EDITORIALS

CD8™ T Cells: Exacting a Toll in Viral Pneumonia

Over a 9-month period, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has rapidly spread across the globe,
resulting in more than 170,000 deaths in the United States alone.
Severely ill SARS-CoV-2-infected patients can develop a form of
acute respiratory distress syndrome (ARDS) termed coronavirus
disease (COVID-19) (1). Although there is hope (and some
evidence) that antiviral drugs such as remdesivir may be beneficial
early in infection, the only proven treatment for ARDS (irrespective
of its etiology) is supportive ICU care (2); however, such

care is resource intensive and often ineffective (3). Moreover,
interventions such as O, therapy and mechanical ventilation can
themselves be injurious to the lung. New medical countermeasures
to ameliorate the consequences of SARS CoV-2 infection for
patients (including high mortality) are urgently needed.

In this issue of the Journal, Wali and colleagues (pp. 758-766)
describe one such potential countermeasure (4). The authors tested
the effects of early postinfection treatment with TLR (Toll-like
receptor) agonists on lung injury severity in C57BL/6] mice
infected with Sendai virus, which is a paramyxovirus with
tropism for respiratory epithelial cells that causes tracheitis and
bronchopneumonia (5). They treated mice with nebulized agonists
of both the endosomal TLR2/6 heterodimer (Pam2 [Pam2CSK4])
and the TLR9 homodimer (ODN [oligodeoxynucleotide]) 1 day
before infection and show diminished pneumonitis severity.
Interestingly, they also show that this effect is associated with both
reduced lung virus burden and attenuation of the CD8" (cluster of
differentiation 8-positive) antiviral T-cell response in the lungs.
Furthermore, the authors found that this phenotype could be
replicated in untreated mice by systemic CD8 " T-cell depletion late
in the disease. Finally, Wali and colleagues elegantly demonstrate
that the antiviral effect of Pam2-ODN treatment in Sendai virus
infection occurred prior to viral entry into target cells. These
experiments build on prior work by this group showing a similar
protective effect of Pam2 and ODN cotreatment in mice infected
with Gram-positive and -negative bacterial pathogens, pathogenic
fungi, and influenza A virus (6, 7). They also recently reported that
Pam2-ODN treatment reduced the long-term asthma-like sequelae
of Sendai virus infection in mice (8). Taken together, work by this
group suggests that immunomodulatory therapeutics that stimulate
epithelial cell TLRs could be an important component of therapy
for viral pneumonia and ARDS. Indeed, as the authors note in
the current paper, two clinical trials investigating the efficacy of
Pam2-ODN in patients with COVID-19 are ongoing. However,
this study leaves several questions unanswered.

In previous work, this group has demonstrated the protective
effect of using multiple TLR agonists to alter alveolar type
IT cell function. They showed that leukocyte ablation did not
abrogate the protective effects of Pam2-ODN in mice infected
with Pseudomonas aeruginosa or Streptococcus pneumoniae (9).

However, TLR knockout in lung epithelial cells did block
protection. Furthermore, they found that epithelial generation

of reactive oxygen species was necessary for protection against
influenza A virus-induced lung injury (10). Interestingly, this effect
was IFN independent, yet the underlying mechanism remains
undefined. The observation that Pam2-ODN treatment reduces
viral replication could shed light on this, as it suggests the possibility
that the reduced CD8" T-cell response in Pam2-ODN-treated
Sendai virus-infected mice is simply a reflection of reduced
viral replication earlier in infection. Unfortunately, the authors
did not measure the impact of CD8" T-cell depletion (which
improved survival after Sendai virus infection) on viral replication.
Moreover, it is not apparent how viral inactivation occurs, and

it would be interesting to determine whether the block in viral
internalization is a consequence of reactive oxygen species—-mediated
damage to viral RNA.

In the mouse, infection with Sendai virus causes recruitment of
neutrophils, macrophages, dendritic cells (DCs), and lymphocytes
into the lungs beginning at Day 4 and a significant increase in
CD8" and CD4" cells most notably at Day 8 postinfection
(11). Macrophages play an important role in containing the
viral infection via their production of type 1 IFN. In addition,
Sendai virus infection also decreases nitric oxide (12) and
proinflammatory cytokine release from macrophages, possibly by
inhibiting inflammasome assembly (13). Interestingly, depletion of
airway macrophages by clodronate-loaded liposomes enhanced
Sendai virus replication and pathogenesis in vivo (14). However, in
the current study, Pam2-ODN pretreatment did not alter either the
kinetics or the magnitude of the macrophage response to infection,
indicating that their role may not be essential.

Different subtypes of DCs play distinct roles in the immune
response because of selective expression of pathogen recognition
receptors. Previous work has demonstrated an important role for
the maturation and migration of DCs to the lung in response to
Sendai virus in coordinating the innate and adaptive immune
responses (15). One limitation of the study by Wali and colleagues
is that the CD8" T-cell depletion method used will also deplete
CD8" DCs, which are important for cross-presentation of antigens.
This effect could at least partially explain the decreased mortality
observed in this group. Most importantly, the authors of the
current work do not explain the mechanism by which preinfection
stimulation of TLRs with Pam2-ODN results in reduced CD8”"
T-cell infiltration of the lungs later in Sendai virus infection. It is
essential that this mechanism be clarified in future studies.

