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'.) Check for updates

Upregulation of CD32 in T Cells from Infants with
Severe Respiratory Syncytial Virus Disease: A New
Costimulatory Pathway?

To the Editor:

Respiratory syncytial virus (RSV) infection is a major cause of severe
respiratory disease in infants and in immunocompromised and
older adults. RSV infects virtually all children by 2-3 years of age,
resulting in nearly 3 million hospitalizations and 100,000
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in-hospital deaths annually, mostly in developing countries (1).
There is no approved vaccine against RSV infection. Passive
prophylaxis with the anti-RSV antibody palivizumab is the only
intervention licensed for the prevention of severe RSV disease in
high-risk individuals (2, 3). RSV-specific serum IgG antibodies are
present in most children and adults, reflecting the universality of
RSV infection throughout life. Neutralizing antibodies remain a
commonly accepted measure of protective immunity in vaccine
trials (4). However, IgG antibodies might influence the course of
RSV disease, not only by acting as neutralizing antibodies but also
by activating effector functions through the receptors for the Fc
portion of IgG (FcyRs) (5, 6). These receptors are widely expressed
in myeloid and B cells. Whether T cells express FcyRs is still
controversial, but recent studies strongly suggest that a minor
fraction of T cells express FcyRII (CD32) (7-10). We show in the
present study that severe RSV infection in infants is associated with
a marked upregulation of CD32 on T cells. Moreover, we found
that CD32 ligation improves the activation of CD4" and CD8"
T cells from hospitalized infants.

Our study included 89 infants (median age, 6 mo [interquartile
range, 3-10.5]; male, 58%) admitted to “Pedro de Elizalde”
Children’s Hospital, Buenos Aires, Argentina, with RSV infection
confirmed by direct immunofluorescence of nasopharyngeal
aspirates. The local institutional review board approved the study,
and written informed consent was obtained from parents. All
infants had a clinical disease severity score (modified Tal score)
greater than or equal to 7 and needed O,. Those admitted to the
pediatric ICU required mechanical ventilation (n=5). Blood
samples were collected at enrollment, usually 2-3 days after the
onset of symptoms. Age- and sex-matched infants admitted for
scheduled surgery were included as healthy control subjects
(n=43). They had no airway infections for a 4-week period before
the study or any episode of severe RSV infection in their past.
Peripheral blood mononuclear cells were obtained from blood
samples (0.4-0.6 ml) by using Ficoll-Hypaque gradient (GE
Healthcare Life Sciences). CD4", CD8™, and/or CD3™ T cells were
sorted with a FACSAria Fusion flow cytometer (BD Biosciences).
Purity was >96%. To perform real-time qRT-PCR, total RNA was
extracted using the PureLink-RNA Mini Kit (Thermo Fisher).
CD32a and CD32b isoforms were quantified as described
previously (9). Antibody-dependent enhancement assays were
performed using RSV (subtype A, strain Long) expanded in HEp-2
cells (American Type Culture Collection) and purified by
ultracentrifugation on a 20% sucrose layer. Phytohemagglutinin
(PHA)-stimulated isolated T cells (1 X 10%/ml, 4 pg/ml; Sigma-
Aldrich) were challenged with RSV (multiplicity of infection, 0.5)
previously preincubated or not with subneutralizing concentrations
of intravenous immunoglobulin (2 pg/ml; Universidad Nacional de
Cérdoba) for 2 days. The percentage of infection was determined
by flow cytometry. T-cell functional assays were performed using
sorted T cells (1 X 10%/ml) incubated with anti-CD32 monoclonal
antibody (30 pg/ml; STEMCELL Technologies). Cross-linking of
CD32 was induced by antimouse IgG F(ab'), (50 pg/ml; Jackson
ImmunoResearch). Next, cells were stimulated with PHA and
cultured for 3 days. Cytokines were quantified in cell supernatants
(BioLegend). Degranulation of CD8™ T cells was evaluated by flow
cytometry. Statistical analysis was achieved using GraphPad Prism
version 7 software. P < 0.05 was considered statistically significant.
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Figure 1. High CD32 expression in T cells from infants with respiratory syncytial virus (RSV) infection. (4) Frequency of CD32"* on gated CD4* (n=50) and
CD8" (n=39) T cells in peripheral blood mononuclear cells from subjects with RSV and healthy control subjects (HC; n =29) by flow cytometry. Data were
acquired using a FACSCanto Il flow cytometer (BD Biosciences) and analyzed with FlowJo software. (B) Relative expression of CD32a and CD32b mRNA
isoforms in purified CD4* and CD8™ T cells from children with RSV (n = 19) and HC (n = 14) quantified by RT-qPCR, as described previously (9). GAPDH was
used as a housekeeping gene. (C) Sorted T cells (1 X 10%/ml) from children with RSV infection (n = 11) were stimulated with phytohemagglutinin (PHA; 4 n.g/ml)
for 24 hours. Then, cells were challenged with RSV (subtype A, strain Long; multiplicity of infection, 0.5), preincubated or not with a subneutralizing concentration
of intravenous immunoglobulin (IVIg; 2 wg/ml). After 2 days, cells were fixed, permeabilized (BD Biosciences), and labeled with a mouse antihuman RSV

monoclonal antibody (MmAb, EMD Millipore) plus a phycoerythrin goat antimouse mAb (Dako). The percentage of infection was evaluated in CD4" and CD8™"
T cells by flow cytometry. Purified CD14™ monocytes challenged with RSV in the absence or presence of subneutralizing doses of IVIg were used as a positive
control for antibody-dependent enhancement of RSV infection (right). Representative dot plots are shown in A (right) and C (right). Mean + SEM of n donors is
shown in A (left and middle) and in B and C (left and middle). **P < 0.01, ***P < 0.001, and ***P < 0.0001. An unpaired t test was used for analysis in A. The

Wilcoxon matched-pairs signed-rank test was used for analysis in B. The Friedman test was used for analysis in C. a.u.=arbitrary units.

