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Take home message (max: 256 signs): 249 signs.

Disorganization of peribronchial lymphoid follicles did not result in increased bacterial load nor in
decreased survival in a mouse model of persistent lung infection. Lymphoid follicles may not be essential
for controlling lung bacterial infection.



Abstract: 232 words (250 max)
Background: Tertiary lymphoid structures (TLS) are triggered by persistent bronchopulmonary infection
with S. aureus but their roles remain elusive. The present study sought to examine the effects of B

and/or T cell depletion on S. aureus infection and TLS development (lymphoid neogenesis) in mice.

Methods: C57BI/6 mice were pretreated with (1) an anti-CD20 mAb (B cell depletion) or (2) an anti-CD4
and/or an anti-CD8 mAbs (T cell depletion) or (3) a combination of anti-CD20, anti-CD4 and anti-CD8
mAbs (combined B and T cell depletion) or (4) with isotype control mAbs. After lymphocyte depletion,
mice were infected by intratracheal instillation of agarose beads containing S. aureus (10° CFU/mouse).
Fourteen days later, bacterial load and lung inflammatory cell infiltration were assessed by cultures and

immunohistochemistry, respectively.

Results: Fourteen days after S. aureus-bead instillation, lung bacterial load was comparable between
control and lymphocyte-depleted mice. While TLS were observed in the lungs of infected mice
pretreated with control mAbs, these structures were disorganized or abolished in the lungs of
lymphocyte-depleted mice. The absence of CD20" B lymphocytes had no effect on CD3* T lymphocyte
infiltration, whereas CD4"/CD8" T-cell depletion markedly reduced CD20" B cell infiltration. Depletion of
CD4" or CD8" T cells separately had limited effect on B cell infiltration but lead to the absence of

germinal center.

Conclusion: TLS disorganization is not associated with loss of infection control in mice persistently

infected with S. aureus.

Word count: 3133



Introduction

Immune response in the airways of patients with cystic fibrosis (CF) or non-CF bronchiectasis diseases is
dominated by increased innate immunity with airway mucus plugging (1, 2) and massive neutrophilic
infiltration (3-5). However, studies using lung explants obtained in CF patients (6-9) or using surgically
resected lung tissues in patients with bronchiectasis (6, 10) have found evidence of intrapulmonary
adaptive immune response, characterized by the presence of peribronchial aggregates of B and T
lymphocytes. These lymphoid aggregates were often organized into tertiary lymphoid structures (TLS)
containing segregated B and T cell areas, high endothelial venules (HEVs), follicular dendritic cells (FDCs)
and germinal centers (6). Persistent airway infection of C57/Bl6 mice with P. aeruginosa or with S.
aureus, two major bacteria found in the airways of patients with CF, triggered the development of
peribronchial TLS (a process called lymphoid neogenesis) within 14 days (6, 11). These data suggest that
TLS found in patients with CF or non-CF bronchiectasis contribute to the immune response triggered by

chronic bacterial infection (6).

Mechanisms leading to lymphoid neogenesis in the lungs have been partly elucidated (12), but roles of
TLS in chronic airway diseases associated with bacterial infection remain elusive. TLS may contribute to
the immune response against bacterial infection (13, 14), limiting the extent of airway infection via the
production of antibodies by activated B cells. Alternatively bacterial infection could induce lung tissue
damage, which might result in the release of self-antigens, giving rise to B and T cell responses that
perpetuate tissue injury (13, 14). Thus, it remains unclear whether targeting lung lymphoid neogenesis

would be detrimental or beneficial in airway diseases associated with chronic bacterial infection.

In the present study, we analyzed the roles of adaptive immune components of TLS in chronic lung
infection by selectively blocking recruitment of lymphocyte subsets using monoclonal antibodies (mAbs)

in a mouse model of persistent S. aureus infection. Thus, we targeted B and/or CD4" and CD8" T



lymphocytes before inducing persistent S. aureus infection and explored the effects on bacterial

infection and lung lymphoid neogenesis.

Methods

Murine model of persistent airway infection

Female C57BI/6 mice (aged 6 to 8 weeks) were purchased from Janvier (Saint Berthevin, France).
Persistent airway infection was obtained by intratracheal instillation of agarose beads containing S.
aureus (10° CFU per animal) as described previously (6), and euthanized 14 days after instillation. All
animal experiments received approval (#4664 and #12190) from the ethical review board Charles

Darwin (Sorbonne University).

