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ABSTRACT

Aim: Sarcoidosis is a systemic inlammatory disease and characterized by the presence of non-
caseating granulomas which may affect all organsin the body. Some studies suggest an association
between peptides and sarcoidosis. The goal of the study was to investigate the biomarker values
of serum hemokinin-1 (HK-1) and adropin levels in sarcoidosis and to assess their role in the disease
course.

Patients and Methods: The study was carried out in in the Chest Diseases Clinic, Faculty of Medicine
hospital, Necmettin Erbakan University, Konya between April 2021 and February 2022. Thirty-eight
patients with diagnosed sarcoidosis (14 men and 24 women) and 38 healthy (14 men and 24
women) individuals were enrolled in the study. Demographic characteristics, age, gender, disease
duration, and extrapulmonary involvement of the patients were enrolled. HK-1 and adropin levels
were measured via the sandwich ELISA (enzyme linked immunosorbent assay) method.

Results: HK-1 level was elevated in the sarcoidosis patients than in the healthy individuals, these
differences were significant statistically (0.67£0.23 and 0.54£0.24 ng/ml, p=0.012). The serum
levels of adropin were measured as 207.84+246.72 ng/L in the sarcoidosis patients group and
151.16£171.76 ng/L in the healthy individuals group. No significant differences were determined in
terms of the adropin levels in the patient’s group when compared to the healthy individuals group
(p=0.076). Serum adropin were negatively correlated with BAL CD4+ levels (r=-,880 and p=0.002)
and positively correlated with BAL CD8+ levels (r=,697 and p=0.037).

Conclusions: At the study, it is determined that patients with sarcoidosis show significantly higher
HK-1 levels than healthy controls, and HK-1 may be a useful non-invasive diagnostic biomarker
for this disease. From the literature, serum HK-1 and adropin levels have not been investigated in
sarcoidosis, yet. To clarify this topic, further and larger size studies are needed.
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Amag: Sarkoidoz, vUcuttaki bUtin organlarn etkileyebilen, kazeifiye olmayan grandlomlarin varligi
ile karakterize, nedeni bilinmeyen sistemik inflamatuar bir hastalktr. Bazi ¢alismalar peptitler
ve sarkoidoz arasinda bir liski oldugunu énermektedir. Bu ¢alismanin amaci sarkoidozda serum
hemokinin-1 (HK-1) ve adropin dizeylerinin tanisal degerlerini arastirmak ve hastalikta roldni
degerlendirmekfir.

Hastalar ve Metod: Calisma Nisan 2021-Subat 2022 tarihleri arasinda G6gUs Hastaliklan Klinigi, Tip
FakUltesi Hastanesi, Necmettin Erbakan Universitesi, Konya'da gergeklestirildi. Calismaya sarkoidoz
tanil 38 hasta (14 erkek, 24 kadin) ve 38 saglikli (14 erkek, 24 kadin) birey alindi. Hastalarnn demografik
ozellikleri, yasi, cinsiyeti, hastalik sUresi ve akciger disi tutulumu kaydedildi. HK-1 ve adropin dizeyleri,
sandvig ELISA (enzime bagdli immUnosorbent) yontemi ile belirlendi.

Bulgular: Sarkoidozlu hastalarda HK-1 seviyesi saglikli bireylere gére daha yUksekti, aradaki fark
istatistiksel olarak anlamiiydi (0,67+0,23 ve 0,54+0,24 ng/ml, p=0,012). Serum adropin dizeyleri
sarkoidoz hasta grubunda 207,84+246,72 ng/L, sagdlkli kontrol grubunda 151,16x171,76 ng/L
olarak belirlendi. Sarkoidozlu hastalarnin adropin seviyeleri ise saglikli bireylere gére anlaml fark
belilenmedi (p=0,076). Serum adropin seviyeleri, BAL CD4+ seviyeleriile negatif (r=-,880 ve p=0.002)
ve BAL CD8+ seviyeleri ile pozitif korrelasyon gésterdi (r=,697 ve p=0.037).

