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Abstract
Purpose: Microtia is a congenital anomaly, manifested by a small and disfigured auricle. Interleukin (IL) 1 is an 
important mediator of inflammation and cartilage destruction, This study is aimed at investigating association of 
IL-1A (-889) and IL-1B (-511) variants in a Turkish patient population with microtia.
Meterials and Methods: Nineteen patients diagnosed with microtia and 40 healthy controls were enrolled to the 
study. The IL-1A (-889) and IL-1B (-511) variants were evaluated using the polymerase chain reaction-restriction 
fragment length polymorphism (PCR-RFLP) method. For statistical analysis, SPSS version 22.0 was used.
Results: The genotype distribution of the IL-1A (-889) variant was statistically different between the cases and 
the control group. IL-1A -889 CC genotype was lower in microtia cases while TT genotype was more prevalent 
in microtia cases, respectively (p=0.008, p=0.008). High difference was also observed when the patient group 
and the control group were compared according to IL-1 (-889) CT+TT (p=0.003). IL-1A (-889) C allele was lower 
in microtia patients and T allele was higher in patients (p=0.005). The allele frequency and genotype distribution 
of IL-1B (-511) CT variant did not show any statistically difference between patients and controls (p>0.05). 
Conclusion: To our knowledge, for the first time in the literature we have demonstrated a significant association 
of the IL-1A (-889) functional variant with microtia in a Turkish cohort.
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Özet
Amaç:Mikrotia küçük ve şekil bozukluğu olan kulak kepçesi ile görülen kongenital bir anomalidir. İnterlökin (IL) 
1 enflamasyon ve kıkırdak harabiyeti için önemli bir düzenleyicidir. Bu çalışma Türk mikrotia hastalarında IL-1A 
(-889) ve IL-1B (-511) varyantlarının ilişkisini değerlendirmeyi amaçlamıştır.
Gereç ve Yöntem: Çalışmaya mikrotia tanılı 19 hasta ve 40 sağlıklı kontrol dahil edilmiştir. IL-1A (-889) ve IL-1B 
(-511) varyantları polimeraz zincir reaksiyonu (PZR)- sınırlayıcı parça uzunluk polimorfizm (RFLP) yöntemi ile 
incelenmiştir. İstatistik analiz için, SPSS 22.0 versiyonu kullanılmıştır.
Bulgular:IL-1A (-889) varyant genotip dağılımı hastalar ve kontrol grubu arasında istatistiksel olarak farklıydı. 
IL-1A -889 TT genotipi mikrotia hastalarında daha yaygınken, CC genotipi mikrotia hastalarında daha azdı, 
sırasıyla (p=0.008, p=0.008). Hasta ve kontrol grupları IL-1 (-889) CT+TT durumuna göre karşılaştırıldığında 
büyük fark saptandı (p=0.003). IL-1A (-889) C alleli mikrotia hastalarında azdı ve T alleli hastalarda çoktu 
(p=0.005). IL-1B (-511) CT varyant genotip ve allel dağılımı hastalar ve kontrol arasında herhangi istatistiksel 
fark göstermedi (p>0.05). 
Sonuç:Bildiğimiz kadarıyla literatürde ilk olarak, IL-1A (-889) fonksiyonel varyantın Türk topluluğunda mikrotia 
ile önemli ilişkisi olduğunu gösterdik.
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Introduction

Microtia (MIM 600674, MIM 251800) is 
a congenital malformation that is frequently 
accompanied with aural atresia. Its incidence 
ranges between 0.83 and 4.34 per 10,000 
deliveries, and it is more common among the 
males and Asian population [1]. Diagnosis of 
microtia covers a variety of phenotypes, ranging 
from ‘‘mild structural malformations to complete 
agenesis of the ear,’’  however even minor cases 
may cause psychological distress because of 
the disfigurement and its psychosocial impact 
[1]. Microtia may exist as an isolated condition, 
or as part of a group of anomalies or a syndrome. 
Vertebral anomalies, macrostomia, oral clefts, 
facial asymmetry, renal malformations, cardiac 
defects, microphthalmia, holoprosencephaly, 
and polydactyly are among the most common 
anomalies seen with microtia [1]. The etiology 
of microtia-anotia remains unclear.  Although 
environmental factors may play significant role, 
genetic causes are also involved  [2]. 

