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Abstract
The 2009 influenza pandemic highlights the threat that type A influenza poses to human health.
Thus there is an urgency to understand the pathobiology of influenza infection and the
contribution of the host immune response to both virus elimination and the development of lung
injury. This review focuses on the T cell arm of the adaptive host immune response to influenza
and assesses recent developments in our understanding of the induction of primary influenza
virus-specific T cell responses by antigen-presenting cells, the interaction of activated effector T
cells with antigen-bearing cells in the infected lungs, and the contribution of influenza-specific
effector T cells to the development and control of lung injury and inflammation during infection.

The continuing threat of influenza infection
In 1918 – 1919, an outbreak of severe respiratory infection, the so-called “Spanish flu”,
occurred which rapidly spread through the human population and resulted in an estimated 20
- 50 million deaths worldwide. The agent causing this catastrophe was subsequently
revealed to be a type A influenza (IAV) virus strain. Unique features of IAV structure,
replication, transmissibility among certain species and the existence of zoonotic reservoirs
make this viral pathogen ideally suited to escape immune recognition and to produce both
epidemic (seasonal) disease outbreaks, as well as sporadic pandemic infections. Since the
identification of the cause of influenza as a “filterable virus” increasing emphasis has been
placed on the analysis of the host response to this virus, not only to improve vaccination
strategies, but also to understand the role of the innate and adaptive immune system in
controlling/clearing infection and in the development of lung inflammation and injury.

As recently reviewed [1-3], evidence is mounting from analysis of sporadic cases of human
infection with avian high pathogenic influenza strains, the more recent outbreak of pandemic
A/2009 swine origin IAV infection in humans, as well as the results of experimental IAV
infection models, to support the concept that the innate and adaptive immune response to
IAV, while critical for virus control and recovery, is also a major contributor to the injury
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produced by infection. In this review we limit our focus to the adaptive immune T cell
response to influenza.

We describe recent findings on the induction of primary CD8+ and CD4+ T cell responses to
influenza, the interaction of these antiviral effector T cells with different cell types within
the infected lungs and the dual role of anti-viral T cells as pro-inflammatory effectors and as
regulators of inflammation in the influenza-infected lungs.

Control of T cell activation and differentiation by respiratory dendritic cells
The outcome of viral infections is determined by a series of intricate interactions between
the pathogen and host. At mucosal surfaces like the respiratory tract (RT), epithelial cells
lining the RT are not only the primary cell types that support the productive replication of
IAV, but also serve as the first line of host defense against infection (reviewed in [4,5]). The
respiratory epithelial layer is a heterogeneous array of CD45- cells, including ciliated and
non-ciliated airway lining cells and alveolar type I and II epithelial cells (Figure 1a).
Influenza infection of epithelial cells activates these resident cells by one or more distinct
signaling mechanisms to produce type 1 interferons (IFNs) and a spectrum of inflammatory
cytokines and chemokines. This, in turn, orchestrates the recruitment of innate and adaptive
immune cells into the infected lungs, and modulates the function of these immune cells
(recently reviewed in [4-7]). The infected RT is the site of initiation of adaptive immune T
cell responses via the capture of viral (or inhaled) antigen by resident respiratory dendritic
cells (RDCs) and concomitant RDC activation, leading to their migration to the draining
lymph node (DLN) [8,9]. The DC network in the murine RT is composed of several distinct
RDC subsets which differ in phenotype, anatomic distribution, and function [10,11]. Major
RDC subsets in the normal (non-inflamed) murine lung include conventional RDC (cRDC)
and plasmacytoid DC (pDC). cRDC can be further categorized into CD103+CD11b+/-

(referred to here as CD103+ RDC), CD103-CD11bhi (CD11bhi RDC), and monocytic RDC
(Figure 1a). Their likely counterparts have been detected in human lungs [12,13].

