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Abstract

Background: Metabolic syndrome is the clustering of multiple factors that directly increase the risk of cardiovascular disease
and type 2 diabetes. Two missense mutations of the DYRKIB gene, including H90P and R102C, were recently found to co-
segregate with a rare autosomal-dominant form of metabolic syndrome, called abdominal obesity-metabolic syndrome
(AOMS3). Affected individuals developed early-onset cardiovascular disease, hypertension, central obesity, and diabetes.
Conclusions:

Objectives: The DYRK1B R102C mutation significantly increases the key gluconeogenic enzyme and glucose-6-phosphatase.

Methods: In this research, we evaluated the association between single nucleotide polymorphism (SNP) rs4508194 and
metabolic syndrome in individuals with DYRK1B gene mutations. The rs450819 genotypes are determined by polymerase chain
reaction in 121 heterozygote and homozygote subjects in the DYRK1B gene. PCR products were sequenced, and then a survey was
conducted on the sequences. Data were analyzed with chi-square statistical testing and Prism6 and SPSS software.

Results: The results do not show a correlation between these SNP alleles and increased metabolic syndrome risk in individuals
suffering from metabolic syndrome and its risk factors.

Conclusions: The rs450819 SNP genotypes do not play a role in the development of metabolic syndrome.
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1. Background

Metabolic syndrome is a group of metabolic
characteristics that increase the risk of developing
cardiovascular diseases and type 2 diabetes. Obesity
plays an extremely important role among all the
metabolic features of metabolic syndrome. As a result,
the prevalence of metabolic syndrome has steadily
increased with the growth of the obesity epidemic (1, 2).
Cardiovascular diseases are one of the main causes of
death worldwide, and in recent years, they have been
spreading especially in developing countries. These
diseases have different types, with coronary artery
disease being the most important, as it is one of the
most common causes of heart attacks (3). Metabolic

syndrome increases the risk of type 2 diabetes fivefold,
cardiovascular disorders twofold, and heart attacks
three to four times (4). Increasing age, inactivity, family
history, gestational diabetes, race, non-alcoholic fatty
liver disease, polycystic ovary syndrome, and genetic
mutations are the risk factors of metabolic syndrome (4,
5). Among the genes involved in metabolic syndrome
disorder, APOA5, APOC3, CETP, TCF7L2, FTO, GNB3, CRP,
CEBP, PPARY, ADIPOQ, and DYRKI1B can be mentioned (6).

The DYRKIB gene encodes a member of the nuclear
protein kinase family located on the long arm of
chromosome 19 at position 13.2 (19q13.2), which is
responsible for many autosomal dominant heart
diseases. Another function of the protein kinase DYRKIB
is to stimulate the glucose-6-phosphatase enzyme,
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where increased activity of this enzyme is associated
with elevated fasting glucose levels in diabetic patients.
The DYRKIB gene is an enzyme cipher that naturally
regulates muscle-to-fat balance and controls stable
glucose levels through signaling pathways. Mutations in
this gene block the stable glucose-maintaining
pathways and cause hyperactivity of fat production in
the body. It has been observed that intracellular lipid
storage in DYRK1B R102C-expressing cells is significantly
higher than in non-mutated DYRKiB-expressing cells (7).
Recently, two mutations in the DYRKIB gene have been
identified, including H90P and Ri102C, which are
associated with the rare autosomal dominant form of
abdominal obesity metabolic syndrome. Individuals
with this syndrome are at risk of early onset of
cardiovascular disease, hypertension, and diabetes.
Several studies have shown that the stimulation of this
enzyme by protein kinase DYRKIB is dependent on the
amount of this protein kinase (7, 8).

