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Circadian  Experimental approaches  Phenotype Possible mechanism Reference
genes
CLOCK Immunohistochemical Overexpressed in breast cancer cells; Increased methylation in GLOCK promoter 77,78)
assayls) and qRT-PCR low expression in healthy breast tissue decreases breast cancer risk
Knockdown(s) Reduced cell proiferation; downregulation  E2-estrogen receptor (ER) pathway may couple 7,78
of cancer-associated genes (CCLS, 10 the circadian machinery due to presence of
BDKRB2, and SP100) estrogen response element in the GLOCK promoter
BMAL1 GRT-PCR Disrupted mMRNA expressions in breast Not clear (67, 80-83)
cancer cells
Knockdownls) Promoted cancer cell prolferation and Antagonized Bci-w oncogene, which can activate 71,79
invasion i vitro and tumor growth in vivo  phosphoinositide 3-kinase (PIBK)/AKY/MMP2 pathway;
effects on p53 and c-myc are cell-type specific
PERI, 2, Immunohistochemical Downregulated in ER-positive breast Methylation in PER promoter in ER'/PR breast (70,75, 76)
and 3 assayls) and qRT-PCR cancer cells cancer tissues
Knockdown(s) Aberrant circadian oscillation of other clock  Coupling with E2-ER pathway and p53 pathway (66)
genes; enhanced tumor growth in vivo;
changed the structure of breast acinus
Overexpression Significantly inhibited cell growth and Inhibit the activation of ER and p53 target genes 64,72)
promoted apoptosis
CRYland2  qRT-PCR Disrupted mRNA expressions in breast Not clear (67,80)
cancer cells
REV-ERBx  RNAIscreen Co-expression in ERBB2-positive Upregulating several genes that are involved in (©6)
breast tumors (HER2* subtype) de novo fatty acid synthesis, which further
enhance the energy production for survival
REV-ERBp  Overexpression Protect tumor cels against chemotherapy  Not clear ©4)
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n Time-of-day  Cold exposure Interaction
BMAL-1 80 <0.0001"+ 00002 04584
CLOCK 79 00542 00018" 04676
PER1 82 00657 <0.0001"+ 04003
PER2 80 <0.0001**** <0.0001**** 0.1492
CRY1 8 00008 <0.0001" 00580
CRY2 83 02550 <0.0001" 03824
DBP 82 <0.0001" <0.0001" <0.0001"**
REVERBa  8C <0.0001" 03983 00018
CREB 83 03688 0.0010" 02376
PGCH-« 83 00022 <0.0001*+ 00024
PGC1-p 81 00673 08981 00568
PPAR-a 82 00196* 0.3069 00592
PPAR-y 83 0.1241 0.1606 0.1145
HSP90 83 05366 <0.0001"+ 00321
UCP1 82 00043 <0.0001*** 03767
CIRP 81 <0.0001"+ <0.0001" <0.0001"*
CPT1-p 81 02195 00011 02755
AMPK 82 0.0402* 00053 02437
FAT/ICD36 81 02195 0.0038" 03579
GLUT4 83 0.4685 00310 04725
HSL 81 00203 00390 02161
LPL 80 00756 00001 04909
ADR-3 79 0.0672 0.0412* 0.2272
GR 8 02009 00506 02960
ACC1 73 04955 00272 05446
ACC2 79 04957 03617 00221"

0 < 0.05: *p < 0.01:

<0.001;

