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Abstract. - OBJECTIVE: Some obese subjects
with genetic variants of FUT2 gene could be im-
plied in metabolic disorders. The aim of the pres-
ent investigation was to evaluate the association
between SNP rs602662 in FUT2 gene with differ-
ent obesity markers.

SUBJECTS AND METHODS: 166 Caucasian
obese subjects were enrolled. Anthropometric
parameters, blood pressure, fasting blood glu-
cose, insulin concentration, insulin resistance
(HOMA-IR), lipid profile, C reactive protein and
prevalence of metabolic syndrome were record-
ed. The genotype of FUT2 gene polymorphism
(rs602662) was evaluated.

RESULTS: The genotype distribution of the
rs602662 variant was the following: 29.5% (n=49)
(GG), 47.6% (n=79) (GA) and 22.9% (n=38) (AA).
We observed statistical differences between both
genotypes (GG+GA vs. AA) in BMI (Delta: 0.4+0.01
kg/m?2: p=0.04), fat mass (Delta: 3.7+0.3 kg: p=0.02),
body weight (Delta: 5.9+0.4 kg: p=0.02), waist cir-
cumference (Delta: 7.3+0.9 cm: p=0.03), glucose
(Delta: 5.5+0.4 mg/dl: p=0.04), triglycerides (Del-
ta: 25.9+1.4 mg/dl: p=0.01), HDL-cholesterol (Del-
ta: -5.7+1.2 mg/dl: p=0.02), insulin (Delta: 5.0+0.9
mUV/L: p=0.02) and HOMA-IR (Delta: 1.4+0.1 units:
p=0.03) levels. Percentages of metabolic syn-
drome, central obesity, hypertriglyceridemia, low
HDL cholesterol and hyperglycemia were lower in
AA obese subjects than GG+GA. Logistic regres-
sion analysis showed a decreased risk of meta-
bolic syndrome in AA subjects (OR=0.28, 95%
CI=0.11-0.71, p=0.01).

CONCLUSIONS: AA genotype of FUT2
rs602662 is associated with lower BMI and a bet-
ter metabolic profile than subjects with GG+GA
genotypes.
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Introduction

Obesity is a heterogeneous disorder where mul-
tiple factors, especially related to exercise and diet
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style, contribute to the pathogeny of this entity.
Some genetic variants associated with obesity and
related comorbidities have been identified'. The
physiological mechanisms underlying these genetic
associations have not been fully elucidated. In these
mechanisms, adipose tissue and central nervous sys-
tem have been implied.

The FUT? gene, or Se gene, codes the enzyme al-
pha-1,2-L-fucosyltransferase2. This gene determines
the formation of H antigens in the intestinal epitheli-
al tissue*. Some individuals with genetic variants of
FUT?2 gene are called non-secretors®’. Non-secretors
are unable to express them on mucosal surfaces or
secrete histo-blood group antigens into fluids®. When
FUT?2 gene is expressed in the intestines, the antigens
produced by this gene participate in the regulation of
saprophytic flora’. In addition, the type of the FUT?2
gene allele may be one of the main determinants of
bacteria colonizing the intestine’.

Moreover, Metabolic Syndrome (MS) is a com-
bination of risk factors, such as; glucose intolerance,
abdominal obesity, dyslipemia (high triglyceride
levels or low HDL-cholesterol levels), increased
blood pressure and a pro-inflammatory status!®.
Environmental risk factors, genetic factors and mi-
crobiome are involved in the development of MS'.
In addition, MS is considered a polygenic and mul-
tifactorial disorder. This entity is secondary to the
interaction of a number of different genes with envi-
ronmental factors'?. In this context, adipose tissue is
considered as an endocrine organ. This tissue plays
a major role in the presence of MS'.

Finally, a single nucleotide variant (SNV) in
FUT?2 gene (rs602662) has been found to be relat-
ed with adiposity in a Danish population'*. These
results have not been replicated in the literature.
Additionally, the effect of this SNV on the differ-
ent components of metabolic syndrome has not been
evaluated either.

Giving its potential role in adiposity markers and
lack of data in the literature, the current study was
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designed to evaluate SNP rs602662 in FUT2 gene
and its association with obesity, MS and metabolic
parameters.