The two major cRDC subsets, CD103+ and CD11bhi RDC, exhibit several features
characteristic of DC found in extralymphoid mucosal sites, e.g., the RT and gut. In the
normal lungs, these cRDC are localized at distinct anatomical sites (e.g., intraepithelial
localization for CD103+ RDC and submucosal/interstitial distribution for CD11bhi RDC),
where they monitor the RT and “sample” the local environment (see Figure 1a) [10, 11].
Following an inflammatory stimulus like virus infection, the viral antigen-bearing activated
RDC migrate to the DLN along a chemokine gradient dependent on expression of the
chemokine receptor CCR7 (Figure 1b) [10, 14]. Perhaps the most important function of
RDC in the infected RT is the capture of antigen derived from IAV for delivery to DLN. In
the case of IAV, the acquisition of viral antigen in the RT by cRDC is most likely achieved
by direct infection of migratory RDC [15, 16] and presumably phagocytic engulfment of
cell-free virions or dying/dead infected cells containing viral antigen (e.g., respiratory
epithelia), although this latter mechanism while inferred [10, 27] has not been formally
demonstrated. Viral antigen transfer from migrant antigen-bearing RDC to LN-resident
CD8α+ DC for presentation to naïve T cells has also been reported [17]. The relative
contribution of these various mechanisms of antigen uptake and their impact on antigen
presentation efficiency and the subsequent anti-viral immune response is at present poorly
understood.

The interaction of naïve T cells with professional antigen-presenting cells in the secondary
lymphoid organs sculpt the activation profile and transcriptional signature of the responding
T cells, which in turn shapes the activated T cell differentiation program (i.e., expansion,
lineage commitment, effector phenotype, egress from the DLN through efferent lymphatics,
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and survival into memory) (Figure 1b) [18-20]. Among the DC populations present in the
DLN of IAV infected mice (i.e., migrant CD103+, CD11bhi, and monocytic cRDC, pDC,
CD8α+/- LNDC), current evidence suggests that the migrant CD103+ and CD11bhi RDCs
serve a prominent (primary) role as APCs for naïve IAV-specific T cells. But these
populations also appear to differ in their capacity to activate IAV-specific CD8+ T cells,
with CD103+ migrant RDCs serving as the most potent APC following IAV infection [10].
The CD103+ RDCs (but not the CD11bhi RDCs) also have the capacity to capture non-
infectious virus preparations delivered into the RT, and then process and present IAV
antigens to CD8+ T cells [10]. In keeping with the prominent role of CD103+ RDC in
priming anti-viral CD8+ T cells, selective depletion of langerin-expressing CD103+ RDCs
prior to IAV infection results in a diminished CD8+ CTL response and impaired virus
clearance from the lungs with subsequent infection [21]. Recently, mice constitutively
lacking CD103+ RDCs (Batf3-deficient mice) have been described [22] but studies on the
CD8+ T cell responses to IAV in these mice have not as yet been reported.

After the initial wave of antigen presentation to CD8+ T cells, which is dominated by
CD103+ RDCs (1- 4 dpi), IAV antigen is continuously replenished in the DLN in large by
migrant CD11bhi RDCs [10] during the peak of virus replication (perhaps amplifying the
pool of the effector CD8 T cells in the DLN [23]) and this antigen “pool” remains detectable
after resolution of the acute infection [24]. Temporal regulation of antigen presentation by
distinct DC subsets over time, linked with the extent of recruitment of naïve precursors,
might also influence the amplitude and immunodominance hierarchy of the responding T
cells [25]. In parallel with cRDCs, pDCs, a major DC subset specialized in producing type I
IFNs, have been reported to capture virally-derived Ag in the lung. However, antigen-
positive pDCs in the DLN fail to induce CD8+ T cell responses during sublethal IAV
infection [21,26]. Interestingly, pDCs can play a regulatory role in enhancing mortality
during lethal infection by eliminating virus-specific CD8+ T cells via Fas/FasL interaction
[27]. Similar to the stimulation of CD8+ T cells, migrant cRDCs exhibit a potent capability
to trigger naive CD4+ T cell activation, although other DC subsets can also trigger
activation, albeit with lower efficiency [10]. The significance of this hierarchy of APC
function and the distribution of various activities among DC subsets for IAV pathogenesis
and the host immune response remains to be determined.

T cell responses within the influenza infected lungs
Along with their roles as initiators and regulators of innate and adaptive immune responses
to influenza, respiratory epithelial cells are the primary target of the immune response
because they are the major cell types capable of supporting “productive” infection (release
of fully infectious virions) by most influenza strains [4,6]. Thus infected respiratory
epithelial cells not only regulate the immune response, but also represent an essential target
of immune recognition whose elimination ultimately results in virus clearance from the
lungs.