<0.0001.
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n  Time-of-day  Coldexposure Interaction
BMAL-1 80 <0.0001*** 04785 06391
CLOCK 8 0.1868 00817 0.0488"
PERI 80 00010" <0.0001++ 02543
PER2 78 <0.0001"+ <0.0001"* 00183
CRY1 81 <0.00014+ <0.0001*+ 00199
CRY2 82 03535 00002+ 00016"
DBP 81 <0.0001*** 03126 0.1582
REVERBx 76 <0.0001*** 0.7068 00308
CREB 8 0.7026 00229 00521
PGC1-a 80 <0.0001*+ <0.0001*+ 00006
PGC1-p 79 03707 0.0297* 00984
PPAR-a & 00340 00169 00136
PPAR-y 80 0.7800 00023 03825
HSPOO 78 00401 0.1641 00015"
ucP2 65 05029 00189 05634
ucP3 77 <0.0001*+ 09447 00009
CIRP 8 07462 0.4239 02013
CPTi-a 79 0.0084" 0.0009" 0.0285*
CPT1-p 8 0.1321 03225 00004
AMPK 8 0.4686 00008 00219
NAMPT-1 82 0.0655 00071 00234
FAS/CD36 81 05285 00830 00067
GLUT4 81 00071 <0.0001*** 00062+
HSL 80 03865 <0.0001*** 01707
LPL 8 04184 00200 00125
ADR-p2 8 00170 <0.0001*+ 02198
GR 8 03263 <0.0001*+* 00642
FOXO-1 80 0.3576 0.0005"** 03377
ACC2 13 03244 00300 00919
mTOR 74 05338 03857 02628
Camiza 79 07143 00104 03953

0 < 0.05: *'p < 0.01:

< 0.001: ****0 < 0,0001.
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Clock gene Species Effect Reference

Gonads

Bmal 1~ Mouse Ovarian size reduced €]

Bmal 1~ Mouse Low testosterone and high luteinizing hormone in serum; reduction in esteroidogenic (12,13)
‘genes in testes, reduced sperm count. Infertilty

Clock Human polymorphism  Semen volume reduction, low sperm motilty, and idiopathic infertiity. Alteration (14,15)
in serum levels of testosterone and FSH

Cryt Mouse KD Reduction of meiotic process and maturation in ocytes (16)

Brmal 1% Mouse Changes in phasic LH sensitivity of theca cells in ovary n

Brmal1e- Mouse Failure to mate with receptive females. Low secretion of FSH and GnRH. (18)
Tyrosine hydroxylase in brain decreased

Estrous and menstrual cycles

Clocks" Mouse Higher proportion of imegular estrous cycles (19-21)

Clock Mousesoscesk Iregular estrous cyclicity and failure to have a coordinated LH surge on proestrus ©2)

Bmal 1 Mouse KO Changes in daily pattern of estrogen receptor f in tissues implicated in female reproductive functions (23, 24)

Clock Human polymorphism  Irregular menstrual cycles ©5)

Gestational/parturition

Per 1-~and Per 27~ Mouse Sucoessful parturition reduced U]

Brmal 1 Mouse Lack of implantation and embryonic development, Impaired steroidogenesis, (©-10,26)
low progesterone levels and embryo implantation reduced. Alterations in delivery times

Clock Mousesosceck Elevated rates of fetal reabsorption ©)

Bmal 1 Human polymorphism  Miscarriages increased (27)

Postpartum success

Per 1-~and Per 2/~ Mouse KO Number of pups weaned reduced 4]

Clock*™® Mouse Postnatal mortality increased and low prolactin levels and reduced milk production (19, 28)
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Clock gene  Circadian FAA Reference
alteration (locomotion,
(locomotion)  wheel-running)
Clocka19  Ashythmicin DD Normal Pitts etal. (5)
Npas2 Normal Delayed Dudiey et al. (9)
Bmall Arthythmic in DD Normal Bunger et al. (10) and
Pendergast et al. (11)
Brmal1 Shortened period  Attenuated Mieda and Sakurai (12)
(brain- in DD
specific)
Per1 Shortened period  Normal Zheng et al. (13) and
inDD Feillet et al. (14)
Perg#@’  ArhythmicinDD  Absentnormal  Zheng et al. (15),
Feilet et al. (14), and
Pendergast et al. (16)
Per2 NormalinDD  Absent Chavan etal. (17)
(iver-specific)
Cry1-2 Arthythmicin DD Attenuated van der Horst et al. (18)
and ljma et al. (19)
Rev-erba  Shortened period ~ Attenuated Preitner et al. (20) and

inDD

Delezie et al. (21)
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Period (mir)
Phase angle (min)

