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ABSTRACT

Background: The TCF family genes TCF7 (T cell specific transcription factor-7) and TCF7L2 (transcription factor 7
like 2) are increasingly recognized to play a pivotal role in the incidence, pathophysiology of type 1 diabetes mellitus
(T1IDM). However, the prevalence and the influence of these allelic variants in the Indian/south Indian T1DM
population is completely obscure.

Methods: Genomic DNA was isolated from the peripheral blood samples of healthy controls, TLDM patients, and
PCR (polymerase chain reaction), restriction fragment length polymorphism (RFLP), allele specific PCR (ASP), PCR
product sequencing strategies were utilized to determine the prevalence of the TCF7 (exon 3, flanking intron 2, 3
regions) and TCF7L2 (intron 4) polymorphisms. Clinical investigations included assessment of the blood glucose/
estimated average glucose levels (EAG) and C-peptide levels.

Results: The results indicate that 34.9% and 3.17% of the T1DM patients harbored the TCF7L2 rs7903146 and the
TCF7 rs386692598 polymorphisms, respectively. Assessment of biochemical parameters indicated that the rs7903146
positive TLDM patients exhibited significantly lower EAG levels (p<0.05), suggesting that these patients may exhibit
phenotypic heterogeneity, a milder disease course. The study further demonstrates that PCR based strategies enable
reliable molecular diagnosis of TIDM in small scale diagnostic units.

Conclusions: T1DM patients from south Tamil Nadu present TCF7, TCF7L2 genetic variations and screening for
these polymorphisms will empower physicians to provide appropriate therapy and genetic counselling.
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INTRODUCTION
T1DM patients.*®

Several linkage studies have revealed that the HLA class

associated with the genotypic variations occurring in the

I, class 1l genes and several other loci harbor a significant
number of alleles that incur genetic susceptibility to the
incidence and onset of TIDM.“? Updated and recent
studies also reveal that TIDM patients exhibit differences
in the clinical, metabolic, immunological and genetic
characteristics. Emerging evidences bring to light that
such heterogeneity in the disease course could strongly be

The human TCF7 gene is located on chromosome 5q31,
and initial gene deletion studies using mice models
revealed the importance of the gene in T cell formation,
function.®” It is predominantly expressed in the
thymocytes, natural killer cells, and functionally related
to the cytokine cluster and hence stands out with a strong
linkage to TIDM."® As a transcription factor, the TCF1
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protein encoded by the TCF7 gene primarily regulates the
expression of Thl/humoral immune responses, and
coordinates with the Whnt signaling candidates, further
governing important physiological functions.? The exon 2
(NC_000005.9) / exon 3 (NC_000005.10, updated
version) of the TCF7 gene has been identified to exhibit
around 11 SNPs that include the C883A (rs5742913; Pro-
Thr) non synonymous coding region polymorphism, and
confer susceptibility to TLDM. However, till date, the
incidence/relevance of the multi-ethnic, high risk
polymorphism C883A and other reported SNPs in the
exon 3 of TCF7 has not been assessed in the TIDM
patients of India/ South India.

On parallel grounds, rs7903146, an intronic variant of
TCF7L2, located in chromosome 10q25.2-025.3 has also
been strongly associated with T2DM risk and the healthy
subjects carrying the homozygous or heterozygous
version of the T allele present features pertaining to
impaired insulin  secretion, processing; defective
glucagon suppression and incretin secretion.'®** Further,
the TT phenotype of the rs7903146 polymorphism in
TCF7L2 is also connected with the presence of single
islet cell autoantibody, mild islet cell auto immunity and
heterogeneity in the TIDM disease course.’* Based on
such strong literature pertaining to TCF7, TCF7L2
genetic variants, the present study focused to examine the
presence, influence of the allelic imbalance in the
regionally predominant TIDM study population.

