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Tissue-resident lung NK cells are differentially affected by COPD development compared to
circulating NK cells in both mice and humans and this may contribute to excess inflammation in
viral exacerbations of COPD. Understanding the function of lung-resident innate immune cells
during COPD development and exacerbation is important to our overall understanding of immune

dysregulation in this disease and for potential therapeutic intervention.
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Abstract

Rationale: Tissue-resident natural killer cells have been identified in numerous organs, but little
is known about their functional contribution to respiratory immunity, in particular during chronic

lung diseases such as COPD.

Objectives: To investigate the phenotype and antiviral responses of trNK cells in murine cigarette

smoke-induced experimental COPD and in human lung parenchyma from COPD donors.

Methods: Mice were exposed to cigarette smoke for 10 weeks to induce COPD-like lung disease.
Lung tissue resident NK cell phenotypes and function were analysed by flow cytometry in both

murine and human disease with and without challenge with influenza A virus.

Measurements and Main Results: In the mouse lung CD49a*CD49b*EOMES* and
CD49a*CD49b"'EOMES' NK cell populations had a distinct phenotype compared with CD49a-
circulating NK cells. CD49a* NK cells were more extensively altered earlier in disease onset than
circulating NK cells and increased proportions of CD49a+ NK cells correlated with worsening
disease in both murine and human COPD. Furthermore, the presence of lung disease delayed both
circulating and tissue-resident NK cell functional responses to influenza infection. CD49a+ NK
cells markedly increased their NKG2D, CD103 and CD69 expression in experimental COPD
following influenza infection, and human CD49a+ NK cells were hyperactive to ex vivo influenza

infection in COPD donors.

Conclusions: Collectively, these results demonstrate that tissue-resident NK cell function is
altered in cigarette smoke-induced disease and suggests that smoke exposure may aberrantly prime
tissue-resident NK cell responsiveness to viral infection. This may contribute to excess

inflammation during viral exacerbations of COPD.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a chronic inflammatory condition of the lungs
and is the third leading cause of death globally 1,2. Seasonal viruses, including Influenza A Virus
(IAV) are identified in >30% of COPD exacerbations and are a major driver of mortality and
morbidity3-5. Immune dysregulation in COPD is well characterised, with chronic inflammation
and poor function of both innate and adaptive immunity, including NK cells 6,7. NK cells have
important roles in immunity through their cytotoxic effector function and inflammatory cytokine
releases. Found in high abundance in the blood, spleen and lungs, murine NK cell developmental
stage is commonly distinguished through CD11b and CD27 expression9. In humans, immature and
mature NK cells are commonly reported as CD56”'9" and CD56%™ respectively, with

CD56"9"CD16™ NK cells poorly cytotoxic but potent cytokine producerss.

NK cells from COPD-affected lung tissue have enhanced killing of respiratory epithelia and are
linked to an emphysematous phenotypes in cigarette smoke (CS)-exposed mice, suggesting that
overactive NK cells may contribute to tissue destruction in COPD 6,7,10-12. There is an emerging
role for NK cells in COPD exacerbations, given their roles in responding to 1AV13-21. In fact
Osterburg et al. (2020) demonstrated distinct and stable changes in peripheral blood NK cells
following COPD exacerbation 22. Phenotypically unique subsets of NK cells have been identified
in the lung and are likely tissue-resident, based on a transcriptional signature similar to resident
memory T cells and integrin expression such as CD69, CD49a (integrin 02) and CD103 (integrin
aE) 20,23-25. CD49a is commonly reported as a dominant marker of lung trNK cell phenotype,
with ~13% of human lung NK cells expressing this integrin 20,24. Although the functional

importance of lung trNK cells remains to be fully explored, early work suggested that lung trNK
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cells are hyper-reactive to IAV infection, ultimately becoming the dominant polyfunctional NK

cell population in ex vivo lung infection 20,25.

Thus far, studies investigating the relationship between NK cell function and COPD have not
discriminated between circulating NK (cNK) and lung trNK cells. Indeed, the contribution of trNK
cells during COPD pathogenesis and exacerbation is unknown. To define the antiviral responses
of lung trNK cells in COPD, the phenotype and function of trNK cells were analysed during the
onset and development of CS-induced experimental COPD, in vivo IAV-induced exacerbation and

ex vivo AV infection of human COPD lung tissue.
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MATERIALS AND METHODS

Murine models. Female C57BL/6 mice were exposed to the smoke from 12 3R4F cigarettes, twice
a day, 5 times a week for up to 12 weeks, as described previously26-31. 3R4F contain 11.0mg
particulate matter/cig that is predominantly PM1o and PM2s 32. Some groups were intranasally
inoculated with 1AV (A/PR/8/34 mouse-adapted HINI1, 33 plaque forming units, in 50pL
UltraMDCK media) under isoflurane anaesthesia 33-35. This model of CS-induced COPD
recapitulated the features of human disease, including emphysema-like alveolar enlargement (Fig.
E1). Mice were euthanized by sodium pentobarbital (Lethabarb; Virbac) overdose at the endpoint.
Experiments were approved by the University of Newcastle Animal Care and Ethics Committee

and performed at the Hunter Medical Research Institute, NSW, Australia.

Murine immune cell isolation and analysis. Lungs were digested with collagenase D (Roche),
processed into single cell suspensions and stimulated with Phorbol 12-myristate 13-acetate and
lonomycin (PMA/I) with brefeldin A (Sigma) before cells were stained and analyzed by flow

cytometry as described in the online supplement.

Emphysema. Lung tissue was formalin fixed, sectioned and stained and emphysema-like alveolar
enlargement quantified using the MLI technique, as previously described and as in the online

supplement 28-31.

Human tissue donor recruitment and sample collection. Human lung tissue and blood was
collected from donors undergoing cancer resection surgeries taking place at Southampton General

Hospital (approved by Southampton and South West Hampshire Research Ethics Committee, UK
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09/H0504/109), and all participants provided informed written consent. Lung tissue was obtained
from sites distal to tumours that were reported as macroscopically normal. Donors were divided
into COPD and non-COPD groups retrospectively via assessment of medical records, spirometry
and lung imaging. A comprehensive description of donor demographics is included in the online

supplement.

Analysis of human lung tissue and explant infection. Lung tissue explants were prepared and
infected with IAV (X31 H3N2, Virapur) before infected and uninfected tissue was digested into
single cells suspensions and stained for flow cytometry as described previously and as in the online

supplement36-38.