A second more recently appreciated regulator of effector T (Te) cell function in the IAV-
infected lungs are the CD45+ myeloid lineage-derived inflammatory granulocytes and
mononuclear cells that infiltrate the lung interstitium (and airways) in response to infection
[28,29]. These myeloid lineage cell types are capable of being infected by IAV in vitro and
in vivo [16] but their capacity to support productive virus replication in the infected lungs is
uncertain. In both severe human influenza infections, and in experimental models,
neutrophils and tissue monocyte/macrophage lineage cells, as well as several types of
activated APCs including pDC, CD11c+/hi, MHC II+ inflammatory mononuclear cells (also
classified as TNF-α and iNOS-producing TipDC or CCR2+ inflammatory monocytes), and
the newly identified late-activator APC (LAPC), are (together with lymphocytes) prominent
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cell types that make up the inflammatory infiltrates in the influenza-infected lung
interstitium and airways [28,30-33].

The contribution of these inflammatory cell types to virus clearance and lung injury is
currently unclear and controversial (see Table 1). Although a macrophage lineage cell type
that is recruited into the infected lungs has been implicated as a cytolytic effector cell that is
capable of destroying influenza-infected respiratory epithelial cells, destruction of epithelial
cells also results in enhanced inflammation associated with the recruitment of inflammatory
CCR2+ mononuclear cells ([28,31,32] and see Table 1). However, germane to this
discussion, emerging evidence from our laboratory [34] and others [29,32] suggests that
inflammatory mononuclear cells might play a role in promoting growth and survival of
virus-specific CD8+ Te and in dictating the effector cytokine production by the responding
CD8+ T cells in the infected lungs.

A large body of evidence that has accumulated over a number of years from experimental
models of influenza infection supports the view that CD4+ and CD8+ T cells, as well as B
cells (antibody), each make an important contribution to the control of influenza virus
replication and virus clearance in the infected lungs during primary infection [1]. CD8+ Te
(so called Tc1 or conventional CTL) destroy IAV-infected cells by perforin/granzyme-
dependent granule exocytosis and by FasL/Fas-mediated apoptosis following TCR
engagement in the infected lungs [35]. Under these conditions, CD8+ Te also produce pro-
inflammatory cytokines (e.g., IFN-γ and TNF-α) that can contribute to the recruitment and
activation of innate inflammatory cells, in particular, inflammatory CD11chi DC and pDC
[36], as well as regulatory cytokines such as IL-10 ([37]). Along with the necessary
encounter of naïve CD8+ T cells with migrant RDCs for initial activation in the DLN, recent
evidence suggests that within the infected lungs, recruited CD8+ Te might interact with
inflammatory DCs for optimum in vivo antiviral effector activity, i.e., virus clearance and
prolonged CD8+ Te survival [29]. IL-15 produced in the infected lungs has been implicated
in providing such a survival stimulus [38,39]. It is also noteworthy that the engagement of
costimulatory receptors GITR and 4-1BB by their respective ligands during IAV infection
likewise results in the prolonged CD8+ Te survival and enhanced virus clearance in the
infected lungs (Figure 2). Precisely where in the process of CD8+ T cell activation and
differentiation these ligand/receptor interactions occur, and the cell type(s) expressing the
ligands, has not been firmly established [40,41].

It has recently been shown that interaction of CD8+ Te with antigen-bearing CD45+

inflammatory monocytic cells (e.g., DCs) in the lung interstitium results in the expression of
the full spectrum of CTL effector activity, including cytolysis and the release of pro-
inflammatory cytokines. In contrast, interaction of the CTL with infected CD45- respiratory
epithelial cells only results in infected target cell lysis [34]. Furthermore, the release of pro-
inflammatory cytokines after CD8+ Te interaction with the infiltrating inflammatory DCs is
in part controlled by costimulatory receptor/ligand interactions, notably CD28 on CD8+ Te
and its ligands, CD80 and CD86, displayed by infiltrating inflammatory CD11chi

inflammatory DCs [34] (Figure 2).

