CD20* T cells
were also found in healthy individuals and patients with T-acute lym-
phoblastic leukemia [5,6]. Later, studies confirmed that this sub-
population pervaded thymus, bone marrow, secondary lymphatic or-
gans, cerebrospinal fluid, brain and liver tissues [1,7,8]. In non-human
primates, CD20 expression was also detectable on monkey lymph node
CD3" T cells [9]. However, no murine CD37CD20" T cells were
identified, although a CD20 homolog, MS4aB1, was reported to be
expressed on murine CD3™" T cells [10,11].

The origin of CD3*CD20* T cells in human beings is controversial.
One study showed that CD3* T cells in the cord blood was largely lack
of expressing CD20, and the existence of CD37CD20" T cells in the
adult blood might arise by trogocytosis. Because when peripheral blood
mononuclear cells were co-cultured with B-cell lines, or primary T cells
were co-cultured with primary HLA-mismatched B cells in vitro, both
CD20 and HLA-DR could be concomitantly transferred to T cells [12].
Since HLA-DR transfer to T cells is referred to as trogocytosis [13],
CD20 trogocytosis may be a source of CD3"CD20™" T cells. However,
the expression of HLA-DR on circulating CD3*CD20™ T cells was very
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Table 1
CD3"CD20™ T cells and human diseases.
Human disease type Presence of CD3*CD20" T Function of CD3*CD20™" T cells References
cells
Rheumatoid arthritis Blood low proliferative capacity, high activation state, enhanced susceptibility to apoptosis, 7, 24
constitutive cytokine production (i.e., IL-1 and TNF-a), Increased IL-17 production
Multiple sclerosis Blood, Brain tissues Increased frequency and production of IL-17 and IFN-y in blood 1, 8,31
Primary sjogren's syndrome Blood, Glandular Production of IL-17 32
Psariosis Blood Increased production of IL-17, TNF-a and IL-21 33
CD20* T-cell leukemia/ Blood, Nodal biopsy Unknown 34-37
lymphoma
Ovarian cancer Blood, Ascitic fluid, Tumor Increased frequency and production of IFN-y in ascitic fluid 12
tissues
HIV infection Blood, Bone marrow Unknown 4, 38, 39
CD3*CD20* T cell
Cytokines production
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Fig. 1. The source and function of CD3*CD20™ T cells. CD3*CD20™ T cells experience clonal proliferation in the process of T-cell activation. CD3"CD20™" T cells
are from the trogocytosis that CD20 of B cells is transferred to T cells during B/T-cell interaction. After stimulation, CD3*CD20* T cells produce high levels of
cytokines (IL-17, IFN-y and TNF-a) to contribute to the pathogenesis of autoimmune diseases but play the protective role in HIV infection and ovarian cancer.

low [1], implying that additional crucial ways were involved in the
development of these cells. Actually, CD3*CD20™" T cells could inherit
to daughter cells in the process of T-cell activation, for the proportion of
CD20™" T cells was significantly increased while purified T cells were
cultured with mitogen and IL-2 [9]. The possibility of an inducible
expression of CD20 on CD3* T cells was excluded, with CD20-negative
being retained of cultured CD20~ T cells in vitro [12]. In addition,
neoplastic CD20" T-cell malignancies also represented neoplastic
transformation of a normal subset of CD20 " T cells rather than aberrant
antigen expression [14], and then neoplastic cells could further ex-
perience clonal proliferation [15]. These data suggest that increased
expression of CD20 on CD3™" T cells may also originate from the clonal
expansion of CD37CD20" T-cell themselves (Fig. 1).

3. Biological characteristics of CD3*CD20™" T cells

Although CD3*CD20* T cells transcribed both CD3 and CD20,
other typical B- cell molecules such as CD19, CD40, IgD and IgM were
absent on these cells, whereas they expressed high levels of a3 T cell
receptor, IL-7 receptor, CD28, CD27, CD49d and CD45RO, but low le-
vels of y8 T cell receptor, CCR7, CD38 and CD69 [1,5,16]. Following
treatment with anti-CD3 monoclonal antibody, a rapid rise in the in-
tracellular calcium concentration (Ca®?™) of CD37CD20" T cells was
observed [5]. After stimulation, this subpopulation also produced more
of IL-17, IFN-y and TNF-a than those of CD3"CD20~ T cells [1]. These
data demonstrate that CD37CD20" T cells have a predominantly
memory phenotypic feature and strong potential to cytokines produc-
tion (Fig. 1). Additionally, CD3"CD20* T cells contained more of
CD8™" cells than that of CD3*CD20~ T cells, and CD8™" T cells could
secrete a large number of cytotoxic granules such as perforin and
granzyme [17]. Thus, it is speculated that CD3*CD20* T cells may also
secrete more of cytotoxic granules than those of CD3*CD20~ T cells.
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4. CD3*CD20" T cells in human diseases
4.1. CD3"CD20* T cells in rheumatoid arthritis

