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Abstract

The LEPR (leptin receptor) genotype is associated with obesity. Gut microbiome composition differs between obese and non-
obese adults. However, the impact of LEPR genotype on gut microbiome composition in humans has not yet been studied. In
this study, the association between LEPR single nucleotide polymorphism (rs1173100, rs1137101, and rs790419) and the gut
microbiome composition in 65 non-obese Korean adults was investigated. Leptin, triglyceride, low-density lipoprotein cholesterol,
and high-density lipoprotein cholesterol levels were also measured in all participants. Mean + SD (standard deviation) of age,
body mass index, and leptin hormone levels of participants was 35.2 + 8.1 years, 21.4 + 1.8 kg/m?, and 7989.1 + 6687.4 pg/mL,
respectively. Gut microbiome analysis was performed at the phylum level by 16S rRNA sequencing. Among the 11 phyla detected,
only one showed significantly different relative abundances between LEPR genotypes. The relative abundance of Candidatus
Saccharibacteria was higher in the G/A genotype group than in the G/G genotype group for the rs1137101 single nucleotide
polymorphism (p=0.0322). Participant characteristics, including body mass index, leptin levels, and other lipid levels, were similar
between the rs1137101 G/G and G/A genotypes. In addition, the relative abundances of Fusobacteria and Tenericutes showed
significant positive relationship with plasma leptin concentrations (p=0.0036 and p=0.0000, respectively). In conclusion, LEPR
genotype and gut microbiome may be associated even in normal-weight Korean adults. However, further studies with a greater
number of obese adults are needed to confirm whether LEPR genotype is related to gut microbiome composition.
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INTRODUCTION fied as obese, according to which the obesity rate in Korean
men was 6.2% in 2019, which is very low compared to that in
Obesity is an important risk factor of ischemic heart dis- Western developed countries. The obesity rates among men
ease, stroke, diabetes, hypertension, dyslipidemia, muscu- in 2019 were 43.5% in the US, 26.7% in Canada, 31.5% in
loskeletal disorders, and various cancers. An increase in the Australia, 27.0% in the UK, 18.1% in Germany, and 13.5%
prevalence of obesity leads to an increase in various comor- in France. The obesity rate among Korean women was 5.5%
bidities and the socioeconomic burden on the country (Trem- in 2019, which is much lower than that in Western countries
mel et al., 2017). The obesity rate in the Korean population (OECD, 2021). Obesity is a structural phenomenon that occurs
(the proportion of the population aged 19 years or older with a in tandem with economic development and lifestyle changes.
body mass index (BMI) of 25 kg/m? or more) has been main- Therefore, its incidence is likely to increase in the future.
tained at approximately 34% since 2015 but has increased by LEPR gene encodes leptin receptor protein. It is located
4.5% from 2019 to 38.3% in 2020 (Korea National Statistical on human chromosome 1p31.3 (Vauthier et al., 2012). Leptin
Office, 2023). Globally, a BMI exceeding 30 kg/m? is classi- receptor plays a crucial role in the binding and signaling of
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the leptin hormone. LEP gene encodes leptin hormone and is
located on human chromosome 7932.1 (Manju et al., 2022).
Leptin acts as a signaling molecule that regulates energy bal-
ance, appetite, and metabolism (Zhang and Scarpace, 2006).
Genetic variations in these genes can cause disorders such
as leptin receptor deficiency or congenital leptin deficiency.

