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Abstract

Introduction: The etiology and pathogenesis of sarcoidosis, a systemic granulomatous lung disease affecting many people, still remain unknown.
Sarcoidosis is diagnosed by demonstrating non-caseous granulomas and ruling out granulomatous diseases. Therefore, sensitive biomarkers used
in diagnosis and follow-up processes are needed. Our aim is to investigate diagnostic value of plasma protachykinin-1 (TAC1) levels in sarcoidosis
patients.

Methods: Forty-two sarcoidosis patients followed-up by the department of chest diseases, and 38 controls were included into the study. Clinical,
radiological and laboratory data of patients were recorded, and plasma TACL1 levels were analyzed in patients and healthy controls.

Results: Plasma TACL1 levels of sarcoidosis patients and controls were found as 1124.25+1117.25 ng/L and 1319.37+1357.38 ng/L, respectively.
Although not statistically significant (p=0.338), a decrease was found in TACL1 levels of sarcoidosis patients. Additionally, patients’ lymphocyte
levels were also found significantly lower than controls (p=0.007). No statistically significant correlation was found between other laboratory
findings, including leukocyte, neutrophil, monocyte, eosinophil count, cluster of differentiation 4 (CD4) CD4 +, CD8 +, bronchoalveolar lavage
(BAL) CD4 +, BAL CD8 + and neutrophil/lymphocyte ratio (NLR), and plasma TAC1 levels.

Conclusions: To the best of our knowledge, our study is the first to investigate plasma TACL1 levels as a biomarker in sarcoidosis patients. Although
plasma TAC1 levels were slightly decreased in sarcoidosis patients, the decrease was not statistically significant, and no adequate data were
provided for the use of plasma TACL1 level as a biomarker. We consider more comprehensive research are needed to elucidate the entity.
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Oz

Giris: Cok sayida insan1 etkileyebilen, sistemik graniilomat6z bir akciger hastaligi olan sarkoidozun etiyolojisi ve patogenezi hala tam olarak
bilinmemektedir. Tanis1 non-kazedz graniilomlarin gosterilmesi ve diger graniilomat6z hastaliklarin diglanmasiyla konulmaktadir. Bu nedenle tan1
ve takipte kullanilabilecek hassas biyobelirteglere ihtiyag vardir. Bu ¢alismanin amaci sarkoidozlu hastalarda plazma protasikinin-1 diizeyinin tani
degerini aragtirmaktir.

Yontem: Gogiis hastaliklart klinigince takipli 42 sarkoidozlu hasta ve 38 kisilik kontrol grubu ¢aligmaya dahil edildi. Tim hastalarin klinik,
radyolojik ve laboratuvar verileri kaydedildi. Sarkoidoz hastalarinda ve saglikli kontrol grubunda plazma protagikinin-1 diizeyleri incelendi.
Bulgular: Sarkoidoz hastalarinin ve kontrol grubunun plazma protasikinin-1 diizeyleri sirastyla 1124.25£1117.25 ng/L, 1319.37+1357.38 ng/L
olarak bulundu. Istatistiksel olarak anlamli olmamasina ragmen (p=0.338) sarkoidoz hastalarinda protasikinin-1 diizeyinde azalma saptandi. EK
olarak hastalarin lenfosit diizeyleri de kontrol grubuna gore anlamli olarak diigiik bulundu (p=0.007). Diger laboratuvar bulgulari (16kosit, notrofil,
monosit, eozinofil sayisi, CD4 +, CD8 +, bronkoalveoler lavaj (BAL) CD4 +, BAL CD8 +, nétrofil / lenfosit orani) ile de plazma protasikinin-1
arasinda istatistiksel olarak anlamli korelasyon bulunmadi.

Sonug: Literatiir taramamiza gore ¢aligmamiz sarkoidozlu hastalarda bir biomarker olarak plazma protasikinin-1 diizeylerini aragtiran ilk
caligmadir. Sarkoidozlu hastalarda plazma protasikinin-1 diizeyi hafif azalsa da istatistiksel olarak anlamli bulunmamis ve bir biomarker olarak
kullanilabilmesi igin yeterli veri saglanamamuistir. Bu konuda daha fazla ve kapsamli arastirmalara ihtiyac vardur.

Anahtar kelimeler: Sarkoidoz, akciger hastaliklari, graniilom, protasikinin, tasikininler, bronkoalveoler lavaj
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Introduction

As a systemic granulomatous disease, sarcoidosis may affect many individuals throughout the world. As well as observing clinical, pulmonary
infiltration, bilateral hilar lymphadenopathy, ocular and skin lesions in the disease, sarcoidosis may also affect the central nervous system (CNS),
liver, spleen, salivary glands, heart, muscles, bones and other organs [1,2]. Sarcoidosis is known as a disease affecting individuals from all races,
all age segments and both genders.

