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_Low lung volume is a risk factor for prediabetes

prevalence.® ° In addition, such association between
lower lung function and impaired glucose metabolism
was also demonstrated in Western populations with
higher BMI but lower smoking prevalence, and the asso-
ciation had been shown to be independent of smoking
or obesity (refs. 6 for review ref. 7).

The mechanisms for the association are not clarified
at present. It has been suggested that IGT is caused
mainly by insulin resistance in the muscle, and IFG
mainly by insulin resistance in the liver?® Reduced
lung volume is associated with reduced maximum
oxygen uptake, which may lead to poorer physical
fitness and physical activity, and thus result in insulin
resistance and DM.25% This may explain why IGT is
more closely associated with lung volume. Furthermore,
poorer lung function in adulthood may be due to low
birth weight or early-life malnutrition,29 %0 both of
which have been reported to be associated with the
development of diabetes.*! Malnutrition as a neonate
may be an important early cause of cardiac and meta-
bolic disorders in adulthood as a consequence of fetal
programming.®? 3

This study had several limitations. The study popula-
tion was limited to men, owing to the fact that sufficient

female subjects were not available at the institute. The
occupational cohort used in this study may not be repre-
sentative of Japanese men in general. For example, the
prevalence rates of hypertension and hyperlipidaemia in
this cohort were 13% and 7%, respectively (data not
shown). The National Health and Nutrition
Examination Survey in Japan showed prevalence rate of
these in general Japanese men aged 40-60 years, in
general, were around 30% and 35%, respectively, sug-
gesting that our occupational cohort may be healthier.
Subjects taking medications, including simvastatin,
which have been shown to lower the risk of impaired
glucose metabolism were not excluded, although the dis-
tributions of %FVC and the FEV;/FVC ratio in those
taking drugs for hypertension, dyslipidaemia and hyper-
uricaemia were not significantly different from those of
subjects not on such medication.

In conclusion, this study provides evidence for a pro-
spective relationship between lung volume and the inci-
dence of newly diagnosed prediabetes among subjects
with normal glucose metabolism at baseline. Among sub-
jects with prediabetes, the study also suggests that lung
volume may be a risk factor for the development of IGT,
which is mainly caused by insulin resistance in the

Yamane T, Yokoyama A, Kitahara Y, et al. BMJ Open 2013;3:¢002179. doi:10.1136/bmjopen-2012-002179 5

- 205 -



Downloaded from bmjopen.bmj.com on February 2, 2014 - Published by group.bmj.com

muscle, but not IFG, which is caused mainly by insulin 11.  Mannino DM, Thomn D, Swensen A, et al. Prevalence and outcome
. . . . . . of diabetes, hypertension and cardiovascular disease in COPD. Eur
resistance in the liver. Although there is published evi- Respir J 2008;32:962—9.
dence for an association between COPD and DM, our 12. Iwamoto H, Yokoyama A, Kitahara Y, et al. Airflow limitation in
results suggest that prediabetes is not associated with at %”;?gfe'Lzzsgggiigggfzg?“"m' atherosclerosis. Am J Respir
least the early stage of COPD. 13. Feary JR, Rodrigues LC, Smith CJ, et al. Prevalence of major
. comorbidities in subjects with COPD and incidence of myocardial
Acknowledgements The authors would like to thank the staff of Nippon infarction and stroke: a comprehensive analysis using data from
Telegraph and Telephone West Corporation Chugoku Health Administration primary care. Thorax 2010;65:956-62.
Center. 14. Davis WA, Knuiman M, Kendall P, et al. Glycemic exposure is
associated with reduced pulmonary function in type 2 diabetes: the
Contributors TY contributed to the collection of data, analysis and Fremantle Diabetes Study. Diabetes Care 2004;27:752-7.
interpretation of data, and writing of the draft. AY contributed to the study 16.  Ehrlich SF, Quesenberry CP Jr, Van Den Eeden SK, et al. Patients
design, analysis and interpretation of data, editing of the draft and diagnosed W“:‘ d'abe"e:, are at '”CI’eased ”?:; for asthrga, chronic
acquisition of funding. YK and SM contributed to the collection of data and cb’bS"“c“"e pulmonary disease, pulmonary [ibrosis, and pneumonia
. , . . . ut not lung cancer. Diabetes Care 2010;33:55-60.
analysis, YH, NH and KY contributed to the collection and interpretation of 16. Seshasai SR, Kaptoge S, Thompson A, et al. Diabetes mellitus,
data, and editing the draft. NK contributed to the analysis and interpretation fasting glucose, and risk of cause-specific death. N Engl J Med
of data, and editing of the draft. All authors read and approved the final 2011,364:829-41.
manuscript. 17.  World Health Organization. Definition and diagnosis of diabetes
mellitus and intermediate hyperglycemia: report of a WHO/IDF
Funding This work was supported in part by a grant-in-aid for scientific research consultation. Geneva: World Health Organization, 2006.
from the Ministry of Education, Culture, Sports, Science and Technology of Japan 18. Knowler WC, Barrett-Connor E, Fowler SE, et al. Reduction in the
(No. 23390222 and 24659405), and a grant to the Respiratory Failure Research Incldance of type 2 diabetes with lifestyle intervention or metformin.
Group from the Ministry of Health, Labor and Welfare, Japan N Engl J Med 2002;346:393-402.
roup Ty ' » Japan. 19.  Unwin N, Shaw J, Zimmet P, et al. Impaired glucose tolerance and
Competing interests None. impaired fasting glycaemia: the current status on definition and
intervention. Diabetes Med 2002;19:708—-23.
Patient consent Obtained. 20. Qiao Q, Jousilahti P, Eriksson J, et al. Predictive properties of
. . . o impaired glucose tolerance for cardiovascular risk are not explained
Ethics approval The Ethical Committee of Kochi University. by the development of overt diabetes during follow-up. Diabetes
Provenance and peer review Not commissioned; externally peer reviewed. 1. g‘:ﬁfﬁ&?ﬁiﬁg:ﬁ: ‘Dabelea D, et al. Plasma glucose and
; i i prediction of microvascular disease and mortality: evaluation of 1997
Data sharing statement No additional data are available. American Diabetes Association and 1999 World Health Organization
criteria for diagnosis of diabetes. Diabetes Care 2000;
23:1113-18.
22. Singleton JR, Smith AG, Bromberg MB. Increased prevalence of
REFERENCES impaired glucose tolerance in patients with painful sensory

1. Engstrdm G, Janzon L. Risk of developing diabetes is inversely neuropathy. Diabetes Care 2001;24:1448-53.
related to lung function: a population-based cohort study. Diabet 23. American Thoracic Society. Standardization of spirometry, 1994
Med 2002;19:167-70. update. Am J Respir Crit Care Med 1995;152:1107-36.

2. Ford ES, Mannino DM; National Health and Nutrition Examination 24. Committee report of pulmonary physiology in Japan Respiratory
Survey Epidemiologic Follow-up Study. Prospective association Society. Reference values for spirogram and arterial blood gas
between lung function and the incidence of diabetes: findings from analysis in Japanese. (In Japanese.) Nihon Kokyuki Gakkai Zasshi
the National Health and Nutrition Examination Survey Epidemiologic 2001;39:15-178.

Follow-up Study. Diabetes Care 2004;27:2966-70. 25. Abdul-Ghani MA, Jenkinson CP, Richardson DK, et al. Insulin

3. Lawlor DA, Ebrahim S, Smith GD. Associations of measures of lung secretion and action in subjects with impaired fasting glucose and
function with insulin resistance and type 2 diabetes: findings from impaired glucose tolerance: results from the Veterans
the British Women's Heart and Health Study. Diabetologia Administration Genetic Epidemiology Study. Diabetes
2004;47:195~203. 2006;55:1430-5.

4. Yeh HC, Punjabi NM, Wang NY, et al. Cross-sectional and 26. Eriksson KF, Lindgarde F. Poor physical fitness, and impaired early
prospective study of lung function in adults with type 2 diabetes: the insulin response but late hyperinsulinaemia, as predicts of NIDDM in
atherosclerosis risk in communities (ARIC) study. Diabetes Care middle-aged Swedish men. Diabetologia 1996;39:573-9.
2008;31:741-6. 27. Burney PG, Hooper R. Forced vital capacity, airway obstruction and

5. Lee HM, Le H, Lee BT, et al. Forced vital capacity paired with survival in a general population sample from the USA. Thorax
Framingham Risk Score for prediction of all-cause mortality. Eur 2011,66:49-54.

