Genes Associated with Cancer, Schizophrenia and
Type 2 Diabetesin the Circassian and
Chechen Populationsin Jordan

Rana Dajani 2, Tarek Salah', Seba Jamal Shbailat?!, Zhi Wei 3,
Manal Daas?!, Hakon Hakonarson *#°
Abstract

Background and Aims: Diabetes afflicts 16% of Jordanian citizens over the age of 18 years and is the
fifth main cause of death in Jordan. We aimed to explore single nucleotide polymorphisms (SNPs)
identified by GWAS study for potential associations with other diseases.

Methods. We manually searched the National Center for Biotechnology Information for all genes
related to the annotated nominally significant single nucleotide polymorphisms (p < 0.05) found in a
previous genome-wide association study. This study included 34 diabetes cases and 106 controls for
the Circassians and 34 diabetes cases and 110 controls for the Chechens.

Results: Our research revealed 20 genes associated with cancer and 6 genes associated with
schizophrenia in the Circassian population, and 2 genes associated with cancer and 7 genes associated
with schizophrenia in the Chechen population. These genes may have a pathogenetic association with
type 2 diabetes mellitus.

Conclusion: The results from this pilot study demonstrates that multiple genetic factors that underlie
type 2 diabetes may be associated with cancer and schizophrenia in the Chechen and Circassian
populations in Jordan.
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Introduction million people, of which one-third are people
older than 65 years.' Type 2 diabetes is the most
Diabetes is one of the most common non- common type of diabetes, accounting for
communicable  diseases  globally.  The around 90% of all cases of diabetes.' Diabetes
International Diabetes Federation estimates that type two is the fifth leading cause of death in
diabetes is currently affecting more than 425 Jordan and afflicts 16 percent of Jordanian
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citizens over the age of 18. According to a study
conducted by the Heart and Capillary Disease
Prevention Directorate (HCDP) of the Ministry
of Health in Jordan, in 2011, another 23.8
percent of Jordanians over 18 years old were on
the brink The
possibility of diabetes prevalence in Jordan is

of developing diabetes.
30.5 percent among both children and adults.

Despite extensive research efforts for more
than a decade, the genetic basis of common
human diseases such as type 2 diabetes remains
largely unknown, although there have been
some notable successes.” Genome-wide
association studies (GWASs) are a powerful
approach to identifying novel susceptibility
genes for complex diseases.>* A GWAS is
defined as any study of genetic variation across
the entire human genome that is designed to
identify genetic associations with observable
traits (such as blood pressure or weight), or the
presence or absence of a disease or condition
(such as type 2 diabetes).” GWASs are based on
the hypothesis that common diseases are caused
by a limited number of common genetic
variants. Although it has been difficult to
discover the functional significance of loci
discovered, the GWAS still remains a way to
discover genetic risk factors for complex
diseases.®® However, most GWASs have been
performed on European populations.®® There is
a need to conduct GWASs on different ethnic
populations to discover novel risk factors for
these populations, and, perhaps more
importantly, to apply the discoveries on these
and other populations worldwide.

Both the Circassians and the Chechens are
the North

Caucasus.”'? They are descendants of ancient
11,13

ethnic groups indigenous to

origins. Previous analyses of classical
genetic markers such as blood groups and
have shown

serum proteins statistically
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significant genetic diversity in the Caucasus.”'
This genetic diversity has been confirmed by

mitochondrial DNA and Y chromosome

analyses.'""
Under military pressure, a large group of
Circassians and Chechens immigrated to Jordan

140 years ago. Generally, the Circassians and

Chechens in Jordan are
endogamouscommunities'* and, therefore,
represent unique populations genetically

distinct from the majority Arab population in
Jordan.

Based on predictions from population
genetic theory, isolated populations such as the
Circassians and Chechans in Jordan, which
have undergone severe bottlenecks or have
remained small for a long time, have extensive
linkage disequilibrium compared to outbred
populations. Linkage disequilibrium mapping
is useful in genetic studies of complex diseases.
So far, the method has been used to locate a
number of candidate regions that may harbor
risk genes. Identification of these novel genetic
risk factors have the potential to help us explore
new biology and develop innovative treatments
to reduce disease burden and promote good
health.