METHODS

The prevalence and risk of disease incidence pertaining to
the TCF7, TCF7L2 polymorphisms was aimed to be
determined in a pilot population of TIDM patients from
Alpha Hospital and Research Center/ Alpha Health
Foundation, south Tamil Nadu, India. The study was
conducted over a period of 11-12 months (February 2018
to January 2019) with the approval of the Institutional
Ethical Committee (AHRC). Informed consent from
patients/parents/guardians, routine biochemical
parameters (blood glucose levels, C-peptide) were
measured according to previously published protocols.*
The assessed T1DM patients were insulin dependent and
presented a minimum of 2 years from the time of
diagnosis. All participating T1DM patients were <30
years of age and did not have a medical history pertaining
to other pancreatic conditions. Healthy volunteer samples
without a history of TIDM served as negative controls.
Genomic DNA was extracted from peripheral blood
samples of 21 T1DM patients and 6 healthy normal
controls, using QlAamp DNA blood mini kit (QIAGEN
India Pvt. Ltd, New Delhi, India) according to the
manufacturer’s protocol. The concentration of the DNA,
the purity of DNA (260/280 nm absorbance ratio) was
estimated using a NanoDrop, Thermo scientific, India.

Primers were designed to amplify a 563bp TCF7 gene
product that would encompass the amplification of the
exonic region containing the C883A and other reported

SNPs. The PCR conditions pertaining to the initial
denaturation of 2 min at 96°C, followed by 35 cycles of
30 sec at 94°C, 30 sec at 60.1°C and 2 min at 72°C were
utilized for the 563bp product amplification using a
forward 5’-TGCCCTGACCTTTATAGGAGTAAAC-3’
and a reverse 5’-CGTCTATTTTGTTCCAGGCAGAA-
3> primer. Based on prior published literature the
TCF7L2 polymorphism rs7903146 was also identified by
combining Allele Specific PCR (ASP), RFLP
(Restriction  fragment length polymorphism), PCR
product sequencing strategies (PCR  conditions
corresponded to an initial denaturation of 5 min at 95°C,
followed by 35 cycles of 30 sec at 95°C, 30 sec at 55°C,
45 sec at 72°C and final extension of 5 min at 72°C).* In
brief, for the RFLP study, PCR was carried out using a 5'-
ACAATTAGAGAGCTAAGCACTTTTTAGGTA-3'
forward primer and 5-GTGAAGTGCCCAAGCTTCTC-
3' reverse primer, and a 188bp PCR product for the
TCF7L2 gene was obtained. Restriction digestion with
Rsal resulted in a 158, 30bp cleavage of the wild type/
normal C allele, whereas the SNP T allele was not
cleaved. Recognition of the T alleles were also carried
out using ASP primers that corresponded to the forward
primer 5'-
GAACAATTAGAGAGCTAAGCACTTTTTAGAGAT-
3’ (product size: 205bp) specific for the T allele and the
reverse primer 5
AGATGAAATGTAGCAGTGAAGTGC 3  (initial
denaturation of 3 min at 94°C, followed by 32 cycles of 1
min at 94°C, 1 min at 65°C, 40sec at 72°C and final
extension of 5 min at 72°C). Direct sequencing was
carried out in a 318bp product that was amplified by
using 5-GGTAATGCAGATGTGATGAGATCT-3’
forward primer and 5'-
AGATGAAATGTAGCAGTGAAGTGC-3’ reverse
primer with PCR conditions that corresponded to an
initial denaturation of 3 min at 94°C, followed by 32
cycles of 1 min at 94°C, 1 min at 58°C, 40 sec at 72°C
and final extension of 5 min at 72°C. The PCR products
were visualized after electrophoresis using a UV gel
documentation system (Medicare, Chennai, India) and
were gel extracted, purified and sequence verified
(Scigenome or Agrigenome, Kochi, Kerala). Statistical
analysis of the obtained data was assessed using
GraphPad Prism version 7.04 for Windows, GraphPad
Software, La Jolla California USA.

RESULTS

While the major regions of HLA I, HLA 11 that comprise
of the genetic variations are well examined and
established to play a pivotal role in the susceptibility to
T1DM in India, candidate marker genes from other loci
are still being investigated. Of the several loci that have
been examined as potential markers for TIDM, the Wnt
group TCF7, TCF7L2 genes have widely been
implicated. The exon 3 region of the TCF7 gene has been
reported to harbor polymorphisms, such as C883A that
could serve as potential markers to determine the risk of
incidence, pathological course of T1DM. Hence, the
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present study aimed in assessing the incidence of C883A
SNP and other reported polymorphisms in the regional
population by means of PCR amplification of a 563 bp
region of TCF7 (Figure 1A), and direct sequencing the
PCR product. While it can be evidenced from the
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sequencing data presented in Figure 1B that the SNP
rs5742913/C883A is non-incident in the assessed
population, the data revealed the presence of
rs386692598, a prior reported intronic variant incident in
the study group.
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Figure 1: Determination of the incidence of the TCF7 SNPs in the TIDM population: (A) Lane 1-100bp ladder; L2-
L3: Non-TIDM controls, L4-L9:T1DM patients. PCR amplification for a 563bp product was carried out, was
electrophoretically separated and visualized in a 1% agarose gel; (B) representative Images for the direct
sequencing results for the PCR amplified 563bp product of TCF7 of control sample. The forward and reverse
sequences were aligned and the wild type alleles are shown in the aligned sequence; (C) representative Images for
the direct sequencing results for the PCR amplified 563bp product of TCF7 of rs386692598 positive patient sample.
The forward and reverse were aligned and the change in nucleotide from GC to TT in forward and CG to CA in
reverse sequences is shown in the aligned sequence.

