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Abstract

Interferon gamma (IFNy) is a potent antiviral cytokine that can be produced by many innate
and adaptive immune cells during infection. Currently, our understanding of which cells
produce IFNy and where they are located at different stages of an infection are limited. We
have used reporter mice to investigate in vivo expression of IFNy in the lung and secondary
lymphoid organs during and following influenza A virus (IAV) infection. We observed a
triphasic production of IFNy expression. Unconventional T cells and innate lymphoid cells,
particularly NK cells, were the dominant producers of early IFNy, while CD4 and CD8 T cells
were the main producers by day 10 post-infection. Following viral clearance, some memory
CD4 and CD8 T cells continued to produce IFNy in the lungs and draining lymph node.
Interestingly, IFNy production by lymph node Natural Killer (NK), NKT and innate lymphoid 1
cells also continued to be above naive levels, suggesting memory-like phenotypes for these
cells. Analysis of the localisation of IFNy+ memory CD4 and CD8 T cells demonstrated that
cytokine+ T cells were located near airways and in the lung parenchyma. Following a second
IAV challenge, lung IAV specific CD8 T cells rapidly increased their expression of IFNy while
CDA4 T cells in the draining lymph node increased their IFNy response. Together, these data
suggest that IFNy production fluctuates based on cellular source and location, both of which
could impact subsequent immune responses.
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Introduction

Interferon gamma (IFNy) is a key cytokine that plays multiple roles in the host immune
response to viral infections, for example influenza A virus (IAV). IFNy promotes innate and
adaptive leukocyte recruitment to the site of infection through the induction of CCR2 and
CXCRS3 ligands® 2. Moreover, IFNy signalling upregulates antigen presentation through major
histocompatibility class | (MHCI) and MHCII pathways to CD8 and CD4 T cell respectively® *
5 promoting T cell activation and ultimately facilitating viral clearance.

Various different immune cells have been documented to produce IFNy following IAV
infection. These include innate lymphoid cells (Natural Killer (NK) cells®, Innate Lymphoid 1
cells (ILC1s7)), unconventional T cells (NKT8 and y§ T cells® %) as well as classical af T cells
(CD4 and CD8 T cells'-12), However, the dynamics of when and how much IFNy these cells
can produce at different stages of IAV infection, and after re-infection, have not been
comprehensively and simultaneously analysed.

IFNy production by CD4 and CD8 T cells is correlated with protection from IAV infection in
humans®® 14 15 16 Most of these studies examine peripheral blood mononuclear cells,
although, IFNy+ CD8 T cells increase in the bronchial alveolar lavage fluid during challenge
infections!’. Similar findings have been observed in mouse models of IAV infection
demonstrating that IFNy+ CD4 and CD8 T cells can protect mice from challenge infection®
19.20 A major advantage of mouse infection models is the ability to examine immune cells
within different organs at multiple time points following infection. This can provide a broader
understanding of the cell types that are key IFNy producers following IAV infection. A further
advantage of mouse studies is the ability to identify cytokine producing cells via fluorescent
reporter proteins? 22, Thus, IFNy+ cells can be detected without the need for ex vivo
stimulation providing a more accurate view of the cells that respond to the virus in vivo.

Here, we characterised IFNy expression at different timepoints following IAV infection within
the spleen, mediastinal lymph node (Med LN), and in the lungs of IFNy reporter mice. As
expected, innate cells, particularly NK cells, were the most prominent IFNy producers early
post-infection, while conventional T cells were the largest IFNy population at day 10. In
contrast, following IAV re-challenge, T cells rapidly produced IFNy, demonstrating their
memory potential.

Interestingly, elevated IFNy levels were sustained at day 40 post-infection, even though 1AV
is cleared by day 10% 24, At this timepoint, CD4 and CD8 T cells were the only cells in the
lungs that exhibited elevated IFNy expression. In contrast, raised IFNy expression at day 40
was found in ILC1s, NK and NKT cells, as well as conventional T cells, in the Med LN. The
continued heightened production of IFNy by non-adaptive immune cells echoes evidence that
innate cells including ILC1s%> 25, NK?” and NKT cells?® can display memory-like properties and
increased responsiveness to inflammatory stimuli.

Together, these data provide a comprehensive study of immune cell-derived IFNy expression
over the course of IAV infection. The importance of both local and peripheral IFNy expression
from different cell types may facilitate the design of interventions that either boost or inhibit
cytokine production.
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Results

Unconventional T cells and innate lymphoid cells produce IFNy in the early and adaptive
immune response to IAV infection in the lung and mediastinal lymph node

We used reporter mice, GREAT, to identify immune cells that express cytokines in vivo during
and following an influenza A virus infection (IAV). These mice were crossed to IL-17 reporter
mice, SMART, but in these experiments we have focussed on IFNy producing cells. GREAT
transgenic mice report IFNy via live expression of EYFP?° which can be detected by flow
cytometry (Gating shown in Supplementary Figure 1). We examined immune cells in the
spleen, the lung draining, Med LN, and in the lung at early (day 5), peak adaptive immune
response (day 10), and memory (day 40) timepoints®°.

Following IAV infection, we could identify multiple populations of IFNy+ immune cells
(Supplementary Figure 2-3). By injecting the animals with fluorescently labelled anti-CD45
shortly before euthanasia, we could distinguish cytokine producing cells present in the blood
from those in the tissues®!. We have focussed on the cells in the lung tissue rather than blood,
as these are the cells that are most likely to contributing to viral control and clearance.

The majority of EYFP+ cells were cells known to produce IFNy from previous studies: NK
cells, NKT cells, ILC1s, y8 T cells, CD4 and CD8 T cells® 7 & 9 10.11. 12 (Sypplementary Figure
4). Smaller populations were positive for our ‘dump’ antibodies which included B220, MHCII
and F4/80, suggesting a small proportion of B cells and/or DCs and macrophages can produce
IFNy. A small percentage (1-2%) of IFNy+ cells were not included in any of the gates shown
in Supplementary Figure 1.

To track the dynamic changes in the main IFNy+ populations during IAV infection, we first
guantified the total numbers and numbers of IFNy+ innate and unconventional T cells over
time (Figure 1A-B, Supplementary Table 1-2s).

There were minor, but in some cases significant, changes in the numbers of NK, NKT, ILCs
and yd T cells in the spleen following IAV infection (Figure 1A). The numbers of IFNy+ NK,
NKT and y§ T cells did increase significantly at either day 5 or day 10 post-infection but these
changes were small (Figure 1B). At all timepoints, NK cells were the largest population of
splenic IFNy+ cells.

IAV infection led to more substantial changes in the total populations and numbers of IFNy+
cells in the Med LN. Here, there were significant increases in the numbers of NK cells, NKT
cells, ILC1s, and yd T cells at all time points post-infection compared to naive animals (Figure
1A). These results were also reflected in the numbers of IFNy+ cells. IFNy+ cells from all
populations were increased at days 5 and 10, and all but yé T cells remained increased at day
40 despite clearance of IAV by day 10%* 2% (Figure 1B). These data suggest a sustained
immune response to IAV and evidence for innate or trained memory. As in the spleen, NK
cells were the largest population of IFNy+ cells within these cell types.

