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Abstract

In the generation of a traditional immune response against invading pathogens, innate cells guide
T cells by programming their differentiation. However, here we demonstrate that af T cells play
an essential role in priming innate immunity in the lung after Saphylococcus aureus enterotoxin A
(SEA) inhalation. We found that SEA induces waves of cellular activation, cytokine production,
and migration into the lung tissue and airways. However, this innate response was completely
inhibited in the absence of af T cells. Specifically, we found that IL-17A was required for the
recruitment of neutrophils and monocytes into the lung. The cellular source of IL-17A was y8 T
cells, which increased their IL-17A production following SEA, but only in an af T cell-dependent
manner. Thus, rapid T cell activation orchestrates innate immunity and may be a new point of
therapeutic intervention for acute lung injury.

INTRODUCTION

During infection, pathogens stimulate pattern recognition receptors (PRRs) on innate cells
inducing the expression of costimulatory molecules and pro-inflammatory cytokines2, The
activated innate cells process and present antigen to T cells resulting in protective immunity.
However, some pathogens also release superantigenic enterotoxins which have the unique
ability to bypass antigen processing and presentation by directly stimulating ap T cells based
on TCR Vp chain expression3. Staphylococcus aureus enterotoxins exemplify this process,
but how they are capable of impacting innate cells in the absence of direct receptor
engagement remains unclear. For example, granulocytes such as neutrophils and mast cells
are recruited into the lung, and such cellular infiltration has been observed with enterotoxin
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challenge in mice. This is thought to model the hallmarks of either human asthma (in the
case of S aureus enterotoxin B [SEB])* or acute lung injury (in the case of S aureus
enterotoxin A [SEA])®. In addition, evidence is emerging that enterotoxins can impact
human NALT® based on the presence of S. aureus-specific IgE antibodies in atopic
patients’, the colonization of nasal polyps by S aureus®, TCR VB T cell expansion in BAL
from asthmatic patients®10, and toxic shock observed after endonasal surgery®. Thus, it
appears that when T cells are stimulated by S aureus enterotoxins, they can trigger long
lasting and perhaps dangerous immune responses. In fact, recent data suggests a correlation
between intestinal colonization with S aureus strains producing enterotoxins and sudden
unexpected death in infancy213, Therefore, a perplexing facet of enterotoxin disease
pathogenesis is determining how a T cell stimulated by enterotoxins induces multiple
aspects of innate immunity with sustained power and across many different innate cell types.

In this report we have begun to elucidate the mechanism through which enterotoxin-
stimulated aff T cells mediate immunity in the lung. Our data demonstrates that the rapid
stimulation of af T cells, both CD8" and CD4", induces a powerful innate response by
initiating innate cell recruitment into the lung followed by their activation. This includes an
increase in neutrophils and monocytes, as well as NK cells, in both lung tissue and airways.
As seen in infectious disease models'#15, IL-17A was needed for neutrophil recruitment
after intranasal enterotoxin challenge, and we found that IL-17A was produced largely by
Vvy1™Vvy2~ v8 T cells. Rather than enterotoxins directly stimulating v8 T cells, we
demonstrate that lung v8 T cells completely relied on aff T cells to produce IL-17A. Thus, S
aureus enterotoxins induce aff T cell activation which launches a sustained innate immune
response that relies on a specific cytokine network and results in pulmonary inflammation.

T cell-mediated NK cell recruitment

To investigate interactions between enterotoxin-stimulated a3 T cells and cells of the innate
immune system, we performed kinetic studies following intranasal (i.n.) SEA challenge of
wild type (WT) C57BL/6 mice. Since SEA stimulates TCR VB3 T cells through an MHC I1-
dependent process18, we predicted that clonal expansion of these cells would precede innate
cell accumulation in lung airways. However, we found that NK cells appeared first in the
BAL after SEA challenge (Figure 1a). These data suggested that perhaps SEA might
activate NK cells independently of T cells. To test this notion, TCR p8~/~ mice, which lack
both af and v8 T cells, were challenged with SEA and our results showed that SEA
administration significantly increased NK cell numbers in WT but not TCR p8~/~ mice
(Figure 1b). Thus, while NK cell accumulation in the BAL was T cell-dependent, our results
did not exclude the possibility that NK cells could influence the overall T cell response.
IFN-y is one of the primary cytokines produced by NK cells’, and in vivo the presence of
IFN-y in BAL fluid is used as a biomarker of lung injury1819, Therefore, to examine if NK
cell-derived IFN-y positively regulated the aff T cell response, we used monoclonal
antibodies to deplete NK cells 24 h prior to SEA challenge. We found that NK cell depletion
(Figure 2a) did not affect IFN-y levels in BAL fluid at 40 h and was only slightly lower at
64 h (Figure 2b). However, IFN-y was reduced to background levels when TCR p&~~ mice
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were challenged with SEA (Figure 2c). These data suggest that NK cells are neither the
primary source of IFN-y present after SEA nor required to induce IFN-y production by
alternative sources. Since T cells themselves can be a source of IFN-y, we addressed the
reciprocal possibility: is T cell-derived IFN-y responsible for shaping the NK cell response?
We isolated splenic T cells from IFN-y~/~ mice and WT controls and transferred 10° cells
into TCR B&~/~ mice 1 day prior to SEA challenge. Our results showed that NK cell
accumulation (Figures 2d and e) and IFN-y levels in the BAL were rescued (Figure 2f) when
T cell-deficient mice were reconstituted with WT cells. Importantly, we demonstrated that
IFN-y~/~ T cells were sufficient to rescue NK cell accumulation in the BAL despite the
significantly reduced total levels of IFN-y in the BAL fluid (Figure 2d and f). Thus, while
NK cell mobilization into lung following SEA preceded that of T cells, their accumulation
was dependent on the presence of T cells but independent of the ability of those T cells to
produce IFN-y.