Perhaps the most important contribution of IAV-specific CD4+ T cells is their ability to
“help” anti-viral B cell responses, resulting in antibody class switch, affinity maturation and
long lived plasma cell generation. We can now relegate this CD4+ T cell effector activity to
a distinct CD4+ T cell subset, that is the T follicular helper cell (Tfh) [42]. Rather than
acting in the infected lung, the Tfh is believed to carry out its function in secondary
lymphoid tissues. However, the formation of iBALT after recovery from virus infection
[43,44] potentially allows Tfh cells to function in these lung-associated lymphoid aggregates
during recall responses. At present there is a paucity of information on the regulation of Tfh
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cell responses in experimental influenza infection, but this is an area of intense interest
because of its implications for vaccination and immunological memory. However, it should
be noted that there is also evidence in the experimental murine model for a role of T cell-
independent neutralizing IgM antibody production by B-1 B cells following primary
influenza infection [45].

The expression of direct effector activity, i.e. cytolytic potential, by activated IAV-specific
CD4+ Te was first suggested by early work in the murine model demonstrating the ability of
clones of MHC II-restricted CD4+ T cells to lyse influenza infected target cells and
subsequently to mediate virus clearance, albeit inefficiently, following adoptive transfer into
infected B cell-deficient recipients [46]. More recently, the ability of cytolytic CD4+ Te to
promote influenza virus clearance in vivo has been reported to be dependent on perforin
expression [47]. An as yet unresolved issue concerning the in vivo cytolytic potential of
CD4+ Te is the nature of the MHC II+ productively infected target cell type(s) recognized in
the infected lungs because only CD45- alveolar type II pneumocytes are constitutively MHC
II+ (in both humans and rodents [48]) and upregulate MHC II upon infection. Perhaps this
MHC II-restricted cytolytic activity is uniquely geared to eliminate infected type II alveolar
cells, or MHC II expression on this cell type might be linked to regulatory T cell (Treg)
function in the influenza-infected lungs [49].

The Ying and Yang of injury control by effector T cell immune responses in
the infected lung

Along with the ability to clear IAV infection, anti-viral T cells can be a significant
contribution to pulmonary inflammation and injury. The mechanisms of T cell-induced
injury might be both direct and indirect. Anti-viral CD8+ and CD4+ T cells are able to lyse
antigen-bearing lung epithelial cells directly and can contribute to airway exudates during
the process of viral clearance. Anti-viral T cells are also the major sources of pro-
inflammatory cytokines/chemokines (e.g., IFN-γ, TNF-α, IL-17, and MIP-1α) that
contribute to virus-induced pulmonary inflammation and damage during influenza infection
[36,50]. Furthermore, infiltrating anti-viral T cells might also contribute to lung damage
through indirect mechanisms by activating and recruiting other injury promoting cells, such
as the Tip-DC [28,31,32]. Selective dampening of the proinflammatory activity of anti-viral
T cells, therefore, might be beneficial during influenza infection.

Compared to the directional release of cytotoxic granules during infected target cell lysis,
proinflammatory cytokines released by T cells can indiscriminately target many cells and
non-specifically damage the infected RT. As noted above, the strength of signal delivered to
the Te by the infected target cells that is required to trigger the release of cytotoxic granules
is apparently less than that for the production of proinflammatory cytokines. This is because
the release of cytokines (but not cytotoxic granules) by the Te requires co-stimulatory
signaling by CD28 [34]. Therefore, therapeutic strategies to disrupt the interaction between
CD28 (on T cells) and CD80 and CD86 (on CD45+ CD11c+ inflammatory DC in the
infected RT), might ameliorate excessive pulmonary inflammation/injury without affecting
virus clearance. In a similar context, OX-40 is a co-stimulatory receptor, which promotes T
cell proliferation and survival. In experimental IAV infection in vivo, blockade of OX-40 co-
stimulation reduces T cell infiltration, proliferation and cytokine production in the RT, and
associated weight loss and pulmonary injury, without affecting viral clearance [51,52]. On
the other hand, blockade of the ICOS co-stimulatory receptor on T cells during IAV
infection likewise reduces T cell proliferation, accumulation and cytokine production in the
RT, but does not diminish pulmonary inflammation [51]. This dichotomy is likely due to the
differential effects of ICOS and OX-40 blockade on viral clearance. ICOS blockade, but not
OX-40 blockade, significantly enhances viral persistence in the IAV-infected lungs and so
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the beneficial effect of ICOS blockade on T cell-mediated inflammation is likely
compensated for by enhanced injury due to virus infection [51,53]. In addition to cell
surface costimulatory receptor/ligand interaction, soluble mediators including inflammatory
cytokines could serve a similar function to increase the strength of signaling to the Te.