In the lung tissue, the numbers of ILC1, NK and NKT cells were increased 5 days after IAV
infection compared to naive animals, Figure 1A. While the numbers of ILC1s and NKT cells
remained elevated in the lung 10 days post-infection, all four cell types returned to naive levels
by day 40 post-infection.

The numbers of IFNy+ cells within each of the four populations were increased at day 5 post-
infection and ILC1 and y¢6 T cells remained elevated at day 10. Notably the numbers of total
NK cells and NKT cells dropped substantially by day 10 and were slightly slower than in naive
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animals. In contrast to the sustained IFNy in the Med LN, the number of IFNy+ unconventional
T cells and innate lymphoid cells returned to naive levels by day 40 post-infection.

Together, these data suggest that of the innate cells, NK cells are the predominant source of
IFNy in the spleen, Med LN and lung. As expected, in the spleen and lung, the numbers of
IFNy+ cells returned to naive levels of IFNy by day 40 post-infection. In contrast, in the Med
LN, we found evidence for long-term changes to several innate immune cell populations.

CD4 and CD8 T cells are the predominant source of IFNy after the clearance of IAV infection

T cells are key IFNy producing populations during IAV infection!!- 2, In the same experiments,
therefore, we examined changes in IFNy expression by CD4 and CD8 T cells over the course
of IAV infection. There were minor changes in the numbers of total CD4 and CD8 T cells in
the spleen after IAV infection, Figure 2A-B. While the numbers of IFNy+ CD4 T cells remained
stable, IAV infection did lead to a sustained increased in IFNy+ CD8 T cells up to 40 days
post-infection, Figure 2B.

In the Med LN, at all time points following infection, the numbers of total cells and numbers of
IFNy+, CD4 and CD8 T cells were increased compared to naive animals (Figure 2A-B). The
numbers of IFNy+ T cells peaked at day 10 post-infection with simialr numbers of cytokine+
CD4 and CD8 T cells. Atday 40, their numbers remained above those in naive animals (Figure
2B).

Within the lung tissue, there were no increases in the numbers of IFNy+ CD4 and CD8 T cells
5 days after infection. By day 10, the numbers of total T cells and IFNy+ T cells increased
substantially and then declined by day 40. In contrast to the innate and unconventional T cells,
the numbers of IFNy+ CD4 and CD8 T cells did remain above naive levels at day 40, indicating
persistence of effector cytokine producing memory T cells. Additionally, by comparing the
numbers of IFNy+ cells from the different populations in the Med LN and lung at days 10 and
40 post-infection, we found that CD4 and CD8 T cells were the largest population of cytokine+
cells (Supplementary Figure 5).

We also examined the mean fluorescence intensity (MFI) of the EYFP signal to determine the
relative amounts of IFNy produced by the different lymphocytes across the time course
(Supplementary Figure 6). For most of the innate cell types, there were limited, but in some
cases significant, changes in the EYFP MFI in the spleen. Interestingly, CD4 and CD8 T cells
expressed low levels of IFNy at day 10 in the spleen and Med LN, suggesting these cells may
receive a negative feedback signal at this time or the high cytokine+ cells may have migrated
to the lung. At day 5 post-infection, in parallel with the increase in number of IFNy+ ILC1, NK
and NKT cells in the Med LN and lung, these cells increased the amount of IFNy they
produced. Similarly, lung CD4 and CD8 T cells increased their expression of IFNy at day 10
post-infection, matching their increase in cell number.

To confirm that the IFNy reporter marked cells that still expressed IFNy transcript at the
memory timepoints, we FACS sorted EYFP+ and negative CD44high CD4 and CD8 T cells
from the Med LN and lungs of IAV infected mice. The EYFP+ CD4 T cells from these organs
expressed more Ifny transcript than non-EYFP+ cells (Supplementary Figure 7). In contrast,
the CD8 EYFP+ cells expressed similar transcript levels to EYFP negative cells and the
transcripts levels were lower than for the CD4 T cells. Potentially there may be a technical
reason for this difference, including a loss of Ifny transcript ex vivo by the CD8 T cells.
Alternatively, Ifny transcript may be more rapidly degraded by CD8 than CD4 T cells in vivo.
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EYFP+ CD4 and CD8 T cells are located near airways and in the lung parenchyma

We used immunofluorescence to investigate the location of the lung CD4 and CD8 T cells that
continue to produce IFNy. We hypothesised that these cells would be located near the
airways, ready to respond to a subsequent infection. CD4 and CD8 T cells were located both
near EpCAM+ airways and in the parenchyma and this varied between animals (Figure 3).
These data suggest that during the maintenance of T cell memory, there is no specialised
niche in which the IFNy cytokine+ T cells are located.

IAV-specific CD4+ T cells continue to produce IFNy following viral clearance

To confirm that IAV specific CD4 and CD8 T cells were producing IFNy, we stained cells from
IAV infected reporter mice with MHC | and MHC Il tetramers containing immunodominant 1AV
nucleoprotein (NP) peptides, NPsgs74 and NPsji1305 respectively at days 10 and 40 post-
infection (Figure 4A and 4B).

In the spleen, Med LN and lung, the numbers of IFNy+ IA?/ NP311.325 tetramer+ CD4 and
DP/NP3gs-374 tetramer+ CD8 T cells declined between the peak of the T cell response (day 10)
and the memory time point (day 40) (Figure 4C). This decline in T cell number coincides with
the vast majority of effector T cells dying by apoptosis, and the formation of long-lived memory
T cells®2 3,

We also compared the percentages of CD4 and CD8 T cells that were IFNy between day 10
and day 40 (Figure 4C). For 1AV specific CD4 T cells, there was no differences in any of the
organs. This suggests that cells that express IFNy are as likely as non-IFNy+ cells to enter
the memory pool. Alternatively, memory CD4 T cells may fluctuate in their ability to express
IFNy depending on their location. In the spleen, 29% (+£5.5%), and Med LN, 29% (+5.8%), of
the MHCII tetramer+ cells were IFNy+. In contrast, 59%(+3.5%) of the MHCII tetramer+ cells
were IFNy+ in the lung.

At day 10 post-infection, the majority of CD8 MHCI tetramer+ cells in the lung were IFNy+.
This dropped by approximately half by day 40 suggesting that non-IFNy+ CD8 T cells are
more likely to enter the memory pool. In contrast, in the spleen, there was a greater percentage
of IFNy+ CD8 MHCI tetramer+ cells at day 40 than day 10, while in the Med LN, there were
no differences between day 10 and 40. These data may suggest that entry into the memory
pool for CD8 T cells may follow different rules depending on the cell’'s migration ability and/or
reflect changes in memory cell function depending on location at the time of analysis.

IFN lung NK cells and ILCs in the lung rapidly increase following re-infection and

We next examined the impact of a second IAV infection on IFNy producing immune cells.
Reporter mice were infected with WSN 1AV (H1N1) and 30 days later some of these animals
were re-infected with X31 (H3N2) and responding cells were analysed after a further 3 days.