A single nucleotide polymorphism (SNP), also called
a SNP, is a difference in a DNA sequence in the genome
between individuals of the same biological species or
between a pair of chromosomes in the same individual.
To identify each SNP, it is given a SNP ID or rsID. SNP is
the most common type of genetic variation among
humans. In a population, a minimal allele frequency can
be assigned to SNPs. Most alleles are found among all
communities, but some are specific to one community
or only part of the ancestral lineage of that community.
Therefore, a SNP allele that is common in a geographic
region or racial group may be less common among
other species. The DYRKIB gene has a SNP rs450819
variant at position 102, which may have a significant
relationship between its mutation and the
simultaneous occurrence of risk factors in patients with
metabolic syndrome. This polymorphism, which is a
type of SNV variant in terms of shape, belongs to the
intelligent human species, a type of intron variant in the
SHKBP1 gene on chromosome number 19 at position
40580108 and in the vicinity of the DYRKIB gene (8).

2. Objectives

The aim of this study was to investigate the effect of
the rs450819 polymorphism on metabolic syndrome in
people with the DYRKIB gene mutation.

3. Methods

This case-control study was conducted on 121 people
from Kherameh in Fars province, which had previously
been the focus of researchers due to the prevalence of
cardiovascular diseases, to reveal the relationship
between this rs450819 polymorphism and metabolic
syndrome and its risk factors. For this purpose, blood
samples, questionnaire information, and the results of
biochemical tests of these people were used. Among the
121 samples, 72 cases were heterozygous for the R102C
mutation of the DYRKIB gene, and 49 cases were normal
homozygous (as the control group). It is worth
mentioning that the participants in this study expressed
their satisfaction with the use of the samples prepared
for the research.

To determine the genotype related to the rs450819
SNP, DNA extraction was performed from all samples
using a unique DNA extraction kit according to the
manufacturer's protocol. To amplify the 287 bp fragment
of the rs450819 polymorphism (preparation of multiple
regional versions of DNA containing the rs450819 SNP
based on the sequence and characteristics of the desired
region), appropriate primers were designed using Allele
ID 7.5 software, and a PCR reaction was performed on the
samples. After ensuring the correctness of the PCR, the
PCR product of all the samples was sent to Pishgam
Company to determine the rs450819 polymorphism for
sequencing. The REVERSE primer was used to read the
PCR products. Finally, the sequence results of the
samples were analyzed. Statistical analysis was done
with the help of the chi-square test and SPSS 25 and
Prism 6 software, and a significance level of less than
0.05 was considered.

4. Results

In the allelic analysis, the status of allele C was
investigated in homozygous and heterozygous
individuals in the DYRKIB gene, as well as in individuals
with and without metabolic syndrome. Analysis of the
results showed no significant relationship between the
C allele and metabolic syndrome. Out of the 121 people
studied, 49 were homozygous (AA) and 72 were
heterozygous (AG) for the DYRKIB gene (Table 1). Using
the two definition criteria of ATP3 and IDF, it was
determined how many of these genotypes were affected
by metabolic syndrome and how many were not
affected.
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Table 3. The Frequency of T and C Alleles in Affected and Non-affected Women and

a
Table 1. The Number of People with and Without Metabolic Syndrome in Men
Homozygous and Heterozygous Genotypes for the DYRKIB Gene and the Frequency Male Female
of Three SNP Genotypes in Men and Women * .
Variables  patient (N = Normal (N = Patient (N = Normal (N =
DYRKIB and rs450819 Female Male 12) 24) 39) 46)
Homozygote (AA); 49 (40); normal =27; patient =22 Allele C 5(21) 11(23) 13(17) 11(12)
TT, 36 (74) 27 9 Allele T 19 (79) 37(77) 65 (83) 81(88)
TC,9(18) 5 4
CC,4(8) 3 1

Heterozygote (AG); 72 (60); normal = 43; patient = 29

TT, 51(71) 38 13
TC,19 (26) 1 1
CC,2(3) 1 8

Total; n =121(100); normal = 70; patient = 51

121(100) 85 36

@ Values are expressed as No. (%).

