
INTRODUCTION
Tolloid Like 1 (TLL1) gene is involved in heart
development1,2 and cellular processes relevant to both
coronary heart disease (CHD) and Diabetes. It is one of
the Peroxisome Proliferator Activator Receptor Gamma
(PPARγ) activation pathway genes. PPARγ is the master
regulator of lipid and glucose homeostasis, cardiac
energy metabolism, vascular inflammation and cellular
differentiation. PPARs have been implicated in the
development of not only type-2 Diabetes mellitus
(T2DM) but also in cardiovascular diseases.3-7

TLL1 gene is located on chromosome 4q32-33 and
harbours rs1503298 SNP in the intron 12 of this gene.
The T > C substitution in this SNP was studied with
reference to CHD. A recent report involving 1045
patients with T2DM and testing the association of 3351
variants with CAD showed that in the White participants
one SNP, rs1503298 in the TLL1 gene, was significantly
associated with the number of coronary lesions with
percent diameter stenosis (DS) e20%. Patients with the
homozygous minor CC genotype for the TLL1
rs1503298 SNP had 22% more coronary lesions with at
least 20% DS, as compared to those having TT geno-
type. Thus, CC genotype was associated with coronary
heart complications and with an increase in coronary
lesions in patients with T2DM having heart complications.4

Therefore, the objective of this study was to validate the
already reported association of the gene variant
(rs1503298 T > C) with CHD in Caucasian patients with
T2DM and also to examine this association in other
ethnic groups in the British population.

METHODOLOGY
The TLL1 gene SNP rs1503298 (T > C) was genotyped
in three British cohorts of T2DM patients. Ethical
approval was obtained for these cohorts from respective
authorities. The characteristics of these study cohorts
are described below:

The Prospective Evaluation of Diabetic Ischemic heart
disease by Computed Tomography study (PREDICT) is
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a prospective study of patients (n=600) with established
T2DM recruited from Diabetes clinics at several London
hospitals, between November 2000 till November 2003.
The participants were invited to the Royal Brompton
Hospital, London for Electron Beam Computer
Tomography (EBCT) to measure the Coronary Artery
Calcification Score (CACS) at baseline in Hounsfield
units (HU).8 All the patients had Diabetes according to
WHO criteria.9 For those on insulin, T2DM was
diagnosed on the basis of mode of presentation and
history. The exclusion criteria were current and past
history of CHD, uncontrolled hypertension, serious
coexistent medical disorders likely to limit the life
expectancy (e.g. cancer) or requiring extensive medical
treatment and command of English insufficient to
provide informed consent.

The University College Diabetes And Cardiovascular
disease Study (UDACS) was a cross-sectional study
designed to find the association between common
variants in inflammatory / metabolic genes and
biochemical risk factors implicated in CHD in patients
with Diabetes. It was comprised of 1020 subjects
consecutively recruited from the diabetes clinic at UCL
Hospital in 2001-2002.10 All patients had Diabetes
according to WHO criteria and analysis was restricted to
subjects with T2DM. The presence of CHD was
recorded if any patient had positive coronary
angiography/angioplasty, coronary artery bypass,
cardiac thallium scan, exercise tolerance test,
myocardial infarction, or symptomatic/treated angina.
Any individual who was asymptomatic or had negative
investigations was categorised as 'no CHD'.

The Ealing Diabetes study (ED) was a cross-sectional
study comprising 1240 participants recruited consecu-
tively from the diabetes clinic at Ealing Hospital in North
West London in 2001-2002. Analysis was restricted to
patients with T2DM.11,12 Diagnostic criteria were the
same for ED and UDACS.

For genotyping assays, the human genomic DNA was
extracted by salting out method from blood nucleated
cells as reported earlier.13 The rs1503298 (T > C) SNP
of TLL1 gene was genotyped by TaqMan technology
(Applied Bioscience, ABI, Warrington, UK). Reactions
were performed on 384 well micro-plates and analysed
using the ABI TaqMan 7900 HT software (Applied
Bioscience).

