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ABSTRACT

Single nucleotide polymorphisms (SNPs) are known as single nucleotide changes in DNA among
individuals. The most common type of SNPs is non-synonymous SNPs. Interleukin-6 (IL-6) is a
pleiotropic cytokine produced by lymphoid and non-lymphoid cells with a wide range of biological
functions in defense mechanism, immune response, hematopoiesis, and acute phase reactions. In this
study, SNPs of IL-6 were searched in NCBI dbSNP, and there are 2530 SNPs belong to IL-6, and 227
of them are classified as missense in this database. PANTHER, SIFT, and PROVEAN bioinformatic
tools were used for determining the deleterious (D), probably damaging (PRD), or possibly damaging
(POD) SNPs and the HOPE tool was utilized for the detection of the structural impacts caused by
these SNPs on amino acids of 1-L6 protein products. SIFT and PROVEAN scores and PANTHER
preservation times showed that 22 of these 227 SNPs have a category of D, PRD, or POD. According
to HOPE tool results, rs11544633 (UniProt protein ids: P05231, BSMCZ3, B4ADNV3, P05231, and
B5MC21), rs199990564 (UniProt protein ids: P05231, BSMCZ3, B4DNV3, P05231, and B5MC21),
rs201371019 (UniProt Protein ids: P05231, BSMCZ3, BADNV3, BADNV3, P05231, and B5MC21)
causes the smaller amino acids while rs370818995 (UniProt Protein ids: P05231, B5SMCZ3, and
P05231) causes the bigger aminoacids in mutant types. Also, the mutant types of rs199990564
(UniProt Protein ids: P05231, BSMCZ3, B4DNV3, P05231, and B5MC21), and rs201371019
(UniProt Protein ids: P05231, BSMCZ3, BADNV3, P05231, and B5SMC21) cause more hydrophobic
structure while rs370818995 (UniProt Protein ids: P05231, B5SMCZ3, and P05231) causes less
hydrophobic form than their wild types. In the study, this is the first time the pathogenic missense
SNPs of IL-6 of its was shown with in silico methods. We think the results of this study can help for
future studies about the effects of IL-6 pathogenic polymorphisms.
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OZET

Tek nikleotid polimorfizmleri (SNPIler) bireyler arasinda; DNA'daki tek niikleotid degisiklikleri
olarak bilinir. En yaygin SNP tiirii es anlamli olmayan SNPlerdir. interldkin-6 (IL-6) savunma
mekanizmasi, bagisiklik tepkisi, hematopoez ve akut faz reaksiyonlarinda ¢ok ¢esitli biyolojik
fonksiyonlara sahip lenfoid ve lenfoid olmayan hiicreler tarafindan iiretilen bir pleiotropik sitokindir.
Bu ¢alismada, IL-6'"nin SNPleri NCBI dbSNP'de arastirilmistir. Bu veritabaninda IL-6’ya ait 2530
SNP vardir ve 227 tanesi yanlig anlamli olarak siiflandirilmigtir. PANTHER, SIFT ve PROVEAN
biyoinformatik araclari, zararli (D), muhtemelen zarar veren (PRD) veya miimkiin olarak zarar veren
(POD) SNPIerin belirlenmesi i¢in kullanild1 ve bu SNPIerin IL-6 protein Urlnlerinin amino asitleri
iizerindeki yapisal etkilerinin tespiti i¢in Hope aracindan yararlanildi. SIFT ve PROVEAN skorlar1
ile PANTHER koruma sureleri, bu 227 SNPnin 22’sinin D, PRD veya POD kategorisine sahip
oldugunu gostermistir. HOPE araci sonuglarina gore, mutant tiplerde rs370818995 (UniProt Protein
id’leri: P05231, B5MCZ3 ve P05231) daha bulylk boyutta aminoasitlere yol agmaktayken;
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rs11544633 (UniProt protein id’leri: P05231, B5MCZ3, B4DNV3, P05231 ve B5MC21),
rs199990564 (UniProt protein id’leri: P05231, B5MCZ3, B4DNV3, P05231 ve B5MC21),
rs201371019 (UniProt Protein id’leri: P05231, BSMCZ3, B4ADNV3, BADNV3, P05231 ve B5MC21)
daha kiglk boyutta aminoasitlere neden olmaktadir. Ayrica, rs370818995 (UniProt Protein id’leri:
P05231, BSMCZ3 ve P05231) vahsi tipinden daha az hidrofobik forma neden olurken; rs199990564
(UniProt Protein id’leri: P05231, BSMCZ3, B4DNV3, P05231 ve B5MC21) ve rs201371019
(UniProt Protein id’leri: P05231, BSMCZ3, BADNV3, P05231 ve B5MC21)’nin mutant tipleri ise
daha hidrofobik yapilara yol agmaktadir. Calismada ilk kez IL-6'nin patojenik yanlis anlamli SNPleri
in silico yontemlerle gosterilmistir. Bu  ¢alismanin  sonuglarinin, [IL-6’nin  patojenik
polimorfizmlerinin etkileri ile ilgili gelecekteki ¢calismalara yardimci olabilecegini diisiiniiyoruz.