Early appearance of monocytes and neutrophils

Since we found that NK cell recruitment was T cell-dependent, we hypothesized that other
innate cells known to be involved in acute lung injury could be impacted by the presence or
absence of T cells. Since monocytes and neutrophils are amongst the earliest cells recruited
into the lung after acute injury2%:21, we tested if these cells were equally recruited to SEA-
induced lung inflammation in WT and TCR B8~ mice. Eight hours after SEA challenge,
monocytes (Ly6G™ 7/4M) and neutrophils (Ly6GNi 7/4M)22.23 \ere significantly increased in
lung tissue (Figures 3a [upper panels] and b). Monocytes upregulated MHC 11, which
represents a necessary step in their differentiation to macrophages, when exposed to SEA
(Supplementary Figure S1). This increase was dependent on the presence of T cells since the
percent and absolute numbers of monocytes and neutrophils did not change in TCR B&~/~
mice following SEA administration (Figures 3a [lower panels] and b). Moreover, we found
that monocyte function was significantly impaired in the absence of T cells based on the
failure of lung-resident monocytes to upregulate TNF production compared to vehicle-
treated controls (Figure 3c and d). Thus, pulmonary inflammation can be orchestrated by a T
cell-specific response even in the absence of any known PAMPs or factors that directly
induce innate cell activation.

Based on these data, we tested whether af3 or v& T cells alone were responsible for inducing
the innate response. To test this idea, we compared SEA responses in WT and TCR ™/~ or
TCR 87/~ mice. Our results indicated that the recruitment of Ly6G~ 7/4" monocytes and
Ly6Ghi 7/4M neutrophils was entirely dependent upon the presence of TCR B chain-bearing
T cells with no apparent role for v T cells (Supplementary Figure S2). Thus, recruitment of
monocytes and neutrophils into lung after SEA challenge was dependent upon a8 T cells but
did not explain what factors were responsible for recruitment.

Rapid T cell activation prior to innate cell recruitment

Since innate cell recruitment and activation occurred within a few hours of SEA challenge,
we reasoned that if a3 T cells were influencing innate cell recruitment, T cell activation
must occur before this time. Therefore, we examined the kinetics of aff T cell activation
following SEA challenge. Within 1 hour, the vast majority of VB3 bearing T cells in the
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lung-draining mediastinal LN upregulated CD69, and by 5 h, they were also CD25" (Figure
4). This was the case for both the CD8* and CD8~ cells (which we presume to largely be
CD4™* T cells). Strikingly, similar results were observed in the spleen supporting the notion
that acute lung injury may be initiated locally but rapidly manifest systemically. Since both
CD8" and CD4" T cells were activated following SEA administration, we used depleting
antibodies to test if one subset or the other was primarily involved in mediating innate cell
recruitment into the lung. Monoclonal antibodies 2.43 and GK1.5 were administered i.p. 2
days prior to treatment with SEA to deplete CD8* and CD4* T cells, respectively. Unlike
TCRPB™~ mice, we found no defect in neutrophil or monocyte recruitment in the absence of
CDS8* or CD4* T cells (Supplementary Figure S3a and 3b). Thus either CD8* or CD4* T
cells are sufficient to drive innate cell recruitment into the lung. However, we were surprised
to find a reduction in the percentage of monocytes producing TNF when either CD8* T cells
or CD4™" T cells were depleted (Supplementary Figure S3c). While not reduced to the level
of vehicle-treated controls, the reduction in TNF was particularly dramatic in CD4-depleted
mice and less so in the CD8-depleted group. Thus, our data implicates a role for CD4* T
cells in maximizing monocyte function in the lung following SEA.