Depletion of CD20" B cells and/or CD4"/CD8’ T cells

Depletion of CD20" B cells and/or CD4"/CD8" T cells was obtained by injection of anti-CD20 and/or anti-
CD4 and anti-CD8 depleting mAbs, respectively, as described in Figure 1. For CD20" B cell depletion, one
dose of 250ug of mouse IgG2a anti-mouse CD20 mAb (clone 5D2, kindly provided by Genentech, San
Francisco, CA, USA) was injected intravenously (i.v.) 7 days before S. aureus-containing beads instillation
(Figure 1A). For CD4" and CD8" T-cell depletion experiments, mice received intraperitoneal (i.p.)
injections of 250ug anti-mouse CD4 mAb (rat 1gG2b, clone GK1.5; BioXCell, West Lebanon, NH, USA),
and 250pug anti-mouse CD8 mAb (rat IgG2b, clone YTS169.4; BioXCell), respectively 5 and 4 days before
S. aureus-containing beads instillation. Mice received a second i.p. injection of 250ug anti-CD4 and 250
ug anti-CD8 mAbs 4 and 5 days after intratracheal instillation, respectively (Figure 1B). One group of
mice received anti-CD20 mAb combined to anti-CD4 and anti-CD8 mAbs (combined B and CD4/CD8" T

cell depletion, Figure 1C).



To further explore the respective roles of CD4" or CD8" T cells in the development of TLS, two groups of
mice were depleted of either CD4" or CD8" T cells by two i.p. injections of 250ug rat anti-mouse CD4 or

250ug rat anti-mouse CD8, respectively.

Control groups of mice received similar doses of isotype-matched control mAbs (mouse 1gG2a mAb,
clone C1.18.4 and/or rat IgG2b mAb, clone LTF-2; BioXCell). Depletion of CD20" B cells and/or CD4*/CD8"
T cells was confirmed by flow cytometry analysis of the blood of animals, one day before S. aureus-bead
instillation. Only animals exhibiting blood percentages of B cells and/or CD4 and CD8 T cells below 5%

after pretreatment with mAbs were subsequently infected with S. aureus-containing beads.

Lung bacterial load

Mice were euthanized 14 days after S. aureus-containing beads instillation and 10-fold dilutions of total
lung homogenates were plated on trypticase soy agar. CFU count was performed after 24-hour

incubation at 37°C.

Immunohistochemical staining

Lungs were removed after flushing 4% paraformaldehyde through the right heart and insufflated 5
minutes with 4% paraformaldehyde at -20cm H,0. Five-um paraffin sections of mouse lungs were
immunostained as described previously (6) for detecting B lymphocytes (CD20%), T lymphocytes (CD3"),
HEVs (peripheral node adressin (PNAd*)), FDCs (CD21%) and proliferating cell nuclear antigen (PCNA; for
the identification of germinal centers). A detailed description of the sources of primary antibodies,
dilutions and unmasking techniques is provided in supplementary Table S1. Biotinylated anti-mouse,
anti-rabbit, anti-rat or anti-goat antibodies (dilution 1:200; Vector Laboratories, Burlingame, CA, USA)

were used for secondary antibodies and bound antibodies were visualized according to standard



protocols for avidin—biotin—peroxidase complex method (Elite ABC kit; Vector Laboratories). Tissue

sections were counterstained with hematoxylin (Vector Laboratories).

Morphometric analyses

Quantitative morphometric analysis was performed by two independent observers using a light
microscope (Leica Microsystems, Wetzlar, Germany) connected to a computer (6). A lymphoid aggregate
was defined as a CD20" or CD3" cell aggregate that could be detected using a low-power field (X16).
Briefly, images were collected using a light microscope connected to the Leica Application Suite software
(v 4.1.0, Leica Microsystems) and the outline tool in Image J software (v 1.48, National Institute of
Health, USA) was used for measuring tissue area. The number of lymphoid aggregates was expressed

per cm” of lung tissue.

Flow cytometry

Surface staining of blood and lung cells was performed according to standard protocols and analyzed
using a LSRFortessa (BD Biosciences) flow cytometer and Kaluza software (Beckman Coulter). For flow
cytometry analyses of pulmonary tissue, lungs were flushed with phosphate buffered saline (PBS)
through the right heart, harvested and immediately stored at 4°C in staining buffer (PBS, BSA 0.5% and
EDTA 2mM). Lungs were then incubated for one hour at 37°C in RPMI medium supplemented with,
200ug/ml Liberase TL, 0.1 mg/ml DNAse | (Roche Diagnostics GmbH, Mannheim, Germany) and 0.5mM
EDTA. Red blood cells were eliminated using ACK (Ammonium Chloride Potassium) lysis buffer. Blood

and lungs cells were stained with antibodies as described in supplementary Table S2.

