
J Clin Lab Anal. 2018;32:e22204.	 wileyonlinelibrary.com/journal/jcla	   |  1 of 5
https://doi.org/10.1002/jcla.22204

© 2017 Wiley Periodicals, Inc.

Received: 19 January 2017  |  Accepted: 22 February 2017
DOI: 10.1002/jcla.22204

R E S E A R C H  A R T I C L E

The investigation of association between IL-1Ra and ACE I/D 
polymorphisms in carpal tunnel syndrome

Betul Cevik1  | Akin Tekcan2  | Ahmet Inanir3,4 | Semiha Gulsum Kurt1 |  
Serbulent Yigit5

1Faculty of Medicine, Department of 
Neurology, Gaziosmanpasa University, 
Tokat, Turkey
2Faculty of Medicine, Department of Medical 
Biology, Ahi Evran University, Kirsehir, Turkey
3Faculty of Medicine, Department of Physical 
Medicine and Rehabilitation, Gaziosmanpasa 
University, Tokat, Turkey
4Academic Pain-Hernia Center, Samsun, 
Turkey
5Faculty of Medicine, Department of Medical 
Biology, Gaziosmanpasa University, Tokat, 
Turkey

Correspondence
Betul Cevik, Faculty of Medicine, Department 
of Neurology, Gaziosmanpasa University, 
Tokat, Turkey.
Email: cevikbetul78@hotmail.com

Background: Carpal tunnel syndrome (CTS) is a common neurologic impairment caused 
by injury on the median nerve in the wrist, characterized by pain and loss of sensory. 
CTS usually occurs through three factors, such as a mechanical pressure on median 
nerve, immunologic changes, and oxidative stress. The aim of this study was to evaluate 
the influence of interleukin-1 receptor antagonist (IL-1Ra) and angiotensin-converting 
enzyme (ACE) I/D polymorphisms on the susceptibility of patients to the CTS.
Methods: One hundred fifty-eight patients with CTS and 151 healthy controls were 
enrolled in this study. Each patient was analyzed according to diseases symptoms, 
such as gender, a positive Tinel’s sign, a positive Phalen maneuver, disease sides, EMG 
findings, and clinical stage. We applied the polymerase chain reaction (PCR) to deter-
mine the polymorphisms of IL-1Ra and ACE I/D.
Results: The statistically significant relation was not found between IL-1Ra, ACE I/D 
polymorphisms and CTS (respectively, P>.05; P>.05, OR: 1.51, CI: 0.82-1.61). 
Additionally, in the result of the statistical analysis compared with gene polymor-
phisms and clinical characteristics, we did not find any correlation (P>.05).
Conclusions: Our findings showed that there are no associations of IL-1Ra and ACE 
I/D polymorphisms with susceptibility of a person for the development of CTS. So, it 
means that these polymorphisms do not create a risk for the development of CTS. 
Further studies with larger populations will be required to confirm these findings in 
different study populations.
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1  | INTRODUCTION

Carpal tunnel syndrome (CTS) is a common neurologic impairment 
caused by injury of the median nerve in the wrist, characterized by 
pain, weakness, paresthesia, and loss of sensory.1-3 In a general 
population, the prevalence of CTS ranges between 2.7% and 5.8%. 
Additionally, CTS is occurring six and four times more frequently in 
patients with type 1 and 2 diabetes according to the general popula-
tion, respectively.4 The CTS may occur after long-term repetitive hand 
and wrist movements because of the median nerve entrapment, which 

leads to impaired neural microcirculation. These situations show an 
important role for environmental factors in the development of CTS.3 
Several theories have been proposed to explain this phenomenon 
including trauma, infections, and autonomic factors.1,2 Its underlying 
general pathophysiology is ascribed to a pressure on the peripheral 
nerves in the carpal tunnel.5 However, the CTS may show a family at-
tribute, indicating a potential genetic contribution to this condition.6 A 
new pathogenetic theory based on the immunologic characteristics.7,8 
Also, the CTS has been connected with systemic amyloidosis caused 
by amyloid accumulation within the nerve and synovial tissue of the 

www.wileyonlinelibrary.com/journal/jcla
http://orcid.org/0000-0003-1285-6589
http://orcid.org/0000-0001-7961-6657
http://orcid.org/0000-0002-1019-3964
mailto:cevikbetul78@hotmail.com


2 of 5  |     CEVIK et al.

flexor tendons (secondary CTS). The possible genetic factors respon-
sible for the development of CTS are unknown,3 and the molecular 
mechanisms of the CTS are still unclear.