Several previous studies have investigated the correlation
between LEPR single nucleotide polymorphisms (SNPs) and
obesity. Part et al. reported that K109R among LEPR SNPs
was correlated with BMI in 1,463 Koreans (Park et al., 2006).
They sequenced the LEPR gene to identify polymorphisms in
potential candidate genes associated with obesity and type 2
diabetes mellitus in Koreans. Among the 11 polymorphisms,
only K109R in exon 3 showed a marginal association with BMI
(p=0.02). S343S in exon 8 needed additional research to con-
firm association with BMI (p=0.05). In a multiracial Malaysian
population, the K109R and Q223R variants were correlated
with BMI (Fan and Say, 2014). Fan and Say (2014) investi-
gated the association of LEP SNP (A19G and G2548A) and
LEPR SNP (K109R and Q223R) prevalence with fasting plas-
ma leptin hormone concentrations and obesity in the Malay-
sian suburban population of Kampar. Participants with LEPR
K109 and Q223 alleles had significantly high systolic blood
pressure and adiposity indices after ethnicity adjustment. That
is, when the BMI was higher, the total body fat and subcuta-
neous fat amounts were higher, and the skeletal muscle ra-
tio was lower. Participants with LEPR 109R allele had lower
plasma leptin levels than those with the wild-type allele. Fan
and Say (2014) reported that several SNPs of LEP and LEPR
contribute to minor but significant changes in obesity-related
characteristics. In addition to race, LEPR K109R and Q223R
were correlated with birth weight in a twin study (Souren et
al., 2008). In addition, the interaction between the two SNPs
was statistically significant (p=0.014). Based on the proceed-
ing studies mentioned above, rs1173100 (K109R), rs1137101
(Q223R), and rs790419 (S343S) were selected for exploration
in this study.

Several studies have reported that LEP and LEPR have
specific effects on the composition of gut microbiota (Duranti
et al., 2017). According to Raniji et al. (2019), the oral intake
of Lactobacillus acidophilus and Bifidobacterium bifidum re-
duces leptin receptor gene expression in mouse rectal cancer
cells (Ranji et al., 2019). In another study, LEPR loss in obese
rats increased the abundance of Halomonas and Sphingomo-
nas species and decreased the abundance of Bifidobacterium
species in the fecal microbiome (Waldram et al., 2009).

However, no studies have been conducted to examine the
correlation between LEPR genotypes and the gut microbiome
composition in humans. Therefore, the objective of this study
was to investigate whether there are differences in the com-
position of the gut microbiota based on the LEPR genotype
among normal-weight healthy Koreans.

MATERIALS AND METHODS

The study protocol and informed consent forms were ap-
proved by the Institutional Review Board of Chungnam Na-
tional University Hospital (IRB number: CNUH 2022-07-043).
All procedures were performed in compliance with the Korean
Good Clinical Practice Guidelines and the Declaration of Hel-
sinki. Written informed consent was obtained from all partici-
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pants before participating in the study. This study was con-
ducted at the Clinical Trials Center of the Chungnam National
University Hospital (Daejeon, Korea).

Study design

This study was a prospective, descriptive, single-center,
observational study. Each participant was provided with a
stool collection kit during the screening visit. Participants who
successfully passed the screening visited the study site once
to submit their stool and blood samples to the investigators.
Blood samples were collected to analyze the genotype of
the leptin receptor, measure leptin hormone concentration,
and assess the lipid panel, which included triglyceride (TG),
low-density lipoprotein cholesterol (LDL-C), and high-density
lipoprotein cholesterol (HDL-C) levels. Throughout the study
period, all participants were allowed to restrict their alcohol
consumption.

Study population

The study included only eligible volunteers who were
healthy, normal-weight Korean adults. The inclusion crite-
ria were as follows: between 19 and 50 years of age and a
BMI ranging from 18.0 to 25.0 kg/m?. Male participants had to
weigh at least 55.0 kg, while female participants had to weigh
at least 45.0 kg. Participants who had been administered an-
tibiotics within one month prior to the screening date were ex-
cluded. The health status of each participant was assessed
through a physical examination, measurements of vital signs,
and clinical laboratory tests.

Gut microbiome analysis with stool samples

Stool samples were collected using a stool collection kit
(NBgene-GUT kit; Noble Biosciences, Seoul, Korea) contain-
ing preservatives. They were kept frozen below —70°C until
analysis proceeded.

