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Abstract

Approximately 462 million people suffer from type 2 diabetes mellitus (T2DM) worldwide, and its
prevalence is projected to increase to 7079 individuals per 100,000 by 2030. The rapid increase in
the prevalence of this disease is likely a result of multiple environmental factors as increased food
intake and decreased physical activity in genetically predisposed individuals. Patients with T2DM
are vulnerable to developing secondary complications like retinopathy, and nephropathy. For that
reason, great effort has been made to identify genes associated with T”2DM. Many loci were found
to be associated with T2DM risk in various populations and ethnic groups as the transcription fac-
tor 7-like-2 gene (TCF7L2) gene (rs7903146) [C/T] polymorphism locus on chromosome 10q. The
TCF7L2 (rs7903146) (C/T) contributes to the disease through the Wnt/B-catenin signaling pathway
affecting pancreatic islet development, expression of several genes involved in insulin granules
exocytosis, and the incretin glucagon-like peptide 1 (GLP-1) gene.
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Introduction

Type 2 diabetes mellitus (T2DM) repre-
sents a significant worldwide burden due
to the increase in its incidence over the
last decades and also due to the signifi-
cant rate of its morbidity and mortality(.
T2DM (formerly noninsulin-dependent di-
abetes mellitus (NIDDM) or adult-onset
diabetes) is a metabolic disorder that is
characterized by impaired insulin secre-
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tion; insulin resistance in muscle, liver, and
adipocytes; and abnormalities in splanch-
nic glucose uptake®. Environmental and
lifestyle changes are believed to play a
role in the occurrence of T2DM, but the
inherent susceptibility to the disease is
widely attributed to complex genetic fac-
tors. There is evidence that genetic sus-
ceptibility to the disease is due to many
genes, and genome-wide association stud-
ies (GWAS) have thus identified more than
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50 loci associated with T2DM risk®). Single
nucleotide polymorphisms (SNP) at the
transcription factor 7-like 2 gene (TCF7L2)
locus on chromosome 10q25.3 have been
found to be associated with T2DM risk in
various populations and ethnic groups®.
TCF7L2 gene encodes high-mobility box
containing the transcription factor TCF7L2
protein, involved in the Wnt signaling
pathway, which seems to be critical to
pancreatic islet development and adipo-
genesis®). TCF7L2 forms heterodimers
with betacatenin to induce the expression
of various genes, including the gene en-
coding the insulinotropic hormone gluca-
gon-like peptide 1, and the insulin gene(®).
Although the mechanisms underlying the
association of TCF7L2 polymorphisms and
alterations in glucose homeostasis are not
clear, it was suggested that this transcrip-
tion factor primarily affects insulin secre-
tion, beta cell function and insulin sensitiv-
ity?). An intronic SNP at this locus, refer-
ence SNP (rs) rs7903146 (C/T), was found
to be associated with T2DM risk in differ-
ent ethnic groups, in studies done on Eu-
ropean  populations as  England®),
Finland® and Sweden(® and in non-
European populations as Indians(™ Han
Chinese(™ and Persian(3). It was found to
be also associated with T2DM in Arabian
populations as in Moroccan(¥, Paki-
stani(™®, Tunisian(®), and Palestinian(?),
However, lack of association was reported
in United Arab Emirati(*®), Saudi Arabian("9)
and Egyptian(®2°) populations.

Diabetes Mellitus

Diabetes mellitus (DM) is a group of met-
abolic diseases characterized by hypergly-
cemia resulting from defects in insulin se-
cretion, insulin action, or both. The chron-
ic hyperglycemia of diabetes is associated
with long-term damage, dysfunction, and
failure of different organs, especially eyes,
kidneys, nerves, heart, and blood