Respir J 2010;36:1002-6. 28. Guerra S, Sherrill DL, Venker C, et al. Morbidity and mortality

6. Hickson DA, Burchfiel CM, Liu J, et al. Diabetes, impaired glucose associated with the restrictive spirometric pattern: a longitudinal
tolerance, and metabolic biomarkers in individuals with normal study. Thorax 2011;65:499-504.
glucose tolerance are inversely associated with lung function: the 29. Orfei L, Strachan DP, Rudnicka AR, et al. Early influences on adult
Jackson Heart Study. Lung 2011;189:311-21. lung function in two national British cohorts. Arch Dis Child

7. Klein OL, Krishnan JA, Glick S, et al. Systematic review of the 2008;93:570-4.
association between lung function and type 2 diabetes mellitus. 30. Sebert S, Sharkey D, Budge H, et al. The early programming of
Diabet Med 2010;27:977-87. metabolic health: is epigenetic setting the missing link? Am J Clin

8. Heianza Y, Arase Y, Tsuji H, et al. Low lung function and risk of type Nutr2011;94:19535-88S.

2 diabetes in Japanese men: the Toranomon Hospital Health 31. Whincup PH, Kaye SJ, Owen CG, et al. Birth weight and risk of type
Management Center Study 9 (TOPICS 9). Mayo Clin Proc 2 diabetes: a systematic review. JAMA 2008;300:2886-97.
2012;87:853-61. 32. Osmond C, Barker DJ. Fetal, infant, and childhood growth are

9. Kwon CH, Rhee EJ, Song JU, et al. Reduced lung function is predictors of coronary heart disease, diabetes, and hypertension in
independently associated with increased risk of type 2 diabetes in adult men and women. Environ Health Perspect
Korean men. Cardiovasc Diabetol 2012;11:38. 2000;108:5455-53S.

10. Sinden NJ, Stockley RA. Systemic inflammation and comorbidity in 33. Barker DJ. The developmental origins of adult disease. J Am Coll
COPD: a result of ‘overspill’ of inflammatory mediators from the Nutr 2004;23:5885-958S.
lungs? Review of the evidence. Thorax 2010,65:930-6.

6 Yamane T, Yokoyama A, Kitahara Y, et al. BMJ Open 2013;3:2002179. doi:10.1136/bmjopen-2012-002179

— 206 —



Downloaded from bmjopen.bmj.com on February 2, 2014 - Published by group.bmj.com

Cross-sectional and prospective study of
the association between lung function and
prediabetes

Takashi Yamane, Akihito Yokoyama, Yoshihiro Kitahara, et al.

BMJ Open 2013 3:
doi: 10.1136/bmjopen-2012-002179

Updated information and services can be found at:
http://bmjopen.bmj.com/content/3/2/e002179.full.html

References

Open Access

Email alerting

These include:

This article cites 32 articles, 14 of which can be accessed free at:
hitp://bmjopen.bmj.com/content/3/2/e002179.full.htmi#ref-list-1

This is an open-access article distributed under the terms of the
Creative Commons Attribution Non-commercial License, which permits
use, distribution, and reproduction in any medium, provided the original
work is properly cited, the use is non commercial and is otherwise in
compliance with the license. See:
http://creativecommons.org/licenses/by-nc/3.0/ and
http://creativecommons.org/licenses/by-nc/3.0/legalcode

Receive free email alerts when new articles cite this article. Sign up in

service the box at the top right corner of the online article.
Topic  Articles on similar topics can be found in the following collections
Collections o )
Epidemiology (610 articles)
Respiratory medicine (115 articles)
Notes

To request permissions go to:
hitpi/igroup.bmj.com/group/rights-licensing/permissions

To order reprints go to:

hitp:/ljournals.bmj.com/cgi/reprintform

To subscribe to BMJ go to:
http:/lgroup.bmj.com/subscribe/

- 207 -



Sekiduka-Kumano et al. BMC Psychiatry 2013, 13:159
http://www.biomedcentral.com/1471-244X/13/159

| BMC
Psychiatry

RESEARCH ARTICLE Open Access

Positive association between the plasma levels of
5-hydroxyindoleacetic acid and the severity of
depression in patients with chronic obstructive
pulmonary disease

Tomomi Sekiduka-Kumano', Tomotaka Kawayama'", Kosuke Ito!, Yoshihisa Shoji®, Kazuko Matsunaga',
Masaki Okamoto', Nobutaka Edakuni', Haruki Imaoka’, Naohisa Uchimura? and Tomoaki Hoshino'

Abstract

Background: The role of plasma monoamines in patients with chronic obstructive pulmonary disease (COPD) with
depression is unclear. To investigate monoamines in 20 depressed patients with COPD, the plasma concentrations
of serotonin, 5-hydroxyindoleacetic acid (5-HIAA), homovanillic acid, and 3-methoxy-4-hydroxyphenylglycol (MHPG)
were measured and compared with those in 50 non-depressed COPD patients, and also with 23 age- and
gender-matched non-smokers and 13 smokers as non-depressed healthy controls.

Methods: Diagnosis of depression was assessed using the Centre for Epidemiologic Studies Depression Scale.
Plasma concentrations of monoamines were measured by high-performance liquid chromatography.

Results: None of the depressed COPD patients had suicidal ideation. The plasma 5-HIAA level [median, (25% and
75% quartiles)] in depressed COPD patients {6.8 ng/mL, (4.9 and 13.1)] was significantly higher than in
non-depressed COPD patients [54, (4.2 and 7.5)] (p=0.022) and non-smokers [5.1 (3.8 and 7.2)] (p=0.041), but not
smokers [4.7, (4.0 and 6.7)] (p>0.05). The plasma 5-HIAA level (r=0.24, p=0.049) was significantly associated with the
severity of depression in patients with COPD. The plasma MHPG level was significantly higher in depressed COPD
patients (p=0.043) than in smokers, but was not higher than that in non-depressed COPD patients or non-smokers,
although the level of MHPG was not associated with the severity of depression.

Conclusion: The plasma 5-HIAA level is increased in depressed COPD patients. Plasma monoamines may be a
good biomarker for detection of depression in patients with COPD.

Keywords: COPD, Monoamine, Depression )

(.

Background and prevention of exacerbations may contribute to
Chronic obstructive pulmonary disease (COPD) is an improvement of health-related quality of life
characterized by a chronic airflow limitation, and is (HRQOL) and lower mortality for patients with COPD.

recognized as a major health problem responsible
for chronic morbidity and mortality worldwide [1].
Symptomatic COPD patients who have suffered pre-
vious repeated exacerbations have poor disease con-
trol and prognosis [2]. Improvement of symptoms
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COPD patients often have psychological disorders,
including depression, and such patients tend to have
more frequent exacerbations and a poor prognosis
[3-7]. Recently, we demonstrated that depressed
COPD patients had a lower HRQOL and more fre-
quent exacerbations and hospitalizations those non-
depressed COPD patients [3]. The severity of depres-
sion in COPD is closely associated with suicidal
ideation [8,9].

© 2013 Sekiduka-Kumano et al, licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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It is well known that depressive symptoms are associ-
ated with dysfunction of brain monoaminergic neurons,
and that the levels of serotonin (5-hydroxytryptamine
[5-HT]) released in the brain are linked to a decrease
in responsiveness to anti-depressants [10,11]. It is also
well known that the functions of monoamine and
monoamine oxidase are associated with smoking-related
diseases [12,13]. However, the relationship between levels
of plasma monoamines and their metabolites in patients
with COPD-associated depression is still unclear.

In the present study, we analyzed serotonin metabo-
lites to investigate possible biomarkers of depressed
COPD patients. Plasma homovanillic acid (HVA), 3-
methoxy-4-hydroxyphenylglycol (MHPG), 5-HT, and 5-
hydroxyindoleacetic acid (5-HIAA) were measured in
COPD patients who were depressed (depressed COPD)
and COPD patients who were not depressed (non-de-
pressed COPD), and also in age- and gender-matched
non-depressed nonsmokers and smokers as controls.

Methods
Participants
The subjects of this study were outpatients or healthy
volunteers. We randomly enrolled 70 patients with COPD,
and recruited 36 age- and gender-matched healthy con-
trols between September 1% 2009 and August 31*° 2011 at
the Chest Disease Center of Kurume University Hospital,
Japan (Table 1). All of the patients analyzed had had stable
COPD for at least 4 weeks prior to blood tests. None had
received oral or injective corticosteroids or antibiotics for
4 weeks prior to the blood tests. Individuals with asthma,
bronchiectasis, interstitial pneumonia, tuberculosis, pneu-
moconiosis, ischemic heart disease, chronic heart disease,
renal or liver failure, active malignancies of any organs,
sleep apnea syndrome, and a presence and history of psy-
chological diseases such as major depression, bipolar dis-
order, or schizophrenia were excluded. Also excluded were
patients who had been taking anti-depressants, and pa-
tients who had a history of lung volume reduction surgery,
lung transplantation, or pneumonectomy. Patients with
central nervous system disorders and cerebrovascular dis-
eases were excluded on the basis of brain computed tom-
ography (CT) or magnetic resonance imaging (MRI)
examinations. Patients with COPD who were undertaking
respiratory rehabilitation, or receiving long-term oxygen
therapy and non-invasive positive pressure ventilation
were excluded, because these treatments are thought to
affect psychological status. We carefully excluded any sub-
jects with renal function disorders (serum creatinine levels
>1.2 mg/dL).