Early pregnancy in mammals necessitates 
complex and highly coordinated cellular 
and molecular mechanisms taking place 
in the endometrium and the conception 
product. Interleukins (ILs) constitute a group 
of proinflammatory cytokines that plays an 
important role in mammalian reproduction. 
The IL-1 gene, consisting of IL-1A (IL1A), IL-
1B (IL1B), and IL-1RN (IL1RA), is found on 
the chromosome 2q14-21 [3]. IL-1 is a major 
regulator of inflammation and immune reactions. 
Both IL-1A and IL-1B initiate inflammation, 
but more significantly, they stimulate the 
expression of proinflammatory genes, including 
cyclooxygenase  type 2, inducible nitric oxide 
synthase, and some other cytokines. The IL-1 
system is closely associated with  implantation 
[4]. Furthermore, the in vitro activation of cultured 
chondrocytes by IL-1 is linked with significant 
changes in the expression of numerous genes 
that are involved in the cartilage breakdown 
[5]. The IL-1A gene manifests polymorphisms 
at several loci. A single base substitution (C/T) 
at position (-889) (rs1800587) is linked with 
elevated cytokine synthesis [6]. IL-1B gene has 
a CT bi-allelic polymorphism (rs16944) in the 
promoter region at position -511 [7]. The variant 
allele at this locus T has been reported to be 
related to several inflammatory disorders and 
individuals carrying IL-1B (-511) T allele have 
higher levels of IL-1B [8]. 

Therefore, this study is aimed at investigating 
possible association of IL-1A (-889) and IL-1B 
(-511) variants in Turkish microtia patients.

Material and Methods

Study population

 The study group consisted of 19 cases 
with microtia and 40 healthy controls.  The 
participants, who admitted to Department of 
Plastic, Reconstructive and Aesthetic Surgery 
were diagnosed with microtia. The healthy 
control group was balanced according to age, 
sex, and consisted of outpatients that did not 
have any congenital malformations. An accurate 
and detailed family history was obtained for each 
patient. Both the study group and the control 
group were of Turkish origin, from the same 
region of Turkey. Informed written consent was 
obtained from all patients and subjects before 
enrollment to the study, according to the ethical 
guidelines of the 2008 Declaration of Helsinki 
and the investigation was approved by the 
Institutional Ethical Committee.

Genotype determination

Blood samples from all participants were 
collected in tubes containing ethylene diamine 
tetra acetic acid. Genomic DNA was extracted 
from peripheral whole blood according to 
established protocol [9]. IL-1A  and IL-1B gene 
variants were determined by polymerase chain 
reaction (PCR) followed by restriction fragment 
length polymorphisms (RFLP) IL-1A (-889) 
variant was  determined using primers 5'-AAG 
CTT GTT CTA CCA CCT GAA CTA GGC- 
3'  and 5'-TTA CATATG AGC CTT CCA TG-3' 
previously described  [10]. Amplified products 
digested NcoI enzyme. The IL-1B  (-511) variant 
was determined by PCR using the following 
primers 5' GTTGTCATCAGACTTTGACC 3' 
and 5' TTCAGTTCATATGGACCAGA 3' [11]. 
PCR products were digested by restriction 
endonuclease Aval (MBI Fermentas) at 37°C for 
overnight. The PCR products were seperated 
on a 2% agarose gel and DNA was visualized 
by ethidium bromide staining. 

Statistical analysis

All statistical analyses were performed using 
computer SPSS Statistical Program Version 
22.0 and OpenEpi info 2.2 software package 
program. Continuous data were given as 
mean±SD (standard deviation) and (min/max). 
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x2 test was used to significance of differences 
in the allele frequency and genotype distribution 
between the two study groups. Odds ratio 
(OR) and 95% confidence intervals (CIs) were 
calculated. The Hardy-Weinberg Equilibrium 
(HWE) was determined using a software 
analysis [12]. p value p<0.05 was considered 
statistically significant.