The response mediated by these cytokines may be of par-
ticular relevance within peripheral nerves subjected to localized 
compression in the CTS, because of the lack of autoregulation of 
the endoneurial vascular bed.4 Increased vascular permeability that 
is associated with increased cytokine expression is also present after 
the nerve entrapment.9 CTS affects the fingertips innervated by the 
median nerve.1 The expression is that the imbalances of the immu-
nostimulating and immunosuppressive neuropeptides release in the 
median nerve are the causes for the various dermatologic symptoms. 
According to this opinion, the variability of dermatologic symptoms 
in CTS depends on the prevalence of both immunosuppressive and 
immunostimulating neuropeptides such as interleukin (IL).8,10 The 
altered expression of several cytokines, such as interleukin-1β (IL-
1β) and interleukin-6 (IL-6), and growth factors such as vascular en-
dothelial growth factor (VEGF) in tendon and ligament injuries has 
been reported.11-13 The expression of VEGF, VEGFR-1, and VEGFR-2 
was increased in patients with CTS.4 Interleukin-1 (IL-1) is one of 
the key modulators of the inflammatory response, and its activity is 
regulated by its receptor antagonist, interleukin-1 receptor antago-
nist (IL-1Ra), an anti-inflammatory cytokine.14 Therefore, the inves-
tigation of IL-1R gene mutations and ACE gene mutations associated 
with the endothelial damage and oxidative stress may give important 
results. To assess whether the IL-1Ra and ACE genes are the genes 
affecting the predispose to CTS, we investigated the differential dis-
tribution of genotypes and alleles in relation to clinical character-
istics, such as sex, age at the onset and EMG findings, and clinical 
stage of the CTS.

2  | MATERIALS AND METHODS

2.1 | Participants

One hundred fifty-eight patients (patient group, 136 females and 
22 males), with carpal tunnel syndrome and one hundred fifty-one 
healthy participants (control group, 116 female, and 35 male) without 
any reported history of CTS symptoms or surgery, were recruited for 
this study from the Physical Therapy and Rehabilitation and Neurology 
clinics in the Faculty of Medicine, Gaziosmanpasa University, Tokat, 
Turkey. The controls and patients with CTS were matched for the 
type of occupation and years of exposure for the wrist activity.

Before participation in this study, the participants were informed 
about the procedures and they gave written informed consent 
(according to the Declaration of Helsinki). In addition, each partici-
pant completed a questionnaire containing personal details as well 
as self-reported personal and family medical history. Each patient 
was analyzed according to disease symptoms, such as gender, a pos-
itive Tinel’s sign, a positive Phalen maneuver, disease sides, EMG 
findings, and clinical stage. This study was approved by the Ethics 
Committee of the Faculty of Medicine, Gaziosmanpasa University 
(14-KAEK-162).

2.2 | DNA extraction and genotype determinations

Genomic DNA was isolated from the whole venous blood samples 
using a commercial DNA isolation kit (Sigma-Aldrich, Taufkirchen, 
Germany). The samples were preserved in EDTA tubes and stored 
at −20°C. The IL-1Ra exon 2 polymorphism was analyzed using 
the following primers: forward 5′-CTCAGCAACACTCCTAT-3′ and 
reverse 5′-CCTGGTCTGCAGGTAA-3′. Genomic DNA was am-
plified in a final volume of 30 μL, containing 10 mmol/L TRIS pH 
8.3, 50 mmol/L KCl, 1.5 mmol/L MgCl2, 200 μmol/L each dNTP, 
1 μmol/L of each primer and 2 U Taq polymerase. The polymerase 
chain reaction (PCR) conditions consisted of the initial denaturation 
at 95°C was followed by 35 cycles of denaturation at 94°C, anneal-
ing at 60°C, extension at 72°C, 1 minute each and a final exten-
sion at 72°C for 7 minutes. The PCR products were analyzed by 2% 
agarose gel electrophoresis. The alleles were identified as: allele 1 
(4 repeats) 410 bp, allele 2 (2 repeats) 240 bp, allele 3 (3 repeats) 
325 bp, allele 4 (5 repeats) 500 bp, and allele 5 (6 repeats) 595 bp 
as described earlier.15