Anahtar Kelimeler: SNP, polimorfizm, IL-6, in silico

INTRODUCTION

The occurrence of a variation in more than 1% of a normal population is called genetic polymorphism.
Although these variants are of low frequency, they are very important in some cases. Polymorphisms
differ from mutations when they are found in the population as higher frequency variant alleles. A
mutation is an event that creates a change in DNA or chromosome structure. Mutations can be causing
diseases but polymorphisms are not (Das D. Et al., 2014). The most common polymorphism is Single
nuclide polymorphism (SNP). SNPs are commonly referred to as single nucleotide changes in DNA
among individuals (Wang DG. Et al., 1998). Different types of SNPs can alter the function or
regulation and expression of a protein. The most common type is non-synonymous SNPs. The amino
acid in the protein product is different in alleles of this type. Some SNPs are polymorphisms in the
splice region and their exon content results in different variant proteins. Some SNPs are in the
promoter region and affect the regulation and expression of the protein (Martines-Ariaz R. Et al.,
2001). According to the data, SNPs are seen 1 time on an average of 1331 bases. Therefore, a person
is heterozygous at the rate of 2.4 million bases (3.2 billion base x 1 difference / 1331bases =2.4
million). These rates vary between individuals and populations, as well as between chromosomes and
loci. SNPs are seen at the rate of 1/1307 in Autosomal chromosomes, 1/2132 in the X chromosome,
1/6625 in the Y chromosome. There are two SNP types. Silent SNPs do not affect gene function and
inherited traits. Most SNPs are included in this group (non-coding region SNPs). SNPs affect the
protein function (coding region SNPs): It has two important effects: Direct effect (It changes amino
acid sequence.) and indirect effect (It changes the function of the regulator sequence.).

Application areas of SNP data are diagnosis and risk profiling, candidate gene determination and
mapping, polymorphism tests and epidemiological studies, pharmacogenetic and physiological
genomics, environmental stimuli, and forensic genetics.

Cancer, stroke, heart disease, diabetes, and psychological problems are general diseases and they are
affected by environmental factors as well as many genes. The purpose of finding the genes causing
the disease; new approaches and preventive measures for therapeutic applications. In epidemiological
and biomedical researches, SNP determination and comparison are performed in patients and healthy
control groups from different populations. Cancer types, cardiovascular diseases, Alzheimer's,
migraine, etc. SNP profiles specific to various diseases were made. By using these profiles, it is
possible to scan for susceptibility to diseases. A method that will increase the effectiveness of using
SNP is haplotype determination. Recent studies show that the vast majority of the genome is in the
form of haplotype blocks. Only a few SNPs will be sufficient to mark these haplotype blocks and
determine whether they are associated with a disease (Picoult-Newberg L. et al., 1999).

As a result of mutations, changes occur in the structure of DNA and chromosomes. The protein to be
coded by these changes is also affected. As a result, diseases appear. One of the mutation types
frequently seen in diseases is the base pair displacement mutations. Base pair displacement mutations
appear as the replacement of one nucleotide to another nucleotide. These are called transitions and
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transversions. Substitution mutations in genes encoding the protein can also be classified according
to their effects on the amino acid sequence that creates the protein: If it results in the same amino acid
production, it is called silent mutation. If a protein with the same effect is produced due to the
production of different amino acid with the same chemical properties, it is called a neutral mutation.
I it causes the coding of different amino acids and changes the protein and function, it is called
missense mutation. If the codon, which normally expresses an amino acid, turns into a stop code, it
is called a nonsense mutation.