Statistical analysis

Data obtained from morphometric and flow cytometry analyses were analyzed using the nonparametric

Mann-Whitney or Kruskal-Wallis tests. The interobserver coefficients of variation for morphometric



measurements were always <15%. All analyses were performed using Prism 8 software (GraphPad, La

Jolla, CA, USA). P values < 0.05 were considered statistically significant.

Results

Effects of CD20* B lymphocyte and/or CD4’/CD8’ T lymphocyte depletion on S. aureus lung infection

We first established protocols to obtain depletion of CD20" B cells and/or CD4°/CD8" T cells that
persisted all along the 14 days of S. aureus infection in C57BI/6 mice. A single i.v. injection of anti-CD20
mAb induced B cell depletion in the lungs, which persisted for at least 21 days as confirmed by flow
cytometry and immunohistochemical staining (supplementary Figure S1). Injections of anti-CD4 and
anti-CD8 mAbs repeated every 9 days also induced persistent CD4"/CD8" T cell depletion in the lungs
(supplementary Figure S1). Injection of control mAbs had no effect on CD20" B cells and CD4"/CD8" cells

in the lungs.

To study the effect of CD20" B cell and/or CD4*/CD8" T cell depletion on S. aureus infection, C57BI/6
mice were injected with anti-CD20 and/or anti-CD4/CD8 mAbs prior to intratracheal instillation of
agarose beads containing S. aureus (10° CFU/animal); animals were euthanized at 14 days after infection
(Figure 1). In all experimental groups, none of the mice died during the 14 days of infection. Treatment
with anti-CD20 and/or anti-CD4/CD8 mAbs had no significant effect on lung bacterial load at 14 days

after intratracheal instillation (supplementary Figure S2).

Effects of CD20" B lymphocyte depletion and/or CD4'/CD8’ T lymphocyte depletion on S. aureus-

induced peribronchial lymphoid neogenesis

As described previously, S. aureus infection resulted in peribronchial lymphoid neogenesis within 14
days (6), a process that was not affected by pretreatment with control mAbs. Fourteen days after

instillation of S. aureus-containing beads, peribronchial lymphoid aggregates were found around bead-



containing bronchi; these aggregates contained B-cell areas (CD20") with follicular dendritic cells (CD21%)
and germinal centers (PCNA') and were surrounded by T cell aggregates (CD3") containing high
endothelial venules (PNAd®) and were consistent with tertiary lymphoid structures. Representative

photomicrographs can be found in supplementary Figure S3.

Pretreatment with anti-CD20 mAb prior to S. aureus infection was marked by an absence of
peribronchial B cells, CD21" FDCs (Figure 2 and Figure 3A) and germinal centers (supplementary Figures
S4 and S5). By contrast, CD3" T-cell recruitment (Figure 2 and Figure 3A) and HEV formation were

unaffected (supplementary Figures S4 and S5).

Pretreatment with anti-CD4/CD8 mAbs prior to S. aureus infection markedly reduced the presence of
CD3" T cells, although small peribronchial CD3" (presumably CD4/CD8) T cell aggregates were found
around bead-containing airways (Figure 2). Treatment with anti-CD4/CD8 mAbs also reduced HEV
formation and abolished germinal center formation (supplementary Figures S4 and S5). Surprisingly,
treatment with anti-CD4/CD8 mAbs reduced the presence of peribronchial CD20" B lymphocytes and
CD21" FDC (Figure 2 and Figure 3B). Treatment with anti-CD4/CD8 mAbs significantly reduced both the
number (Figure 4A) and size (Figure 4F) of S. aureus-induced CD20" lymphoid aggregates by
approximatively 3 and 6 times, respectively. To further explore respective roles of CD4" and CD8" T cells
in S. aureus-induced TLS formation, two groups of mice were pretreated either with anti-CD4 or anti-
CD8 mAbs prior to S. aureus infection. Pretreatment with anti-CD4 or anti-CD8 mAbs did not reduce the
number of CD20" (Figure 4A) or CD3+ (Figure 4D) peribronchial lymphoid aggregates, the recruitment of
FDCs (Figure 4B) and the number of HEVs (Figure 4E) but prevented germinal center formation (Figure
4C). However, injection of anti-CD4 mAb reduced the size of CD20" peribronchial lymphoid aggregates

(Figure 4F).



Finally, pretreatment with anti-CD20 and anti-CD4/CD8 mAbs prior to S. aureus infection completely
prevented lymphoid neogenesis. As expected, peribronchial B cell presence as well as CD21" FDC
recruitment and germinal center formation were abolished. Peribronchial CD3* T cell recruitment and

HEV formation were also markedly reduced (Figure 2, Figure 3C, supplementary Figures S4 and S5).



