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Abstract

Background: Psoriasis is an inflammatory skin disease. Ghrelin protein exhibits an anti-inflammatory effect by inhibiting the 
TNF-α/NF-κB pathway in psoriasis. The aim of this study was to investigate whether the GHRL gene rs27647 and rs34911341 
polymorphisms are associated with susceptibility to generalized Early Onset Psoriasis (EOP). 
Material and Methods: The study group consisted of 80 EOP patients and 70 unrelated healthy controls. GHRL polymorphisms 
were determined using the polymerase chain reaction (PCR)-restriction fragment length polymorphism method. In addition, 
we determined other genes with which the GHRL gene interacts, and the effect on protein function and protein stability for 
rs34911341. We used web-based tools for all in silico analyses. 
Results: Our results have shown GHRL gene rs34911341 polymorphism GA genotype is associated with an increased risk 
of EOP (p=0.000). Also, there was a significant difference between the two groups with regard to the allele frequency of 
rs34911341 polymorphism (p=0.000). We have shown the prediction of Gene-gene interaction that GHRL is co-expressed 
with 18 genes, physical interaction with 16 genes and co-localization with 9 genes. We determined deleterious of rs34911341 
in 7 tools and revealed that rs34911341 decreased protein stability significantly. 
Conclusion: The GHRL rs34911341 polymorphism genotype and allele frequencies of the EOP patients differ significantly 
from those of healthy controls. We obtained in silico analysis results that support molecular data for rs34 polymorphism in the 
GHRL gene. This may be responsible for explaining chronic inflammation in the pathogenesis of EOP. 
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Abbreviations: EOP: Early Onset Psoriasis; PCR: 
Polymerase Chain Reaction; BMI: Body Mass Index.

Introduction

Psoriasis is a skin disease with pathological features in 
which chronic inflammation is seen [1]. Although it varies 
among ethnic groups, its prevalence has been reported as 

2% and the exact cause is unknown, genetic predisposition 
seems to be the main cause [2,3]. More than 20 gene loci for 
psoriasis have been identified. The locus with the strongest 
effect is the major Psoriasis susceptibility 1 (PSORS1) locus 
[4]. Although psoriasis typically appears on the skin, the 
inflammation is not limited to the skin. Cytokines released 
from different T cell subtypes such as interleukin-6 (IL-6), IL-
12, IL-18, tumour necrosis factor-alpha (TNF-α), interferon-
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gamma (IFN-γ) ensure the continuity of inflammation. Also, 
mast cells and neutrophils contribute to inflammation by 
secreting IL-17 [5,6]. Released pro-inflammatory cytokines 
make inflammation systemic. 

The Ghrelin gene (GHRL) is located on chromosomes 
3p25-26 and Ghrelin is secreted by X/A cells in the 
stomach [7]. Ghrelin, a 28 amino acid peptide, inhibits 
pro-inflammatory signals through its action on T cells and 
monocytes [5,8]. Ghrelin prevents inflammation by reducing 
the release of TNF-α, IL-6 and IL-1β inflammatory cytokines 
[9]. It is also known to inhibit nuclear factor kappa-B (NF-
κB) and NLRP3 inflammatory signaling pathways [10]. 
Ghrelin exhibits an anti-inflammatory effect by suppressing 
the TNF-α / NF-kB pathway in psoriasis. Besides, In addition, 
the anti-inflammatory function mechanism of ghrelin has 
been determined. Ghrelin binds to GHSR1a and inhibits the 
release of inflammatory cytokines. Thus, it protects the body 
from inflammation [11,12] (Figure 1).

Figure 1: Mechanism of the effect of ghrelin for psoriasis. 
IKKs activated by TNF-α inhibit IκBα. When IκBα is 
inhibited, NF-κB is released and acts as a transcription 
factor, increasing the expression of inflammatory cytokines. 
Ghrelin binds to GHS R1a, inhibits NF-κB from reaching the 
nucleus, and inhibits the expression of pro-inflammatory 
molecules.