As reported previously [14,15], the sample sizes for the
patients with COPD and healthy controls were >70 and
>35, respectively, in plasma levels of monoamines, when

Page 2 of 9

the sample ratio was 1:2 (power = 80%; alpha error = 5%;
and beta error = 80%).

Study protocol

After the patients had provided written informed consent,
information on age, gender, smoking status (current-, ex-
or non-smoker), cumulative smoking history (pack-yrs),
body mass index (BMI weight/height®), comorbidities,
and history of pharmacological treatments was obtained.
Each subject underwent blood tests, spirometry, electro-
cardiography, chest radiography, chest high-resolution CT
(HRCT), and brain CT or MRI. Spirometry and broncho-
dilator response tests were performed using an electronic
spirometer (Chestgraph Jr HI-101, CHEST Ltd., Tokyo,
Japan) in accordance with the American Thoracic Society
(ATS) recommendations [16]. A metered-dose salbutamol
(400 mcg/subject, GSK, Japan) inhaler was used as a bron-
chodilator, and bronchodilator response tests were per-
formed before and 30 min after salbutamol inhalation.
Predicted values of spirometry parameters were calculated
according to the prediction equations of the Japanese
Respiratory Society, as we have reported previously [17].
HRQOL was assessed using the validated Japanese St.
George’s Respiratory Questionnaire (SGRQ) [18,19]. The
SGRQ contains three subscales (symptoms, activity, and
impact), and the total score varies from 0 to 100 with a
higher score indicating a worse health status [19]. Dyspnea
was evaluated using the 5-grade (0 to 4) modified Medical
Research Council (mMRC) dyspnea scale [20]. Arterial
blood gas analysis was performed with each subject supine
breathing room air. After assessing the SGRQ, the mMRC
dyspnea scale, and the Centre for Epidemiologic Studies
depression (CES-D) scale (Purchased from Saccess Bell
Co., Ltd, Japan) for depression, all blood samples were
taken between 9:00 and 10:00 AM following 10 minutes
with the subjects supine. Samples were kept at -80°C until
analysis.

The study protocols (Approval No. 08091, May 29,
2009) were approved by the research ethics board of
Kurume University and written informed consent was
obtained from the internal review board and all
participants.

Diagnosis and severity of COPD

Diagnosis and staging of COPD were in accordance with
the Global Initiative for Chronic Obstructive Lung
Disease (GOLD) guidelines [2], and included a post-
bronchodilator forced expiratory volume in 1 second/
forced vital capacity (FEV{/FVC) ratio of <70%, and
<200 mL and <12% reversibility of FEV; before and after
bronchodilator administration. Patients with COPD who
had a smoking history of 10 pack-yrs and over and also
had emphysematous changes in the lungs were selected
to carefully remove asthmatics. The emphysematous
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Table 1 Profiles of the four participant groups

Page 3 of 9

Parameter Control subjects COPD patients
Nonsmokers Smokers Non-depressed Depressed
Number of subjects 23 13 50 20
Age (yr) ' 66.7 + 90 665+ 11.6 685+ 7.2 682+ 7.8
Gender? (no. of males; %) 15 (65.2) 12 (92.3) 47 (94.0) 14 (70.0)
Body mass index (kg/m?) 221 424 230 + 28 219+ 3.1 198 + 38"
Smoking status®
Non / Ex / Cu (no) 23/0/0 0/4/9 0/33/17 0/14/6
Smoke index (pack-yrs) 0 400 +182™ 593 + 303" 522+ 270"
Comorbidities®
Hypertension (no; %) 7 (304) 4 (30.8) 13 (26.0) 4 (20.0)
Diabetes (no; %) 5Q217) 177 11 (220) 6 (30.0)
Duration of COPD (yr) N/A N/A 53+39 55+ 44
GOLD stage®
I/ / 0/ NV (no) N/A N/A 7/22/17/4 2/4/8/6
Lung function parameters
Before bronchodilator
FVC (L) 35+09 36+07 34+08 27 £09
Y%FVC 1085 + 17.0 1056 + 19.3 988 + 183 86.4 + 222"
FEV; (L 26£06 26+ 05 15+06 1 112077
9%FEV, 1008 £ 143 949 + 20.1 549 + 208 448 + 24971
FEV,1/FVC (%) 772 +69 738 + 52 444 + 12777 410+ 162"
After bronchodilator
FVC (L) 34£09 3507 34+08 26+ 10"
%FVC 1080 + 174 1043 + 180 993 + 185 849 + 2357
FEV, () 27+06 27+ 04 16+06 1T 124077
%FEV, 1030+ 155 965 + 19.9 564 + 208" 453 + 2507
FEV; / FVC (%) 792 + 65 760 %59 456 + 134711 423 + 15971
Reversibility of FEV; (%) 22445 18+ 38 33£53 10+52
Arterial blood gases
Pa0, (Tor) 903+ 75 929+59 766 £ 95 Tt 719 £ 13971
PaCO, (Tor) 414 +32 417 +35 400 £ 4.0 446 +7.1%
mMRC dyspnea scale 00 £00 0206 10+ 1.7 2.0 & 16718
SGRQ
Total score (units) 84 +83 157 120 326 £1597"" 578 +£ 208" 111
Symptom score (units) 196 + 134 309 + 189 408 + 21371 66.2 £ 167 11
Activity score (units) 6.0+ 7.1 209 £ 17.2 429 + 2417 682 + 297 TS
Impact score (units) 6.2+ 100 80+ 99 213+ 1397 520 + 232710
CES-D scale 17+29 25+31 85+ 52" 245 £ 607
Treatments for COPD®
LAMA (no; %) 0 0 33 (66.0) 16 (80.0)

- 210 -



Sekiduka-Kumano et al. BMC Psychiatry 2013, 13:159 Page 4 of 9
http://www.biomedcentral.com/1471-244X/13/159
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LABA (no; %) 0 0 21 (420 10 (50.0)
ICS (no; %) 0 0 15 (30.0) 11 (555)
SRT (no; %) 0 0 7 (14.0) 4 (20.0)

All data were expressed as mean + SD and compared by one-way ANOVA and Tukey-Kramer test for multiple comparisons among the four groups.

? Data were compared among groups by chi-squared test for trend.

b Data were compared between depressed and non-depressed COPD patients by F\shers exact test. Numbers of non-depressive and depressive COPD patients
who used salmeterol and fluticasone devices in combination were 13 and 10, respectively. Some patients were taking muitiple medications,

* p<0.05, ** p<0.01, and *** p<0.001 vs. nonsmokers.
1 p<0.05, Tt p<0.01, and 11 p<0.001 vs. smokers.
F p<0.05, § p<0.01, and 9 p<0.001 vs. non-depressed COPD patients.

Non, non-smokers; Ex, ex-smokers; Cu, current smokers; GOLD, Global Initiative for Chronic Obstructive Lung Disease; FVC, forced expiratory capacity; FEV,, forced
expiratory volume in 1 second; PaO,, partial pressure of arterial oxygen; PaCO,, partial pressure of arterial carbon dioxide; mMRC, modified Medical Research
Council; SGRQ, St George's respiratory questionnaire; CES-D, Center for Epidemiological Studies depression scale; LAMA, long-acting muscarinic receptor
antagonist; LABA, long-acting {3, agonist; ICS, inhaled corticosteroid; SRT, slow-release theophylline; N/A, not available.

changes were visually recognized as low-attenuation
areas by chest HRCT [21].

Diagnosis of depression

Diagnosis of depression was assessed using the validated
Japanese CES-D scale. The cut-off point for depression
was CES-D >16 [22,23] and a CES-D score was assessed
for each subject. The results of the CES-D score were
not opened until this study was completed. Therefore,
physicians did not know the psychological conditions of
each subject. In this study, patients with a CES-D score
of > 16 were a subgroup of “depressed” COPD patients.
For the purpose of this study, “depression” means pos-
sible “depression” as determined by the CES-D score.

Measurement of plasma monoamine levels

Plasma levels of 5-HT, 5-HIAA, HVA, and MHPG were
measured by high-performance liquid chromatography
(SRL Inc., Tokyo, Japan), as previously reported [15,24-26].
The lowest detection limits for 5-HT, 5-HIAA, HVA, and
MHPG were 0.01 pg/mL, 1.8 ng/mL, 4.4 ng/mL, and
3.2 ng/mlL, respectively, and for statistical analysis one half
of the lowest value was assigned if the value was below the
detection limit.