The etiology of sarcoidosis still remains unknown. In recent years, however, the interest shown to sarcoidosis has focused on the hypothesis of the
abnormal immune response occurring after the exposure to an unknown infectious or environmental agent in individuals with genetic predisposition

[3].

While non-caseous granulomas should be demonstrated in terms of sarcoidosis for the histopathological diagnosis, other granulomatous diseases
should be ruled out through compatible clinical, biochemical and radiological findings [4]. Transbronchial biopsy, mucous biopsy, skin and lymph
node sampling may performed in order to histopathological diagnose for sarcoidosis [5]. Despite higher success rate of all these modalities, some
sarcoidosis patients can be ignored in terms of definitive differential diagnosis of granulomatous lung diseases. Therefore, the determination of
sensitive biomarkers is very important in terms of the certain diagnosis of the disease. To date, although many diagnostic parameters have been
proposed for the diagnosis of sarcoidosis, most have yet to be verified.

Tachykinin peptides, one of the largest families of neuropeptides, are characterized by a common C-terminal sequence as Phe-X-Gly-Leu-Met-
NH2 (FXGLM) where X is an aromatic (Phe, Tyr) or branched aliphatic (Val, lle) amino acid [6]. The genes producing tachykinins encode the
precursor proteins, and so are called preprotachykinins. Therefore, the family of tachykinins is widely distributed in both CNS and its periphery
and plays a variety of biological responses in many tissues. Moreover, protachykinin-1 (TAC1) involves in many physiological process, such as
potent vasodilator, neuron stimulation and behavioral responses, and has effects on various muscles [7].

The determination of protein or peptide levels in many diseases can provide an opportunity or advantage for the management, diagnosis and
prognosis of the diseases [8]. In addition, it is noteworthy to determine whether TACL1 has a clinical value or potential in terms of early diagnosis.
In light of literature, plasma TACL1 levels have yet to be investigated satisfactorily in sarcoidosis in previous studies, and so the present study was
planned to enlighten the effect mechanism of plasma TACL1 levels in sarcoidosis.

Methods

The study was conducted with 42 sarcoidosis patients and 38 control subjects admitted to the department of chest diseases of the hospital affiliated
a university between October 2019 and June 2020. The study was performed with the patients showing non-caseous necrosis based on the clinical
and radiological findings. Sarcoidosis was also diagnosed by revealing epithelioid cell granulomas via the histopathological examination and with
the exclusion of other disorders leading to granulomatous inflammation. Based on clinical, radiological and histopathological investigations, 67
sarcoidosis patients with final diagnosis were determined. Twenty-five patients were excluded out of the study under the exclusion criteria and
missing follow-up data. Therefore, the study group was composed of 42 patients with sarcoidosis. Thirty-eight subjects with similar age- and
gender-matched characteristics to sarcoidosis patients were included into the study as the healthy control group. Such features as postero-anterior
(PA) chest radiographs, thorax computerized tomography (CT), hematological parameters, data of extrapulmonary involvement, consultation
reports and history of the clinical course taken in outpatient clinic were recorded. The patients with any metabolic disease, cancers, rheumatological
disorders, vasculitis, inflammatory bowel disease, hematological disease, autoimmune disorders, cardiovascular disease (CVD) or another
pulmonary disease were excluded out of the study and control groups.

Plasma samples were centrifuged within 30 minutes at 3000xrpm for 15 minutes and kept at -80 °C until assay. Plasma TAC1 levels were measured
by enzyme-linked immunosorbent assay (ELISA) kits. The plasma protachykinin-1 (TAC1) levels were measured, and the plasma concentrations
of TAC1 were analyzed by human protachykinin-1 immunoassay kits (bioassay Technology Laboratory, Shanghai, China, Catalog Number:
E3342Hu). While the minimum detectable concentration (sensitivity) rate and the assay range were measured as 10.25 ng/L and 20 ng/L-6000
ng/L respectively, the intra- and inter-assay variation rates were found to be <8% and <10%, respectively. The manufacturer’s instructions were
followed for the assay of the study. The absorbances of the samples were measured at 450 nm and recorded by absorbance microtiter plate reader
(EIx800TM, Bio-Tech Instruments, USA). The present study was performed in accordance with the Declaration of Helsinki Good Clinical Practice
Guidelines in 1964 and later amendments.