We focussed on the innate and unconventional T cells in the lung as IFNy is implicated in
early IAV contro!® 34 In comparison to naive animals, we only found increased numbers of
IFNy+ NK cells and ILCs in mice re-challenged with IAV, suggesting cytokine from these cells
may be involved in early viral control (Figure 5).
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IAV-specific CD4 and CD8 T cells are more activated and increase in IFNp expression
following recall infection

While we did not observe changes in the numbers of IFNy+ CD4 and CD8 T cells between
memory and re-infected animals (Figure 5), by examining the antigen-specific T cell pools we
found clear evidence for the re-activation of IAV specific T cells (Figure 6).

After re-infection, Med LN IAV-specific CD4 T cells increased their expression of IFNy and
were more activated compared to 1AV-specific CD4 T cells from memory mice based on
increased expression of CD69 and ICOS (Figure 6A-B). Splenic IAV specific CD4 T cells were
also activated by the re-infection, increasing their expression of CD69 and ICOS, although the
expression of IFNy was equivalent to that in memory animals.

IAV-specific CD4 T cells in the lung did not display increased expression of CD69, ICOS or
IFNy following re-infection, Figure 6B. However, we found that 1AV specific lung CD4 T cells
were more likely to express these molecules than those in spleen or Med LN prior to infection
suggesting these cells remain in a semi-activated state following the initial infection.

We also compared the IFNy expression and activation state of D?/NPzgs-374 tetramer+ CD8 T
cells in the lung and spleen of memory and recall mice. There were no changes in splenic IAV
specific CD8 T cells and too few tetramer+ CD8 T cells in the Med LN for analysis. There was,
however, a significant increase in IFNy expression from D/NP3gs.374 tetramer+ CD8 T cells in
the lungs following re-infection (Figure 6C-D). These cells showed some evidence for
increased expression of CD69 and PD1, although these changes were not significant.

Discussion

Our data demonstrate triphasic in vivo IFNy production following IAV infection. Unconventional
T cells and innate lymphoid cells were early cytokine producers, prior to the expansion and
infiltration of IFNy effector CD4 and CD8 T cells in secondary lymphoid organs and the lung.
After viral clearance, IFNy levels remained above naive levels in a number of cell types,
including adaptative and innate immune cells, for at least 40 days.

Our finding that NK cells provide early IFNy production agrees with studies from Stegemann-
Koniszewski and Wang® . We have extended these data by demonstrating that NK cells are
the dominant producers of IFNy during early IAV infection, both in terms of numbers of cells
and amount of cytokine produced. We also provide evidence that NKT cells, ILClsand y6 T
cells also produce IFNy early during infection as other studies have described” & %19, As
expected, large numbers of CD4 and CD8 T cells produced IFNy at day 10 post infection® 3¢,
Unexpectedly, we found that a number of cell types continued to express IFNy at levels above
naive animals for at least 40 days. In the Med LN, these included CD4 and CD8 afiT cells,
NKT cells, NK cells and ILC1. In all cases the total numbers of these cells were also higher at
day 40 post-IAV than in naive animals suggesting either continued recruitment to, or retention
within, the lymph node.

While long-term alterations to conventional T cells following viral challenge are to be expected,
classically, unconventional T cells and innate immune cells do not display memory
characteristics. This view has been challenged in the last 10-20 years, in particular in the fields
of NK cells and monocytes®” %, In |AV infection studies, Li et al identified protective NK cells
in the liver, but not the lung, of infected animals®. In contrast, Zheng et al describe an
alteration to splenic NK cells following IAV infection, leading to reduced cytotoxicity and an
inability to protect adoptive immunodeficient hosts**. We found a rapid recruitment of
cytokine+ cells to the lungs following a secondary infection. The response may be a result of
the increased IFNy+ NK cells in the lymph node after initial infection. Alternatively, the lung
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CD4 and CD8 T cell response to re-infection could lead to enhanced migration of NK cells to
the lung. Such collaboration between different types of immune cells would demonstrate a
co-ordinated response that would be difficult to unpick using traditional single adoptive transfer
approaches.

An alternative explanation for the continued elevated expression of IFNy by multiple cell types
is that persistent IAV antigens fuel a low level immune response. Studies from Jelly-Gibbs et
al and Zammit et al demonstrate the presentation of IAV antigens to CD4 and CD8 T cells
respectively for 1-2 months post infection®® 4%, The continued presentation to conventional T
cells could drive IFNy expression which in turn supports the cytokine production by the
unconventional and innate T cells, for example via promoting IL-12 production®*.

Zammit et al tracked the persistent IAV antigen to the Med LN, but we found that T cells in the
lung also continued to express IFNy to day 40 post-infection. Antigen could also be retained
in the lung, for example within clusters of immune cells*> %3, Various APC populations have
been implicated in presenting antigen to tissue-resident memory cells including different
dendritic cell populations*: 4°, upper and lower airway epithelial cells** 45, and lung
fibroblasts*. From our imaging data, we found that IFNy+ memory CD4 and CD8 T cells were
located near EpCAM+ airways and in the parenchyma. This perhaps suggests that if persistent
antigen drives this IFNy response, a number of different cell types could drive this cytokine
response.

In summary, our data demonstrate a triphasic production of in vivo IFNy production, started
by unconventional T cells and innate lymphoid cells early in infection, followed by effector T
cells. IAV infection led to a classical T cell memory response in the lung, but also increases in
IFNy+ ILC1, NK and NKT cells in the draining lymph node, suggesting memory-like
phenotypes. These novel findings identify different sources and localisation of IFNy following
viral infection which may impact on subsequent infections and improve our understanding of
the generation of both classical and non-classical immune memory.
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Materials and Methods

Study design

The aim of this study was to understand how IFNy production by innate and adaptive immune
cells changes over time and following a challenge re-infection viral infection. We used an
influenza virus infection model in wildtype and reporter mice and tracked responding memory
T cells using MHCI and MHC 1l tetramers and the reporter systems in the GREATXSMART
transgenic mice. A description of the experimental parameters, samples sizes, any samples
that were excluded, and the statistical analysis are described in each figure legend. No
specified randomisation was conducted.

Animals

10 week old female C57BL/6 mice were purchased from Envigo (UK). C57BL/6 and
GREATXSMART mice, original made by Richard Locksley?® 4" and initially provided by David
Withers, University of Birmingham, were maintained at the University of Glasgow under
specific pathogen free conditions in accordance with UK home office regulations (Project
Licenses P2F28B003 and PP1902420) and approved by the local ethics committee.
GREATXSMART mice have been described previously*’.

Infections

IAV was prepared and titratred in MDCK cells. Mice were briefly anesthetised using inhaled
isoflurane and infected with 200 plaque forming units of 1AV strain WSN in 20ul of PBS
intranasally (i.n.). Infected mice were rechallenged with 200 PFU of X31 (H3N2) where stated.
Infected mice were weighed daily for 14 days post-infection. Any animals that lost more than
20% of their starting weight were humanely euthanised.