Pulmonary Te cells express not only co-stimulatory molecules, but also co-inhibitory
molecules. In contrast to the blockade of co-stimulatory molecules, the prevention of the
signaling mediated by the co-inhibitory molecules can lead to excessive cellular
proliferation and cytokine production by Te cells. NKG2A is an inhibitory receptor
expressed on CD8+ Te cells that can engage the nonclassical MHC class Ib molecule,
Qa-1b. Lung infiltrating anti-viral T cells selectively express high levels of NKG2A and
blocking the action of NKG2A on CD8+ T cells during IAV infection enhances TNF-α
dependent inflammation [54]. The expression of additional known inhibitory molecules,
such as Lag-3, PD-1 and Tim-3 (reviewed in [3]), by pulmonary CD8+ Te cells has also
been reported. The impact of the latter molecules on RT inflammation during influenza
infection is currently not known, but might play an important role in preventing excess
inflammation in the IAV-infected RT.

T cells (both effector and Treg) not only serve as potential contributors to lung inflammation
and injury, but they might also act to control/inhibit excessive inflammation and injury
during IAV infection. Foxp3+ CD25+ regulatory T cells (Tregs) are a specialized CD4+ cell
type capable of limiting excessive immune responses induced by self-antigen and infection
[55]. Depletion of Tregs during IAV infection results in enhanced CD8+ T cell responses
and transfer of exogenous Tregs suppressed innate immune cell-mediated pathology in
immune-deficient mice during influenza infection [56,57]. Thus, Tregs are able to dampen
both exaggerated innate and adaptive immune responses against IAV. Along with Tregs,
lung-infiltrating Te cells also exhibit potential regulatory function to control excessive
immune-mediated inflammation during IAV infection. For example, like respiratory
epithelial cells, lung-infiltrating Te cells also express CD200 (albeit at a lower level than
epithelial cells) in the IAV-infected RT [58]. Engagement of the CD200R on lung
macrophages by CD200-expressing epithelial cells suppresses macrophage injury potential
and thereby maintains lung immune homeostasis [58,59].

IL-10 is a major regulatory cytokine that has powerful inhibitory effects on both innate and
adaptive immune cells [60]. Interestingly, Te cells, in particular CD8+ Te cells, are the
major cellular source of IL-10 at the IAV-infected murine RT [37]. The IL-10 produced by
Te cells plays a crucial role in inhibiting excessive pulmonary inflammation during
influenza infection as blockade of the action of IL-10 at the time of Te cell infiltration to the
lung results in lethal pulmonary inflammation and injury [37]. IL-10 production by Te cells
is restricted primarily to the infected RT, suggesting that Te cells are able to sense an
inflamed environment and in response trigger production of this anti-inflammatory cytokine
[61]. Interestingly, although the blockade of IL-10 receptor at the time of T cell infiltration
results in excessive pulmonary inflammation, mice constitutively deficient in IL-10 are more
resistant to lethal IAV infection, perhaps due to enhanced viral clearance associated with
elevated Th17 and antibody responses [37,62,63]. Thus, IL-10 can be either beneficial in
controlling lung inflammation or detrimental by inhibiting the initiation of effective anti-
viral immunity. In sum, the exact in vivo function of IL-10 might vary depending upon the
timing and anatomic site of production and the nature of the cellular targets of IL-10 during
infection. TGF-β is another major anti-inflammatory cytokine and the blockade of TGF-β
activity results in enhanced host lethality during IAV infection [64]. Although the cellular
sources of TGF-β in IAV-infected lungs are currently unknown, T cells, especially Tregs,
are an important source of TGF-β [55]. Characterizing the cellular sources, target cell types,
and mechanism of TGF-β produced in the IAV-infected lung will further understanding of
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how local immune responses are regulated in the lung, the target organ of respiratory virus
replication.