Allele frequencies between the groups were compared
using χ2 test, and tested for the departure from Hardy-
Weinberg equilibrium. The risk of CHD by genotype was
assessed by calculating the Odds ratio (95% Confidence
Interval) using logistic regression models. The baseline
characteristics of the study participants were given as
mean ± SD and compared by analysis of variance.
Genetic associations were tested using an additive (per
allele) model. CAC scores were presented as median

with interquartile ranges and compared across geno-
types using Kruskal-Wallis tests. Adjusted p-values were
obtained using Tobit regression analysis which models
scores of zero as a censored threshold (no detectable
CAC) and assumes a normal distribution for the non-
censored scores. In addition, CACS was expressed in
categories approximating the presence of no, minimal,
mild, moderate and severe coronary atherosclerosis
(scores of 0, 1 - 10, 101 - 400, > 400 HU) and ordinal
logistic regression was used to obtain the odds ratio for
a higher CAC category according to genotype. All the
statistical analysis were performed using STATA version
11 (StataCorp, TX, USA). The study is powered to detect
an odds ratio for CHD of 1.85 in ED, 1.52 in UDACS and
1.4 for both studies combined with 80% power at the 5%
significance level, based on an additive genetic model.

RESULTS
The ED study comprised of T2DM patients from different
ethnic groups. Therefore, the genotype and C allele
frequency in ethnic groups of this cohort was compared.
Overall, there was a significant difference for genotype
distribution in ethnic groups (p = 0.002). The genotype
frequencies of rs1503298 (T > C) in various ethnic
groups of this cohort were: Asians [TT = 112 (24.7%),
TC = 229 (50.6%), CC = 112 (24.7%)], European Whites
[TT = 96 (31.3%), TC = 152 (49.5%), CC = 59 (19.2%)],
Africans [TT = 11 (12.9%), TC = 40 (47.1%), CC = 34
(40.0%)], and other ethnic groups which include
Nigerians, Chinese [TT = 5 (27.8%), TC = 8 (44.4%),
CC = 5 (27.8%)]. The C allele frequency (95% CI) was
lower in Europeans {0.44 (0.40 - 0.48)}, compared to
Asians {0.50 (0.46 - 0.53)} and Africans {0.63 (0.55 -
0.78), p = 0.002}.

The association of rs1503298 with CHD in the ED cohort
was tested through a logistic regression analysis.
Genotype and minor allele frequencies were examined
within ethnic group for CHD positive and CHD negative
groups. For each of the ethnic groups, per allele OR
(95% CI) was calculated. No significant association of
genotype with CHD was found for any of the ethnic
groups in this cohort (Table I).

The UDACS group comprised of patients who had
T2DM. The association of rs1503298 (T > C) with risk
of cardiovascular disease was examined. As this
group comprised of different ethnic groups (Blacks,
Caucasians, Indians and some others), the genotype
and allele frequencies were sorted in ethnic groups. The
genotype frequencies of rs1503298 (T > C) in various
ethnic groups of this cohort were: Blacks [TT = 4 (6.3%),
TC = 33 (51.6%), CC = 27 (42.2%)], Caucasians
[TT = 133 (27.3%), TC = 253 (52.0%), CC = 101
(20.7%)], Indians [TT = 23 (28.1%), TC = 35 (42.7%),
CC = 24 (29.3%)], and few other ethnic groups
[TT = 2 (16.7%), TC = 7 (58.3%), CC = 3 (25.0%)].
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Table I: Association of CHD with TLL1 SNP rs1503298 (T > C) in ED group.
Ethnic groups TLL1 SNP (rs1503298) Genotypes CHD -ve N (%) CHD +ve N (%) aOR (95% CI) p-value

Asian TT 78 (23.3) 34 (28.8) 0.91 (0.68 - 1.23)

TC 175 (52.2) 54 (45.8) p = 0.54

CC 82 (24.5) 30 (25.4)

C allele freq. (95% CI) 0.50 (0.46 - 0.54) 0.48 (0.41 - 0.54)

European whites (EW) TT 81 (31.8) 15 (28.9) 1.01 (0.66 - 1.55)

TC 124 (48.6) 28 (53.9) p = 0.95

CC 50 (19.6) 9 (17.3)

C allele freq. (95% CI) 0.43 (0.39 - 0.48) 0.44 (0.34 - 0.54)

African (AFC) TT 9 (12.7) 2 (14.3) 0.72 (0.29 - 1.83)

TC 32 (45.1) 8 (57.1) p = 0.57

CC 30 (42.3) 4 (28.6)

C allele freq. (95% CI) 0.64 (0.56 - 0.72) 0.57 (0.37 - 0.75)

All ethnic groups TT 173 (25.6) 51 (27.4) b0.95 (0.75 - 1.20)

TC 339 (50.1) 90 (48.4) p = 0.68

CC 165 (24.4) 45 (24.2)

C allele freq.(95% CI) 0.54 (0.52 - 0.72) 0.46 (0.43 - 0.62)
a Odds Ratio per C allele;   b Odds Ratio per C allele adjusted for ethnic group.

