
Contribution of pulmonary KLRG1high and KLRG1low CD8 T cells
to effector and memory responses during influenza virus
infection

Fang Ye*, Joanne Turner#, and Emilio Flaño*,+

*Center for Vaccines and Immunity, The Research Institute at Nationwide Children’s Hospital,
Columbus, OH 43205
#Department of Microbial Infection & Immunity, College of Medicine, The Ohio State University,
Columbus, OH 43210
+Department of Pediatrics, College of Medicine, The Ohio State University, Columbus, OH 43210

Abstract
In response to pathogen insult, CD8 T cells undergo expansion and a dynamic differentiation
process into functionally different subpopulations. In this report, we show that during the effector
response to influenza virus infection lung CD8 T cell subsets expressing killer cell lectin-like
receptor G1 (KLRG1)high or KLRG1low had similar effector functions and immediate recall
efficacy. The KLRG1 expression profile of lung CD8 T cells was not permanent after adoptive
transfer and recall. Airway CD8 T cells exhibited a unique phenotype expressing low levels of
KLRG1 together with high levels of markers of cellular activation. We investigated the functional
characteristics of these cells by analyzing their capacity to survive and to respond to a secondary
challenge outside of the airway environment. KLRG1high CD8 T cells isolated from the lung
during the peak of the effector T cell response could survive for over a month in the absence of
cognate viral antigens after systemic adoptive transfer, and these “rested” CD8 T cells proliferated
and participated in a recall response to influenza virus infection. These data highlight the unique
phenotype and plasticity of effector CD8 T cell responses in the lung.

Introduction
The airway is a major portal for pathogen entry in the body, and CD8 T cells present in the
bronchoalveolar space have an important role in the control of respiratory infections. The
initiation of a CD8 T cell response after respiratory virus infection requires the migration of
lung dendritic cells carrying viral antigens to the draining lymph node, and the subsequent
priming of naïve antigen-specific CD8 T cells. After activation and clonal expansion, these
CD8 T cells differentiate into effector cells that migrate to the mucosal site of infection to
mediate pathogen clearance. This process is mostly mediated through the secretion of
antiviral cytokines and the lysis of infected airway epithelial cells (1, 2). The effector CD8 T
cell response is heterogeneous and consists of two major subpopulations: KLRG1high

CD127low are terminally differentiated SLECs (3–6), and KLRG1low CD127high have been
referred as memory precursor effector cells (MPECs) (6). It has been suggested that TEM are
derived largely from the KLRG1highCD127low effector subpopulation, whereas
KLRG1lowCD127high cells give rise to central-memory Tcells (TCM) (6, 7). The plasticity or
secondary replicative function of CD8 T cells with an effector phenotype has been described
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during acute (8) and persistent viral infections (9–11). Memory CD8 T cells isolated from
the airways can participate in recall responses (12) but whether this occurs during the
effector phase of the response remains unclear.

KLRG1 is used as a surrogate marker of terminally differentiated SLECs (6, 13–15).
KLRG1 expression on CD8 T cells correlates with replicative senescence and impaired
proliferative potential (4, 16), suggesting that KLRG1 expression may reflect a common
program of terminal cell differentiation. Upon ITIM-phosphorylation, KLRG1 recruits
SHIP-1 and SHIP-2 and inhibits suboptimal TCR signaling (17), implying that KLRG1
signaling may also dampen cytokine production and killing (4, 16). The ligands of KLRG1
have recently been described and are the ubiquitous E-, N-, and R-cadherins (17–19).
KLRG1 expression may define unique subpopulations of effector and memory CD8 T cells
(20–22), but the relative contribution of KLRG1 subsets to immunity in non-lymphoid
tissues is still a matter of debate. In this report, we show that during the effector response to
influenza virus infection lung CD8 T cell subsets expressing KLRG1high or KLRG1low have
similar effector functions, including IFNγ production, degranulation, and recall efficacy.
KLRG1high CD8 T cells are capable of surviving long-term in the absence of cognate
antigen, and can also proliferate during recall. Our findings shed light on the anatomical
differences and plasticity of CD8 T cell responses.