Statistical analyses

Data analyses were performed using JMP version 7 (SAS
Institute, Inc., Cary, NC). Data for the subjects were
expressed as the mean * standard deviation (SD), and
data for plasma monoamine levels were expressed as the
median, and 25% and 75% quartiles. Statistical analyses
were performed using parametric Student’s ¢ test for
comparison between two groups, or one-way analysis of
variance (ANOVA) and Tukey-Kramer test for multiple
comparisons among four groups. Correlations were ana-
lyzed by parametric or non-parametric Spearman’s tests.
Differences between groups were evaluated using the
chi-squared test for trend and Fisher’s exact test. The
level of significance was set at P <0.05.

Results

Subject characteristics

A total of 106 subjects participated in the study and the
characteristics of the four groups, namely the 23 non-
smokers and 13 smokers (as age- and gender-matched
non-depressed healthy controls), and 50 non-depressed
and 20 depressed COPD patients, are compared in Table 1.
The depressed subjects without COPD were not enrolled
in the study. None of participants, including the depressed
COPD patients, had any history of attempted suicide.

The control subjects were 23 non-, 4 Ex-, and 9
current smokers, whereas the number of non-, Ex-, and
current smokers were zero, 57, and 23 in patients with
COPD (p<0.001). There was no significant difference in
the smoke index among smokers, and non-depressed,
and depressed COPD patients. There were no significant
difference in the populations of subjects with hyperten-
sion and diabetes among nonsmokers, smokers, and,
non-depressed, and depressed COPD patients (p>0.05).
All the subjects with hypertension had been taking anti-
hypertensive medications whereas the numbers of non-
smokers, smokers, non-depressed, and depressed COPD
patients taking anti-diabetes medications were 5, 1, 7
and 4, respectively.

In COPD, there was no significantly difference in dur-
ation of COPD between non-depressed and depressed
COPD patients (p>0.05). The depressed COPD patients
trended to have more progressive GOLD stages than the
non-depressed patients but there was no significant differ-
ence in the populations of GOLD stage I (14% vs 10%), I
(44% vs 20%), III (34% vs 40%), and IV (8% vs 30%) be-
tween two groups (p>0.05 by Chi-square test for trend).

Lung function tests showed that he depressed COPD
patients had significantly lower FVC and %FVC than the
non-depressed patients both before and after broncho-
dilator use, although both depressed and non-depressed
COPD patients had significantly lower FEV;, %FEV; and
FEV,/FVC both before and after bronchodilator use than
non-smokers and smokers, respectively (all p<0.001).
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However, there was no difference in the reversibility of
FEV, after bronchodilator use among the four groups.

Arterial blood gas analysis showed that the depressed
COPD patients (p<0.05) had significantly more severe
hypercapnia than the non-depressed patients, whereas
both depressed (both, p<0.001) and non-depressed COPD
patients (both, p<0.001) had significantly more severe hyp-
oxia than the non-smokers and smokers, respectively.

Depressed COPD patients had significantly higher
mMRC dyspnea scales (p<0.05) and lower HRQOL scores
(p<0.05) than the non-depressed patients, although both
the depressed (both, p<0.001) and non-depressed COPD
patients (both, p<0.001) had significantly higher MRC dys-
pnea scales and lower HRQOL scores than the non-
smokers and smokers, respectively.

In managements for COPD, all patients with COPD were
receiving vaccinations for seasonal and HINI influenza
virus and the numbers of depressed and non-depressed
COPD patients who had been receiving pneumococcal
vaccination within 5 yrs before recruitment were 13 and 8,
respectively. There was no significant difference in the ratio
of regular use of ICS, LAMA, LABA, and SRT between
non-depressed and depressed COPD patients (p=0.061,
p=0.387, p=0.601, and p=0.717, respectively. The effects of
ICS on psychological and mood status could not be di-
rectly determined, as the study was not designed to in-
clude a period for wash-out of each controller for COPD.

Plasma monoamine levels

Plasma 5-HIAA levels [median, (25% and 75% quartiles)]
in the depressed COPD patients [6.8 ng/mL, (49 and
13.1)] were significantly higher than in the non-depressed
patients [5.4, (4.2 and 7.5)] (p=0.022) and non-smokers
[5.1 (3.8 and 7.2)] (p=0.041), respectively, but were not
significantly higher than in the smokers [4.7, (4.0 and 6.7)]
(Figure 1).

Median (25% and 75% quartiles) plasma 5-HT levels
in the non-smokers, smokers, and non-depressed and
depressed COPD patients were 0.06 pug/mL (0.04 and
0.09), 0.05 (0.04 and 0.08), 0.06 (0.03 and 0.08), and 0.06
(0.02 and 0.09), respectively. The differences among the
four groups were not significant (Figure 1).

Median (25% and 75% quartiles) plasma HVA levels in
the non-smokers, smokers, and non-depressed and de-
pressed COPD patients were 12.8 ng/mL (11.0 and 14.8),
11.8 (10.3 and 21.3), 14.8 (11.1 and 20.9), and 15.7 (9.9
and 22.2), respectively. The differences among the four
groups were not significant (Figure 1).

Plasma MHPG level [median, (25% and 75% quartiles)]
in the depressed COPD patients [6.8 ng/mL, (5.2 and 8.7)]
(p=0.043) was significantly higher than in the smokers
[4.6, (4.3 and 5.5)]. There was no significant difference in
plasma MHPG level between the depressed COPD pa-
tients and either non-smokers [5.7 (4.7 and 7.2)] or non-

Page 5 of 9

depressed COPD patients [6.7, (4.1 and 8.2)] (p>0.05), re-
spectively (Figure 1).

To investigate seasonal effects in plasma 5-HIAA levels,
plasma obtained in four seasons, spring (March-May),
summer (June-August), fall (September-November), and
winter (December-February), were measured. Number of
all subjects and COPD patients in four seasons were 17
and 10, 34 and 27, 25 and 16, and 30 and 17, respectively.
There was no significant difference in median plasma 5-
HIAA [6.7 ng/mL (5.1 and 7.6) in spring, 5.3 ng/mL (4.3
and 7.4) in summer, 5.9 ng/mL (3.9 and 10.6) in fall, and
5.4 ng/mL (3.7 and 8.2) in winter, respectively, p>0.05].

The plasma levels of 5-HT, 5-HIAA, HVA, and MHPG
were not associated with age and there was no significant
difference in those plasma levels between male and female.

Correlation between plasma 5-HIAA level and total CES-D

scales in patients with COPD

Plasma level of 5-HIAA (r=0.24, p=0.049), but not that of
5-HT (r=-0.06, p>0.05), HVA (r=0.19, p>0.05), or MHPG
(r=0.14, p>0.05), was significantly associated with total
CES-D scales in patients with COPD (Figure 2).

Correlation between plasma 5-HIAA level and BMI, lung
function, arterial blood gas parameters, and total SGRQ
score in patients with COPD

There was a significant correlation between BMI and
plasma MHPG (r=-0.24, p=0.041), but not 5-HIAA (r=-
0.21, p>0.05), 5-HT (r=0.07, p>0.05), HVA (r=-0.09,
p>0.05), and MHPG (r=-0.24, p=0.041) level in COPD
patients.

Plasma 5-HIAA and MHPG level showed significant
negative associations with %FVC, %FEV, and partial pres-
sure of arterial oxygen (PaO,), and positively associations
with partial pressure of arterial carbon dioxide (PaCO,)
and total SGRQ scores. There was no significant correl-
ation between the plasma 5-HT level and lung function,
arterial blood gas parameters, or total SGRQ scores.
Plasma HVA level showed a significant negative associ-
ation with %FEV; and PaO,, and a positive association
with PaCO, and total SGRQ scores (Table 2).

