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ABSTRACT

T Follicular helper cells (Hy) are considered critical for B cell antibody resge, and recent
efforts have focused on promotinguTin order to enhance vaccine efficacy. We studlesl t
frequency and function ofgl; in nasopharynx-associated lymphoid tissues (NAfkdm children
and adults, and its role in anti-influenza antibaggponse following stimulation by a live-
attenuated influenza vaccine (LAIV) or an inactedtseasonal virus antigen (sH1N1). We
further studied whether CpG-DNA promotes; Bind by which enhances anti-influenza response.
We showed NALT from children aged 1.5-10 years aimetd abundantgJ, suggesting efficient
priming of Ty during early childhood. Stimulation by LAIV inducedmarked increase ingl
that correlated with a strong production of antiragglutinin (HA) IgA/IgG/IgM antibodies in
tonsillar cells. Stimulation by the inactivated $H1antigen induced a small increase g T
which was markedly enhanced by CpG-DNA, accompaiigdenhanced anti-HA antibody
responses. In B cell co-culture experiment, antidtddponses were only seen in the presence of
Tey, and addition of plasmacytoid dendritic cell teydB cell co-culture enhanced the-uF
mediated antibody production following CpG-DNA astd1N1 antigen stimulation. Induction of
Try differentiation from naive T cells was also shofellowing the stimulation. Our results
support a critical role of A3 in human mucosal anti-influenza antibody respomdse of an
adjuvant such as CpG-DNA that has the capacityémpte Ty by which to enhance antigen-
induced antibody responses in NALT tissue may hawaportant implications for future

vaccination strategies against respiratory pathegen

Keywords: T follicular helper cell (Ten), influenza virus, influenza vaccine, anti-hemagglutinin
(HA) antibody response, Nasopharynx-associated lymphoid tissues (NALT), CpG-DNA, children

and adults,

2|Page



1. INTRODUCTION

Follicular helper T cells (dy) are a specialized T cell subset that providep h®IB cells for
antibody production(Crotty, 2011). The main effecstte of Ty is the germinal center (GC)
within the secondary lymphoid organs. The intemactbetween gy and B cells leads to GC
formation and the development of high affinity aotlies that are central for T cell-dependent
antibody response, and thereforgy re considered critical for infection- or vaccinduced
protective immunity(Crotty, 2014plight et al., 2013). Most of the evidence suppgrt critical
role of Tey are derived from studies in mice, whereas diretesnce from humans on=J's role

in vaccine-induced immunity is lacking due to thiécllty to obtain human secondary lymphoid
tissue(Schmitt and Ueno). However, recent studesahstrated that the response of-Tike”
cells in peripheral blood following parenteral ughza vaccination correlated well with the anti-
hemagglutinin (HA) antibody response, which provsgg@porting evidence for the importance of
Tey In vaccine-induced response in humans (Bentel@bell., 2013fSpensieri et al., 2013).
Recently, identification of novel agent/adjuvaritattpromote #; number or function thus to
enhance antibody response has become an attraetieenation strategy (Fazilleau et al., 2009;

Spensieri et al., 2013).

There is increasing interest recently in developmgcosal vaccines such as intranasally
administered vaccines against respiratory tra@cindns(Lycke, 2012). Nasopharynx-associated
lymphoid tissues (NALT) comprising of adenoids aodsils are secondary lymphoid organs
known to be important induction sites for naturaimunity against respiratory tract pathogens
including influenza virus(Kiyono et al., 2004). Alsthey are a major induction site for immunity
induced by intranasal vaccines, such as live-attimtlinfluenza vaccines (LAIV). As immune

tolerance is a major feature of the mucosal immsystem, it is generally considered that
mucosal vaccination needs either a live-attenuatertine or an inactivated virus or subunit

vaccine antigen together with an adjuvant. LAIVsHzeen demonstrated to be an effective
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intranasal vaccine against influenza and been segrior use in children over 2 years of age.
However, LAIV is not licensed for young children2<years because of concerns over increased
risk of wheezing (Belshe et al., 2007). There mead for an alternative intranasal vaccine for this
age group and that may include inactivated inflaemzus antigens with an effective mucosal

adjuvant.