In Circassians in Jordan, the prevalence of
impaired fasting glycemia and diabetes was
found to be 18.5% and 9.6%, respectively." In
Chechens in Jordan, the prevalence of impaired
fasting glycemia and diabetes was found to be
14.6% and 10.1%, respectively.”” In both
ethnicities, the prevalence of impaired fasting
glycemia and diabetes was significantly higher
in men, older age groups, those were married,
those with a lower level of education, past
smokers, and those with obesity. Moreover, a
low level of high-density lipoprotein (HDL)
was the most common metabolic abnormality

in the Circassian and Chechen
16-18

observed
populations in Jordan.
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A GWAS on the Circassians and the
Chechens in Jordan has been performed
previously.” It was shown that JAG1 and
MLXIP are associated with type 2 diabetes in
these two populations.”” A copy-number
variation region (CNVR) associated with type 2
diabetes has also been identified in gene
AKND1 in these populations.*® The objective of
the present study was to further explore
significant single nucleotide polymorphisms
(SNPs) found in the original GWAS study'® for
potential associations with other diseases.

Materials and M ethods

Subject and sample collection

This study has been approved by the
Institutional Review Board (IRB) at the
National Center for Diabetes, Endocrinology
and Genetics in Amman, Jordan. This study
was based on data obtained from a previously
conducted GWAS." In that study, a random
sample of both sexes in the Chechen population
in Jordan (N = 144) and a random sample of
both sexes in the Circassian population in
Jordan (N =
participants signed a written consent form

140) were recruited, and
indicating their acceptance to participate in the
study. Each participant filled out a survey that
included pedigree information. If any parent,
great-grandparent
individual was not of Chechen or Circassian

grandparent  or of an
ethnicity (depending on the study group),
he/she was excluded from the study.

A subject was considered diabetic if he/she
was previously diagnosed as a patient, or if
his/her fasting serum glucose was at least 7
mmol/L (126 mg/dL), in accordance with the
Diabetes (ADA)
Impaired fasting glucose was

American Association
guidelines.
defined as a fasting serum glucose level of > 6.1

mmol/L (100 mg/dL) but < 7 mmol/L
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(126mg/dL). Glycemic control was assessed
using HbAlc. Patients with previously
diagnosed diabetes who had a HbAlc > 7%
were considered to have ‘“unsatisfactory”
glycemic control.! as performed in the original

GWAS study."

Sample collection

Nine milliliters of whole blood were drawn
from each subject in ethylenediamine
tetraacetic acid (EDTA) tubes by a vacutainer
system. Genomic DNA was isolated from
whole blood
chloroform protocol. as performed in the

original GWAS study."

samples using the phenol-

[llumina Infinium data files

We used files produced by high-throughput,
the
Infinium OmniExpress BeadChip (Illumina) at

genome-wide SNP genotyping using

the Center for Applied Genomics at the
Children’s Hospital of Philadelphia (CHOP) in
Pennsylvania, USA. These files consisted of
intensity data that were loaded directly into

genotype
BeadStudio. A bead pool manifest created from

[llumina’s analysis  software,
the laboratory information management system
(LIMS) database containing all the BeadChip
data was loaded into BeadStudio along with the
intensity data for the samples. BeadStudio uses
a normalization algorithm to minimize
BeadChip to BeadChip variability. Once the
normalization was complete, the clustering
algorithm was run to evaluate cluster positions
for each locus and to assign individual
genotypes. Each locus was given an overall
score, which was based on the quality of the
clustering, and each individual genotype call
was given a GenCall score. GenCall scores are
a quality metric that ranges from 0 to 1. They
were calculated using information from the
clustering of the samples. The location of each
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genotype relative to its assigned cluster
determined its GenCall score. as performed in
the original GWAS study.'””