Subjects and Methods

Subjects and Clinical Investigation

The study was realized with patients who were
referred from Primary Care Physicians to our Outpa-
tient Clinic to evaluate their obesity (BMI: body mass
index > 30 kg/m?) with an age > 18 years. A total of
166 subjects agreed to participate in the study. All
subjects gave informed consent for inclusion before
they participated in the study. The study was conduct-
ed in accordance with the Declaration of Helsinki and
the protocol was approved by the Ethics Committee
of HCUVA (No. 06/2016). The inclusion criteria for
the study group included the following: body mass
index > 30 kg/m? and age > 18 years. The exclusion
criteria were: a history of cardiovascular events, his-
tory of alcoholism, malignant tumor and drugs known
to influence lipid or glucose levels.

During the first visit, anthropometric data
(weight, height, BMI, fat mass by impedance, waist
circumference) and blood pressure were measured.

For biochemical assays, 5 ml of venous blood
were aliquoted in ethylenediaminetetraacetic acid
EDTA-coated tubes. The following parameters were
measured: insulin, total cholesterol, LDL-cholester-
ol, HDL-cholesterol, triglycerides and C-reactive
protein. Dietary intake was also recorded.

Metabolic syndrome (MS) was defined accord-
ing to the criteria of Adult Treatment Panel III (AT-
PIIT)!°. The patients needed to meet at least 3 of the
following criteria to be diagnosed with MS: elevated
fasting glucose or treatment for diabetes, elevated
triglycerides (>150 mg/dl) or treatment for dysli-
pemia, low HDL cholesterol < 40 mg/dl (males) or
< 50 mg/dl (females), elevated systolic or diastolic
blood pressure (>130/85 mmHg or antihypertensive
treatment) and increased waist circumference (> 94
cm for males or > 80 cm for females).

Anthropometric Parameters and Blood
Pressure

Waist (narrowest diameter between xiphoid process
and iliac crest) and hip (widest diameter over greater
trochanters) circumferences were measured using a
non-elastic measuring tape (Omrom, California, CA,
USA). Both parameters were used to derive waist-to
hip ratio (WHR). Body weight was determined while
the subjects were minimally unclothed and not wear-
ing shoes, using digital scales (Omrom, California,
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CA, USA). Based on these parameters, body mass in-
dex was calculated with the following formula: [body
weight (kg) divided by square of height (m)]. Fat mass
was determined by impedance with an accuracy of 5 g'*
(EFG BIA 101 Anniversary, Akern, Italy). The follow-
ing equation was used: (0.756 Height?/Resistance) +
(0.110 Body mass) + (0.107 Reactance) — 5.463. Mean
systolic and diastolic blood pressures were calculated
by averaging three measurements (Omrom, California,
CA, USA), after the subjects sat for 10 minutes.

Biochemical Procedures

In order to assess lipid profile, we measured to-
tal cholesterol, HDL-cholesterol and triglyceride
levels using the COBAS INTEGRA 400 analyzer
(Roche Diagnostic, Montreal, Canada). LDL cho-
lesterol was calculated using Friedewald’s formula
(LDL cholesterol = total cholesterol-HDL choles-
terol-triglycerides/5)'¢. Glucose levels and insulin
were measured by electrochemiluminescence assay
(COBAS INTEGRA 400 analyzer, Roche Diagnos-
tic, Montreal, Canada). Based on these parameters,
homeostasis model assessment for insulin resistance
(HOMA-IR) was calculated using these values: glu-
cose x insulin/22.5"7. C-reactive protein (CRP) was
measured by immunoturbimetry (Roche Diagnos-
tics GmbH, Mannheim, Germany).

Dietary Intakes and Physical Activity

Records of daily dietary intake for 3 previous
days (2 days during the week and one during the
weekend) were recorded with a computer-based data
evaluation system (Dietosource®, Geneva, Switzer-
land). In order to calculate these parameters, nation-
al composition food tables were used as reference!®.
All subjects with a self-reported questionnaire re-
corded daily physical activity. They recorded the
daily activity in minutes per day.

Genotyping FUTZ Gene

A method based on quantitative DNA poly-
merase chain reaction (QPCR) was used to evaluate
the polymorphism rs602662 of the FUT2 gene. The
genetic material was amplified in the real time poly-
merase chain reaction with the QuantStudio 12K
Flex Real-Time qPCR instrument (Thermo Fisher,
Pittsburg, PA, USA).