Materials and Methods
Mice and viral infection

C57BL/6J, B6.SJL-Ptprca Pep3/BoyJ (Pep/boy, CD45.1) and B6.PL-Thy1a/CyJ (B6.PL,
CD90.1) mice were obtained from The Jackson Laboratory, or were bred at the Research
Institute at Nationwide Children’s Hospital. Mice were housed in BL2 containment under
pathogen-free conditions. Mice were anesthetized with 2,2,2,-tribromoethanol and
intranasally inoculated with 3000 50% egg infectious doses (EID50) influenza A virus strain
X31 (H3N2) in 30 μl of HBSS. The Institutional Animal Care and Use Committee approved
all of the animal studies described in this work.

Flow cytometry analysis
Single-cell suspensions were stained with Fc-block (CD16/32), and then washed and stained
with a combination of the influenza virus-specific tetramer NP366-374/Db and antibodies
against CD8, CD44, Ly-6C (Biolegend), CD90.2, CD62L, KLRG1, CD69, CD103, CD27
(eBioscience), CD43-activation associated glycoform (BD Biosciences) and CXCR3 (R&D
Systems). For intracellular cytokine staining, a total of 2×106 cells/sample were incubated in
tissue culture medium in the presence of IL-2 (10 U/ml) and brefeldin A (10 mg/ml) for 5 h
at 37°C. As a positive control, cells were stimulated with PMA/ionomycin. After Fc
blocking, the cells were stained with antibodies against CD8 and CD107ab, fixed,
permeabilized, and stained with antibodies against IFNγ or isotype control antibodies. Flow
cytometry data were acquired on a BD LSR II, and analyzed using FlowJo software. Gates
were set using negative controls and isotype controls.

FACS-sorting and adoptive cell transfers
Lung cells from 10 donor mice/group (CD45.1/CD90.2 and CD45.2/CD90.2) at day 10 post-
infection were FACS-purified into KLRG1high or KLRG1low CD44+ CD8 T cells. Sorted
subsets were combined in equal numbers for each donor, and a total of 1–2.5×105 cells were
intravenously transferred into naïve recipient mice (CD45.2/CD90.1). The recipient mice
were rested during 24 h (immediate recall) or during 30 d (memory recall), and then
intranasally challenged with influenza virus. The indicated tissues were analyzed 7 d later.
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Reverse transcriptase quantitative PCR (RT-qPCR)
Total mRNA was purified using TRIzol Reagent (Invitrogen), and 1 μg of each sample was
reverse transcribed using high capacity cDNA reverse transcription kit (Applied
Biosystems). Primer sequences were used as follows: Bmi-1,
5′ATGGCCGCTTGGCTCGCATT-3′ and 5′AAAGATCCCGGAAAGAGCGGC-3′;
KLRG1, 5′AGCCTCGTCCCGTAGACAAAA-3′ and 5′
TGGCAACAATCTCCACTTTGC-3′; Blimp-1, 5′GTCGCGGAGACGCAAGAGCA-3′
and 5′CTTGGGGGCAGCCAAGGTCG-3′; T-bet, 5′CCTCGCCTGGTGAAATGTGC-3′
and 5′GAGGGACTTCATGGCTTTCTGC-3′; Eomes
5′GGTGGGGTTGAGTCCGTTTATGTT-3′ and 5′GGCCAGGGTTCTCCGCTCTA-3′;
GAPDH 5′AGCCTCGTCCCGTAGACAAAA3′ and
5′TGGCAACAATCTCCAAAACTTTGC 3′. PCR amplifications were performed on an
ABI Prism 7500 Real Time PCR system using 96-well microtiter plates.