Intercellular active substances, some of which are formed by lymphocytes (lymphokine), and some
of them are formed by monocytes and macrophages, are called interleukins. Interleukin-6 (IL-6) is a
pleiotropic cytokine produced by lymphoid and non-lymphoid cells with a wide range of biological
activities such as acute phase response, inflammation, oncogenesis, hematopoiesis, and regulation of
immune activity (Kishimoto, 1989). This cytokine initiates leukocyte infiltration; however, prolonged
inflammation can turn into a devastating response that causes tissue fibrosis. IL-6 acts through the
IL-6 receptor (IL-6R), which is detected in some cell types, such as hepatocytes or leukocytes.
(Braunwald E., et al., 2018). IL-6 gene is found in chromosome 7p15-p21 in humans (Bowcock et
al., 1988, Hirano et al., 1986), contains 5 exons and 4 introns (Yasukawa et al., 1987). IL-6 plays an
important role in defense mechanisms, immune response, hematopoiesis, and acute phase reactions.
On the other hand, expression of the IL-6 gene is particularly effective in the pathogenesis of various
diseases such as autoimmune diseases, plasmacytoma-myeloma, and various chronic proliferative
inflammatory diseases. Irregularity in IL-6 production plays a role in the formation of various diseases
such as inflammation, autoimmune diseases, and malignancy (Weissenbach et al., 1980)

In the study, we used the online web-based databases and functional or structural effect detection
tools: NCBI dbSNP (Sherry et al., 2001), SIFT (Vaser et al., 2016), PROVEAN (Choi & Chan, 2015),
PANTHER coding SNPs (Tang & Thomas, 2016) and HOPE (Venselaar et al., 2010). These tools
help to predict pathogenic missense SNPs and show us structural alterations for proteins of interest
via the computational way.

MATERIALS AND METHODS
Extraction of The Nonsynonymous Missense SNPs of IL-6 From NCBI dbSNP

NCBI is a database that provides information about biomedical and genomic studies. doSNP contains
SNPs and data about their variation classes, clinical significances, etc.
(https://www.ncbi.nlm.nih.gov/snp/). The first step of the study is the determination of the
nonsynonymous missense SNPs of IL-6. There are 2530 SNPs for IL-6, and 227 of them are
categorized as missense in this database. 227 SNPs were saved into a TXT file for further steps of the
study.

Using The Web-Based Tools (SIFT, PROVEAN, and PANTHER) To Detect Pathogenic Missense
SNPs

SIFT (https://sift.bii.a-star.edu.sg/), PROVEAN (http://provean.jcvi.org/index.php), and PANTHER
(http://www.pantherdb.org/tools/index.jsp) online website tools provide predictions for the
pathogenicity level of the SNPs of interest. SIFT dbSNP utilizes NCBI dbSNP data. In the study, the
TXT file that contains missense SNPs of I1L-6 was uploaded to dbSNP rsIDs (Genome Tools, SIFT4G
predictions). SIFT shows information about the species, chromosome, allele and amino acid changes,
gene name, gene id (Ensembl, https://www.ensembl.org/index.html), transcript id, protein id, region,
SIFT score, and SIFT prediction, etc. for SNPs. PROVEAN predicts the impacts of an amino acid
substitution and indel on a biological function of a protein. PANTHER differs from SIFT and
PROVEAN. This tool calculates the preservation time (million years) of an amino acid in the lineage
which leads to the specific protein. The higher time of preservation creates a higher possible
functionality. SIFT uses the list of rs ids (We used the TXT file mentioned before.) while PROVEAN
and PANTHER need the information of protein sequences and amino acid variations (Figure 1).

www.euroasiajournal.org 81 Volume (7), Issue (11), Year (2020)


https://www.ncbi.nlm.nih.gov/snp/
https://sift.bii.a-star.edu.sg/
http://provean.jcvi.org/index.php
http://www.pantherdb.org/tools/index.jsp

Euroasia Journal of Mathematics, Engineering, Natural & Medical Sciences
International Indexed & Refereed
ISSN: 2667-6702

NCBI dbSNP | Nonsynonvmous Missense SNPs

Structural effects of a point mutation

» PROVEAN ; HOPE

Pathogenicity scores

Figure 1. Online web-based tools for the analysis of pathogenic missense SNPs that were utilized in
the study. The first step is the extraction of the rs ids of missense SNPs from the NCBI dbSNP, next
steps lead to the prediction tools such as SIFT, PROVEAN, and PANTHER for the determining the
pathogenicity level of the alteration. The last step is using HOPE for the detection of the structural
alterations and functional impacts in the protein of interest.

