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elucidate the cellular and molecular mechanisms underly-
ing DN T cell responses and its potential therapeutic role
in lung IRI during transplantation.
Webcast
You can watch a Webcast of this AATS meeting presenta-
tion by going to: https://aats.blob.core.windows.net/
media/19%20AM/Sunday_May5/201DF/201DF/S63%2
0-%20Lung%20transplantation%20-%20protecting%
20the%20graft/S63_5_webcast_052940649.mp4.
T
H
O
R

Conflict of Interest Statement
Authors have nothing to disclose with regard to commercial
support.

References
1. Granton J. Update of early respiratory failure in the lung transplant recipient.

Curr Opin Crit Care. 2006;12:19-24.

2. Eltzschig HK, BrattonDL,Colgan SP. Targeting hypoxia signalling for the treatment

of ischaemic and inflammatory diseases. Nat Rev Drug Discov. 2014;13:852-69.

3. Porteous MK, Diamond JM, Christie JD. Primary graft dysfunction: lessons

learned about the first 72 h after lung transplantation. Curr Opin Organ Trans-

plant. 2015;20:506-14.

4. Christie JD, Carby M, Bag R, Corris P, Hertz M, Weill D, et al. Report of the

ISHLT working group on primary lung graft dysfunction part II: definition. A

consensus statement of the International Society for Heart and Lung Transplan-

tation. J Heart Lung Transplant. 2005;24:1454-9.

5. Bharat A, Kuo E, Steward N, Aloush A, Hachem R, Trulock EP, et al. Immuno-

logical link between primary graft dysfunction and chronic lung allograft rejec-

tion. Ann Thorac Surg. 2008;86:189-95.

6. Daud SA, Yusen RD, Meyers BF, Chakinala MM, Walter MJ, Aloush AA, et al.

Impact of immediate primary lung allograft dysfunction on bronchiolitis obliter-

ans syndrome. Am J Respir Crit Care Med. 2007;175:507-13.

7. Hsiao HM, Fernandez R, Tanaka S, Li W, Spahn JH, Chiu S, et al. Spleen-derived

classical monocytes mediate lung ischemia-reperfusion injury through IL-1b. J

Clin Invest. 2018;128:2833-47.

8. Yang Z, Sharma AK, Linden J, Kron IL, Laubach VE. CD4þ T lymphocytes

mediate acute pulmonary ischemia-reperfusion injury. J Thorac Cardiovasc

Surg. 2009;137:695-702.

9. Burne MJ, Daniels F, El Ghandour A, Mauiyyedi S, Colvin RB, O’Donnell MP,

et al. Identification of the CD4(þ) T cell as a major pathogenic factor in ischemic

acute renal failure. J Clin Invest. 2001;108:1283-90.

10. Gandolfo MT, Jang HR, Bagnasco SM, Ko GJ, Agreda P, Satpute SR, et al.

Foxp3þ regulatory T cells participate in repair of ischemic acute kidney injury.

Kidney Int. 2009;76:717-29.

11. Kinsey GR, Sharma R, Huang L, Li L, Vergis AL, Ye H, et al. Regulatory T cells

suppress innate immunity in kidney ischemia-reperfusion injury. J Am Soc Neph-

rol. 2009;20:1744-53.

12. Li L, Huang L, Sung SS, Lobo PI, Brown MG, Gregg RK, et al. NKT cell acti-

vation mediates neutrophil IFN-gamma production and renal ischemia-

reperfusion injury. J Immunol. 2007;178:5899-911.

13. Ascon DB, Ascon M, Satpute S, Lopez-Briones S, Racusen L, Colvin RB, et al.

Normal mouse kidneys contain activated and CD3þCD4�CD8– double-negative

T lymphocytes with a distinct TCR repertoire. J Leukoc Biol. 2008;84:1400-9.