DNA was isolated from buccal swabs using
QIAamp®. A total volume of 10 ul with 2.5 ul
TagMan OpenArray Master Mix (Applied Biosys-
tems, Foster City, California, CA, USA) and 2.5 pl
human DNA sample were loaded and amplified on
arrays following the manufacturer’s instructions
(Termocicler Life Technologies, Carlsbad, CA,
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Table I. Anthropometric variables and blood pressure.

Parameters e1e o4 i, p-value S s p-value
n=49 n=79 n=38 n=128 n=38
Age (years) 45.1+£3.2 44.9+1.9 45.5+2.1 0.23 45.0+4.1 45.5+2.1 0.43
Range 27-54 26-51 28-52 26-54 28-52
BMI 39.5+1.2 39.2£1.3 39.0+1.1 0.07 39.4+1.1 39.0+1.17 0.03
Weight (kg) 104.8+3.1 102.4+1.1 97.942.8%3 0.03 103.842.1 97.94+2.8" 0.02
Fat mass (kg) 50.1£2.0 49.7+1.1 46.1+2.0%8 0.03 49.8+2.1 46.1+2.0" 0.02
WC (cm) 120.7£3.1 118.2+2.0 111.8+6.1%8 0.01 119.1+4.0 111.8+£3.17 0.03
WHR 1.1£0.1 1.0+0.02 0.8+0.1%% 0.01 1.1+0.04 0.8+0.1" 0.03
SBP (mmHg) 126.8+2.8 126.5+2.1 126.9+4.1 0.43 126.742.1 126.9+4.1 0.34
DBP (mmHg) 80.4+5.0 80.243.1 80.2+4.2 0.39 80.3+4.1 80.2+4.2 0.36

BMI: body mass index DBP, diastolic blood pressure; SBP, systolic blood pressure; WC, waist circumference; WHR: waist to hip ratio.
#$p<0.05 among three genotypes with ANOVA test and Bonferroni post-hoc test. “(AA vs. GA), (AA vs. GG). "p<0.05 between geno-

types in a recessive model (GG+GA vs. AA).

USA). Genotype calling and sample clustering for
Open Array assays were performed in TagMan Gen-
otyper (Life Technologies, Carlsbad, CA, USA).
Hardy Weinberg equilibrium was calculated with
a statistical test (Chi-square). The variant of FUT2
gene was in Hardy Weinberg equilibrium (p=0.34).

Statistical Analysis

Statistical analyses were performed with the sta-
tistical software SPSS for Windows, version 23.0
software package (IBM Corp., Armonk, NY, USA).
p-values below 0.05 were considered statistically
significant. Sample size was determined to detect
differences over 3 kg of body weight with 90% pow-
er and 5% significance. Bonferroni test was applied
for multiple testing to reduce Type I error in associ-
ation analysis.

The FUT?2 rs602662 genotype was analyzed us-
ing a recessive model (GG+GA vs. AA). Descriptive
statistics of all variable values were presented as
meantstandard deviation for continuous variables.
Descriptive statistics of categorical variables were
presented as percentages. Variables were analyzed
with ANOVA test with Bonferroni post-hoc test and
Student’s #-test (for normally distributed variables)
or Kruskal-Wallis’ test (for non-normally-distribut-
ed variables). Logistic regression analyses adjusted
by age, gender and BMI were used to calculated
odds ratio (OR) and 95% confidence interval (CI) to
estimate the association between the rs602662 SNV
and the components of MS.

Results

A total of 166 Caucasian obese subjects were
enrolled. Individuals were middle-aged with an

average age of 45.3+5.1 years (range: 26-54). The
mean (BMI) was 39.2+3.1 kg/m? (range: 36.4-41.4).
Gender distribution was 119 women (71.7%) and 47
men (28.3%). The distribution of the rs602662 poly-
morphism in this Caucasian obese population was
29.5% (n=49) (GG), 47.6% (n=79) (GA) and 22.9%
(n=38) (AA). The allele frequency was G (0.60) and
A (0.40).