ACE gene I/D polymorphism (rs1799752) genotypes were deter-
mined using PCR using the primers and conditions described earlier.4 
Reactions were performed with 10 pmol of each primer: forward 
5′-CTGGAGACCACTCCCATCCTTTCT-3′, and reverse 5′-GATGTGGC
CATCACATTCGTCAAGT-3′. Amplification was performed in a thermal 
cycler for 30 cycles with denaturation at 94°C for 40 seconds, anneal-
ing at 56°C for 40 seconds and extension at 72°C for 40 seconds, fol-
lowed by a final extension at 72°C for 10 minutes. PCR products were 
analyzed on 2% agarose gels after staining with ethidium bromide 
and were visualized using an ultraviolet transilluminator. The poly-
morphisms detected by the PCR were evident as an approximately 
490 bp fragment in the presence of the insertion (I) allele and as an 
approximately 190 bp fragment in the absence of insertion (D) allele. 
In heterozygous samples, two bands (490 and 190 bp) were detected 
as described previously.16 To confirm the accuracy and reproducibility 
of this method, each PCR reaction included internal controls for each 
genotype. Second PCR analysis was performed to confirm the sam-
ples, but the results of the samples were not clear.

2.3 | Predictions of protein-protein interactions

The Search Tool for the Retrieval of Interacting Genes/Proteins 
(STRING) online database was used to retrieve the functional partners 
of IL1Ra and ACE proteins. The STRING analyses were performed 
according to some parameters of the IL1Ra and ACE proteins, such 
as neighborhood, fusion, occurrence co expression, experiments, 
database, and text mining. Additionally, predictions with a confidence 
score higher than 0.7 were included in this study.

2.4 | Statistical analysis

All statistical analyses of the data were performed using the com-
puter software SPSS version 15.0 (IBM Corp.; Armonk, NY, USA) for 
Windows and OpenEpi Info software package program (Atlanta, GA, 
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USA, http://www.openepi.com). Genotype distribution of the geno-
type and allele frequency of the IL-1Ra and ACE genes between pa-
tients with CTS and controls were compared using Chi-Square test. 
Odds ratio (OR) and 95% confidence intervals (CIs) were calculated. 
Hardy-Weinberg equation was applied to the genotypes of the pa-
tients and controls. P values .05 or less were considered statistically 
significant.

3  | RESULTS

Demographic variables and baseline characteristics of patients are 
presented in Table 1. The mean age±standard deviation (SD) was 
48.21±11.22 years in patients and 45.79±11.02 years in control 
group. There were 22 (13.9%) males, 136 (86.1) females and 35 
(23.2%) males, 116 (76.8%) females in patient and control groups, 
respectively. The statistically significant relationship was not found 
between IL-1Ra polymorphism and CTS (P>.05; Table 2). On the 
other hand, there was no statistically significant relationship be-
tween ACE I/D polymorphism and the CTS (P>.05, 1.51 (0.82-1.61; 
Table 3). Also, in the result of the statistical analysis compared with 
gene polymorphisms and clinical characteristics, such as gender, a 
positive Tinel’s sign, a positive Phalen maneuver, disease sides (left, 
right, and bilateral), EMG findings, and clinical stage, there was no 
significantcorrelation.

STRING database annotates the functional interactions among 
the proteins in a cell. Analyzing the IL1Ra and ACE proteins with 
STRING database, predicted the functional partners of two proteins 
with high confidence (score: 0.7) were found as follows: HNRNPD, 
IL1R1, IL1R2, IL1A, IL1B, IL1RAP, TOLLIP, MYD88, IRAK2, IRAK3, 
and SOD3, MDK, ACE2, TFPI, AGT, REN, ATP6AP2, KNG1, NOS3, 
and BDKRB2, respectively. The interaction network of these proteins 
is shown in Figure 1A and B. Also, in the results of protein-protein 
interaction analysis, it was seen that none of the partner proteins of 
IL1Ra and ACE were associated with the carpal tunnel syndrome as 
reported in the literature.