vessels®). According to the International
Diabetes Federation (IDF), Approximately
463 million adults (20-79 years) were living
with diabetes in 2019. DM is expected to
rise to 700 million by 20452, Marked hy-
perglycemia causes polyuria, polydipsia,
weight loss, sometimes polyphagia, and
blurred vision. Severe uncontrolled diabe-
tes causes acute, life-threatening conse-
quences as ketoacidosis or the non ketotic
hyperosmolar syndrome(3), Chronic com-
plications can be divided into vascular and
nonvascular complications. The vascular
complications of T2DM are further subdi-
vided into microvascular (e.g. retinopathy,
neuropathy, and nephropathy) and
macrovascular complications (e.g. coro-
nary heart disease, peripheral arterial dis-
ease, and cerebrovascular disease) and
non-vascular complications include prob-
lems such as gastroparesis, infections,
skin changes, and hearing loss with long-
standing diabetes(4).

Classification of Diabetes

Diabetes can be classified into the follow-
ing general categories: 1-Type 1 diabetes
(due to autoimmune f-cell destruction,
usually leading to absolute insulin defi-
ciency), 2- Type 2 diabetes (due to a pro-
gressive loss of adequate B-cell insulin se-
cretion frequently on the background of
insulin resistance), 3-Gestational diabetes
mellitus (diabetes diagnosed in the sec-
ond or third trimester of pregnancy that
was not clearly overt diabetes prior to
gestation), 4- Specific types of diabetes
due to other causes, e.g., monogenic dia-
betes syndromes (such as neonatal diabe-
tes and maturity-onset diabetes of the
young), diseases of the exocrine pancreas
(such as cystic fibrosis and pancreatitis),
and drug- or chemical-induced diabetes
(such as with glucocorticoid use, in the
treatment of HIV/AIDS, or after organ
transplantation®),
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Type 2 Diabetes Mellitus (T2DM)

It ranges from predominantly insulin re-
sistance with relative insulin deficiency to
predominantly an insulin secretory defect
with insulin resistance®®). The risk of de-
veloping this form of diabetes increases
with age, obesity, and lack of physical ac-
tivity, women with prior gestational dia-
betes mellitus (GDM) and individuals with
hypertension or dyslipidemia, and its fre-
quency varies in different racial/ethnic
subgroups®). Genetic elements are also
involved in its pathogenesis®®.

Genetics of Type 2 DM

It has been described as a "geneticist's
nightmare”9). The lifetime risk of devel-
oping T2DM is 40% for individuals who
have one parent with T2DM and 70% if
both parents are affected. In addition, the
concordance rate of T2DM in monozygot-
ic twins is about 70% whereas the con-
cordance in dizygotic twins is 20%-30%3°).
Genome Wide Association Study (GWAS)
has identified 143 common risk variants
associated with T2DMGY, Some of the
GWAS genes associated with T2DM or im-
paired pancreatic islet functionG. A point
mutation may or may not change the
function of a gene or its expression. The
variant may influence a phenotype
through different mechanisms, e.g. via
affecting the promoter and enhancer ac-
tivity, mRNA stability and alternative splic-
ing, or protein functions. These are also
reasons why certain SNPs predispose an
individual to a common disease®3). Several
chromosomal regions, most notably
chromosomes 2p, 2q, 7, 13, and 18 have
been identified as regions likely to harbor
T2DM susceptibility genes4). Also, a few
common variants in specific genes appear
to be associated with T2DM across several
studies. These include Transcription Fac-
tor 7-Like 2 (TCF7L2), Guanine nucleotide-
binding protein subunit beta 3 (GNB3),
Norepinephrine Transporter (NET), Potas-

sium Channel gene (KCNJ11), and Gluco-
corticoid receptor (GRL) genes®5).