Discussion

In the present study, we examined the roles of CD20" B lymphocytes and/or CD4"/CD8" T lymphocytes in
antibacterial response and peribronchial lymphoid neogenesis in a mouse model of persistent S. aureus
lung infection. Our results indicated that (A) blockade of lymphoid neogenesis was not associated with
increased mortality or increased lung bacterial load in mice infected with S. aureus for 14 days; (B)
CD20" B lymphocytes, CD4" and CD8" T lymphocytes were all required for lymphoid neogenesis and
germinal center formation; (C) the absence of CD20" B lymphocytes had no effect on the development
of CD3" T cell peribronchial aggregates, whereas CD4"/CD8" T cell depletion markedly reduced CD20" B
cell aggregates. These findings provide further insights on mechanisms of bacteria-driven lymphoid

neogenesis in the lungs and possible roles of TLS in chronic airway diseases.

Because lymphoid follicles harboring characteristics of TLS developed as a consequence of persistent
bacterial infection in mouse airways (6), we hypothesized that these TLS contributed to the control of
lung infection. This hypothesis was reinforced by recent findings from Ladjemi et al. who reported an
increased IgA production by TLS during persistent P. aeruginosa infection in mice and found that
bronchoalveolar lavage IgA were directed toward P. aeruginosa (15). However, disorganization of
lymphoid neogenesis using anti-CD20 and/or anti-CD4/CD8 mAbs did not result in reduced infection
control as we found no evidence of increased bacterial load and no evidence of decreased survival in
these experiments. To the best of our knowledge, no other study examined possible roles of TLS in the
control of chronic airway bacterial infection. Previous studies have yielded somewhat different results
on the possible anti-infective roles of TLS in the lungs (13). Moyron-Quiroz et al. first suggested that lung
lymphoid follicles with characteristics of TLS contributed to infection control in mice lacking secondary
lymphoid organs infected by influenza virus (16), presumably through maturation and selection of B cells

directed against influenza virus nucleoprotein (17). Studies in mice lacking IL-23 or CXCR5 have also



demonstrated that disorganized lung TLS are associated with poor protective immune response against
M. tuberculosis (18, 19), suggesting a role for TLS in M. tuberculosis containment. Eddens et al. showed
that Pneumocystis infection induced TLS containing germinal centers in the lung (20); studies in
lymphotoxin-a (LTa) deficient mice resulted in smaller, disorganized, lymphoid follicles lacking germinal
centers, with lower numbers of proliferating B cells. However, LTa deficient mice were able to clear
Pneumocystis at day 14 post infection like wild-type C57BI/6 mice (20), indicating that TLS were not
required for Pneumocystis clearance. We suggest that bacteria-driven TLS may contribute to immune
response (e.g., via IgA production (15)) but are not essential for controlling chronic bacterial infection in

mouse lung.

Our study further provided insights on the roles of B and T cell subsets in the formation of bacteria-
driven TLS in the lung. First, our data revealed that B cells, CD4" T cells and CD8" T cells are all required
for the formation of germinal centers, which are the hallmark of TLS in which antigen-specific adaptive
immune responses can be initiated (21, 22). Second, anti-CD20 mAb depletes B cells in TLS without
affecting T cell aggregates, whereas combined treatment with anti-CD4/anti-CD8 mAbs reduced both
the numbers of T cell and B cell aggregates. Mouse depleted exclusively in CD4+ T cells had comparable
numbers of B cell aggregates that were nevertheless smaller. These data are somewhat different with
findings by Eddens et al. who reported that depletion of CD4'T cells with an anti-CD4 mAb abrogates the
organization of B cell follicles and impairs the accumulation and proliferation of activated B cells (20). In
the present S. aureus model, disorganization of the B cell follicles required depletion of both CD4" and
CD8' T cells, whereas isolated depletion of only CD4" or CD8" T cells did not reduce the number of CD20"
peribronchial lymphoid aggregates, indicating that both CD4" and CD8" T cells are involved in B cell
recruitment and/or proliferation in this model. These data also suggest that CD8+ T cells are not
involved in the recruitment of B cells but are important for the maturation of TLS marked by the

appearance of GC. Our data on CD8+ T cell depletion also parallel the report by Curtis et al (23) that



showed that depletion of CD8+ T cells does not decrease the recruitment of immune cells. However, in
the latter study, the impact of CD8+ T cell depletion on TLS was not documented. We further speculate
that reduction in the size of peribronchial lymphoid aggregates in S. aureus-infected animals pretreated
with anti-CD4 mAb is related to reduction in CD4" T follicular helper (Tfh) cells, which have been

described to support B cell antigenic selection, survival and proliferation (24).

