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Metabolic diseases such as diabetes, obesity and
dyslipidemia progress to atherosclerotic vascular
diseases unless they are well controlled. Main risk factors
of these diseases are life style of food intake and exercise,
environment before and after birth and genetic
background. One of an important environmental factor is
physical or psychosocial stress. Stress response is
dependent on each individual with different genetic
background.

Representative stress response is a stimulation of
hypothalamic-pituitary-adrenal axis. Glucocorticoid from
adrenal cortex is well known to enhance visceral obesity,
and induces a variety of gene expression in the early
differentiation of adipocytes by the study using
microarray [1]. Among these molecules, defective
adipocyte differentiation in CCAAT/enhancer-binding
protein & (C/EBP- §8) knockout mice suggested that
C/EBP- & was important for the early differentiation of
adipocytes [2]. We examined the association of C/EBP- §
single nucleotide polymorphisms (SNPs) and metabolic
parameters [3]. Participants were 172 healthy subjects
(male 52) with mean age 59.3, BMI 22.8 kg/m?, fasting
plasma glucose (FPG) 103 mg/dl, triglyceride (TG) 119
mg/dl, HDL-C 65.5 mg/dl, and total cholesterol 221
mg/dl. Minor allele frequency of C/EBP- 6 SNPs rs15955
and rs5030976 were more than 5 % in Japanese
population. SNP rs15955 C/T was significantly and
independently attributable to hypertriglyceridemia (>150
mg/dl) with odds ratio 3.003 (95 % CI; 1.057-8.532)
(P=0.039) and to high FPG (>110 mg/dl) with 3.02 (95 %
CL; 1.092-9.058) (P=0.034) assessed by logistic regression
analysis. On the other hand, no association was noted
between SNP rs5030976 and metabolic parameters. The
mechanism underlying the association between rs15955
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SNP and metabolic parameters remained unknown. SNP
rs15955, located on the coding region, was not the cause
of amino acid substitution.

The other important stress response is a stimulation of
sympathetic neuron or adrenal medulla. Not only
catecholamine but also neuropeptide Y (NPY) is secreted
from sympathetic nerve terminal in response to stress. It
is well known that food intake is stimulated by NPY
through NPY Y1 receptor [4]. Kuo et al. have reported that
NPY causes metabolic syndrome through NPY Y2 receptor
(Y2R)in rodents under stress and high caloric diet [5]. We
examined the association of Y2ZR SNPs and metabolic
parameters. Participants were 317 healthy subjects (male
98) with mean age 61.3, BMI 22.7 kg/m?, FPG 93.4 mg/d],
plasma TG 105 mg/dl, HDL-C 64.8 mg/dl, and LDL-C 131
mg/dl. Y2ZR SNPs rs6857715 and rs56857530 had minor
allele frequency more than 5 %, located on promoter
regions and had evidences of associations with metabolic
disease such as obesity, so these SNPs were selected to
study the association with metabolic parameters.

Plasma HDL-C levels were significantly different in
subjects with each SNP rs6857530; GG<GA<AA or
rs6857715; TT<TC<CC [6].

In order to know the underlying mechanism, we
constructed pGL3-basic plasmid containing YZR gene
promoter with rs6857530GG+rs6857715TT (G+T) or
rs6857530AA+ 1s6857715CC (A+C) [7]. Luciferase
activity of (G+T) was detected in human hepatoma cell
line HepG2, but not in macrophages that were
differentiated from human acute monocytic leukemia cell
line THP-1, adipocytes that were differentiated from
mouse 3T3-L1, and human umbilical vein endothelial cell
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line HUEhT-1. Luciferase activity of (A+C) was slightly
detected in macrophages but not in the other cells
described above. The around sequence of rs6857530G
than rs6857530A was similar to the consensus sequence
of SP1; stress-responsive transcription factor. Therefore,
electro-mobility shift assay was carried out after binding
the nuclear extracts of HepG2 cells and the florescence-
labeled oligonucleotide containing rs6857530G or
rs6857530A. The specific shifted band was noted when
oligonucleotide with SNP G but not A was used. Taken
together, it was speculated that this nucleotide with SNP
G bound to the activator of YZR gene transcription in
HepG2 cells, thereby causing SNP- and cell type-
dependent YZR gene transcription.