Sonug: Calismada sarkoidozlu hastalann saglikli kontrollere gére anlamli olarak daha yUksek
HK-1 seviyeleri gdsterdigi ve HK-1'in bu hastalik icin invaziv olmayan yararl bir tanisal biyobelirteg
olabilecegdibelirlendi. Literatirde heniz sarkoidozda serum HK-1 ve adropin dUzeyleri arastinimamistir.
Bu konuyu agikliga kavusturmak igin daha fazla ve genis ¢apli calismalara intiyag vardir.

Anahtar Kelimeler: Sarkoidosis, hemokinin-1, adropin

As a mulfisystem inflammatory disease, sarcoidosis
can affect one or more organs (lung, skin, nervous
system, eyes, heart, liver, etc.) and is characterized
by epithelioid non-caseating granulomas of unknown
etiology (1). As clinic, sarcoidosis affects mostly the
pulmonary system (90%). Symptoms include cough,
dyspnea, and chest pain (2). The clinical presentation
of sarcoidosis is related to epidemiological factors;
age, gender, and race. At the same time, the
duration of the disease and the anatomical region
involvements are important in terms of clinical

presentation (3). While it is reported that Scandinavians
have a high incidence of 19/100.000, the incidence
is estimated to be as 5-10/100.000 in Turkey (4). While
it is reported to have a high incidence of 19/100,000
in Scandinavians, the incidence is estimated to be
5-10/100,000 in Turkiye. The identification of sarcoidosis
is settled by the presence of compatible clinical and
radiological findings, histopathologically noncaseating
granulomatous inflammation, and exclusion of other
causes of granulomatous inflammation. For the
definitive of disease, clinical and radiological findings
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and the presence of histopathologically noncaseating
granulomas are not sufficient as pathognomonic (5).
Nowadays, many biomarkers are being investigated
to predict progressive disease in sarcoidosis. A study
demonstrated that increased tumor necrosis factor-a
production by bronchoalveolar cells is associated
with persistent disease. It is also reported that other
proinflammatory cytokines such as osteopontin,
IL-1 (interleukin-1), IL-6, and macrophage migratfion
inhibitory factor levels are increased in sarcoidosis
disease (6,8). In a previous study, Ahmadzai et
al. declared that elevated neopterin levels were
observed in patients with sarcoidosis when compared
to control subjects (9).

Tachykinins are a family of neuropeptides that
have important effects on pain, immunity, and
inflammatory situations (10). Encoded by the
preprotachykinin B/Tac4 gene, hemokinin-1 (HK-1)
is a part of the tachykinin'’s and consists of 11 amino
acids (11). With its broad presence in the human
body, HK-1 displays different pathophysiological and
physiological functions such as immune regulation,
respiratory functions, and tumorigenesis (12). It also
plays a role in many physiological events such as
inflammation, hematopoietic cell development, and
vasodilation (13). A study stated that HK-1 is formed
by macrophages and bronchial cells, and also causes
the bronchi to contract (14).

Adropin (coded by the energy homeostasis related
gene) is synthesized as a precursor polypeptide
containing that contains 76 aminoacids (molecular
weight of ~4.5kDa). As a highly protected polypepftide,
it displays important roles in physiological phenomena
such as endothelial function, insulin sensitivity, and
metabolic balance (15). From the studies, adropin was
detected in peripheral fissues such as the lung, heart,
muscles, kidney medulla, and breast cancer cells (16).

Our study goal is to measure circulating HK-1 and
adropin levels in sarcoidosis and to discuss their
relation with the mentioned disease. According to the
knowledges, the research is the first preliminary study
aiming to investigate whether these biomarkers can
be used in the diagnosis and exclusion of sarcoidosis.

Patiens and Methods

Aged between 18-65 years, thirty-eight sarcoidosis
patients (14 men and 24 women) and 38 healthy
subjects (14 men and 24 women) were enrolled.
The study was conducted in the Chest Diseases
Clinic, Faculty of Medicine hospital, Necmettin
Erbakan University, Konya between April 2021 and
February 2022. The healthy subjects were recruited
from individuals who applied to a university hospital
for routine control. Demographic characteristics,
gender, extrapulmonary involvement of the patients,
and clinical assessments were registered before the
analysis. Individuals with acute infection, metabolic
disorder, heart disease, kidney disease, diabetes
mellitus, hypertension, and any other known diseases
were excluded from the study. Blood samples received
from participants were cenftrifuged (4000 rpm) for 15
minutes at +4°C. The sera were put in Eppendorf tubes
and stored at -80°C until the assay. Approval for the
study was obtained from the Non-Invasive Clinical
Research Ethics Committee of the Faculty of Medicine
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in Necmettin Erbakan University (Date: 19/02/2021,
decision no:2021/3104). All participants gave their
informed and signed consent for inclusion.

