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Letter to the Editor
Clinical significance of invariant natural killer T cells and IL-5 in acute
eosinophilic pneumonia
Dear Editor,

Acute eosinophilic pneumonia (AEP) is an allergic lung inflam-
mation associated with acute fever, severe hypoxemia, diffuse pul-
monary infiltration, and eosinophilia in BAL fluid. Although it is not
known whether the pathogenesis of AEP differs from that of other
eosinophilic lung diseases, such as chronic eosinophilic pneumonia
(CEP), patients with AEP tend to experience more severe and more
rapidly progressing symptoms, including fever, shortness of breath,
and chest pain, as compared with patients with CEP. Preceding
exposure to tobacco smoke or other inhaled substances has been
suggested to contribute to the development of AEP but not CEP.1

Th2 lymphocytes and Th2 cytokines, such as IL-4, IL-5, and IL-13,
have well-characterized roles in allergic inflammatory responses.
However, the mechanisms by which inflammatory cells and cyto-
kines promote eosinophilic inflammation, especially in AEP, are still
obscure. A previous study suggested that natural killer (NK) cells
and NK T (NKT) cells may also regulate eosinophilic pneumonias.2

Although that study did not differentiate between patients with
AEP and CEP, the data were interesting because they showed that
a subset of invariant NKT (iNKT) cells, which use a limited number
of T-cell receptor (TCR) Va and Vb chains, can affect the Th cell po-
larization early in an immune response and induce a Th2-biased
response.3 Here, we aimed to determine whether iNKT cells could
contribute to the pathogenesis of AEP.

Between June 2000 and May 2020, we recruited 14 patients
with AEP, 40 patients with CEP, and 14 healthy volunteers to partic-
ipate in this study (Supplementary Table 1). This study was
approved by the Research Ethics Committee of the University of
Tsukuba Hospital (approval code H24-140). All subjects provided
informed consent in accordance with institutional guidelines and
the Declaration of Helsinki. The 14 patients with AEP included 4
men and 10 women aged 15e31 years, of whom 11 were current
smokers and 3 were never-smokers. AEP was diagnosed on the ba-
sis of typical clinical presentation, i.e., acute fever with shortness of
breath of less than 2 weeks’ duration, diffuse pulmonary infiltrates
on chest radiographs, and the presence of eosinophils as more than
25% of total leukocytes in the BAL fluid. The 40 CEP patients
included 23 men and 17 women aged 31e83 years, of whom 10
were current smokers, 11 were ex-smokers, and 19 were never-
smokers. CEP was diagnosed on the basis of chronic pneumonia
with symptoms of slight fever and shortness of breath persisting
over several weeks; bilateral pulmonary infiltrates, with peripheral
dominant distribution; and alveolar eosinophilia as for AEP. The 14
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healthy subjects included 11 men and 3 women aged 16e38 years,
of whom 4 were current smokers and 10 were never-smokers.
Methodological details can be found in the Supplementary
Methods.

The eosinophil numbers in BAL fluid were significantly higher in
both AEP and CEP patients as compared with healthy subjects, but
there was no significant difference between the two eosinophilic
pneumonia groups (Supplementary Table 1). The percentage and
number of iNKT cells (defined as TCRVa24þVb11þ) in BAL fluid
weremarkedly higher for AEP patients compared with CEP patients
or healthy controls (Fig. 1A, B), whereas total Th cells (CD3þCD4þ)
did not differ among these groups. Regarding the effect of smoking
on the alveolar infiltration of iNKT cells, we found that the numbers
of iNKT cells in BAL fluid were not affected by smoking status (cur-
rent smoker vs. non- or ex-smoker) in any groups: AEP
(134.2 ± 36.1 vs. 74.9 ± 58.0; p ¼ 0.44), CEP (3.8 ± 1.3 vs.
7.7 ± 1.5; p ¼ 0.18), and healthy control (1.5 ± 0.7 vs. 1.8 ± 0.4;
p ¼ 0.69). The level of IL-5, but not of IL-4 or IL-13, in BAL fluid
was significantly higher in AEP patients compared with CEP pa-
tients or healthy subjects (Fig. 2A). Furthermore, quantitative
reverse-transcription PCR analysis demonstrated that IL-5 mRNA
levels were significantly higher in iNKT cells purified from the
BAL fluid of AEP patients compared with CEP patients or healthy
subjects, whereas the IL-5 mRNA levels in Th cells were comparable
(Fig. 2B).