Utilizing HOPE for the detection of the structural alterations and functional impacts

HOPE is the last step for the determining structural effects of the nonsynonymous missense SNPs. In
this step, only the D, POD, and PRD SNPs (or we can call mutations) were searched on the web site
(https://www3.cmbi.umcn.nl/hope/). HOPE uses the information of protein sequence, residue to
mutate, and the mutation; and contain a collection of data coming from web services and databases
which helps to create a document that serves animations, results, and figures for the mutation of
interest.

RESULTS AND DISCUSSION
Evaluation of the data from SIFT, PROVEAN, and PANTHER online web-tools

Rs ids, protein ids, nucleotide (nt) changes, amino acid (aa) changes, regions (coding-CDS),
PANTHER preservation times; and SIFT, PROVEAN scores of only D, POD, and PRD SNPs were
shown in Table 1. SIFT, PROVEAN, and PANTHER indicated that 22 of 227 IL-6 SNPs are likely
pathogenic. In these web-based online tools detected that 10 of 227 SNPs are PRD, and D; also 12 of
227 SNPs are POD and D.

Table 1. Prediction of the pathogenic missense SNPs of IL-6 using the SIFT, PROVEAN, and
PANTHER web-based tools.

SNP ID PROTEIN ID NT AA REGION PRI'EDQENI;I—\Z—{ET?ON SCORE PREDICTION
CHANGE | CHANGE TIME SIFT | PROVEAN PANTHER SIFT | PROVEAN
CSNPs
rs11544633 ENSP00000258743 T>C L119P CDS 455 0 -6.056 PRD D D
rs11544633 ENSP00000384928 T>C L96P CDS 455 0 -6.356 PRD D D
rs11544633 ENSP00000385718 T>C L43P CDS 455 0 -6.810 PRD D D
rs11544633 ENSP00000385675 T>C L119P CDS 455 0 -6.056 PRD D D
rs11544633 ENSP00000385227 T>C L119P CDS 455 0 -5.922 PRD D D
rs11544633 ENSP00000385043 T>C L43P CDS 455 0 -6.489 PRD D D
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rs199990564 | ENSP00000258743 A>G E87G CDs 220 0.003 -2.980 POD D D
rs199990564 | ENSP00000384928 A>G E64G CDS 220 0.003 -3.246 POD D D
rs199990564 | ENSP00000385718 A>G E11G CDS 220 0.003 -3.478 POD D D
rs199990564 | ENSP00000385675 A>G E87G CDS 220 0.003 -2.946 POD D D
rs199990564 | ENSP00000385227 A>G E87G CDS 220 0.003 -2.946 POD D D
rs199990564 | ENSP00000385043 A>G E11G CDS 220 0.003 -3.280 POD D D
rs201371019 | ENSP00000258743 A>G Y128C CDS 324 0.001 -7.005 POD D D
rs201371019 | ENSP00000384928 A>G Y105C CDS 324 0.001 -7.105 POD D D
rs201371019 | ENSP00000385718 A>G Y52C CDS 324 0.001 -7.827 POD D D
rs201371019 | ENSP00000385675 A>G Y128C CDS 324 0.001 -7.005 POD D D
rs201371019 | ENSP00000385227 A>G Y128C CDS 324 0.001 -6.938 POD D D
rs201371019 | ENSP00000385043 A>G Y52C CDs 324 0.001 -7.338 POD D D
rs370818995 | ENSP00000258743 T>C C72R CDS 455 0 -8.468 PRD D D
rs370818995 | ENSP00000384928 T>C C49R CDs 455 0 -8.418 PRD D D
rs370818995 | ENSP00000385675 T>C C72R CDS 455 0 -8.468 PRD D D
rs370818995 | ENSP00000385227 T>C C72R CDS 455 0 -8.068 PRD D D

Structural Impacts of The Mutations by HOPE

Project HOPE software has shown the possible effects of missense SNP in the IL-6 gene. While 3
wild type proteins become less hydrophobic form, 10 mutant type proteins become more hydrophobic
form. 10 wild type residues which Uniport IDs are P05231, BSMCZ3, BADNV3, P05231, B5MC21,
P05231, BSMCZ3, BADNV3, P05231, BSMC21 became from less hydrophobic to more hydrophobic
and 5 wild type residues which Uniport IDs are P05231, BSMCZ3, BADNV3, P05231, B5MC21,
their charges change from negative to neutral. Three SNPs (UniProt IDs: P05231, BoMCZ3, P05231)
became more hydrophobic to less hydrophobic and their charges change from neutral to positive
(Table 2).