Measurements of serum HK-1 and adropin

According to the manufacturer’sinstructions protocols,
serum HK-1 and adropin levels were measured via the
sandwich ELISA (enzyme linked immunosorbent assay)
method. Serum HK-1 was determined via a human
ELISA kit (Tachykinin 4/hemokinin-1, MyBioSource,
San Diego, ABD Cat No: MBS2602776). The declared
sensitivity of the assay was 0.05 ng/ml with a linearity
range of 0.156 ng/ml-10 ng/ml. Serum adropin was also
determined via a human ELISA Kit (Human Adropin,
Bioassay Technology Laboratory, Shanghai, China
Cat No: E3231Hu). The sensitivity of the assay was 2.49
ng/L with a linearity range of 5 ng/L-1000 ng/L. The
absorbances of the specimens were determined via
a microfiter plate reader (450 nanometer) (ELx800TM,
Bio-Tech Instruments, USA).

Statistical analysis

The statistical analyses were performed with IBM SPSS
Statistics Standard Concurrent User V 26 (IBM Corp.,
Armonk, New York, USA). The data was presented
using means, meantstandard deviation, and median
values. Homogeneity of the variances and normality
was confrolled with the Levene test and Shapiro-Wilk
test, respectively. In the analysis of the measurement
values between the groups, the Student-t test was
used when the parametric test conditions were met
in the groups with two independent variables, and
the Mann-Whitney U test was used if not. The relation
between two continuous variables was determined via
the Pearson correlation coefficient, and if not met, the
Spearman correlation coefficient was used. Receiver
operating characteristic analysis, the area under
the curve, cut-off scores, sensitivity, and selectivity
values were determined. The significance level was
considered as p<0.05.

Table 1: Characteristics of participants

RefeitsEs Sarcoidosis patients Healthy subjects

(n=38) (n=38)
PG, (IMECTSEmelei e opqe o 45.52¢12.34
deviation)
Men, 14 (36.84%) Men, 14 (36.84%)
Gender (n=76) Women, 24 Women, 24
(63.16%) (63.16%)
St. 1 Sarcoidosis 10 (26.32%)
St. 2 Sarcoidosis 21 (55.26%)
St. 3 Sarcoidosis 4 (10.53%)
St. 4 Sarcoidosis 3 (7.89%)
Extrapulmonary invol-
vements 26 (68.42%)
None 4 (10.53%)
Skin 3(7.89%)
Eye 2 (5.26%)
Nervous system 2 (5.26%)
Lofgren 1(2.64%)
Heart
ESR (mm/h) 33.54+22.37
Blood CD4+ 36.21£9.23
Blood CD8+ 26.12+7.12
BAL CD4+ 70.4%11.46
BAL CD8+ 17.76+4.61
yes 11 39.3
Spontaneous Remission no 17 60.7

fotal 28 100
ESR: Erythrocyte sedimentation rate, BAL: Bronchoalveolar lavage,
CD4+: Cluster of differentiation 4, St: stage
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Table 2: Comparison of HK-1 and adropin values in sarcoidosis and
healthy groups

Sarcoidosis patients Healthy subjects

IN
MeanzStd. mg_yon MeanStd. mg}/qn p
Deviation Max) Deviation Max]
0.64 0.51
HmIT)] (ng/ 0.67+0.23 (0.26- 0.54+0.24 (0.24- -2.514  0.012¢
1.39) 1.22)
i 90.50 73.27
Adropin 207.84+ (sso1-  ISLIsE s 74 o7
(ng/L) 246.72 842.5) 171.76 e