Results
Reduced KLRG1 expression on airway CD8 T cells

We examined influenza virus-specific CD8 T cells for cell surface KLRG1 expression on
day 10 post- infection, which is at the peak of influenza virus-specific CD8 T cell expansion.
While two populations of CD8 T cells (KLRG1high and KLRG1low) could be discriminated
in both the NP366-374/Db tetramer-positive and tetramer-negative CD8 T cells in lung
parenchyma, MLN and spleen, a conspicuous KLRG1high population was missing in the
BAL (Figure A). Less than 10% of the influenza virus NP366-374/Db-specific CD8 T cells
located in the airways expressed KLRG1 compared to 40–50% in the lung parenchyma on
day 10 after infection (Figure 1B). The intensity of KLRG1 expression in airway NP366-374/
Db-specific CD8 T cells, measured as MFI, was 5-fold lower than in their lung parenchyma
counterparts (Figure 1B). Airway NP366-374/Db-negative CD8 T cells also expressed less
KLRG1 than their lung parenchyma counterparts (Figure 1C). A time course analysis of
KLRG1 expression on influenza virus NP366-374/Db-specific CD8 T cells in the
bronchoalveolar space showed a significant decrease in the frequency of virus-specific
KLRG1high CD8 T cells during the peak of T cell expansion (days 10–14, Figure 1D). Next,
we analyzed absolute T cell numbers at different times after infection (Figure 1E). This
analysis shows an increase in the number of airway KLRG1low NP366-374/Db-specific CD8
T cells, and that KLRG1high NP366-374/Db-specific CD8 T cells are ten times less abundant
that their KLRG1low counterparts in the airways during the peak of the T cell response to
influenza virus infection. Interestingly, at early (day 7) and late (day 17–20) times after
infection the number of virus-specific KLRG1low and KLRG1high CD8 T cells present in the
airways was similar. To determine if the reduced KLRG1 expression observed in airway
CD8 T cells when compared to their lung parenchyma counterparts was due to protein
cleavage or to transcriptional control we determined the expression level of KLRG1 mRNA
on FACS-sorted CD8 T cells from BAL and lung parenchyma by RT-qPCR. The data show
significantly reduced KLRG1 mRNA expression levels of in CD8 T cells isolated from the
airways when compared with those from the lung parenchyma (Figure 1F). Altogether, these
data demonstrate that airway CD8 T cells have low expression of KLRG1 during the
effector phase of the T cell response to influenza virus infection, and this process is at least
partially controlled at the transcriptional level.

Given the association of KLRG1 expression with effector T cell differentiation, we
wondered if KLRG1 expression in lung CD8 T cells could be associated with changes in
effector attributes or with the generation of memory cells. First, we analyzed cytokine
production and degranulation in KLRG1high and KLRG1low CD8 T cells isolated from the
spleen and lung. The data show that splenic KLRG1high cells have a significantly higher
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frequency of cells capable of mobilizing CD107ab and of polyfunctional cells
(IFNγCD107-double positive) than spleen KLRG1low cells. These findings are pertinent to
both NP366-374-specific CD8 T cell splenocytes and to bulk CD8 T cell responses after
PMA/ionomycin stimulation (Figure 2A), and are in concordance with published studies
indicating that KLRG1 expression is associated with effector T cell differentiation (6, 13–
15). Surprisingly, we did not observed statistically significant differences in the capacity of
lung KLRG1high and KLRG1low CD8 T cell subsets to produce IFNγ or to degranulate after
stimulation with NP366-374 or with PMA/ionomycin (Figure 2B). These results indicate that
lung KLRG1high and KLRG1low CD8 T cells have similar effector functions. Altogether,
our findings demonstrate that differential KLRG1high and KLRG1low expression is
associated with distinct effector potential in splenic CD8 T cells but not in lung CD8 T cells.

Second, we analyzed the expression of several activation markers on influenza virus-specific
CD8 T cells. In accordance with previous studies, airway NP366-374/Db-specific CD8 T cells
expressed high levels of CD44, CD43, CD69, CD103, Ly-6C, CD27 and CXCR3, and
lacked CD62L on day 10 after infection (Figure 3A). The expression of high levels of CD69
also differentiated influenza virus-specific CD8 T cells in the BAL from their counterparts
in the lung parenchyma, draining lymph node and spleen. Importantly, we could not detect
down-regulation of any of the markers of effector T cell function analyzed on BAL CD8 T
cells, which are predominantly KLRG1low. Third, we analyzed the presence of phenotypic
memory CD8 T cells in the airways on day 10 after influenza virus infection. Our results
show that central-memory T cells (TCM, CD43lowCD62Lhigh) and TEM (CD43lowCD62Llow)
did not constitute a sizable subpopulation of NP366-374/Db-specific CD8 T cells in the
airways on day 10 after infection (Figure 3B), at least as defined by CD43/CD62L
expression. The data showed that 99% of the influenza virus-specific CD8 T cells were
effectors (CD43highCD62Llow). A complementary analysis using different memory markers
showed that CD127highKLRG1high (double-positive effector cell, DPEC) and
CD127highKLRG1low (MPEC) NP366-374/Db-specific CD8 T cells could not be detected in
the airways and lung parenchyma, and that early effector cells (EEC, CD127lowKLRG1low)
and SLECs (CD127lowKLRG1high) constituted the totality of influenza virus specific CD8 T
cells on day 10 after infection (Figure 3C). Altogether, our analyses support the conclusion
that KLRG1low CD8 T cells in the lung and airways have a highly activated phenotype
during the effector response to influenza virus, and differential KLRG1 expression in the
respiratory tract does not correlate with a loss of phenotypic and functional effector
attributes nor with the acquisition of cell surface markers representative of a memory
phenotype.