Statistical analysis

All statistical tests for association were
carried out using the software package PLINK
(http://pngu.mgh.harvard.edu/~purcell/plink/in
dex.shtml). Principal components analysis was
carried out using Eigenstrat 3.0
(http://genepath.med.harvard.edu/~reich/Softw
are.htm). The single marker analysis for the
genome-wide data was carried out using
logistic regression on allele counts, with the
first 10 principle components as covariates.
Odds ratios with the corresponding 95%
confidence intervals and p-values were
calculated for the association analysis.

Genesrelated to SNPs from the GWAS data

In order to identify genes related to SNPs
from the previous GWAS data,'® we performed
a manual search of the National Center for
Biotechnology Information (NCBI) database
for all genes related to our list of the annotated
nominally significant SNPs (p < 0.05). If we did
not find evidence in the database discussing our
exact SNPs, we used a multi-step search
technique, starting with identification of the
SNP, then determining its location and the
related gene. Then, we searched the National
Institute of Health (NIH) database for studies
that discussed the related gene and whether it
was connected to type 2 diabetes. After that, we
described the full name of the gene, its function,
if known, and major disease associations based
on the NIH database.

Results
Sample population

Information about the sample population
after quality control (QC) is summarized in
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Table 1, as reported in the original study."
Specifically, for the Chechens, there were 34
diabetes cases and 110 controls, of which 61
were male and 85 were female. A total of
640,236 SNPs from this Chechen population
passed QC. For the Circassians, there were 34
diabetes cases and 106 controls, of which 61
were male and 79 were female. A total of
643,776 SNPs from this Circassian population
passed QC.

Table 1. Ethnic distribution of participants
with type 2 diabetes (cases) and those
without (controls) following quality control

Ethnicity Control  Case Total
Chechen 110 34 144
Circassian 106 34 140
Total 216 68 284

Table 2. Single nucleotide polymor phisms
(SNPs) found in the Circassian population
by a genome-wide association study*® and
their associated genesrelated to
schizophrenia

SNP Associated gene | References
rs1341322, DAB1 21,22
rs10789050
rs2469358 CSviD1 24,26
rs573514 ADRA1A 27
rs1623372, NRG1, NRG2, 28
rs4733130, NRG3
rs17719687
rs7284103, SYN3 29,30
rs7290713,
rs11704261,
rs4999923
rs35524 MEGF10 31,32

Genes associated with schizophrenia

As shown in Table 2, results revealed that
SNPs carried on 6 genes associated with type 2
diabetes in the Circassians were also associated
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with schizophrenia. These genes were DABL,
CSVID1, ADRA1A, NRG1, NRG2, NRG3, SYN3
and MEGF10. The results for the Chechen
population are shown in Table 3, revealing that
SNPs carried on 7 genes associated with type 2
diabetes in the Chechens were also associated
with schizophrenia. These genes were DABL,
CSMID1, NAV1, GRM7, CNTNAP2, GRIA4 and
ZDHHCS8. Among these genes associated with
schizophrenia, the Disabled-1 (DAB1) and
CUB and Sushi multiple domain 1 (CSMD1)
genes were common between the Circassians
and the Chechens.

Table 3. Single nucleotide polymor phisms
(SNPs) found in the Chechen population by
a genome-wide association study'® and their

associated genesrelated to schizophrenia

SNP Associated gene | References
rs3768171 DAB1 21-23
rs17066250 | CSMD1 24-26
rs504988 NAV1 33
rs162782, GRM7 34-36
rs162769,
rs3804820
rs10250801 CNTNAP2 37-38
rs17391295 | GRIA4 39,40
rs175174 ZDHHCS8 41-43

Genes associated with cancer

We found that SNPs located on 20 genes
associated with type 2 diabetes in the Circassian
population were also associated with cancer
(Table 4). We found two genes in the Chechen
population, DCC and CHSY1, correlated with
the occurrence of colorectal cancer (Table 5).
However, overall, no specific type of cancer
dominated.

While no single SNP met the genome-wide
significance criteria of p < 5x10® in either
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population, detailed results for the top hits for
the the
supplementary file, containing 471 SNPs with
p< 1e-2. Detailed results for the top hits for the
Chechens are provided in the supplementary
file, containing 540 SNPs with p < 1le-3.