We further examined the influence of the TCF7L2
rs7903146 polymorphism that has recently been
associated with phenotypic heterogeneity, late onset in
T1DM as the first of its kind, in the present study
population. In order to determine the presence of the SNP
in the regional T1DM population, we amplified a 188bp
SNP associated region and performed RFLP with Rsal
enzyme. As indicated in Figure 3, while carriers of the
SNP presented with an undigested 188bp product, the
wild type carriers presented with an enzymatically
cleaved 158bp and 30bp based product. To further
substantiate the data the study included direct sequencing
of a larger 318bp region (Figure 4) and revalidated the

wild type (CC), homozygous (TT) and heterozygous (CT)
genotypes in the assessed population. Based on the
genotyping results, and as indicated in Figure 2 it is
deduced that 34.9% of the assessed population presented
with the TCF7L2 rs7903146 polymorphism and 3.17% of
the population presented with rs386692598, a TCF7
variant. Evidently, in detail and as presented in Table 1,
61.90% of the assessed population was negative for the
SNP, 28.57% (CT) were heterozygous positive, and
9.52% (TT) were homozygous positive for the SNP.
Parallel confirmation of the data was also obtained using
allele specific PCR, wherein the T allele specific primer
amplified a 205bp product specific to rs7903146 (Figure
3C).
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Table 1: Percentage of allelic expression of rs7903146 in the TIDM patients of south Tamil Nadu, India.

Allelic expression in (%)
rs7903146 genotype Wild type Heterozygous Homozygous

patients cC CT TT
61.90 28.57 9.52
Genotyping for the rs7903146 group identified that 28.57% of the patients were heterozygous positive and 9.52% of the patients were

homozygous positive in the assessed TIDM group.
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Figure 2: Percentage of prevalence of TCF7/TCF7L2 polymorphisms in TIDM patients: the incidence and
prevalence of the TCF7 563 base pair PCR product that is inclusive of the exon 3 (NC_000005.10) and the 318 bp
TCF7L2 intronic variant (NC_000010.11) was assessed in the TIDM patients of south Tamil Nadu, India; about
3.17% of the patients were positive for the TCF7 intronic variant rs386692598 and 34.90% were positive for the

rs7903146 TCF7L2 polymorphism.
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Figure 3: Determination of the incidence of the TCF7L2 rs7903146 polymorphism in the TIDM population: (A)
PCR amplified for a 188bp product that would enable the identification of the intron 4-rs7903146; (B)
representative image of the RFLP analysis of the 188bp product with Rsal that results in a 158 and 30bp digested
product for patient samples without the SNP. Lane 5, 6, 7: rs7903146 positive patient samples; (C) allele specific
PCR was carried out to detect the C to T transition using allele specific primers; patients presenting the T allele
amplified a 205bp product.

International Journal of Community Medicine and Public Health | October 2019 | Vol 6 | Issue 10 Page 4591



Velayutham K et al. Int J Community Med Public Health. 2019 Oct;6(10):4588-4595

Table 2: Assessment of disease onset age, BMI and C-peptide levels in TIDM patients of south Tamil Nadu, India.

T1DM patients with rs7903146

T1DM patients with rs386692598

polymorphism polymorphism

Age onset (years) 9.13+2.3 14
BMI (kg/m?) 18.4+1.33 23.2
C-peptide (ng/ml) 0.42+0.17 1.3

Tabular presentation of the mean+SEM values of the assessed parameters in the TLDM patients with TCF7L2 rs7903146 and the TCF7
rs386692598 SNPs.