Finally, in order to examine if differential KLRG1 expression in the lung could be correlated
with distinct pathways of cellular differentiation, we analyzed the expression of several
transcription factors implicated in determining T cell fate in FACS-purified lung KLRG1high

and KLRG1low CD8 T cells. Blimp-1 is a transcriptional repressor that promotes the
development of SLECs and regulates clonal exhaustion, being absent in long-lived TCM
(23–25). Expression of T-bet is necessary and sufficient to promote the development of
SLECs (6, 26). The polycomb finger ring oncogene bmi-1 is necessary for efficient self-
renewing and it is not expressed in KLRG1high CD8 T cells (5). Eomes has a role in
promoting memory persistence (26, 27). Our analysis show that both KLRG1high and
KLRG1low CD8 T cells expressed blimp-1 and eomes, and neither subset expressed
substantial levels of T-bet or bmi-1 regardless of their KLRG1 profile (Figure 4). In
addition, blimp-1 was more abundant in KLRG1low cells and KLRG1high cells expressed
significant higher levels of eomes than their KLRG1low counterparts. In summary, both
KLRG1 subsets expressed eomes and blimp-1 although with quantitative differences, and no
other distinctions in effector function or activation/memory phenotype were found between
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KLRG1high and KLRG1low CD8 T cells in the respiratory tract that could reveal the
existence of differences in their biological function.

Comparative analysis of KLRG1 subsets contribution to recall and memory
T cell memory is a functional definition, and CD8 T cell responses to secondary pulmonary
infections are characterized by increased accumulation of activated CD8 T cells within the
respiratory tract (28). To compare the contribution of KLRG1high and KLRG1low CD8 T
cells to this accumulation in the lung parenchyma and the airways, we used a dual adoptive
transfer approach. We FACS sorted KLRG1low and KLRG1high CD8 T cells from the lungs
of Pep/boy mice (CD45.1/CD90.2) and BL6 mice (CD45.2/CD90.2) on day 10 after
influenza virus infection. Sorted subsets from each donor were mixed in equal numbers, and
transferred into naive Thy1.1 recipient mice (CD45.2/CD90.1). The strength of this
approach is that the response of two different populations of KLRG1high and KLRG1low

cells is compared in the same animal under identical conditions, and the two donor and host
populations can be discriminated on the basis of CD90 and CD45 expression. The limitation
of this approach is that only low numbers of cells can be adoptively transferred (~2×105)
after sorting of lung subpopulations, which makes it problematic to elucidate the overall
influence of the donor cells in the host response. First, we compared the immediate recall
efficiency of donor KLRG1high and KLRG1low CD8 T cells. To this extent, the naïve
CD90.1 recipient mice were intranasally challenged with influenza virus 1 d after adoptive
transfer, and lung parenchyma, airways, and spleen analyzed 7 days later at the peak of the T
cell recall response. An example of the experimental strategy and of the data generated is
presented in Figure 5A–B. The data show the presence of KLRG1low and KLRG1high donor
cells on day 7 for both sets of donor mouse strains (B6 and Pep/boy) in the same Thy1.1
recipient mouse. This finding demonstrates that the KLRG1 phenotype of the donor lung
cells has changed into KLRG1low or KLRG1high during recall regardless of their previous
phenotype at the time of adoptive transfer. In addition, the frequency of CD8 T cells of
KLRG1low donor origin was zero to threefold higher than that of KLRG1high in the airways,
lung parenchyma, and spleen (Figure 5C). Altogether, these results suggest that KLRG1
expression is not permanent, and that both lung KLRG1low and KLRG1high CD8 T cells
participate in an immediate recall response with similar efficacy, which correlates with the
lack of differences observed between both subpopulations regarding effector function and
activation/memory phenotype.