Missense variants directly affect proteins. The promoter 
and intron regions of the gene are not converted into proteins. 
However, since the promoter is an important region in 
transcription and intron regions are important in the splicing 
process, it affects the expression of the gene. Therefore, in 
addition to missense variants, variants in the non-coding 
region also directly affect gene expression. rs27647 is 
located in the promoter region of the GHRL gene, while 
rs34911341 (R51Q) is located in the exon. Previous studies 

reveal the relationship between rs27647 and rs34911341 
polymorphisms in the GHRL gene with different diseases. 
Although the effect of the ghrelin hormone anti-inflammatory 
is known, to the best of our knowledge, no research has 
been conducted on GHRL gene polymorphism in patients 
with EOP. The aim of this study was to determine whether 
the GHRL gene polymorphisms (rs27647 and rs34911341) 
are associated with psoriasis risk and characteristics and 
we were to determine the effect of genetic variants on the 
protein by in silico approaches.

Material and Methods

Study Population

The study was approved by Mugla Sitki Kocman 
University Medical Faculty Ethics Committee (Ethics 
approval number 24/12/2020, 16/VI) was conducted 
according to the Declaration of Helsinki and informed 
consent was obtained from all participants. A total of 150 
volunteers, consisting of 80 patients diagnosed with EOP and 
70 healthy controls in Mugla province (Southwest of Turkey) 
were included in our study. Gender, age, family history, EOP 
period, body mass index (BMI), EOP severity, betatrophin, 
bisphenol A, urocortin and vitamin D levels of the patients 
were examined. The severity of EOP was determined using 
the Psoriasis Area Severity Index (PASI), pregnant and 
lactating women and individuals under the age of 18 were 
not included in our study. Anthropometric measurements of 
our sample group were recorded. The duration of psoriasis 
was determined according to the reports of the patients. 

DNA Extraction and Genotyping

Venous blood samples (2 mL) were collected in 
Vacutainer tubes containing sodium/potassium EDTA. DNA 
was extracted with a Hibrigen Blood DNA Isolation Kit 
(MG-KDNA-02-250; Hibrigen Biotechnology R&D Industry 
and Trade Inc., Gebze, Kocaeli, Turkey). The rs27647 and 
rs34911341 SNPs in the GHRL gene were determined by 
the Polymerase chain reaction (PCR)-restriction fragment 
length polymorphism (RFLP) method. PCR was performed 
in a 25-µL volume with 100 ng of DNA 2X Taq Master Mix 
(MG-TAQMX-01-80; Hibrigen Biotechnology R&D Industry 
and Trade Inc., Gebze, Kocaeli, Turkey) using an automated 
thermal cycler (SimpliAmp Thermal Cycler, Thermo Fisher 
Scientific, USA). 

The primer sequences and PCR annealing temperature 
are listed (Table 1). PCR products were digested with the 
appropriate restriction enzymes for rs27647 DraI also for 
rs34911341 SacI. Digestion conditions, restriction enzymes 
and restriction fragment sizes are shown (Table 2).
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Gene Polymorphism Primers Temperature of annealing PCR product sizes

GHRL
rs27647

P1
58 °C 200 bp

P2

rs34911341
P3

64 °C
P4 618 bp

P1: 5’ AGAGAGGTTAAACGGACGGG 3’, P2: 5’ GAATGTACATCAGCCCCACG 3’
P3: 5’ CACAGCAACAAAGCTGCACC 3’, P4: 5’ AAGTCCAGCCAGAGCATGCC 3’
Table 1: Oligonucleotides, PCR conditions and PCR product sizes used for polymorphism of GHRL gene.

Gene Polymorphism Restriction enzyme Digestion conditions Restriction fragment sizes

GHRL
rs27647 DraI 37°C, 3h

C allele: 200 bp
T allele: 150 bp

rs34911341 SacI 37°C, 3h
A allele: 618 bp
G allele: 455 bp

Table2: Digestion conditions, restriction enzymes and restriction fragment sizes.

PCR products were separated using 2.5% agarose gels 
containing 0.5 mg/mL ethidium bromide (120V, 40-50 
min). We used a 100-bp DNA ladder (Fermentas Vilnius, 
Lithuania) as the size standard for each gel lane. The gel was 
visualized under ultraviolet light using a gel electrophoresis 
visualizing system (Cleaver Scientific Ltd., Clear View UV 
Trans illuminator, Rugby, UK).