Tissue preparation

Mice were injected intravenously (i.v.) with 1ug anti-CD45-PE (ThermoFisher: clone: 30F11)
3 minutes before being euthanized by cervical dislocation. Spleen and mediastinal lymph
nodes were processed by mechanical disruption. Single cell suspensions of lungs were
prepared by digestion with 1mg/ml collagenase and 30ug/ml DNAse (Sigma) for 40 minutes
at 37°C in a shaking incubator. Red blood cells were lysed from spleen and lungs using lysis
buffer (ThermoFisher).

Flow cytometry staining

Single cell suspensions were stained with PE or APC-labelled IA?/NPz11-325 or APC labelled
D"/ NPzes-374 tetramers (NIH tetramer core) at 37°C, 5% CO; for 2 hours in complete RPMI
(RPMI with 10% foetal calf serum, 100ug/ml penicillin-streptomycin and 2mM L-glutamine)
containing Fc block (24G2). Surface antibodies were added and the cells incubated for a
further 20 minutes at 4°C. Antibodies used were: anti-CD3 BV785 (BioLegend; clone: 17A2),
anti-CD4 BUV805 (BD Bioscience; clone: RM4-5), anti-CD8 BV421 (ThermoFisher; clone: 53-
6.7), anti-CD44 BUV395 (BD; clone: IM7), anti-CD45.2 BV605 (BioLegend; clone: 104), anti-
CD69 PE-Cy7 (ThermoFisher; clone: H1.2F3) anti-CD127 APC (ThermoFisher; clone:
A7R34), anti-y§TCR PE-Cy7 (BioLegend; clone: GL3), anti-ICOS BV785 (BioLegend; clone:
C398.4A), anti-NK1.1 APC-Cy7 (BioLegend; clone: PK136), anti-PD1 BV711 (BioLegend,;
clone: 29F,1A12), and ‘dump’ antibodies: B220 (RA3-6B2), F4/80 (BM8) and MHC Il (M5114)
all on eFluor-450 (ThermoFisher) or PerCP-Cy5.5 (ThermoFisher; B220 and F4/80, and
BioLegend; MHCII). Cells were stained with a fixable viability dye eFluor 506 (ThermoFisher).
Stained cells were acquired on a BD LSR or Fortessa and analysed using FlowJo (version 10,
Treestar).

FACS
T cells were isolated from single cell suspensions of mediastinal lymph nodes and spleens
using a T cell isolation kit as per manufacturer’s instructions (Stem Cell). Cells were stained
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with surface antibodies and sorted on a FACS Aria IlU. CD4+ or CD8+ TCRfp+ CD44hi cells
that were EYFP+ or EYFP negative were sorted into Qiagen RLTbuffer and stored at -80°C.

gPCR

RNA was extracted following the manufacturer’s instructions (Qiagen RNAeasy microkit) and
analysed by gPCR (SYBR Green FasstMix (Quanta Bioscience). Ifnyand 18s standards were
generated from spleen cells from IAV infected mice (Primers: Ifny. Forward:
ATCTGGAGGAACTGGCAAAA; Reverse: AGATACAACCCCGCAATCAC; 18s Forward:
CGTAGTTCCGACCATAAACGA; Reverse: ACATCTAAGGGCATCACAGACC) and purified
by gel extraction (Quick Gel Extraction kit, Invitrogen). gPCR was performed on a QuantStudio
7 flex and expression calculated using standard curves and results normalised to 18s
expression. gPCR Primers: Ifny. Forward: AGCAAGGCGAAAAAGGATG; Reverse:
CTGGACCTGTGGGTTGTTG; 18s: Forward: GACTCAACACGGGAAACCTC; Reverse:
TAACCAGACAAATCGCTCCAC.

Lung immunofluorescence imaging

Lungs from GREATXSMART mice were perfused with 5mM EDTA and 1% PFA prior to
removal and incubated at 4°C in 1% PFA and 30% sucrose for 24 hours each, frozen in OCT
and stored at -80°C. 10um lung sections were cut onto SuperFrost microscope slides
(ThermoFisher) and stored at -20°C prior to staining. Sections were incubated in Fc block
(24G2) for 10 minutes to block non-specific binding, washed in 0.5% BSA/PBS
(ThermoFisher) and stained with antibodies overnight. Antibodies used were: anti-GFP (Life
Technologises), anti-CD4 AF647 (BD; clone: RM4-5), anti-CD8b APC (BioLegend, clone; 53-
5.8), anti-EpCAM AF594 (BioLegend: G8.8) and anti-MHCII eFluor450 (ThermoFisher; clone:
M5114), slides were washed in 0.5% BSA/PBS and mounted using Vectashield mounting
reagent (Vector Laboratories). Immunofluorescence images were acquired using a Zeiss
LSMB800 microscope, analysed using Volocity (version 7, Quorum Technologies) and example
images generated on Zen 2 lite.

Statistical analysis

Data were analysed using Prism version 9 software (GraphPad). Groups were tested for
normality using a Shapiro Wilk test, and differences between groups were analysed by one-
way ANOVASs, Kruskall-Wallis or unpaired t-tests as indicated in figure legends. In all figures
based on distribution normality, * represents a p value of <0.05; **: p>0.01, ***: p>0.001, ****
p>0.0001.

CRediT authorship contribution statement

GEF: conception, investigation, formal analysis, visualization, writing -original draft and
reviewing/editing. KEH: investigation, data curation, writing — reviewing and editing. MP:
investigation, data curation, formal analysis, writing — reviewing and editing. TP: investigation,
writing — reviewing and editing. DT: formal analysis, writing — reviewing and editing. FM: formal
analysis, writing — reviewing and editing. JCW: Supervision, investigation, formal analysis,
writing — reviewing and editing. MKLM: Supervision, project management, funding acquisition,
conception, investigation, formal analysis, visualization, writing -original draft and reviewing.

Acknowledgments

We thank the staff within the School of Infection and Immunity Flow Cytometry Facility and
Biological Services at the University of Glasgow for technical assistance. We thank David
Withers for GREATXSMART mice and the NIH tetramer core facility for the provision of 1AP-
NP311-325 and Db/NP NPsgs.74 tetramers. The work was funded by a University of Glasgow
MVLS PhD studentship awarded to GEF and a Wellcome Trust Investigator Award
(210703/2/18/Z) to MKLM.

10


https://doi.org/10.1101/2023.05.23.541923
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.05.23.541923; this version posted May 24, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY 4.0 International license.

References

1. Rauch |, Muller M & Decker T. The regulation of inflammation by interferons and their
STATs. JAK-STAT 2 (2013).

2. Metzemaekers M, Vanheule V, Janssens R, Struyf S & Proost P. Overview of the
Mechanisms that May Contribute to the Non-Redundant Activities of Interferon-
Inducible CXC Chemokine Receptor 3 Ligands. Frontiers in immunology 8 (2018).