Using a similar approach, we next compared the memory and recall efficiency of donor
KLRG1high and KLRG1low CD8 T cells. To this extent, after adoptive transfer of equal
numbers of lung KLRG1low and KLRG1high CD8 T cells from day 10 influenza virus-
infected mice into naïve CD90.1 mice the recipient mice were rested for 30 days in the
absence of cognate viral antigens. Next, the recipient mice were intranasally challenged with
influenza virus, and lung parenchyma, airways, and spleen analyzed 7 days later (Figure
6A). The data show, first, that both KLRG1low and KLRG1high donor cells can be detected
at the time of analysis (Figure 6B), indicating that both subpopulations can survive up to 30
days in the absence of cognate influenza virus antigens. Second, donor cells can be
KLRG1low or KLRG1high regardless of their original phenotype before transfer, which
supports the concept that KLRG1 expression is not enduring. And third, CD8 T cells of
KLRG1high donor origin were three to tenfold more efficient than KLRG1low cells at
accumulating in the airways, lung parenchyma, and spleen (Figure 6C), although these
differences were not statistically significant. Altogether, our results indicate that lung CD8 T
cell subsets expressing KLRG1high or KLRG1low have similar recall efficacy, and that the
KLRG1 expression profile of lung CD8 T cells is not permanent.
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Discussion
Our results demonstrate that KLRG1high and KLRG1low CD8 T cell subsets isolated from
the lung have similar effector functions, while splenic KLRG1high CD8 T cells are better
effectors than their KLRG1low counterparts. We also observed that the majority of airway
CD8 T cells during primary infection lack substantial KLRG1 expression on their cell
surface. Several observations indicate that pulmonary KLRG1low CD8 T cells maintain their
effector attributes. First, they secreted IFNγ and degranulated upon restimulation, expressed
high levels of activation markers (CD69, CD43), and lacked memory markers (CD127,
CD62L). Second, they expressed high levels of blimp-1. Third, this population failed to
efficiently proliferate after transfer and recall. Yet, our studies revealed the capacity of
KLRG1low CD8 T cells isolated at the peak of the effector response to survive long-term in
the absence of cognate antigen and to subsequently proliferate during antigenic recall. These
results highlight the plasticity of CD8 T cell responses revealing that cells recruited to the
lung at the peak of the effector response are not terminally differentiated and retain the
capacity to survive and participate in recall responses under adequate conditions.

The role of KLRG1 on CD8 T cell function has not been fully elucidated. In spite of its
frequent use as a surrogate marker of terminal differentiation of T cells (6, 13–15), lack of
KLRG1 has no significant impact on the generation of CD8 T cell responses and anti-viral
control (6, 29). Our findings support the concept that KLRG1 subpopulations have similar
effector potential in the lung, while in the spleen KLRG1high CD8 T cells are better effectors
than KLRG1low cells. In addition, our dual adoptive transfer experiments demonstrate that
KLRG1 expression of lung cells can change after adoptive transfer regardless of the original
KLRG1high and KLRG1low phenotype at the time of transfer. Lung effector CD8 T cells
have a limited proliferative capacity but can survive up to 30 days in the absence of cognate
viral antigen independently of their KLRG1 expression profile at the time of adoptive
transfer. Overall, these findings suggest that the KLRG1 phenotype is not permanent and
does not commit lung CD8 T cells to an irreversible differentiation program.