Dendritic cells (DC) were shown to be importaniritiate Ty cell development(Goenka et al.,
2011). Within mucosal lymphoid tissue including ramtonsils, plasmacytoid DC (pDC) has
been shown to be an important DC population (Petak., 2008; Rescigno, 2013). In humans,
pDC uniquely express both TLR-7 and TLR-9 whichroefound on myeloid DC (Hornung et
al., 2002). CpG-DNA, a TLR-9 ligand, has been shtwvpossess adjuvant activity capable of
enhancing antibody responses, including that iagsahadministration of CpG-DNA enhanced
antibody response to co-administered influenzaimasan animal models (Klinman, 2006;
McCluskie and Davis, 1999; Weeratna et al., 2QP@ldoveanu et al., 1998). Recent studies in
mice suggest CpG-DNA may potentiatg; Tesponse by monocyte-derived DC to modulate
antibody production (Chakarov and Fazilleau, 20H$wever, it is not known whether CpG-
DNA promotes F4 in humans and whether pDC contribute to promoliagand by which

enhances vaccine antigen-induced response.

A central marker of gy cells is CXC-chemokine receptor 5 (CXCRS5), whighnportant for Fy
positioning in GC(Schaerli et al., 2000)4Tare typically identified by co-expression of CXCR5
together with other markers including ICOS, PD-CLB6 (Breitfeld et al., 2000; Kim et al.,
2001) (Choi et al., 2011; Fazilleau et al., 2008rfot et al., 2011; King, 2009; Laurent et al.,
2010). A number of cytokines, particularly IL-2Xegroduced by d;, and are considered to

have a major role ingf differentiation and function on B cell antibodgpense (King, 2009).

In this study, we examined the role of4Tin influenza vaccines- or antigen-induced anti-HA

response in human NALT immune cells, and studieétidr a candidate adjuvant CpG-DNA
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promotes Fy and by which potentiate the inactivated virus gertinduced anti-influenza

antibody responses.
2.METHODS

2.1. Patients and samples. Adenoidal and tonsillar tissues were obtainethfpatients (age 1.5—
36 years) recruited (from 2012 to 2015) for adeadcidmy and/or tonsillectomy due to upper
airway obstruction. The tissues were transportddB8SS medium (Hank’s Balanced salt
solution) in a cold box to the laboratory and pested to cell isolation within four hours. Each
tissue sample was checked for any signs of grdlssrimation and/or necrosis prior to
processing and samples that exhibited either cktlfieatures were excluded from the study.
Patients with known immunodeficiency and those yanesly vaccinated against influenza were
also excluded from the study. The Liverpool Paedi&esearch Ethics Committee approved the

study [08/H1002/92] and written informed consenswatained in all cases.

2.2. LAIV vaccineg, influenza virus antigens and CpG-DNA. An intranasal LAIV (FluMist,
2009-10) that included A/Brisbane/59/2007 (H1N1)/B#sbane/10/2007 (H3N2) and B
influenza strains was obtained from BEI resourddan@assas,VA). 0.2ml of LAIV contains
about 10 fluorescent focus units (FFU) of each strailn inactivated seasonal
A/Brisbane/59/2007 H1IN1 influenza virus (sH1N1) igeh, which was inactivated bf-
propiolactone and partially purified (Wood et d19,77) was obtained from the National Institute
for Biological Standards and Control (NIBSC, UKhi3 inactivated sH1N1 antigen contained
83ug/ml of HA. A purified recombinant HA of sH1Nl1law obtained from BEI Resources and
used as the coating antigen for anti-HA antibodpasneement by ELISA and ELISpot assays. A
type B CpG-DNA (CpG 2006, InvivoGen) (Krieg et dl995) was used to study the effect on

Trn.
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2.3. Céll separation, culture, and stimulation. Mononuclear cells (MNC) from adenotonsillar
tissue were isolated using Ficoll density centidfign (Zhang et al., 2006) (Zhang et al., 2011)
and the number of MNC isolated from each patiemgea from 5.0x161.0x10. In some
experiments, tonsillar MNC were depleted of effecamd memory (CD45R0 cells using
CD45R0O microbeads and magnetic cell sorting (Milieas described previously (Gray et al.,
2014; Zhang et al., 2007). The depletion of CD45R€&lls from tonsillar MNC removedg}
cells (>98%). Unfractionated MNC or CD45RO+cell-t#pd MNC were cultured (4x2nl) in
96-well flat-bottom culture plates in RPMI-1640 med with HEPES supplemented with 10%
fetal bovine serum (FBS), 1% L-glutamine, streptomy(5Qug/ml) and penicillin (50U/ml)
(Sigma), in the presence of CpG-DNA, inactivatedlNH antigen, or LAIV. Cell culture
supernatants were collected and stored at -80°iCamatlysis for antibody or cytokine production

by ELISA.

