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ABTRACT

Night-shift work, circadian genes and their interaction
on breast cancer risk: evidence from a caseontrol
study in Korean women

Introduction

Breast cancer is the most common type of cancer in women worldwide
which accounts for 30%f all new cancer diagnoses in women. Higher risk
of breast cancer in developed countries and rapid risk increment in
developing countries have suggesteat ihdustrialization of societies is an
important determinant of breast cancer riNIght-shift work was classified
into group 2A as probably carcinogenic for human in 2007. However, the
relationship betweennightshift work and breast cancer remained
cortroversial due to the difference in study designs and implementation.
Furthermore, several variants in circadian genes and melatonin pathway
genes have been suggested relationships with breast cancer risk, and pointed
out potential interactions of nigbtit work and circadian genes in
relationships with breast cancer.

The main aims of this thesis are to contribute the knowledge into the



nightshift work and breast cancer association, and the mediate effect of
genetic factors in the pathway of this asation. Two main primary
purposes therefore have been separately investigated inusessthe first
study -PART A- evaluated the association between ngifitt work and
breast cancer risk as well as subtypes of breast cancer in Korean,\&oihen
the seond study-PART B- examined the variant difference in Asian and
Caucasian population and explbtbe association betwe&NPsin genes of
circadian regulation, melatonpathwayand breast cancer risk as welltias
interaction ofgené gene gené night work, andpolygenic risk scores (PRSs)
in Korean women.

Methods

In PART A, the study population included 1,721 female breast cancer
cases and 1,721 female controls matched by age. The subtypes of breast
cancer were determined based on estrogen, progesteama human
epidermal growth factor receptor 2 statuses by reviewing pathology reports.
All information related to covariates was collected by questionnaire. Odds
ratios (ORs) for nighshift work experience, age at commencement of night
shift work, freqency, and duration were estimated using conditional logistic

regression, and were adjustefbr confounders such as parity and



socioeconomic statuglated factors. Turning to PART B, data was
comprised 959 breast cancer cases and 941 controls.isThassubset
population of PART A study, which was chosen based on the availability of
blood samples and aggoups of participants. Information of nigBhift
work and other covariates was collected by a structured questionnaire. All
demographic and socioenomic information was taken from PART A study.
Thirty-four SNPsin circadian genes, genes of melatonin biosynthesis were
analyzed to assess the association with breast cancer risk by multiple logistic
regression models, adjusted for poterg@ifoundersPermutation testingt
10,000timesand the false discovery rate were used as the multiple testing
correction methods. Interactions of gegene and nigkshift work were
analyzed and adjusted by the false discovery rate only.

Results

In PART A, among T,21 pairs, 10.58% of cases and 9.59% of controls
had ever engaged in nighift work. Nightshift work was not associated
with breast cancer risk in terms of ever having ngifit exposure (adjusted
OR was 1.11, 95% Confidence Interval [CI] = 0.890) duration,
frequency, or cumulative working time. The OR for >10 years of lifetime

duration of nightshift work was 1.5595%CI1-0.892.69, p=0.124). In



addition, the OR for >35,000 hours for cumulative frequency of night work
was 1.42 (95% CI=0.72.74, p=0.304). There was no heterogeneity among
ORs which represented the effe€ever having nighshift work and lifetime
cumulativeexposuref nightshift work on four subtypes of breast cancer.

In PART B, our study population was different from Casian
population investigated in previous studies in term of variant characteristic. In
the main effects of each single nucleotide polymorphisms (SNPs) of gene to
breast cancer risk, two l0G@LOCK rs11133373CLOCK rs3749474vere
significanty associateavith an increased breast cancer risk while the rest two
loci TIMELESS rs2119882,MTNR1A rs2291738 reduced risk of breast
cancer significantly. CLOCK rs11133373 associated with breast cancer risk
even after FDR correction (OR=1.38 (95% CI 11149, p
pernmutation=0.001, §~-DR=0.042) in CG and CC compared to GG genotype.
MTNR1A rs2119882 was reported for a decreased breast casicéorrihe
first time (OR=0.75,95%CI=0.61-0.91), ppermutation=0.004) in CT and
CC compared to TT. Increased risk of breasteawas observed in women
who carried minor alleles in bodUL1 rs758880 an€CLOCK rs11133373,
both TPH2rs11179000 an@LOCK rs10462028, botiPH2rs4760750and

CLOCK rs10462028, botBUL1 rs758880 anRORArs1482057, or both
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NPAS2 rs3820787 andRORA rs1482057. Risk of breast cancer was
significantly increasedt 2.76 times in womewho carried one increment of
minor risk alleles compared to women with homozygote by weighted PRS
model. Night-shift work and breast cancer interaction was found in several
loci. Night-shift work increased risk of breast cancer in women who carried
heterozygotgenotype ofCRY2rs2292912 (OR=1.985%CI=1.143.44) or
carried at least one nor allele of RORA rs1482057 (OR=2.20,
95%CF1.104.37).