Influenza virus-specific CD8 T cells present in the airways have a unique
KLRG1lowCD62LlowCD127lowCD69highCD43high phenotype, and that due to the low
expression of KLRG1 they do not fit current definitions of SLEC, DPEC, EECs, MPEC,
TEM or central-memory cell (TCM) subsets defined by using some the above markers (6, 21,
22). It is possible that airway CD8 T cells down-regulate KLRG1 expression during acute
influenza virus infection to avoid KLRG1 interaction with epithelial cadherins that could
result in diminished effector function. In this sense, it has been shown that the airway
environment alters the expression of other surface markers on CD8 T cells, such as CD11a
and Ly-6C, although a mechanism for this process has not yet been proposed (30). It is also
possible that lung KLRG1low CD8 T cells are selectively recruited into the airway spaces
during the effector phase of the response. Regardless of the mechanisms, our data
demonstrate airway CD8 T cells express low levels of KLRG1 during the effector phase of
the antiviral response.

The significance of reduced KLRG1 expression on airway CD8 T cells during the effector
phase of the response is poorly understood. Our data show CD8 T cells isolated during the
acute phase of influenza virus infection can survive for over a month in the absence of
cognate viral antigens after adoptive transfer into the circulation. This finding supports the
concept that lung CD8 T cells recruited during the effector phase of the response have the
potential to endure in the absence of cognate antigen. Furthermore, our data support the idea
that these “rested” CD8 T cells can participate in a proliferative recall. A limitation of our
adoptive transfer experiments is that the site of proliferation of these influenza virus-specific
donor CD8 T cells cannot be discerned. Nevertheless, this secondary replicative function of
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CD8 T cells is in concordance with other studies that show that effector CD8 T cells may
follow a continuum linear differentiation pathway into memory cells with replicative
function (6, 8, 31). In summary, our findings indicate that CD8 T cells recruited to the
airways at the peak of the effector response are not simply end-stage cells, and have relevant
implications for the development of strategies to promote cellular immunity in the lung.

Acknowledgments
This work was supported in part by NIH grant AI082962 and by The Research Institute.

We thank the Flow Cytometry Core Laboratory at the Research Institute for help with flow cytometry and sorting.

