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Background/Aims: Natural killer T (NKT) cells have been reported to play a crucial role in the pathogenesis of asthma
in a mouse model of acute asthma. However, the role for NKT cells in the pathogenesis of acute exacerbation in human
asthma is not defined.

Methods: Peripheral blood mononuclear cells and induced sputum were obtained at baseline and 8 hrs after challenges
in 20 asthmatics who underwent bronchial provocation tests with Dermatophagoides farinae and 6 asthmatics who
underwent aspirin inhalation challenges, or during exacerbation and convalescence in 9 asthmatics with acute exacerbation
associated with upper respiratory tract infection. NKT cells were stained with 6B11 or anti-TCRva24 monoclonal
antibodies and analyzed with flowcytometric assays. Sputum cells, cytokines and chemokines were measured.

Results: Blood CD4" 6B11" NKT cells were increased after allergen challenges compared with baseline in 8 asthmatics
with positive response (p=0.04), but not in 12 asthmatics with negative response. Blood CD3" 6B11" NKT cells (p=0.04)
and CD3" Va24" NKT cells (p=0.04) were decreased after aspirin challenges compared with baseline in 5 asthmatics with
positive challenge. Blood CD4" Va24™ NKT cells were decreased during exacerbation compared with during convalescence
in asthmatics with infection-associated exacerbation (p=0.02). Blood CD4" Vo24  NKT cells were inversely associated
with sputum eosinophils (Rs=-0.46, n=20, p=0.03). However, the frequencies of sputum NKT cells did not change.
Various cytokines and chemokines were increased during infection-associated exacerbation.

Conclusions: Blood NKT cells were decreased following aspirin challenge or during infection-associated exacerbation in
asthmatics, suggesting that blood NKT cells might be mobilized to the lungs during acute exacerbation of asthma. Thus,
NKT cells may play an important role in the pathogenesis of acute exacerbation in human asthma.
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S NGHTLO} HEhA|| 3ES FITC-anti-CD4 (BD Biosciences,
San Jose, CA, USA), PE-6B11 (BD Biosciences) T+ PE-anti-
TCRvo24 (Beckman Coulter, Marseille, France), PerCP-anti-CD3
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CD3+ T A2 =of tigt vl&(%)2 YEtAth2d 1, 2).
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10. 2EH 4B L AEFIRl U A@TIl 53

2 AlE7Fe] B ARSHIE Procarta cytokine assay kit
(Affymetrix, CA, USAYZ o] 8-5te] ZA5t9ct -70C o] £

s & A AFzolS PBSo)| SH 3]45ka1, body fluid
buffer®2 HE=E W31t} Antibody beadol| 1A]7F, detection
antibody©l| 30+ &QF 4=, g/ E ol A WHE-A]7] AL, strep-

tavidin-PE®} 55 5ot Wh3-A|# A, Luminex 200 (Mirai Bio,

SSC

Mouse IgG1-PE

A CD3PerCP B CD3 PerCP

TCRv @ 24-PE

C CD3 PerCP

6B11-PE

D CD3 PerCP

Figure 1. A representative example of flow cytometric analysis of blood NKT cells. CD3 Vo24™ NKT cells (C) and
CD3'6B11" NKT cells (D) were analyzed after gating CD3" T cells (A). Mouse IgGi-PE (B) was isotype for 6B11-PE
and TCRvo24-PE. The number of NKT cells was shown as the percentage of CD3" T cells.
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CA, USA)E o|g3f IL-1B, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8,
1L-10, IL-12(p70), IL-13, IL-17, IFN-y, GM-CSF, TNF-0, G-CSF,
MIP-1B, MCP-1, eotaxin, FGF basic, VEGFE =73}t
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Figure 2. A representative example of flow cytometric
analysis of sputum NKT cells. CD3+Va24+ NKT cells
(C) and CD3+6B11+ NKT cells (D) were analyzed after
gating low side-scatter CD3+ T cells (A). Mouse IgG;-PE
(B) was isotype for 6B11-PE and TCRvo24-PE. The
number of NKT cells was shown as the percentage of
CD3+ T cells. Back-gating of the CD3+Va24+ NKT cells
(C) and CD3+6B11+ NKT cells (D) showed that the Va
24+ NKT cells (E) and the 6B11+ NKT cells (F) were
limited to the typical lymphocyte cluster in the forward-
and side-scatter plot, respectively.

