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High-fat Intake is Associated with Alteration of Peripheral Circadian Clock Gene Expression

Hyun-Ki Park', Jae-Yeo Park', Hyangkyu Lee?

'Biobehavioral Center, Mo-Im Kim Nursing Research Institute, Yonsei University, 2Department of Clinical Nursing, College of Nursing, Yonsei University, Seoul, Korea

Purpose: Recent studies demonstrated disruption of the circadian clock gene is associated with the development of obesity and
metabolic syndrome. Obesity is often caused by the high calorie intake, In addition, the chronic stress tends to contribute to the in-
creased risk for obesity. To evaluate the molecular mechanisms, we examined the expression of circadian clock genes in high fat diet-
induced mice models with the chronic stress. Methods: C57BL/6J mice were fed with a 45% or 60% high fat diet for 8 weeks. Daily
immobilization stress was applied to mice fed with a 45% high fat for 16 weeks. We compared body weight, food consumption, hor-
mone levels and metabolic variables in blood. mRNA expression levels of metabolic and circadian clock genes in both fat and liver
were determined by quantitative RT-PCR. Results: The higher fat content induced more severe hyperglycemia, hyperlipidemia and
hyperinsulinemia, and these results correlated with their relevant gene expressions in fat and liver tissues. Chronic stress had only
minimal effects on metabolic variables, but it altered the expression patterns of metabolic and circadian clock genes. These results
suggest that the fat metabolism regulates the function of the circadian clock genes in peripheral tissues, and stress hormones may

contribute to its regulation.
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total RNAE RNA = Maxime RT premix kit (Intron, Seoul, Korea)&
AR5} cDNAE- g1t 28t cDNA (45 ng)+= primer, SYBR
premix Ex Taq (TaKaRa Bio Inc., Shiga, Japan)2} &3}s}of B-S-AJ )
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Table 1. Primers list