Table II: Association of rs1503298 with CHD in UDACS cohort.
Ethnic groups TLL1 SNP (rs1503298) Genotypes CHD -ve N (%) CHD +ve N (%) aOR (95% CI) p-value

Black TT 4 (7.1) 0 (0) §p = 0.81

TC 30 (53.6) 3 (42.9)

CC 22 (39.3) 4 (57.1)

C allele freq. (95% CI) 0.66 (0.56 - 0.74) 0.78 (0.49 - 0.95)

European whites / Caucasian TT 90 (25.1) 41 (32.3) a0.85 (0.63 - 1.14)

TC 193 (53.9) 60 (47.2) p = 0.29

CC 75 (21.0) 26 (20.5)

C allele freq. (95% CI) 0.47 (0.44 - 0.51) 0.44 (0.37 - 0.50)

Indians TT 19 (31.2) 4 (19.1) a1.09 (0.54 - 2.22)

TC 23 (37.7) 12 (57.1) p = 0.94

CC 19 (31.2) 5 (23.8)

C allele freq. (95% CI) 0.50 (0.40 - 0.59) 0.52 (0.26 - 0.68)

All ethnic groups TT 115 (23.7) 45 (28.9) b0.92 (0.70 - 1.19)

TC 252 (51.9) 76 (48.7) p = 0.51

CC 119 (24.5) 35 (22.4)

C allele freq. (95% CI) 0.54 (0.47 - 0.72) 0.62 (0.43 - 0.72)
a Odds Ratio (OR) per C allele,   b OR per C allele adjusted for ethnic group.    § This p-value was calculated from Fisher's exact test due to small numbers.

Table III: Distribution of rs1503298 (T > C) by CACS in PREDICT cohort.
CACS in HU presented as N (%) in four categories Odds ratio (95% Cl)

TLL1 (rs1503298) 0 1 - 10 11 - 100 101 - 400 > 400 p-value

Caucasians

TT 6 (26.1) 17 (26.6) 33 (35.5) 28 (27.7) 32 (30.8) 1.0 (0.77 - 1.30)a

TC 16 (69.6) 30 (46.9) 44 (47.3) 57 (56.4) 52 (50.0) p = 0.996

CC 1 (4.4) 17 (26.6) 16 (17.2) 16 (15.8) 20 (19.2)

S. Asians /  Indians

TT 5 (41.7) 4 (33.3) 4 (13.3) 7 (23.3) 8 (29.6) 0.93 (0.58 - 1.50)a

TC 5 (41.7) 5 (41.7) 15 (50.0) 15 (50.0) 14 (51.9) p = 0.78

CC 2 (16.7) 2 (25.0) 11 (36.7) 8 (26.7) 5 (18.5)

Others

TT 1 (16.7) 2 (15.4) 5 (29.4) 1 (9.1) 1 (11.1) 0.94 (0.44 - 2.02)a

TC 4 (66.7) 6 (46.2) 11 (64.7) 8 (72.7) 6 (66.7) p = 0.88

CC 1 (16.7) 5 (38.5) 1 (5.9) 2 (18.2) 2 (22.2)

Combined ethnic group

TT 12 (29.3) 23 (25.8) 42 (30.0) 36 (25.4) 41 (29.3) 1.00 (0.81 - 1.25)b

TC 25 (61.0) 41 (46.1) 70 (50.0) 80 (56.3) 72 (51.4) p = 0.98

CC 4 (9.8) 25 (28.1) 28 (20.0) 26 (18.3) 27 (19.3)
a Odds of a higher CACS category per C allele adjusted for age and gender,    b Odds of a higher CACS category per C allele adjusted for age, gender, and ethnic group.



The C allele frequency was lower in Caucasians
{0.46 (0.43 - 0.49)} compared to Blacks {0.68 (0.59 -
0.75)}, and Indians {0.50 (0.42 - 0.58)}. There was a
significant (p = 0.001) difference in the genotype
frequency by ethnic groups.

The association with CHD was also tested in UDACS.
The allele and genotype frequencies for CHD positive
and CHD negative groups as well as the OR (95% CI)
for each of the ethnic groups and in all groups combined
are given in Table II. There was no significant
association of this SNP with CHD in any of the ethnic
groups (Blacks, Caucasians, and Indians groups)
individually as well as in combination. The odds ratios for
UDACS and ED studies combined were 0.90 (0.70 -
1.15, p = 0.39) in Caucasians and 0.94 (0.79 - 1.12,
p = 0.47) for all ethnic groups combined.