Statistical analyses. Data are presented as individual values with mean or median summarized, as
indicated. Comparisons between two groups were performed using an unpaired two-tailed t-test or
or Mann-Whitney test, as appropriate. Comparisons involving three or more groups were
performed by one-way ANOVA with Bonferroni’s multiple comparison correction post-hoc test.
Comparisons between different cell populations within the same subject were performed using
appropriate grouped analyses (paired t-test, Wilcoxon signed-rank test or repeated measures one-
way ANOVA with Bonferroni’s post-hoc test), as indicated. Groups of CS-treated mice were
compared against matched air-controls analysed at the same time. Pearson correlation co-efficient
and P value and simple linear regression were calculated for correlations between NK cell
population frequencies and FEV1%. Statistical analyses were performed using GraphPad Prism 9

software (San Diego, CA).
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RESULTS

Murine lung CD49a" NK cells have a distinct phenotype

Three sub-populations of NK cells were identified in the naive murine lung, CD49a CD49b"* cNK
cells, putative CD49a"CD49b trNK cells, and CD49a"CD49b* trNK cells, with the majority being
CD49aCD49b" cNK cells (90.1%+7.9) (Fig. 1A-C). CD49a*CD49b* and CD49a*CD49b" NK
populations had greater expression of the activating receptor, NKG2D, and CD103 compared to
CD49a"CD49b" cNK cells (Fig. 1D, E). All NK cell subsets expressed higher levels of EOMES
compared to CD3*NK1.1" T cells (Fig. 1F), with CD49a*CD49b* expressing higher, and
CD49a*CD49b" NK cells expressing less, compared to CD49a'CD49b"* NK cells. Both
CD49a*CD49b™ and CD49a*CD49b" NK cell subsets upregulated granzyme-B following PMA/I
stimulation, indicating potential cytotoxic function (Fig. 1G). Therefore, both subsets of CD3"
NK1.1*CD49a* cells are EOMES" and granzyme-B* indicating they are trNK, rather than

1LC119,39-43.

Most murine lung NK cells were mature (CD27'CD11b") cytotoxic effectors, with small
populations of immature and differentiating NK cells (CD27*- CD11b") identified (Fig. E2 B-D).
Approximately 20% of CD11b" cells were CD49a*, whilst around 5% of CD11b* NK cells were
CD49a* (Fig. 1 H and I). This expression of CD49a on immature NK cells fits with descriptions
of CD49a* lung NK cells in humans and indicates consistency between human and mouse trNK

cell biology19,20.

The development and progression of experimental COPD is associated with altered lung NK

cell numbers



177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

Lung NK cell populations were next assessed in air- or CS-exposed mice after 1 week (acute CS
exposure), 8 weeks (emergence of chronic disease features) or 12 weeks (progressive and fully
irreversible disease)26-31. Experiments at these points of disease were performed independently
and are analysed as such, CS-treated mice are compared against matched air controls in the same
experiment. This widely used mouse model of CS-induced experimental COPD recapitulates the
characteristic clinical features of human COPD by 8 weeks, including inflammation, airway
remodeling, mucus hypersecretion, emphysema-like alveolar destruction, impaired lung function
and non-responsiveness to corticosteroid treatment26-31. At 12 weeks, CS-exposed mice exhibit
substantial lung disease with chronic airway inflammation, airway fibrosis, and an irreversible

decline in lung function.

We show that the proportion of NK cells (defined as CD45"CD3'NK1.1* cells) decreased (20.3%
t0 9.9% of lung CD45" lymphocytes) following 12 weeks of CS exposure (FigE2 E,F). Following
1 week of CS exposure CD49a*CD49b" trNK cell numbers increased, whilst CD49a" and
CD49a*CD49b™ numbers remained unchanged (Fig. 2A-C). However, the number of cNK cells
(CD49a CD49b"*") was reduced following 8 weeks and trended towards reduction at 12 weeks of
CS exposure (Fig. 2A). The numbers of CD49a*CD49b™ and CD49a*CD49b*NK cells were both
reduced (-47% and -31%, respectively) after 12 weeks of exposure (Fig. 2B,C). A reduction in
CD49a*CD49b" cells was also observed at 8 weeks of CS exposure. These results show that
CD49a*CD49b cells are increased early during CS-induced inflammation while both CD49a* and
CD49a NK cell subsets are reduced in the lungs of mice later during CS-induced experimental

COPD.
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trNK cell functional markers are disproportionally affected by CS exposure

Surface CD69 (Fig. 3A) and intracellular IFN-y (Fig. 3B) expression upon PMA/I stimulation were
unchanged in all subsets of NK cells following 1 week of CS exposure. However, CD69 expression
was increased on CD49a"CD49b™ and CD49a*CD49b" NK cells (Fig. 3A), and IFN-y production
reduced in CD49a"CD49b" NK cells (Fig. 3B) following 8 and 12 weeks of CS exposure. cNK
only showed increased CD69 following 12 weeks of CS exposure. At steady state, CD49a*CD49b
NK cells expressed the highest frequency of CD69, fitting with its involvement in tissue retention
(Fig. 3A). CS-induced COPD was associated with dramatically increased CD103 expression on
all lung NK cell subsets, with the greatest increase on CD49a*CD49b" NK cells after 12 weeks
(Fig. 3C). The effects of CS exposure on lung NK cell phenotype can also be appreciated as fold
change in protein expression as shown in Fig. E4. These results demonstrate altered phenotypes
of both cNK (CD49a’) and trNK (CD49a") cells during CS-induced experimental COPD, with the
most marked changes observed in trNK cells. Importantly, trNK cell phenotype is altered earlier

during CS-induced COPD than cNK cells.