The effect of IL21 on #; and T-mediated help for antibody production was examiasithg
recombinant human IL21R-Fhimera (R&D systems) (IL21-Fc). IL21-Fc (or isogypontrol)
(10pg/ml) was incubated with tonsillar MNC or witlhy-B cell co-culture for 1 hour, before the
addition of CpG-DNA (0.kg/ml) and/or sH1N1 antigen g@/ml). The cells were then cultured

for up to 10 days for analysis ofTnumbers and of antibody production.

2.4. Measurement of HA-Specific antibodies. Production of HA-specific 1gG, IgM and IgA
antibodies to sH1N1 virus in cell culture superntdawas measured as previously described
(Ahmed et al., 2015 Mahallawi et al., 2013). In brief, ELISA plates mgecoated with
recombinant HA overnight. Following blocking, cefulture supernatants were added and
incubated for 2 hours. Alkaline phosphatase-congayanti-human IgG, IgM or IgA antibody
was then added and incubated. Following the adddf pNPP substrate, color development was

read at OD405nm and data were analysed using [dtsd&tware.
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2.5. Analysisof Try, cell proliferation and intracellular cytokine expression. For Tey
identification, tonsillar MNC were stained with ahiman CD3, CD4, CXCRS5, ICOS, CCR7,
and Bcl-6 antibodies followed by flow cytometry @Reed et al., 2006). Cell proliferation was
examined by CFSE staining of tonsillar MNC (MoleanuProbes, UK), followed by cell
stimulation for 5 days and by flow cytometry. Irdeflular cytokine staining was performed
following overnight cell stimulation as describegyiously (Zhang et al., 2011). Intracellular
staining for Bcl-6 and TLR9 was performed followingnufacturer’s instructions with anti-
human Bcl-6 and TLR-9 antibodies (eBioscience)wRtgtometry was performed using FACS

Calibure (BD Biosciences) and data analyzed usiimgM®| software (Scripps Institute).

2.6. Purification of Try, B cells and pDC. Tgy, B cells and pDGwvere purified from tonsillar
MNC using magnetic cell sorting (EasySep™, StemcBliiefly, tonsillar B cells were purified
by negative selection using B cell purification Which yielded B cell purity >99%. Forgl
purification, CD4T cells were first isolated by negative selectismg CD4 T cell kit, followed
by positive selection of CXCH8" (Te) using biotin anti-human CXCR5 antibody. The antoun
of anti-CXCR5 antibody was optimised to ensure d¥CR5"""-expressing cells were selected
(purity>95%). CD4CXCR5 (non-Tgy) cells were purified by negative selection from £D
cells using an optimised amount of anti-CXCR5 adip to ensure only CXCRZgells were
obtained (purity >99%). Tonsillar pDC were purifieing negative selection with human
plasmacytoid DC kit (Stemcell) which yielded a pp@rity >96%. From a total of 5.0xi0
MNC, the numbers of isolatedsT, B cell and pDC were ranged 2.0-4.0%100-1.5x16, and

1.0-2.0x18 respectively.

2.7. Tey-B cell co-culture. The ability of tonsillar Fy to help B cell antibody production was
examined by an autologous B cellryTco-culture. Purified B cells were co-cultured (1atio)
with either purified Fy or non-Te cells at 5x18cells/ml in a 96-well round bottom plate, in the

presence of CpG-DNA and/or sH1N1 virus antigen. Gélés were cultured fatO days and cell
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culture supernatant were collected for antibodyyeama In some experiments, purified pDC were

added at a concentration of 5%1@lls/ml to the F4-B cell co-culture.

2.8. Statistical Analysis. Two group comparisons were analysed by studentésil and paired T
test was used for comparison between paired sanfuhedysis of variance (ANOVA) was used
for multiple group comparisons. Correlation waslgsed by Pearson’s correlation. Statistical
analysis was performed using GraphPad Prism 5 aoftwP<0.05 was considered statistically

significant.
3.RESULTS

3.1. Identification and frequency of Try in human tonsillar tissue and itsrelationship with age.
Adenotonsillar MNC were identified by staining f@D3, CD4, CXCR5 and ICOS expression
followed by flow cytometry. Based on CXCR5 and IC@Spression in CDA cells, three
populations were observed (Figure 1la): CXCREOS"" CD4+T cells (red, designated as
Ten), CXCRE™MCOS™ (Blue) and CXCRBCOS (Green) CD4+T cells. In addition to the high
expression of CXCR5 and ICOS, the designatgdpbpulation were also shown to express Bcl-6

and IL-21, but not CCR7 (1b).