The averages of age and BMI were similar in
both above-mentioned genotype groups (Table I).
Mean values of age (GG+GA; 45.0+4.1 years vs.
AA; 45.5+2.1 years: ns) were similar between both
genotype groups. The ratio females/males (GG+-
GA 26.1% males vs. 73.9% females vs. AA; 19.2%
males vs. 80.8% females) was also similar.

Table I reports adiposity parameters and blood
pressure (GG+GA vs. AA). Analyzing the three
genotypes separately, weight, fat mass and waist
circumference resulted to be lower in AA subjects
than in GA or GG patients. Applying the recessive
genetic model (GG+GA vs. AA), we observed sta-
tistical differences between both genotype groups
in BMI (Delta: 0.4+0.01 kg/m* p=0.04), fat mass
(Delta: 3.7+0.3 kg: p=0.02), weight (Delta: 5.9+0.4
kg: p=0.02) and waist circumference (Delta: 7.3+0.9
cm: p=0.03).

Biochemical characteristics are shown in Table
II. Analyzing the three genotypes separately, tri-
glycerides, insulin and HOMA-IR were lower in AA
subjects than in GA or GG patients. Glucose levels
were lower in AA than in GG. Finally, HDL-choles-
terol levels were higher in AA patients than in GG or
GA patients (Table II). Applying the recessive genet-
ic model (GG+GA vs. AA), we observed statistical
differences between both genotype groups in glu-
cose (Delta: 5.5+0.4 mg/dl: p=0.04), triglycerides
(Delta: 25.9+1.4 mg/dl: p=0.01), HDL-cholester-

7171



D. de Luis, O. Izaola, D. Primo

Table Il. Biochemical parameters (mean+SD).

GG GA AA GG+GA AA
Parameters n=49 n=79 n=38 p-value =128 n=38 p-value
Fasting Glucose (mg/dl) 111.7£3.1 105.4+4.1 102.943.1° 0.04 108.4+2.1 102.9+3.1" 0.04
Total cholesterol (mg/dl) 203.7+9.8 201.6+10.1 199.4+9.1 043 202.3+11.8 199.4+9.1 0.21
LDL-cholesterol (mg/dl) 115.5+4.9 112.3+4.1 110.4+4.1 0.24 113.6+5.1 110.4+4.1 0.39
HDL-cholesterol (mg/dl) 51.3£3.0 52.7+2.1 57.9+£3.0% 0.02 52.242.1 57.9£3.0° 0.02
Triglycerides (mg/dl) 156.1£9.1 138.8+8.1 115.748.1% 0.01 140.1£11.0 115.7+8.1° 0.01
Insulin (mUI/1) 237429 20.5+1.3 16.6£2.1% 0.02 21.6+3.0 16.6£2.1° 0.02
HOMA-IR 6.4£0.9 54402 4.3+0.2 0.03 5.7£0.4 43402 0.03
CRP 4.8+0.9 4.6+0.2 4.3+0.9 0.49 4.7:0.4 4.3+0.9 043

HOMA-IR (homeostasis model assessment of insulin resistance). CRP (C reactive protein). **p<0.05 among three genotypes
with ANOVA test and Bonferroni post-hoc test . “(AA vs. GA), $ (AA vs. GG). "p<0.05 between genotypes in a recessive model

(GG+GA vs. AA).

ol (Delta: -5.7£1.2 mg/dl: p=0.02), insulin (Delta:
5.0£0.9 mUI/L: p=0.02) and HOMA-IR (Delta:
1.4£0.1 units: p=0.03).

Table III shows dietary intakes and self-report-
ed physical activity. Caloric intake, macronutrient
intake, type of dietary fat and vitamin B12 intakes
were similar in both genotypes. Physical activity
was also similar in both groups.

The percentage of individuals who had meta-
bolic syndrome (MS) was 37.8% (n=63) and 62.2%
patients without MS (n=103). The frequency of sub-
jects with metabolic syndrome and different compo-
nents of MS (central obesity, hypertriglyceridemia,
hypertension or hyperglycemia) have been reported
in Table IV. According to the results of metabolic
characteristics, the percentages of patients who had
Metabolic syndrome (OR=0.31, 95% CI=0.13-0.75;
p=0.01), central obesity (OR=0.37, 95% CI=0.03-
0.97; p=0.03), hypertriglyceridemia (OR=0.34,

Table Ill. Dietary Intakes and physical activity (mean+SD).