According to the available findings, the likelihood of
observing the C allele as a mutant allele compared to the
T allele in the patient group is almost equal to the
likelihood of this allele being present in the group of
healthy individuals (Table 2).

Table 2. Genotype and Allele Distribution of rs450819 Polymorphism in Control and
Metabolic Syndrome Subjects

Alleles and Genotypes Normal (N=70) Patient (N =51)
15450819 (alleles)
T,202(83.5) 118 (84.3) 84 (82.4)
C,40(16.5) 22(15.7) 18 (17.6)
rs450819 (genotypes)
TT, 87(72) 51(59) 36 (41)
TC, 28 (23) 16 (57) 12 (43)
CC,6(5) 3(50) 3(50)

@ Values are expressed as No. (%).

Allelic frequency distribution in both the case
(heterozygous) and control (homozygous) groups
showed that the T allele has the highest frequency in
both heterozygous (84%) and homozygous (83%) groups,
while the C allele has the lowest frequency in both
heterozygous (17%) and homozygous (23%) groups,
indicating that the C allele is mutant. In other words,
there is no significant difference in allele frequency
between the two case-control groups (Tables 3 and 4).
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2 Values are expressed as No. (%).

Table 4. Frequency of T and C Allele in Homozygous and Heterozygous Individuals *

Variable T C
DYRK1B
Homozygote 81(83) 17(17)
Heterozygote 121(84) 23(16)

Values are expressed as No. (%).

In the allelic analysis, the status of the C allele in
affected and non-affected individuals indicates the
absence of a significant relationship between the C
allele and metabolic syndrome (Table 5).

Table 5. The Frequency of the C Allele in Affected and Non-affected Individuals in
Both Homozygous and Heterozygous Groups *

Variable Patient Normal
Allele C
Homozygote (N=17) 10 (58.8) 7(41.2)
Heterozygote (N =23) 8(34.8) 15(65.2)

2 Values are expressed as No. (%).

Subsequently, the genotypic examination (examining
the relationship of genotypes with each other and with
metabolic syndrome) was conducted using the chi-
square test and Prism 6 software, with a significance
level of less than 5% considered. The result, similar to the
allelic examination, indicates the absence of a
relationship between the CC and CT genotypes with
other genotypes and with metabolic syndrome.
Therefore, the presence of the C allele cannot be
considered a factor in increasing the risk of metabolic
syndrome, nor can the C allele be defined as a protective
allele (Tables 6 and 7).
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Table 6. Comparison of rs450819 SNP Allele Frequency in People with and Without
Metabolic Syndrome

Variables Normal Patient Adjusted 0%(11)5 Ratio (95% Ad];;;slt:ed P
Alleles 0.8701(0.4394 -1.723) 0.6894
C 22 18
T 18 84

Table 7. Comparison of Allele Frequency of rs450819 SNP in Heterozygotes with and
Without Metabolic Syndrome

Variables Normal Patient Adjusted 0%(11)5 Ratio (95% Ad];;;slt:ed P
Allele 1.069 (0.3882-2.941) 0.8978

C 15 8

T 71 50

Analysis of data regarding this polymorphism, as
well as genotypic and allelic data, showed that there is
no significant relationship between the presence of the
Callele and the risk of metabolic syndrome (Table 8).

Table 8. Comparison of Genotypic Frequency of rs450819 SNP in People with and
Without Metabolic Syndrome

Genotypes Normal Patient Adj USt(eg(if;g%(lj)s Ratio Ad]\zlslffed "
Comparison 1 0.7164 (0.1385 - 3.705) 0.6895
@c 3 3
Others 67 48
gomparlson 1.118 (0.5023 - 2.490) 0.7839
TT 51 36
Others 19 15
gomparlson 1.640 (0.6910 - 3.893) 0.2595
CT 16 12
Others 54 39
Eomparlson 1.417(0.2703 - 7.425) 0.6790
TT 51 36
cC 3 3