Gut microbiome analysis was conducted using 16S ribo-
somal RNA (rRNA) sequencing performed by GC Genome.
Upon the arrival of the samples, DNA was immediately ex-
tracted using a Chemagic DNA Stool Kit (PerkinElmer, MA,
USA), which included a modified bead-beating pretreatment
step. Each sample was then aliquoted into a bead tube (Lys-
ing Matrix E; MP Biomedical, CA, USA) and homogenized for
1 min using a Fastprep-24 homogenizer. The V4 hypervari-
able region of the 16S rRNA gene was amplified using the
NEXTflex 16S V4 Amplicon-Seq Kit (BioO Scientific, Austin,
TX, USA). The amplified DNA was subsequently sequenced
using the lllumina MiSeq Reagent Kit v2 (500 cycles) (lllumi-
na, CA, USA) following the manufacturer’s protocol.

At least 20,000 reads were obtained for each sample. Se-
quence reads were analyzed using the QIIME 2 framework
(Bolyen et al., 2019). The demultiplexed and primer-trimmed
data were quality-filtered and denoised using the DADA2 plu-
gin (Callahan et al., 2016). To ensure robust data analysis,
amplicon sequence variants (ASVs) that had fewer than 10
reads or were found in only one sample were excluded from
the analysis. Each remaining ASV was assigned a taxonomic
classification using naive Bayes machine-learning taxono-
my classifiers available in the g2-feature-classifier software
(Bokulich et al., 2018). The classifiers were trained using the
NCBI refseq database, enabling accurate taxonomic assign-
ment of the ASVs.
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62.9 + 19.6
108.3 + 38.6

67.8 £19.5 73.5+19.0 70.6 £ 14.0 742 +17.7
104.4 +28.8 96.9 + 23.6 102.3 + 26.6

109.5+25.5

76.6 £18.8
105.5 + 30.3

74.8 £16.1

729 +£18.1

HDL-C (mg/dL)
LDL-C (mg/dL)

93.1+21.8

102.9+27.8

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Data presented as mean + standard deviation.
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Leptin receptor genotyping

Genomic DNA was isolated using a QlAamp DNA Blood
Mini Kit (Qiagen GmbH, Hilden, Germany) according to the
manufacturer’s instructions. LEPR rs790419 SNP in 65 par-
ticipants was genotyped via polymerase chain reaction (PCR)
amplification and direct sequencing. The forward primer was
5'-TCCAAACAAGACAATAGCGGC-3', and the reverse primer
was 5-CCTCGAGGTTTGGTTTCATTCA-3". The PCR prod-
ucts (674 bp) were sequenced using the same PCR primers.
LEPRrs1173100 and rs1137101 SNPs in 65 participants were
genotyped using the Applied Biosystems (MA, USA) TagMan
SNP Genotyping Assay with predesigned primer/probe sets
(C_7586955 10 and C_8722581_10, respectively). PCR was
performed using the StepOnePlus Real-time PCR System
(Applied Biosystems) according to the following conditions:
one cycle at 95°C for 10 min and 45 cycles at 92°C for 15 s
and 60°C for 90 s.

Leptin hormone measurement

To measure the leptin hormone levels, the collected blood
samples were centrifuged at 3,000 rpm for 10 min at 4°C. Fol-
lowing centrifugation, 1 mL of the resulting plasma was im-
mediately transferred into Eppendorf tubes, which were then
stored at —70°C until further analysis. The measurement of
leptin hormone levels was performed using an enzyme-linked
immunosorbent assay (ELISA) using Human Leptin Immu-
noassay Kit from R&D Systems® (MN, USA). An absorbance
microplate reader (VersaMax, Molecular Devices, LLC., CA,
USA) was used to read and quantify the absorbance values.
The analysis was carried out by GCCL Co., Ltd (Yongin, Ko-
rea).

Lipid panel analysis

The lipid panels included TG, LDL-C, and HDL-C. Serum
samples were collected at the clinical laboratory of the Chun-
gnam National University Hospital according to the institu-
tion’s standard operating procedure.

Statistical analysis

All statistical analyses were conducted using GraphPad
Prism software version 9.5.1 for Windows 64-bit (GraphPad
Software, La Jolla, CA, USA). Significance was set at p<0.05.