Chronic CS exposure impairs cNK and trNK cell responses to 1AV infection

We next exposed mice to air or CS for 10 weeks prior to infecting them with 1AV to determine
how experimental COPD affects NK responses to 1AV infection early during the innate phase (3
days post-inoculation [dpi]) and at the peak of infection [7dpi]) (Fig. 4 and E3) 34,35. CD49a
CD49b"® and CD49a"CD49b", but not CD49a"CD49b", NK cell subsets were increased at 3dpi in
air-exposed mice infected with 1AV (Fig. 4A-C). There were no differences in air-exposed mice
by 7dpi (Fig. 4D and E). Significantly, CS exposure suppressed NK cell numbers in the lungs of

IAV-infected mice at 3dpi compared to controls (Fig. 4A-C). Interestingly, all three NK cell
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populations were increased at 7dpi in IAV-infected, CS-exposed mice (Fig. 4D-F) compared to
sham-infected, CS-exposed and IAV-infected, air-exposed controls. These findings show that NK

cell responses to 1AV are delayed in experimental COPD.

cNK and trNK cell functional markers during lIAV infection are dysregulated by
experimental COPD

We show that IAV infection increases IFN-y production in all three NK cell subsets in air-exposed
mice (3 dpi) and this IFN-y response to IAV in cNK and CD49a*CD49b* trNK cells is unchanged
in CS-exposed mice compared to air-exposed controls (Fig. 5A). Interestingly, we show that IFN-
y production by CD49a"CD49b™ NK cells in response to 1AV was completely abrogated in CS-
exposed mice compared to air-exposed controls (Fig. 5A). Increased expression of the marker of
degranulation, CD107a, in air-exposed mice in response to IAV infection only occurred in
CD49a*CD49b" NK cells at 3dpi (Fig. 5B). CD107a expression was not altered on CD49a*CD49b*
NK cells, but was suppressed on CD49a"CD49b" NK cells in CS-exposed mice, indicating that
experimental COPD may abrogate CD49a*CD49b" NK cytotoxic capacity. Furthermore, CS
exposure increased CD107a expression on CD49a"CD49bY®" cNK cells in sham-infected mice
compared to air-exposed, sham-infected controls and this was further enhanced in CS-exposed,
IAV-infected mice (Fig. 5B), indicating enhanced cytotoxic responses of cNK cells in CS-induced
experimental COPD. NKG2D, an activating receptor important in the recognition and destruction
of IAV-infected cells and NK cell-mediated epithelial cell destruction in COPD, was increased on
all NK cell subsets following 1AV infection in both air- and CS-exposed mice (Fig. 5C), with
greater expression seen in CS-exposed mice compared to air-exposed controls. Interestingly,

experimental COPD enhanced NKG2D expression on trNK cell subsets but not cNK cells, in the

10
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absence of 1AV infection. CD69 frequency was also increased on all NK cell subsets following
IAV infection and this was further increased in CS-exposed groups (Fig. 5D). Interestingly, trNK
cell subsets had the greatest increase in NKG2D and CD69 expression in 1AV-infected, CS-
exposed mice. CD103 expression was not affected by IAV infection in either air- or CS-exposed
mice (Fig. 5E). Collectively these data indicate a dysregulated anti-viral NK cell response in
experimental COPD. Similar findings were observed following IAV infection at 7dpi (Fig. E6),

with the exception of NKG2D.

CD49a* NK cell numbers correlate with more severe disease in patients with COPD

We next investigated the relationship between lung trNK cell subset frequency and human COPD.
Human NK cells, which lack expression of CD49b, were identified in lung parenchyma as CD3"
CD56" cells and further defined as CD569", CD569™CD16* and CD56%™CD16" subsets and their
expression of CD49a assessed (Fig. E7) 20. The greatest frequency of CD49a expression was
observed on immature CD56"9" NK cells, followed by lower levels on CD569™CD16™ NK cells,

with negligible expression detected on mature CD56%™CD16" subsets (Fig. E7).

There was no correlation between the proportion of CD45* lung lymphocytes identified as NK
cells and FEV1% predicted in a mixed cohort of subjects with and without COPD (Fig. 6A).
However, an increased proportion of CD56°9" NK cells correlated with reduced FEV: %
predicted (Fig. 6B), while an increase in CD56%™CD16* NK cell frequency correlated with
increased FEV: % predicted (Fig. 6C). Importantly, the frequency of CD49a on CD56"9" NK
cells negatively correlated with donor FEV1 % predicted, with higher proportions of CD49a* NK

cells observed in subjects with more severe disease (Fig. 6E and Fig. E8A and B). No relationship
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was observed between CD56%™CD16™ NK cells and lung function (Fig. 6D) or with CD49a
expression in this subset (Fig. 6F). The proportions of all NK cell subsets, including trNK cells,
were unaffected by inhaled corticosteroid use or smoking status (Fig. E8 C-L). Pack year history
(where it was known) was not found to correlate with FEV1% (Fig. 6G), which most likely reflects

a strong history of smoking in the non-COPD, cancer resection cohort.

Importantly, we show that equivalent shifts in NK cell phenotype occur in mice during
experimental COPD, with the proportion of CD11b™ NK cells (Fig. 6H; as a proportion of CD3"
NK1.1* NK cells) and the frequency of CD49a expression on these CD11b™ populations (Fig. 61)
increasing in the lungs of CS-exposed mice compared to air-exposed controls. These results
indicate that NK cell numbers and phenotype are altered in COPD, with a skew towards more

immature NK cells and a higher frequency of CD49a*CD56""9"/CD11b" trNK cells with disease.

CD49a* NK cells in the human lung are phenotypically distinct from CD49a” NK cells

We next analysed the expression of NK cell activating receptors NKp46, NKG2D, NKG2C and
the chemokine receptor CCR5 on CD49a+ and CD49a- cells in lung single cells from subjects with
and without COPD. CD49a*CD56""9" NK cells expressed lower levels of NKp46 (P=0.04), but
higher levels of NKG2D (P=0.0039), NKG2C (P=0.0049) and CCR5 (P=0.0039) than CD49a"
CD56™9" NK cells (Fig. 7 A-E). However, CCR5 expression was greater on all subsets of NK
cells analysed from the lung, compared with those isolated from matched donor blood, implicating
this chemokine receptor in general NK cell homing to the lung (Fig. E9A and B). CD49a was also
expressed by CD56%9™CD16 cells (Fig. E7) and interestingly, similar trends were observed in the

phenotype of these cells, with CD49a*CD569™CD16" cells also expressing more NKG2D and
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CCR5 (P=0.042 and 0.0078 respectively, Fig. E9C and F). Although CD49a" trNK cells had a
distinct phenotype compared with circulating CD49a” NK cells in the lungs, the COPD status of
the donor did not affect CD49a" phenotype in our study (Fig. E10). Taken together this data
indicates that there is a distinct phenotype of CD49a* human lung NK cells compared with CD49a

NK cells, that is not explained by COPD status.