95% CI=0.12-0.88; p=0.02), low HDL cholesterol
(OR=0.39, 95% CI=0.09-0.94; p=0.03) and hyper-
glycemia (OR=0.36, 95% CI=0.10-0.94; p=0.02)
were lower in AA obese subjects than in GG+GA
subjects.

Logistic regression analysis showed a low risk
of metabolic syndrome cholesterol in AA subjects
(OR=0.28, 95% CI=0.11-0.71, p=0.01) after adjust-
ing by dietary fatty acid intakes, gender, BMI and
age (Table V).

Discussion

Our study identifies a relationship between FUT?2
SNV (1s602662) and adiposity markers, lipid profile,
insulin resistance and metabolic syndrome. We report
that the AA genotype is associated with lower BMI
and a better metabolic profile than G allele carriers.

GG GA AA GG+GA AA
Parameters n=49 n=79 n=3s  PVAUe  _i2g n=3g Pvalue
Calories (cal/day) 1,687.3£204.2 1,631.54200.5 1,648.5+133.5 029  1,651.5+203.5 1,648.5£133.5 028
Carbohydrates (g/day) 195.3432.1 200.2425.1 201.2429.1 0.35 199.2+19.1 201.2429.1 0.34
Proteins (g/day) 77.9£9.2 79.6+8.4 80.6+7.4 0.41 79.6+5.4 80.6+7.4 0.49
Lipids (g/day) 64.6+8.1 66.7£7.1 66.7£7.1 0.51 65.9+7.8 66.7+7.1 0,53
Fiber (g/day) 14.443.1 14.943.1 14.8+5.1 0.49 14.545.9 14.845.1 0.45
Cholesterol (mg/day) 307.6+120.1  308.7+192.8  318.1+197.8 0.29 308.1+181.8  318.1+197.8 025
Saturated fatty acids (g/day) ~ 17.5+3.1 16.8+4.1 15.942.1 0.49 17.242.9 15.942.1 0.39
Monounsaturated fatty
acids (g/day) 28.14+4.1 27.243.1 28.24+4.8 0.41 27.9+4.0 28.24+4.8 045
Polyunsaturated fatty
acids (g/day) 6.144.1 7.0£3.9 7.1432 028 6.8£3.9 7.1432 0.23
B12 vitamin (ug/day) 2.4+0.3 2.3+0.9 2.6+0.8 0.28 2.3+0.5 2.6£0.8 0.23
Physical activity
(minutes/week) 99.9+11.7 101.3£9.1 101.4+10.1 0.23 100.446.1 101.4+10.1 033

No statistical differences were found.
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Table IV. Metabolic syndrome and components of MS.

GG GA AA GG+GA AA
Parameters n=49 n=79 n=38 p-value h=128 n=38 p-value
Percentage of MetS 43.8% 43.0% 18.9% 0.02 43.3% 18.9%" 0.01
Percentage of central obesity 54.2% 51.9% 31.6%" 0.04 52.8% 31.6%" 0.04
Percentage of hypertriglyceridemia 353% 36.7% 16.2%"S 0.03 36.2% 16.2%" 0.02
Low HDL cholesterol 31.3% 34.1% 13.5%*S 0.03 33.1% 13.5%" 0.03
Percentage of hypertension 71.3% 67.1% 73.0% 0.49 72.4% 73.0% 0.65
Percentage of hyperglycemia 34.2% 27.1% 13.5%* 0.09 31.5% 13.5%* 0.02

The cutoff points for the criteria of central obesity (waist circumference >88 cm in female and >102 in male), hypertension (systolic BP
>130 mmHg or diastolic BP>85 mmHg or specific treatment), hypertriglyceridemia (triglycerides >150 mg/dl or specific treatment)
or hyperglycemia (fasting plasma glucose >110 mg/dl or drug treatment for elevated blood glucose). *$ p<0.05 among three genotypes
with ANOVA test and Bonferroni post-hoc test. “(AA vs. GA), 3(AA vs.GG). 'p<0.05 between genotypes in a recessive model (GG+GA

vs. AA).