Circassians are provided in

Table 4. Single nuclectide polymor phisms

(SNPs) found in the Circassian population

by a genome-wide association study*® and
their associated genesrelated to cancer

SNP Associated gene | References
rs10493757 | LPAR3 44,45
1s2993549, DTL 46, 47
rs4951436
rs2813703 ESRRG 48, 49
rs11127131 | BRE 50-52
rs11124283 | BIRC6 53
1s2579600 TR 54
rs11708944 | TP63 55,56
rs498221 ERGIC1 57
rs10487888 | BRAF 58
rs3739915 TTF1 59, 60
rs19808560 | KIN 61
rs11258848 | FRMD4A 62
rs3750996 STIM1 63, 64
rs883752 CD82 65, 66
rs1044370 LIMA1 67, 68
rs7139030 NTN4 69, 70
rs9318227 KLF12 71
rs13329643, | RORA 72,73
rs782918
rs2233456 NOL3 74
1516996073 | PAK7 75,76

Discussion

GWASs have been a very successful
approach for identifying disease susceptibility
loci for many diseases and traits. In 2016, the
GWAS catalog contained 24,218 unique SNP-
trait associations from 2,518 publications in



Genesrelated to Cancer, Schizophrenia and Type 2 Diabetes

337 different journals (www.ebi.ac.uk/gwas;'?).
In a previous study, we performed a GWAS of
the Chechen and Circassian populations in
Jordan, in search for novel susceptibility genes
for type 2 diabetes. While no single SNP met
genome-wide significance criteria at a level of
p < 5x10® in either population, multiple SNPs
demonstrated a suggestive association with
type 2 diabetes in this data set of over 600,000
SNPs."

Table 5. Single nucleotide polymor phisms
(SNPs) found in the Chechen population by
a genome-wide association study®® and their
associated genesrelated to Color ectalcancer

SNP Associated gene | References
rs4940189 DCC 44-46
rs12148369 CHSY1 47

In the present study, our search revealed that
SNPs carried on 6 genes in Circassians and 7
in Chechens were associated with
schizophrenia. Among these genes, the
Disabled-1 (DAB1) and CUB and Sushi
multiple domain 1 (CSMD1) genes were shared
by both the Circassians and Chechens.

genes

Genes associated with schizophrenia shared
by both the Circassians and Chechens
Disabled-1 (DABL) is a protein coding, Dab,
reelin  signal transducer, homolog 1
(Drosophila). In mice, the Disabled-1 gene
(Dabl) plays
development, directing the migration of cortical

a central role in brain
neurons (previously formed) to reach their
proper layer. The mouse gene (Dabl) is similar
to its human orthologue (DAB1), and the

protein encoded by Dabl is thought to be a
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signal transducer that interacts with protein

kinase pathways to regulate neuronal
positioning in the developing brain. The gene is
associated with central nervous system (CNS)
disorders.*'*

Another gene, CSMD1 (CUB and Sushi
multiple domain 1) is protein-coding. It is
associated with breast, colorectal and skin
carcinoma as well as schizophrenia.**?® It is
interesting that CSMD1 is associated with both
schizophrenia and cancer and in the two

populations.

Other genesassociated with schizophreniain
the Circassian population

ADARL, or the adrenoceptor alpha 1A gene,
codes alpha-1-adrenergic receptors (alpha-1-
ARs), which are members of the G protein-
coupled receptor superfamily. They activate
mitogenic responses and regulate growth and
proliferation of many cells.”