CD49a* NK cells in the COPD lung are more responsive to IAV infection than CD49a” NK
cells

To better understand the functional potential of human lung trNK cells in COPD, human lung
tissue was infected ex vivo with AV (X31 H3N2) and NK cell production IFN-y production was
assessed. NK cells from COPD lungs produced IFN-y, whilst no IFN-y was detected in NK cells
from non-COPD lungs (P=0.0079, Fig. 7F and J). Analysis of NK cell subsets in IAV-infected
lungs showed that IFN-y production was primarily detected in CD56™9"CD16" (P=0.032) and
CD56YMCD16™ (P=0.019) NK cells, with less prominent IFN-y upregulation in CD56%™CD16"
cells (P=0.086) (Fig. 7 G-1). Furthermore, CD49a* cells in both CD56""9" and CD56%™ subsets
were the major producers of driving IFN-y production in COPD tissue (P=0.071 and P=0.012, Fig.
7K and L). This data suggests that trNK cells may be hyper-responsive to IAV in the human COPD

lung.
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DISCUSSION

In this study we progress the current understanding of immune dysfunction in COPD by providing
evidence of cNK and trNK cell dysregulation in both human and experimental COPD. In the mouse
the majority of lung NK cells were circulating (CD49a’) with small proportions of CD49a* trNK
cells (9%, Fig. 1B), similar to that found in humans (13%)20. In both murine and human lung tissue
CD49a was expressed on predominantly immature NK cell subsets (CD11b" in mice and CD56°"9"
in humans) with little to no expression on differentiated cytotoxic effectors (Fig. E7 and Fig. 1H
and 1)20. CD49a" trNK cell populations had distinct phenotypes in both species, with increased
NKG2D, CD103 and CD69 relative to cNK cells. Furthermore, a switch to a higher proportion of
CD49a* immature NK cells in the lungs correlated with human disease (Figure 6E) and
development of COPD in a murine model (Figure 3). Together, these data show that both tr and
cNK cells are dysregulated in CS-induced disease and that there is a high parity between lung trNK

cell biology in experimental and human COPD.

Heightened NK cell cytotoxicity and destruction of autologous epithelial cells has previously been
described in COPD and is driven through enhanced dendritic cell signallings,7. Our data is
concurrent with this as we have also described evidence of degranulation (enhanced surface
CD107a) on cNK cells and we add to this understanding by demonstrating a further enhancement
of the degranulation response to IAV infection after CS exposure. However, until now, studies
investigating NK cell function in COPD have only considered cNK cells. For instance, we observe
upregulation of NKG2D (an activating receptor associated with enhanced NK cell cytotoxicity in
COPD) on the cNK pool as described previously44,45. NKG2D ligands are upregulated on

structural cells of COPD airways and may be a key driver of NK cell activation. However, larger
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increases in NKG2D expression were identified on CD49a+ trNK cell subsets, which is concurrent
with increases in other markers of residency and activation, such as CD69 and CD103, in these

populations.

In our model of experimental COPD we investigated trNK cell phenotypes at three distinct points
in disease development. trNK cell phenotypes were altered earlier than cNK cells, with increased
CD69 and CD103 on CD49a" NK cells at 8 weeks of CS exposure (at disease onset) whereas these
increases were only observed on cNK cells at 12 weeks of CS exposure (progressive disease).
Interestingly, CD69 and CD103 are classic tissue residency markers and their upregulation

following CS exposure may indicate a drive towards greater residency in diseased lung tissue.

IAV has an important role in driving disease exacerbations in human COPD34,35,46. In air-exposed
control mice a strong NK cell functional response was identified 3dpi, with population expansions
of cNK and CD49a*CD49b* NK cells, IFN-y production and increased NKG2D and CD69 surface
expression in all subsets (Fig 5). However, CD107a was only identified on CD49a"CD49b" NK
cells post IAV infection in air controls. In CS-exposed mice, expansion of ctNK was delayed to
7dpi, with CD49a*CD49b" NK cells also increased (Fig. 4). In addition, CS exposure enhanced
post-1AV degranulation of cNK cells and increased NKG2D, CD69 and CD103 expression on
cNK and trNK subsets, with CD49a* trNK cells demonstrating the greatest increases in all three
markers. This distortion in the NK cell response and particularly the delay in NK cell expansion,
may contribute to the exacerbation of COPD during viral infection and lack of viral

clearance34,35,47-50. We propose that changes in trNK cell populations indicate a potentially
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aberrant priming of response to IAV infection and a CS-induced shift from a protective NK cell

response to one that may contribute to excessive inflammation and tissue damage.

CD49a*CD49b" NK cells express higher NKG2D but lower EOMES, Gzm-B and CD107a relative
to CD49a*CD4b* lung NK cells, but only CD49a*CD49b" NK cells provided evidence of
degranulation in response to IAV. These differences might reflect a greater cytotoxic capacity in
CD49a*CD49b" NK cells or point towards other different functional responses in the two
populations. However, heterogeneity of CD49b expression within the CD49a+ population may
simply enable residency in different parts of the lung tissue due to different collagen/laminin

specificities and may not impact function, however this remains to be explored directly.

Although the IFN-y response of trNK cells was unchanged or diminished in experimental COPD,
in ex vivo infection of human lung tissue explants NK cell IFN-y production was only identified
in CD49a" lung trNK cells from COPD donors (Figure 7). This suggests a hyper-responsiveness
of CD49a* NK cells to IAV in human COPD and a potential link to exacerbation of underlying
disease. This apparent species difference may reflect a life-time exposure to IAV in human donors,
versus novel pathogen exposure in the mouse. However, it is interesting that in experimental
COPD an altered trNK cell phenotype is observed with enhanced markers of activation
(CD69/NKG2D) and residency (CD103). Human CD49a* lung NK cells express more NKG2D
(Fig 7B) which may explain the heightened response of CD49a* NK cells to IAV19-21. If trNK
cells are primed through NKG2D signaling in COPD tissue, this may drive the observed IFN-y

production from these cells during ex vivo infection.
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Due to logistical constraints on cage number, the smoking experiments described here were only
performed with female mice, limiting the applicability of this data for the male gender.
Furthermore, our analysis of CS effect over time of smoke exposure was designed as three
independent experiments and should be considered as such, rather than a true timecourse and
recognize the use of single animal experiments as a limitation. In addition, it should be noted that
all human lung tissue was obtained from cancer resection surgeries and the effect of lung tumour
on the NK cell phenotype cannot be fully excluded from our analysis. However, in line with our
previous work using resected human lung tissue, we have still observed COPD-related effects on
immune cell function over and above the presence of cancer®. We recognize the small number of
human samples analyzed as a limitation and that these data only provide insight into mild-moderate
COPD rather than more severe disease. In addition, there are also significant differences in NK
cell marker expression between mice and humans that limit our ability to draw a direct link
between the populations described here, most notably a lack of NK1.1 and CD49b in humans and
CD56 in mice. Lastly, IAV infection in the murine model represents the introduction of novel
pathogen whereas ex vivo IAV infection of human lung tissue is more likely to be recognized by
existing arms of the immune system due to the high circulation of this virus and age of the tissue
donors. Therefore, some of the species differences observed in this study may reflect this

underlying difference in immune-biology of novel vs recurring infection.