The present study has strengths and limitations. Our animal model is derived from the seminal model of
Cash et al. (25) in which bacteria were embedded in agarose bead. This model mimics prolonged
infection in CF airways where bacteria are often entrapped in mucus plugs in airway lumen (26, 27). In
this model, peribronchial lymphoid neogenesis was limited to focal areas where infected agarose beads
are present (6). Although the agarose bead model was developed with the aim of escaping the host
immune environment in the lung (25, 28), Bragonzi et al. have shown that bacteria are found as
macrocolonies inside and outside the beads in the airway lumen (29), an observation that was also
found in our studies (Regard and Burgel, personal communication). Importantly, studies have shown
that agarose bead-embedded bacteria proliferate within murine airways and that bacterial load can be
decreased by treatment with antimicrobial agents (30, 31). In experiments aimed at assessing the
impact of lymphocytes depletion, treatment of mice with anti-CD20 antibody effectively targeted CD20"
B cells, which were undetectable in blood and lungs of treated animals for at least 21 days. Protocols
used for targeting T cells were more complex to establish as they required repeated injection of anti-
CD4 and anti-CD8 mAbs and did not eliminate CD3"/CD4/CD8 T lymphocytes. However, these protocols
made it possible to examine the individual and combined contribution of CD4" and CD8" T cells to

lymphoid neogenesis.

Lymphoid follicles containing germinal centers are found in multiple chronic airway diseases, including

severe asthma, severe COPD, and CF and non-CF bronchiectasis, but their roles remain incompletely



understood. The presence of TLS within the lungs of patients with COPD have been associated with
disease progression (32) and lung B cells, as determined by gene expression profiling, showed consistent
correlations with emphysema severity (33). Studies have reported the major role of B-cell activating
factor (BAFF) in the development of TLS and alveolar destruction in response to cigarette smoke
exposure in mice (34), findings that are highly relevant to patients with COPD (32). Further, uMT mice,
which lack B-cells, had neither lymphoid follicle nor emphysema after exposure to cigarette smoke (35).
In the latter study, authors also found that B cells are potent regulators of macrophage accumulation
and macrophage-derived MMP12 production, contributing to emphysema development. Thus, the role
of TLS in the development of emphysema is well established in animal models. Our experiments were
designed to examine the role of TLS in infection control but additional studies would be necessary to
examine the possible contribution of TLS to airway remodeling in the context of persistent bacterial
infection. An unproven, yet testable, hypothesis would be that TLS may contribute to the development

of bronchiectasis.

In conclusion, our study suggests that peribronchial TLS that develop during persistent airway infection
triggered by agarose-bead embedded bacteria are not essential for controlling persistent bacterial
infection in the lung. It further shows that lymphoid neogenesis is a highly coordinated event in which
CD20" B lymphocytes, and CD4" and CD8" T lymphocytes are required for the formation of germinal
centers where antigen-specific adaptive immune responses can be initiated via specific B cell selection
and proliferation. Future studies should concentrate on the lifespan of TLS within the airways and their

possible roles on promoting airway remodeling in the context of chronic bacterial infection.
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Figure legends

Figure 1. Schematic representation of experiments assessing the effects of lymphocyte depletion on
persistent S. aureus infection and lymphoid neogenesis in C57BIl/6 mice (results are shown in Figure 2
et Figure 3). Mice were pre-treated with anti-CD20 mAb (A), anti-CD4 and anti-CD8 mAbs (B), a
combination of anti-CD20 and antiCD4/CD8 mAbs (C) prior to infection. For each depletion protocol,
Control animals were injected with similar doses of isotype-matched control mAbs. Persistent infection
was obtained by intratracheal instillation of agarose beads containing S. aureus (10° CFU per animal).
Fourteen days after instillation, animals were euthanized and lungs were harvested for flow cytometry
analysis, bacterial load assessment and immunohistochemical staining. A. CD20" B cell depletion: mice
were injected intravenously with 250 ug of anti-CD20 mAb or Control mAb. B. CD4" and CD8* T cell
depletion: to induce persistent CD4" and/or CD8" T cell depletion, mice received one intraperitoneal (i.p.)
injection of anti-CD4 and/or anti-CD8 mAb (250 ug per injection) 4-5 days prior to infection and another
i.p. injection 4-5 days after infection. C. Combined CD20" B and CD4"/CD8" T cell depletion: CD20" B and
CD4'/CD8" T cell depletion protocols were combined to obtain prolonged CD20* B and CD4"/CD8" T cell
depletion. For each experiment, blood was sampled 24 hours before instillation and flow cytometry

analysis was performed to confirm peripheral blood lymphocyte depletion.