NRG1, NRG2, and NRG3 are neuregulin 1
genes that code a 44-kD glycoprotein that
with the NEU/ERBB2
tyrosine kinase to increase its phosphorylation

interacts receptor
on tyrosine residues. This protein is a signaling
protein that mediates cell-cell interactions and
plays
development of multiple organ systems. An

critical roles in the growth and
extraordinary variety of different isoforms are
produced from this gene through alternative
promoter usage and splicing. These isoforms
exhibit tissue-specific expression and differ
significantly in their structures. The isoforms
are classified into types I, II, 111, IV, V and VL
Gene dysregulation has been linked to diseases
such as cancer, schizophrenia and bipolar
disorder (BPD).?®

SYNS3 is the synapsin III gene, is protein-
coding, and is a member of the synapsin gene
encode neuronal

family. Synapsins

phosphoproteins which associate with the
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cytoplasmic surface of synaptic vesicles. Its
family members are characterized by common
protein domains, and they are implicated in
the
neurotransmitter release, suggesting a potential

synaptogenesis and modulation of
role in several neuropsychiatric diseases. The
protein encoded by SYN3 shares the synapsin
family domain model, with domains A, C, and
E exhibiting the highest degree of conservation.
The protein contains a unique domain J, located

between domains C and E. Based on this gene's

localization to  22ql2.3, a  possible
schizophrenia susceptibility locus, and the
established neurobiological roles of the

synapsins, this family member may represent a
candidate gene for schizophrenia. The TIMP3
gene is located within an intron of this gene and
is transcribed in the opposite direction.?*
MEGF10 (multiple EGF-like-domains 10 gene)
is also protein-coding. This gene encodes a
member of the multiple epidermal growth
factor-like domains protein family. The
encoded protein plays a role in cell adhesion,
motility and proliferation, and is a critical
mediator of apoptotic cell phagocytosis as well
as amyloid-beta peptide uptake in the brain.
Expression of this gene may be associated with
schizophrenia, and mutations in this gene are a
cause of early-onset myopathy, areflexia,

respiratory distress, and dysphagia

(EMARDD), as well as congenital myopathy

with minicores.’!*?

Other genesassociated with schizophreniain
the Chechen population

The gene NAV1 (neuron navigator 1) is protein-
coding. It is expressed predominantly in the
nervous system. The encoded protein contains
coiled-coil domains and a conserved AAA
domain characteristic for ATPases associated
with a variety of cellular activities. The exact
function of this gene is not known, but it is
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thought to play a role in in neuronal

development and regeneration.*

GRMY is a protein-coding gene, also called

glutamate receptor, metabotropic 7.
Glutamatergic neurotransmission is involved in
most aspects of normal brain function and may
be perturbed in many
The
receptors are a family of G protein-coupled

receptors that have been divided into three

neuropathologic

conditions. metabotropic  glutamate

groups on the basis of sequence homology,
putative signal transduction mechanisms, and
pharmacologic properties. Group I includes
GRMI1 and GRMS receptors, and these have
been shown to activate phospholipase C. Group
II includes GRM2 and GRM3 receptors, while
Group III includes GRM4, GRM6, GRM7 and
GRMS receptors. Groups II and III receptors
are linked to the inhibition of the cyclic AMP

cascade, but differ in their agonist
selectivities. 3¢
CNTNAP2, or the contactin-associated

protein-like 2 gene, encodes a member of the
neurexin family which functions in the
vertebrate nervous system as cell adhesion
molecules and receptors. This gene has been
implicated in multiple neurodevelopmental
disorders, including Gilles de la Tourette
syndrome, schizophrenia, epilepsy, autism,
attention deficit and hyperactivity disorder
(ADHD) and mental retardation.*’*

The gene GRIA4 (glutamate
AMPA4) s
Glutamate receptors

receptor,
ionotropic, protein-coding.
are the predominant
excitatory neurotransmitter receptors in the
mammalian brain and are activated in a variety
of normal neurophysiologic processes. These
receptors are heteromeric protein complexes

composed of multiple subunits, arranged to
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form ligand-gated ion channels. The
classification of glutamate receptors is based on
their activation by different pharmacologic
agonists. The subunit encoded by this GRIA4
belongs to a family of AMPA (alpha-amino-3-
hydroxy-5-methyl-4-isoxazole = propionate)-
sensitive glutamate receptors, and is subject to
RNA editing (AGA->GGA; R->G). Alternative
splicing of this gene results in transcript
variants encoding different isoforms, which
may vary in their signal transduction properties.
Some haplotypes of this gene show a positive
association with schizophrenia.***’