To determine whether there is any relationship betwthe frequencies ofJand GC B cells,
tonsillar B cell subsets were analysed by staifiingCD19, CD38 and IgD. Gated for CD'1B
cells, GC B cells were identified as COC®38IgD" (red circle, 1c). There was a good
correlation between the frequencies of GC B cé#s of B cells) and #y in NALT of children

and adults (1d, r = 0.86, P< 0.001).

When the frequencies ofJ (% of CD4+ T cells) in tonsillar MNC were analyzedassociation
with age, it was found that the mean frequencyhildoen was significantly higher than in adults
(Figure 2a), and there appeared to be an age-asstalecrease in theJfrequency (2b). The
mean Ey frequency was shown to be highest in younger aldrom 1.5 td 110 years olds (2b),
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3.2. Tey mediate LAI'V- and inactivated antigen-induced antibody production.

We sought to determine whethegylplay a role in the antibody response induced byeaiir
influenza vaccines in an immune induction site BALT. Stimulation by LAIV induced a
marked increase inglinumber in tonsillar MNC, which was correlated watimarked production
of anti-sH1N1 HA antibodies including IgG, IgM andA (Figure 3a). Stimulation by the
inactivated sH1IN1 antigen induced a modest incré@asky number which correlated with a
modest production of IgG and with little productioh IgM and IgA anti-HA antibodies (3b).
Further, stimulation by LAIV of co-culture of pued B cells with Fy, but not with non-Fy
cells, induced production of IgG, IgM and IgA aktA antibodies (3c). Again, stimulation by the
inactivated sH1IN1 antigen induced a modest IgGHdAtin the B cell-Ty co-culture (3d), but
no IgM and IgA response (data not shown). No adglb@sponse was seen in the co-culture of B

cells and non-gycells(3c+d).

3.3. CpG-DNA promotes Try and enhances anti-HA antibody production.

To determine whether CpG-DNA could promotgy Thereby enhancing the B cell anti-HA
antibody response, tonsillar MNC were stimulatethvipG-DNA with/without the inactivated
sH1N1 virus antigen. As shown in figure 4a, CpGABlicited a dose-dependent increase in
Trn frequency in tonsillar MNC. CpG-DNA at a low dose0.1ug/ml, together with the sHIN1
antigen, elicited a marked increase ipg Tnumber (4b) which correlated with asT cell
proliferative response (4c) in tonsillar MNC, andmsficantly higher than that elicited by the
SH1N1 antigen alone (4b+c, p<0.01). In the meanti@E5-DNA together with SHIN1 antigen
elicited a marked increase in 1gG, IgM, and IgAi&iA antibody production, much higher than

that elicited by sH1N1 antigen alone (4d).

3.4. CpG-DNA-mediated enhancement of anti-HA antibody production involves Tgy and 1L21.
To further determine whethersJ contribute to CpG-DNA mediated enhancement ofbaly

production, purified B cells were co-cultured withy or non-Try cells in the presence of CpG-
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DNA and sH1IN1 antigen. As shown in Figure 5a, potidm of anti-HA IgG, IgA and IgM

antibodies were seen in the B cell co-culture With, but not with non-F4 cells.

IL21 concentrations in tonsillar MNC and theydB cell co-culture were analyzed. As shown in
Figure 5b, CpG-DNA stimulation induced an increaselL21 concentration in the cultured
MNC. In the Tey-B cell co-culture, following stimulation, signiamit production of IL-21 was
only seen in the presence, but not in the absenhTe,a5¢). Further, 1L21 receptor blocking by
the use of IL21R-Fchimeraabrogated the increase inylelicited by CpG-DNA and sH1N1
antigen stimulation (5d). In the meantime, the ILf2ceptor blockingeduced the production of

anti-HA IgA and IgM antibodies in tonsillar MNC (pbe

3.5. Induction of Tgy differentiation by CpG-DNA with influenza antigen.

To determine whether CpG-DNA promotes inductiorilrgf from naive T cellstonsillar MNC
depleted of CD45R0cells (removed effector and memory T cells inahgdi=,) were stimulated
with CpG-DNA with the inactivated sH1N1 antigen férdays. As shown in Figure 6a, the
stimulation induced a marked increase in the numifesy (CD4'CXCRS"™" which was

significantly higher than the sH1N1 antigen stintiola alone (p<0.01).