Transcription factor 7-like 2 (TCF7L2)

TCF7 was originally isolated as a lymphoid
transcription factor(3). cDNAs (core deox-
ynucleotides) for TCF7L1 and TCF7L2 were
isolated, which were called TCF3 and
TCF4, respectivelyG?). Because the high
mobility group (HMG) boxes of the
TCF7L1, TCF7L2, and TCF7 sequences show
striking similarity, it was suggested that
they represent a subfamily of TCF7-like
HMG box-containing transcription
factors3®). The genomic structure of the
human TCF7L2 gene was presented and
mapped to chromosome 10q25.2-q25.339).
It was found that the TCF7L2 gene contain
17 exons, including 5 alternative exons(#°).
The TCF7L2 gene produces a transcription
factor protein that is involved in the Wnt
signaling pathway®"). Figure (1) presents
the overall structure of the human TCF7L2
gene, the positions of the seven SNPs
(rs7903146), (rs12255372), (rs7901695),
(rs7895340), (rs11962055), (rs290487) and
(rs11196218). They are mainly localized
within the two large intronic regions sur-
rounding exon 55:42),

Allelic Variants

1.TCF7L2 (rs7903146)

A strong linkage was found between
rs7903146, and a microsatellite marker in
intron 3, DG10S478, and type 2 diabetes
mellitus in study done on Icelandic popu-
lation#3). He suggested that rs7903146 (T)
allele is probably the best marker to eval-
uate the effect of this gene on T2DM
risk®). According to a meta-analysis
study, rs7903146 was significantly associ-
ated with T2DM in Caucasian, East Asian,
South Asian and other ethnicities(44:45),

2. TCF7L2 (rs11962055)
An association was found between T2DM
and the risk C allele of rs11962055(46),
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Figure 1: Diagrams show the structures of the human TCF7L2 gene (on chromosome 10)®

TCF7L2 is a member of the Wnt signaling
pathway.

The Wnt signaling exerts many important
physiological and  pathophysiological
functions in different cell lineages and or-
gans, including organogenesis and the de-
velopment and progression of tumors(47),
Wnt was renamed according to the
int1/Wingless (Wg) gene in Drosophila 48,
Wnt signaling pathway was known from
studies on colon cancer and embryonic
development in Drosophila, Xenopus, and
other organisms(9). The key effector of
the canonical Wnt signaling pathway is
the bipartite transcription factor B-catenin
(B-cat/TCF), formed by the heterodimeri-
zation of B —catenin (B -cat) with one of
the four TCF/LEF (lymphoid enhancer
binding factor-1) factors (TCF1, LEF-1, TCF-
3, and TCF-4)4°). The concentration of (-
cat in cytosol in a resting cell is controlled
by the degradation process mediated by
proteasome through the actions of ade-
nomatous polyposis coli (APC) (encoded
by the adenomatous polyposis coli gene),
axin/conductin, the serine/threonine ki-
nases glycogen synthase kinase-3 (GSK-3),
and casein kinase 1a® (Figure 2). Wnt
glycoproteins are a large family of cyste-
ine-rich glycoprotein ligands secreted by
undifferentiated or inflammatory cells and
adipocytes®). Wnt glycoproteins exert
their effect as ligands via the seven-
transmembrane domain frizzled receptors

(Fz) and the LRP5/6 (low-density lipopro-
tein receptor-related proteins 5 and 6) co-
receptors®? (Figure 2). After receptor
binding, Wnt signals are transmitted by an
association between the Wnt receptors
and Dishevelled (Dvl), an event that trig-
gers the disruption of the complex that
contains adenomatous polyposis coli, ax-
in, GSK-3, and B-cat, thus preventing the
phosphorylation-dependent degradation
of B-cat(®3). B -cat then enters the nucleus
to form the B-cat/TCF complex and the
activation of B-cat/ TCF (or Wnt) down-
stream target genes(¥). GSK-3 is an im-
portant negative modulator of the Wnt
signaling pathway. Lithium and other in-
hibitors of GSK-3 have been shown to
mimic the function of the Wnt ligands in
stimulating the expression of Wnt down-
stream target genes®S). In the absence of
Wnt signaling, these HMG box TCF pro-
teins function in the nucleus as transcrip-
tional repressors of the Wnt target genes.
The Wnt pathway is involved in regulating
development and proliferation of B cell
and thereby pancreatic islet cell mass.
Loss of B-catenin signaling leads to pan-
creatic hypoplasia®® (Figure 2).