ZDHHCS is the protein-coding zinc finger,
DHHC-type containing 8 gene. It encodes a
four-transmembrane protein that is a member of
the zinc finger DHHC domain-containing
protein family. The encoded protein may
function as a palmitoyltransferase. Defects in
this
susceptibility to schizophrenia.

associated with a
4143

gene may be

Genes associated with cancer in the
Circassian population

There were twenty genes associated with
cancer found in the Circassian population.
LPARS3, or the lysophosphatidic acid receptor 3
gene, codes for a member of the G protein-
coupled receptor family, as well as the EDG
family of proteins. This protein functions as a
cellular receptor for lysophosphatidic acid and
acid-evoked

mediates lysophosphatidic

calcium mobilization. This receptor couples
44,45

predominantly to G(q/11) alpha proteins.

ESRRG, or the estrogen-related receptor
gamma gene, encodes a member of the estrogen
receptor-related receptor (ESRR) family, which
belongs to the nuclear hormone receptor
superfamily. All members of the ESRR family
share an almost identical DNA binding domain,
which is composed of two C4-type zinc finger
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motifs. The ESRR members are orphan nuclear
receptors; they bind to the estrogen response
element and steroidogenic factor 1 response
element, and activate genes controlled by both
response elements in the absence of any
ligands. The ESRR family is closely related to
the estrogen receptor (ER) family. They share
target genes, co-regulators and promoters, and,
by targeting the same set of genes, the ESRRs
ER-mediated
estrogen response in various ways. It has been

seem to interfere with the
reported that the protein encoded by this gene
functions as a transcriptional activator of DNA
(DNMT1)
expression by direct binding to its response

cytosine-5-methyltransferase 1

elements in the DNMT1 promoters, modulates
cell proliferation and estrogen signaling in
breast cancer, and negatively regulates bone
morphogenetic protein 2-induced osteoblast

differentiation and bone formation.*®*

BIRC6 encodes a protein with a BIR
(baculoviral inhibition of apoptosis protein
repeat) domain and a UBCc (ubiquitin-
conjugating enzyme E2, catalytic) domain. This
protein inhibits apoptosis by facilitating the
apoptotic  proteins by
ubiquitination. BIRC6 protein is also associated

degradation  of

with cancer recurrence and chemoresistance in
non-small-cell lung cancer.”

The SCTR (secretin receptor) gene encodes
a G protein-coupled receptor that belongs to the
glucagon-VIP-secretin receptor family. It binds
secretin, which is the most potent regulator of
pancreatic bicarbonate, electrolyte and volume
receptor
suggested to be involved in pancreatic cancer

secretion. Secretin and its are

and autism.>*

TP63, or the tumor protein p63 gene,
encodes a member of the p53 family of
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transcription factors. An animal model, p63 -/-
mice, has been useful in defining the role this
protein in the development and maintenance of
stratified epithelial tissues. The p63 -/- mice
have several developmental defects which
include the lack of limbs and other tissues, such
as teeth and mammary glands, which develop
as a result of interactions between mesenchyme

and epithelium.’*-°

ERGIC1
intermediate compartment 1), encodes a cycling

(endoplasmic  reticulum-golgi
membrane protein which is an endoplasmic
reticulum-golgi  intermediate = compartment
(ERGIC) protein that interacts with other
members of this protein family to increase their
turnover. Furthermore, ERGIC1l gene was
shown to be highly expressed in prostate cancer
tissues.”’ The high mRNA expression of
ERGIC1 was associated with the expression of
two oncogenes; androgen receptor (AR) and
v-ets avian erythroblastosis virus E26 oncogene
homolog (ERG).”’