Figure 2. Representative photomicrographs depicting the effects of CD20" B lymphocyte and/or

CD4'/CD8’ T lymphocyte depletion on S. aureus-induced peribronchial lymphoid neogenesis.

Mice were pre-treated with control mAb or with anti-CD20 and/or anti-CD4/CD8 mAbs prior to
infection. Persistent infection was obtained by intratracheal instillation of agarose beads containing S.
aureus (10° CFU per animal). Beads (referred as “B” in the figure) are found in the airway lumen.
Fourteen days after instillation, animals were euthanized and lungs were harvested for histological

analysis. Sections were immunostained (brown color) with antibodies directed against B lymphocytes



(CD20%), follicular dendritic cells (CD21%), T lymphocytes (CD3"), and counterstained with hematoxylin.
Control mAbs: in animal pretreated with Control mAb, 14-days infection with S. aureus- induced
peribronchial tertiary lymphoid structures containing CD20" B cell areas with FDC and germinal centers,
as well as CD3" T cell areas. CD20" B cell depletion: pretreatment with anti-CD20 mAb prevented B cell
and FDC recruitment, and germinal center formation. T cells were unaffected. CD4" and/or CD8" T cell
depletion: pretreatment with anti-CD4/CD8 mAbs strongly reduced CD3" T cell recruitment; CD20* B
cells and FDCs were diminished, and germinal centers were absent. CD20" B and CD4'/CD8" T cell
depletion: pretreatment with anti-C20 and anti-CD4/CD8 mAbs prevented the recruitment of CD20" B
cells and FDCs, and the formation of germinal centers. CD3" T cells were reduced. Symbols (*) identify

areas represented in the inserts. . Original magnification, 100X;. Bar= 100 micrometres.

Figure 3. Quantitative morphometric analyses of B cell-, T cell- and FDC-containing lymphoid
aggregates in the lungs of mice persistently infected with S. aureus and treated with anti-CD20, anti-

CD4 plus CD8 mAbs or all three monoclonal antibodies.

Mice were pretreated with Control mAb or with anti-CD20 and/or anti-CD4/CD8 mAbs prior to infection.
Persistent infection was obtained by intratracheal instillation of agarose beads containing S. aureus (10°
CFU per animal). Fourteen days after instillation, animals were euthanized and lungs were harvested for
histological analysis. Sections were immunostained with antibodies directed against B lymphocytes
(CD20%), follicular dendritic cells (FDCs, CD21%) or T lymphocytes (CD3"). Lymphoid aggregates were
counted using morphometric analysis as described in the methods section. A. CD20" B cell depletion:
pretreatment with anti-CD20 mAb significantly reduced the number of CD20" and FDC' lymphoid
aggregates. CD3" T cell lymphoid aggregate number was unaffected. B. CD4" and CD8" T cell depletion:
pretreatment with anti-CD4/CD8 mAbs significantly reduced the number of CD3" T cell-containing

lymphoid aggregates; CD20" B cell- and FDC-containing lymphoid aggregate numbers were also



significantly reduced. C. CD20" B- and CD4°/CD8" T cell depletion: pretreatment with anti-CD20 and anti-
CD4/CD8 mAbs significantly reduced the number of CD20* and FDC*-containing lymphoid aggregates, as
well as the number of CD3" T cell” lymphoid aggregates. Each symbol represents data obtained from one
animal. Horizontal bars correspond to median values. The Mann-Whitney test was used to compare

depleted groups to Controls. *: P<0.05, **: P<0.01, ****: P<0.0001 compared to controls.

Figure 4. Quantitative morphometric analyses of the effects of isolated vs. combined CD4" and CD8" T
cell depletion on lymphoid neogenesis in the lungs of C57BI/6 mice persistently infected with S.

aureus.

Mice were treated with Control mAbs or with anti-CD4 and/or anti-CD8 mAbs prior to intratracheal
instillation with S. aureus-containing beads. Animals were euthanized 14 days after instillation and lung
were harvested for histological analyses. Sections were immunostained with antibodies to B
lymphocytes (CD20), follicular dendritic cells (FDCs, CD21%), germinal centers (proliferating cell nuclear
antigen, PCNA"), T lymphocytes (CD3"), or high endothelial venules (peripheral node adressin, PNAd").
Lymphoid aggregates were counted using morphometric analysis as described in Methods. Combined
CD4'/CD8" T cell depletion induced a significant decrease in number (A) and size (F) of peribronchial
CD20" lymphoid aggregates, and reduced FDC recruitment, and HEV and germinal center formation.
Pretreatment with anti-CD4 or anti-CD8 mAbs did not reduce the number of CD20" peribronchial
lymphoid aggregates, the recruitment of FDC and the number of HEVs but prevented germinal center
formation. However, injection of anti-CD4 mAb reduced the size of CD20" peribronchial lymphoid
aggregates. Each symbol represents data obtained from one animal. Horizontal bars correspond to the
median. Vertical bars in Figure 4F represent means and error bars represent standard deviations. The
Kruskall-Wallis test corrected with Dunn’s test was used to compare each depleted group to the