5. Discussion

Today, metabolic syndrome is an important clinical
problem worldwide. Despite progress in this field,
prevention remains the best way to address this
disorder, making the identification of its risk factors
very important. Additionally, due to the association of
this syndrome with the occurrence of cardiovascular
diseases, patients with this syndrome are prioritized for
interventional measures to prevent coronary artery
diseases (2, 9). Genetic factors, such as the R102C
mutation in the DYRKIB gene, as well as several

polymorphisms, have been identified as increasing the
risk of this disease. Identification of genetic
polymorphisms, including SNPs, is very helpful for
diseases, especially those resulting from the action of
multiple genes. Disease-related polymorphisms are
usually identified through case-control studies and
repeated studies in different populations, and they are
confirmed as indicators for predicting or identifying the
disease (10).

With the progress of modern molecular genetics,
various research has been conducted to determine the
genetic factors of metabolic syndrome. The most
progress has been made in identifying common
variants that increase the risk of one or two metabolic
risk factors (11). In the history of similar studies, many
have proven the effect of different variants on the
incidence of metabolic syndrome. Numerous studies
have been conducted on genes and genetic factors
affecting metabolic syndrome. In a systematic
comprehensive study on genes that had at least one
associated SNP, it was observed that 8 SNPs were most
associated with metabolic syndrome, most of which
were related to genes associated with fat metabolism.
Following these studies, many investigations have been
conducted on SNPs related to metabolic syndrome or
one or more of its risk factors in different communities
(12).

In similar studies on the DYRKIB gene variant, the
L28P variant was found to have a protective effect
against metabolic syndrome (13). The investigation of
the association of rs10499859 A > G and rs12346514 C>T
polymorphisms of the CD36 gene on chromosome 7
with metabolic syndrome showed that these SNPs were
associated with metabolic syndrome indicators such as
HDL cholesterol and Body Mass Index. They are related,
although considering the participation of many
environmental and genetic factors in the occurrence of
metabolic syndrome, the role of each of these
polymorphisms alone is small (14).

In another study, the relationship between the
152236242 polymorphism of the VASPIN gene (TT-TA) and
the duration of walking and metabolic syndrome and
coronary artery disease was investigated. It was found
that walking longer than 60 minutes per day
significantly reduces the metabolic risk of the syndrome
and its components, such as blood pressure and
triglyceride concentration, in TA carriers (15).
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The findings of recent research on the relationship
between the rs450819 polymorphism related to the
DYRKIB gene and the occurrence of metabolic syndrome
did not show a relationship between this polymorphism
and metabolic syndrome. The statistical analysis of the
results showed that the mutation of this SNP has no
effect on the exacerbation of metabolic syndrome, and
its activity was not significantly different between the
patient and control groups. In other words, no
significant difference was observed in the allelic
distribution of this polymorphism between the two
patient and control groups. The analysis of the data on
the rs450819 polymorphism showed that there is no
significant relationship between the CC genotype and
the risk of metabolic syndrome. Also, the allelic analysis
showed that there is no significant relationship between
the C allele and the risk of metabolic syndrome.

However, in similar investigations for the rs13246513
polymorphism of the CD36 gene, it was observed that
this SNP increases the risk of metabolic syndrome by 32%
(16). The difference in the findings could be related to
the different genetic backgrounds or the number of
samples in the study population.

Acknowledgements

We thank all the people who helped us in this
research.

Footnotes

Authors' Contribution: Implementation of research
and collection of information: B. D.; Implementation of
research and analysis: M. D.; Implementation research
and writing of article; E. D.

Conflict of Interests Statement: The authors declare
no conflict of interest.

Data Availability: The dataset presented in the study
is available on request from the corresponding author
during submission or after publication.

Ethical Approval: IR NIMAD.REC.1397.294 .

Funding/Support:  This received no

funding/support.

study

References

Jentashapir | Cell Mol Biol. 2025;16(2): €159800

10.