Ethical Approval
The study was approved by the Ethics Committee of the Medical Faculty of Necmettin Erbakan University (Date: 20/09/2019 and number:
2019/2083). Informed consent statements were obtained from all participants before the study was commenced.

Statistical analyses

All data detected in the study were analyzed with the Statistical Package for the Social Sciences software package for Windows, version 22.0
(SPSS Inc, Chicago, IL, USA). Since the data were concluded not to show a normal distribution as a result of the normality tests, the non-parametric
analyzes were used. Therefore, the differences of protachykinin-1 levels between both groups were evaluated by the Mann-Whitney U test. The
comparisons between protachykinin-1 levels of both groups and some laboratory parameters were determined by the Spearman'’s rank correlation
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test. Also, the characteristics and clinical data determined in both groups and measured plasma TACL1 levels were given as mean =+ standard
deviation (X£SD). A p value <0.05 was considered to be statistically significant.

Results

Twenty-eight (66.66%) female and 14 (33.33%) male individuals with sarcoidosis constituted the study participants. The distribution of the
disorders among our participants were as follows: Skin and heart involvements in four patients (9.52%), ocular involvements in two patients
(4.76%), neurological involvements (i.e. Heerfordt syndrome, a form of neurosarcoidosis including the combination of fever, parotid gland
enlargement, anterior uveitis and facial nerve paralysis) in two patients (4.76%), and Leofgren's syndrome (arthritis, erythema nodosum and
bilateral hilar lymphadenopathy) in one patient (2.38%). However, no extrapulmonary involvement was detected in 29 patients (69.04%). Plasma
TACI levels were found as 1124.25+1117.25 ng/L in the sarcoidosis patient group, while detected as 1319.37+1357.38 ng/L in the healthy control
group. According to the healthy group, plasma TAC1 levels were observed to be decreased, but the difference was not statistically significant
(p=0.338) (Table 1).

However, TAC1 levels were found to be significantly lower than the average level in two patients with the neurological involvement (Heerfordt
syndrome) (612 and 807 ng/L). No significant difference was observed in other system involvements.

The lymphocyte levels in the patients’ group were also seen to be decreased, when compared to healthy control subjects (p=0.007). Additionally,
no statistically difference was found between the other hematologic laboratory parameters, compared to plasma TAC1 levels (Table 2).

Table 1. Comparison of plasma protachykinin-1 levels and hematologic parameters

BAL: Bronchoalveolar lavage, CD4*: Cluster of differentiation 4, CD8* Cluster of differentiation 8, NLR: Neutrophil/lymphocyte ratio,
*Descriptive statistics, Mann-Whitney U test, **p value <0.05 was considered to be statistically significant.
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Table 2. Comparison of the laboratory parameters according to plasma protachykinin-1 levels

Protachykinin-1
Laboratory Parameters 4

r
Leukocyte count 0.120 OF.)461
Neutrophil count 0.191 0.239
Lymphocyte count -0,079 0.627
Monocyte count -0,073 0.987
Eosinophil count -0,062 0.798
CD4* 0,115 0.742
CD8* 0,086 0.200
BAL CD4+ 0,054 0.211
BAL CD8+ -0,209 0.940
NLR 0,129 0.176

BAL: Bronchoalveolar lavage, CD4+: Cluster of differentiation 4, CD8+: Cluster of differentiation 8, NLR: Neutrophil/lymphocyte ratio, r:
Correlation coefficient, * Correlation analyses, Spearman’s rank correlation, and a p value <0.05 was considered to be statistically significant.

Discussion

Most commonly involving the lungs, sarcoidosis may also show different involvements in many organs. The involvements of different organs
observed in our study were as follows: Skin in four (9.52%) patients, heart in four (9.52%), eyes in two (4.76%), neurologic in two (4.76%)
and Lofgren in one (% 2,38) patient. However, no extrapulmonary involvements were determined in 29 (69.04%) participants. Sarcoidosis was
first described by the dermatologist Jonathan Hutchinson in 1877 as a disorder presenting with severe skin lesions called as "sarcoid” [9]. The

most commonly involved organs are the lungs (> 90%), followed by the skin and eyes [10].

In previous reports, it is stated that sarcoidosis may occur at any age, and the onset of the disease is most common, especially between 20-50 years
of age. Considering the ethnic and gender differences, women are also seen as the more affected gender in all age segments and ethnic groups

[11]. In our study, of 42 sarcoidosis patients, mean age rate was found as 53.2 years, and 28 (66.66%) participants were seen to be women.