For the comparison of three groups, one-way analysis of
variance (ANOVA) with Tukey’s multiple comparison test was
utilized. When there were five or fewer non-zero values and
only two comparison groups, the Mann-Whitney test was em-
ployed. Otherwise, unpaired t-tests with Welch’s correction
were conducted. Correlation analysis was performed using
Pearson’s correlation coefficient (r) to assess the strength and
direction of correlations between variables.

RESULTS

Participants’ characteristics and LEPR genotypes

A total of 65 participants were enrolled in this clinical study
(Table 1), including 7 male and 58 female participants. Mean
+ SD (standard deviation) of age, BMI, leptin hormone levels,
TG levels, HDL-C levels, and LDL-C levels of all participants
was 35.2 + 8.1 years, 21.4 + 1.8 kg/m?, 7989.1 + 6687.4 pg/
mL, 101.4 + 75.7 mg/dL, 72.9 + 18.1 mg/dL, and 102.9 + 27.8
mg/dL, respectively. The normal ranges of TG, HDL-C, and



LDL-C levels are 45-150 mg/dL, <40 mg/dL, and 0-140 mg/

dL, respectively.
There were 17, 37, and 11 participants in

G/G, GI/A, and A/A genotype groups, respectively. For
rs1137101, 52 participants had the G/G genotype, and 13 par-

ticipants had the G/A genotype. None of the p

the A/A genotype. For rs790419, 58 participants had the T/T
genotype, and 7 participants had the T/C genotype. None of
the participants had the C/C genotype. When the participants’
characteristics were classified by LEPR genotype, there were

no significant differences.

Gut microbiome composition

The mean + SD Shannon diversity (alpha diversity) of the
gut microbiome in all participants was 5.38 +
from 4.19 to 6.13. The relative abundance (RA) of the gut mi-

crobiota at the phylum level was calculated an

Proteobacteria
2.44%
Verrucomicrobia
0.81%
Fusobacteria Actinobacteria

| Others

Bacteroidetes
Firmicutes 30.17% Tenericutes 0.04%

60.42%

Fig. 1. The average phylum distribution of the gut microbiome in

non-obese Korean adults (N=65).

Bacteroides coprocola
Blautia obeum
Ruminococcus gnavus
Megamonas funiformis
Bifidobacterium longum
Ruminococcaceae spp.
Dorea longicatena
Eubacterium hallii
Bacteroides uniformis
Bacteroides fragilis
Lachnospiraceae spp.
Ruminococcus bromii
Roseburia faecis
Clostridium XIVa spp.

Species

Spirochaetes 0.08%
Lentisphaerae 0.04%

Synergistetes 0.01%
Candidatus Saccharibacteria 0.0006%
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all participants. The results are presented in Fig. 1. A total of
eleven phyla were detected in the gut microbiome: Firmicutes,
Bacteroidetes, Actinobacteria, Proteobacteria, Verrucomicro-
bia, Fusobacteria, Spirochaetes, Lentisphaerae, Tenericutes,
Synergistetes, and Candidatus Saccharibacteria. The mean
RA of these phyla was as follows: Firmicutes, 60.42%; Bacte-
roidetes, 30.17%; Actinobacteria, 5.83%; and Proteobacteria,
2.44%. The remaining phyla had a mean RA of less than 1%.

The RAs at the species level were averaged and plotted
(Fig. 2). Data are shown only when the mean percentage is
greater than 1%. A total of 23 species were identified. The
three species with the highest RA were Prevotella copri, Fae-
calibacterium prausnitzii, and Blautia spp. It should be noted
that “spp.” refers to multiple species within the genus Blautia.
Among these species, Bacteroides plebeius had the third-
highest RA. However, the exact species represented by “spp.”
could not be determined due to technical limitations.

the rs1173100

articipants had

0.59, ranging
d averaged for

Association between LEPR SNP and gut microbiome
ANOVA or an unpaired t-test was performed for each LEPR
SNP (rs1173100, rs1137101, and rs790419) and the RA of 11
phyla. Only Candidatus Saccharibacteria showed statistically
significant differences between the rs1137101 G/G and G/A
genotypes in healthy non-obese Korean adults (Fig. 3).