We first analyzed the cell surface expression of CD32 in
circulating CD4 " and CD8 " T cells from RSV-infected infants and
healthy control subjects by flow cytometry. We found a higher
expression of CD32 on both CD4* and CD8" T cells from
RSV-infected infants compared with healthy control subjects
(Figure 1A). Because there are no commercially available
antibodies able to distinguish between activating CD32a and
inhibitory CD32b isoforms, we evaluated the relative expression of
both isoforms by RT-qPCR. mRNA levels of CD32a were markedly
higher than CD32b in T cells from both groups (Figure 1B). We
then analyzed whether CD32 expression might enable IgG
antibodies to enhance RSV infection, a phenomenon well
characterized in macrophages and natural killer cells (6). As
shown in Figure 1C, subneutralizing doses of intravenous
immunoglobulin failed to increase T-cell infection by RSV, perhaps
reflecting its lower expression of FcyRs than found in macrophages
and natural killer cells (5). The distribution of CD32™ cells within
T-cell subsets showed marked differences between CD4" and
CD8" T cells. Major changes were found in the naive and central
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memory T-cell subsets (Figure 2A). We hypothesized that the
expression of CD32a by T cells from infants with RSV infection
might provide a stimulatory signal able to promote T-cell
activation. Figure 2B shows that CD32 ligation significantly
enhanced the production of IL-2, IFN-y, TNF-a, IL-4, IL-6, and
IL-10 triggered by PHA, but it decreased IL-17 production by
CD4™" T cells. Cytokines were not detected without PHA
stimulation (data not shown). CD32 ligation was also able to
enhance CD8™" T-cell degranulation induced by PMA/ionomycin,
measured as CD107a expression (Figure 2C). Finally, because
patients with RSV infection show substantial interindividual
variation regarding CD32 expression on T cells, we analyzed
whether CD32 expression was related to the clinical course
of infection. Indeed, we found that the frequency of either
CD327CD4™" or CD327CD8" T cells negatively correlated with
disease severity (Figure 2D), suggesting that CD32 expression by
T cells might contribute to the proper resolution of RSV infection.
We have recently reported a dampening of IL-2 function during
severe RSV disease that might partially explain the inability of
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Figure 2. Enhanced response of T cells from infants with RSV infection upon CD32 ligation. (4) Distribution of CD32™" cells into the different subsets
of CD4" and CD8™" T cells from infants with RSV infection (n = 16). T-cell characterization as naive (CD45RA™CD27+*CCR7™), central memory
(CD45RA™CCR77CD27*; Teowm), transitional memory (CD45RA™CD27CCR7~; Tr), effector memory (CD45RA~CD27 ~CCR7~; Tgwm), and terminally
effector memory (CD45RA*CD27  CCR7~; Tg) was performed as described previously (7). The percentage of CD32" cells in each cell subset
analyzed by multiparametric flow cytometry cell is shown. (B) Sorted T cells (1 X 10%/ml) were treated for 30 minutes with anti-CD32 mAb (80 pg/ml),
and cross-linking of CD32 was then induced by the addition of goat antimouse IgG F(ab’), (50 wg/ml). Next, cells were cultured with PHA (4 wg/ml) for
3 days, and cytokine concentrations were quantified by LEGENDplex immunoassay (Biolegend) and/or ELISA (n = 16). (C) Sorted T cells (1 X 10%/ml)
were incubated with anti-CD32 mAb, and their ligation was induced by the addition of goat antimouse IgG F(ab'),. Degranulation of CD8™ T cells
(n=9) was evaluated by flow cytometry to measure CD107a membrane expression after stimulation with PMA/ionomycin (Sigma-Aldrich) for 2 hours.
Data show the percentage and mean fluorescence intensity (MFI) of CD107a*CD8* T cells. (D) Correlation between clinical disease severity score
(CDSS) and the percentage of CD327CD4* T cells and CD32*CD8™ T cells in infected children. CDSS was determined at the time of sampling using a
modified Tal score. Correlations were evaluated by using the Spearman rank correlation coefficient test. Representative dot plots are shown in C
(bottom). Mean = SEM of n donors is shown in A-C. *P <0.05, **P < 0.01, and ***P <0.0001. The Wilcoxon matched-pairs signed-rank test was
used for analysis in B and C.
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infants to promote a robust memory T-cell response (11). IgG-
containing immune complexes are the natural ligands of CD32.
Most severe RSV cases occur in infants under 6 months of age, who
have high amounts of maternal IgG able to interact with viral
particles, leading to the formation of immune complexes (6). It is
widely accepted that immune complexes trigger the activation of
myeloid cells but inhibit B-cell activation (5, 12). Our present
results show that severe RSV disease is associated with a marked
upregulation of CD32 expression by either CD4" or CD8" T cells.
The fact that CD32 ligation provides a stimulatory signal able

to promote the activation of T cells might represent a novel
pathway through which anti-RSV IgG antibodies might improve
T-cell function in response to both natural infection or RSV
vaccination.

Author disclosures are available with the text of this letter at
www.atsjournals.org.
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