Statistical analysis

All of the frequency and statistical calculations were 
performed using SPSS, ver. 22.0 (IBM Corporation, Armonk, 
NY, USA). Chi-square analysis was used to compare 
frequencies of the GHRL genotypes and alleles between the 
patients in the EOP and control groups. Risk analyses were 
determined by logistic regression method. Odds ratios (OR) 
for genotypes were calculated and 95% confidence ranges 
(CI) were determined. Independent samples t-test was used 
to compare continuous variables. Results with a p-value of 
<0.05 were considered statistically significant.

In silico Analyses

In order to better understand the role of rs34911341, 
we evaluated the effect of amino acid alteration on protein 
stability and protein function.

Prediction of Deleterious missense SNP 
rs34911341

The tool PredictSNP1.0 (http://loschmidt.chemi.
muni.cz/predictsnp1/) was used to show the deleterious 
effect of missense variant rs34911341 on the protein. 
Predict SNP 1.0 is a web-based tool that shows the results 
of 9 different SNP effect predictors such as Predict SNP, 

PolyPhen-1 (Polymorphism Phenotyping v1), PolyPhen-2 
(Polymorphism Phenotyping v2), SIFT (Sorting Intolerant 
from Tolerant), MAPP (Multivariate Analysis of Protein 
Polymorphism), PhD-SNP (Predictor of Human Deleterious 
Single Nucleotide Polymorphisms), SNAP (Screening for 
Nonacceptable Polymorphisms), PANTHER (Protein Analysis 
Through Evolutionary Relationships), and SNP Analyser 
prediction tools [13,14]. We determine the deleterious 
effect of rs34911341 on the protein was determined SIFT, 
PolyPhen-1, PolyPhen-2, MAPP, SNAP, PANTHER, and Predict 
SNP prediction tools.

SIFT evaluates whether the mutation is deleterious 
based on the physical characteristics and sequence homology 
of the amino acids. This web server uses multiple sequence 
alignment for each query. The tolerance index in the SIFT is 
low (<0.05), as the probability of tolerating the change for 
conserved amino acids is low [15,16]. Polyphen-1 uses a set 
of expert empirical rules. Polyphen-2 uses multiple sequence 
alignment [17]. MAPP evaluates the physicochemical 
differences in each column in protein sequence alignment 
[18]. PhD-SNP uses a support vector machine (SMV), while 
SNAP uses a neural network [19,20]. PANTHER determines 
the effect of nsSNP on protein based on evolutionary 
preservation specific to the position of amino acids [21]. 
PredictSNP calculates an estimate based on the confidence 
score of each tool.

Prediction of Change in Protein Stability

The change in protein stability was analysed with the 
MUpro tool (http://mupro.proteomics.ics.uci.edu/) [22]. 
This tool uses SMV and neural networks machine learning 
methods. This protein calculates a score between -1 and 1 as 
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the confidence of the prediction. If the confidence score was 
<0, the mutation has decreased protein stability. But if the 
confidence score was >0, the mutation has increased protein 
stability.

Prediction of Gene-Gene Interactions

GHRL gene of its association with other genes in order 
to predict was used, GeneMANIA (https://genemania.org/) 
(accessed on 27 August 2022). The prediction of gene-gene 
interaction predictor GeneMANIA is based on the basis of 
pathways, co-localization, co-expression, protein domain 

similarity, and genetic and protein interaction [23,24].

Results

Associations of GHRL genotypes with EOP

DNA samples from 80 EOP patients and 70 healthy 
controls were analysed for GHRL gene rs27647 and 
rs34911341 polymorphisms. The patients’ demographic 
and clinical characteristics were represented (Table 3). The 
genotype and allele distributions for rs27647 and rs3491134 
were shown in (Table 4).

Clinical characteristics
Mean±SD

p value
EOP (n=80) Control (n=70)

Age 33.51±10.2 34.62±11.3 ˃0.05
Gender, n(%)

Male 46 38
Female 34 32

Family story
Yes 42
No 36

Psoriatic nail
Yes 56
No 24

BMI 23.7±11.2 23.4±9 ˃0.05
PASI˂3 30

PASI (3-10) 28
PASI˃10 22

Table 3: Demographic and clinical characteristics of EOP patients.