Y2R SNPs of HepG2 cells were rs6857530G/A and
rs6857715T/C by direct sequencing. Therefore, we tested
the effect of potent Y2R antagonist BIIE0246 on gene
expressions in HepG2 cells [8]. By using real time PCR,
BIIE0246 failed to change apolipoprotein A1 (ApoA1l) and
ApoA1l binding protein mRNA levels. BIIE0246 tended to
inhibit cholesterol ester transfer protein (CETP),
scavenger receptor-B1 (SR-B1) and hepatic lipase mRNA
levels, although the difference was not statistically
significant. By using microarray, BIIE0246 up-regulated
743 transcripts and down-regulated 492 transcripts.
BIIE0246-upregulated genes were significantly involved
in 11 gene ontology including 3 biological processes;
chylomicron remodeling, negative regulation of
cholesterol transport, and negative regulation of sterol
transport (P<0.001). BIIE0246-upregulated genes were
also significantly involved in 22 pathways including lipid
metabolism (P=0.0048). BIIE0246-downregulated genes
were significantly involved in 44 pathways including
sterol responsive element binding protein signaling
(P<0.01). These data supported not only the association
but also causal relation between YZR gene SNPs and
plasma HDL-C levels. Although the quality rather than
quantity of HDL is recently known to be important for
cardiovascular disease prevention [9], more selective Y2R
antagonist might be a candidate drug for dyslipidemia in
subjects with specific Y2R SNPs under stress.

Acknowledgement

This study is supported in part by JSPS KAKENHI Grant
Number JP 18590997, 25504009, 16K00860.

Diabetes and Obesity International Journal

References

1. Burton GR, Guan Y, Nagarajan R, McGehee RE ]r
(2002) Microarray analysis of gene expression during
early adipocyte differentiation. Gene 293(1-2): 21-31.

2. Tanaka T, Yoshida N, Kishimoto T, Akira S (1997)
Defective adipocyte differentiation in mice lacking the
C/EBP  and/or C/EBPS gene. EMOBO | 16(24):
7432-7443.

3. Kaji H, Fukano C, Kimura Y, Takiguchi E, Tanida K
(2008) Genetic variations at the CCAAT/Enhancer-
binding protein delta is associated with metabolic
phenotypes in the Japanese population. Metab Syndr
Relat D 6(1): 24-31.

4. Kaji H (2013) Neuropeptide Y and its receptors:
molecular structure and pathophysiological role in
food intake and energy homeostasis. In: Parker SL
(Ed), Neuropeptide: molecular structure, role in food
intake and direct/indirect effects (Chapter 3). Nova
Science Publishers, Inc. New York, USA, pp 39-82.

5. Kuo LE, Kitlinska B, Tilan JU, Li L, Barker SB, et al.
(2007) Neuropeptide Y acts directly in the periphery
on fat tissue and mediates stress-induced obesity and
metabolic syndrome. Nat Med 13(7): 803-811.

6. Takiguchi E, Fukano C, Kimura Y, Tanaka M, Kaji H
(2010) Variation in the 5’-flanking region of the
neuropeptide Y2 receptor gene and metabolic
parameters. Metabolism 59(11): 1591-1596.

7. Okada M, Nagai M, Hamaue A, Mori M, Kaji H (2015)
Single nucleotide polymorphism- and cell type-
dependent gene expression of neuropeptide Y2
receptor. Integr Mol Med 2(4): 251-255.