11.

Martin KA, Mani MV, Mani A. New targets to treat obesity and the
metabolic syndrome. Eur | Pharmacol. 2015;763(Pt A):64-74. [PubMed
ID: 26001373]. [PubMed Central ID: PMC4573317].
https://doi.org/10.1016/j.ejphar.2015.03.093.

Nilsson PM, Tuomilehto J, Ryden L. The metabolic syndrome - What is
it and how should it be managed? Eur | Prev Cardiol.
2019;26(2_suppl):33-46. [PubMed ID: 31766917).
https://doi.org[10.1177/2047487319886404.

Brown AE, Walker M. Genetics of Insulin Resistance and the
Metabolic Syndrome. Curr Cardiol Rep. 2016;18(8):75. [PubMed ID:
27312935]. [PubMed Central ID: PMC4911377].
https://doi.org/10.1007/s11886-016-0755-4.

Rashidi H, Fardad F, Ghaderian B, Shahbazian HB, Latifi M, Karandish
M, et al. [Prevalence of metabolic syndrome and its predicting
factors in type 2 diabetic patients in Ahvaz]. Jundishapur Sci Med J.
2012;11(2):163-75. FA.

Han TS, Lean ME. A clinical perspective of obesity, metabolic
syndrome and cardiovascular disease. JRSM Cardiovasc Dis.
2016;5:2048004016633370. [PubMed ID: 26998259]. [PubMed Central
ID: PMC4780070]. https://doi.org/10.1177/2048004016633371.

Merkel M, Loeffler B, Kluger M, Fabig N, Geppert G, Pennacchio LA, et
al. Apolipoprotein AV accelerates plasma hydrolysis of triglyceride-
rich lipoproteins by interaction with proteoglycan-bound
lipoprotein lipase. | Biol Chem. 2005;280(22):21553-60. [PubMed ID:
15774484]. https:/[doi.org/10.1074/jbc.M411412200.

Keramati AR, Fathzadeh M, Go GW, Singh R, Choi M, Faramarzi S, et al.
A form of the metabolic syndrome associated with mutations in
DYRKIB. N Engl | Med. 2014;370(20):1909-19. [PubMed ID: 24827035].
[PubMed Central ID: PMC4069260].
https://doi.org/10.1056/NEJMoa1301824.

Pravica V, Perrey C, Stevens A, Lee JH, Hutchinson IV. A single
nucleotide polymorphism in the first intron of the human IFN-
gamma gene: absolute correlation with a polymorphic CA
microsatellite marker of high IFN-gamma production. Hum Immunol.
2000;61(9):863-6. [PubMed ID: 11053629].
https://doi.org[10.1016/s0198-8859(00)00167-1.

Rodriguez-Monforte M, Sanchez E, Barrio F, Costa B, Flores-Mateo G.
Metabolic syndrome and dietary patterns: a systematic review and
meta-analysis of observational studies. Eur | Nutr. 2017;56(3):925-47.
[PubMed ID: 27605002]. https://doi.org/10.1007/s00394-016-1305-y.

Abu Jhaisha S, Widowati EW, Kii I, Sonamoto R, Knapp §,
Papadopoulos C, et al. DYRKIB mutations associated with metabolic
syndrome impair the chaperone-dependent maturation of the
kinase domain. Sci Rep. 2017;7(1):6420. [PubMed ID: 28743892].
[PubMed Central ID: PMC5526990]. https://doi.org/10.1038/s41598-017-
06874-w.

Abou Ziki MD, Mani A. Metabolic syndrome: genetic insights into
disease pathogenesis. Curr Opin Lipidol. 2016;27(2):162-71. [PubMed ID:
26825138]. [PubMed Central ID: PMC5141383].
https://doi.org/10.1097/MOL.0000000000000276.