One striking finding was the marked elevation of iNKT cells in
the lungs of AEP, but not CEP patients, despite comparable numbers
of eosinophils. iNKT cells are a unique lymphoid subset distinct
from either NK or T cells. In addition to expressing a very limited
repertoire of TCR a and b chains, the cells recognize glycolipid an-
tigens in a CD1d-restricted manner. Despite their low abundance
compared with conventional T cells, iNKTs can rapidly secrete large
amounts of cytokines, including IL-5, upon stimulation.3 Thus, it is
reasonable to consider that iNKTcells may play a central role in pro-
moting eosinophilic pneumonia, as well as asthma.4 The reason
why iNKT cells are preferentially enriched in the lungs of patients
with AEP remains unclear, but there are several possible explana-
tions. First, iNKT cells can respond more rapidly than other cells
during an immune response,3 which is consistent with a role in
an acute stage of eosinophilic inflammation. Second, despite our
data showing that the number of iNKT cells was not affected by
the patients’ current smoking status, there remains a possibility
that iNKT cells could be activated by oxidative damage resulting
from smoke exposure, as indicated previously.5 Finally, the patho-
genic antigenic stimuli for immune cells, including iNKT cells, in
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Fig. 1. Representative flow cytometric profiles and percentages (A), and the number of TCRVa24þVb11þ invariant natural killer T (iNKT) cells (B) among lymphocytes in BAL fluid
from healthy subjects or patients with acute eosinophilic pneumonia (AEP) or chronic eosinophilic pneumonia (CEP) (n ¼ 14 healthy subjects, n ¼ 14 AEP patients, and n ¼ 40 CEP
patients). Results are shown as the mean ± SEM.
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Fig. 2. (A) IL-4, IL-5, and IL-13 concentrations in BAL fluid from healthy subjects and patients with acute eosinophilic pneumonia (AEP) or chronic eosinophilic pneumonia (CEP)
(n ¼ 14 healthy subjects, n ¼ 12 AEP patients, n ¼ 17 CEP patients). (B) IL-5 mRNA levels in invariant natural killer T (iNKT) and T helper cells sorted from the BAL fluid of the three
groups (n ¼ 5 healthy subjects, n ¼ 7 AEP patients, n ¼ 6 CEP patients). Results are shown as the mean ± SEM. NS, not significant.
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AEP may differ from those in CEP6; thus, they may each promote
eosinophilic inflammation by altering different immune pathways.

Another interesting finding herewas that IL-5, but not other Th2
cytokines, was significantly elevated in the BAL fluid from AEP pa-
tients but not CEP patients. IL-5 is a major Th2 cytokine, with roles
in stimulating eosinophil proliferation, maturation, migration, and
activation, as well as in facilitating allergic reactions in concert with
other mediators. Our result confirms those of previous reports
examining IL-5, IL-4, and IL-13 levels in BAL fluid from patients
with AEP and CEP.7,8 Moreover, IL-5 levels in BAL fluid have been re-
ported to decrease in parallel with the clinical improvement of AEP
patients.9 The finding that IL-5 mRNA was elevated in iNKT cells,
but not Th cells, points to iNKT cells as a potential source of IL-5
in AEP. One limitation of the present study is its relatively small
sample size, especially for the ELISA and real-time PCR analyses,
owing to the rarity of AEP and the retrospective nature of our study.
To better understand the shared and distinct mechanisms of AEP
and CEP, further investigations with more samples and analyses
of other mediators, including cytokines (such as IL-25, IL-33, and
TSLP), chemokines, lipid mediators, damage-associated molecular
pattern molecules, and extracellular matrix proteins, all of which
are linked to eosinophil accumulation and activation,10 are
required. Examining the different cell types, such as ILC2, that
secrete IL-5 might also provide valuable information for unraveling
the complex pathogenesis of AEP. Nevertheless, our findings sup-
port a continued focus on iNKT cells, as they may play a pathogenic
role in AEP through novel mechanisms of action.

In conclusion, our results provide the first evidence that iNKT
cells are a potential source of IL-5 and may play a crucial role in
orchestrating eosinophilic inflammatory responses in AEP.