A

500bp —»

—_—

200bp —s

L2 L3 L L7

M L1 L4 LS

B Alignment of Control Sequence :([MV 318 rs790 Fw.xdna] with Sequence_2: (MV 318 rs790
Rev.xdna)

57 ~ATTAGAGAGCTAAGCACT TTTTAGATACTATATAAT TTAATTGCCGTATGAGGCACCCTT -3
LR RN RN RN RN NN NN RR RN RN
3/ “TAATCTCTCGATTCGTGAAAAATC TATGATATATTAAAT TAACGGCATACTCCGTGGGAA -5

Forward Reverse
.41 1200101 (AENER AN
G ATACITATAT ATATA[GITATC T

c Alignment of Patient Sequence: (SP 318 xs790 Fw.xdna] with Sequence 2:
Rev.xdna)

(SP 318 xs790

5* ~AATTAGAGAGCTAAGCACTTTTTAGATAT LATATAATTTAAT TGCCGTATGAGGCACCCT -3
FEERRRREEE R e e
37 “TTAATCTCTCGATTCGTGAAAAATCTATAA TATATTAAATTAACGGCATACTCCGTGGGA -5

Forward Reverse
(EESNENNEEE S RNEAEENE!
ATATTRTATAA TATAT TATC

Figure 4: Determination of TCF7L2 rs7903146 SNP by direct sequencing: (A) M-100bp ladder; L1- L3: Non-TIDM
controls, L4-L7:T1DM patients. PCR amplification for a 318bp product was carried out, was electrophoretically
separated and visualized in a 1% agarose gel; (B) representative Images for the direct sequencing results for the

PCR amplified 318bp product of TCF7L2 of control sample. The forward and reverse sequences were aligned and

the wild type alleles are shown in the aligned sequence; (C) representative Images for the direct sequencing results
for the PCR amplified 318bp product of TCF7L2 of homozygous positive TIDM patient sample. The forward and
reverse were aligned and the change in nucleotide from C to T in both forward and reverse sequences is shown in

the aligned sequence.

Assessment of the mean age, BMI in the study group
T1DM patients who are carriers of the TCF7L2
rs7903146 polymorphism (Table 2) indicates that the
mean age group of the carriers is 9.13+2.3, a mean range
of BMI as 18.4+1.3 and C-peptide levels in the range of
0.42+0.17. Interestingly and as presented in Figure 5, the
mean values of the estimated average glucose was
significantly lower in the TCF7L2 rs7903146 carriers

(heterozygous CT, p<0.05) when compared to the non-
carriers.

Taken together, the data obtained indicates that the
regional TIDM patients present the TCF7L2 rs7903146
SNP in a higher proportion when compared to the TCF7
polymorphisms and may tend to exhibit lower EAG
levels/milder pathophysiology in comparison to non-
carriers.
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Figure 5: Estimated average glucose levels (EAG) of
TIDM patients: TIDM patients without TCF7 gene
polymorphisms/wild type allele and the TIDM
patients carrying the TCF7L2 rs7903146, the TCF7
rs386692598 SNP were assessed for differences in the
EAG levels; a significant difference in the EAG levels
between T1DM patients without SNPs and T1DM
patients with TCF7L2 rs7903146 was observed and
the significance is indicated by*. P<0.05 was
considered significant and statistical significance was
assessed using Mann-Whitney test. All values for EAG
are the mean+SEM for triplicate data sets.

DISCUSSION

An increase in the incidence of T1IDM in India has been
observed in the recent years, and hence successful
management of the disease requires understanding the
etiology of the condition.”® Shared genetic variants in
T1DM, T2DM and their influence in the incidence and
progression of diabetes mellitus has also been explored
intensely in the recent years. Of the several candidate
genetic variants associated with diabetes, the HMG group
of TCF or LEF family genes, TCF7, and TCF7L2, are
identified to be significantly associated with the
incidence and disease progression of both T1DM and
T2DM.* Primarily, as a candidate gene, TCF7 is being
increasingly recognized for its association with the
disease incidence and onset of T1IDM in multi ethnic
populations.” While the major regions of HLA I, HLA 11
that comprise of the genetic variations are well examined
and established to play a pivotal role in the susceptibility
to TIDM in India, cohort studies pertaining to candidate
genes from other loci are still being investigated. Very
exciting reports had also brought to light that the other
member of the TCF family, the TCF7L2 and its genetic
variants  (rs7903146, rs4506565, rs7901695) are
associated with a distinct phenotype in TIDM pediatric
patients that resemble a T2DM pathological course and is
characterized by milder immunological, metabolic
phenotype, a late age onset (>12 years). In corollary, our
present study aimed to understand the significance and

incidence of the polymorphisms incident in the exon 3 of
the TCF7 gene that would include the globally studied
C883A, and decipher the incidence/prevalence of the
TCF7L2 polymorphism rs7903146 in the regional
population of India or southern India, our efforts have
been the first of the kind, till date.