3. Hisamatsu H, Shimbara N, Saito Y, Kristensen P, Hendil KB, Fujiwara T, Takahashi
E, Tanahashi N, Tamura T, Ichihara A & Tanaka K. Newly identified pair of
proteasomal subunits regulated reciprocally by interferon gamma. The Journal of
experimental medicine 183 (1996).

4, Shirayoshi Y, Burke PA, Appella E & Ozato K. Interferon-induced transcription of a
major histocompatibility class | gene accompanies binding of inducible nuclear factors
to the interferon consensus sequence. Proceedings of the National Academy of
Sciences of the United States of America 85 (1988).

5. Mach B, Steimle V, Martinez-Soria E & Reith W. Regulation of MHC class Il genes:
lessons from a disease. Annual review of immunology 14 (1996).

6. Stegemann-Koniszewski S, Behrens S, Boehme JD, Hochnadel I, Riese P, Guzman
CA, Kroger A, Schreiber J, Gunzer M & Bruder D. Respiratory Influenza A Virus
Infection Triggers Local and Systemic Natural Killer Cell Activation via Toll-Like
Receptor 7. Frontiers in immunology 9 (2018).

7. Weizman OE, Adams NM, Schuster IS, Krishna C, Pritykin Y, Lau C, Degli-Esposti
MA, Leslie CS, Sun JC & O'Sullivan TE. ILC1 Confer Early Host Protection at Initial
Sites of Viral Infection. Cell 171 (2017).

8. Maazi H, Singh AK, Speak AO, Lombardi V, Lam J, Khoo B, Inn KS, Sharpe AH, Jung
JU & Akbari O. Lack of PD-L1 expression by INKT cells improves the course of
influenza A infection. PloS one 8 (2013).

9. Qin G, Liu Y, Zheng J, Ng IH, Xiang Z, Lam KT, Mao H, Li H, Peiris JS, Lau YL & Tu
W. Type 1 responses of human Vy9Vdé2 T cells to influenza A viruses. Journal of
virology 85 (2011).

10. Sant S, Jenkins MR, Dash P, Watson KA, Wang Z, Pizzolla A, Koutsakos M, Nguyen
TH, Lappas M, Crowe J, Loudovaris T, Mannering SlI, Westall GP, Kotsimbos TC,
Cheng AC, Wakim L, Doherty PC, Thomas PG, Loh L & Kedzierska K. Human yd T-
cell receptor repertoire is shaped by influenza viruses, age and tissue
compartmentalisation. Clinical & translational immunology 8 (2019).

11. Hufford MM, Kim TS, Sun J & Braciale TJ. The Effector T cell Response to Influenza
infection. Current topics in microbiology and immunology 386 (2015).

12. Zens K. D & Farber D. L. Memory CD4 T cells in Influenza. Curr Top Microbiol Immunol
386, 399-421 (2015).

13. Tsang TK, Lam KT, Liu Y, Fang VJ, Mu X, Leung NHL, Peiris JSM, Leung GM, Cowling

BJ & Tu W. Investigation of CD4 and CD8 T cell-mediated protection against influenza
A virus in a cohort study. BMC medicine 20 (2022).

11


https://doi.org/10.1101/2023.05.23.541923
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.05.23.541923; this version posted May 24, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY 4.0 International license.

14. Wilkinson TM, Li CK, Chui CS, Huang AK, Perkins M, Liebner JC, Lambkin-Williams
R, Gilbert A, Oxford J, Nicholas B, Staples KJ, Dong T, Douek DC, McMichael AJ &
Xu XN. Preexisting Influenza-Specific CD4+ T Cells Correlate With Disease Protection
Against Influenza Challenge in Humans. Nature medicine 18 (2012).

15. Sridhar S, Begom S, Bermingham A, Hoschler K, Adamson W, Carman W, Bean T,
Barclay W, Deeks JJ & Lalvani A. Cellular immune correlates of protection against
symptomatic pandemic influenza. Nature medicine 19 (2013).

16. Hayward AC, Wang L, Goonetilleke N, Fragaszy EB, Bermingham A, Copas A, Dukes
O, Millett ER, Nazareth I, Nguyen-Van-Tam JS, Watson JM, Zambon M, Johnson AM
& McMichael AJ. Natural T Cell-mediated Protection against Seasonal and Pandemic
Influenza. Results of the Flu Watch Cohort Study. American journal of respiratory and
critical care medicine 191 (2015).

17. Paterson S, Kar S, Ung SK, Gardener Z, Bergstrom E, Ascough S, Kalyan M, Zyla J,
Maertzdorf J, Mollenkopf HJ, Weiner J, Jozwik A, Jarvis H, Jha A, Nicholson BP,
Veldman T, Woods CW, Mallia P, Kon OM, Kaufmann SHE, Openshaw PJ & Chiu C.
Innate-like Gene Expression of Lung-Resident Memory CD8+ T Cells during
Experimental Human Influenza: A Clinical Study. American journal of respiratory and
critical care medicine 204 (2021).

18. Bot A, Bot S & Bona CA. Protective role of gamma interferon during the recall response
to influenza virus. Journal of virology 72 (1998).

19. Strutt TM, McKinstry KK, Dibble JP, Winchell C, Kuang Y, Curtis JD, Huston G, Dutton
RW & Swain SL. Memory CD4+ T cells induce innate responses independently of
pathogen. Nature medicine 16 (2010).

20. Teijaro JR, Verhoeven D, Page CA, Turner D & Farber DL. Memory CD4 T cells direct
protective responses to influenza virus in the lungs through helper-independent
mechanisms. Journal of virology 84 (2010).

21. Sarkar S & Heise MT. Mouse Models as Resources for Studying Infectious Diseases.
Clinical therapeutics 41 (2019).

22. Croxford AL & Buch T. Cytokine reporter mice in immunological research: perspectives
and lessons learned. Immunology 132 (2011).

23. Zhao X, Lin X, Li P, Chen Z, Zhang C, Manicassamy B, Rong L, Cui Q & Du R.
Expanding the tolerance of segmented Influenza A Virus genome using a balance
compensation strategy. PL0oS pathogens 18 (2022).

24. Kim JH, Bryant H, Fiedler E, Cao T & Rayner JO. Real-time tracking of bioluminescent
influenza A virus infection in mice. Scientific reports 12 (2022).

25. Orr-El Weizman, Eric Song, Nicholas M. Adams, Andrew D. Hildreth, Luke Riggan,
Chirag Krishna, Oscar A. Aguilar, Christina S. Leslie, James R. Carlyle, Joseph C. Sun
& Timothy E. O’Sullivan. Mouse cytomegalovirus-experienced ILC1s acquire a
memory response dependent on the viral glycoprotein m12. Nature Immunology 20,
1004-1011 (2019).

26. Wang X, Peng H, Cong J, Wang X, Lian Z, Wei H, Sun R & Tian Z. Memory formation

and long-term maintenance of IL-7Ra + ILC1s via a lymph node-liver axis. Nature
communications 9 (2018).

12


https://doi.org/10.1101/2023.05.23.541923
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.05.23.541923; this version posted May 24, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY 4.0 International license.