T cells are known producers of inflammatory cytokines, and once activated, they are a
prominent source of IFN-y and also TNF. Both of these cytokines are present in the
inflammatory mileau of the lung following SEA and could function as a type of danger
signal. To test if either cytokine was required to mediate innate cell recruitment into the
lung, we subjected IFN-y~/~ and TNF~/~ mice to i.n. SEA challenge in comparison to WT
controls. However, we found that neither IFN-y~/~ nor TNF~/~ mice had any defect in
monocyte or neutrophil recruitment (Supplementary Figure S4) suggesting that alternative
inflammatory molecules mediated the recruitment process.

IL-17A blockade suppresses neutrophil and monocyte recruitment

Cellular recruitment into the lung relies on the action of cytokines and chemokines.
Particularly, IL-17A has been shown to play a dominant role in neutrophil recruitment to
sites of inflammation24. To answer if IL-17A was involved in innate cell recruitment into
the lung following SEA, we antagonized IL-17A or IL-17E (also known as IL-25) with
neutralizing monoclonal antibodies?®. As expected, treatment with control IgG permitted
neutrophil recruitment into the lung after SEA challenge (Figure 5). However, IL-17A
blockade prevented an increase in the percent and total numbers of neutrophils at 8 h.
Recruitment of monocytes into the lung was also dependent at least partially on IL-17A and
IL-17E since neutralizing either cytokine reduced the percentages of monocytes in the lung
(Supplementary Figure S5). Thus, IL-17A played a key role in facilitating recruitment of
neutrophils and monocytes into lung after SEA challenge.

apf and y& T cells cooperate to facilitate IL-17A secretion

Next we sought to determine the cellular source of IL-17A following SEA challenge. Due to
the rapidity of the responses against SEA, we reasoned that it would be unlikely for af§ T
cells to have enough time to differentiate into IL-17A-producing cells. Secondly, when
clonally expanded lung T cell populations were re-stimulated in vitro, they made high
amounts of IFN-y and TNF, but very little IL-17A (not shown). Thus, while IL-17A played
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arole, its source was unlikely to be ap T cells. Therefore, not surprisingly, when lung tissue
was isolated 6 h post SEA challenge to examine IL-17A production, neither CD8* nor CD8~
TCRp* cells made IL-17A (Supplementary Figure S6a, left). Interestingly, a significant
amount of 1L-17A was found in the TCRB™ fraction of the total CD3™ cells. Further analysis
revealed that the IL-17A producers were CD8~ TCRS* T cells (Supplementary Figure S6a,
right). We then compared the ability of vd T cells to produce IL-17A following SEA
challenge versus vehicle-treated controls and found a significant upregulation in the
percentage of IL-17A-producing v& T cells in SEA challenged mice (Figure 6a). While some
v T cells have the capacity to produce IL-17A in the absence of TCR engagement (i.e.
following in vitro culture with PMA/ionomycin), IL-17A producers were present in the lung
even in the absence of mitogen (Supplementary Figure S6a [grey histogram versus dotted
line], 6a and 6b). This suggested that v& T cells were constitutively producing IL-17A early
after SEA challenge. Considering the known differences in cytokine production by
individual subsets of v8 T cells26, we examined which subset of v& T cells was being
activated using antibodies specific for individual Vy TCRs. Using antibodies against Vy1
and Vy2 allowed us to identify 3 populations of v§ T cells: Vy1*, Vy2*, and Vy1~Vy2~.
When we gated on the population of CD44M3M|_-17+y8 T cells induced by SEA
administration, we found that between multiple experiments about 80% of the total lung 8
T cells lacked expression of Vy1 and V2 (Figure 6c). Based on the restricted anatomical
localization of yv& T cells, it is likely that these cells utilize the Vy4 TCR27. However, when
we analyzed each individual subset for their ability to produce IL-17A after SEA challenge,
we found that both Vy2* and Vy1~ Vy2~ v8 T cells significantly increased their overall level
of IL-17A production compared to vehicle-treated controls (Figure 6d and 6e). Thus, we
have identified a previously unappreciated role for v& T cells as producers of IL-17A in the
orchestration of immunity following exposure to SEA.