The BRAF gene (v-raf murine sarcoma viral
oncogene homolog B) encodes a protein
the
serine/threonine protein kinases. This protein

belonging to raf/mil  family of
plays a role in regulating the MAP kinase/ERK
signaling pathway, which affects cell division,
differentiation and secretion. Mutations in this
gene are associated with cardiofaciocutaneous
syndrome, a disease characterized by heart
defects, mental retardation and a distinctive
facial appearance. Mutations in this gene have
also been associated with various cancers,
including non-Hodgkin’s lymphoma, colorectal
thyroid
carcinoma, non-small cell lung carcinoma, and

cancer, malignant melanoma,
adenocarcinoma of the lung. A pseudogene,
which is located on chromosome X, has been

identified for this gene.*®
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TTF1 (the transcription termination factor,

RNA polymerase 1 gene) encodes a
transcription termination factor that is localized
to the nucleolus and plays a critical role in
ribosomal gene transcription. The encoded
protein mediates the termination of RNA
polymerase I transcription by binding to Sal
box terminator elements downstream of pre-
59,60

rRNA coding regions.

KIN (antigenic determinant of recA protein
homolog) encodes a nuclear protein that forms
intranuclear foci during proliferation and is
redistributed in the nucleoplasm during the cell
cycle. Short-wave ultraviolet light provokes the
relocalization of the protein, suggesting its
participation in the cellular response to DNA
damage.®!

FRMD4A gene codes for FERM domain
containing protein 4A. FRMDA4A upregulation
in human squamous cell carcinoma promotes
tumor growth and metastasis and is associated
with poor prognosis.

STIM1, the stromal interaction molecule 1
gene, encodes a type 1 transmembrane protein
that mediates Ca®" influx after depletion of
intracellular Ca’" stores by gating of store-
operated Ca*" influx channels (SOCs). It is one
of several genes located in the imprinted gene
domain of 11pl5.5, an important tumor-
suppressor gene region. Alterations in this
region have been associated with Beckwith-
Wilms
rhabdomyosarcoma, adrenocortical carcinoma,

Wiedemann  syndrome, tumor,
as well as lung, ovarian, and breast cancers.
STIM1 gene may play a role in the occurrence
of malignancies and diseases that involve the
imprinted gene domain of 11pl5.5 region as
well as the occurrence of early hematopoiesis,

by mediating attachment to stromal cells. For
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example, mutations in this gene are also
associated with fatal classic Kaposi sarcoma,
immunodeficiency due to defects in store-
operated calcium entry (SOCE) in fibroblasts,
ectodermal dysplasia and tubular aggregate
myopathy. This gene is oriented in a head-to-
tail configuration with the ribonucleotide
reductase 1 gene (RRM1), with the 3' end of this
gene situated 1.6 kb from the 5' end of the
RRMI gene.®*

CD82 codes a metastasis suppressor gene
product that is a membrane glycoprotein and a
member of the transmembrane 4 superfamily.
Expression of this gene has been shown to be
downregulated in tumor progression of human
cancers and can be activated by p53 through a
consensus binding sequence in the promoter. Its
expression and that of p53 are strongly
correlated, and the loss of expression of these
two proteins is associated with poor survival for

prostate cancer paltients.65 /66

LIMA1, the LIM domain and actin binding 1
gene, encodes a cytoskeleton-associated protein
that inhibits actin filament depolymerization
It is
downregulated in some cancer cell lines.
spliced
encoding different

and cross-links filaments in bundles.

Alternatively, transcript  variants

isoforms have been
described for this gene, and expression of some
of the
regulated.®”%

NTN4 (the netrin 4 gene) encodes NTN4,

which belongs to a family of proteins related to
69,70

variants may be independently

laminins.

KLF12 (the Kruppel-like factor 12 gene)
encodes a protein that is a member of the
Kruppel-like zinc finger protein family. This
protein can repress expression of the Activator
protein-2 alpha (AP-2 alpha) gene by binding to
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a specific site in the AP-2 alpha gene promoter.
AP-2 alpha is a developmentally regulated
transcription factor and important regulator of
gene expression during vertebrate development
and carcinogenesis. Repression by the encoded
protein requires binding with a corepressor,
CtBP1.”!