The exon 3 of the TCF7 gene is a hub for several reported
polymorphisms that render the risk of incidence of
T1DM, and in particular encompasses the CB883A
(rs5742913; Pro-Thr) non synonymous coding region
polymorphism that stands out as a non-DR3/DR4, high
risk variant.® Earlier research investigations have revealed
that the TCF7 gene, and its product TCF-1 play an
essential role in B-cell survival, apoptosis, responses to
the  cytokine/pro-inflammatory  molecules, insulin
secretion, receptor-hormone  functions.®  Additively,
recent reports have also demonstrated that the TCF7-
TCF1 axis regulates the incretin hormone (Glucose
dependent insulinotropic peptide, GIP) mediated insulin
responses. While our efforts to determine the presence of
C883A and other associated SNPs in the regional
population indicated that only 4% of the study group
presented with a reported intronic variant rs386692598,
and none presented the C883A polymorphism, further
large scale studies would bring to light the absence of
association of C883A polymorphisms in the incidence of
T1DM of the regional population. The limited number of
samples assessed in the present pilot study could also
attribute for the observed absence in the incidence of
CB883A. Further detailed analysis of the presence of the
intronic  rs386692598 variant and the associated
pathogenicity may bring to light its prevalence, role of
such intronic variants in the regional T1DM disease
course.

Several detailed research studies on TCF7L2, a co-
member and pivotal modulator of the Wnt signaling
regulatory TCF family gene, pin point that TCF7L2
SNPs, in particular the rs7903146 confers around 40%
risk of T2DM incidence and have been intensively
studied in T2DM. However, only very recent evidences
have progressively brought forward the association of
this genetic variant in TIDM. Initial studies addressing
the role of rs7903146 in latent autoimmune diabetes
(LADA) and T1DM pediatric patients indicated that
children expressing a singlet autoantibody and milder
course of disease carried the T allele variant in the
homozygous or heterozygous condition.***"® |n
particular, studies that aimed to determine the association
of TCF7L2 with singlet autoantibody expression in
pediatric patients reported about 26% of the studied
population were heterozygous positive and 33% were
homozygous positive for rs7903146.'° While the present
study was designed to assess only the prevalence and
influence of the SNP in the T1DM of the regional
population and did not include the autoantibody
expressions, the prevalence results clearly indicate that
TCF7L2 polymorphisms occur in a subset of the regional
T1DM population and may influence disease course.
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Another recent 2018 study in T1DM patients had also
reported that TCF7L2 genetic variants exhibited
phenotypic heterogeneity, differences in the disease
course progression, the mean glucose values, C-peptide
values and the effective age of the disease (<12 years)."
In sequence, clinical assessment of the influence of the
TCF7L2 genetic variations that include (Table 2, Figure
5) age of disease onset, BMI, C-peptide levels, EAG
glucose levels, indicated in the present study that the
patients positive for the TCF7L2 rs7903146 presented a
significantly lower estimated average glucose levels
(EAG, p<0.05). However, the present study could not
bring to light significant associations with age onset and
C-peptide values, most likely owing to the sample size
limitation.

Taken together, the present pilot study data for the first
time demonstrates that the incidence of TCF7 gene
variants in exon 3 and the flanking upstream, downstream
intronic variants are sparse in the south Indian/Indian
population. However, the TCF7L2 SNP rs7903146 is
observed to be present in a relatively higher percentage of
the regional T1DM population and that larger scale
studies would further bring out the influence of the SNP
in late onset, milder disease course.

CONCLUSION

Our study results have brought to light for the first time
that the TCF7L2 SNP rs7903146 is of relatively higher
incidence in the TIDM population of south India/India
and could possibly be associated with a milder disease
course. Based on the results it can further be
recommended that the incorporation of molecular
diagnosis in routine clinical TIDM diagnosis in India,
would greatly aid patients and their family to understand
the incidence and address the disease course of TILDM.
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