Whitney U 474 % SAHEA 02 W asiola, $22 o 4
< H]1lE= Wilcoxon A SR ¢t Waeg 7F A2
Spearman’s correlation coefficient® 7445} T =98 SPSS
18.0 A2 T2(SPSS Inc., Chicago, IL)S AFEBFITL, p<0.05
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33.3%, p=0.07), HIEFZT PCy (5.744.2 mg/mL, n=5 vs. 8.742.7
mg/mL, n=9), 3 = IgE (890.3£326.0 IU/mL vs. 851.9+294.1
IU/mL), P SAME 2= (333.4+108.4 /uL vs. 449.4+106.1 /uL)
59 FroRt Zpol= UUTHp>0.05). 71A41Z] FEVIi2 /<t
oA Skl Bls F-oJ5kAl WATHp=0.008). ICS, LABA,
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Table 4. Sputum cells after allergen bronchial provocation test

Positive response (n=S8)

Negative response (n=11)

Baseline After challenge Baseline After challenge
Total cells (x107/g) 11.2+4.4 11.1+4.3 7.8+2.0 10.9+3.2
Squamous cells (%) 38.4+4.8 26.042.6 25.8+4.1 30.845.8
Macrophages (%) 34.5+4.6 39.1+4.8 34.5+4.8 40.7£5.7
Lymphocytes (%) 5.0+1.3 6.9+2.0 6.84+2.1 4.5+1.2
Neutrophils (%) 50.543.3 39.742.4" 51.845.2 45.045.7
Eosinophils (%) 9.8+5.8 142452 6.6+3.2 9.6+4.6

: p<0.05 vs. baseline.
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Table 5. Sputum cells after aspirin bronchial provocation test or during asthma exacerbation following upper respiratory

tract infection
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Positive aspirin challenge (n=5)

Asthma exacerbation (n=8)

Baseline After challenge Exacerbation Convalescence
Total cells (x107/g) 23.2+11.3 12.0+1.5 34.3+13.0 23.4+8.2
Squamous cells (%) 28.44+4.6 27.3+2.8 247473 39.0+7.5
Macrophages (%) 18.2+£2.8 25.8+5.2" 28.2+6.9 43.8+8.4
Lymphocytes (%) 3.4+0.6 2.7+1.0 3.5+0.5 2.6+1.4
Neutrophils (%) 66.2+5.8 443+10.1° 42.9+9.9 47.9+8.4
Eosinophils (%) 12.0+5.1 27.0£7.9 25.2+10.6 5.6+3.2

' p <0.05 vs. baseline.

Table 6. Sputum cytokines and chemokines after allergen bronchial provocation test

Positive response (n==8)

Negative response (n=11)

Baseline After challenge Baseline After challenge
IL-1 (pg/mL) 80.3+27.5 57.9420.5 50.2+12.1 52.1423.1
IL-2 (pg/mL) 5.8+0.4 7.7+2.4 6.1+0.6 4.6+0.3
IL-4 (pg/mL) 6.120.6 8.742.9 77412 54403
IL-5 (pg/mL) 3.7+0.4 6.3+3.1 4.6+0.8 3.54+0.3
IL-6 (pg/mL) 24.3+49.2 24.9+£5.5 21.4+4.8 22.6+5.1
IL-7 (pg/mL) 42+0.3 7.7+£2.3 5.8+1.2 3.6+0.2"
IL-8 (pg/mL) 299.0+105.9 356.7+135.0 322.1+110.5 246.7+75.5
IL-10 (pg/mL) 9.7+£1.0 13.3£3.0 9.6+0.9 7.0+0.7
IL-12 (pg/mL) 4.6+0.3 72425 6.2+1.8 3.3+0.3
IL-13 (pg/mL) 4.4+0.2 7.54+2.0 4.4+0.2 3.5+0.2
IL-17 (pg/mL) 10.6+£1.3 14.14£3.3 143£1.6 11.5+1.2"
IFN-y (pg/mL) 4.8+0.3 6.0+1.7 5.3+0.7 3.840.2"
GM-CSF (pg/mL) 3.3+0.3 5.6+1.8 5.0£1.9 2.54+0.2
TNF-a (pg/mL) 4.6+0.5 7.34£2.2 4.7+0.4 4.0+0.3
G-CSF (pg/mL) 5.8+0.6 14.0+4.2 8.0+1.1 5.1+0.4"
MIP-1B (pg/mL) 100.0£57.9 99.5+52.5 120.0£61.3 120.5+87.9
MCP-1 (pg/mL) 5.3+0.6 21.6+11.2 9.8+2.2 5.4+0.7
Eotaxin (pg/mL) 6.4+0.4 9.54+2.2 7.6+1.3 5.3+0.2
FGF basic (pg/mL) 33.44+5.1 34.5+7.0 29.5+7.6 17.9£2.1
VEGF (pg/mL) 11.3£0.9 33.8+13.0 41.3+12.8 25.1+6.2