Association between leptin hormone concentration and
gut microbiome

Pearson’s r was calculated for the RA of the 11 phyla and
leptin concentrations. The RA of Fusobacteria and Tenericutes
showed a statistically significant positive correlation with leptin
concentration (Fig. 4). Other phyla did not show significant
correlations.

Relative abundance association between each phylum
Pearson’s r was calculated to determine whether there was

an association between the RA of each phylum in non-obese

Korean adults (Fig. 5). The RAs of Firmicutes and Bacteroide-

Blautia luti

Fusicatenibacter saccharivorans
Anaerostipes hadrus
Bacteroides plebeius
Bifidobacterium spp.
Bacteroides spp.

Blautia spp.
Faecalibacterium prausnitzii

Prevotella copri

1 8.7002

20 25

Mean percentage (%)

Fig. 2. The average species distribution of the gut microbiome in non-obese Korean adults, based on species with a mean percentage

above 1% (N=65).
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tes were negatively correlated with each other (r=—0.77). The
RAs of Synergistetes positively correlated with that of Lenti-
sphaerae (r=0.54), and the RA of Fusobacteria positively cor-
related with that of Tenericutes (r=0.50).

Association between lipid panels

Pearson’s r was calculated to explore the association
among LDL-C, HDL-C, and TG levels in non-obese Korean
adults (Fig. 6). HDL-C levels negatively correlated with both
LDL-C and TG levels (r=—0.20 and —0.46, respectively). LDL-
C and TG levels were positively correlated with HDL-C levels
(r=0.42).

DISCUSSION

This study is the first to explore the correlations between
LEPR SNPs, leptin concentration, and gut microbiome com-
position in non-obese Korean adults. This study is an inter-
section of genomics and microbiology. A healthy, non-obese
Korean adult cohort was recruited. This cohort information can
be used in future studies.

Candidatus Saccharibacteria is a gram-positive, uncultivat-
ed bacterium. It is mainly associated with mild-to-severe peri-
odontitis (McLean et al., 2020). The RA of Candidatus Sac-
charibacteria was higher in LEPR rs1137101 heterozygous
(G/A) individuals than in those with other genotypes. Some
studies have reported that rs1137101 A allele carriers have a
higher BMI than do G allele-only carriers (Kang et al., 2014;

p=0.0322
< 0020+ X
3
€ 0.015-
(]
B
3 00101
()]
2 0.005-
©
[
o e
GG GIA

rs1137101 genotype

Fig. 3. Comparison of relative abundance of Candidatus Sacchari-
bacteria according to LEPR rs1137101 genotype (Mann-Whitney
test).
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El Fessikh et al., 2022). However, no previous studies have
investigated whether rs1137101 A allele carriers are more
likely to harbor Candidatus Saccharibacteria than are carriers
of other genotypes. Candidatus Saccharibacteria has been
reported to be strongly associated with all obesity markers,
including BMI, weight, fat mass, lean mass, waist circumfer-
ence, and lipid accumulation (Gomes et al., 2020). Based on
these facts, the RA of Candidatus Saccharibacteria may be
higher in the gut microbiome of obese Korean adults with the
rs1137101 A allele than in that of those with other genotypes.

Fusobacteria abundance is well known to be increased
in the gut microbiome of patients with colon cancer (King et
al., 2020), with Fusobacterium nucleatum being the most im-
portant species (Abed et al., 2020). Furthermore, the RA of
Fusobacteria was found to be significantly higher in obese
Japanese individuals than in lean Japanese individuals (An-
doh et al., 2016). Leptin level is well-known to be elevated
in the obese population (Obradovic et al., 2021). Leptin is
secreted by fat cells, and many obese individuals exhibit re-
duced leptin sensitivity. The Fusobacterial virulence gene,
Fusobacterium adhesin A (FadA), promotes the gastrointes-
tinal translocation of Fusobacterium (Wang and Fang, 2022).
If FadA-induced changes in gut permeability occur, there is a
possibility that the hypothalamus detects these changes and
influences leptin receptor and leptin levels. Leptin receptors
are expressed in various tissues’ cell membranes, but they are
most abundantly expressed in hypothalamic neurons. The hy-
pothalamus is responsible for regulating bodily homeostasis,
including hunger, body temperature, sleep, and more (Hajda-
rovic et al., 2022). Our study showed that higher leptin levels
were correlated with a higher RA of Fusobacteria, even when
the BMI was within the normal range. Whether the cause of
obesity is high leptin levels or high RA of Fusobacteria is cur-
rently unknown. However, simultaneously targeting both leptin
and the gut microbiome for obesity treatment may be effective
for weight loss.