Correlation between lung function, total SGRQ scores and
total CES-D scales in patients with COPD

The %FEV; showed a significant negative association with
total SGRQ scores (r=-0.69, p<0.0001) and total CES-D
scales (r=-0.27, p=0.025) in patients with COPD. The PaO,
(r=-0.53, p<0.0001) and PaCO, (r=0.44, p=0.0002) showed
a significant association with total SGRQ scores. Interest-
ingly, there was no correlation between PaQ, (r=-0.21,
p>0.05) and PaCO, (r=0.22, p>0.05) and total CES-D scales
in COPD patients.
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Discussion

To our knowledge, this is the first study to have mea-
sured the plasma levels of monoamines and their metab-
olites in depressed patients with COPD. Our present
results demonstrated that depressed patients with COPD
had significantly higher plasma 5-HIAA levels than non-
depressed COPD patients and non-smokers. The plasma
5-HIAA levels also showed a significant positive correl-
ation with the severity of depression in the patients with
COPD. Our present results support those of a previous
study demonstrating that the plasma 5-HIAA levels were
significantly increased in patients with depression rela-
tive to control subjects, and that the plasma 5-HIAA
levels were positively related to the severity of depres-
sion [14]. Previous studies have shown that the level of
5-HIAA in cerebrospinal fluid (CSF) was positively asso-
ciated with the severity of depression in abstinent

alcoholics, and that treatment with the antidepressant
fluoxetine decreased both the CSF 5-HIAA levels and
the mean Hamilton depression rating scale score [27,28].
Other studies have demonstrated that decreased CSF 5-
HIAA levels were associated with attempted suicide in
patients with depression, and that non-impulsive suicide
attempters had higher plasma 5-HIAA levels than im-
pulsive suicide attempters [15,29,30]. In the COPD pa-
tients we analyzed, increased plasma 5-HIAA levels were
also associated with poor lung function, hypoxia and hy-
percapnia. Poor lung function is closely correlated with
a poor HRQOL, and may result in depression. In COPD
patients it has been shown that hypoxia and/or hyper-
capnia induces oxidative stress and results in an increase
of reactive oxygen species (ROS) throughout the whole
body including the lungs, brain, and muscles [1-5].
Therefore, it is possible that ROS may have a direct or
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J

indirect effect on serotonergic innervation of the lungs,
and also affect brain serotonin turnover in the respiratory
centres/autonomic centres of the brain. Further analysis
will be needed to clarify this issue. None of the partici-
pants included in our study had previously attempted sui-
cide. It has been reported that the severity of depression

in patients with COPD is closely associated with suicidal
ideation [8,9]. Therefore, it would be worthwhile to rank
COPD patients in terms of current suicide risk. Taken to-
gether, the data suggest that a depressive status and the
severity of COPD may be related to increased plasma 5-
HIAA level in depressed COPD patients.

Table 2 Correlations between plasma monoamines levels and lung function, arterial blood gas parameters, and total

SGRQ scores in the patients with COPD

%FVC, % %FEV,, % Pa0,, Torr PaCoO,, Torr Total SGRQ, units
5-HIAA, ng/mL —0.36 (0.002) —0.40 (<0.001) —-0.38 (<0.001) 0.26 (0.031) 0.33 (0.006)
5-HT, ug/mL —0.09 (NS) —-0.08 (NS) —0.17 (NS) 0.06 (NS) 0.10 (NS)
HVA, ng/mL —0.36 (0.002) —-0.49 (<0.001) -0.39 (<0.007) 0.09 (NS) 0.26 (0.029)
MHPG, ng/mL —021 (N9S) —-0.46 (<0.001) —041 (<0.001) 0.25 (0.036) 040 (<0.001)

All correlation coefficients were expressed as r (p value).
Post-bronchodilator data for %FVC and %FEV; were used.

5-HIAA, 5-hydroxyindoleacetic acid; 5-HT, 5-hydroxytryptamine; HVA, homovanilic acid; MHPG, 3-methoxy-4-hydroxyphenylglycol; FVC, forced expiratory capacity; FEV;,
forced expiratory volume in 1 second; PaO,, partial pressure of oxygen; PaCO,, partial pressure of carbon dioxide; SGRQ, St. George's Respiratory Questionnaire.
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The metabolism of 5-HT is controlled exclusively via
the action of monoamine oxidase and aldehyde dehydro-
genase, resulting in the formation of 5-HIAA. In this
study, we did not find any differences in the plasma 5-HT
levels among the four groups (non-smokers, smokers,
non-depressed COPD and depressed COPD). However, a
previous study demonstrated that the plasma 5-HT levels
were increased in patients with COPD and was also asso-
ciated with aging [31]. Further analysis should be needed
to verify this issue.

HVA is a dopamine metabolite. Previous studies of pa-
tients with depression have demonstrated that the levels of
HVA in plasma and CSF decreased along with the levels of
3, 4-dihydroxyphenylacetic acid [14,32,33]. In the present
study, plasma HVA levels showed no differences among
the four groups we examined. However, the plasma level of
HVA showed significant negative associations with %FVC,
%FEVy, and PaO, levels, and a positive association with the
total SGRQ scores in patients with COPD. In COPD pa-
tients, most of the HVA in plasma may be derived from
precursor dopamine in sympathetic nerves rather than
brain dopamine. Our results suggest that poor lung func-
tion induced ROS, and perhaps resulted in an increase of
HVA derived from precursor dopamine in sympathetic
nerves in the COPD patients we studied. Further analysis
will be needed to verify this hypothesis.

MHPG is a metabolite of both epinephrine and nor-
epinephrine. Depressed COPD patients had significantly
higher plasma MHPG levels (p=0.043) than smokers.
Placidi and coworkers [29] suggested that the level of
MHPG in CSF might have a positive correlation with ag-
gressive and impulsive suicide, and that selective norepin-
ephrine reuptake inhibitors might increase the risk of
suicidal acts. In the present study, however, the plasma level
of MHPG was not associated with the severity of depres-
sion, but showed significant negative associations with %
FEV; and PaQ,, and positive associations with PaCO, and
the total SGRQ score in patients with COPD. Thus, the
plasma levels of both HVA and MHPG may be related to
the severity of COPD rather than to depression in COPD.

There were some limitations to the present study.
First, we measured the levels of monoamines in plasma
but not in CSF. Fluctuations in the levels of monoamines
and their metabolites can differ between peripheral
blood (plasma) and the brain (CSF). Second, the de-
pressed and non-depressed COPD patients were not
matched for the severity of COPD, and this parameter
may be correlated with plasma monoamine levels. Third,
we did not take into account the effects of treatments
with antidepressants on the plasma levels of mono-
amines in depressed COPD patients, although previous
studies have reported that antidepressants are of little
benefit to patients with COPD [9,34,35]. Further analysis
of these issues will be necessary.

Page 8 of 9

Conclusion

In summary, the present study has shown that plasma 5-
HIAA levels are significantly increased in COPD patients
with depression, and also associated with the severity of
depression in such patients. We also found that the
plasma 5-HIAA, MHPG, and HVA levels were negatively
associated with lung function, HRQOL and arterial
blood gas abnormalities in patients with COPD. Plasma
monoamine levels may be applicable as biomarkers for
detection of depression in patients with COPD.
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Background: The process of airway inflammation in the lungs of nonsmokers who die of asthma (fatal
asthma) has not been reported in detail.
Objective: To examine nonsmokers who had died of asthma to exclude chronic obstructive pulmonary
disease and investigate pulmonary inflammatory cells and the expression of interleukin-18 (IL-18) and its
receptor in lung tissues compared with those in patients with well-controlled mild asthma and nonsmokers.
Methods: Lung tissues were obtained at autopsy examination from 12 nonsmokers with fatal asthma,
excluding cases of chronic obstructive pulmonary disease, and from 5 nonsmokers with well-controlled mild
asthma and 10 nonsmokers who had undergone surgical resection for lung cancer. Pulmonary inflammatory
cells were examined and the expression of the proinflammatory cytokine IL-18 and its receptor in the lungs
was evaluated.
Results: The numbers of eosinophils and lymphocytes, but not basophils or macrophages, were significantly
increased in the lungs of patients with fatal asthma compared with the other 2 groups. The lung neutrophil
count did not differ significantly between the fatal and mild asthma groups but was significantly higher in
the fatal asthma group than in nonsmokers. CD8" T cells, but not CD4™" T cells, were significantly increased in
the lungs of the fatal asthma group compared with the other 2 groups. IL-18 protein and IL-18 receptor were
strongly expressed in the lungs in the fatal asthma group.
Conclusion: Caspase-1 inhibitors, anti—IL-18 antibodies, anti—IL-18 receptor antibodies, IL-18 binding
protein, or inhibitors of genes downstream of the IL-18 signal transduction pathway may be of clinical
benefit for the treatment of patients with severe asthma.

© 2014 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.

Introduction areas of collapse.i'2 Thereafter, several series of studies of fatal
asthma cases reported the presence of severe airway remodeling
accompanied by mucus plugging, goblet cell hyperplasia, smooth
muscle hypertrophy, submucosal gland hyperplasia, basement
membrane thickening, and eosinophilic inflammation.>"” In addi-

tion, severe airway remodeling was found in the large and small

Autopsy studies of the lungs of patients with fatal asthma,
conducted in the 1950s, reported that the outstanding feature was
the presence of numerous mucus plugs in the airways and focal
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airways of patients who had died of asthma.® '° These results
suggested that severe airway remodeling and pulmonary inflam-
matory cells might be involved in the pathogenesis of death from
asthma,!’