Results

A total number of 59 subjects from a 
Turkish population were recruited (19 patients 
with microtia, 40 controls) in this study. The 
frequency of genotypes and alleles of IL-1A -899 
variant in patients with microtia and controls are 
shown in Table 1. The overall distribution of the 
IL-1A (-889) variant was  36.8%  CC, 36.8%  CT, 
and  26.4% TT in microtia cases, respectively. 
Among the controls, frequencies for the CC, 
CT, TT  genotypes of IL-1A (-889) variant  were 
65%, 30%, and 5%, respectively. The genotype 
distribution of the IL-1A (-889) variant was 
statistically different between the cases and 

the control group. IL-1A (-889) CC genotype 
was lower in cases while TT genotype was 
more prevalent in cases, respectively (p=0.008, 
p=0.008). High difference was also observed 
when the patients and the controls were 
compared according to CT+TT (p=0.003).  
There was a significant difference for allele 
frequency of the IL-1A (-899)  variant between 
the groups.  The frequency of the IL-1A (-889) 
C allele was found to be significantly lower in 
patients compared to controls while IL-1A (-889) 
T allele was higher in patients (p=0.005).  

The genotype and allele frequencies of IL-
1B (-511) variant among the microtia cases and 
controls are shown in Table 2.  For the IL-1B 
(-511) CT variant, the genotype distribution 
for microtia cases and control groups were 
as follows: 47.4% were CC, 31.6% had the 
heterozygote CT genotype, and 21% were 
homozygote for TT in the microtia cases group 
compared with 47.5% who were CC,  42.5% 
with the CT genotype, and 10% who had TT 
in the control group. The genotype and allele 

Table 1. Genotype distribution and allele frequencies of IL-1A variant in cases and controls

IL-1A (-889) Control group n (%) Microtia group n (%) p
Genotype
     CC 26(65)    7(36.8) 0.008

     CT 12(30)    7(36.8) 0.166

     TT 2(5)   5(26.4) 0.008

  CC+CT   38(95) 14(73.7) 0.003

Allele
    C  64(80) 21(55.3) 0.005

    T 16(20) 17(44.7)

HWEp 0.692 0.266

 IL-1A: Interleukin-1A, HWEp: Hardy Weinberg Equilibrium

Table 2. Genotype distribution and allele frequencies of IL-1B variant in   cases  and controls

IL-1B (-511) Control group n (%) Microtia  group n (%) p
Genotype 
     CC 19(47.5)      9(47.4) >0.05

     CT 17(42.5)      6(31.6) >0.05

     TT 4(10)    4(21) >0.05

Allele 
    T 55(68.8)      24(63.2) >0.05

    C 25(31.2)      14(36.8)

HWEp 0.944      0.161

IL-1B: Interleukin-1B; HWEp: Hardy Weinberg Equilibrium.
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distribution of IL-1B (-511) CT variant did not 
show any statistically difference between 
patients and controls (p>0.05). When the 
patients and the controls were compared in 
terms of HWE, deviation were not observed in 
both IL-1A (-889) and IL-1B (-511) variants.

Discussion

Microtia is an uncommon congenital defect 
manifested by the abnormal development of 
the outer ear leading to a malformed auricle. 
Microtia can exist on both sides, however 77–
93% of the patients have unilateral involvement 
[13]. The right ear is affected in about 60% of the 
patients with unilateral microtia [13] (Forrester 
MB). Etiology of microtia and the associated 
syndromes are unclear, however genetic 
and environmental factors are believed to be 
involved. Several familial cases with Mendelian 
inheritance have been reported [14]. 