 Healthy controls n (%) Cases n (%) χ² p value OR (95 % CI)

Genotype rs27647
CC 20 (28.5)  12 (15)  Reference
CT 26 (37.1) 51 (63.7) 0.401 0.162 (0.041-0.370)
TT 24 (34.3) 17 (21.3)  0.180 (0.055-0.541)

Allele rs27647
C 66 (47.15) 75 (46.8) 0.35  
T 74(52.85) 85(53.2)   

Genotype rs34911341
AA - 8 (10)  Reference
GA 29 (41.52) 58 (72.5) 0 0.642 (0.262-3.392)
GG 41 (58.48) 14 (17.5)  0.125 (0.041-0.304)

Allele rs34911341
A 29(20.7) 74(46.8)   
G 111(79.3) 86(54.2) 0  

Table 4: Distributions of GHRL genotypes and allele frequencies in EOP patients.
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All genotype frequencies observed in the control 
group were in Hardy–Weinberg equilibrium (p>0.05). The 
respective frequencies of the CC, CT and TT genotypes for the 
rs27647 GHRL polymorphism were 15%, 63.7%, and 21.3% 
in the control group and 28.5%, 37.1%, and 34.3% in the EOP 
group. Considering the genotype frequencies, the rs27647 
polymorphism was not significant between the two groups 
(p=0.401) (Table 4). 

The GA and GG genotype distributions of the rs34911341 
GHRL polymorphism were 41.52%, and 58.48% for the 
controls group and was no AA genotype. The AA, GA and GG 
genotype distributions of rs34911341 GHRL polymorphism 
were 10%, 72.5% and 17.5% for the EOP patients. The GA 
genotype was higher than the GG genotype between the 
two groups. So, the GA genotype rs34911341 was the risk 
genotype for EOP (p=0.00) (Table 4). The allele frequency 
of rs27647 was not significantly different between the two 
groups. The A and G allele frequencies of rs34911341 were 
significantly different between the two groups. According to 
the results, the G allele was higher in the EOP patient group 
compared to the control group. 

Prediction of Deleterious missense SNP 
rs34911341

The deleterious effect of rs34911341 (R51Q) has also 
been demonstrated in silico. Analyses were made with 8 
different tools using PredictSNP 1.0. As a result, deleterious 
effects were detected in all tools except the PhD-SNP tool 
(Table 5).

SNP Tools Confidence score

rs34911341

Predict SNP 0.76 (Deleterious)
PolyPhen-1 0.74 (Deleterious)
PolyPhen-2 0.81 (Deleterious)

SIFT 0.79 (Deleterious)
MAPP 0.77 (Deleterious)

PhD-SNP 0.68 (Deleterious)
SNAP 0.72 (Deleterious)

PANTHER 0.66 (Deleterious)

Table 5: The expected accuracy results of the rs34911341 of 
GHRL in PredictSNP1.0 and integrated tools.

Prediction of Change in Protein Stability

We analysed the rs34911341 (R51Q) predicted 
deleterious mutant with help of the MUpro web server. 
Confidence scores for the SVM and NN methods were 
calculated as -0.85 and -0.70 (kcal/mol), respectively. The 

rs34911341 (R51Q) polymorphism decreases protein 
stability. The results of our in silico analyses and the results 
of the molecular analysis for rs34911341 (R51Q) are 
compatible. rs34911341 (R51Q) is a missense variant and 
can have a serious effect on the phenotype.

1.1 Prediction of Gene-Gene Interactions
Our findings revealed that GHRL is co-expressed with 18 
genes (MLN, GHSR, MLNR, ACE2, LEP, USF2, PCSK1, PTGER3, 
USF1, AGRP, CHIA, GHRHR, LIPF, ATP4A, CBLIF, CA9, CCKAR, 
PIK3C2G), shared a domain with only 7 genes (CCKAR, GHSR, 
MLN, MLNR, USF1, PTGER3, USF2), physical interaction with 
16 genes (MLN, KLF4, GHSR, MLNR, ACE2, LEP, USF2, PCSK1, 
PTGER3, USF1, MBOAT4, LIPF, ATP4A, CBLIF, CA9, CCKAR), 
and co-localization with 9 genes (MLNR, CHIA, GHRHR, LIPF, 
ATP4A, CBLIF, CA9, CCKAR, PIK3C2G) (Figure 2).

Figure 2: Gene-gene interaction network of GHRL using a 
GeneMANIA server. 