Povel CM, Boer JM, Reiling E, Feskens EJ. Genetic variants and the
metabolic syndrome: a systematic review. Obes Rev. 2011;12(11):952-67.
[PubMed ID: 21749608]. https://doi.org/10.1111/j.1467-
789X.2011.00907.X.

Mirshahi T, Murray MF, Carey DJ. The Metabolic Syndrome and
DYRKIB. New England Journal of Medicine. 2014;371(8):784-6.
https://doi.org[10.1056/NEJMc1408235.


https://brieflands.com/articles/jjcmb-159800
https://ethics.research.ac.ir/ProposalCertificateEn.php?id=24880
http://www.ncbi.nlm.nih.gov/pubmed/26001373
https://www.ncbi.nlm.nih.gov/pmc/PMC4573317
https://doi.org/10.1016/j.ejphar.2015.03.093
http://www.ncbi.nlm.nih.gov/pubmed/31766917
https://doi.org/10.1177/2047487319886404
http://www.ncbi.nlm.nih.gov/pubmed/27312935
https://www.ncbi.nlm.nih.gov/pmc/PMC4911377
https://doi.org/10.1007/s11886-016-0755-4
http://www.ncbi.nlm.nih.gov/pubmed/26998259
https://www.ncbi.nlm.nih.gov/pmc/PMC4780070
https://doi.org/10.1177/2048004016633371
http://www.ncbi.nlm.nih.gov/pubmed/15774484
https://doi.org/10.1074/jbc.M411412200
http://www.ncbi.nlm.nih.gov/pubmed/24827035
https://www.ncbi.nlm.nih.gov/pmc/PMC4069260
https://doi.org/10.1056/NEJMoa1301824
http://www.ncbi.nlm.nih.gov/pubmed/11053629
https://doi.org/10.1016/s0198-8859(00)00167-1
http://www.ncbi.nlm.nih.gov/pubmed/27605002
https://doi.org/10.1007/s00394-016-1305-y
http://www.ncbi.nlm.nih.gov/pubmed/28743892
https://www.ncbi.nlm.nih.gov/pmc/PMC5526990
https://doi.org/10.1038/s41598-017-06874-w
https://doi.org/10.1038/s41598-017-06874-w
http://www.ncbi.nlm.nih.gov/pubmed/26825138
https://www.ncbi.nlm.nih.gov/pmc/PMC5141383
https://doi.org/10.1097/MOL.0000000000000276
http://www.ncbi.nlm.nih.gov/pubmed/21749608
https://doi.org/10.1111/j.1467-789X.2011.00907.x
https://doi.org/10.1111/j.1467-789X.2011.00907.x
https://doi.org/10.1056/NEJMc1408235

Dezh Betal. Brieflands
14. Zadeh Vakili A, Faam B, Daneshpour MS, Hedayati M, Azizi F. Gene. 2014;539(2):209-12. [PubMed ID: 24530312].
Association of rs10499859 A> G and rs13246513 C> T variants of CD36 https:|/doi.org[10.1016/j.gene.2014.01.078.
gene and metabolic syndrome: TLGS. Iranian Journal of Endocrinology 16. Safarpour M, Ebrahimi A, Daneshpour MS. From genome to gene: a
and Metabolism. 2013;15(1):86-93. review of genes and genetic variations associated with type 2
15. Kohan L, Zarei A, Fallahi S, Tabiee O. Association between vaspin diabetes. Tehran Univ Med J. 2015;73(9):615-23.
1s2236242 gene polymorphism and polycystic ovary syndrome risk.
6 Jentashapir ] Cell Mol Biol. 2025;16(2): €159800


https://brieflands.com/articles/jjcmb-159800
http://www.ncbi.nlm.nih.gov/pubmed/24530312
https://doi.org/10.1016/j.gene.2014.01.078
http://www.ncbi.nlm.nih.gov/pubmed/24530312
https://doi.org/10.1016/j.gene.2014.01.078