Tenericutes have yet to be reported for their association
with human obesity. However, several studies have reported
that the RA Tenericutes in the animal gut microbiome is cor-
related with obesity or leptin concentration (Pedersen et al.,
2013; Huang et al., 2020). The RA of Tenericutes is found to
be significantly decreased in metabolically unhealthy obese
Chinese children compared to that in healthy normal-weight
Chinese children (Yuan et al., 2021). We found no reports
demonstrating a direct relationship between RA of Tenericutes
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Fig. 4. Association between leptin concentration and relative abundance of Fusobacteria (A) and Ternericutes (B) in non-obese Korean
adults. Each black circle in the graph represents an individual participant (N=65).
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Fig. 6. Association between low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol (HDL-C), and triglyc-

eride levels in non-obese Korean adults (N=65).

and obesity in adults. However, the RA of Tenericutes tends
to be low in the gut microbiome of healthy adults (Panta and

Dasb, 2022).

In this study, we explored the correlation among the RA of

gut microbes to infer the type of interaction among gut mi-
crobes inside the human gut. Little is known about how the gut
microbiome interacts with or affects the human host or other
microbes (D’Argenio and Salvatore, 2015; Gao et al., 2017).
It has been reported that the LEPR rs1137101 variant

151

is associated with several disease. The G/G genotype of
rs1137101 is known to have a higher risk of obesity compared
to the A/G or A/A genotypes (Mahmoudi et al., 2016). Male
multiple sclerosis patients with the G allele had higher multiple
sclerosis severity scores compared to female patients (Koli¢ et
al., 2021). In addition, it has been suggested that the genetic
variation of rs1137101 is associated with the pathophysiol-
ogy of both obesity and knee osteoarthritis in Egyptian female
patients (Abdel-Rahman et al., 2020). While there have been
reports linking rs1137101 to various conditions, no definitive
causal relationship with any specific disease has been estab-
lished yet. However, there is a substantial amount of research
suggesting its association with obesity. In this study, demon-
strating the association between rs1137101 genotype and
Candidatus Saccharibacteria may contribute to mechanisti-
cally explaining the effects of LEPR SNPs on the human body.

HDL-C levels negatively correlated with both LDL-C and TG
levels. This is consistent with the results of previous studies
(Assmann and Schulte, 1992; Jungner et al., 1992; Choi et
al., 2003). The primary focus of our study is that it specifically
targeted normal-weight healthy Korean adults, as opposed to
individuals who are obese. Hence, our findings suggest that
even non-obese individuals need to manage their blood lipid
levels steadily.

This study has several limitations. First, the number of par-
ticipants was insufficient to detect the recessive genotype of

www.biomolther.org



Biomol Ther 32(1), 146-153 (2024)

LEPR. None of the participants harbored the A/A genotype
of rs1137101 or the C/C genotype of rs790419. Second, al-
most all the participants were female, and the male-to-female
ratio was not representative of the general population. Third,
the participants were healthy, non-obese adults. As LEPR is
closely related to obesity, further studies should be conducted
on obese Korean adults. Fourth, as this study was essential-
ly a cohort study, only cross-sectional correlations between
genotypes, leptin level and the RA of gut microbiota could be
observed. Additionally, due to large variations in the RA of gut
microbiota among individuals, it was challenging to provide
integrated interpretation.

In conclusion, associations between LEPR SNP and the
gut microbiome composition and between leptin concentration
and gut microbiome composition were found in non-obese
Korean adults. If consistent results are obtained in follow-up
studies targeting obese Korean adults, this concept could be
applied to the treatment of obesity.
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