4  | DISCUSSION

Carpal tunnel syndrome is a common peripheral neuropathy.17 And, 
because the CTS considerably decreases the quality of life of the peo-
ple, it is required that the underlying causes of CTS should be defined. 
In the analysis of the literature, it is seen that there are different ideas 
such as a mechanical pressure in the wrist on the median nerve,5 im-
munologic changes,7,8 and oxidative stress18 are involved in the devel-
opment of CTS. It has certainly proven that the mechanical pressure 
on the median nerve in the wrist is one of the important causes for the 
CTS symptoms.5 Immunologic changes are associated with the factors 
that are influencing the neuropeptide release as secondary compres-
sion.2 We conducted this study to assess whether any relationship 
between the IL-1Ra, ACE genes and susceptibility to the CTS exists or 
not, and found that there were no statistically significant association 

between IL-1Ra, ACE I/D polymorphisms and CTS susceptibility of 
patients.

IL-1 family is a group of 11 cytokines, which induces a complex net-
work of pro-inflammatory cytokines, regulates, and initiates inflamma-
tory responses. IL-1Ra regulates both IL-1α and IL-1β pro-inflammatory 
activity by competing with them for binding sites of the receptor.19 
Burger et al.10 showed that although the functional IL-1β, IL-6, and VEGFA 
variants were not associated, the IL-6R rs2228145 (A/C) polymorphism 
was associated with the increased CTS risk, and they expressed that IL 
gene family variants can affect each other through gene-gene interac-
tions within the cytokine signaling cascades and may increase the risk of 
CTS. In other study, the absence of local inflammation was determined 
by measuring the gene expression level of pro-inflammatory cytokines 

Characteristic Control group Study group

Gender, male/female, n (%) 35/116 (23.2/76.8) 22/136 (13.9/86.1)

Age, mean±SD, y 45.79±11.02 48.21±11.22

Height, mean±SD, y 163.53±6.09 162.55±4.79

Weight, mean±SD, y 76.98±8.67 73.44±8.93

BMI, mean±SD, y 28.49±3.12 27.77±3.09

Age onset of disease — 43.94±11.28

Dominant hand

Left/Right (%) — 14.2/85.8

Time of diagnosis, y — 1.93±1.25

Diseases duration — 3.02±1.85

Family history

neg/pos (%) — 80.4/19.6

Disease side

Left/Right/Bilateral (%) — 10.8/10.8/78.4

Tinel’s sign

neg/pos (%) — 25.7/74.3

Phalen maneuver

neg/pos (%) — 40.5/59.5

EMG findings

Normal (%) — 23

Slightly symptoms (%) — 25.7

Mid symptoms (%) — 45.3

Severe symptoms (%) — 6

Clinical stage

No symptoms (%) — 4.7

Nocturnal paresthesia 
(%)

— 30.4

Diurnal paresthesia (%) — 47.3

Loss of sensation (%) — 14.9

Atrophy, plegy, Thenar 
muscle power loss, 
Motor loss (%)

— 2.7

BMI, body mass index; CTS, carpal tunnel syndrome; EMG, electromyography; 
SD, standard deviation; neg/pos, negative/positive.

TABLE  1 Clinical and demographic factors of controls and 
patients with CTS

http://www.openepi.com
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(interleukin-1 β, -17, and -6 and tumor necrosis factor a) in carpal liga-
ment.3 Freeland et al.20 analyzed the levels of IL-1 between patients with 
CTS and controls and showed no difference in the serum and flexor te-
nosynovial consistently in our study. Additionally, IL-1β rs16944 and IL-6 
rs1800795 interact with a COL5A1 variant rs12722 to modulate the risk 
of chronic Achilles tendinopathy.11 The C-allele of IL-1β rs16944 causes 