As we previously mentioned, the FUT2 gene codes
the enzyme alpha-1,2-L-fucosyltransferase2. This gene
conditions the secretion of H antigens in the intestinal
epithelial®. Non-secretors have lower diversity of intes-
tinal microbiota’. Moreover, some observational stud-
ies?*?! have demonstrated a relationship between serum
vitamin B12 levels and elevated body mass index and
adverse metabolic profiles, such as insulin resistance and
cardiovascular disorders. Allin et al'* reported contradic-
tory results for a causal role of low serum B12 levels and
obesity. In this context, perhaps some genetic variants in
FUT?2 gene are playing an unknown effect. In this pre-
vious interesting investigation', the authors hypothesize
that genetic variant may have pleiotropic effects. For ex-
ample, the G-allele of FUT?2 genetic variant rs602662
has been associated with an increase of BMI and a de-
crease of serum vitamin B12.

According to literature, homozygous carriers
(AA) are non-secretors and they could theoretically
modulate the composition of gut microbiota. For ex-
ample, these subjects have been reported to be resis-
tant to colonization and infection with Norovirus or
Helicobacter Pylori**®. Possibly, the lack of blood
group antigens on the intestinal mucosa may inhibit
the infectious potential of some pathogenic bacte-
ria. Moreover, some investigations?** have found
a link between microbiota and the human obesity.
For example, it has been reported® that germ-free
mice are leaner than normal mice and that transplan-
tation of germ-free mice with microbiota resulted in
an increased total body fat. In our present study, the

low weight and fat mass observed among AA obese
subjects of FUT2 rs602662 may be explained by the
lack of expression of these blood group antigens in
the gastrointestinal tract, and a later decreased cross
talk with commensal microbes. Secondarily, this
decrease in fat mass would generate a decrease in
insulin resistance and free fatty acids levels into the
bloodstream. These facts would avoid the elevation
of triglyceride levels and a decrease in HDL-cho-
lesterol. All these parameters are components of
patients with metabolic syndrome. The association
between FUTZ2 gene variants and anthropometric
parameters has also been described®” in patients un-
dergoing bariatric surgery. In a study?’ about bariat-
ric surgery, GG carriers of the FUT2 gene rs601338
showed a correlation between waist-hip ratio and
propionate concentrations and some microbes in the
gut. These high concentrations of propionate among
GG@ carriers may be used as a source of energy for the
patients. This positive energy balance may be relat-
ed to waist circumference as an indicator of visceral
fat mass. In our present study, there was a significant
decrease in total fat and visceral fat determined by
waist circumference and waist to hip ratio in obese
patients with AA genotype, regardless of dietary in-
take, which was similar in both groups. However,
we did not determine the microbiota or the produc-
tion of short-chain fatty acids. We hypothesized an
increased production of short-chain fatty acids and
their use as a source of energy with a secondary in-
crease of fat mass. This increase in the amount of fat

Table V. Relation between AA genotype and metabolic syndrome.

Odds Ratio Cl 95% p-value
Crude odds ratio 0.31 0.13-0.75 0.01
Adjusted odds ratio by dietary fatty acid intakes, gender, BMI and age 0.28 0.11-0.71 0.01
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mass could produce insulin resistance. A second hy-
pothesis is that short-chain fatty acids can stimulate
weight gain and adipogenesis by binding to FFAR3
and FFAR? (free fatty acid receptor)®.

Limitations

Several limitations should be considered when
evaluating our findings. Firstly, the study has been de-
signed for Caucasian obese subjects aged 26-54 years,
so the data are not generalizable to the entire popula-
tion. Secondly, the microbiota determination in our pa-
tients was absent. Thirdly, the study was designed as a
cross sectional study, therefore we cannot provide cau-
sality. Finally, circulating levels of vitamin B12 have
not been determined, in order to study the effect of this
genetic variant on its levels and potential interactions.

Conclusions

This study can confirm that the AA genotype of
FUT?2 15602662 is associated with lower BMI and a
better metabolic profile than GG+GA genotypes. This
fact produces a lower percentage of metabolic syn-
drome in non-G allele carriers. Further investigations
are needed to confirm this association, especially be-
cause the GG+GA carriers have a higher cardiovascu-
lar risk and would also need more intensive treatment
for their obesity and metabolic syndrome.
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