3.6. Effect of pDC on Tgy-mediated antibody response.

When we analyzed TLR9 expression using flow cytoyeto significant expression was shown
by purified Tey or non-Tey CD4+T cells (data not shown). By contrast, a propo of B cells
and most pDC were shown to express TLR9 (6b). Simee was a prominent number of pDC in
tonsillar tissue which expressed a high level oRBlL.we examined the effect of pDC on CpG-
DNA and Ty mediated antibody response. Purified pDC were cGdlaiéhe Fu-B cell co-culture,
and co-incubated with CpG-DNA with the inactivatgd1N1 antigen. As shown in Figure 6c,
the addition of pDC further enhanced the anti-HMIgnd IgA antibody production in the-1-B

cell co-culture.
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4. DISCUSSION

NALT is a unique inductive site for B-cell responaged plasma cell generation in the upper
respiratory tract, which makes the intranasal raft@accination an attractive strategy against
airway infection such as influenza(Brandtzaeg, 208k Try are critical for T cell-dependent
antibody response, promotingeql ink NALT may be an effective strategy for intranasa

vaccination.

In this study, we first studied the frequency @f;Tn NALT tissue of children and adults, and
showed that NALT of children aged 1.5-10 years am@d abundant £, (Figure 1+2). The
finding that children as young as 1.5 years alredelyeloped a prominent number ofyTin
NALT suggests the priming df-y in early childhood is fairly efficient. It may alseflect the
period of high level of microbial exposure in thesopharynx which primes antigen-specifig; T

cells during young childhood. The finding that the, frequency in children was higher than in

adultsis consistent with the previous report by Benteb#teal that also showed differences

between children and adults in thg, subsets including@XCR5"¥"c0S"9" cXCR5"ICOS® and

CXCR5™ICOS"" subsets (Bentebibel et al., 2013).

We then studied the function ofJin human NALT, and more specifically on whethee thy
play an important role in influenza antigen-inducedtibody response. We showed that
stimulation by LAIV elicited a marked increase ipyhumber in tonsillar MNC that correlated
with a strong production of anti-sHIN1 HA IgG, Igkhd IgA antibodies (Figure 3a). By
comparison, stimulation by an inactivated sH1NIligamt elicited a small increase inTthat
correlated with a modest anti-HA antibody productichich was predominantly IgG (Figure 3b).
Further, we demonstrated that the antibody respoimskiced by both LAIV and the inactivated
SH1N1 antigen were dependent on the presencepinlthe co-culture with B cells (Figure
3c+d). These results support the hypothesis thatmay be critical in influenza vaccine-induced

anti-HA response in humans(Bentebibel et al., 2&#&nsieri et al., 2013).
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Information on antibody responses to influenzagams in human NALT is limited. Our results
on antibody responses in the NALT tissue induced Al and the inactivated sH1N1 antigen
are in general consistent with previous findingat timtranasally administered LAIV induced
prominent antibody responses including IgA and IgG nasal lavage mucosal samples
(Moldoveanu et al., 1995), and the inactivated gamti elicits primarily an lgG-predominant

memory response (Bentebibel et al., 2013). Given ttany subjects would have been exposed

previously to infection of various strains of irdluza viruses, it is plausible that these previous

contact induced memory and would to some degree impact on the antibody response tested

in_this study The relative predominance of IgG antibody produttis concordant with the
general predominance of IgG immunocytes in ademsdtantissue (Boyaka et al., 2000). A live-
attenuated vaccine, which resembles more closedynatural infection, is generally used without
an adjuvant and activates a stronger innate anddbroimmune response than an inactivated
vaccine(Siegrist, 2013; Sridhar et al., 2015). Borinactivated virus antigen, an adjuvant is
usually needed and some adjuvants have been slogredtly augment the immune response

induced by inactivated influenza vaccines(Nicholsbal., 2001).