increased expression of IL-1β mRNA which in turn increases extracellu-
lar matrix degradation,11,21 and is therefore proposed to be associated 
with the increased risk of tendinopathy.10 It has also been hypothesized 
that tendinopathy might be mediated through the cytokines involved 
in signal transduction.10,11 Also, Barker et al.22 demonstrated that IL-1β 
is an early mediator of upregulation of nerve growth factor. In the light 
of literature, we think that the variations in IL gene family may have an 
effect to susceptibility to CTS through gene-gene interactions. Sud and 
Freeland23 expressed that the levels of IL-6 are significantly higher in the 
flexor tenosynovium of patients with CTS but are normal in the serum, 
while IL-1 levels are normal in both the serum and the tenosynovium 
of patients with CTS. So, IL-6 stimulates the production of acute-phase 
proteins and IL-1 is associated with the activation of T-cells as well as 
inducing growth factors and inflammatory mediations.

ACE activity was strongly influenced by the human ACE gene poly-
morphism,24 and angiotensin II increases under the effect of ACE and 
plays a role on tissue damage through proinflammatory and pro-fibrotic 
effects. The changes in the tissue levels of angiotensin II were associated 
with the neural ischemia in especially patients with diabetic peripheral 
neuropathy. Also, it is stated that angiotensin II may affect the endo-
thelial damage and oxidative stress.25 When it is considered, the role of 
the oxidative stress in the development of CTS,18 we think that the ACE 

TABLE  2 Genotype and allele frequencies of IL-1Ra VNTR gene polymorphisms in patients with CTS and control groups

Genotypes

IL1Ra 1.1 (n) 1.2 (n) 1.3 (n) 1.4 (n) 1.5 (n) 2.2 (n) 2.3 (n) 2.4 (n) 3.3 (n) 4.4 (n) 4.5 (n) P

Patients (n:158) 77 56 1 10 0 13 0 0 0 0 1 >.05

Controls (n:151) 80 42 2 7 1 13 1 2 1 1 1

Alleles

1 IL-1Ra 1 (±) IL-1Ra 2 (±) IL-1Ra 3 (±) IL-1Ra 4 (±) IL-1Ra 5 (±)

Patients 221/95 (69.9/30) 82/234 (25.9/76.4) 1/315 (0.3/99.6) 11/305 (3.4/96.5) 1/315 (0.3/99.6)

Controls 212/90 (70.1/29.8) 71/231 (23.5/76.4) 5/297 (1.6/98.3) 12/290 (3.9/96) 2/300 (0.6/99.3)

P >.05 >.05 >.05 >.05 >.05

OR (CI 95%) 0.98 (0.69-1.39) 1.14 (0.79-1.64) 0.18 (0.0-1.37) 0.87 (0.36-2.04) 0.47 (0.01-6.29)

CI, confidence interval; CTS, carpal tunnel syndrome; IL-1Ra, interleukin-1 receptor antagonist; OR, Odds ratio.

TABLE  3 Genotype and allele frequencies of ACE gene 
polymorphisms in patients with CTS and control groups

Gene
CTS patients 
n=158

Controls 
n=151 P OR (CI 95%)

ACE (I/D)

Genotypes

DD 77 (48.73%) 65 (43.04%) >.05

ID 64 (40.50%) 69 (45.69%)

II 17 (10.75%) 17 (11.25%)

Alleles

D 218 (68.98%) 199 (65.89%) >.05 1.51 (0.82-1.61)

I 98 (31.01%) 103 (34.10%)

ACE, angiotensin-converting enzyme; CI, confidence interval; CTS, carpal 
tunnel syndrome; OR, Odds ratio.

F IGURE  1  (A) IL1Ra (IL1RN) and (B) 
ACE protein-protein interactions with its 
partners revealed after STRING analysis
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polymorphisms should be analyzed in patients with CTS . In the present 
study, statistically significant relationship between Turkish patients with 
CTS and controls in terms of the frequencies of genotype and alleles of 
ACE I/D polymorphism is not found. The ACE I/D polymorphism are as-
sociated with different risks for developing diabetic complications such as 
neuropathy.26 It is stated that there is a change in the oxidative stress and 
antioxidant defences in patients with CTS. Also, the increased total oxi-
dative stress and decreased total antioxidant status might stimulate fibro-
sis through disturbed signaling pattern in the tenosynovium and median 
nerve.27 Angiotensin II has been shown to increase sympathetic nerve 
activity and oxidative stress in the circulatory system.28 Additionally, it is 
suggested that the angiotensin II may affect endothelial damage and ox-
idative stress.25,29 It was seen that none of the partner proteins of IL1Ra 
and ACE were associated with carpal tunnel syndrome in the literature.