RORA (RAR-related orphan receptor A
gene) encodes a protein that is a member of the
NR1 subfamily of nuclear hormone receptors.
It can bind as a monomer or as a homodimer to
hormone response elements upstream of several
genes to enhance the expression of those genes.
The specific functions of this protein are not
known, but it has been shown to interact with
NM23-2, a nucleoside diphosphate kinase
involved in organogenesis and differentiation,
as well as with NM23-1, the product of a tumor

metastasis suppressor candidate gene.”*"

PAK7 encodes the p21 protein (Cdc42/Rac)-
a member of the PAK
family of Ser/Thr protein kinases. PAK family

activated kinase 7,

members are known to be effectors of
Rac/Cdc42 GTPases,
implicated in the regulation of cytoskeletal

which have been

dynamics, proliferation, and cell survival
signaling. This kinase contains a CDC42/Racl
interactive binding (CRIB) motif, and has been
shown to bind CDC42 in the presence of GTP.
This kinase is predominantly expressed in the
brain. It is capable of promoting neurite
outgrowth, and thus may play a role in neurite
development. It is also associated with
microtubule networks and induces microtubule
stabilization. The subcellular localization of
this kinase is tightly regulated during cell cycle
progression.”’

Other genes include DTL (the denticleless
E3 ubiquitin protein ligase homolog gene)

(Drosophila), which encodes protein and is
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associated with various types of cancer,
including colon cancer.***’ The gene BRE
(brain and reproductive organ-expressed) is a
tumor promotor.>>*> NOL3 encodes nucleolar
protein 3 (apoptosis repressor with CARD
domain), an anti-apoptotic protein that has been
shown to downregulate the enzyme activities of
caspase 2, caspase 8 and tumor protein p53.”

Genesassociated with cancer in the Chechen
population

The two genes in the Chechen population
associated with cancer were DCC and CHSYL.
DCC is a protein-coding gene, deleted in
colorectal carcinoma. This gene encodes a
netrin 1 receptor. The transmembrane protein is
a member of the immunoglobulin superfamily
of cell adhesion molecules, and mediates axon
guidance of neuronal growth cones towards
sources of netrin 1 ligand. The cytoplasmic tail
interacts with the tyrosine kinases Src and focal
adhesion kinase (FAK, also known as PTK2) to
mediate axon attraction. The protein partially
localizes to lipid rafts, and induces apoptosis in
the absence of ligand. The protein functions as
a tumor suppressor, and is frequently mutated
or downregulated in colorectal cancer and

esophageal carcinoma.”””’

sulfate
of the
chondroitin N-acetylgalactosaminyltransferase
These possess
glucuronyltransferase and

the chondroitin

encodes

CHSY],
synthase 1,

gene
a member

family.
dual
galactosaminyltransferase activity and play

enzymes

critical roles in the biosynthesis of chondroitin
sulfate, a glycosaminoglycan involved in many
biological processes including cell proliferation
and morphogenesis. Decreased expression of
this gene may play a role in colorectal cancer,
and mutations in this gene are a cause of
temtamy preaxial brachydactyly syndrome.®
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Disease prevalence in Circassians and
Chechensin Jordan

It is worth mentioning that an analysis of the
prevalence of cancer in the Circassian and
Chechen populations in Jordan showed a higher
prevalence of colorectal cancer in Circassians.
Both Circassians and Chechens had a higher
prevalence of breast cancer and, to a lesser
extent, compared to Arab

lung cancer

Jordanians.®'

Future studies should focus on other ethnic
groups and investigate the association of
genetic variants in diabetes with other diseases.
Moreover, the studies should examine the effect
of diabetes medication on the treatment of other
and whether or not

diseases, explore

combination therapy can be applied.

Conclusion

In the present study, our search revealed
SNPs carried on 6 genes in the Circassians and
7 genes in the Chechens are associated with
schizophrenia. Among these genes, Disabled-1
(DABL1) and CUB and Sushi multiple domain 1
(CaMD1) between the
Circassians and the Chechens. CSVID1 is
associated with both cancer and schizophrenia.
We also found that SNPs located on 20 genes in
the Circassians and 2 genes in the Chechens are

WweEre common

associated with cancer. However, overall, no
specific type of cancer dominated.

Taken together, the results from this pilot
study demonstrate that multiple genetic factors
that underlie type 2 diabetes are also associated
with cancer and schizophrenia in the Chechen
and Circassian populations in Jordan.
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