Controls *: P<0.05, ***: P<0.001, ****: pP<0.0001 compared to Controls.
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Table S1. Primary antibodies used for immunohistochemical staining in mouse lung

sections
Antigen Source Manufacturer Reference Dilution Unmasking
Mouse CD20  Goat polyclonal Santa Cruz Sc7735 1:100 Citrate
microwave
Mouse CD3 Rabbit monoclonal = ThermoFisher @ RM-9207-S 1:50 Citrate
microwave
Mouse CD21 Rabbit monoclonal Abcam Ab 75985 1:200 Citrate
microwave
Mouse PNAd Rat monoclonal BD 553863 1:50 Citrate
Pharmingen microwave
Mouse PCNA  Rabbit polyclonal Calbiochem PC474 1:200 Protease
PNAJ: peripheral nod adressin; PCNA: proliferating cell nuclear antigen
Table S2. Antibody panels used in flow cytometry analysis.
Fluorochrome Antigen (Antibody clone)
FITC B220 (RA3-6B2)"
BV450 CD19 (1D3)"
PE-TexasRed CD4 (MCD0417)*
PE-Cy7 CD45 (30-F11)*
APC CDS8 (53-6.7)"
AF700 CD3 (500A2)"
Amcyan Viability marker (Live/dead cell dye)*

Conjugated antibodies or fluorescent dyes were purchased from “BD Bioscience, “ThermoFisher Scientific.



Figure S1. Treatment with anti-CD20 and/or anti-CD4/CD8 mAbs induces depletion in

lung of B and /or T lymphocytes for at least 21 days.
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Mice were injected with anti-CD20 and/or anti-CD4/CD8 mAbs, or control mAbs and
followed for 21 days (no infection). At 21 days after treatment with mAbs, lungs were
harvested for flow cytometry (A, B, C) and histological analysis (D). A. Quantification of B
cells obtained by flow cytometry analysis in the lungs of mice treated with control or anti-

CD20 mAb. B. Quantification of T cell subsets (CD3+CD45+ [left panel],

CD4+CD3+CD45+ [middle panel] and CD8+CD3+CD45+ [right panel]) obtained by flow

cytometry analysis in the lungs of mice treated with control mAbs or anti-CD4/CD8 mAbs. C.



Quantification of B cells and T cell subsets in the lungs of mice treated with control mAbs or
with both anti-CD20 and anti-CD4/CD8 mAbs. Each symbol represents data obtained from
one animal (open symbol for Controls and solid symbols for depleted mice). Horizontal bars
represent medians. The Mann-Withney test was used to compare depleted mice to Controls
(Panel A, B and C). ****p <(0.0001 and ***p<0.001 compared to controls. D. Representative
photomicrographs of immunostaining for B lymphocytes (CD20+, upper panel) or T
lymphocytes (CD3+, lower panel) in the lungs of mice sacrificed 21 days after treatment with
control mAb or anti-CD20 mAb, or anti-CD4/CD8 mAbs, or anti-CD20 and anti-CD4/CDS8
mAbs. Positive staining appears in brown (arrowheads); sections were counterstained with

hematoxylin. Original magnification, 400X.
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Figure S2. Effects of anti-CD20 and/or anti-CD4/CD8 mAbs-induced depletion on lung

bacterial load in mice persistently infected with S. aureus.
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Mice were pre-treated with anti-CD20 mAb (A), anti-CD4 and anti-CD8 mAbs (B), or a
combination of anti-CD20 and anti-CD4/CD8 mAbs (C) or with Control mAb prior to
infection. Persistent infection was obtained by intratracheal instillation of agarose beads
containing S. aureus (10°® CFU per animal). Fourteen days after instillation, animals were
sacrificed and lungs were harvested, homogenized and cultured for bacterial load assessment.
Pretreatment with anti-CD20, anti-CD4/CD8 or a combination of anti-CD20 and anti-
CD4/CD8 mAbs had no effect on lung bacterial load compared to control group. Each symbol
represents data obtained from one animal. Horizontal bars correspond to medians. The Mann-

Whitney test was used to compare depleted mice to Controls (Panel A, B and C).