*p<0.05€, HK-1: hemokinin-1, TS: Test statistics

Table 3: Correlations between HK-1 and adropin

Blood Blood BAL

n=76 Adropin  HK-1  Age AO ESR CD4+ CD8+ CD4+
r -0,039
HK-1
p 0767
r -0,018 ,255
Age
p 0892 0,059
r -0137 0,134 886
AO
p 0,496 0,504 0,061
r -0,279 0,159 0,284 0,234
ESR
p 0,136 0,401 0,120 0,254
r 0,043 0,030 0,296 0,221 -0,003
Blood
CD4
p 0913 0,940 0,422 0,546 0,972
r 0,367 -0,618 0,309 0,279 0,171 -0,256
Blood
CD8
p 0331 0076 0,458 0436 0,646 0,514
ol r -,880* 0,290 -0.657 -0,634 0,148 -0,137 -0,457
CD4+
p 0,002 0,450 0,072 0085 0,728 0,791 0,192
AL r ,697* -0,149 -0,076 -0,067 0,143 -0,375 0,286 -0,588
CD8+
p 0,037 0,701 0853 0888 0,654 0,367 0437 0,123
*p<0.05*, AO: age of onset
Table 4: AUC, cut-off, sensitivity, and selectivity values
AUE Specifi-
Cut-off P Sensifivity p.f PPV NPV
(95% Cl) Sy
0.689
HK-1 0.422 (0.556- 43.3 93.3 6.7 62.2
0.80) 0.007*
0.33
Adropin  53.442 (0.499- 0.080 40.0 100.0 100 62.5
0.754)

AUC: area under the curve, Cl: confidence interval, NPV: negative
predictive value, PPV: positive predictive value
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Figure 1: ROC analyses of HK-1 and adropin
Results

The mean ages of sarcoidosis patients and healthy
subjects were found as 4827 and 45.52 vyears,
respectively. All the characteristics are shown in Table
1.Serum levels of HK-1 were measured as 0.67+0.23 ng/
ml in the sarcoidosis patient group and 0.54+0.24 ng/
ml in the healthy subjects. HK-1 levels were elevated
in sarcoidosis patients when compared to healthy
subjects (p=0.012, Table 2). The serum adropin level
was higher in the sarcoidosis patients than the healthy
subjects, but it was not significant (207.84+246.72 and
151.16+£171.76 ng/L, p=0.076 respectively).

Serum adropin levels were negatively correlated with
BAL CD4+ levels (r=-,880 and p=0.002) and positively
correlated with BAL CD8+ levels (r=,697 and p=0.037,
Table 3). Also, AUC, selectivity, ROC, and sensitivity
values are shown in Table 4 and Figure 1.

Discussion

Sarcoidosis is characterized by non-caseating
granulomatous inflammation in the involved regions
and its etiology has not been fully elucidated (17).
The incidence of sarcoidosis is widespread and its
prevalence is around 40 per 100,000 in the world.
The disease typically affects those under the age
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of 40. Also, it is declared that sarcoidosis disease is
more prevalent in women (18). Since the commonly
affected organs are the lungs, skin, and eyes, some
hypotheses have been proposed that airborne
infectious or non-infectious antigens may cause
sarcoidosis (19). At the onset of sarcoidosis disease,
mononuclear cells consisting of CD4+ T cells and
monocytes/macrophages are collected first in the
involved organs. The most critical event is the binding
of CD4+ T cells and antigen presenting cells (APC) to
initiate granuloma formation (20).

Numerous biomarkers have been proposed for
sarcoidosis disease, but none of them seem fo
be universally recognized in clinical practice.
Chitotriosidase enzyme which generates by activated
macrophages displays roles against nematodes,
insects, and fungi. In a recent study, Bennett et al.
reported that chitofriosidase levels were elevated in
patients with sarcoidosis (p<0.0001) correlating with
disease activity, severity, and multiorgan dissemination
(21). Moreover, a previous study supposed that the
brain naftriuretfic peptide (BNP) level may be a useful
tool for identifying cardiac involvement in sarcoidosis
patients (22). Nowadays, researches on this subject
with different and newly defined markers are ongoing.