Overall, this work demonstrates the complex effects of smoking and inflammatory disease on the
phenotype and function of lung-resident NK cells and provides evidence of trNK cell dysregulation
in murine and human COPD. In the murine model of experimental COPD trNK cells demonstrate

large increases in the expression of CD69 and NKG2D following AV infection, with suppression
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of IFN-y and CD107a. In human COPD, an ex vivo IAV infection of lung tissue elicits fast IFN-y
production from trNK cells, indicating a potentially aberrant and detrimental response to IAV that
may contribute to excess inflammation and exacerbation of disease. trNK cells express integrins
that bind collagen IV and E-cadherin (CD49a and CD103, respectively) and therefore may be
located close to the epithelial layer of the lungs. Given the potential of these cells to respond to
local insults and mediate heightened inflammatory responses, understanding this dysregulated
innate immunity in COPD is important to intervening during disease development and

exacerbation.
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589  Fig. 1: Identification and characterization of CD49a*CD49b" trNK cells in murine lungs. (A)

590  Gating strategy to define murine lung trNK cells. CD49a and CD49b expression on CD45"CD3
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604

NK1.1* cells was determined based on Fluorescence-Minus-One (FMO) controls (Fig. E2A). (B,
C) Quantification of CD49a’CD49b"¥, CD49a*CD49b" and CD49a*CD49b" NK cells in murine
lungs, as a proportion of the whole NK cell population (CD45*CD3'NK1.1* cells, B) and total
numbers per lung (C). (D-G) Representative flow cytometry plots and quantitation of CD49a
CD49b"® (blue; circle), CD49a*CD49b* (green; square) and CD49a"CD49b™ (pink; triangle) NK
cell expression of NKG2D (D; N=8), CD103 (E; N=24), EOMES (F; N=24), and granzyme-B (G;
N=8). (H) Representative flow cytometry plots and (1) quantitation of CD49a expression in CD27
CD11b", CD27°CD11b", CD27*CD11b", and CD27'CD11b" NK cells (CD45"CD3'NK1.1* cells;
N=8). (B, C, F) Cumulative results from three independent experiments are shown, for all other
panels data from a single experiment is reported. Lines describe means. Statistical analysis by
paired two-tailed t-test (B-E, G), one-way ANOVA with Bonferroni’s multiple comparison
correction () or repeated measures one-way ANOVA with Bonferroni multiple comparison

correction (F).
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606  Fig. 2: CS exposure alters the numbers of CD49a" NK cells in the murine lung. Numbers of
607  (A) CD49a'CD49b"¥, (B) CD49a"CD49b* and (C) CD49a*CD49b" NK cells per lung in normal
608  air or CS exposed mice after 1, 8 or 12 weeks (N=7-8 per group). Horizontal lines show means.
609  Statistical analysis by unpaired t-test. Data is from a single experiment and experimental time
610  points were assayed separately.
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Fig. 3: CS exposure and experimental COPD are associated with altered NK cell
functionality. Proportion of murine lung CD49a CD49b"®", CD49a*CD49b" and CD49a*CD49b
NK cells expressing (A) CD69, (B) IFN-y and (C) CD103 in normal air or CS exposed mice after
1, 8 or 12 weeks. CD49a'CD49b"™ NK (circles), CD49a"CD49b* NK (squares) and
CD49a*CD49b" (triangles) cells and air- (closed symbols) and CS-exposed (open symbols) mice
are indicated. Horizontal lines show means. Data is from a single experiment. Statistical analysis

by unpaired t-test. Representative flow cytometry plots show gating on whole NK cell populations.
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Fig. 4: Chronic CS exposure delays the responses of cNK and trNK cells to 1AV infection.
Numbers of (A, D) CD49a"CD49b"¥, (B, E) CD49a"CD49b* and (C, F) CD49a"CD49b™ NK cells
per lung in normal air- or CS-exposed mice after 10 weeks followed by IAV (H1IN1 A/PR/8) or
mock (Med, media) infection for (A-C) 3 or (D-F) 7 days. Horizontal lines show means. Data is
from a single experiment. Statistical analysis by one-way ANOVA with Bonferroni’s multiple

comparison correction (N=5-8/group).
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Fig. 5: Chronic CS exposure dysregulates the functional responses of cNK and trNK cells to
IAV. Proportion of murine lung CD49a'CD49b"", CD49a*CD49b* and CD49a*CD49b" NK cells
expressing (A) IFN-y, (B) CD107a, (C) NKG2D, (D) CD69 and (E) CD103 in normal air- or CS-
exposed mice after 10 weeks followed by infection with IAV (H1IN1 A/PR/8) or mock (Med,
media) infection for 3 days (N=7-8/group). CD49a"CD49b"¥" (circles), CD49a*CD49b* (squares)
and CD49a*CD49b (triangles) NK cells and air- (closed symbols) and CS-exposed mice (open
symbols) are indicated. Lines show means. Data is from a single experiment. Statistical analysis

by one-way ANOVA with Bonferroni’s multiple comparison correction.
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Fig. 6: NK cell phenotypic features correlate with FEV1% in humans and equivalent
phenotypic shifts are observed in experimental COPD. Frequencies of (A) total NK cells (CD3"
CD56" cells; as a proportion of CD45* lymphocytes), (B) CD56°9", (C) CD56%MCD16* and (D)
CD569MCD16™ NK cells (as a proportion of total NK cells), and (E) CD56"9"CD49a* and (F)
CD569MCD16°CD49%a* NK cell subsets (as a proportion of CD56"9" or CD569™CD16™ NK cells
respectively) in lung tissue from a mixed cohort of COPD (N= 17, red dots) and non-COPD
(N=15, blue dots) donors correlated with donor FEV1%. (G) Pack year history correlated with
FEV1% for COPD and non-COPD human donors is shown. Pearson correlation co-efficient and
statistical analyses are shown. (H) Frequencies of CD27-CD11b", CD27"CD11b", CD27*CD11b",

and CD27°CD11b" NK cells as a proportion of CD45"CD3'NK1.1" NK cells and (l) frequency of
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651  CD49aexpression on CD27°CD11b", CD27*CD11b", CD27*CD11b*, and CD27'CD11b" NK cells
652 in lungs from normal air- or CS-exposed mice after 10 weeks. Horizontal lines show means. Data
653 is from a single experiment. Statistical analysis by one-way ANOVA with Bonferroni’s multiple

654  comparison correction (N=7-8/group).
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656  Fig. 7: CD49a" NK cells are phenotypically distinct from CD49a” NK cells in the human lung.