Discussion 

In our study, we examined for the first time the GHRL gene 
rs27647 and rs34911341 polymorphisms in EOP. According 
to the results obtained, the GA genotype of rs34911341 
polymorphism increased the risk of EOP (p=0.00). The A 
allele is a risk factor for rs3491134 polymorphism. But 
we determined genotypes and allele frequency were no 
significant differences between the two groups for rs27647 
polymorphism. In addition, in silico analysis was performed 
for the missense variant rs34911341 polymorphisms were 
predicted to be deleterious for 7 tools and predicted to 
reduce protein stability. This result is important for future 
studies with the GHRL gene. In addition, According to the 
estimates of GENEMANIA, the GHRL gene interacts with 20 
different genes. Mutations or polymorphisms (rs27647 and 
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rs34911341 for this research) in the GHRL gene can cause 
various diseases by affecting the functioning of other linked 
genes. Molecularly, the data we obtained for rs34911341 
supports the results of in silico analysis.

Many studies of GHRL gene SNPs in different populations 
have been reported [25-29]. The Leu72Met (rs696217) 
polymorphism has been shown to be associated with Type 
2 Diabetes Mellitus (T2DM) in the Chinese population. 
According to the study, individuals carrying the Met72 allele 
have a higher risk of T2MD [25]. In a study in a Mexican 
population, the 72Met allele was shown to have a protective 
effect on T2MD [30]. The association between the GHRL gene 
SNPs rs26802, rs10490816, and rs696217 and metabolic 
syndrome has been evaluated. It was concluded that SNPs do 
not pose a risk for metabolic syndrome [26]. SNPs rs27647, 
rs26802, rs696217 (Leu72Met) and rs4684677 were 
associated with lower systolic and diastolic blood pressure 
in the Finnish population [28,31]. In another study on the 
Finnish population, the rs34911341 (R51Q) 51Gln allele 
was identified as a risk factor for hypertension and type 2 
diabetes [29]. The association of the rs34911341 (R51Q) 
SNP with hypertension has also been shown in studies in the 
Caucasian population. The rs27647 and rs35683 SNPs in the 
GHRL gene were associated with a reduced risk of colorectal 
cancer, while the rs26312, rs26802 and rs27647 SNPs were 
associated with cerebral infarction [32]. Consequently, GHRL 
gene polymorphisms were associated with many diseases. 
In addition, the anti-inflammatory effect of the GHRL gene is 
known and its connection with psoriasis was reported [12,33].

The TNF-α/NF-κB signalling pathway is the main 
mediator in the pathogenesis of psoriasis [1]. It was shown 
that TNF-α increases the expression of pro-inflammatory 
cytokines by the effect of reactive oxygen species [34]. GHRL 
provides inhibition of the TNF-α/NF-κB signalling pathway. 
GHRL modulation may be an important target in treating 
inflammatory skin diseases. The strong relation between 
rs34911341 polymorphism and EOP is a guide for future 
studies in elucidating the pathogenesis of EOP and increasing 
treatment possibilities. In silico analyses clearly demonstrate 
the disease potential of the GHRL gene. In addition, other 
genes that may be affected by possible mutations in the GHRL 
gene are important and different targets for EOP. This study 
has three main limitations; The first limitation is the small 
number of participants. We anticipated that recruitment 
might not meet targets. However, also because the condition 
is rare, the findings of this study offer new, potentially useful 
information for this patient population.

Conclusion

This is the first study to examine the association 
between GHRL gene polymorphisms and EOP. Our results 

show that the rs34911341 polymorphism of the GHRL might 
be associated with EOP. Although only the rs34911341 
polymorphism was found to be significant, the molecular 
mechanisms underlying EOP need to be elucidated with 
larger sample sizes. In addition, we have revealed many genes 
related to the GHRL gene. The association of these genes 
with the pathogenesis of psoriasis could be investigated. 
The molecular data we obtained supports the in silico data. 
Signal that you are wrapping up your limitations: “Finally, we 
could not control for every possible lifestyle factor, and the 
observational nature of this design leaves the possibility of 
residual confounding.”

We showed that the rs34911341 polymorphism, with 
which we obtained significant results, was pathogenic in 8 
vehicles and reduced protein stability. The missense variant 
rs34911341 is a variant that should be investigated in detail 
for different diseases due to its pathogenic effects.
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