Expression and function of TCF7L2

TCF7L2 in intestinal endocrine L cells (Fig.
3): the expression of the proglucagon
gene (gcg) leads to the production of the
incretin hormone GLP-158),
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Figure 2: Canonical Wnt Signaling Pathway®?)

10; sSFRP, secreted Frizzled-related proteins(7).

On the left: In the absence of Wnt: Protein complex formed by axin, APC, GSK- 3B, and CKi1a
(named B-catenin destruction complex) binds to B-catenin, resulting in the degradation of -
catenin by 26S proteasome system. On the right: in the presence of Wnt: Wnt binds to the recep-
tor Fz nd co-receptor LRP5/6, these receptors mediate signals into cells and inhibit the function of
[-catenin destruction complex. The accumulated B-catenin is translocated to nucleus to activates
the transcription of target genes together with transcription factors (TCF/LEF). CK1a, casein kinase

It was found that both lithium (which
mimics the function of the Wnt ligands)
and the constitutively active B-cat stimu-
lated the activity of the proglucagon gene
promoter, so it increases endogenous
proglucagon mRNA expression and GLP-1
production(®®. TCF7L2 is abundantly ex-
pressed in both cultured intestinal GLP-1
producing cell lines and intestinal epithelia
of adult mice. Furthermore, dominant-
negative TCF7L2 intestinal endocrine cell
line showed attenuated both basal and
lithium-stimulated proglucagon mRNA
expression(®), It was found that the stim-
ulatory effect of lithium on gcg expression
occurred in intestinal endocrine L cells,
but not in pancreatic a-cells®". Interest
ingly, gip mMRNA expression was also
shown to be stimulated by the Wnt signal-
ing cascade. It was demonstrated that
lithium or Wnt/B-cat signaling enhances

GIP production by enteroendocrine cells
through a conserved TCF binding site
within the proximal region of the gip
promoter(9),

TCF7L2 and pancreatic 8 cells (Figure 3)
TCF7L2 has a binding site in the promoter
of the pre-proinsulin gene. Also, TCF7L2
influences both glucose- and incretin-
stimulated insulin secretions. Moreover,
TCF7L2 plays a role in B cell apoptosis, ex-
ocytosis (calcium handling) and islet cell
morphology®?. TCF7L2 silencing impairs
glucose- and incretin- potentiated insulin
secretion. Silencing TCF7L2 did not alter
the insulin content, but reduce pre-
proinsulin  expression(®3).  Decreased
TCF7L2 protein expression in diabetic mice
and T2DM patients is associated with re-
duced pancreatic islet GLP-1 and GIP re-
ceptor expression, which contribute to
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impaired [ cell function(®4. Exocytosis is a
key step in secretion of insulin. TCF7L2 si-
lencing in primary mouse islets, leads to
defective insulin vesicle movement, vesi-
cle fusion, glucose-stimulated ATP/ADP
increment and calcium influx. But readily
releasable insulin vesicle number was not
affected by TCF7Lz2 silencing. Over expres-
sion of TCF7L2 was found to have a slight
inhibitory effect on glucose stimulated
calcium influx(®5, TCF7L2 has also been
shown to mediate GLP-1-stimulated 3 cell
proliferation. Increased apoptosis was ob-
served in TCF7L2-silenced islets. Over-
expression of TCF7L2 protects islets from
cytokine-induced cell apoptosis(¢®)

Risk T-allele of rs7903146 and T2DM

It was found that individuals carrying the
risk T-allele had reduced basal and glu-
cose-stimulated insulin secretion, elevated
plasma proinsulin level and an increased
proinsulin-to-insulin ratio (suggesting the
possibility of affected proinsulin pro-
cessing), and impaired incretin-poten-
tiated insulin secretion(®”). Increased
apoptosis was observed in individuals car-
rying the T-allele of rs7903146. The total
mass of pancreatic tissue was not altered
in pancreatic sections from CT/TT-
genotype carriers compared with CC-
genotype carriers. However, TT-genotype
carriers had a lower number of islets and
tended to have islets with larger diame-
ters. Higher proportion of a -cells was also
observed in the TT-genotype carriers, but
not in CT-carriers compared to the CC-
carriers(®®. Expression of TCF7L2 is in-
creased in pancreatic islets from both
healthy risk-allele carriers and T2DM pa-
tients (¢9), In non-diabetic individuals, ho-
mozygous risk-genotype carriers (TT) have
2-2.6 fold higher expression of TCF7L2