657  (A) Representative flow cytometry plots comparing the expression of NKp46, NKG2D, NKG2C
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and CCR5 on CD49a*CD56""9" and CD49a'CD56°™" NK cells from human lung tissue.
Quantification of marker expression for (B) NKG2D (N=10), (C) NKp46 (N=10), (D) NKG2C
(N=11) and (E) CCR5 (N=8) on CD49a*CD56""9" and CD49a CD56""9" lung NK cells. COPD
and non-COPD donors are shown. For constitutively expressed proteins such as NKp46 and
NKG2D, population MFI is reported. Statistical analysis by Wilcoxon signed-rank test. (F-1) NK
cell intracellular IFN-y accumulation after IAV infection in lung tissue explants from donors with
and without a COPD diagnosis (COPD N=4, non-COPD N=6). Background fluorescence from
non-infected (NI) tissue was subtracted from all values. IFN-y production in (G) CD56°"9"CD16
, (H) CD56%MCD16" and (1) CD569™CD16™ NK cells is shown. (J) Representative flow cytometry
plot of CD56"" |[FN-y production in IAV-infected COPD lung tissue. IFN-y production was
compared between CD49a* (purple dots) and CD49a populations (blue dots) of (K) CD56°"9" and
(L) CD56%™CD16™ NK cells in COPD and non-COPD lung. Lines describe medians, statistical

analysis was performed by Mann-Whitney test.
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Supplementary Information

Supplementary Methods

Study Design. We aimed to characterize the phenotypes of lung trNK cells compared to cNK cells
and examine the effects of CS exposure and COPD development on the phenotype and function
of these cells. To do this controlled laboratory experiments were performed in both a murine model
and human clinical samples. For the CS-induced experimental COPD model, mice were randomly
assigned to groups and groups of 5-8 mice were used. For the characterization of trNK cell
populations in naive mice, up to 8 mice were used per individual experiment. Group sizes were
not altered throughout the course of the study. Power calculations were not used to determine
sample size, which were based on extensive experience. Groups that are compared were collected
and processed at the same time. Outlier testing (Grubbs) was performed on all datasets and
statistical outliers removed. For animal data, parametric analyses were used and mean summarized.
Experiments were repeated at different timepoints of CS exposure and with/without IAV infection
challenge. The analysis of the effect of CS exposure after three different lengths of time (1, 8 and
12 weeks) were performed independently with matched air controls in each experiment.
Investigators were blinded for quantification of emphysematous changes but were not blinded for
flow cytometric analyses. Human lung tissue and blood was collected opportunistically from
cancer resection surgeries taking place at Southampton General Hospital. Analysis of human
tissues was performed blinded with COPD status unknown to the researcher until the end of the
study. Donors with known chronic lung infections were subsequently excluded from study (i.e
tuberculosis). All patients assigned into the COPD subgroup had an established diagnosis of COPD
or obstructive pattern spirometry with clinical or radiological evidence of COPD. Several patients

assigned into the non-COPD subgroup had a FEV1/FVC ratio < 0.70 (mild degree). One non-
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COPD donor had a diagnosis of asthma with no previous smoking exposure. All patients in the
non-COPD subgroup have FEV1 and FVC values in the normal range or higher than predicted
values, with no other clinical or radiological suspicion of COPD. For human datasets, non-

parametric analyses were used and medians are shown due to data distribution.

Mice. All murine experiments were approved by the University of Newcastle Animal Care and
Ethics Committee and performed at the Hunter Medical Research Institute, NSW, Australia. Eight-
12 week-old female C57BL/6 mice were used as female mice are more susceptible to CS-induced
airways remodeling and inflammatory factor upregulation, which reflects the increased risk of

COPD seen in women compared to men, when amount of smoking is controlled [E1].

Murine immune cell isolation and stimulation. Lungs were digested with 2mg/mL collagenase D
with 40U/mL DNase (Roche) in 5mL HEPES buffer (10mM HEPES-NaOH [pH7.4], 150mM
NaCl, 5mM KCI, 1ImM MgClz, 1.8mM CacCly) at 37°C for 30min with agitation and homogenised
with a gentleMACS (Miltenyi) homogeniser. Red blood cells were removed with lysis buffer
(155mM NH4Cl, 12mM NaHCOs, 0.1mM ethylenediaminetetraacetic acid [EDTA], pH 7.35) and
the digest stimulated with 50ng/mL PMA and 1pg/mL ionomycin with Sug/mL of brefeldin A

(Sigma) for 5h.

Emphysema. Mouse lungs were perfused with 0.9% saline and inflated with (0.5mL) and
submerged in 10% buffered formalin at the endpoint. Isovolumetric inflation was used in order to
maintain lung architecture and avoid over-inflation which artificially increases alveolar size in

mice with emphysema [E2]. Four pm thick sections of paraffin-embedded lung tissue were
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mounted on microscope slides and stained with haematoxylin and eosin. A standardized template
of horizontal lines was laid over randomly acquired micrographs (40x) of parenchymal tissue in
lung sections (10 per mouse). The number of intercepts between alveolar walls and template lines
were counted, the average number of intercepts for each mouse determined and MLI calculated
based on cumulative length of template lines. Reduced numbers of intercepts and increased MLI

length are an indicator of increased alveolar size and emphysema [E3,4].

Human tissue donors. This study was approved by Southampton and South West Hampshire
Research Ethics Committee, UK 09/H0504/109, and all participants provided informed written
consent. Seventeen out of the 32 tissue donors either had a pre-existing COPD diagnosis or were
retrospectively diagnosed based on a reduced FEV1% and FEVi/forced vital capacity ratio,
consistent with a global initiative for chronic obstructive lung disease (GOLD) diagnosis [E5]. The
remaining 15 were classified as non-COPD. COPD and non-COPD donors were well matched for
characteristics including age (P=0.39), gender (P=0.29), smoking status (P=0.4) and resection
location (P=0.32, Table S1). COPD donors had a greater history of smoking with higher pack-
years (median COPD; 45, non-COPD; 20; P=0.028) and inhaled corticosteroid use (in 10 out of
17 COPD donors; Table S1). Donors with known chronic lung infections were subsequently

excluded from study (i.e tuberculosis).