Present study includes several limitations: the sample size was small, 
which may result in false-positive and false-negative results in the ge-
netic association studies by decreasing the statistical power of the study. 
Moreover, it is another limitation that serum and/or flexor tenosynovial 
IL-1 and ACE levels were not measured in patients and control groups.

In conclusion, our findings showed that there are no associations of 
IL-1Ra and ACE I/D polymorphisms with susceptibility of a person for 
the development of CTS. Also, in the analysis of the results compared 
with clinical characteristics, such as clinical stage, EMG findings, and 
disease side, it was determined that there was no association between 
IL-1Ra and ACE I/D polymorphisms and clinical characteristics of CTS. 
Indeed, we think that the interactions of IL gene family members should 
be investigated of their roles in the susceptibility of patients to the CTS.

REFERENCES

	 1.	 Foti C, Romita P, Vestita M. Unusual presentation of carpal tunnel 
syndrome with cutaneous signs: a case report and review of the liter-
ature. Immunopharmacol Immunotoxicol. 2011;33:751‐753.

	 2.	 Bove D, Lupoli A, Caccavale S, Piccolo V, Ruocco E. Dermatological 
and immunological conditions due to nerve lesions. Funct Neurol. 
2013;28:83‐91.

	 3.	 Utrobičić I, Novak I, Marinović-Terzić I, et  al. Carpal tunnel syn-
drome is associated with high fibrinogen and fibrinogen deposits. 
Neurosurgery. 2014;75:276‐285.

	 4.	 Mojaddidi MA, Ahmed MS, Ali R, et al. Molecular and pathological stud-
ies in the posterior interosseous nerve of diabetic and non-diabetic pa-
tients with carpal tunnel syndrome. Diabetologia. 2014;57:1711‐1719.

	 5.	 Schmid AB, Bland JD, Bhat MA, Bennett DL. The relationship of nerve 
fibre pathology to sensory function in entrapment neuropathy. Brain. 
2014;137:3186‐3199.

	 6.	 Atroshi I, Gummesson C, Ornstein E, Johnsson R, Ranstam J. Carpal 
tunnel syndrome and keyboard use at work: a population-based 
study. Arthritis Rheum. 2007;56:3620‐3625.

	 7.	 Ruocco V, Brunetti G, Puca RV, Ruocco E. The immunocompro-
mised district: a unifying concept for lymphoedematous, herpes-
infected and otherwise damaged sites. J Eur Acad Dermatol Venereol. 
2009;23:1364‐1373.

	 8.	 Baroni A, Piccolo V, Russo T, Ruocco V. Recurrent blistering of the 
fingertips as a sign of carpal tunnel syndrome: an effect of nerve com-
pression. Arch Dermatol. 2012;148:545‐546.

	 9.	 Rydevik B, Lundborg G. Permeability of intraneural microvessels and 
perineurium following acute, graded experimental nerve compres-
sion. Scand J Plast Reconstr Surg. 1977;11:179‐187.

	10.	 Burger MC, de Wet H, Collins M. Interleukin and growth factor gene 
variants and risk of carpal tunnel syndrome. Gene. 2015;564:67‐72.

	11.	 September AV, Schwellnus MP, Collins M. Tendon and ligament 
injuries: the genetic component. Br J Sports Med. 2007;41:241‐246.

	12.	 Nell EM, van der Merwe L, Cook J, Handley CJ, Collins M, September 
AV. The apoptosis pathway and the genetic predisposition to Achilles 
tendinopathy. J Orthop Res. 2012;30:1719‐1724.

	13.	 Rahim M, Gibbon A, Hobbs H, et al. The association of genes involved 
in the angiogenesis-associated signaling pathway with risk of anterior 
cruciate ligament rupture. J Orthop Res. 2014;32:1612‐1618.