Total activiy (post-/pre-surgery)
Daytime activity (post-/
pre-surgery)

Nighttime activity (post-/
pre-surgery)

Sham

1,441 £ 0.645
6.50 £ 1.190
0.99 + 0.042
1.99 +0.221

1.01+0.003

SCGx

1442+ 1.323
7.00 £ 1.080
1.08 +0.083
5.49.+0.412

0.91+0.005

p-Value

0.522

0.766

0.351
<0.0001

<0.0001
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Effect of ZT Effect of cold Interaction

F(DFn, DFd) p Value F(DFn, DFd) P Value F(DFn, DFd) p Value

Body temperature F5,56) = 3.734 00055 0.0386 F5,56) = 2.183 00689
Locomotor activity Fi5, 74) = 0372 08665 <0.0001 F5, 74) = 0.839 05265
VO, F(5,88) = 3.743 00040 <0.0001 F5,88) = 0.3105 09055
Respiratory exchange ratio F5,88) = 3.404 00074 <0.0001 F5, 88) = 5.558 00002
CHO oxidation F5,88)=3.314 00087 02067 F5, 88) = 4.435 00012
Lipid oxidation F(5,88) = 1.051 03931 <0.0001 F5,88)=2017 00839
Energy expenditure Fi5, 88) = 3.889 00031 <0.0001 F(5,88) = 2.405 00430
Food intake F(5,86) = 0.074 09960 01224 F(5,86) = 1.018 04123
Water intake Fi5,88) = 1.065 03851 08470 F5,88) = 1.433 02203
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Genes Reference no. Reverse Forward

Clock genes

PER1 NM_001034125.1 TGGCCAGGATCTTGAACACTGCTA ATGCAGAAACAACAGCCACGGTTC
PER2 NM_031678.1 CAACGCCAAGGAGCTCAAGT CACCCTGAAMGAAAGTGCGA
CRY1 NM_198750.2 TCATCATGGTCGTCGGACAGA AAGTCATCGTGCGCATTTCA
CRY2 NM_133405.2 TGTACAAGTCCCACAGGCGGTA TGGATAAGCACTTGGAACGGAA
ARNLT/BMAL-1 NM_024362.2 TGCAGTGTCCGAGGAAGATAGC CCGATGACGAACTGAAACACCT
CLOCK NM_021856.2 TTGCAGCTTGAGACATCGCT CGATCACAGCCCAACTCCTT
DBP NM_012543.3 TGCCTTCTTCATGATTGGCTG CCTTTGAACCTGATCCGGCT
REV-ERBa NM_001113422.1 CATGGGCATAGGTGAAGATTTCT ACAGCTGACACCACCCAGATC
Metabolic genes