Preparation of human lung tissue and explant infection. Lung tissue explants were cut into 4-6
mm? pieces with 6 fragments/well and washed with cold RPMI. Lung explants were rested for 16h
in complete RPMI (RPMI with 10% FCS, 2 mg/mL L-glutamine, 0.05 IU/mL penicillin, 50 pg/mL

streptomycin and 0. 25ug/mL amphotericin B, Sigma). Lung tissue was then digested in 0.5
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mg/mL collagenase (37°C, 15min), passed through a 40 pum filter and centrifuged (800xg, 15min)
over a Ficoll-paque layer. Cells isolated from the interface were stained for flow cytometry.
Alternatively, for 1AV infection of lung explants, lung fragments were infected with 3.15x10’
IU/mL live or UV-irradiated 1AV following 16h rest [E6]. UV-irradiated IAV was created by
exposing live virus to UV light for 2h on ice. Two-h post-infection, extracellular virus was
removed by washing with PBS and explants cultured in fresh media for a further 14h. To measure
intracellular cytokines, explants were then incubated with 2uM Monensin (eBioscience) for 24h.
After infection, cells were dispersed from tissue by agitation in 0.5 mg/ml collagenase. Digests
were filtered and cells stained for flow cytometry. Cells were resuspended in 100uL. PBS and
incubated with a 1:100 dilution of Zombie-Violet (Biolegend, San Diego, USA) amine binding

dye for 30 min on ice.

Flow cytometry. All steps were performed in PBS containing 2mM EDTA and 1% BSA on ice
unless otherwise stated. Cells were washed and incubated with 2mg/mL Fc block for 15min then
incubated with fluorophore-conjugated antibodies against surface markers (Table S2) for 30min.
Biotin-conjugated antibodies were subsequently labeled with fluorophore-conjugated streptavidin.
Cells were fixed with 2% paraformaldehyde or Cytofix/Cytoperm (BD Biosciences). For
intracellular staining, cells were incubated with antibodies in permeabilisation buffer (BD) for
30min. Data was acquired with a FACS Aria lll or Il and analysed with FACSDiva (BD) or FlowJo
(TreeStar) software. The use of MFI or % was decided based on the histogram profile of the
fluorescence readout of each marker. Where a distinct peak was observed relative to the unstained

or FMO control then the % of population was reported (e.g CD103 and granzyme-B - Figl&?2),
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but where a shift in the whole population was observed (e.g EOMES and NKG2D Figl) then MFI

was used

Fig. E1 — CS exposure induces alveolar enlargement in a mouse model of COPD and IAV
infection has no additional affect.

Fig. E2: Quantification of CD49a* NK cells in the murine lung

Fig. E3: Proportions of CD49a* NK cells in the lungs of air- and CS-exposed mice over time
Fig. E4: Altered expression of functional and phenotypic markers on CD49a+ NK cell in CS-
treated mice expressed as fold change relative to air controls.

Fig. E5: Proportions of CD49a", CD49a"CD49b™ and CD49a"CD49b* NK cells in the lungs of
air- and CS-exposed mice.

Fig. E6: Functional marker expression on CD49a* and CD49a” NK cells 7 dpi with IAV

Fig. E7: Gating strategy to define human CD49a" and CD49a lung NK cells

Fig. E8: COPD severity, but not inhaled corticosteroid use or smoking status, is associated with
altered human NK cell subpopulations.

Fig. E9: Expression of CCRS5 and activating receptors on CD569™CD16™ NK cells

Fig. E10: Expression of NK cell activating receptors are not affected by COPD status in humans

Table E1: Clinical demographics for resected human lung tissue cohort

Table E2: Antibodies used for flow cytometry
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Fig. E1 — CS exposure induces alveolar enlargement in a mouse model of COPD and 1AV
infection has no additional affect. Lungs were perfused and inflated and emphysema-like
alveolar enlargement assessed by determining alveolar wall mean linear intercept (MLI) in
haematoxylin and eosin stained sections from normal air- or CS-exposed mice after 10 weeks
followed by IAV (H1N1 A/PR/8) or mock (Med, media) infection for 3 days. Horizontal lines
show means. Statistical analysis by one-way ANOVA with Bonferroni’s multiple comparison

correction (N=7-8/group).
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Fig. E2 - Quantification of CD49a+ NK cells in the murine lung. (A) Representative gating on

CD49a+ NK cell populations in the mouse lung, gates were set from FMO controls after gating

CD45"CD3 NK1.1" cells. (B) Gating strategy to define murine lung NK cell maturation state based

on CD27 and CD11b expression. (C, D) Quantification of CD27'CD11b,, CD27°CD11b",

CD27+CD11b", and CD27'CD11b" NK cells in murine lungs, as a proportion of NK cells and total

numbers per lung. (E) Lung NK cells (defined as CD3'NK1.1* cells) as a proportion of live

lymphocytes (CD45") following 12 weeks of air or CS exposure. (F) Numbers of NK cells

calculated per lung after 12 weeks of exposure. Cell number = Proportion of singlet gate x Total

hemocytometer cell count. Lines describe mean. Statistical analysis by T-test (N=8).
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Fig. E3 - Proportions of CD49a+ NK cells in the lungs of air- and CS-exposed mice over time.
The proportion of (A) CD49a"CD49b"¥, (B) CD49a*CD49b" and (C) CD49a*CD46b" within the
NK cell population of mice exposed to air or CS for 1, 8 and 12 weeks of treatment. Horizontal
lines show means. Statistical analysis was performed with a two-tailed unpaired T-test (7-8 mice /

group).
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Fig. E4 - Altered expression of functional and phenotypic markers on CD49a+ NK cell in

821

CS-treated mice expressed as fold change relative to air controls. Blue dotted line represents
48
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823  airtreated controls. (A) % CD69 expression, (B) %IFN-y expression and (C) % CD103 on CD49a+