4517 9fof - O[3

i}

Group Gene Symbol Name Primer Tm (°C)
Lipogenesis Acc Acetyl-Coenzyme A carboxylase alpha FW : GAAGTCAGAGCCACGGCACA 62
Rev: GGCAATCTCAGTTCAAGCCAGTC
Fas Fatty acid synthase FW : AGCACTGCCTTCGGTTCAGTC 62
Rev: AAGAGCTGTGGAGGCCACTTG
Srebfl Sterol requlatory element-binding protein 1 FW : GGTACCTGCGGGACAGCTTA 60
Rev: CCGTGAGCTACCTGGACTGAA
Lipolysis Agl Adipose Triglyceride Lipase FW : ATTTATCCCGGTGTACTGITG 60
Rev: GGGACACTGTGATGGTATTC
Lipe Hormone sensitive Lipase FW : TCCTGGAACTAAGTGGACGCAAG 60
Rev : CAGACACACTCCTGCGCATAGAC
-Oxidation Acadl Long-chain acyl-CoA dehydrogenase FW : CTACCTCATGCAAGAGCTTCCACA 60
Rev : CTTCAAACATGAACTCACAGGCAGA
Acoxl Acyl-coenzyme A oxidase 1 FW : TTACATGCCTTTGTTGTCCCTATC 60
Rev: CGGTAATTGTCCATCTTCAGGTA
Cptla Carnitine palmitoyltransferase 1a FW : GAAGCCTTTGGGTGGATATGTGA 60
Rev: ATGGAACTGGTGGCCAATGA
Hadha hydroxyacyl-CoA dehydrogenase/3-ketoacyl-CoA FW : GTGGTGTACCAGGATGCGAAAG 60
thiolase/enoyl-CoA hydratase Rev : CCAGGATGAGCATGCCAAGA
Ppara Peroxisome Proliferator Activated Receptor Alpha FW : CCAATGTCCTGGCCACATTTC 60
Rev: GCCTGTCCTCAGGTGTGTCTGTA
W-Oxidation Cyp2el Cytochrome P450 2E1 FW : ACTGCTAAGGAGGATTTCACTCT 58
Rev : CTCATCCAGGTATCGATCATATT
Glucose metabolism Crebl CAMP Responsive Element Binding Protein 1 FW : CCATTCTACAGTATGCACAGACCAC 60
Rev : TGGTATGTTTGTACATCGCCTGA
Foxol Forkhead box protein O1 FW : CAGACAGCCCGTCAGGATAGA 64
Rev : TTCTCAGATAGCAATGGAACAGGA
Gépc Glucose-6-phosphatase catalytic subunit FW : TGTCACGAATCTACCTTGCTGCTC 62
Rev : TATAGATGCTGTGGATGTGGCTGAA
Glut4 Glucose transporter type 4 FW: GCTTTGTGGCCTTCTTTGAG 60
Rev: CAGGAGGACGGCAAATAGAA
Pcki Phosphoenolpyruvate Carboxykinase 1 FW : GGCATTATCTTTGGAGGCCGTAG 60
Rev: GCCAGGTATTTGCCGAAGTTGTAG
Pygl Liver glycogen phosphorylase FW : ACCTCTGTGGCAGAAGTGGTGA 60
Rev : CCGATAGGTCTGTGGCTGGAA
Hormone Hsdiibl 11B-hydroxysteroid dehydrogenase type 1 FW : ATGACCCAGCCTATGATTGC 60
Rev : GAGGCCAAGGACACAGAGAG
lep Leptin FW : CCAGGATCAATGACATTTCACACAC 60
Rev : AGGTCATTGGCTATCTGCAGCAC
Nr3d Nuclear receptor subfamily 3, group C, member 1 FW : AAGCAGGGACGACAATTCVAG 60
Rev: CTAAAGCTCCCGAAGGCTACCA
Inflammation lle Interleukin 6 FW: CCACTTCACAAGTCGGAGGCTTA 58
Rev : GCAAGTGCATCATCGTTGTTCATAC
Tnf Tumor necrosis factor FW : AAGCCTGTAGCCCACGTCGTA 58
Rev: GGCACCACTAGTTGGTTGTCTTTG
Ucp2 Uncoupling protein 2 FW : GCAAGCATGTGTATGGCACAGTAA 60
Rev : AAATGTGGGCCTTCGGTCAG
Circadian gene At Aryl hydrocarbon receptor nuclear translocator-like FW :CTACGAAGTCGATGGTTCAGTTTCA 60
Rev : AGCATGCTGTCCATGCTGTG
Clock Circadian locomotor output cycles kaput FW : TGAACGGGAAGCTCACTGG 60
Rev : TCCACCACCCTGTTGCTGTA
Cryl Cryptochrome 1 FW : GGAGATGCCAGCAGACACCATC 60
Rev: CGTTCAAAGTTTGCCACCCAGGC
Perl Period circadian clock 1 FW : GGGAGCTCAAACTTCGACTG 60
Rev: GGTTAGCCTGAACCTGCTTG
Per2 Period circadian clock 2 FW : CCCAGCTTTACCTGCAGAAG 60
Rev : CCAACATGGTCGAAAGGAAG
Per3 Period circadian clock 3 FW : CTGTATTATGCCAGGCTTGATTTGA 60
Rev : CAGAGATTGCCGGTGTACTGATG
Reference gene Gapdh Glyceraldehyde 3-phosphate dehydrogenase FW : TGAACGGGAAGCTCACTGG 58
Rev : TCCACCACCCTGTTGCTGTA 64
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1. HISS71, M2, Ao|ZSat Mafary A|Eo| w3} 7 ujre] Mgt Aol g2 713=R] Sopiz] 9
7Rt Fte) Ak Ao dF w7 Aol a8 gk Table2 3o CDo HIgto] 2 WS AojubA] 932 45HFD oA F-&
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Table 2. Effect of High Fat Diet for 8 Weeks (N=18)
Group
Dependent variables F p
(D (n=6) 45HFD (h=6) 60HFD (n=6)
Weight (g) 21.7+£05 227+23 250+£1.0% 5.88 015
Weight gain (g) 35+06 59+£28 77£1.2% 546 028
Food intake (g) 332403 33.0+60 263+ 1 3%*%# 21.04 <.001
FER 0.112+0.020 0.220+0.104 0.313+£0.049% 6.85 016
Blood glucose (mg/dL) 1544+90 15554323 1706+5.7* 411 041
TG (mg/dL) 1188322 1789+ 344 1583+638 4.79 035
TC (mg/dL) 553+47 655+29 1374+ 14.6%**4 110.7 <.001
Insulin (ng/mL) 0.130+0.028 0.199+£0.036 2111 40.277%%%##4 2178 <.001
Leptin (ng/mL) 39+13 242 £3.1%%% 8394 10.6%** 199.5 <.001

CD=chaw diet; HFD = high fat diet; FER=food efficiency ratio; TG =triglyceride; TC =total cholesterol; * = p < .05 vs CD; ***=p <005 vs CD; " = p < 005 vs 45HFD.