For PREDICT cohort, the mean age of the participants
was 62.9 years. The group comprised of 68% males,
72% Caucasians, and 20% Asian Indians with duration
of Diabetes 8 years or more. The allele and genotype
frequencies for each of the ethnic group were tested as
given below. The genotype frequencies of rs1503298
(T > C) in various ethnic groups of this cohort were:
Caucasians [TT = 116 (30.1%), TC = 99 (51.7%), CC =
70 (18.2%)], Asians [TT = 28 (25.2%), TC = 54 (48.7%),
CC = 29 (26.1%)], and other ethnic groups [TT = 10
(17.9%), TC = 35 (62.5%), CC = 11 (19.6%)]. The p
value was not significant for the comparison of genotype
frequency between each of the ethnic groups (p=0.13)
C-allele frequencies were not significantly lower in
Caucasians (0.44, 95% CI: 0.40 - 0.47), compared to
Asians (0.50, 95% CI: 0.43 - 0.57) and other ethnic
groups (0.50, 95% CI: 0.41 - 0.60).

The TLL1 SNP (rs1503298) was tested for its
association with CACS in the PREDICT study group.
This group comprised of three different ethnic groups;
Caucasians, Asians and other ethnic groups. P-values
were not significant for any of the ethnic groups included
in this cohort. The p-values obtained was p = 0.98 for
Caucasians, 0.84 for Asians and 0.65 for all other ethnic
groups.

Genotype distributions within the CACS categories in
five ranges 0, 1 - 10, 11 - 100, 101 - 400 and greater
than 400 HU are given in Table III. The Odds ratios for
an increase in CACS category were not significant for
any of the ethnic groups. The Odds ratio (OR, 95% CI,
p-value) for Caucasians was 1.0 (95% CI 0.77 - 1.30,
p = 0.996). Similarly, the other groups also gave non-
significant results as: 0.93 (95% CI 0.58-1.90, p = 0.78)
for South Asians / Indians, and 0.94 (95% CI 0.44 - 2.02,
p = 0.88) for others. The OR (95% CI) for the combined
ethnic groups result was 1.0 (95% CI 0.81 - 1.25, p = 0.98).

DISCUSSION
TLL1 SNP (rs1503298) has been previously reported to
be associated with coronary heart disease (CHD). This

sequence variant has been implicated in playing a role
in cellular processes, which are related to CHD and
T2DM. The TLL1 gene is also involved in some other
processes like PPAR gamma activation, which are
regulators of lipids and glucose homeostasis, energy
metabolism, vascular inflammation and cell differen-
tiation.4 The present study aimed at replicate such
associations in three cohorts of patients with T2DM. For
UDACS and ED cohorts, CHD status was examined at
recruitment, and for the PREDICT study, extent of CAD
was evaluated using CACS which has been shown to be
a powerful predictor of cardiovascular events.

All three studies included different ethnic groups. The
results were non-significant for all the groups individually
as well as when tested in combination. Analysis of
variance (ANOVA) was carried out to look at the
biochemical parameters by genotype, but no significant
results were found for any of the ethnic groups in the
three cohorts (not shown). So most results do not agree
with the previous study in which an increase in the
extent of CAD with the rs1503298 variant was found.4

Moreover, there are only few studies published to-date
which show associations with some other diseases. In a
study of chromosome 4q deletion syndrome for its
association with congenital heart defects, TLL1 gene
has been identified using Illumina CytoSNP array
platform as important player for congenital heart
defects.14 Another study of congenital heart defects in
Chinese patients, TLL1 mutation was observed in 6.1%
of the patients as compared to controls.15 Furthermore,
in a recent study, SNPs in the TLL1 gene have been
associated with post-traumatic stress disorder.16 In
search for the genetic causes of congenital hyper-
insulinism of infancy (CHI), a whole genome SNP
genotyping and exome sequencing identified variants of
TLL1 gene in addition to a few others as the underlying
cause.17 Limited number of association studies for TLL1
gene is probably due to the fact that this gene and its
variants have been only recently explored for
association studies. Hence, it is suggested that more
studies in large and diverse population groups would be
required to establish its precise association with
cardiometabolic syndrome.

CONCLUSION
In UDACS and ED studies, no significant association
with CHD was found. Also, in the PREDICT group no
significant association with CAC score was observed in
any ethnic group. However, although authors have not
been able to confirm the association with CHD reported
previously for this SNP, the low power of the small
sample size available means, investigators of this study
cannot rule out a modest effect on risk, and further
studies in larger samples would be useful.
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