Rheumatoid arthritis (RA) is one of chronic inflammatory auto-
immune diseases, and a variety of immune cells and inflammatory
factors have been involved in the pathogenesis of RA [18,19]. Ritux-
imab (RTX), a monoclonal antibody against CD20 to deplete B cells, is
clinically effective in the treatment of autoimmune diseases including
RA [20,21]. However, the curative effect of RTX in RA could be not
simply explained by the depletion of autoantibody-producing B cells,
and an involvement of additional mechanisms such as B-cell functions
as T-cell modulator and antigen-presenting cell may be also concerned
[22,23]. Beyond these, Wilk and colleagues found a subset of
CD3*CD20" T cells in the peripheral blood of RA patients, and these
cells as well as CD20" B cells could be simultaneously eliminated
during RTX therapy. Functional analyses revealed that this sub-
population was in a state of high activation, low proliferative capacity,
constitutive cytokines production (i.e. IL-1f and TNF-a) and enhanced
susceptibility to apoptosis [7], suggesting that CD3*CD20™" T cells are
likely to be involved in the pathological process of RA, and depletion of
these cells may be an additional mechanism whereby RTX asserts its
clinical benefit in RA. Recently, Eggleton and colleagues reported that
the proportion of IL-17-producing CD20* T cells in the peripheral
blood of RA patients was significantly higher than that in healthy in-
dividuals [24], which further confirmed the pathological role of
CD3*"CD20* T cells in RA due to the harmful behavior of I1.-17 in this
disease. Thus, RA patients will benefit from RTX therapy to reduce the
production of IL-17 by depleting CD3*CD20™" T cells.

4.2. CD3*CD20™ T cells in multiple sclerosis

Multiple sclerosis (MS) is primarily an inflammatory disorder of the



Q. Chen et al.

brain and spinal cord in which focal lymphocytic infiltration leads to
damage of myelin and axons, both T and B cells are closely associated
with the pathogenesis of MS [25]. In relapsing-remitting MS, IFN-y- and
IL-17-producing T cells are the main culprits within the T-cell com-
partment, and B cells within the central nervous system also secrete
antibodies to cause the MS pathology [26,27]. Hence, RTX is rationally
carried out to deplete CD20* B cells and dampen aberrant antibody
production for reducing disease activity in MS [28]. However, during
RTX therapy, T cells were unexpectedly decreased in cerebrospinal fluid
of MS patients [29]. One explanation was that B cells could act as an-
tigen-presenting cells and produce cytokines, B-cell depletion might
attenuate T-cell activation and sequentially reduced T-cell trafficking
into cerebrospinal fluid [30]. Until recently, CD3"CD20™" T cells were
detected in the peripheral blood and cerebrospinal fluid of MS patients,
and this subpopulation could be effectively depleted in RTX-treated MS
patients [1,31], suggesting that CD3*CD20" T-cell depletion may
contribute to the decreased T-cell level of RTX therapy in MS. In ad-
dition, studies showed that CD3"CD20* T cells in the peripheral blood
of MS patients produced high levels of IFN-y and IL-17 [1,8]. Given that
INF-y and IL-17 are the two proinflammatory cytokines involved in the
pathogenesis of MS, we speculate that depletion of CD3*CD20* T cells
may also attenuate T-cell mediated inflammation and yield clinical
benefit of MS patients.

4.3. CD3*CD20™ T cells in primary sjogren's syndrome and psoriasis

One group investigated the phenotypical and functional effects of
RTX therapy on circulating and glandular IL-17-producing T cells in
primary Sjogren's syndrome (pSS) [32], they found that RTX therapy
depleted glandular CD3*CD4~CD8 " IL-17* and CD4*IL-17* T cells as
well as circulating CD3*CD4~CD8 IL-17" T cells. Among them, a
fraction of IL-17" T cells co-expressed CD20 on their surfaces, sup-
porting the therapeutic effect of RTX in pSS that, besides its B-cell
specificity, at least in part, is owning to directly hamper IL-17-produ-
cing CD20* T cells in the disease.