Based on our findings thus far, we hypothesized that afp T cells were required to trigger
IL-17A production by v8 T cells. To test this idea, we challenged TCR B/~ versus WT mice
with SEA and asked if v T cells could effectively increase IL-17A production in the
absence of af T cells. We gated on Thy1.2*CD3*TCRS&" lung tissue cells and found a
significant increase in the percentage of v8 T cells producing IL-17A in mice challenged
with SEA, both with and without PMA/ionomycin (Figure 6a and b). On the other hand, v
T cells from TCR p~/~ mice failed to constitutively upregulate IL-17A production (media) in
the SEA treated group relative to the vehicle control-treated mice even though they
effectively responded to PMA/ionomycin (Figure 6a and b). However, depletion of neither
CD8" nor CD4* T cells alone significantly altered IL-17 production by v8 T cells
(Supplementary Figure S3d). Thus, in a pattern similar to all of the innate cells examined
thus far, af T cells, either CD8" or CD4*, were required to initiate the response of v§ T
cells, which included the production of IL-17A.

Nevertheless, it was difficult to reconcile how we observed neutrophil recruitment in the
absence of v8 T cells (Figures S3a and d). Specifically, if v8 T cells supply IL-17A, how
could neutrophil recruitment occur in TCR&™~ mice? Since we found that IL-17A
production was responsible for neutrophil recruitment (Figure 5), we considered the
possibility that 1L-17A production was compensated for by other cells when v T cells were
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absent. Therefore we further examined 1L-17 production in TCR8™~ mice and found that
after SEA challenge, CD3*CD8 TCRS™ cells produced high levels of IL-17A demonstrating
a strong compensatory effect within TCR8~/~ mice (Supplementary Figure S6b and c).
These cells expressed CD25 and, similar to v T cells, were capable of producing IL-17A
both directly ex vivo and in response to mitogen. Therefore, the critical role of IL-17A
production following SEA challenge was further illustrated by the ability of af T cells to
produce IL-17A and compensate for the lack of & T cells in order to mediate neutrophil
recruitment.

DISCUSSION

The concept of pattern recognition formulated by the late Charles Janeway Jr. has proven to
be prophetic?8. Specifically, ligation of pattern recognition receptors (PRR) on innate cells
induces cellular activation, thus allowing innate immune cells to direct adaptive
immunity®-29, However, in some cases, this canonical process is subverted, and T cell
activation occurs in the absence of PRR engagement. Here we show that when such T cell
responses, as initiated by exposure to S. aureus enterotoxin A, precede innate immunity,
they can control the initiation and magnitude of the ensuing innate immune response. We
provide evidence that this process begins with rapid aff T cell stimulation (Figure 4). The af§
T cells then initiate innate cell recruitment into the lung tissue and cytokine synthesis, which
ultimately results in waves of immune cells entering the airways (Figures 1 — 3). In this
model, neutrophil and monocyte recruitment into the lung is dependent on IL-17A (Figure
5), and innate-like v8 T cells are able to synthesize IL-17A only when aff T cells are present
(Figure 6). Thus, ap T cells can spring effective innate immunity.

An important event observed in our studies was the speed with which the SEA-specific T
cells became activated (Figures 4). While pulmonary infectious disease models demonstrate
T cell activation over a period of days, our results showed systemic T cell activation within
1 hour. This is likely an outcome of superantigen binding to MHC II followed by bridging
the TCR with no need for Ag processing0. Interestingly, the rapid increase of CD69 and
CD25 did not translate into clonal expansion until days after S. aureus enterotoxin challenge
(Figure 1a). In fact, we were surprised to identify so many immunological parameters
occurring prior to af T cell expansion, which were nonetheless dependent upon the presence
of T cells themselves. For example, the expansion of NK cells in the lung was T cell-
dependent. On the other hand, while NK cell function can foster T cell differentiation in
certain infection models®!, NK cells seemed to have little impact on T cell function
following SEA. Thus, the role of NK cells in SEA-induced lung injury is still unknown.
Neutrophils and monocytes also required T cell activation in order to accumulate in the lung.
Even TNF synthesis by recruited monocytes was dependent upon T cells, especially CD4* T
cells (Supplementary Figure S3c), and the magnitude of TNF production was particularly
striking. However, it is possible, and perhaps likely, that multiple T-dependent mechanisms
are responsible for the waves of innate cell recruitment that occur in the given time frame
which could explain the approximate 30 h delay in NK cell recruitment into the lung
following neutrophils and monocytes. Taken together, our data demonstrates that T cell
activation can guide early innate cell recruitment and activation, and the importance of these
findings may help understand the mechanism of toxic shock syndrome and severe food
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poisoning in patients with S, aureus enterotoxin exposure. While it is clear that T cells
produce cytokines in response to S aureus enterotoxins, perhaps more attention should be
paid to the role innate cells play during assembly of the cytokine storm32, which could
ultimately enhance the development of therapeutics against toxic shock.