The tachykinins modulate the immune response and
regulate the production of some cytokines which
include TNF-ag, IL-1, and IL-6 to proliferation and
inflammatory responses. Studies have reported that
tachykinins are widely involved in the onset and
progression of lung diseases such as bronchitis (23)
and asthma (24). A recent study revealed that HK-1
can cause degranulation of the leukocyte adhesion
deficiency-2. These findings demonstrated that HK-1
plays arole in the pathogenesis of chronic obstructive
pulmonary disease and asthma (14).

As member of the tachykinin family, HK-1 has been
identified in non-neuronal cells such as immune and
pulmonary cells (25,26). A previous study proposed
that HK-1 which is generated by lung macrophages
and bronchial cells might cause the contraction of
isolated human bronchi (14). Recently, hemokinin-1
has been described and characterized by different
aspects of inflammation and investigated in animal
models of allergic airway inflammation, but the role
of HK-1 in lung diseases is unknown (27). In the study,
serum HK-1 level was elevated in the sarcoidosis
patients when compared fo the healthy subjects, and
this difference was significant (p=0.012).

Adropinis ahormone (consisting of 76 amino acids) with
a molecular weight of 7,927 kDa and has an important
effect on confroling energy homeostasis (28). As a
polypeptide, it shows a remarkable role in different
metabolic topics and inflammation. (29). Adropin is
expressed in multiple tissues, including the lung, liver,
oorta, small intestine, heart, kidney, skeletal muscle,
brain, and spleen (30). The altered concentratfion
of adropin accompanies many diseases such as
gestational diabetes mellitus (31), non-alcoholic fatty
liver disease (32), and endothelial dysfunction (33).
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In a study, Ganesh-Kumar et al. measured adropin
deficiency in myeloperoxidase specific antineutrophil
cytoplasmic antibody-related lung injury (34).

Our study determined that serum adropin level was
high in the sarcoidosis patients when compared to the
healthy subjects, but the differences was not significant
(p=0.076). The relation between adropin and BAL
CD4+, and BAL CD8+ levels had not been investigated
previously. In our study, adropin levels were negatively
correlated with BAL CD4+ levels (r=-,880 and p=0.002)
and positively correlated with BAL CD8+ levels (r=,697
and p=0.037). No statistically significant correlation was
found between other laboratory findings according to
the levels of studied biomarkers (Table 3).

Conclusion

According to the study, patients with sarcoidosis show
significantly higher hemokinin-1 levels than the healthy
controls. In the ROC analysis, the specificity was high
and the sensitivity lower. Therefore, comprehensive
studies are needed fo be able to use as a useful
non-invasive diagnostic biomarker for this disease.
In the literature, it seems that these biomarkers have
not been investigated in sarcoidosis, yet. To clarify
this topic, further and larger size investigations are
required.

Conflict of interests: No competing interests.
Financial support: None.

Ethical approval: The Non-Invasive Clinical Research
Ethics Committee of the Faculty of Medicine in
Necmettin  Erbakan University (Date: 19/02/2021,
decision n0:2021/3104)

Authorship: Concept - CK, TA Design - CK, TA
Supervision — CK, TA Funding - None Materials — CK
Data collection &amp/or processing — CK, TA Analysis
and/or interpretation — CK, TA Literature search — CK,
TA Writing — CK, TA Critical review — CK, TA

References

1.Séve P, Pacheco Y, Durupt F, Jamilloux Y, Gerfaud-Valentin M, Isaac
S, et al. Sarcoidosis: A Clinical Overview from Symptoms to Diagnosis.
Cells 2021;10(4):766. doi:10.3390/cells 100407 66.

2.Baughman RP, Lower EE, Gibson K. Pulmonary manifestations
of sarcoidosis. Presse Med 2012;41(6 Pt 2):e289-302. doi:10.1016/].
Iom.2012.03.019.

3.Belperio JA, Shaikh F, Abtin F, Fishbein MC, Saggar R, Tsui E, et
al. Extrapulmonary sarcoidosis with a focus on cardiac, nervous
system, and ocular involvement. EClinicalMedicine 2021;37:100966.
doi:10.1016/j.eclinm.2021.100966.