Acknowledgements

We thank Anne M. O'Rourke, PhD, and Katie Oakley, PhD, from
Edanz Group (https://en-author-services.edanzgroup.com) for
editing drafts of this manuscript.
Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.alit.2020.09.013.
Conflict of interest
The authors have no conflict of interest to declare.

Kazufumi Yoshida, Yuko Morishima *, Yukio Ishii, Yosuke Matsuno,
Takumi Kiwamoto, Masashi Matsuyama, Nobuyuki Hizawa

Department of Pulmonary Medicine, Faculty of Medicine, University of Tsukuba,
Ibaraki, Japan

* Corresponding author. Department of Pulmonary Medicine, Faculty of Medicine,
University of Tsukuba, 1-1-1 Tennoudai, Tsukuba, Ibaraki 305-8575, Japan.
E-mail address: mk01a231@md.tsukuba.ac.jp (Y. Morishima).
References

1. Allen J, Wert M. Eosinophilic pneumonias. J Allergy Clin Immunol Pract 2018;6:
1455e61.

2. Papakosta D, Manika K, Kyriazis G, Kontakiotis T, Gioulekas D, Polyzoni T, et al.
Bronchoalveolar lavage fluid eosinophils are correlated to natural killer cells in
eosinophilic pneumonias. Respiration 2009;78:177e84.

3. Chen H, Paul WE. Cultured NK1.1þ CD4þ T cells produce large amounts of IL-4
and IFN-gamma upon activation by anti-CD3 or CD1. J Immunol 1997;159:
2240e9.

4. Umetsu DT, Dekruyff RH. Natural killer T cells are important in the pathogen-
esis of asthma: the many pathways to asthma. J Allergy Clin Immunol 2010;125:
975e9.

5. Eriksson Str€om J, Pourazar J, Linder R, Blomberg A, Lindberg A, Bucht A, et al.
Cytotoxic lymphocytes in COPD airways: increased NK cells associated with
disease, iNKT and NKT-like cells with current smoking. Respir Res 2018;19:244.

6. Hyde EJ, Wakelin KA, Daniels NJ, Ghosh S, Ronchese F. Similar immune mech-
anisms control experimental airway eosinophilia elicited by different allergens
and treatment protocols. BMC Immunol 2019;20:18.

7. Nakahara Y, Hayashi S, Fukuno Y, Kawashima M, Yatsunami J. Increased
interleukin-5 levels in bronchoalveolar lavage fluid is a major factor for eosin-
ophil accumulation in acute eosinophilic pneumonia. Respiration 2001;68:
389e95.

8. Mato N, Bando M, Kusano A, Hirano T, Nakayama M, Uto T, et al. Clinical signif-
icance of interleukin 33 (IL-33) in patients with eosinophilic pneumonia. Aller-
gol Int 2013;62:45e52.

9. Allen JN, Liao Z, Wewers MD, Altenberger EA, Moore SA, Allen ED. Detection of
IL-5 and IL-1 receptor antagonist in bronchoalveolar lavage fluid in acute eosin-
ophilic pneumonia. J Allergy Clin Immunol 1996;97:1366e74.

10. Nakagome K, Nagata M. Possible mechanisms of eosinophil accumulation in
eosinophilic pneumonia. Biomolecules 2020;10:638.

Received 13 July 2020
Received in revised form 23 September 2020

Accepted 30 September 2020
Available online 13 November 2020

https://en-author-services.edanzgroup.com
https://doi.org/10.1016/j.alit.2020.09.013
mailto:mk01a231@md.tsukuba.ac.jp
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref1
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref1
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref1
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref2
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref2
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref2
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref2
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref3
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref3
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref3
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref3
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref3
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref3
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref4
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref4
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref4
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref4
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref5
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref5
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref5
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref5
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref6
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref6
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref6
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref7
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref7
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref7
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref7
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref7
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref8
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref8
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref8
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref8
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref9
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref9
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref9
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref9
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref10
http://refhub.elsevier.com/S1323-8930(20)30140-4/sref10

	Clinical significance of invariant natural killer T cells and IL-5 in acute eosinophilic pneumonia
	Acknowledgements
	Appendix A. 

	Appendix A. Supplementary data
	Conflict of interest

	References