An observed outcome of the cytokine storm was rapid cell recruitment into the lungs, and
we focused our studies on a likely list of potential candidates. TNF was a clear possibility
since TNF release occurs rapidly after T cell activation33. However, neither TNF nor IFN-y
were responsible, leaving cytokines that were most likely not synthesized by recently
activated naive T cells as the best contenders. As such, IL-17A can mediate the recruitment
of neutrophils into the lung34. In recent years, numerous mouse models have been used to
demonstrate the requirement for IL-17A to drive neutrophil recruitment into sites of
inflammation, including the lung®26:35_ Qur results showed that 1L-17A was detected
directly ex vivo in non-ap TCR T cells (Supplementary Figure S6a), and similar to
Mycobacterium tuberculosis (TB) and Listeria monocytogenes infection, we found that v6 T
cells were specifically responsible for IL-17A production1#36, Interestingly, using Bacillus
subtilus to model another form of lung inflammation termed hypersensitivity pneumonitis,
Simonian et al. found that CD4* T cells could compensate for the loss of IL-17A-producing
v& T cells in TCR&™~ mice by increasing their production of IL-17A37. A comparison
between SEA and TB, a pathogen of the lung, raises several interesting points. For one, TB
infection occurs over weeks in a chronic fashion which is dramatically different from the
acute response observed after enterotoxin exposure. Yet in both inflammatory settings,
IL-17A mediates neutrophil recruitment into the lung, thus leading to pathology. A second
interesting similarity between the two systems is the ability of IFN-y to counteract the action
of IL-17A both after infection38 and after enterotoxin®. Thus, while the chronic and acute
inflammatory systems are very different there is a heavy reliance on lung y8 T cells to
trigger inflammation. Future studies are required to determine if the response of the v6 T
cells following SEA depends on a similar cytokine milieu, particularly IL-2 responsiveness,
as is true after TB infection39. Since IL-2 is released early after TCR ligation, we postulate
that T cell derived IL-2 may be an unappreciated bridge to stimulating the innate immune
system. While others have shown that IL-2 has an inhibitory effect on CD4* Th17 cells,
IL-2 can have a positive role on the survival and proliferation of v§ T cells*0:41, Ultimately,
understanding how IL-17A is induced in v8 T cells following SEA is of particular interest
since the upregulation of IL-1f and, to a lesser extent, IL-18 and IL-23p19, was also
detected by real-time PCR following SEA (Supplementary Figure S7). IL-1f is likely
involved since it remained upregulated in TCR &/~ mice but not TCR B/~ mice. In total,
manipulating both arms of the immune system with combinatorial therapy may impede
acute inflammatory reactions that we contend rely on T cell activation as well as innate cell
function. For example, inhibition of IL-2 and IL-17A would block early neutrophil and
monocyte recruitment while IL-2 neutralization could impede T cell expansion and
activation. In contrast to other translational approaches, which focus on a major cytokine
from either the innate or adaptive arm of the immune response, such combinatorial therapy
could further hinder compensatory efforts of the immune system since a key cytokine from
both arms would be inhibited.

Mucosal Immunol. Author manuscript; available in PMC 2014 March 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kumar et al.

Page 8

A perplexing question raised by our findings is how does a T cell response induce cell
recruitment into the lung via IL-17A in just hours, specifically without the presence of a
known PAMP. While one can never definitively state that the administered SEA is free of
any contaminating products, the lack of a response in TCR p§~/~ mice, strongly suggests a
lack of any PAMPs known to activate innate cells independently of T cells. In several
models, TLR stimulation is known to trigger IL-17A production, typically through the
action of IL-1, 1L-23 and other factors*2. One example is a human cell culture model of
mycobacterium infection where IL-17A synthesis is dependent on TLR4 and dectin-1
expression?3. In vivo responses to N. gonorrhoeae infection depend on TLR4 for IL-17A
production?4, and our previous data support this idea since responses to LPS helped expand
and maintain Th17 cells*>. This concept is also not limited to cases of infection since TLR6
stimulation mediates protective IL-17A responses counteracting lung pathology in an
asthma mouse model“6. Thus, evidence that IL-17A production is initiated by PRR
stimulation is abundant. Our data, however, showed that direct a3 T cell stimulation also
triggers early IL-17A synthesis, but perhaps surprisingly by v T cells. Interestingly, we
found no evidence that i.n. SEA provoked Th17 differentiation since the expanded BAL
VB3* T cells produced IFN-y and TNF, but not IL-17A (S. Kumar and A. Vella unpublished
data). In this way, one could liken SEA stimulation of T cells to PRR stimulation of innate
cells. Importantly, both situations result in analogous outcomes such as cellular activation,
the release of cytokines and chemokines, and recruitment of cells into solid organs.

In sum, our data support the notion that enterotoxins can trigger T cell-dependent innate
immunity and suggest that blocking cytokines with a penchant for adaptive and innate cells
might foster stronger inflammation abatement in vivo.