8. Kaji H, Okada M, Hamaue A, Mori M, Nagai M (2016)
Blockade of the neuropeptide Y Y2 receptor with the
potent antagonist BIIE0246 regulates
expression levels in the lipid metabolic pathways in
human hepatoma cell line HepG2. Integr Mol Med
3(2): 576-582.

9. Kaji H (2013) High-density lipoproteins and the
immune system. ] Lipids 2013: 684903.

Hidesuke Kaji, Metabolic Parameters and Polymorphisms of Stress-related

Genes. Diabetes Obes Int ] 2016, 1(2): 000109.

Copyright© Hidesuke Kaji

gene


http://www.ncbi.nlm.nih.gov/pubmed/12137940
http://www.ncbi.nlm.nih.gov/pubmed/12137940
http://www.ncbi.nlm.nih.gov/pubmed/12137940
http://europepmc.org/articles/PMC1170343
http://europepmc.org/articles/PMC1170343
http://europepmc.org/articles/PMC1170343
http://europepmc.org/articles/PMC1170343
http://www.ncbi.nlm.nih.gov/pubmed/18370833
http://www.ncbi.nlm.nih.gov/pubmed/18370833
http://www.ncbi.nlm.nih.gov/pubmed/18370833
http://www.ncbi.nlm.nih.gov/pubmed/18370833
http://www.ncbi.nlm.nih.gov/pubmed/18370833
https://www.researchgate.net/publication/287291935_Neuropeptide_y_and_its_receptors_Molecular_structure_and_pathophysiological_role_in_food_intake_and_energy_homeostasis
https://www.researchgate.net/publication/287291935_Neuropeptide_y_and_its_receptors_Molecular_structure_and_pathophysiological_role_in_food_intake_and_energy_homeostasis
https://www.researchgate.net/publication/287291935_Neuropeptide_y_and_its_receptors_Molecular_structure_and_pathophysiological_role_in_food_intake_and_energy_homeostasis
https://www.researchgate.net/publication/287291935_Neuropeptide_y_and_its_receptors_Molecular_structure_and_pathophysiological_role_in_food_intake_and_energy_homeostasis
https://www.researchgate.net/publication/287291935_Neuropeptide_y_and_its_receptors_Molecular_structure_and_pathophysiological_role_in_food_intake_and_energy_homeostasis
https://www.researchgate.net/publication/287291935_Neuropeptide_y_and_its_receptors_Molecular_structure_and_pathophysiological_role_in_food_intake_and_energy_homeostasis
http://www.ncbi.nlm.nih.gov/pubmed/17603492
http://www.ncbi.nlm.nih.gov/pubmed/17603492
http://www.ncbi.nlm.nih.gov/pubmed/17603492
http://www.ncbi.nlm.nih.gov/pubmed/17603492
http://www.ncbi.nlm.nih.gov/pubmed/20359722
http://www.ncbi.nlm.nih.gov/pubmed/20359722
http://www.ncbi.nlm.nih.gov/pubmed/20359722
http://www.ncbi.nlm.nih.gov/pubmed/20359722
http://www.oatext.com/pdf/IMM-2-150.pdf
http://www.oatext.com/pdf/IMM-2-150.pdf
http://www.oatext.com/pdf/IMM-2-150.pdf
http://www.oatext.com/pdf/IMM-2-150.pdf
http://www.oatext.com/pdf/IMM-3-207.pdf
http://www.oatext.com/pdf/IMM-3-207.pdf
http://www.oatext.com/pdf/IMM-3-207.pdf
http://www.oatext.com/pdf/IMM-3-207.pdf
http://www.oatext.com/pdf/IMM-3-207.pdf
http://www.oatext.com/pdf/IMM-3-207.pdf
http://www.ncbi.nlm.nih.gov/pubmed/23431458
http://www.ncbi.nlm.nih.gov/pubmed/23431458
https://creativecommons.org/licenses/by/4.0/

	Acknowledgement
	References

