Demystification of enigma on antigen-presenting cell
features of human basophils: data from secondary
lymphoid organs

Antigen presenting cells (APCs) play a key role in the
uptake of antigens, and processing and presentation of
antigen-derived peptides in the context of MHC mole-
cules to T cells. The co-stimulatory molecules CD80 and
CD86 provide signals for T-cell activation and prolifera-
tion. Dendritic cells (DCs), macrophages/monocytes, and
memory B cells are classically known for their role as
APCs. In contrast to this dogma, recent reports from mice
show that basophils can also function as APCs. These
reports were revolutionary as basophils were previously
known as accessory cells that produce IL-4 required for
the Th2 responses mediated by classical APCs."” In fact,
it was shown that murine basophils express MHC class
II, and co-stimulatory molecules CD80 and CD86

required for the T-cell stimulation.*® Additionally, these
basophils were also reported to process and present anti-
gens that are associated with classical Th2 responses
such as allergens and proteases, and mediate Th2 differ-
entiation in vitro and in vivo. Although in vivo data were
later contradicted,®” the ex vivo and in vitro data clearly
demonstrated functioning of murine basophils as APCs.
In contrast to mice, several data from humans have
shown that basophils, either from healthy donors or from
allergic and lupus patients, lack the features of APCs.*"
These basophils were negative for the expression of anti-
gen presenting molecule HLA-DR, and co-stimulatory
molecules CD80 and CD86, and failed to polarize Th2 as
well as Th17 responses when co-cultured with CD4* T
cells. However, all these reports were based on basophils
from the circulation, while APC functions of murine
basophils were demonstrated from the secondary lym-
phoid organs, like spleen and lymph nodes. One of the
hypotheses is that basophils, upon migration to the sec-
ondary lymphoid organs, might gain characteristics of
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APCs. Therefore, the debate on whether human
basophils display the features of APCs or not remains an
unresolved issue unless and until their features are
probed in secondary lymphoid tissues of humans.

In order to unequivocally address whether human

basophils, like their murine counterparts, display features
of APCs or not, we studied basophils from human sec-
ondary lymphoid tissues such as spleen, lung-draining
lymph nodes and tonsils (See Omnline Supplementary
Methods). In general, c-kit (CD117) and BDCA-4 (CD304)
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Figure 2. Expression of HLA-DR, B7 co-stimulatory molecules and activation-associated markers on human splenic basophils under various stimulatory con-
ditions. (A-L) Spleenocytes were stimulated with IL-3, LPS, papain, FSL-1 (A-F), or anti-IgE (G-I), or cytokine cocktail (IL-3, GM-CSF and IFN-y) (J-L) for 4 to 24
hours. Representative histograms showing the expression of HLA-DR, CD80 and CD86 on splenic basophils (A, G, J); meant SEM values of % of splenic
basophils positive for HLA-DR, CD80 and CD86 (B, C, D, H, K); and mean+ SEM values of intensity of expression (MFI) of FceRl and CD203c (E, F, I, L) on stim-
ulated splenic basophils are shown. Data are from four to six subjects. US, unstimulated cells; *P<0.05; **P<0.01; ***P<0.001; ns, not significant; by One-

way analysis of variance (B-F) or two-tailed Mann-Whitney test (H, |, K, L).
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markers were used to distinguish basophils from mast
cells and plasmacytoid DCs (pDCs), while CD203c dis-
tinguished basophils from other immune cells. Basophils
were identified as CD203cFceRI'BDCA-4 c-kit™ cells. As
myeloid DC population was also reported to express
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FceRIl and that pDCs also express BDCA-2 (CD303),
BDCA-1 (CD1c), BDCA-3 (CD141) and BDCA-2 markers
were additionally used to distinguish splenic basophils
from different DC subsets. The phenotype of basophils
was analyzed in steady state and under various stimula-
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Figure 3. Human splenic basophils lack the functional features of APCs. (A) May-Griinwald Giemsa staining of cytospin preparations of sorted splenic basophils.
(B) Ability of splenic basophils to stimulate CD4* T-cell proliferation as analysed by CFSE staining. Representative of three experiments. (C) CD69 expression on
CD4' T cells co-cultured with sorted splenic basophils. (D-G) Induction of IL-2, and Th2 (IL-13), Th1 (IFN-y) and Th17 (IL-17A) cytokines in sorted splenic basophil-
CD4* T-cell co-cultures (n=3). US: unstimulated cells; ***P<0.001; ns: not significant; by One-way analysis of variance.
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tory conditions. Basophils were also sorted from the
spleen, and the morphology of cytospin preparations of
sorted basophils was analyzed by May-Grinwald
Giemsa staining. The APC features of sorted splenic
basophils were investigated in the functional assays by
probing their ability to stimulate CD4* T-cell activation,
proliferation and cytokine production (See Ounline
Supplementary Methods).

Basophils are rare leukocytes and represent <1% blood
leukocytes in the blood." However, basophils were
sparsely present in the human lung-draining lymph
nodes (0.0013% (x0.0002 SD), n=3) and tonsils
(0.004+0.0024%, n=4) (Figure 1 A-B). Therefore, we
could not analyze APC features of basophils from these
secondary lymphoid organs.

Basophils in the spleen (0.172+0.122%, n=11) (Figure 1
C-D) were nearly 130 times higher than lung-draining
lymph nodes. We found that splenic basophils under
steady state condition did not express HLA-DR, CD80
and CD86 (Figure 1 E-F). On the other hand, splenic DCs
expressed high levels of HLA-DR and varying degrees of
CD80 and CD86 (Online Supplementary Figure S1). These
results thus indicate that under steady state, human
basophils residing at secondary lymphoid tissues do not
display phenotypic characteristics of APCs.