27. Rasid O, Chevalier C, Camarasa TM, Fitting C, Cavaillon JM & Hamon MA. H3K4me1l
Supports Memory-like NK Cells Induced by Systemic Inflammation. Cell reports 29
(2019).

28. Shimizu K, Sato Y, Shinga J, Watanabe T, Endo T, Asakura M, Yamasaki S, Kawahara
K, Kinjo Y, Kitamura H, Watarai H, Ishii Y, Tsuji M, Taniguchi M, Ohara O & Fuijii S.
KLRG+ invariant natural killer T cells are long-lived effectors. Proceedings of the
National Academy of Sciences of the United States of America 111 (2014).

29. Reinhardt RL, Liang HE & Locksley RM. Cytokine-secreting follicular T cells shape the
antibody repertoire. Nature immunology 10 (2009).

30. Hornick EE, Zacharias ZR & Legge KL. Kinetics and Phenotype of the CD4 T Cell
Response to Influenza Virus Infections. Frontiers in immunology 10 (2019).

31. Anderson KG, Mayer-Barber K, Sung H, Beura L, James BR, Taylor JJ, Qunaj L,
Griffith TS, Vezys V, Barber DL & Masopust D. Intravascular staining for discrimination
of vascular and tissue leukocytes. Nature protocols 9 (2014).

32. Sallusto F, Lanzavecchia A, Araki K & Ahmed R. From vaccines to memory and back.
Immunity 33 (2010).

33. Kaech SM, Wherry EJ & Ahmed R. Effector and memory T-cell differentiation:
implications for vaccine development. Nature reviews. Immunology 2 (2002).

34. Weiss ID, Wald O, Wald H, Beider K, Abraham M, Galun E, Nagler A & Peled A. IFN-
gamma treatment at early stages of influenza virus infection protects mice from death
in a NK cell-dependent manner. Journal of interferon & cytokine research : the official
journal of the International Society for Interferon and Cytokine Research 30 (2010).

35. Wang J, Li F, Zheng M, Sun R, Wei H & Tian Z. Lung natural killer cells in mice:
phenotype and response to respiratory infection. Immunology 137 (2012).

36. Hufford MM, Kim TS, Sun J & Braciale TJ. Antiviral CD8+ T cell effector activities in
situ are regulated by target cell type. The Journal of experimental medicine 208 (2011).

37. Netea MG, Dominguez-Andrés J, Barreiro LB, Chavakis T, Divangahi M, Fuchs E,
Joosten LAB, van der Meer JWM, Mhlanga MM, Mulder WJM, Riksen NP, Schlitzer A,
Schultze JL, Stabell Benn C, Sun JC, Xavier RJ & Latz E. Defining trained immunity
and its role in health and disease. Nature reviews. Immunology 20 (2020).

38. Ordovas-Montanes J, Beyaz S, Rakoff-Nahoum S & Shalek AK. Distribution and
storage of inflammatory memory in barrier tissues. Nature reviews. Immunology 20
(2020).

39. Jelley-Gibbs DM, Brown DM, Dibble JP, Haynes L, Eaton SM & Swain SL. Unexpected
prolonged presentation of influenza antigens promotes CD4 T cell memory generation.
The Journal of experimental medicine 202 (2005).

40. Zammit DJ, Turner DL, Klonowski KD, Lefrancois L & Cauley LS. Residual antigen

presentation after influenza virus infection affects CD8 T cell activation and migration.
Immunity 24 (2006).

13


https://doi.org/10.1101/2023.05.23.541923
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.05.23.541923; this version posted May 24, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY 4.0 International license.

41. Yang YF, Tomura M, Ono S, Hamaoka T & Fujiwara H. Requirement for IFN-gamma
in IL-12 production induced by collaboration between v(alpha)14(+) NKT cells and
antigen-presenting cells. International immunology 12 (2000).

42, MacLean AJ, N Richmond, L Koneva, M Attar, CAP Medina, EE Thornton, AC Gomes,
A El-Turabi, MF Bachmann, P Rijal, TK Tan, A Townsend, SN Sansom, O Bannard &
Tl Arnon. Secondary influenza challenge triggers resident memory B cell migration and
rapid relocation to boost antibody secretion at infected sites. Immunity 55 (2022).

43. Turner DL, Bickham KL, Thome JJ, Kim CY, D'Ovidio F, Wherry EJ & Farber DL. Lung
niches for the generation and maintenance of tissue-resident memory T cells. Mucosal
immunology 7 (2014).

44, Shenoy AT, Wasserman GA, Arafa El, Wooten AK, Smith NMS, Martin IMC, Jones
MR, Quinton LJ & Mizgerd JP. Lung CD4 + resident memory T cells remodel epithelial
responses to accelerate neutrophil recruitment during pneumonia. Mucosal
immunology 13 (2020).

45. Toulmin SA, Bhadiadra C, Paris AJ, Lin JH, Katzen J, Basil MC, Morrisey EE, Worthen
GS & Eisenlohr LC. Type Il alveolar cell MHCII improves respiratory viral disease

outcomes while exhibiting limited antigen presentation. Nature communications 12
(2021).

46. Kerdidani D, Aerakis E, Verrou KM, Angelidis I, Douka K, Maniou MA, Stamoulis P,
Goudevenou K, Prados A, Tzaferis C, Ntafis V, Vamvakaris |, Kaniaris E, Vachlas K,
Sepsas E, Koutsopoulos A, Potaris K & Tsoumakidou M. Lung tumor MHCII immunity
depends on in situ antigen presentation by fibroblasts. The Journal of experimental
medicine 219 (2022).

47. Price AE, Reinhardt RL, Liang HE & Locksley RM. Marking and quantifying IL-17A-
producing cells in vivo. PloS one 7 (2012).

14


https://doi.org/10.1101/2023.05.23.541923
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.05.23.541923; this version posted May 24, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY 4.0 International license.

Figure Legends

Figure 1

IFNy production from unconventional T cells and innate lymphoid cells occurs early after IAV
infection

GREATXSMART mice were infected with IAV on day 0 and injected with fluorescently labelled
anti-CD45 i.v. 3 minutes prior to removal of the spleen, Med LN and lung. The total number
(top, A) or number of IFNy+ cells (bottom, B) of the indicated cell populations were examined
in naive animals or those infected 5, 10 or 40 days previously. Each point represents the mean
of 8-11 infected mice from two independent time course experiments; 21 naive mice are
combined from across the time points and experiments, error bars are SEM. Coloured lines
above each timepoints relates to significantly increased number of total cells or IFNy+ cells
compared to naive animals. If line is black, this represents all cell types were higher at the
indicated time point compared to naive mice. Significance tested via a Kruskal-Wallis test
followed by a Dunn’s multiple comparison test, e: significant difference between indicated
timepoint and naive samples, refer to table 1 & 2 for significance value.