According to the results, we determined that 12 mutant residues are located near a highly conserved
position. This situation may cause the pathogenic effects of SNPs. It has been observed that loss of
the cysteine bond in 2 proteins. Together with the loss of the cysteine bond, the differences between
the old and new residue can cause destabilization of the structure.

In the wild-type residue of rs370818995 (P05231) and rs370818995 (B5MCZ3) are annotated in
UniProt to be involved in a cysteine bridge, which is important for the stability of the protein. (Table
2).

Table 2. The total extracted results from the HOPE web-based tool.

WILD-TYPE PROPERTIES MUTANT TYPE PROPERTIES
AMINO
SNP ID UNIFSOT ACID SIZE CHARGE P'gill_il.l(}é\l' SIZE CHARGE P'g}l(_il.ﬁﬁl‘
CHANGE
rs11544633 P0O5231 L119P > __No _ No < _ No __No
information information information information
No No No No
rs11544633 BSMCZ3 L96P > information information < information information
No No No No
rs11544633 BADNV3 L43p > information information < information information
No No No No
rs11544633 P05231 L119P > information information < information information
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rel1544633 BSMC21 L43P infoerOation infor’:lnoation infoerOation infor';lnoation
rs199990564 P05231 E87G Negative | dr';%fobic Neutral by d'r\gg[fobic
rs199990564 | B5MCZ3 E64G Negative | drlz)%sffobic Neural | d':ggfobic
rs199990564 | B4DNV3 E11G Negative | dr';‘i)s;obic Neutral by d'r\gg[%bic
rs199990564 |  P05231 E87G Negative | dr';‘;fobic Neutral by d':gg[]eobic
rs199990564 | BSMC21 E11G Negative | dr';’“:ﬁobic Neutral | d':gg;fobic
rs201371019 P05231 Y128C in foeroation hydr';f;obic infoeroation hydlr\gg:% i
rs201371019 B5MCZ3 Y105C in foerOation hydrlz)%sf?obic infoerOation hydlr\gg[; i
rs201371019 | B4DNV3 Y52C . for’;‘n"aﬂon hydr'z)%sﬁobic inforl;lnoation hydlr\gg[]eo N
rs201371019 P05231 Y128C " fog;‘noaﬁon hydr';epsﬁobic infog:lnoaﬁon hydl:ggL% i
rs201371019 B5MC21 Y52C in foerOation hydrlfa%srfobic infoerOation hydlr\gg:% i
rs370818995 P05231 C72R Neutral by d'r\gg[s)bic Positive e rIZ)i)Sr?obic
rs370818995 | B5MCZ3 C49R Neutral by d'r\ggrz%bic Positive | rbfﬁobic
rs370818995 |  P05231 C72R Neutral hy d'r\ggL%bic Positive | rbepsﬁ()bic

Only cysteines can make these type of bonds, the mutation causes loss of this interaction and will
have a severe effect on the 3D-structure of the protein. Together with the loss of the cysteine bond,
the differences between the old and new residue can cause destabilization of the structure. 12 mutant
residues which are rs11544633, rs11544633, rs11544633, rs11544633, rs11544633, rs199990564,
rs199990564, rs199990564, rs199990564, rs199990564, rs201371019, rs201371019 and their
Uniport IDs are respectively P05231, BSMCZ3, BADNV, P05231, B5MC21, P05231, B5MCZ3,
BADNV3, P05231, B5MC21, P05231, B5MCZ3, are located near a highly conserved position. This
situation may cause the pathogenic effects of SNPs. All situations that we mentioned before are
affecting intra- and inter-molecular interactions for example protein and protein or protein and other

molecules (Table 3).
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Table 3. The HOPE tool results that are based on structural alterations in the related amino acids.
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CONCLUSION

The online web-based tools that predict the impact of SNPs of a specific gene are very important for
the in silico analysis of mutations and variations. These tools save time, money and provide the almost
accurate results and pre-thoughts before the in vitro or in vivo studies. Today, in all world, one of the
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most deadly threats for people is cancer. IL-6 polymorphisms can give us information about cancer
prediction and prognosis. Associations between the polymorphisms and diseases are important for
early detection and improving the personalized treatments.
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