824  and CD49a- NK cell subsets from the lung.
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827  Fig. E5 - Proportions of CD49a’, CD49a*CD49b" and CD49a*CD49b" NK cells in the lungs
828  of air- and CS-exposed mice during 1AV infection. The proportion of murine lung (A, D)
829  CD49a-CD49bvar, (B, E) CD49a+CD49b+ and (C, F) CD49a+CD49b- NK cells in air or CS
830  exposed mice after 10 weeks of exposure followed by infection with influenza A virus (IAV H1N1
831  A/PR/8) or mock (media) infection for (A, B, C) 3 or (D, E, F) 7 days. Lines show means.
832  Statistical analysis by one way ANOVA with Bonferroni’s multiple comparison correction.
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Fig. E6 - Functional marker expression on CD49a+ and CD49a- NK cells 7 dpi with 1AV.
The proportion of murine lung CD49a"CD49b"¥", CD49a"CD49b* and CD49a*CD49b” NK cells
expressing (A) IFN-y, (B) CD107a, (C) NKG2D, (D) CD69 and (E) CD103 in mice after 10 weeks
of air or CS exposure followed by infection with IAV (HIN1 A/PR/8) or mock (media) infection
for 7 days. CD49a'CD49b¥* NK cells (circles), CD49a*CD49b* NK cells (squares) and
CD49a*CD49b" (triangles), air (closed symbols) and CS-exposure (open symbols) are shown.
Horizontal lines show means. Statistical analysis using one way ANOVA with Bonferroni’s

multiple comparison correction.
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Fig. E7 - Gating strategy to define human CD49a* and CD49a" lung NK cells.
NK cells were defined as CD45*CD3 CD56" cells and further stratified into CD56""9"CD16",

CD569MCD16" and CD569™CD16™ NK cells.
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Fig. E8 - COPD severity, but not inhaled corticosteriod use or smoking status, is associated
with altered NK cell subpopulations in human lung. (A, B) Proportions of (A) CD49a*
CD56"9" and (B) CD49a*CD569™CD16" cells within the NK cell population, stratified by mild
and moderate COPD status as defined by GOLD guidelines (donors not using ICS N=7). (C) The
proportion of NK cells as a percentage of CD45" lymphocytes in donors that were using ICS (N=7)
versus those that were not (N=8). (D-F) Proportions of CD56"9" and CD56%™CD16" subsets
within the whole NK cell population stratified by ICS use. (G) The proportion of NK cells as a
percentage of CD45" lymphocytes in donors that were current (N=4) or ex-smokers (N=10). (H-
J) Proportions of CD56""9" CD569™MCD16* and CD56%™CD16™ NK cell subsets in current and ex-
smokers. (K, L) Proportions of CD49a* CD56""9" (K) and CD56%™CD16" (L) NK cells stratified
based on smoking status. (Current smokers N=3, ex-smokers N=10). Statistical analysis by two-

tailed Mann-Whitney U-test. Horizontal lines show medians.
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Fig. E9 - Expression of CCR5 and activating receptors on CD569™CD16™ NK cells in human
lung and blood (A) CCRS5 expression on NK cells isolated from human lungs and matched blood.
(B) CCR5 expression on CD56°9" and CD56%™ NK cell subsets in human lung and matched
blood. Horizontal lines show medians, statistical analysis used the Wilcoxon signed-rank test. (C-
F) Quantification of surface marker expression of CD49a* and CD49a” CD56™CD16™ NK cells
from human lung. NKG2D (C, N=10) NKp46 (D, N=10), NKG2C (E, N=11) and CCR5 (F, N=8)
are reported. Horizontal lines show medians, statistical analysis used the Wilcoxon signed-rank

test.
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877  Fig. E10 - Expression of NK cell activating receptors are not affected by COPD status in
878  humans. CD49a*CD56""9" NK cell expression of NKG2D (A), NKp46 (B), NKG2C (C) and

879  CCRS5 (D) in donors with and without COPD. Statistical analysis by Mann-Whitney test.
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882

883

884

885

886

887

COPD

Number of donors 17

Age (median years) 70 (8)
Gender (F/ M) 9/8
Smoking status 0/11/5/1
(never / ex / current / unknown)

Pack-years of smoking 45" (20)
FEV1% 70 (9.25)
FEV1/FVC ratio 0.62 (0.14)
Resection Location 3/3/8/0/3

(LUL/LLL/RUL/RML/RLL)

Inhaled corticosteroiduse (+/-) | 10/7

Table S1: Clinical demographics for resected human lung tissue cohort. Median values are
shown with italicized interquartile range values in brackets. Donor COPD status was obtained from
formal diagnosis and low values in pulmonary function tests. Statistical analysis was performed

with Mann Whitney, 2Fisher’s two-sided or *Chi square tests. *Information not available for 4

donors.

Non-COPD
15
76 (14)
1174

4/771/3

20* (35)
100.5 (17.25)
0.69 (0.1)

5/17/472/3

0/15

56

P value

0.391
0.292

0.43

0.0281
<0.001"
0.0026"

0.323

0.00032
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Table S2: Antibodies used for flow cytometry

Target | Antigen Fluorochrome | Cat # Manufacturer | Clone
Species

Mouse CD45 PerCP 103130 Biolegend 30-F11
Mouse CD3 APC 100311 Biolegend 145-2C11
Mouse NK1.1 PE-Cy7 108714 Biolegend PK136
Mouse NKG2D Biotin 115703 Biolegend C7
Mouse CD27 APC-Cy7 124225 Biolegend LG.3A10
Mouse CD11b AF700 557960 BD M1/70
Mouse CD69 BUV395 740220 BD H1.2F3
Mouse CD107a BV786 564349 BD 1D4B
Mouse CD49b PE-Dazzle594 | 108923 Biolegend DX5
Mouse CD49a BV605 740375 BD Ha31/8
Mouse CD103 BUV737 749393 BD 2E7
Mouse IFNy PE 505808 Biolegend XMG1.2
Mouse CD49b FITC 108905 Biolegend DX5
Mouse CD49a BV711 564863 BD Ha31/8
Mouse CD103 BV510 563087 BD M290
Mouse CD69 PECF594 562455 BD H1.2F3
Mouse GzmB Biotin 13-8822-82 | Thermo 16G6
Mouse Eomes eFluor450 48-4875-82 | Thermo Danllimag
Human CD45 BV510 563204 BD HI30
Human CD45 APC-Cy7 555485 BD HI30

57




889

890

892

893

895

896

897

Human | CD3 PerCP 300428 Biolegend UCHT1
Human | CD3 APC 300412 Biolegend UCHT1
Human | CD56 PE-Cy7 318318 Biolegend HCD56
Human CD16 FITC 556618 BD 3G8
Human CD49a PE 559596 BD SR84
Human | CCR5 PE-Dazzle594 | 359126 Biolegend J418F1
Human NKG2D APC-Cy7 320824 Biolegend 1D11
Human NKG2C APC FAB138A | R&D Systems | REA205
Human | NKp46 BV421 331914 Biolegend 9E2
Human | IFNy PerCP-Cy5.5 | 502526 Biolegend 4S.B3

Streptavidin | BVv421 405226 Biolegend

Streptavidin | BV650 405231 Biolegend
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