Concluding remarks
Over the past several years, we have gained new insight into the induction of anti-viral T
cell responses in the DLN, and the expression of effector and regulatory activity by these T
cells in the infected lungs during IAV infection. The identification of crucial roles for
migrant RDCs in the priming of IAV-specific T cells, and for inflammatory DCs in further
maintaining and controlling local T cell responses in the lung, have established DC as
central regulators of the magnitude and quality of anti-viral T cell responses in both the
DLN and the infected lungs. Furthermore, the realization that engagement of various co-
stimulatory/inhibitory receptors and production of key regulatory cytokines by Te cells
might “fine-tune” the degree of pulmonary inflammation and the tempo of viral clearance
opens up potential new avenues for therapeutic intervention in IAV infection. However, it is
clear that the function of the Te cells is tightly regulated both temporally (days post-
infection) and spatially (i.e., their activity within different lung compartments, such as the
airway versus the interstitium). Consequently, strategies to control excess pulmonary
inflammation during infection could also impede virus clearance. To date, the published data
suggest that interventions to interfere with the release of pro-inflammatory mediators (i.e.,
IFNγ or TNFα) or to enhance the production of anti-inflammatory mediators (i.e., IL-10 or
TGFβ) by Te cells might be most effective when IAV replication is simultaneously
controlled by anti-viral agents.
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Figure 1. Migrant respiratory dendritic cell (RDC) antigen uptake, migration and T cell
activation in response to influenza virus infection
(a) Influenza virus enters the respiratory tract and replicates (undergoes “productive”
infection) in the respiratory epithelial cells lining the airways and, in more severe infections,
the alveolar lining type I and II pneumocytes (1). The viral antigens generated are sampled
by distinct subsets of resident RDCs that are located within or at the margins of the
epithelial mucosal lining (i.e., CD103+ RDCs) or within the pulmonary interstitium (i.e.,
CD11bhi RDCs). Antigen acquisition by RDCs, along with virus-induced local
inflammatory stimuli, triggers upregulation of CC-chemokine receptor 7 on the responding
RDCs, which enables the chemokine-dependent migration of the activated RDC from the
infected lung through the afferent lymphatics to the lung-draining lymph nodes (DLN) (2).
IAV infection of epithelial cells along with virus-induced activation of lung resident innate
immune cells orchestrates the recruitment of CD45+ innate immune/inflammatory cells from
the circulation (and ultimately the bone marrow) to the site of infection (3). (b) Antigen-
bearing migrant CD103+ and CD11bhi RDCs within the DLN (4) present processed IAV
antigenic peptides to naive virus-specific T cells (5). Activated T cells undergo clonal
expansion and differentiate into effectors capable of migrating through the efferent
lymphatics and into the blood via the thoracic duct (6) and ultimately home to the infected
lungs where they exert their anti-viral effector activity.
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Figure 2. Interactions between antigen-presenting cells (APCs) and antiviral effector T cells (Te)
in the influenza-infected lungs
CD45+ inflammatory/innate immune cells recruited to the IAV-infected lungs can
participate in the host response to infection as mediators and regulators of pulmonary injury,
through the production of pro-inflammatory and regulatory molecules (see Table 1), as well
as APCs capable of enhancing Te function and proliferation through antigen-dependent
APC-Te interactions. This antigen presenting activity appears to be mainly restricted to
recruited inflammatory DCs and possibly monocytes/macrophages. APCs produce IL-15
and other molecules, which also facilitate Te cell recruitment to and survival in the infected
lungs. The outcome of the encounter between the Te and the APC in the infected lung
interstitium (e.g., production of pro-inflammatory cytokines by the Te cells) is controlled by
TCR engagement, recognition of peptide/MHC complexes, and by co-stimulatory (and
possibly co-inhibitory) receptor/ligand interactions between the Te and the APC within the
infected lung interstitium and airways. The proinflammatory cytokines produced by Te cells
contribute to lung inflammation while the regulatory cytokines, such as IL-10, released by
Te cells help to restrain the excessive pulmonary inflammation and injury associated with
more severe IAV infection. Recent evidence raises the possibility that the interaction of
CD8+ Te with IAV-infected respiratory epithelium might result in the expression of only a
subset of Te effector activities (e.g., cytolysis).
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Table 1
Cell Types Regulating Pulmonary Injury During Influenza Infection

Cell types Potential mechanisms References

Injury promoting cells

Neutrophils ROS, pro-inflammatory [65,66]

cytokines

Inflammatory monocytes/Tip-DCs ROS, TRAIL, iNOS, proinflammatory cytokines [28,31,32]

Effector T cells Proinflammatory cytokines,cytolytic granules [36]

Injury controlling cells

Neutrophils Unknown [30]

Regulatory T cells IL-10, TGF-β [55,64]

Effector T cells IL-10, CD200, NKG2A, TGF-β, [3,37,54,58]

PD-1/Tim-3/Lag-3

Epithelial cells CD200 [58,59]
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