Figure 2

CD4 and CD8 T cells are the predominant source of IFNy after the clearance of IAV infection
GREATXSMART mice were infected with IAV on day 0 and injected with fluorescently labelled
anti-CD45 i.v. 3 minutes prior to removal of the spleen, Med LN and lung. The total number
(top, A) or number of IFNy+ cells (bottom, B) of the indicated cell populations were examined
in naive animals or those infected 5, 10 or 40 days previously. Each point represents the mean
of 8-11 infected mice from two independent time course experiments; 21 naive mice are
combined from across the time points and experiments, error bars are SEM. Coloured lines
above each timepoints relates to significantly increased number of total number or IFNy+ cells
compared to naive animals of a specific cell type. If line is black, this represents all cell types
were higher at the indicated time point compared to naive mice. Significance tested via a
Kruskal-Wallis test followed by a Dunn’s multiple comparison test, e: significant difference
between indicated timepoint and naive samples, refer to table 1 & 2 for significance value.

Figure 3

EYFP+ CD4 and CD8 T cells are located near airways and in the lung parenchyma
GREATXSMART mice were infected with IAV on day 0 and lungs analysed after 40 days.
Example images of lung EYFP (white) CD8 (A) and CD4 (B) cells (pink) cells are shown
alongside EpCAM+ cells (orange) and MHCII+ cells (turquoise) in naive and infected animals
and the percentages of CD4 or CD8 T cells either in close proximity to EpCAM+ airways or
within the parenchyma determined in infected mice. In C, each symbol represents one mouse,
data combined from 3-4 slides per animal. Data are combined from two experiments with 3
mice per experiment.

Figure 4

IAV-specific memory CD4+ T cells maintain the ability to transcribe IFN p~ after viral clearance
GREATXSMART mice were infected with IAV on day 0 and injected with fluorescently labelled
anti-CD45 i.v. 3 minutes prior to removal of the spleen, Med LN and lung. Representative flow
plots display staining of (A) IAV-specific IFNy+ CD4 or (B) CD8 T cells from the lung. (C) The
frequency (left) and total number (right) of IAV-specific CD4 and CD8 T cells were compared
between the peak T cell response (day 10; red) and after viral clearance (day 40; blue). Each
point represents an individual mouse from 8-11 mice combined from two independent
experiments; error bars are SEM. Significance tested via an unpaired t test, *: p<0.05, **:
p<0.01, ***: p<0.001, ****: p<0.0001.
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Figure 5

IFNy lung NK cells and ILCs in the lung rapidly increase following re-infection

Naive (primary) or WSN-infected GREATXSMART (recall) mice were infected i.n with X31 for
3 days or left unchallenged (naive and memory). The numbers of IFNy+ cells of immune cells
in lung were examined by flow cytometry. Each point represents an individual mouse from 4-
11 mice combined from two independent experiments; error bars are SEM. Significance tested
via Kruskal-Wallis test followed by a Dunn’s multiple comparison, *: p<0.05, **; p<0.01, ****;
p<0.0001.

Figure 6

IAV-specific CD4 and CD8 T cells are activated and increase IFN p-expression following recall
infection

GREATXSMART mice were either infected i.n with IAV WSN (H1N1) for 40 days (memory) or
re-infected with X31 (H3N2) for 3 days. Antigen-specific CD4 and CD8 T cells from the lung,
spleen and Med LN were examined. (A) Representative flow plots of IAP/NP311.325 Specific
CD4+ T cells from the Med LN in memory (top) and recall infection (bottom) and expression
of (B) IFNy, CD69 and ICOS from IA®/NPz11-325 Specific CD4+ T cells in the spleen, Med LN
and lung. (C) Representative flow plots of D?/NPzss-374 specific CD8+ T cells from the lung in
memory (top) and recall infection (bottom) and expression of (D) IFNy, CD69 and PD1 from
DP/NP3ss-37sspecific CD8+ T cells in the spleen and lung of memory and recall. Each point
represents an individual mouse from 9-11 mice combined from two independent experiments;
error bars are SEM. Significance tested via an unpaired t test, *: p<0.05, **: p<0.01, ***
p<0.001. Some samples were removed from these groups for technical reasons: too few MHC
tetramer+ cells, thymus contamination in the Med LN, or loss of cells during analysis.
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Supplementary Figure 1

Gating strategy diagram for flow cytometry analysis of immune cell populations in IAV-
infected mouse lung

GREATxSMART mice were infected with IAV on day O and injected with fluorescently
labelled anti-CD45 i.v. 3 minutes prior to removal of the tissues. Representative flow for NK
cells (CD3-, NK1.1+, CD127-), NK T cells (CD3+, NK1.1+), ILC1s (CD3-, NK1.1+, CD127)
other ILCs (CD3-, NK1.1-, CD127+), CD4 (CD3+, yé TCR-, CD4+, CD8-) CD8 (CD3+, yé
TCR-, CD4-, CD8+) and yé T cells (CD3+, y8 TCR+) 10 days following infection in the
lung. Numbers indicate percentage of IFNy* populations of each cell type.
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Supplementary Figure 2
Validation of GREATxSMART mouse EYFP expression
GREATXxSMART mice were infected with IAV on day 0 and injected with fluorescently
labelled anti-CD45 i.v. 3 minutes prior to removal of tissues. Single cell suspensions of
lungs were examined after 10 days to examine IFNy transcription of indicated cell
populations determined by EYFP+ CD45iv- populations compared to naive and naive
C57BL/6 mice. Numbers indicate percentage of IFNy* populations of each cell type.
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Supplementary Figure 3
Characterisation of IFNy expression from immune cells during IAV infection in the lung

GREATxSMART mice were infected with IAV on day 0 and injected with fluorescently labelled anti-
CD45 i.v. 3 minutes prior to removal of the tissues. Single cell suspensions of lungs were
examined after 5, 10 or 40 days to examine IFNy transcription of indicated cell populations
determined by EYFP+ and CD45iv- populations compared to naive. Numbers indicate percentage

10 10

v

of IFNy* populations of each cell type.
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Supplementary Figure 4

Validation of GREATXxSMART mouse ability to detect IFNy expression through EYFP

fluorescence from various immune cells

Representative tSNE plots depicting IFNy+ clusters identified from GREATXxSMART mice
that were infected with IAV and 5, 10 or 40 days later. Mice were injected with fluorescently
labelled anti-CD45 shortly before tissues were harvested. IFNy-producing cells within the
spleen, Med LN, and lung were examined by flow cytometry and determined by EYFP+
and CD45iv- populations compared to naive. Cell types identified are NK cells (red), NKT
cells (orange), ILCs, (yellow), CD4 T cells (green), CD8 T cells (blue), y& T cells (purple)

and dump (B220, MHCII and F4/80) channel cells (grey).


https://doi.org/10.1101/2023.05.23.541923
http://creativecommons.org/licenses/by/4.0/