Studies of bronchial biopsies have shown that nonsmokers with
mild and stable asthma have increased numbers of activated CD4*
T cells producing T-helper cell type 2 [Ty2] cytokines (eg, inter-
leukin [IL]-4, IL-5, and IL-13) and eosinophils in the mucosa of the
large airways. A previous study reported that CD8" T cells were

1081-1206/13/$36.00 - see front matter © 2014 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
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increased in the airways in some fatal cases of asthma.'* Moreover,
CD8* T cells producing the T-helper cell type 1 [Ty1] cytokine
interferon-y (IFN-y) are reportedly increased in the lungs of
patients with severe asthma, including fatal asthma.”” However, it
is still unclear whether CD8" T cells andfor CD4* T cells are
involved in the pathogenesis of asthma deaths. It is noteworthy that
the patients analyzed in the previous studies included smokers,
ex-smokers, or patients with asthma whose smoking status was
unknown.'* Moreover, in the 1950s, it was believed that the major
pathologic findings of fatal asthma was plugging of the bronchial
tree with mucus, eosinophilia, thickening of the basement
membrane, and emphysema.' Therefore, some of those patients '
and those studied in the 1940s and 1950s' may have had chronic
obstructive pulmonary disease (COPD) with or without asthma.
Interleuin-18 is a proinflammatory cytokine, originally discov-
ered as an IFN-y—inducing factor. IL-18 is a member of the IL-1
family of cytokines." Like IL-1, IL-33, IL-36, IL-37, and IL-38, IL-18
is produced intracellularly from a biologically inactivated precursor,
pro—IL-18. Mature IL-18 is secreted after cleavage of pro—IL-18
by caspase-1, originally identified as an IL-18 converting
enzyme. Activated macrophages produce large amounts of
mature IL-18 after cleavage of pro—IL-18 by caspase—l.16 [L-18 plays
a well-known important role in Ty1 polarization and can act as
a cofactor for Ty2 cell development and IgE production.’® ' It also
plays important roles in the pathogenesis of inflammatory and
allergic diseases, such as rheumatoid arthritis, adult-onset Still
disease, Sjogren syndrome, inflammatory bowel diseases including
Crohn disease, allergic rhinitis, and atopic dermatitis.'®?%*! [L-18
also is involved in the development of lung diseases, including
lung injury,>** idiopathic pulmonary fibrosis,>* and COPD.>
Recently, the authors reported that IL-18 protein was strongly
expressed in airway epithelial and smooth muscle cells in airway
biopsy samples from patients with allergic asthma. Moreover, the
serum levels of IL-18 were significantly higher in patients with
asthma than in patients without asthma with allergy or healthy
controls.?® The present study selected 12 nonsmokers who had
died of asthma and excluded any with COPD and investigated
pulmonary inflammatory cells and the expression of IL-18 and its
receptor (IL-18R) in their lung tissues compared with controls.

Methods
Patients

This study carefully excluded smokers and ex-smokers and
analyzed nonsmokers to exclude any with COPD. Twelve patients
(9 male and 3 female, 5—79 years old) diagnosed as having asthma
were monitored at Kurume University Hospital (Kurume, Japan)

Table 1
Characteristics of 12 nonsmokers with fatal asthma

and the Fukuoka National Hospital (Fukuoka, Japan). These patients
with asthma were nonsmokers and had died from 1973 to 1998.
Lung tissues were obtained at autopsy examination in each case.
The details of these 12 patients are listed in Table 1. As materials for
comparison, lung tissues were obtained from 5 nonsmokers with
mild asthma (1 male and 4 female, 58—79 years old) and normal
lung tissues were obtained as controls from 10 nonsmokers (5 male
and 5 female, 27—78 years old), all of whom underwent surgical
resection for lung cancer at Kurume University Hospital (Table 2).
Sample collection and all procedures were approved by the ethics
committees of Kurume University in accordance with the ethical
standards of the Declaration of Helsinki of 1975.

Pulmonary Function Tests

Japanese predicted normal values were used to calculate the
predicted percentage of forced expiratory volume in 1 second,
which met the Japanese Pulmonary Function Standard in the
Japanese Respiratory Society Statement, as previously reported.?’
Further details of these analyses are provided in the online
supplementary data.

Histology

Lung tissues were fixed with 10% formalin and embedded in
paraffin wax, as reported previously.* One to 3 paraffin-embedded
lung tissues were obtained from each patient. Sequential sections
were made from each paraffin-embedded lung tissue. Sections
(4 pwm thick) were serially cut, placed on poly-L-lysine—coated
slides, and incubated overnight at 55°C to 60°C. Deparaffinized
sections were stained with hematoxylin and eosin and May-Giemsa
stain. Then, digitized video images of the entire lung fields were
captured by a CCD camera and were modulated by Adobe Photo-
shop CS (Adobe, Tokyo, Japan), as previously reported.>+?>

Quantitative Assessment of Infiltrating Inflammatory Cells in Lung
Tissues

Pulmonary inflammatory cells, such as eosinophils, basophils,
neutrophils, lymphocytes, and alveolar macrophages, were coun-
ted. Briefly, in May-Giemsa—stained sections of lung tissues,
3 square fields at x40 magnification (2.5 x 3.5 mm, 8.75 mm?)
were selected in which small-airway inflammation appeared most
severe; within each field, 4 other individual square fields at x400
magnification (0.22 x 0.32 mm, 0.0704 mm?) were selected. These
smaller square fields were defined as observation fields (OFs),
and 12 different OFs were selected within 3 different square
fields (3 x 8.75 mm?) on each lung section. Eosinophils, basophils,
neutrophils, lymphocytes, and alveolar macrophages were

Abbreviations: DOA, death on arrival; F, female; ICS, inhaled corticosteroid; M, male.
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Table 2
Characteristics of patients with fatal asthma, those with mild asthma, and control
patients

Abbreviations: FEV;, forced expiration in 1 second; FVC, forced vital capacity;
ND, not done; SD, standard deviation; WBC, white blood cell.
3P < .05 vs control patients. ’

counted within each of the 12 OFs. Results were expressed as
mean + standard error of the mean for cells per square millimeter.
For example, when 20 lymphocytes were counted within 1
OF at x400 magnification, the number of lymphocytes was
284 cellsjmm? Two examiners manually counted these lung
sections independently and in a blinded manner, without prior
knowledge of the patients’ clinical status.

Immunohistochemical Assay

Immunohistochemical analysis was performed as reported pre-
viously.?>~*° Antihuman CD4 monoclonal antibody (mAb; 4B12
[mouse IgG1]; Dako, Tokyo, Japan), antihuman CD8 mAb (C8/144B
[mouse 1gG1]; Dako), antihuman IL-18 mAb (1-8D [mouse IgG1]%> or
clone 8 [mouse IgG2a],>* kindly provided by Dr Do-Young Yoon,
Laboratory of Cellular Biology, Korea Research Institute of Bioscience
and Biotechnology, Taejon, Korea), and anti—IL-18R a-chain
(IL-18Ra; H44 [mouse IgG1])>* were applied to the sections at 4°C for
18 hours. Positive reactivity was identified by Permanent Red (Dako)
using an EnVision G|2 System/AP (Dako) with rabbit/mouse
(Permanent Red) or 3-3/-diaminobenzidine-4HCl (DAB) using an
EnVision+ kit with horseradish peroxidase (Dako). Further details of
these analyses are provided in the eMethods.

Statistical Analysis

Results are expressed as mean =+ standard error of the mean.
Nonparametric tests (Kruskal-Wallis test and Mann-Whitney
U test) were used to compare differences among groups. SAS 9.1.3
(Japanese edition; SAS Institute, Cary, North Carolina) was used for

A 40 X 200 X

No. 2

statistical analysis. A P value less than .05 was considered statisti-
cally significant.

Results
Clinical Findings

All 12 patients with fatal asthma were nonsmokers, and none
had COPD. Their ages ranged from 5 to 79 years (mean age
444 years). Five of the 12 patients had died within 24 hours after
the onset of the asthma attack. The duration of disease in these
patients with asthma covered a wide range, from 10 months to
50 years; 9 patients had had asthma for longer than 6 years. Seven
patients had been treated with systemic corticosteroid, and only 2
had been receiving inhaled corticosteroid (ICS; beclomethasone
dipropionate). The other 10 patients had died without treatment
with systemic corticosteroid or ICS (Table 1). Lung tissues also were
obtained from 5 nonsmokers with mild asthma and 10
nonsmokers, all of whom had undergone surgical resection for lung
cancer. The 5 patients with mild asthma showed a significantly
decreased ratio of the percentage of forced expiratory volume in 1
second to forced vital capacity and a significant increase of the
peripheral eosinophil count compared with the control patients
(Table 2). Three patients with mild asthma had been treated with
ICS at the time of surgery: 2 had received 400 ug of fluticasone
propionate and 1 had received 400 ug of fluticasone propionate.
Another 2 patients with mild asthma had not received any form of
medication.