Basophils receive signals from various sources such as
cytokines, toll-like receptor (TLR) agonists and IgE-
bound antigens. Therefore, we explored if basophils
express phenotypic markers of APCs upon activation by
these different categories of stimulation. IL-3, in addition
to supporting differentiation and survival of basophils,
also primes their activation.” Previous reports have
shown that murine basophils cultured in IL-3-condi-
tioned medium express MHC class II and co-stimulatory
molecules.*” On the other hand, GM-CSF and IFN-y were
previously reported to induce HLA-DR and co-stimulato-
ry molecules on human innate cells. Therefore, IL-3 and
cytokine cocktail containing IL-3, GM-CSF and IEN-y
were used for the stimulation of basophils (See Ounline
Supplementary Methods).

Human basophils express various TLRs, including
TLR4 and 2, and undergo activation upon TLR signal-
ing.® Therefore, we stimulated basophils with
lipopolysaccharide from E. coli (LPS, TLR4 agonist), FSL-1
(Pam2CGDPKHPKSE, TLR2/6 agonist), or CpG ODN
(TLRY agonist). Furthermore, we also used papain as a
model allergen in our experiments, and this cysteine pro-
tease allergen can directly activate basophils and promote
murine basophil-mediated Th2 responses. Since, IgE-
bound antigens/allergens provide the most-potent activa-
tion signal for basophils,”®" this stimulation condition
was mimicked by crosslinking of surface FceRI-bound IgE
by using anti-IgE antibodies (See Ounline Supplementary
Methods).

Splenocytes were stimulated for 4 to 24 hours and ana-
lyzed for the expression of HLA-DR and B7 molecules on
the basophils. Notably, expression of HLA-DR, CD80
and CD86 on basophils did not change significantly
despite stimulation with IL-3, LPS, papain or FSL-1. The
expression of these markers on stimulated basophils was
on par with steady state cells (Figure 2 A-D). We confirm
that basophils were indeed activated by these stimuli as
analyzed by the expression levels of FceRI and CD203c
(Figure 2 E-F). The expression of FceRI was significantly
increased on splenic basophils irrespective of stimulatory
conditions. Although expression of CD203c was also
enhanced upon stimulation, due to variations among the
donors, significance was not reached in all stimulatory
conditions. Similar results were also obtained when

splenocytes were stimulated with anti-IgE antibodies or
cytokine cocktail (Figure 2 G-L). These results thus pro-
vide a pointer that human splenic basophils lack the phe-
notypic characteristics of APCs irrespective of activation
signals they receive.

One of the hallmarks of APCs is their ability to stimu-
late CD4* T-cell proliferation and cytokine production.
Therefore, to prove indisputably that human basophils
lack the functions of APCs, we sorted splenic basophils
for co-culture with CD4* T cells (See Ounline
Supplementary Methods). Basophils from splenocytes were
first enriched using basophil isolation kit II (Miltenyi
Biotec). Enriched cells were labelled, and live basophils
were sorted on FACSAria III flow cytometer (BD
Biosciences) as cells positive for FceRI and CD203c, and
negative for BDCA-4 and c-kit. The purity of sorted
basophils was 98-99 %. May-Griinwald Giemsa staining
of cytospin preparations confirmed morphology of
basophils with basophilic granules in the cytoplasm.
Nucleus was partly covered by the basophilic granules.
Cells presented relatively narrow cytoplasm that was
loosely permeated by intensely basophilic granules. The
basic color of the cytoplasm was pale blue to pale pink
(Figure 3 A). Isolated splenic basophils were functionally
viable. Upon IL-3 stimulation, isolated cells presented
with enhanced CD69 expression and released histamine
in response to degranulation stimuli.

We co-cultured sorted splenic basophils with allogeneic
CD4" T cells at a ratio of 1:10 under various stimulatory
conditions, such as IL-3, LPS, papain or FSL-1. CD4* T
cells were isolated from peripheral blood mononuclear
cells of healthy donors using CD4 MicroBeads (Miltenyi
Biotec). Consistent with the phenotypic characteristics,
stimulated basophils failed to induce CD4* T-cell prolifer-
ation (Figure 3 B), T-cell activation marker CD69 (Figure
3 C) and secretion of IL-2 (Figure 3 D). In addition,
basophils did not induce Th2 (IL-13), Th17 (IL-17A) or, as
expected, Th1 (IFN-y) cytokines (Figure 3 E-G). CpG or
cytokine cocktail-stimulated basophils also presented
similar results. Splenic DCs used as control, induced
CD4* T-cell proliferation, expression of CD69, and secre-
tion of IL-2, IFN-y and IL-13 (Figure 3 B-F).

Several models of allergy or parasitic infection have
demonstrated induction of Th2 response in vivo in the
spleen’ suggesting that the spleen has an important role
in Th2 responses. Furthermore, previous studies in
helminth-infected or papain-immunized mice have used
splenic basophils to demonstrate their APC features®”and
capacity to induce Th2 responses.*” These lines of evi-
dence thus validate the use of human splenic basophils
for the analysis of APC characteristics. Altogether, our
results indicate that in humans, the role of basophils in
Th2 responses is restricted to provision of IL-4 in the
microenvironment,” but not as APCs.
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