We further studied whether an adjuvant could bel tisgoromote ¥ and by which enhances the
antibody response induced by the inactivated inftaeantigen. CpG-DNA, as a TLR9 ligand,
has been studied as a candidate adjuvant. We thah@€pG-DNA stimulation of tonsillar MNC
promoted the dynumber in a dose-dependent manner. Also, a low aio€pG-DNA (0.1ug/ml)
with the inactivated sH1N1 antigen markedly inceshSry number, and correlated with an
enhanced anti-HA response including IgG, IgM amdl g&mtibodies in tonsillar MNC (Figure 4),

a pattern similar to that induced by LAIV. Furthema, the enhanced anti-HA antibody response
was observed only in the co-culture of B cells wiily but not with non-§4 cells following

stimulation by the antigen and CpG-DNA (Figure 5H)ese suggest that with the inactivated

influenza virus, CpG-DNA may promote influenza-gfiecT gy, and thereby enhances theyT
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mediated antibody response, including both pringeny memory anti-influenza responses. These

results are concordant with the recent reportsansa models that CpG-DNA could increasg T
and B cell responses (Chakarov and Fazilleau, 20aktelic et al., 2012; Rookhuizen and

DeFranco, 2014).

IL-21 has been suggested to play an importantirol&y differentiation(Rodriguez-Bayona et
al., 2012). We showed that stimulation with CpG-DMNAhanced IL-21 production that was
correlated with the expansion ofin tonsillar MNC. Further we showed that it wasimhathe
Trn but not non-Fy CD4+T cells produced IL-21. IL-21 receptor blodakimhibited the increase
in Tey number and anti-HA antibody production induced GyG-DNA with sHIN1 antigen
(Figure 5). These findings support an importané @l IL-21 in CpG-DNA mediated expansion

of Tey and in the enhanced B cell antibody production.

Whereas no significant expression of TLR9 was shawiigy cells, both B cell and pDC in
NALT were shown to express TLR-9 (Figure 6). Itpgssible that CpG-DNA promotes: T
number and function in tonsillar MNC through botrc@l and pDC. We found that the addition
of pDC to Tes-B cell co-culture enhanced the anti-HA antibodgdarction following stimulation
by CpG-DNA and sH1N1 antigen. This suggests thaC p&dntributes to dy function in
mediating B cell antibody response. The additiop@C enhanced mainly IgM and IgA but not
IgG response, which may suggest that pDC contribotainly to Fy-mediated primary antibody
response (mainly IgM and IgA). It has been repotteat the Fy equivalent CXCRECD4™ T
cells in circulation were efficient to help memoBy cells for memory antibody response
(predominantly 1gG), but were unable to help ndveells(Bentebibel et al., 2013). By activation
of pDC, CpG-DNA may enhancerFmediated primary B cell anti-HA response inducgdah
inactivated virus antigen. An optimal primary respe is likely to be critical for effective
immunization in young children or that against avraian influenza virus infection in humans.

CpG-DNA has a strong immunostimulatory effects @Cp(Krug et al., 2001a; Krug et al.,
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2001b; Rothenfusser et al., 2002) and pDC has seewn to be important in anti-influenza and
anti—rotavirus antibody responses upon virus inde¢stimulation (Deal et al., 2013; Jego et al.,
2003). Considering that tonsillar tissue contaiqs@aninent number of pDC (Polak et al., 2008;
Rescigno, 2013) (Summers et al., 2001), this domion by pDC to Fy-mediated antibody

response in NALT tissue may be explored in futuaeecination strategy against respiratory

infection.

In conclusion, abundantg} exist in NALT of young children which suggestsi@#ént Tey
priming and it will be possible to primexT effectively in NALT through immunizatiomluring
early childhood. Ty cells are critical in human mucosal anti-influeresdibody responses in
NALT tissue. Use of an immunological adjuvant suash CpG-DNA that has the capacity to
promote 4 and thereby to enhance influenza antigen-induogdaly response in NALT may
have important implications for novel vaccinatidnaggies, such as mucosal vaccines against

respiratory infections such as influenza.
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Figurelegends
Figure 1. Identification of Ty in tonsillar tissues of children and adults, and relationship

with GC B cells. Adenotonsillar MNC were stained with anti-human CI@D4, CXCR5 and
ICOS antibodies followed by flowcytometry (a). WithCD4+ Tcells (R2), ¥ were identified
as CXCR89" |cOS"" CD4+ T cells (red, R3). In addition to CXCR5 a@DS, the designated
Trn population were also shown to express Bcl-6 an@1ll_but not CCR7 (b). GC B cell was
identified as CD38 IgD” CD19 (c, red circle), and the relationship betweenftequencies of

Ty and GC B cells (% of B cells) in tonsillar MNCgkown (d, r = 0.86, n=16, P< 0.001).