Histopathologic Characteristics of the Lungs in Fatal Cases of Asthma

Representative examples of the histology of the lung tissues
obtained from 2 patients with fatal asthma are shown in Figure 1A.
Hematoxylin and eosin staining showed severe airway remodeling,
and pulmonary inflammation was evident in the lung tissues
obtained from 2 men who had been 32 and 52 years old (patients
1 and 2 in Table 1). Severe airway remodeling accompanied by
hypertrophy of smooth muscle, airway wall edema, hyperplasia and
hypertrophy of goblet cells, mucous plugs, and massive pulmonary
inflammation were observed in all 12 patients with fatal asthma,
including a 5-year-old boy (patient 3). Emphysematous change was
not observed in the lungs of any of the 12 patients with fatal
asthma. In contrast to the fatal asthma group, airway remodeling
was barely evident in the lung tissues obtained from the 5 patients
with mild asthma and the 10 nonsmokers, as reported previously
(data not shown).?®

B

12

]*]*

M Mild asthma
10 Control

X 10¥mm?

Lym Mac

Bas Neu

Tetal Eos

Figure 1. Histologic analysis of lungs obtained from patients who died of asthma. (A) Hematoxylin and eosin (x40 and x200) and May-Giemsa staining of lung tissue
samples (x200). (B) Quantitative analysis showed that counts of eosinophils (Eos) and lymphocytes (Lym) were significantly larger in the airways of patients who died of
asthma (n = 12) than in those of patients with mild asthma (n = 5) or controls (n = 10). "P < .05. Bas, basophils; Mac, macrophages; Neu, neutrophils.
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Examination of May-Giemsa—stained lung sections from the
fatal asthma group showed massive accumulation of eosinophils
and lymphocytes in the airways, especially the submucosa and
basal membrane, whereas basophils, alveolar macrophages, and
neutrophils were scarcely evident (right panels in Fig 1A). Quanti-
tative analysis showed that the airway counts of total cells, namely
eosinophils and lymphocytes, but not alveolar macrophages or
basophils, were significantly (P < .05) higher in the fatal asthma
group than in the mild asthma or control group. Neutrophils were
not increased significantly in the fatal asthma group compared with
the mild asthma group, although the neutrophil count was signif-
icantly larger in the former group than in the control group (Fig 1B).

Increase of CD8™ T Cells in Airways of Patients with Fatal Asthma

Because lymphocytes were greatly increased in the lungs of
patients with fatal asthma, the authors investigated which T-cell
population was increased in this group. Sequential sections were
prepared from paraffin-embedded lung tissues obtained from all 3
groups of patients and subjected to immunohistochemical analysis
using anti-CD4 and anti-CD8 mAbs. This showed the presence of
CD4™ Tcells in the lungs of the fatal asthma group, and CD8™ T cells
were especially increased in the airways of this group. Figure 2A
shows representative examples of immunohistochemical analysis
of CD4" T cells and CD8* T cells in the lungs obtained from
a 16-year-old girl (patient 7). Quantitative analysis showed that the
counts of CD4" T cells in the lungs of the fatal asthma group, mild
asthma group, and control group were 65.9 + 11.5, 49.0 & 10.0, and
14.8 & 2.9 cells/mm?, respectively. CD4™ T cells were significantly
(P <.05) more numerous in the lungs in the fatal asthma and mild
asthma groups than in the control group; the difference between
the former 2 groups was not significant. The counts of CD8* T cells
in the airways of the 3 groups were 170.9 + 25.2, 73.5 & 24.1, and
54.5 + 14.1 cellsymm?, respectively, being significantly (P < .05)
increased in the fatal asthma group, but not in the other 2 groups.
Moreover, the count of CD8" T cells was significantly (P < .005)
larger than that of CD4* T cells in the lungs of patients who had
died of asthma (Fig 2B).

Expression of IL-18 and IL-18Re in the Lungs of Patients with Fatal
Asthma

We examined whether [L-18 protein was expressed in the
lungs of patients who had died of asthma. As reported

CD8

CD4

200X

x10? /mm?

previously,”*?° IL-18 was expressed constitutively, but weakly, in
the bronchoalveolar epithelium, alveolar macrophages, and endo-
thelium of small vessels in control patients. In contrast, IL-18
protein and IL-18Ra were strongly expressed in inflammatory
cells, airway epithelial cells, and smooth muscle in the lungs of
patients with fatal asthma (Fig 3).

Discussion

In this study, the numbers of eosinophils and lymphocytes, but
not neutrophils, were significantly increased in the lungs of
patients with fatal asthma compared with patients with mild
asthma and control nonsmokers. Moreover, CD87 T cells, but not
CD4* T cells, were significantly increased in the lungs of the fatal
asthma group compared with the other 2 groups. It has been
proposed that fatal asthma can be differentiated according to the
time from the onset of an acute attack to the time of death.”>?° A
previous study has shown that eosinophils exceed neutrophils in
the airway submucosa of patients with slow-onset fatal asthma,
whereas neutrophils exceed eosinophils in patients with sudden-
onset fatal asthma.”® In addition, patients in whom the duration
of a terminal asthma attack exceeded 24 hours have been shown to
have’ a significantly larger count of activated eosinophils than
patients who died suddenly.”® In contrast, severe asthma exacer-
bations from noninfective causes are characterized by increased
eosinophil activation and IL-5 in sputum.’! In the present study,
12 patients who died of asthma and were nonsmokers were
examined. Five of 12 patients died within 24 hours and were
classified as having sudden-onset fatal asthma. In the present
study, there was no significant difference in eosinophil counts in
patients with fatal asthma who died within 24 hours vs longer than
24 hours after the onset of the asthma attack (data not shown).
These results suggest that eosinophils were chronically increased
and/or activated in the lungs of the patients before the fatal attack.
Neutrophils were not significantly increased in the fatal asthma
group compared with the mild asthma group, although neutrophils
were significantly increased in the former compared with the
control group. Moreover, none of the patients in the fatal asthma
group showed an increase in the neutrophil count compared with
eosinophils or lymphocytes (data not shown). It is well known that
CD8* T cells, neutrophils, eosinophils, and/or macrophages are
increased in the lungs of patients with severe COPD and in
those with exacerbation of COPD." Moreover, viral infections

Asthma death
B Mild asthma
Control

1
.8
6

CD8

Figure 2. Immunostaining of lung tissue samples from patients who died of asthma using mouse anti-CD4 and mouse anti-CD8 monoclonal antibodies. (A) Positive staining for
(D4 and CD8 is evident in lung tissue samples from patients who died of asthma (x100 and x200). Positive reactivity was identified by Permanent Red (Dako). (B) Quantitative
analysis showed that CD8" T cells were significantly increased in the airways of patients who died of asthma (n = 12), but not in those of patients with mild asthma (n = 5) or

controls (n = 10). "P < .05.
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Asthma death

Mild asthma

Control

Figure 3. Immunostaining of lung tissue samples with mouse anti—interleukin-18 (IL-18) and interleukin-18 receptor « (IL-18Re) from patients who died of asthma, patients
with mild asthma, and control nonsmokers (x200). IL-18 and IL-18R« positive reactivities were identified by 3-3’-diaminobenzidine-4HC! treatment (brown).

characteristically elicit strong CD8" T cells predominated by cyto-
toxic IFN-y—secreting cells.”” Therefore, the present findings
suggest that previous studies may have included patients with
COPD, patients with COPD and asthma, or patients with viral
infection.?®* The present study showed that neutrophils may not
be dramatically increased in the lungs of patients with
sudden-onset fatal asthma or life-threatening asthma. Treatment
with systemic corticosteroids was compared with nontreatment in
fatal asthma. The number of neutrophils was not significantly
different between the 2 groups. These results suggest that systemic
corticosteroids may not affect neutrophil inflammation in the lungs
of patients who succumbed to the effects of asthma.
Interleukin-18 strongly induces IFN-y production upon expo-
sure to various stimuli and can induce Ty2 responses.'®'? patients
with acute asthma have higher serum IL-18 levels than normal
control subjects. The IL-18 level has a tendency to correlate
inversely with peak expiratory flow,*?** and the secretion of IL-18
from mononuclear cells of patients with bronchial asthma and
atopic dermatitis is significantly higher than that in nonallergic
controls.*® It has been reported that the IL-18 gene polymorphism
is significantly associated with the disease severity of asthma, with
the re5744247 variant reflecting higher transcriptional activity and
higher expression of IL-18 in lipopolysaccharide-stimulated
monocytes and higher serum IL-18 levels.>® IL-18R is a Toll-like
receptor superfamily. Patients with fatal asthma were reported to
have higher Toll-like receptor 2, 3, and 4 expression in the epithelial
and airway compared with deceased control subjects.’® Recently,
the authors found that overexpression of IL-18 in the lungs can
induce airway hyper-responsiveness and pulmonary inflammation
through upregulating CD4* T cells and IL-13.*” These findings
suggest that 1IL-18 and IL-18R may be related to the severity of
asthma. In the present study, the authors found that bron-
choalveolar epithelial, smooth muscle, and pulmonary inflamma-
tory cells strongly expressed IL-18 protein and IL-18R« in the lungs
of patients who died of asthma, whereas this was not the case in
patients with mild asthma or normal controls. These results suggest
that IL-18 released from bronchoalveolar epithelial cells and
inflammatory cells, such as alveolar macrophages, can activate
CD8* T cells in the airways of patients with severe asthma.
Thereafter, IL-18 may induce Ty1 and Ty2 responses (eg, IL-4, IL-5,
IL-13, and IFN-y production) under conditions of severe allergic
inflammation, with a potentially fatal outcome. A previous study
showed that 12 younger (mean age 32 years) patients with fatal
asthma who did not smoke had thicker basement membrane,
airway smooth muscle, and outer wall areas in the small and large
airways compared with 14 patients with fatal COPD who were