METHODS

Mice

C57BL/6 mice, IFN-y~~, TNF~~, TCRB™~, TCR8™~ and TCRB& ™~ mice were purchased
from Jackson Laboratories (Bar Harbor, ME) and used between 7-14 weeks of age. All mice
were maintained in the Central Animal Facility at the University of Connecticut Health
Center in accordance with federal guidelines.

Immunization

Staphylococcus enterotoxin A (SEA) was purchased from Toxin Technology Inc. (Sarasota,
FL). According to the certificate of analysis provided by the manufacturer, the level of
endotoxin was less than an endotoxin unit/mg by LAL assay. Mice were anesthetized with
isoflurane (Vedco Inc., Saint Joesph, MO) in a vaporizing chamber (Vaporizer Sales and
Service Inc., Rockmart, GA). After anesthetization, 1 pug of SEA diluted in 50 pl of BSS, or
BSS alone (vehicle) was pipetted on the nostrils (i.n. route) of mice, and this volume was
inhaled instantly.

Antibodies and Cytokine assays

Anti-mouse IL-17A and anti-mouse IL-17E monoclonal antibodies were a kind gift from
Amgen (Thousands Oaks, CA). Antibodies for flow cytometer were purchased from BD
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Bioscience (San Jose, CA): CD3e (500A2), CD4 (L3T4, GK1.5), CD8 (53-6.7), TCRVp3
(KJ25), TCRS (GL3), TCRp (H57-597), TCR V2 (UC3-10A6), CD90.2 (Thy1.2, 53-2.1),
CD69 (H1.2F3), NK1.1 (PK136), NK-CD49b (DX5), CD11b (M1/70), CD44 (IM7), Ly-6G
(1A8), IL-17A (TC11-18H10), IFN-y (XMG1.2), TNF (MP6-XT22); eBioscience (San
Diego, CA): CD25 (PC61.5), MHCII (M5/114.15.2), F4/80 (BM8), Ly-6G (RB6-8C5); AbD
Serotech (Raleigh, NC): 7/4 (Ly-6B.2); BioLegend (San Diego, CA): TCR V1.1 and Vy1.2
(4B2.9). ELISA kits for 1L-12p70, IFN-y, TNF, IL-2, were purchased from BD Biosciences
IL-17A was purchased from R&D Systems (Minneapolis, MN, USA) and IL-23p19 was
purchased from eBioscience.

BAL fluid processing

Lungs were lavaged in situ with 5 ml of physiological buffer saline (PBS), and the BAL
fluid was centrifuged at a low speed of 1500 rpm at 4°C for 5 min. The cellular pellet was
washed, and cells were counted using a Z1 particle counter (Beckman Coulter, Brea, CA).
BAL fluids were further centrifuged at a higher speed 20,000 g at 4°C for 10 min and stored
at —20°C. Levels of IFN-y protein in the BAL fluid were measured by ELISA according to
manufacturer’s instruction.

Adoptive T cell transfer

For T cell transfer experiments, splenocytes were enriched using Nylon wool column as
described earlier?”. Enriched T cells (~10%) were adoptively transferred intravenously by
retro orbital injection into recipient (TCRB&™") mice.

Immune cell depletion

The following monoclonal antibodies were purchased from BioXCell (West Lebanon, NH):
anti-NK1.1 clone PK136, anti-CD8 clone 2.43, and anti-CD4 clone GK1.5. Mice were
treated with 50ug ant-NK1.1, 500ug anti-CD8, 200ug anti-CD4, or control 1gG. All
antibodies were administered i.p., and depletion was confirmed by flow cytometry.

Cytokine neutralization

IL-17A and IL-17E neutralization?® was carried out in WT mice by i.p. injection of 200 pg
of either anti-mouse IL-17A or anti-mouse IL-17E mAbs. Mouse or rat 1gG was used as
control in separate group prior to SEA challenge.

Tissue processing and cell isolation

Lung tissue was perfused with PBS-heparin (75U/ml), cut into small pieces and incubated in
the presence of 1.3 mM EDTA at 37°C for 30 min, washed, followed by digestion with
collagenase from clostridium histolyticum 1V (150U/mL) (Sigma-Aldrich, St. Louis, MO)
for 1 hour at 37°C. Subsequently, digested lung tissues were crushed through nylon mesh
cell strainers (BD Biosciences) and partitioned between 44% and 67% Percoll gradient to
obtain lymphocytes at the interface. Spleens, inguinal, axillary, branchial and mediastinal
lymph nodes were homogenized into single-cell suspension by crushing them through nylon
mesh cell strainers. Spleen cells were treated with ammonium chloride to lyse RBC. Single-
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cell suspensions from different tissues were washed with BSS and counted using a Z1
particle counter (Beckman Coulter).