14. Martina MN, Noel S, Saxena A, Rabb H, Hamad AR. Double negative (DN) ab T

cells: misperception and overdue recognition. Immunol Cell Biol. 2015;93:

305-10.
The Journal of Thoracic and Ca
15. Martina MN, Noel S, Saxena A, Bandapalle S, Majithia R, Jie C, et al. Double-

negative ab T cells are early responders to AKI and are found in the human kid-

ney. J Am Soc Nephrol. 2016;4:1113-23.

16. Miyagawa F, Okiyama N, Villarroel V, Katz SI. Identification of CD3þCD4-

CD8- T cells as potential regulatory cells in an experimental murine model of

graft-versus-host skin disease (GVHD). J Invest Dermatol. 2013;133:2538-45.

17. Neyt K, GeurtsvanKessel CH, Lambrecht BN. Double-negative T resident mem-

ory cells of the lung react to influenza virus infection via CD11chi dendritic cells.

Mucosal Immunol. 2016;9:999-1014.

18. Hamad AR, Mohamood AS, Trujillo CJ, Huang CT, Yuan E, Schneck JP. B220þ
double-negative T cells suppress polyclonal T cell activation by a Fas-

independent mechanism that involves inhibition of IL-2 production. J Immunol.

2003;171:2421-6.

19. Trulock EP, Edwards LB, Taylor DO, BoucekMM, Keck BM, Hertz MI. Registry

of the International Society for Heart and Lung Transplantation: twenty-third

official adult lung and heart-lung transplantation report—2006. J Heart Lung

Transplant. 2006;25:880-92.

20. Fiser SM, Tribble CG, Long SM, Kaza AK, Cope JT, Laubach VE, et al. Lung

transplant reperfusion injury involves pulmonary macrophages and circulating

leukocytes in a biphasic response. J Thorac Cardiovasc Surg. 2001;121:1069-75.

21. Gazoni LM, Laubach VE, Mulloy DP, Bellizzi A, Unger EB, Linden J, et al. Ad-

ditive protection against lung ischemia-reperfusion injury by adenosine A2A re-

ceptor activation before procurement and during reperfusion. J Thorac

Cardiovasc Surg. 2008;135:156-65.

22. Sharma AK, LaPar DJ, Zhao Y, Li L, Lau CL, Kron IL, et al. Natural killer T cell-

derived IL-17 mediates lung ischemia-reperfusion injury. Am J Respir Crit Care

Med. 2011;183:1539-49.

23. Sharma AK, LaPar DJ, Stone ML, Zhao Y, Mehta CK, Kron IL, et al. NOX2

Activation of natural killer cells is blocked by the adenosine A2A receptor to

inhibit lung ischemia-reperfusion injury. Am J Respir Crit Care Med. 2016;

193:988-99.

24. Ross SD, Tribble CG, Gaughen JR Jr, ShockeyKS, Parrino PE, Kron IL. Reduced

neutrophil infiltration protects against lung reperfusion injury after transplanta-

tion. Ann Thorac Surg. 1999;67:1428-34.

25. Krishnadasan B, Naidu B, Rosengart M, Farr AL, Barnes A, Verrier ED, et al.

Decreased lung ischemia-reperfusion injury in rats after preoperative administra-

tion of cyclosporine and tacrolimus. J ThoracCardiovasc Surg. 2002;123:756-67.

KeyWords: lung, ischemia-reperfusion injury, T cell, dou-
ble-negative T cell, IL-10, adoptive transfer
Discussion
A. Sasha Krupnick (Charlottesville,
Va). This is a very nice presentation.
Obviously as discussed at this confer-
ence and lung session, it’s a very big
problem; ischemia-reperfusion injury
(IRI) injury occurs in about one-third
of patients, leads to significant
morbidity and mortality. Thus, your ef-

forts to understand the basic mechanism and improve it are
rdiovascular Surg
critical. I have 2 questions based on your data, and thanks
for providing the manuscript.
The first question regarding the origin of these double-