Supplementary Figure 5

Med LN Lung
E 3
Day 10 | .
*
I Kk *
1
Kok *
— 1
sk *
0 *k seokkok *
[0}
S 1054 oIO 10°4 k%
¥ —2— e
°
2‘ 1004 @ 2000 104 ©
o 00 ©
L_I' ° o 8 0 [OR g6} 1]
= 1] oBe® —F— ~T ol 3208 o o °0 o3vs
o ®" %00 L0 e 8000 % % 0°
[ O Q@
FSRTE oo 102 © o 8
® 09%
£ o
Z 10 T T T T T T 10° T T T T T T
NK Cells NKT cell ILC gdTcell CD4Tcell CD8T cell NK Cells NKTcell ILC gdTcell CD4Tcell CD8T cell
* *ok
Day 40 i | i |
| |
*k I *okk I
l *kk l *k
1 1
*okokok *okk
] ]
* *okok
L Fokokk Fookk
8 108 o 10%4
+ (&) “
& 105 ° 'a' 51 o2 &7 <o
= ogo e 1034 Sggl )
@ ®
L 10 eee OO i e 8% c@a
Y= 5 ©0© 2|
5 .I.o 0 5%38 o 10 -
f
O] 0,8 #; 101 .é
-g 1024 o
=) 1 0
4 10 T T T T T T 10 T T T T T T
NK Cells NKT cell ILC gdTcell CD4Tcell CD8Tcel NK Cells NKTcell ILC gdTcell CD4Tcell CD8T cell
Cell type Cell type

Supplementary Figure 5

CD4 and CD8 T cells are the predominant source of IFNy 10 and 40 days after IAV infection in
the lung and lymph node

GREATxSMART mice were infected with 1AV on day 0 and injected with fluorescently labelled
anti-CD45 i.v. 3 minutes prior to removal of the tissues. The total number of IFNy+ cells of the
indicated cell populations in the Med LN and lung were examined in animals infected 10 (top) or
40 (bottom) days previously. Each point represents an individual mouse of 8-11 infected mice
from two independent time course experiments; 7-11 mice are combined from across the time
points and experiments, error bars are SEM. All statistics were calculated using a Shapiro-Wilk
and Kruskal-Wallis test. , * = <0.05, ** = <0.01, *** = <0.001, **** = <0.0001.


https://doi.org/10.1101/2023.05.23.541923
http://creativecommons.org/licenses/by/4.0/

Supplementary Figure 6

Spleen Mediastinal lymph node Lung
3007  wededw 3001 % 300  dkkx
o — S i
[TR *
> B — i -
o 200 g 200 m 200 ./-\/.
©
NK cell T 1001 1004 100
=
0 T T T T 0 T T T T 0 T T T
0 5 10 40 0 5 10 40 0 5 10 40
300 3004 **_ 300 X%
o
L
200 @—O—e—0 200+ O/C\ 200- O/o\
L —o
NKT cell = —o
T 1001 100 100
=
0 T T T T O T T T T 0 T T T T
0 5 10 40 0 5 10 40 0 5 10 40
3007 % 300 FE** 300 *kEE
o
L
ILC1 > 200 200 200
i O/v
©
— 100 100 100
L
=
0 T T T T O T T T T 0 T T
0 5 10 40 0 5 10 40 0 5 10 40
300 ke 300- 3004  #*
n_ ——————— —
L
E 200 200 200
yoT cells 5 ° — o2 _/'\&,
L 100 100 100
=
0 T T T 0 T T T T 0 T T T
0 5 10 40 0 5 10 40 0 5 10 40
* *%
300 3004 * 3001 Fkkk
o I
L
CD4 Tecell 5 200 200 5_.\/0 200 ././\
- ./0\/
o
T 1004 100 100
=
0 T T T T 0 T T T T O T T T T
0 5 10 40 0 5 10 40 0 5 10 40
* * Fekkk
3009 T o 300- 300 T wkkk
a * — =
ft
200 200+ 200-
CD8 Tcell ./\/. §/\/‘ ./,/\
'-2'- 1001 1004 100
0 T T T T 0 T T T T O T T T T
0 5 10 40 0 5 10 40 0 5 10 40
Days post-infection Days post-infection ~ Days post-infection

Supplementary Figure 6

The amount of immune cell-derived IFNy fluctuates between the tissue and
secondary lymphoid organs

GREATXxSMART mice were infected with IAV on day 0 and injected with
fluorescently labelled anti-CD45 i.v. 3 minutes prior to removal of the spleen, Med
LN and lung. The mean fluorescence intensity (MFI) of the indicated cell
populations were examined in naive animals or those infected 5, 10 or 40 days
previously. Each point represents the mean of 8-11 infected mice from two
independent time course experiments; 21 naive mice are combined from across
the time points and experiments, error bars are SEM. Significance tested via a
Kruskal-Wallis test followed by a Dunn’s multiple comparison test, *: p<0.05.
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Supplementary Figure 7

EYFP expression reports IFNy expression in CD4 T cells after IAV infection
GREATxSMART mice were infected with 200PFU |AV i.n and EYFP+ and EYFP-
T cells were FACS sorted from the Med LN and lung of mice 40 days after
infection. Gene expression of IFNy by CD4 (left) and CD8 (right) T cells in the
lymph node (LN) and lung of IAV-infected mice shown. All gene expression was
standardised against the housekeeping gene (18S) and is presented as the
change in absolute copy number of transcripts. Each point represents an
individual mouse and data are combined from two independent experiments; error
bars are SEM. Significance tested via a Shapiro-Wilk normality test and Wilcoxon
test. ** = <0.01.
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Supplementary Table 1

Characterization of immune cells during IAV infection

Significance tables from spleen, draining lymph node and lungs from mice infected with IAV,
comparing significantly different numbers of NK cells, NK T cells, ILCs, y& T cells, CD4 and CD8 T
cells. Significance tested via a Kruskal-Wallis test followed by a Dunn’s multiple comparison test,
ns = non-significant, *: p<0.05, **: p<0.01, ***: p<0.001, ****: p<0.0001.
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Table 2
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Supplementary Table 2

Characterization of IFNy-expressing cells during IAV infection

Significance tables from spleen, draining lymph node and lungs from mice infected with IAV,
comparing significantly different numbers of IFNy+ NK cells, NK T cells, ILCs, y§ T cells, CD4 and
CDS8 T cells. Significance tested via a Kruskal-Wallis test followed by a Dunn’s multiple comparison
test, ns = non-significant, * = <0.05, ** = <0.01, *** = <0.001, **** = <0.0001.
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Table 3
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Supplementary Table 3

Characterization of the mean fluorescence intensity of IFNy produced by cells during IAV infection
Significance tables from spleen, draining lymph node and lungs from mice infected with IAV,
comparing significantly different mean fluorescence intensity (MFI) of IFNy+ NK cells, NK T cells,
ILCs, y6 T cells, CD4 and CD8 T cells. Significance tested via a Kruskal-Wallis test followed by a
Dunn’s multiple comparison test, ns = non-significant, * = <0.05, ** = <0.01, *** = <0.001, **** =
<0.0001.
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	Mice were injected intravenously (i.v.) with 1g anti-CD45-PE (ThermoFisher: clone: 30F11) 3 minutes before being euthanized by cervical dislocation. Spleen and mediastinal lymph nodes were processed by mechanical disruption. Single cell suspensions o...