In vitro cell culture

For in vitro stimulation, cells (106) were cultured for 5 h or the indicated time at 37°C and
5% CO> in 200 ul complete tumor medium, consisting of MEM with 5% fetal bovine serum
(FBS), amino acids, salts and antibiotics. Cells were stimulated with media alone or phorbol
myristate acetate (PMA) (50 ng/ml; Calbiochem, Darmstadt, Germany) plus ionomycin (1
ug/ml) (Invitrogen, San Diego, CA) and brefeldin A (BFA; 5 ug/ml; Calbiochem), and
stained for intracellular cytokines.

Flow cytometry

Surface and intracellular staining was performed as described previously“8. Briefly, cells
were stained with primary Abs on ice for 30 min, in the presence of a blocking solution
containing 5% normal mouse serum (Sigma-Aldrich), 10 pg/ml human y-globulin (Sigma-
Aldrich), and 0.1% sodium azide in culture supernatant from the 2.4.G.2 hybridoma (anti-
FcR Abs). If secondary incubation was necessary, cells were washed and resuspended in
wash buffer, and incubated on ice with streptavidin conjugated flurochrome for 30 min. For
intracellular cytokine staining, the cells were stained with primary antibodies, washed and
fixed with 2% paraformaldehyde in BSS. The cells were placed in permeabilization buffer
(0.25% saponin in wash buffer) for 10 min and stained for intracellular staining with
IL-17A, IFN-y and TNF or an isotype control. After staining, cells were washed in wash
buffer containing 3% FBS and 0.1% sodium azide in BSS. Flow cytometery was performed
on a FACS-LSRII (BD Biosciences) and data were analyzed using FlowJo software (Tree
Star Inc. Ashland, OR).

Quantitative real-time RT PCR

Total RNA was isolated from lung cells (percoll purified) from 2 h vehicle and SEA
immunized mice by RNeasy mini kit (Quiagen, Valencia, CA). RNA samples (100 ng) were
reverse transcribed into cDNA using a High-Capacity cDNA Archive Kit (Applied
Biosystems). mRNA expression level of target genes and the endogenous control gene
HPRT1 were assessed by real-time PCR on 7300 Real Time PCR System (Applied
Biosystems). The expression levels of target genes: 1L-1 (Mm00434228 m1), IL-18
(Mm00434225_m1), IL-23p19 (Mm01160011 g1) were calculated by normalized to
HPRT1(Mm01545399 m1) (Applied Biosystems).

Statistical analysis

A two-tailed Student’s unpaired t test was used for data analyses, with values of p < 0.05
used as the significance threshold. All statistical analyses were performed using Microsoft
Excel and Prism-GraphPad, La Jolla, CA).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

ng< cell recruitment in BAL is T cell dependent in response to SEA. (a) WT (C57BL/6)
mice were challenged i.n. with BSS alone (vehicle) or SEA. BAL fluid was collected at 16,
40, 64, and 84 h after SEA challenge, and BAL cells were analyzed by flow cytometery.
After gating on live lymphocytes, the percent (left) and number (right) of NK1.1*DX5™,
CD8*VpB3* and CD8~Vp3* cells were quantified at each time point after SEA. Data were
combined from 3 independent experiments with n = 3 for vehicle and n = 6 for SEA. (b)
Representative plots of BAL cells show NK1.1 and DXS5 staining 40 h after SEA treatment.
Below bar graphs indicate the percent (left) and number (right) of NK cells from WT and
TCRPS™~ mice. Data were combined from 3 independent experiments with n = 3 for vehicle
and n = 9 for SEA. Data shown are Mean +/- SEM. Statistical significance between vehicle
and SEA and WT versus TCRPS™/~ mice was evaluated by two tailed Student’s t tests with
all p values <0.05.
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Figure 2.
IFN-vy producing T cells are required for IFN-y in BAL fluid. (a) WT mice were NK

depleted (aNK1.1) or not (control 1g) and 1 day later treated i.n. with SEA. At 40 h, lung
(top) and spleen (bottom) cells were stained for DX5 and NK1.1 to confirm depletion. (b)
BAL fluid was collected at 40 and 64 h after SEA from NK depleted and control Ig treated
mice to determine IFN-vy levels. Bar graph of ELISA data show Mean +/— SEM of IFN-y
(pg/ml). Data were combined from 2 independent experiments with n = 4 for NK depletion
and n = 4 for control Ig. (c) BAL fluid was collected at 40 h after SEA from WT and
TCRB&™~ mice and bar graph show Mean +/- SEM of IFN-y (pg/ml). Data were combined
from 3 independent experiments with n = 3 for vehicle and n = 9 for SEA. (d — f) Nylon
wool column enriched WT or IFN-y~~ deficient T cells (~105) were separately transferred
into TCRBS™~ mice, and 1 day after transfer mice were treated i.n. with SEA or vehicle
alone. 72 h after SEA, BAL cells were analyzed by NK1.1 and DX5 for NK cell percentages
(d) and total numbers (e), and IFN-y levels in BAL fluid were determined by ELISA (f). Bar
graph shows Mean +/- SEM from 2 independent experiments with n = 3 for vehicle and n =
5 for SEA.
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Figure 3.
T cells induce innate cell recruitment and cytokine production in the lung. (a) WT and