Table 3. Effect of High Fat Diet and Immobilization Stress for 16 Weeks (N=18)
Group
Dependent variables F p
(D (n=6) 45HFD (n=6) 45HFD+St (n=6)

Weight (g) 240+15 294+39 294+43 242 131
Weight gain (g) 58+18 126+45 124£50 3.69 068
Food intake (g) 664+0.6 574+116% 506+ 11.0%% 11.91 <.001
FER 0.097+0.031 0.266+0.100 0.303+0.127 307 096
Blood glucose (mg/dL) 1353+9.0 162.5£9.9% 14924160 5.04 028
TG (mg/dL) 1175+52 1599+239 1557290 333 071
TC (mg/dL) 65.1£5.1 814+83% 86.7£6.1% 841 007
Insulin (ng/mL) 0.179+0.057 0.285+0.037 0.211+£0.045 1.80 207
Leptin (ng/mL) 46+4.2 409+ 5.2%** 434 +38%* 100.5 <.001
Corticosterone (ng/mL) 66.9+6.0 60.7+12.8 66.5+7.2 051 617

CD=chaw diet; HFD=high fat diet; St=stress; FER=food efficiency ratio; TG=triglyceride; TC=total cholesterol; *=p < .05 vs CD; **=p < .01 vs CD ***=p < .005 vs CD.

www.bionursingjournal.or.kr

https://doi.org/10.7586/jkbns.2016.18.4.305



310

s
45HFD
500 —A— 60HFD
o > 45HFD+SL.
L 400
o)
£
o 300
= 200
o
nel
8 100
o
0
30 60 90 120
Time (min)
150 1
3
o)
£
()
g
=
o
nel
o
Re}
o
O L L L I}
30 60 90 120
Time (min)

g

91240} - O[3

gelo|-

o
40,000 1 m 45HFD
o ® 60HFD
45HFD+St.
30,000
()]
o}
<C
= 20,000
W)
(@]
10,000
(A 0 (B
30,000
20,000 T
O
o}
<<
E
10,000 |

(C] 0 (D]

Figure 1. Glucose tolerance test (GTT) and insulin tolerance test (ITT) in high fat diet-induced mice. (A) Results of the oral glucose tolerance test
(OGTT) at 16 week of age showed elevated blood glucose levels in 60% high fat diet-induced mice (60HFD). (B) Area under the curve (AUC) of
OGTT. (C) Results of the insulin tolerance test showed attenuated insulin responses in 60% high fat diet-induced mice. Chow diet (CD), 45% high fat
diet (45HFD) or 45% high fat diet with stress (45HFD+St) shows no differences among groups. (D) Area under the curve (AUC) of ITT.

*p<.05; **p<.01; ***p <.001 compared with CD; CD = chow diet; 45HFD = 45% high fat diet; 60HFD =60% high fat diet; 45HFD+St=45% high

fat diet with stress.
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Figure 2. High fat diet alters mRNA expressions of metabolic genes in fat tissue and liver. Mice were fed with chow or high fat diet (45% or 60%) for
8 weeks. mRNA expression was determined by real-rime PCR in fat tissue (A-C) and in liver (D-I). Values were expressed as the means + SD standard

deviation (SD) after normalization to Gapdh.

*p<.05, **p<.01 and ***p <.001 versus CD, p < .05, *p < .01 and **p <.001 versus 45HFD; CD = chow diet; 45HFD = 45% high fat diet; 60HFD = 60%

high fat diet.
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Figure 3. Immobilization stress alters mRNA expressions of metabolic genes in fat tissue and liver. Physical immobilization was used to cause
chronic stress. 45% high fat diet-induced mice received immobilization stress for 2 hr daily for 16 weeks. mRNA expression was determined by real-
rime PCR in fat tissue (A-C) and in liver (D-I). Values were expressed as the means + SD standard deviation (SD) after normalization to Gapdh.

*p<.05, **p<.01 and ***p <.001 versus CD, *p < .05, *p < .01 and *p <001 versus 45HFD; CD = chow diet; 45HFD = 45% high fat diet; 60HFD = 60%

high fat diet.
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Figure 4. High fat diet and immobilization stress alters mRNA expression of circadian clock genes in fat and liver. mRNA expression of circadian
clock genes in fat (A) and liver (B) at 8 weeks of age. mRNA expression of circadian clock genes in fat (A) and liver (B) at 16 weeks of age. Values were
expressed as the means + SD standard deviation (SD) after normalization to Gapdh.

*p<.05, **p<.01 and **p <.001 versus CD, ’p < .05, *p < .01 and #*p < .001 versus 45HFD; CD, chow diet; 45HFD, 45% high fat diet; 60HFD, 60%

high fat diet; 45HFD+St, 45% high fat diet with stress.
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