4.Muselim B, Okumus G, Uzaslan E, Akgin M, Cetinkaya E, Turan
O, et al, Turkish Interstitial Lung Diseases Group. Epidemiology
and distribution of interstitial lung diseases in Turkey. Clin Respir J
2014;8(1):55-62. doi:10.1111/crj.12035.

5.Govender P, Berman JS. The Diagnosis of Sarcoidosis. Clin Chest Med
2015;36(4):585-602. doi:10.1016/j.ccm.2015.08.003.

6.Ziegenhagen MW, Benner UK, Zissel G, Zabel P, Schlaak M,
MUller-Quernheim J. Sarcoidosis: TNF-alpha release from alveolar
macrophages and serum level of sIL-2R are prognostic markers.
Am J Respir Crit Care Med 1997;156(5):1586-92. doi:10.1164/
ajrcecm.156.5.97-02050.

7.LaviH, Assayag M, Schwartz A, Arish N, Fridlender ZG, Berkman N. The



Hemokinin-1 and Sarcoidosis - Korkmaz & Akdag.

Genel Tip Dergisi

association between osteopontin gene polymorphisms, osteopontin
expression and sarcoidosis. PLoS One. 2017 Mar 2;12(3):e0171945. doi:
10.1371/journal.pone.0171945.

8.Drent M, van den Berg R, Haenen GR, van den Berg H, Wouters EF,
Bast A. NF-kappaB activation in sarcoidosis. Sarcoidosis Vasc Diffuse
Lung Dis. 2001;18(1):50-6. PMID: 11354547.

9.Ahmadzai H, Cameron B, Chui J, Lloyd A, Wakefield D, Thomas PS.
Measurement of neopterin, TGF-p1 and ACE in the exhaled breath
condensate of patients with sarcoidosis. J Breath Res;7(4):046003.
doi:10.1088/1752-7155/7/4/046003.

10.0naga T. Tachykinin: recent developments and novel roles in
health and disease. Biomol Concepts 2014;5(3):225-43. doi:10.1515/
bmc-2014-0008.

11.Morteau O, Lu B, Gerard C, Gerard NP. Hemokinin 1 is a full agonist
at the substance P receptor. Nat Immunol. 2001;2(12):1088. doi:
10.1038/ni1201-1088.

12.Ganjiwale A, Cowsik SM. Membrane-induced structure of novel
human tachykinin hemokinin (hHK1). Biopolymers 2015;103(12): 702-10.

13.Borbély E, Helyes Z. Role of hemokinin-1 in health and disease.
Neuropeptides 2017;64:9-17.

14.Grassin-Delyle S, Naline E, Buenestado A, Risse PA, Sage E, Advenier
C, et al. Expression and function of human hemokinin-1 in human and
guinea pig airways. Respir Res 2010;11(1):139. doi: 10.1186/1465-9921-
11-139.

15.Jasaszwili M, Billert M, Strowski MZ, Nowak KW, Skrzypski M. Adropin as
A Fat-Burning Hormone with Multiple Functions- Review of a Decade of
Research. Molecules 2020;25(3):549. doi:10.3390/molecules25030549.

16.Yolbas S, Kara M, Kalayci M, Yildirim A, Gundogdu B, Aydin S, et al.
ENHO gene expression and serum adropin level in rheumatoid arthritis
and systemic lupus erythematosus. Adv Clin Exp Med 2018;27(12):1637-
1641. doi:10.17219/acem/75944.

17.Rybicki BA, Major M, Popovich J Jr, Maliarik MJ, lannuzzi MC.
Racial differences in sarcoidosis incidence: a 5-year study in a health
maintenance organization. Am J Epidemiol 1997;145(3):234-41.
doi:10.1093/oxfordjournals.aje.a009096.

18.Criado E, S&nchez M, Ramirez J, Arguis P, de Caralt TM, Perea
RJ, et al. Pulmonary sarcoidosis: typical and atypical manifestations
at high-resolution CT with pathologic correlation. Radiographics
2010:;30(6):1567-86. doi:10.1148/rg.306105512.

19.0swald-Richter KA, Beachboard DC, Seeley EH, Abraham S,
Shepherd BE, Jenkins CA, et al. Dual analysis for mycobacteria and
propionibacteria in sarcoidosis BAL. J Clin Immunol 2012;32(5):1129-40.
doi:10.1007/510875-012-9700-5.