A final important question from the current paper is whether
Pam2-ODN treatment has protective effects when given in the
face of established viral infection, especially when administered
by aerosol to the inflamed, edematous lung; to date, this group
has only reported the effects of Pam2-ODN treatment prior to
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infection. Clearly, postinfection efficacy is a prerequisite for an
effective COVID-19 therapy. Nevertheless, the link between early
TLR stimulation and modulation of antiviral T-cell responses is an
intriguing, and somewhat counterintuitive, finding, which will have
implications for both our understanding of the pathogenesis of
viral lung injury and its treatment. l

Author disclosures are available with the text of this article at
www.atsjournals.org.

Megan N. Ballinger, Ph.D.
Department of Internal Medicine
The Ohio State University
Columbus, Ohio

lan C. Davis, Ph.D.

Department of Veterinary Biosciences
The Ohio State University

Columbus, Ohio

References

1. Liu J, Zheng X, Tong Q, Li W, Wang B, Sutter K, et al. Overlapping and
discrete aspects of the pathology and pathogenesis of the emerging
human pathogenic coronaviruses SARS-CoV, MERS-CoV, and 2019-
nCoV. J Med Virol 2020;92:491-494.

2. Matthay MA, Ware LB, Zimmerman GA. The acute respiratory distress
syndrome. J Clin Invest 2012;122:2731-2740.

3. Fan E, Brodie D, Slutsky AS. Acute respiratory distress syndrome:
advances in diagnosis and treatment. JAMA 2018;319:698-710.

4. Wali S, Flores JR, Jaramillo AM, Goldblatt DL, Pantaledn Garcia J, Tuvim
MJ, et al. Immune modulation to improve survival of viral pneumonia in
mice. Am J Respir Cell Mol Biol 2020;63:758-766.

5. Faisca P, Desmecht D. Sendai virus, the mouse parainfluenza type 1: a
longstanding pathogen that remains up-to-date. Res Vet Sci 2007;82:
115-125.

718

6. Tuvim MJ, Gilbert BE, Dickey BF, Evans SE. Synergistic TLR2/6 and
TLR9 activation protects mice against lethal influenza pneumonia.
PLoS One 2012;7:e30596.

7. Evans SE, Scott BL, Clement CG, Larson DT, Kontoyiannis D, Lewis RE,
et al. Stimulated innate resistance of lung epithelium protects mice
broadly against bacteria and fungi. Am J Respir Cell Mol Biol 2010;42:
40-50.

8. Goldblatt DL, Flores JR, Valverde Ha G, Jaramillo AM, Tkachman S,
Kirkpatrick CT, et al. Inducible epithelial resistance against acute
Sendai virus infection prevents chronic asthma-like lung disease in
mice. Br J Pharmacol 2020;177:2256-2273.

9. Cleaver JO, You D, Michaud DR, Pruneda FA, Juarez MM, Zhang J, et al.
Lung epithelial cells are essential effectors of inducible resistance to
pneumonia. Mucosal Immunol 2014;7:78-88.

10. Kirkpatrick CT, Wang Y, Leiva Juarez MM, Shivshankar P, Pantale6n
Garcia J, Plumer AK, et al. Inducible lung epithelial resistance
requires multisource reactive oxygen species generation to protect
against viral infections. mBio 2018;9:e00696-18. [Published erratum
appears in mBio 10:e00496-19.]

11. Simon AY, Sasaki N, Ichii O, Kajino K, Kon Y, Agui T. Distinctive and
critical roles for cellular immunity and immune-inflammatory
response in the immunopathology of Sendai virus infection in mice.
Microbes Infect 2011;13:783-797.

12. Morita N, Tanaka Y, Odkhuu E, Naiki Y, Komatsu T, Koide N. Sendai
virus V protein decreases nitric oxide production by inhibiting
RIG-I signaling in infected RAW264.7 macrophages. Microbes
Infect [online ahead of print] 5 Feb 2020; DOI: 10.1016/j.micinf.
2020.01.005.

13. Komatsu T, Tanaka Y, Kitagawa Y, Koide N, Naiki Y, Morita N, et al.
Sendai virus V protein inhibits the secretion of interleukin-13 by
preventing NLRP3 inflammasome assembly. J Virol 2018;92:
e00842-18.

14. Tyner JW, Uchida O, Kajiwara N, Kim EY, Patel AC, O’Sullivan MP,
et al. CCL5-CCRb5 interaction provides antiapoptotic signals for
macrophage survival during viral infection. Nat Med 2005;11:
1180-1187.

15. Grayson MH, Ramos MS, Rohlfing MM, Kitchens R, Wang HD,
Gould A, et al. Controls for lung dendritic cell maturation and
migration during respiratory viral infection. J Immunol 2007;179:
1438-1448.

American Journal of Respiratory Cell and Molecular Biology Volume 63 Number 6 | December 2020


http://www.atsjournals.org/doi/suppl/10.1165/rcmb.2020-0378ED/suppl_file/disclosures.pdf
http://www.atsjournals.org