Recently, Niu and coworkers analyzed the level, phenotype, func-
tional and clinical relevance of circulating CD37CD20" T cells in pa-
tients with psoriasis [33]. Although their levels were similar to those in
healthy individuals, these cells in patients with psoriasis displayed an
activated effector phenotype, and produced more of cytokines including
IL-17 and TNF-a than those in healthy individuals. Interestingly, the
proportion of IL.-17 and TNF-a producing CD3*CD20* T cells showed a
significantly positive correlation with disease severity, suggesting that
CD3*CD20* T cells play a pathogenic role in psoriasis, and further
study to elucidate their precise roles in psoriatic skin is warranted.

4.4. CD3*CD20" T cells in cancer

Studies had confirmed that CD20 was aberrant expressed on CD3 ™"
T cells in some cases of patients with T-cell lymphocytic leukemia and
lymphoma, which were easily misdiagnosed as B-cell leukemia/lym-
phoma [34-36]. During RTX therapy, patients with CD20* T-cell
lymphoma had variable outcomes, for the response was good in cases
with high expression of CD20, while it was poor in cases with variable
staining of CD20 [37]. Thus, the efficacy of RTX may be associated with
the intensity of CD20 expression on T-cell lymphoma. However, there is
still not enough evidence to support the benefit of RTX therapy for this
disease. On the contrary, CD3*CD20™" T cells were found to expand in
ascitic fluid of patients with ovarian cancer and display a pre-
dominantly Tcl effector memory phenotype [12], suggesting that
CD3*CD20* T cells may have a potential anti-tumor activity in ovarian
cancer. Nevertheless, CD3"CD20" T-cell level in ascitic fluid did not
show any correlation with disease stage, therapy response or expected
prognosis, and the secretion of cytotoxic granules in these cells were
also not analyzed. Therefore, further studies should aim to elucidate
whether CD37CD20" T cells are involved in anti-tumor immunity
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against ovarian cancer.
4.5. CD3*CD20™ T cells in HIV infection

CD3"CD20" T cells have been identified for a long time in the
peripheral blood and bone marrow of patients with HIV infection
[4,38], but the relationship between these cells and HIV infection is
unknown. Murayama and colleagues found that when monkeys were
inoculated with simian immunodeficiency virus (SIV), a model mi-
micking HIV infection, CD3*CD20™" T cells of lymph node at the stage
of lymphadenopathy were significantly increased and activated [9]. In
addition, there was also a transiently increase of these cells during the
acute phase of SIV infection [39]. However, the proportion of
CD3*CD20* T cells was significantly decreased in the peripheral blood
of untreated HIV patients, which could be recovered with highly active
antiretroviral therapy (HAART) [40]. Since CD3*CD20™" T cells have a
strong potential to produce IFN-y, it is conceived that these cells may be
activated to experience clonal expansion and secrete IFN-y to target
SIV/HIV at early stage of infection. Afterwards, they will undergo ac-
tivation induced cell death with time, which causes the decreased level
of CD20™ T cells at late stage of SIV/HIV infection, and ultimately
contributes to attenuate SIV/HIV elimination.

5. Conclusion

Since the discovery of CD3*CD20" T cells, their biological func-
tions in human beings have been intermittently explored. Studies in RA
and MS strongly foster the pathogenic behavior of CD3*CD20™" T cells
in autoimmune diseases, whereas the protective role of these cells is
supported in ovarian cancer and HIV infection. However, many out-
standing questions regarding these cells and human diseases still exist.
For example, Studies in these diseases are obviously hampered by the
limitation to small sample size, and especially tissue samples are ex-
tremely scanty. Additionally, no available murine model has been al-
ready described to examine the biology of CD3*CD20* T cells in these
diseases. Moreover, the functional activity of CD3"CD20™ T cells in
ovarian cancer and HIV infection remains obscured; especially their
prevalent in other cancers as well as infectious diseases need to be
largely investigated. Above all, there is no doubt that further studies on
CD3*CD20" T cells by using large samples and animal models will
yield relevant data to deciphering their precise roles in human diseases.
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