Abbreviations

BAL bronchoalveolar lavage

MLN mediastinal lymph node

KLRG1 killer cell lectin-like receptor G1

SLEC short lived effector cell

MPEC memory precursor effector cell

DPEC double-positive effector cells

EEC early effector cells

TEM effector-memory T cell

TCM central-memory T cells

RT-qPCR reverse transcriptase quantitative PCR
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Figure 1. Reduced KLRG1 expression in airway CD8 T cells during influenza virus infection
(Panel A) Representative contour plots show KLRG1 cell surface expression in NP366-374/
Db-specific (top) and on tetramer-negative (bottom) CD8 T cells in BAL, lung, MLN and
spleen on day 10 after influenza virus infection. (Panel B) Bar diagrams show the frequency
(left panel) and median fluorescence intensity (MFI, right panel) of KLRG1 expression in
NP366-374/Db-specific CD8 T cells on day 10 after influenza virus infection. (Panel C) Bar
diagrams show the frequency (left panel) and MFI (right panel) of KLRG1 expression in
tetramer-negative CD8 T cells on day 10 after influenza virus infection. (Panel D) Dynamics
of KLRG1 expression in airway NP366-374/Db-specific CD8 T cells following influenza
virus infection. (Panel E) Representation of KLRG1high and KLRG1low NP366-374/Db-
specific CD8 T cell numbers in the airways following influenza virus infection. (Panel F)
Relative expression of KLRG1 mRNA in FACS-sorted CD8 T cells on day 10 after
influenza virus infection. Data are representative from 2–3 independent experiments from 3
or more mice at each time point. Error bars indicate SD. * p ≤ 0.05, ** p ≤ 0.005, *** p ≤
0.0005.
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Figure 2. Lung CD8 T cell subpopulations display similar effector function
(Panel A) Spleen and lung cells we isolated from influenza virus infected mice on day 10
after infection. After stimulation with influenza virus-specific NP366-374 peptide or with
PMA/ionomycin, we measured intracellular IFNγ production and cell surface CD107a/b
mobilization on previously gated KLRG1high and KLRG1low CD8 T cells. Bar diagrams
show the frequency of IFNγ+CD107ab−, polyfunctional IFNγ+CD107ab+, and
IFNγ−CD107ab+ cells. (Panel A) Spleen CD8 T cells. (Panel B) Lung CD8 T cells. Data are
representative from 2 independent experiments with 3 mice/group. Error bars indicate SD.
*** p ≤ 0.0005, **** p ≤ 0.00005.
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Figure 3. Low KLRG1 expression on influenza virus-specific airway CD8 T cells is not
associated with loss of activation markers or with the acquisition of a memory phenotype
(Panel A) Histograms show the expression profile of different activation markers on
NP366-374/Db-specific CD8 T cells isolated from spleen, MLN, lung parenchyma, and
airways. (Panel B) Percentage of effector (E, CD43+CD62L−), TEM (CD43−CD62L−), and
TCM (CD43−CD62L+) NP366-374/Db-specific CD8 T cells in BAL and lung parenchyma.
(Panel C) Percentage of EECs (CD127lowKLRG1low), SLECs (CD127lowKLRG1high),
DPECs (CD127highKLRG1high), and MPECs (CD127highKLRG1low) NP366-374/Db-specific
CD8 T cells in BAL and lung parenchyma. Data are representative from 2 independent
experiments with 3 mice/group performed on day 10 after influenza virus infection. Error
bars indicate SD.
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Figure 4. Expression of transcription factors in lung KLRG1high and KLRG1low CD8 T cell
subsets
Lung cells were sorted as CD8 T cells into KLRG1high and KLRG1low subsets on day 10
after influenza virus infection. Blimp-1, T-bet, Bmi-1, and Eomes mRNA levels were
determined by RT-qPCR. Data are representative from 3 independent experiments using 3
mice/group. Error bars indicate SD. *** p ≤ 0.0005, **** p ≤ 0.00005.
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Figure 5. Immediate recall efficacy of lung KLRG1high and KLRG1low CD8 T cells
Donor mice (CD45.1/CD90.2 and CD45.2/CD90.2) were infected with influenza virus and
lung cells isolated 10 d later. CD8 CD8 T cells were sorted into KLRG1high and KLRG1low

subsets by FACS. Sorted subsets were combined in equal numbers for each donor, and a
total of 1–2.5 × 105 cells were intravenously transferred into naïve recipient mice (CD45.2/
CD90.1). 1 d after transfer, the recipient mice were then intranasally challenged with
influenza virus and the indicated tissues were analyzed 7 d later. (Panel A) Experimental
transfer strategy, which includes a template to interpret the CD45/CD90 phenotype of the
representative mouse shown in panel B. (Panel B) Representative plots of the flow
cytometric profiles of donor and host cells on d 7 gated as KLRG1high (top row) and
KLRG1low (bottom row) CD8 T cells. (Panel C) Bar diagram shows the relative response of
each KLRG1 subset at the time of transfer in each tissue measured as the percentage donor
cells of the total CD8 T cell population on d 7. Data are representative of two independent
sorting experiments including a total of 8 adoptively transferred mice. Error bars indicate
SEM.
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Figure 6. Memory recall efficacy of lung KLRG1high and KLRG1low CD8 T cells
Donor mice (CD45.1/CD90.2 and CD45.2/CD90.2) were infected with influenza virus and
lung cells isolated 10 d later. CD8 T cells were sorted into KLRG1high and KLRG1low

subsets by FACS. Sorted subsets were combined in equal numbers for each donor, and a
total of 1–2.5 × 105 cells were intravenously transferred into naïve recipient mice (CD45.2/
CD90.1). The recipient mice were rested during 30 d, and then intranasally challenged with
influenza virus. The indicated tissues were analyzed 7 d later. (Panel A) Experimental
transfer strategy, which includes a template to interpret the CD45/CD90 phenotype of the
representative mouse shown in panel B. (Panel B) Representative plots of the flow
cytometric profiles of donor and host cells on d 37 after transfer gated as KLRG1high (top
row) and KLRG1low (bottom row) CD8 T cells. (Panel C) Bar diagram shows the relative
response of each KLRG1 subset at the time of transfer in each tissue measured as the
percentage donor cells of the total CD8 T cell population on d 37. Data are representative of
two independent sorting experiments including a total of 6 adoptively transferred mice.
Error bars indicate SEM.
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