	14.	 Peddareddygari LR, Sen S, Pahwa A, Levenstien MA, Grewal RP. 
Analysis of the interleukin-1 receptor antagonist gene variable 
number tandem repeats in ischemic stroke. J Stroke Cerebrovasc Dis. 
2014;23:1599‐1603.

	15.	 Buraczynska M, Ksiazek P, Kubit P, Zaluska W. Interleukin-1 recep-
tor antagonist gene polymorphism affects the progression of chronic 
renal failure. Cytokine. 2006;36:167‐172.

	16.	 Inanir A, Yigit S, Tekcan A, Pinarli FA, Inanir S, Karakus N. Angiotensin 
converting enzyme and methylenetetrahydrofolate reductase gene 
variations in fibromyalgia syndrome. Gene. 2015;564:188‐192.

	17.	 Shiri R. The prevalence and incidence of carpal tunnel syndrome in US 
working populations. Scand J Work Environ Health. 2014;40:101‐102.

	18.	 Eroğlu P, Erkol İnal E, Sağ ŞÖ, Görükmez Ö, Topak A, Yakut T. 
Associations analysis of GSTM1, T1 and P1 Ile105Val polymorphisms 
with carpal tunnel syndrome. Clin Rheumatol. 2015;35:1245‐1251.

	19.	 Dinarello CA. Interleukin-1 in the pathogenesis and treatment of in-
flammatory diseases. Blood. 2011;117:3720‐3732.

	20.	 Freeland AE, Tucci MA, Barbieri RA, Angel MF, Nick TG. Biochemical 
evaluation of serum and flexor tenosynovium in carpal tunnel syn-
drome. Microsurgery. 2002;22:378‐385.

	21.	 Landvik NE, Hart K, Skaug V, Stangeland LB, Haugen A, Zienolddiny 
S. A specific interleukin-1B haplotype correlates with high levels of 
IL1B mRNA in the lung and increased risk of non-small cell lung can. 
Carcinogenesis. 2009;30:1186‐1192.

	22.	 Barker JS, Wu Z, Hunter DD, Dey RD. Ozone exposure initiates a se-
quential signaling cascade in airways involving interleukin-1beta re-
lease, nerve growth factor secretion, and substance P upregulation. 
J Toxicol Environ Health A. 2015;78:397‐407.

	23.	 Sud V, Freeland AE. Biochemistry of carpal tunnel syndrome. 
Microsurgery. 2005;25:44‐46.

	24.	 Purnamasari D, Widjojo BD, Antono D, Syampurnawati M. ACE gene 
polymorphism and atherosclerotic lesion of carotid artery among off-
springs of type 2 diabetes mellitus. Acta Med Indones. 2012;44:128‐134.

	25.	 Inanir A, Basol N, Karakus N, Yigit S. The importance of association 
between angiotensin-converting enzyme (ACE) Gene I/D polymor-
phism and diabetic peripheral neuropathy. Gene. 2013;530:253‐256.

	26.	 Kakoki M, Sullivan KA, Backus C, et al. Lack of both bradykinin B1 and B2 
receptors enhances nephropathy, neuropathy, and bone mineral loss in 
Akita diabetic mice. Proc Natl Acad Sci USA. 2010;107:10190‐10195.

	27.	 Demirkol A, Uludag M, Soran N, et al. Total oxidative stress and an-
tioxidant status in patients with carpal tunnel syndrome. Redox Rep. 
2012;17:234‐248.

	28.	 Dong T, Chen JW, Tian LL, et al. Role of the Renin-Angiotensin system, 
renal sympathetic nerve system, and oxidative stress in chronic foot 
shock-induced hypertension in rats. Int J Biol Sci. 2015;11:652‐663.

	29.	 Nickenig G. Central role of the AT1-receptor in atherosclerosis. J Hum 
Hypertens. 2002;16:26‐33.

How to cite this article: Cevik B, Tekcan A, Inanir A, Kurt SG, 
Yigit S. The investigation of association between IL-1Ra and 
ACE I/D polymorphisms in carpal tunnel syndrome. J Clin Lab 
Anal.2018;32:e22204. https://doi.org/10.1002/jcla.22204

https://doi.org/10.1002/jcla.22204