Figure S3. Representative photomicrographs of S. aureus-induced peribronchial lymphoid neogenesis in mice treated with control mAb.
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Mice were pre-treated with control mAb. Persistent infection was obtained by intratracheal instillation of agarose beads containing S. aureus (10°
CFU per animal). Beads (referred as “B” in the figure) are found in the lumen of the mice bronchi. Fourteen days after instillation, animals were
euthanized and lungs were harvested for histological analysis. Sections were immunostained (brown color) with antibodies directed against B
lymphocytes (CD207), follicular dendritic cells (CD217), germinal centers (proliferating cell nuclear antigen, PCNA™), T lymphocytes (CD3%), or
high endothelial venules (HEVs, peripheral node adressin, PNAd"), and counterstained with hematoxylin. Peribronchial lymphoid aggregates
were found around bead-containing bronchi; these aggregates contained B-cell areas (CD20") with follicular dendritic cells (CD21%) and

germinal centers (PCNA™) and were surrounded by T cell aggregates (CD3") containing high endothelial venules (PNAd") and were consistent



with tertiary lymphoid structures. Symbols (*) identify areas represented in the inserts. Arrows identify HEVs. Original magnification, 100X

inserts, 400X. Bar= 200 micrometers; insert bar = 100 micrometres.



Figure S4. Representative photomicrographs of germinal centers and HEV in the lungs
of mice persistently infected with S. aureus and treated with anti-CD20, anti-CD4 plus
CD8 mAbs or all three monoclonal antibodies.

Germinal centers High endothelial venules

Control mAb

Anti-CD20 mAb

Anti-CD4/CD8 mAbs

Anti-CD20 +
Anti-CD4/CD8 mAbs

Mice were pre-treated with control mAb or with anti-CD20 and/or anti-CD4/CD8 mAbs prior
to infection. Persistent infection was obtained by intratracheal instillation of agarose beads
containing S. aureus (10° CFU per animal). Beads (referred as “B” in the figure) are found in
the lumen of the mice bronchi. Fourteen days after instillation, animals were euthanized and
lungs were harvested for histological analysis. Sections were immunostained (brown color)

with antibodies directed against germinal centers (proliferating cell nuclear antigen, PCNA™)



or high endothelial venules (HEVs, peripheral node adressin, PNAd"), and counterstained
with hematoxylin. Control mAbs: in animal pretreated with Control mAb, 14-days infection
with S. aureus- induced peribronchial tertiary lymphoid structures containing germinal
centers, as well as HEV. CD20* B cell depletion: pretreatment with anti-CD20 mAb
prevented germinal center formation. HEV recruitment was unaffected. CD4" and/or CD8* T
cell depletion: pretreatment with anti-CD4/CD8 mAbs reduced HEVs formation and germinal
centers were absent. CD20" B and CD4*/CD8" T cell depletion: pretreatment with anti-C20
and anti-CD4/CD8 mAbs prevented the formation of germinal centers. HEVs were reduced.

Arrows identify HEVs. Original magnification, 100X. Bar= 100 micrometers.



Figure S5. Quantitative morphometric analyses of germinal center- and HEV-containing
lymphoid aggregates in the lungs of mice persistently infected with S. aureus and treated

with anti-CD20, anti-CD4 plus CD8 mAbs or all three monoclonal antibodies.
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Mice were pretreated with Control mAb or with anti-CD20 and/or anti-CD4/CD8 mAbs prior
to infection. Persistent infection was obtained by intratracheal instillation of agarose beads
containing S. aureus (10° CFU per animal). Fourteen days after instillation, animals were
euthanized and lungs were harvested for histological analysis. Sections were immunostained
with antibodies directed against germinal center (proliferating cell nuclear antigen, PCNA™),
or high endothelial venules (peripheral node adressin, PNAd*). Lymphoid aggregates were

counted using morphometric analysis as described in the methods section. A. CD20* B cell



depletion: pretreatment with anti-CD20 mAb significantly reduced the number of germinal
center-containing lymphoid aggregates. HEV* lymphoid aggregate number was unaffected. B.
CD4* and CD8" T cell depletion: pretreatment with anti-CD4/CD8 mAbs significantly
reduced the number of germinal center-containing lymphoid aggregate; HEV-containing
lymphoid aggregates number was also significantly reduced. C. CD20" B- and CD4*/CD8* T
cell depletion: pretreatment with anti-CD20 and anti-CD4/CD8 mAbs significantly reduced
the number of germinal center-containing lymphoid aggregates, as well as the number of
HEV* lymphoid aggregates. Each symbol represents data obtained from one animal.
Horizontal bars correspond to median values. The Mann-Whitney test was used to compare
depleted groups to Controls. *: P<0.05, **: P<0.01, ***: P<0.001, ****: P<0.0001 compared

to controls.