TCRB&™~ mice were challenged i.n. with vehicle or SEA. Lung cells from WT (upper panel)
and TCRPS~'~ mice (lower) were stained for 7/4 and Ly6G to analyze monocytes
(7/4*Ly6G™) and neutrophils (7/4*Ly6G™) 8 h after SEA challenge. (b) Monocyte and
neutrophil percentages and numbers are shown from WT and TCRBS~/~ mice. Each dot
represents an individual mouse treated either with vehicle (open circles: O) or SEA (closed
circles: @). (c and d) Lung monocytes from 8 h vehicle and SEA treated mice were
stimulated ex vivo with media alone or PMA/I with brefeldin A for 4 h and stained for IFN-y
and TNF (c) and were quantified for monocyte expressing TNF percent (d upper) and
number (d lower). Data were combined from 4 independent experiments with n = 6 for
vehicle, n = 10 for SEA (WT) and from 2 independent experiments with n = 3 for vehicle, n
= 6 for SEA (TCRP5~"). Data shown are Mean +/- SEM. Statistical significance between
vehicle and SEA was evaluated by two tailed Student’s t tests with all p values <0.05.
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Monocyte and Neutrophil recruitment into lung depends on TCRB T cells activation. (a and
b) Early activation of CD8*VB3* T cells in mediastinal lymph node (med LN) and spleen
was determined by analyzing CD69 and CD25 expression 1 and 5 h after SEA treatment and
is quantified in B. Data were combined from 3 independent experiments with n =5 for
vehicle, n = 7 for SEA treated group. Data shown are Mean +/— SEM. Statistical
significance between vehicle and SEA was evaluated by two tailed Student’s t tests with all
p values <0.05.
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Figure 5.
IL-17A neutralization inhibits neutrophil recruitment into the lung after SEA. (a) IL-17A

was neutralized in WT mice with anti-IL17A mAb (upper panel) or control 1g (lower) prior
to SEA treatment. Lung cells were harvested 8 h after SEA and stained for the presence of
monocytes and neutrophils using 7/4 and Ly6G as above. (b) Control Ig and IL-17A
neutralized mice were quantified for neutrophil percentages (upper) and total numbers
(lower). Each dot represents an individual mouse treated either with vehicle (open circles;
O) or SEA (closed circles; @). Data were combined from 6 independent experiments with n
=9 for vehicle and n = 13 for SEA treated group. Data shown are Mean +/— SEM. Statistical
significance between vehicle and SEA was evaluated by two tailed Student’s t tests with all
p values <0.05.
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Figure 6.
Crosstalk between TCRaf and TCRy8 T cell. (a and b) Lung cells were isolated at 6 h from

vehicle or SEA treated WT (left) or TCRB™~ mice (right) and stimulated with media alone
(top) or PMA/I (bottom). Cells were stained for CD3, Thy1.2, TCR§, CD69 and IL-17A,
and the CD3*Thy1.2*TCR&* T cells were analyzed for CD69 expression and I1L-17A
production. Bar graphs indicate the percentage of CD3*Thy1.2*TCRS* T cells positive for
IL-17A. Data were combined from 3 independent experiments with n = 4 for vehiclen =8
for the SEA treated group in both WT and TCRB™~ mice. Data shown are Mean +/— SEM.
Statistical significance between vehicle and SEA was evaluated by two tailed Student’s t
tests with all p values <0.05. (c) Following a 4 h stimulation with media or PMA/I, we gated
on SEA-induced CD44N9N|L-17+* cells within the GL3*CD3*TCRp~ population and stained
for individual v§ TCR usage. The percentage of cells expressing Vy1, Vy2, or lacking
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expression of both, are shown graphically. (d and e) Isolating and identifying v3 T cells as
above, we gated on the total population of Vy1*, Vy2*, and Vy4* cells present in the lung
tissue at 6 h to assess the percent IL-17* by individual subsets of v8 T cells following
vehicle versus SEA challenge. Representative dot plots are shown at left with data
quantified in the graph at right. Data are representative of 3 independent experiments with
n=12 for both vehicle and SEA. Statistical significance between vehicle and SEA was
evaluated by two tailed Student’s t tests with all p values <0.05.
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