mRNA in pancreatic islets compared to
CC-genotype carriers, while diabetic ho-
mozygous TT-genotype carriers display a
5-fold increased TCF7L2 expression com-
pared to CC-genotype carriers(7°), Expres-
sion of TCF7L2 was elevated together with
increase in B cell mass during B cell com-
pensation phase, which decrease after the
onset of the diabetes(®3). In islets from di-
abetic mice, the protein expression of
TCF7L2 was reduced and mRNA expres-
sion was higher compared to the healthy
controls(®?, The increase in TCF7L2 ex-
pression indicates that the increase of
TCF7L2 expression might be a conse-
quence, rather than a cause of defective
insulin secretion(®®. Or, mMRNA levels ele-
vation may represent increased levels of
transcripts encoding less active isoforms,
or a transcript of TCF7L2 with inhibitory
effect on insulin secretion, since there is
alternative splicing in TCF7L2 that leads to
multiple transcripts(".

TCFL2 and hepatic glucose metabolism

The TCF7L2 expression in the liver has ma-
jor effects on metabolism. The Wnt/B-cat
pathway is a major determinant of the
hepatocyte metabolism. Food intake and
insulin stimulate the expression of TCF7L2
in mouse hepatocytes(®. Wnt activation
by lithium reduces gluconeogenesis.
TCF7L2 seems to regulate expression of
rate-limiting gluconeogenic enzymes, such
as phosphorenol-pyruvate-carboxykinase
and glucose-6-phosphatase. Silencing of
TCF7L2 leads to increased basal glucose
production in cultured hepatocytes, as
well as impaired insulin suppressed glu-
cose production® (Figure 3). This might
explain the impaired hepatic insulin sensi-
tivity observed in risk the T-allele of
rs790314602),
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Figure 3: Summary of the potential metabolic functions of TCF7L2. GLP-1,
glucagon-like peptide-1. GIP, gastric inhibitory polypeptide(

Effect of Wnt signaling on BMI

Wnt signaling plays a fundamental role in
regulating adipogenesis and adipose cell
differentiation74), Unless Wnt signaling is
inhibited, committed preadipocytes wiill
not differentiate into mature adipose
cells. In contrast, loss of function in the
Wnt signaling cascade leads to rapid re-
cruitment and growth of preadipo-
cytes(?5), It was described an apparent
mutation of a Wnt protein (Wnt10B) in a
family characterized by severe obesity,
further linking this pathway to metabolic
disorders. Thus, potentially increased Wnt
signaling in carriers of the TCF7L2 risk var-
iants could be expected to influence adi-
pose tissue growth and development and,
thus, BMI74),

Association of rs7903146 of TCF7L2 gene
with secondary complications of T2DM

Wnt signaling works via disheveled recep-
tors and transcription factors like [-
catenin and TCF7L2, to modulate the ex-
pression of downstream target genes like
IL1 (interleukin 1), TNF-a (tumor necrosis
factor a), FGF (fibroblast growth factor),
KGF (keratinocyte growth factor) and
VEGF (vascular endothelial  growth
factor)3). This TCF7L2 gene polymor-
phism was found to be involved in sec-

ondary complications of diabetes like
nephropathy, neuropathy, retinopathy
and cardiovascular disease(7°),

Conclusion

The association between TCF7L2 gene
with T2DM have been confirmed. This re-
view summarized several mechanisms of
T2DM  pathogenesis associated with
TCF7L2, including genetic mutations, Wnt
signaling pathway and function. A proper
understanding of the mechanism will help
the development of potential new thera-
peutics for T2DM.
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