Rates of familial cases among microtia 
patients differ widely, ranging between 3 and 
34% [14]. Hereditary forms of microtia with 
autosomal recessive or dominant inheritance 
with variable expression and incomplete 
penetrance have all been reported [14]. Familial 
cases with certain clinical characteristics such 
as microtia, without any known syndrome 
have also been reported. Animal studies have 
found a number of genes linked with microtia, 
and demonstrated some signaling pathways, 
such as BMP, WNT, FGF and retinoic acid, that 
involve in development of outer ear [1]. 

Normal growth and implantation of the early 
embryo is a crucial developmental process 
that involves embryonic-maternal signaling. 
The exact mechanisms and sequence of these 
signaling events remain unclear. Cytokines 
were reported to play important role in 
embryonic development. These molecules are 
small, multifunctional glycoproteins, that act as 
biological mediators, regulating several functions 
during embryo-maternal interactions [15]. It 
has been suggested that cytokines play a role 
in the regulation of pre-implantation embryo 
development. The cytokine levels in pregnant 
uterus differs from the non-pregnant uterus.    

IL-1 is a major modulator of inflammation, with 
pleiotropic impacts on many cells and signaling 
pathways. IL-1 is involved in the modulation 
of placental and endometrial function during 
gestation. In humans, IL-1 is synthesized in 

endometrium during the late secretory phase of 
the menstrual cycle and during gestation [16]. 
Furthermore, IL-1 also regulates immunologic 
cytokine synthesis in the placenta. In the mouse, 
IL-1 is expressed in endometrium and peak 
levels are observed during implantation. Orsi et 
al. measured 18 different cytokines during the 
estrous cycle, gestation and post-partum period 
in mice. They found that most cytokines, such 
as IL-1A and IL-1B were detected throughout all  
phases [17]. 

IL-1 has several impacts in chondrocytes 
such as a significant decrease in the expression 
of anabolic genes like aggrecan and collagen 
type II [18], up-regulation of some catabolic 
genes like matrix degrading proteases (matrix 
metalloproteinase-1, -3, -13, and ADAMTS-4) 
[19], and stimulation of intercellular mediators 
including leukemia inhibitory factor and IL-6 
[20].  IL-1 induces a net loss of proteoglycan 
from both articular and nasal cartilage in organ 
culture by forcing the chondrocytes to elevate 
the rate of proteoglycan degradation  and lower 
the rate of proteoglycan production [21]. Thus, 
IL-1 may be a crucial regulator of cartilage loss 
in arthritis. IL-1A (-889) and IL-1B (-511) variants  
locate in the promoter region of the genes, and 
they have been proved to affect the expression 
level of these genes [22,23].

Therefore, in present study, we hypothesized 
whether  the possible association between IL-
1A (-889)/ IL-1B (-511) variants and microtia 
susceptibility in a Turkish cohort. To our 
knowledge, this is the first study to investigate 
the association between IL-1 variants and 
microtia in a Turkish cohort. We found that IL-
1A (-889) variant is significantly different in the 
microtia cases and the controls.  IL-1A (-889) 
CC genotype was lower in microtia cases while 
TT genotype was more prevalent in patients, 
respectively (p=0.008, p=0.008). This is thought 
that IL-1A CC genotype has a protective role 
for microtia. Also IL-1A TT genotype may play 
a role for susceptibility to microtia. Additionally, 
high difference was observed when the patients 
and the controls were compared according 
to CT+TT (p=0.003).  Also, IL-1A allele 
frequencies were significantly different between 
cases and controls. IL-1A (-889) C  allele was 
lower in patient group but  IL-1A (-889) T allele 
was higher in patients  (p=0.005).  However, 
the allele frequency and genotype distribution 
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of IL-1B (-511) CT variant did not show any 
statistically difference between patients and 
controls (p>0.05).  

In conclusion, we reported the first 
association to our knowledge between IL-1A 
gene variant and microtia in a Turkish cohort. 
The present study revealed that IL-1A variant 
was associated with a susceptibility to microtia. 
The limitation of this study was the small 
number of patients and therefore reduced the 
statistical power. Further investigations with 
larger populations are needed to confirm this 
result. 
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