IL, interleukin; IFN, interferon; GM-CSF, granulocyte macrophage colony-stimulating factor; TNF, tumor necrosis factor; MIP,
macrophage inflammatory protein, MCP, monocyte chemotactic protein; FGF, fibroblast growth factor; VEGF, vascular endothelial

growth factor.
p <0.05 vs. baseline.
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Table 7. Sputum cytokines and chemokines after aspirin bronchial provocation test or during asthma exacerbation

following upper respiratory tract infection

Positive aspirin challenge (n=5)

Asthma exacerbation (n=8)

Baseline After challenge Exacerbation Convalescence
IL-1 (pg/mL) 330.9£259.5 31.9+4.1 524.6+341.9" 31.3+11.6
IL-2 (pg/mL) 6.4+0.4 6.4+0.8 21.349.0" 53404
IL-4 (pg/mL) 7.840.4 7.140.9 21.149.2" 5.840.3
IL-5 (pg/mL) 4.9+0.6 5.7+0.9 471145 3.840.2
IL-6 (pg/mL) 56.2425.1 424476 232.7+146.7 21.948.4
IL-7 (pg/mL) 4.640.5 5240.7 16.546.7" 41403
IL-8 (pg/mL) 1,128.3+780.4 209.0+62.6 1,508.0+£663.1 598.54+353.8
IL-10 (pg/mL) 8.0+0.4 8.840.6 22.847.0 8.842.3
IL-12 (pg/mL) 4.6+0.4 5.0+0.5 19.1482° 4.0+0.6
IL-13 (pg/mL) 54404 5.840.2 16.846.5" 45405
IL-17 (pg/mL) 14.2+0.7 12.9+1.8 29.1+10.8 12.242.1
IFN-y (pg/mL) 54402 5.640.6 16.946.9" 43403
GM-CSF (pg/mL) 3404 41405 156472 2.940.3
TNF-a (pg/mL) 52402 52404 17672 44403
G-CSF (pg/mL) 8.1+1.0 73+1.0 20.946.7" 6.0+0.9
MIP-1B (pg/mL) 931.1+866.1 77.0+30.2 1,823.04482.8° 320.7+178.7
MCP-1 (pg/mL) 12.643.2 11.5+4.2 486.1+452.4 17.6£5.7
Eotaxin (pg/mL) 72403 72403 18.0+7.0° 8.0£0.9
FGF basic (pg/mL) 17.443.4 16.4+0.8 402472 25.549.7
VEGF (pg/mL) 30.846.9 30.0+14.4 46.0+9.9° 31.348.3

IL, interleukin; IFN, interferon; GM-CSF, granulocyte macrophage colony-stimulating factor; TNF, tumor necrosis factor; MIP,
macrophage inflammatory protein; MCP, monocyte chemotactic protein; FGF, fibroblast growth factor; VEGF, vascular endothelial

growth factor.
p<0.05 vs. convalescence.
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Figure 3. The frequency of NKT cells in peripheral blood mononuclear cells and the induced sputum at baseline and after
challenges in asthmatics with positive allergen challenges (A for blood, n=8 and C for sputum, n=6) and in those with
negative challenges (B for blood, n=12 and D for sputum, n=8). Data are expressed as the percentage of CD3" T cells.
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Figure 4. The frequency of NKT cells in peripheral blood mononuclear cells (A, n=5) and the induced sputum (B, n=4) at
baseline and after challenges in asthmatics with positive aspirin challenges. Data are expressed as the percentage of CD3" T

cells.
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Figure 5. The frequency of NKT cells in peripheral blood mononuclear cells (A, n=9) and the induced sputum (B, n=7) during
exacerbation and convalescence in asthmatics with infection-associated exacerbation. Data are expressed as the percentage

of CD3" T cells.
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Figure 6. Correlation between the proportion of eosinophils
in the induced sputum and the frequency of CD4'Va24"
NKT cells in peripheral blood mononuclear cells in 22
samples obtained at 8 hours after positive allergen and aspirin
challenges and during infection-associated asthma exacerbation.
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