From immunologic viewpoint, sarcoidosis is defined through such parameters as the increase in T helper cell/T suppressor lymphocyte ratio in the
disease region, the accumulation of Th-1 cells in the activity region, and the increase in B lymphocytes and circulating immune complex activity
[12]. In the granulomatous inflammation, T cells are regulated by the complex relations of mononuclear phagocytic cells, fibroblasts, dendritic
cells and other helper cells. Also, cytokines released from these cells have important effects on the formation of inflammation. Granulomatous
inflammation leads to local tissue damage, disrupts the normal structure and produces pathological changes in the functions of organs through

cytokines and mediators [9,13].

Tachykinins are widely distributed in both CNS and its periphery and play a variety of biological responses in many tissues. Moreover, TAC1
involves in many physiological processes, such as potent vasodilator, neuron stimulation and behavioral responses, and shows some effects on
various muscles [7]. As well as inducing the vasodilation and contraction of airway smooth muscles, the tachykinin family also plays a role in the
pathophysiology of chronic inflammatory airway diseases, such as bronchial asthma [14]. The prominent respiratory tachykinins, substance P and
neurokinin A are primarily released from sensory nerve fibers, and believed to mediate the excitatory non-adrenergic, non-cholinergic (NANC)
effects on the nervous system. However, it is difficult to put such a nervous system into a classification at the pharmacological, neurophysiological
and neurochemical levels without paying attention to a large number of specific differences. It is widely accepted that tachykinins exhibit the pro-
inflammatory peptides released from airway nerve terminals through the mechanical and chemical stimuli [15]. In one of the recent study where
the same issue was investigated by Tillmaand et al., the peptide contents of dorsal root ganglia (DRG) and dorsal horn (DH) tissues were analyzed
in the chronic itching rat models created in order to investigate the roles of neuropeptides in transmitting itching signals. In previous studies, 30
peptides, such as proenkephalin-A, proSAAS, protein AF1q, secretogranin-1, thioredoxin and calcitonin gene-related peptide have been detected
at measurable level so far, one of which is TAC1 [16]. In the present study, plasma TAC1 levels of sarcoidosis patients and healthy control subjects
were found as 1124.25+£1117.25 ng/L, 1319.37+1357.38 ng/L, respectively. Although there were no statistically significant differences (p=0.338),
a minimal decrease was determined in plasma TAC1 levels in the patient group, compared with the healthy control subjects (Table 1). However,
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plasma TACL levels of the two patients with neurological involvements (Heerfordt Syndrome) were found to be significantly lower than the mean
value found in the patients with sarcoidosis and that of the control group (612 ng/L and 807 ng/L, respectively). Such a finding also suggests that
sarcoidosis may display a negative correlation with the neurological involvement in the studies including larger populations. A previous study
performed by Bleier reports an association between allergic rhinitis and ocular symptoms. In the study, a mouse model was created to study the
naso-ocular interaction in allergic rhinoconjunctivitis, and it was found that increased levels of inflammatory mediators were present in both the
conjunctiva and trigeminal ganglion. Furthermore, the treatment with a mast cell activator caused the levels of substance P and beta hexosaminidase
levels to increase in the conjunctiva and plasma TACL1 levels in the trigeminal ganglia. However, these levels were seen to decrease after the use
of a mast cell stabilizer or destruction of the sensory nerves [17]. The decrease seen in TACL1 levels after the destruction of sensorial nerves also

support our consideration.

In the 1960s and early 1970s, the observation of lymphopenia and cutaneous anergy in the peripheral blood [delayed hypersensitivity to antigens,
such as purified protein derivative (PPD) and lack of skin reactions] suggested that sarcoidosis was due to the deficiency of T cells [3]. Similarly,
in our study, it was found that lymphocyte levels decreased in patients with sarcoidosis compared to healthy controls (p = 0.007). Also, no

statistically difference was found between plasma TACL levels and other laboratory parameters of the sarcoidosis patients in our study (Table 2).

Limitations

The present study was performed only in a single province, and the number of study population was limited. For this reason, the study findings
cannot be generalized to the other regions of Turkey, and more comprehensive studies with larger populations are needed to shed light on the
entity.

Conclusion

There are requirements for novel specific biomarkers of high sensitivity and specificity in diagnosing sarcoidosis, predicting its clinical course and
managing the clinical decisions as to this disorder. Our study demonstrated that plasma concentrations of TAC1 displayed similar values in
sarcoidosis patients to those in the healthy control subjects. Based on the literature, we consider that our study provided an insight into the

determination of plasma TAC1 levels in those with sarcoidosis.
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