negative (DN) T cells. Because double-negative T cells
are one of the earliest stages of T cell development in the
thymus, do you think these are early thymic T cells that ha-
ven’t matured, that whatever the signals that IRI causes that
home to the lung and do the thing that they do? In other
words, is this a thymic origin early cell that’s kind of
brought to the lung early based on some signals?
ery c Volume 161, Number 1 e89
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And the second question I have regarding interleukin (IL)
10, that’s critical data, especially given the fact that the Tor-
onto group has shown in human trials that overexpression of
IL-10 can ameliorate IRI in the lung graft. So do you think
IL-10 acts directly in these cells to cause them to do what-
ever it is that they do to decrease injury or do you think IL-
10 affects the whole lung milieu, which then brings in fewer
DN T cells. Thus is it a cause-and-effect type of
relationship?

Dr Joshua Hsu (Baltimore, Md).
Thank you for these excellent ques-
tions. In regard to the origin of DN T
cells, we haven’t shown this directly,
but the influenza A study showed that
athymic mice showed similar levels of
DN T cells in the lungs when compared
with mice with a thymus. This might

suggest that DN T cells arise from an extrathymic origin.
e90 The Jour
However, and also preliminary data from our studies, we
have also looked at specifically the alpha/beta DN T cells
in the thymus of humans and mice, and they exhibit little
to no levels of DN T cells. However, after lung IRI, this
rapid expansion of DN T cells, those occur in the lung,
which may suggest that it is trafficking from other sites.
So further experimentation will be conducted with mice
without thymus or kidneys or with the spleen to see where
they are trafficking from.

In regard to the second question, the exact mechanism
of IL-10 in our study still remains unclear. From this pre-
sentation, DN T cells secrete robust levels of IL-10 and
inhibition of IL-10 seems to attenuate this expansion
and attenuates the apoptosis signaling pathway. We think
that the IL-10 secreted by DN T cells could contribute to
the induction of other anti-inflammatory cells, such as
regulatory beta or T cells. We have shown that other cy-
tokines, such as IL-2 and interferon gamma, do act on
DN T cells to proliferate and somehow function in this
anti-inflammatory state. So further in vitro experiments
nal of Thoracic and Cardiovascular Surg
will be conducted to dissect this out, the mechanism,
and the role they play in lung IRI.

Daniel Kreisel (St Louis, Mo). I have 2
questions for you. You show that the
adoptive transfer of DN T cells atten-
uate this lung IRI. If I read your ab-
stract correctly, you isolated those
cells from gld Fas ligand-deficient
mice, which makes sense because you
have an abundance of them, but there

are articles in the literature that show that DN T cells can
ery c January 2021
mediate proinflammatory effects through Fas ligand.
Can you comment on that?
Dr Hsu. In the literature and also as shown by others,

there are proinflammatory as well as anti-inflammatory ef-
fects of double-negative T cells. With our intracellular
staining we have also seen DN T cells secrete proinflamma-
tory cytokines, and the exact function of this is still very un-
clear. However, in our own hands the adoptive transfer of
these specific alpha/beta DN T cells from gldmice attenuate
lung as well as renal injury.

DrKreisel.And the second question I have, you show re-
ductions in cleaved caspase-3 as a marker of apoptosis.
Recently an article showed that treatment with necrostatin,
which inhibits necroptosis, which is a different pathway of
regulated cell death which is inflammatory, plays a major
role in lung IRI in rats, as I recall. Can you comment on
that? Do you think the attenuation of apoptosis is how these
cells mediate their beneficial effect?

Dr Hsu.Well, certainly, I can’t comment much about that
other study. However, cleaved caspase-3 is a measure of
readout in terms of lung injury and cellular death in our study,
andwe correlate that with the kinetics ofDNT cell expansion
and adoptive transfer and so forth. But additional studies do
need to be conducted to really dissect the mechanism,
because there are multiple pathways that can lead to cellular
death, and if it’s cytokine mediated, if it’s oxidative damage,
we are not sure of how this is working.
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