20.Agostini C, Adami F, Semenzato G. New pathogenetic insights
into the sarcoid granuloma. Curr Opin Rheumatol 2000;12(1):71-6.
doi:10.1097/00002281-200001000-00012.

21.Bennett D, Cameli P, Lanzarone N, Carobene L, Bianchi N, Fui A, et
al. Chitotriosidase: a biomarker of activity and severity in patients with
sarcoidosis. Respir Res 2020;21(1):6. doi:10.1186/s12931-019-1263-z.

22.Date T, Shinozaki T, Yamakawa M, Taniguchi |, Suda A, Hara H, et al.
Elevated plasma brain natriuretic peptide level in cardiac sarcoidosis
patients with preserved ejection fraction. Cardiology 2007;107(4):277-
80. doi:10.1159/000095518.

23.Joos GF, Germonpré PR, Pauwels RA. Role of tachykinins in asthma.
Allergy 2000;55(4):321-37. doi:10.1034/j.1398-9995.2000.00112.x.

24 Noveral JP, Grunstein MM. Tachykinin regulation of airway smooth
muscle cell proliferation. Am J Physiol 1995;269(3 Pt 1):L339-43.
doi:10.1152/ajplung.1995.269.3.L339.

25.Lotz M, Vaughan JH, Carson DA. Effect of neuropeptides on
production of inflammatory cytokines by human monocytes. Science.
1988;241(4870):1218-21. doi:10.1126/science.2457950.

26.Zhang Y, Lu L, Furlonger C, Wu GE, Paige CJ. Hemokinin is a
hematopoietic-specific tachykinin that regulates B lymphopoiesis. Nat
Immunol 2000;1(5):392-7. doi:10.1038/80826.

460

27.Dinh  QT, Klapp BF, Fischer A. Airway sensory nerve and
tachykinins in asthma and COPD. Pneumologie 2006;60(2):80-85.
doi:10.1055/5-2005-915587.

28.Kumar KG, Trevaskis JL, Lam DD, Sutton GM, Koza RA, Choulijenko
VN, et al. Identification of adropin as a secreted factor linking dietary
macronutrient intake with energy homeostasis and lipid metabolism.
Cell Metab 2008;8(6):468-81. doi: 10.1016/j.cmet.2008.10.011.

29.Wang B, Xue Y, Shang F, Ni§, Liu X, Fan B, et al. Association of serum
adropin with the presence of atrial fibrillation and atrial remodeling. J
Clin Lab Anal 2019:33(2):e22672. doi:10.1002/jcla.22672.

30.Wong CM, Wang Y, Lee JT, Huang Z, Wu D, Xu A, et al. Adropin is
a brain membrane-bound protein regulating physical activity via the
NB-3/Notch signaling pathway in mice. J Biol Chem 2014;289(37):2597 6-
86. doi: 10.1074/jbc.M114.576058.

31.Celik E, Yilmaz E, Celik O, Ulas M, Turkcuoglu |, Karaer A, et al.
Maternal and fetal adropin levels in gestational diabetes mellitus. J
Perinat Med 2013;41(4):375-80. doi:10.1515/jpm-2012-0227.

32.Sayin O, Tokgdz Y, Arslan N. Investigation of adropin and leptin
levels in pediatric obesity-related nonalcoholic fatty liver disease. J
Pediatr Endocrinol Metab 2014;27(5-6):479-84. doi:10.1515/jpem-2013-
0296.

33.WuL, Fang J, ChenL, Zhao Z, Luo Y, Lin C, Fan L. Low serum adropin
is associated with coronary atherosclerosis in type 2 diabetic and non-
diabetic patients. Clin Chem Lab Med 2014;52(5):751-8. doi:10.1515/
cclm-2013-0844.

34.Ganesh Kumar K, Zhang J, Gao S, Rossi J, McGuinness OP, Halem
HH, et al. Adropin deficiency is associated with increased adiposity
and insulin resistance. Obesity (Silver Spring) 2012;20(7):1394-402.
doi:10.1038/0by.2012.31.