Figure 2. Frequencies of Ty in children and adults. Tonsillar Ty frequencies (expressed as
the % of Ty in CD4+ T cells) were compared between childrexr8() and adults (h=30) (a), and

the relationship between thedlirequencies and age is shown (b, r=-0.62, n=140.091).

Figure 3. Tey mediate LAIV and inactivated virus antigen-induced antibody production in

NALT. Tonsillar MNC were stimulated by LAIV_(2ul/ml, appr. 1FFFU/m) (a) and the

inactivated seasonal virus (sH1N1) antigen (1ug(bjl¥ollowed by analysis of /[, numberand
anti-HA IgG, IgA and IgM antibody responses usitogvf cytometry and ELISA respectively

(**p<0.01, n=20, aged 2-20 years). Co-culture ofified B cells with Ty (CD4" CXCR5"") or

with non-Tey CD4+T cellfCD4™ CXCR5) were stimulated with LAIV (c) or the sH1N1 antige
(d), and anti-HA antibody responses were seendrpthsence, but not in the absencemf T

(c+d, **p<0.01, n=10, aged 2-20 years).

Figure 4.CpG-DNA promotes Try and enhances anti-HA antibody production. Tonsillar
MNC were stimulated by CpG-DNA with or without tivactivated sH1N1 antigen, followed by
analysis of Fy frequency (a+b), proliferation index (c) and aatll production (d). CpG-DNA
stimulation induced a dose-dependent increaserinffequency (a, *p<0.05,**p<0.01, n=10).

Ty number (b) and proliferation index (c) in tongillNC were shown following stimulation
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with CpG-DNA (0.1 pg/ml) with or without sH1N1 antigen (fuig/ml) (*p<0.05, **p<0.01,
p=10). CpG-DNA together with sH1N1 antigen elici@dnarked production of anti-sH1N1 HA

lgG, IgM, and IgA antibodies (d, *p<0.05, **p<0.04710, aged 2-20 years).

Figure 5. CpG-DNA-mediated enhancement of anti-HA antibody production involves Tgy
and IL-21. Co-culture of purified B cells with¢l; (CD4" CXCR5"") or non-T (CD4" CXCR5

) cells were stimulated with CpG-DNA (0.1ug/ml) astd1N1 antigen (1pg/ml), followed by

analysis of anti-HA 1gG, IgA and IgM antibody pradion (a, **p<0.01, n=20, aged 2-20 years).
IL-21 concentrations in tonsillar MNC (b, **p<0.04720) and in the co-culture of B cells with
Trn Or non-Tey (C, **p<0.01, n=15) were analyzed following stiratibn by CpG-DNA

(0.1ug/ml). IL-21R-Fc chimera or isotype control wasinoubated with tonsillaMNC in the

presence of CpG-DNA and sH1N1 antigen, followedbglysis of Ffrequency (d, *<0.05)

and IgA and IgM antibody production (e, **p<0.0h%15, aged 2-20 years). IgG was not shown

because of the cross-reactivity to the Fc portioih-@1R-Fc.

Figure 6. Induction of Tgy from naive CD4" T cells by CpG-DNA and antigen, and effect of
pDC on Try.mediated antibody response. Tonsillar MNC depleted of CD45ROT cells were
stimulated with CpG-DNA (04g/ml) and sH1N1 antigen for 7 days. CD45R0O+ cepléeon
removed effector and memory T cells including; Trom tonsillar MNC but retained naive T
cells. CpG-DNA with sHIN1 antigen induced a sigrafit number of dy differentiation from

naive T cells in tonsillar MNC (a, *p<0.05, *p<@.0***p<0.001, n=16, aged 2-20 years). A

representative figure shows expression of TLRQmsillar B cells and pDC (b). Purified pDC
was added to the co-culture of purifiedyTand B cells followed by stimulation by CpG-DNA
and sH1N1 antigen. The addition of pDC was shawarthance HA-specific IgA and IgM, but

not 1gG antibody production induced by CpG-DNA a#dlLlN1 antigen (c, *p<0.05, n=10, aged

2-20 years).
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Highlights

*  Weanaysed the role of Ty cellsin anti-influenza response in human immune tissue.

* Tgy arecritical for anti-influenza antibody response following vaccine stimulation.

* CpG-DNA can promote Tgy and by which enhances antigen-specific antibody response.