CREB1 NM_031017.1 ACTCTGCTGGTTGTCTGCTC GCAGTGACTGAGGAGCTTGT
PGC1-a NM_031347.1 GGTCATTTGGTGACTCTGG TGCCATTGTTAAGACCGAG
PGC1-p NM_176075.2 AGGAGGGCTCATTGCGTTIT AAMAGGCCATCGGTGAAGGT
PPAR-a NM_013196.1 GGCCTTGACCTTGTTGATGT TCACAGAATGCAATCCGTTT
PPAR-y NM_013124.3 GGGGGTGATATGTTTGAACTTG GAGGAAAGAGAACAGACAAATCA
HSP9O NM_001004082.3 ACCGAATCTTGTCCAGGGCATCA CGGGCCCACCCTGCTCTGTA
ucPt NM_012682.2 GCTTTGTGCTTGCATTCTGA AATCAGCTTTGCTTCCCTCA
ucP2 NM_019354.3 GGGCACCTGTGGTGCTAC GACTCTGTAAAGCAGTTCTACACCAA
ucPa NM_013167.2 ATAGTCAGGATGGTACCGAGCA GCACTGCAGCCTGTTTTGCTGA
CIRBP NM_031147.2 TAACCACCACCCCTCCAGAA GCGTTAGGAAGCTTGGGTGT
CPT1-a NM_031559.2 AAAAGACTGGCGCTGCTCA ACAATGGGACATTCCAGGAG
CPT1-p NM_013200.1 TGCTTGACGGATGTGGTTCC GTGCTGGAGGTGGCTTTGGT-
AMPK NM_019142.2 TAGAGAATGACCCCGCTGCT TGTCACAGGCATATGGTGGTC
NAMPT NM_177928.3 TCGACACTATCAGGTGTCTCAG ACAGATACTGTGGCGGGAATTGCT
FAT/CD36 NM_001109218.1 CCTTGGCTAAATAACGAACTCTG ACAGTTTTGGATCTTTGACGTG
GLUT4 NM_012751.1 CAGCGAGGCAAGGCTAGA GGGCTGTGAGTGAGTGCTTTC
HSL NM_012859.1 CCACCCGTAAAGAGGGAACT TCACGCTACATAAAGGCTGCT
LPL NM_012598.2 AGCAATTCCCCGATGTCCA GAAAACAACCAGGCCTTCGA
ADR-p2 NM_012739.3 CGACCGCTATGAGCGTGTAG CGCTTCACGTTCGTGCTGGC
ADR-3 NM_013108.2 CCTTGCTAGATCTCCATGG CTTCCCAGCTAGCCCTGTT

GR NM_012576 GGAGCAAAGCAGAGCAGGTTT ACCTGGATGACCAAATGACCC
FOXO-1 NM_001191846.2 GTAGGGACAGATTGTGGCGAA ACGAGTGGATGGTGAAGAGTG
ACC1 NM_022193.1 CAGGCTACCATGCCAATCTC GATGATCAAGGCCAGCTTGT
ACC2 NM_053922.1 GCTTCCGCTCCAGGGTAGAGT GGACGAGATTGCTTTCCTAG
mTOR NM_019906.1 CCCGAGGAATCATACAGGTG AGCAGCATGGGGTTTAGGT
Camka NM_012020.1 AAGGCTGTCATTCCAGGGTC TGGCGTGAAGGAATCCTCTG
Housekeeping genes

s18 NM_213567.1 TGGCCAGAACCTGGCTATACTTCC CTCTTCCACAGGAGGCCTACACG
HPRT1 NM_012563.2 AACAAAGTCTGGCCTGTATCCAA GCAGTACAGCCCCAAAATGG
GAPDH NM_017008.4 TCCACCACCCTGTTGCTGTA TGAACGGGAAGCTCACTGG
Cyciophiin NM_017101.1 GAAGGAATGGTTTGATGGGT ATGTGGTCTITGGGAAGGTG
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Meanz, £ SD  Meaignpmase £ SD  MeaNsupmuss + SD n Time-of-day effect P Value
Ambient temperature (C) 2218021 21.99.£ 007 22394006 50 F96,4.753) = 7.059 <0.0001
Core body temperature (°C) 3720+ 025 37.00£0.14 37.40+0.14 34 F96,3.201)=269 <0.0001
Locomotor activty (Cnts) 3371 +194.8 175.5.81.1 5021 + 1256 50  F96,4.753) = 1254 <0.0001
Oxygen consumption (mi/tvkg) 1,500 £ 196.1 1,327 +.86.65 1,677 +86.64 50 F96,4.753) = 14.44 <0.0001
Respiratory exchange ratio (VO./CO;) 1.02£0.02 1.03.£0.01 1.01001 50 F(96,4.753) = 8036 <0.0001
Heat Expenditure (kcal/h/kg) 7.56.£1.00 667044 847 £042 50 F96,4.753) = 16,51 <0.0001
Food intake (g/15 mi) 024017 012010 036012 50 F96, 4.749) = 4.241 <0.0001
Water itake mi/15 min) 0.21=0.19 0.05 +0.05 037 +0.15 49 FI96, 4.749) = 5.263 <0.0001
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