longtime smokers (mean age 71 years).’® The present study
showed that severe airway remodeling accompanied by hyper-
trophy of smooth muscle, airway wall edema, and massive
pulmonary inflammation was observed in all 12 patients with fatal
asthma, including the 5-year-old boy. These data and a previous
study suggest that fatal asthma produces severe airway remodeling
regardless of age. It is known that the fungal allergens, especially
Alternaria alternate, cause fatal asthma exacerbations. Sensitization
and exposure to the spores of A alternate induce a natural helper
cell-mediated rapid burst of Ty2 cytokine (IL-5 and IL-13) produc-
tion and eosinophilic inflammation.> In this study, the authors do
not know whether the allergens caused the fatal asthma exacer-
bations. Some patients with fatal asthma analyzed in this study
may have been sensitized and challenged by A alternate. Further
analysis is needed to test this issue.

The preferred treatment for severe persistent asthma is
high-dose ICS plus a long-acting inhaled § agonist. In addition, for
patients whose asthma is inadequately controlled on high-dose ICS
and long-acting inhaled g agonist, a low dose of oral corticosteroids
can be added. The anti-IgE humanized mAb (omalizumab) is also
available. However, approximately 5% of patients with asthma are
thought to have very severe disease that is resistant to high-dose
ICS, oral corticosteroids, and/or anti-IgE antibody treatment. Such
patients are thought to be at greatest risk of death from asthma.
Therefore, new anti-inflammatory treatments are needed for
severe asthma, especially asthma that is resistant to high-dose ICS
and/or systemic steroid. The present study has shown the over-
production of IL-18 in the lungs of patients who succumbed to
asthma. These results raise the possibility that blockade of IL-18
may be a feasible treatment for very severe asthma. Caspase-1
inhibitors, anti—IL-18 antibodies, anti—IL-18R antibodies, 1L-18
binding protein, or inhibitors of genes downstream of the IL-18
signal transduction pathway, such as myeloid differentiation
primary response gene 88, interleukin receptor-associated kinase,
tumor necrosis factor receptor-associated factor 6, nuclear fac-
tor-«B, c-Jun N-terminal kinase, and p38 microtubule-associated
protein kinase, may be of clinical benefit for the treatment of
patients with severe asthma.
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eMethods
Pulmonary Function Tests

Pulmonary function tests, including measurement of vital
capacity (VC), forced expiratory volume in 1 second (FEV;), and
forced VC (FVC), were performed by spirometry. To assess the
reversibility of the airway obstruction in all patients with a ratio
(percentage) of FEV; to FVC lower than 70%, the FEV; measurement
was repeated 20 minutes after the inhalation of 200 ug of salbuta-
mol. Japanese predicted normal values were used to calculate the
percentages of predicted VC, FVC, and FEV1; those predicted values
met the Japanese Pulmonary Function Standard in the Japanese
Respiratory Society Statement.’

Immunohistochemical Assay

Immunohistochemical analysis was performed as reported
previously.” ¢ Immunohistochemical analysis for CD4* and CD8™
cells was performed as follows. Slides were stripped of paraffin
wax, autoclaved at 125°C for 5 minutes in 0.01 mol/L of sodium
citrate buffer (pH 6.0; for CD4 mAb) or in Tris-EDTA buffer (1 mmol/
L EDTA, 10 mmol/L Tris-HCl, pH9.0; for CD8 mAb), and treated with
0.3% H,0, methanol for 10 minutes at room temperature. Blocking
solution (Protein Block; Dako) was used at room temperature for 30
minutes. Antihuman CD4 (4B12 [mouse IgG1]; Dako) and anti-
human CD8 (C8/144B [mouse IgG1]; Dako) were used at room
temperature for 60 minutes. Positive reactivity was identified by
Permanent Red (Dako) using an EnVision G|2 System/AP for rabbit/
mouse (Permanent Red; Dako).

The immunohistochemical analysis for IL-18Ra™ cells was per-
formed as follows. Slides were stripped of paraffin wax, autoclaved
at 125°C for 5 minutes in Tris-EDTA buffer (1 mmol/L EDTA,
10 mmol/L Tris-HCl, pH9.0), and treated with 0.3% H,0, methanol
for 10 minutes at room temperature. Blocking solution was used at
room temperature for 30 minutes. Anti—IL-18Ra (H44 [mouse
IgG1], 4 pg/mL) mAb was used at 4°C for 18 hours. Positive reac-
tivity was identified by DAB using an EnVision Kit with horseradish
peroxidase (Dako).

The immunochistochemical analysis for IL-18* cells was per-
formed as follows. Slides were stripped of paraffin wax, autoclaved
in 0.01 mol/L of sodium citrate buffer (pH 6.0; Dako REAL; Dako,

Kyoto, Japan) at 125°C for 5 minutes, and treated with 0.3% H,0,
methanol for 10 minutes at room temperature. Then, the slides
were washed 3 times with 0.05 mol/L of Tris buffered saline (pH 7.6;
Dako) at room temperature. Blocking solution (Protein Block
Serum-Free; Dako) was used at room temperature for 30 minutes to
prevent nonspecific staining. Antihuman IL-18 (clone 8 [mouse
IgG2a}? and clone 1-8D [mouse IgG1])° mAbs were used at 4°C for
18 hours to detect human IL-18. Then, the slides were washed
3 times with Tris buffered saline (pH 7.6). Positive reactivity was
identified by DAB using an EnVision Kit with horseradish peroxi-
dase (Dako). As negative controls, mouse-purified IgG2a and IgG1
Abs (Caltag Laboratories, Burlingame, California) were used for
immunohistochemical assay.

Quantitative Assessment of Cells Producing IL-18

Percentages of CD4™ or CD8" cells were assessed as previously
reported.” Nine different OFs (9 x 1.4 mm?) were selected at x100
magnification within 3 different square fields (3 x 8.75 mm?), as
described previously. The OFs were scanned under a microscope
at x400 magnification. The percentages of cells that expressed CD4
or CD8 were counted within 3 different areas on each OF at x400
magnification. Then, the mean percentage of cells that expressed CD4
or CD8 within 9 OFs was calculated. Therefore, the mean number of
CD4* or CD8™ cells per square millimeter in inflammatory cells was
calculated as: (total number of cells per square millimeter) x (mean
percentage of cells expressing CD4 or CD8). Two pathologists
examined these sections independently, without prior knowledge of
the patients’ clinical status and in a blinded manner.
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Introduction

Rhinoviruses (RVs) are the major cause of the common cold
as well as the most common acute infection illnesses in
humans (Turner and Couch 2006). RVs are also associated
with exacerbations of inflammatory chronic pulmonary dis-
eases such as chronic obstructive pulmonary disease
(COPD) (Seemungal et al. 2000) and bronchial asthma
(Johnston et al. 1995). Several mechanisms of RV-induced
exacerbations of these diseases have been proposed, includ-
ing virus-induced mucus hypersecretion, airway inflamma-
tion (Pizzichini et al. 1998; Seemungal et al. 2000), mast cell
activation, and smooth muscle contraction.

Short-acting and long-acting f, agonists (LABAs)
improve the symptoms and lung function in patients with

© 2013 The Authors. Physiological Reports published by Wiley Periodicals, Inc. on behalf of

the American Physiological Society and The Physiological Society.
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bronchial asthma and COPD. Furthermore, LABAs by
themselves, or in combination with inhaled corticoster-
oids reduce the frequency of exacerbations in patients
with COPD (Calverley et al. 2007) and bronchial asthma
(Pauwels et al. 1997). It has been suggested that these .
clinical benefits of f8, agonists are related to the various
effects of the agents, including bronchodilation and anti- -
inflammatory effects (Johnson 1991), improvement of
mucociliary clearance and mucosal edema, and inhibition
of mucus hypersecretion (Rogers and Barnes 2006).
RV infection induces the production of cytokines and
monokines including interleukin (IL)-1, IL-6, and IL-8
(Subauste et al. 1995; Zhu et al. 1996). These cytokines
and monokines have pro-inflammatory effects (Akira
et al. 1990) and may also be involved in the pathogenesis
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