Conclusions

Night-shift work induding longterm and heavy exposure was not
associated with breast cancer risk. Our study results supported a putative role
of several loci in circadian genes, genes of melatonin biosynthesis in the
development of breast cancer in shifiorking women Additionally,
interaction analyses suggest a potential relevance of CLOCK with CUL1 or
TPH2, of RORA with CUL1 and NPASXight-shift work was interacted
with variants in CRY2 and RORA genes. Our results did not replicate
published results in Western countri€siure welldesignedstudiesshould
be conductedb provide the epidemiological evidence for the effect of night

shift work on breast cancer risk, especialfgr heavynight-shift exposure,

Vi



andto confirmthe interactions ofight-shift work and gaes in the relation

with breast cancer in larger studies, especially in Asian population
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1. Introduction

1.1. Background

Night-shift work (NSW)is common in industrialized societies with a prevalence
of about 14%n women in Western countri¢s 2]. Light at night (LAN), which
suppresses theocturnal hormone melatoniis suggested asnain carcinogenic
mechanismsThe International Agency for Research on Cancer (IARC) evaluated
the carcinogenicity of NSW and classified it as a probable carcinogen to humans in
2007 based on the results from epidemiological studies and ballqdausibility
including suppression of melatonin, modification of estrogen, or change in the clock
genesexpression3]. At the time of recommendation, IARC identified that evidence
of this classificationin human being wa s 6l i mitedd, onl vy b
epidemiological studigs].

After the 2007 IARC evaluationepidemiological studies have bewidely
implemented to evaluate the sasiation between NSW and breast cancer.
However, studies have shown varied res(its4-18]. Findings from some
studies showed an increased association between workingsfigtst and risk of
breast cancer in ever night workg¢#, in women who worked for 20 or more
years[5 6], in postmenopausal female workds, or in fAgraveyart
workers[8], and a doseesponse relationship was found in a retalysis[2],
however, results from other analyses showed weak evidence or no association

[11-14] and even protective relationshipemer nightshift workers compare to

1



day workers[15]. In addition, the evidence fm a metaanalysis of ten large
prospective studies with a total of 1.4 million women suggested a null
association between NSW and breast cancer[1i6k The mostrecent studies
denoted no overall sheteérm effect ofNSW on risk of breast canc¢f?], but

the effect was found in loagrm rotatingnight-shift workerswho performed
shift work during young adulthodd g].

In 2009 the IARC Working Group on shift workfields recommended
investigatorsto take in account domains of NSW includirsift system,
particular norday shift years, and shift intensityFollowing IARC
recommendation, recent studi@gend to obtain information onNSW and
confounders moreomprehensivelyhan older studiegl9]. So far, it is beliged
that the heterogamousresults from studies oNSW and breast cancer is
contributed by the different definitions of night work awmarious methods in
exposure assessment across stydie2q], partly adjusted for different potential
confounderg20], or different populabns investigatiof20 21]. Many published
cohorts usedncomprehensivesurrogatedoses outcome which wasimber of
years of night shift. In fact, many peopldo notwork night shiftevery day of
the yeal{2(Q]. The missing of consecutive night shift information in combination
with shortterm followrup of aging cohorts, ah inability to adjust for
confounders or detection bias may explain for null findings in some cohort

studies[20]. Four cohort studies recently conducted in relatively large study



populations have not providedidgnce of an association between night work
and breast cancer rigk6 17]. In generalpreviouscasecontrol studies arenore
effectivein taking some domainsf NSW into accountincluding intensityand
frequencyof night work than the cohort studig¢®0]. Furthermore most of the
epidemiological studies regarding NSANd risk of breast cancer were conducted

in Western countries and only two studiesveinvestigated this association in

the Asian population thus fdrl 12]. Both the studies were conducted in
Chinese women and yielded null associations. Thus, in the Asian population, the
remaining aspects regarding the association between NSW and breast cancer risk
might include thericonsistency among published studies and limited amount of
evidence. In addition, with reference to the different association of NSW
according to hormonal receptor status of breast tis@®23], the differential

effect of NSW according to hormone receptors needs to be explored in Asia as
well.

In term of the differenceamong population, knowledge of SNPs could
facilitate to explain the different characteristicamong populations and the
underlying mechanisms of molecular evolutipp4]. Circadian genes and
melatonin pathway genese demonstrateés candidatefor increased riskof
severaldiseaseg§25]. Some epidemiologic studies have investigated NIS&V
and circadian rhythm pginorphism association in relation with breast cancer

risk [26-29]. All published studies analyzed threlationship between minor



allelesin the investigated cloclgenesor melatonin pathwagenesand breast
cancer risk by using dominant and additive modelf25. However, the
significant findingin one studywas not replicated inanotherstudy. The main
conclusion is that, clock varianass well as melatonin pathway variargee
significantly associated with breast cancer @R 2527 29-31]. The reguldbn

of specific miRNAeffectsand linkage disequilibrium among SNPs could explain
for these variouseffects of theseSNPson breast cancer risland for the non
replicated results in several ethnic groups. Even though the impact of NSW as
well as its interaction with circadian and melatonin relgjedes was established

in Caucasian populatiothis relationship was not confirmed Asian population.

This could be explained by thdiversity distribution of frequencies and
expression of clock genes among populations. Therefore, epidemiokigities

in Asian population regarding the effect obck and melatonin pathway genes

on the NSW and breast cancer association should be conducted to provide

updated evidence.
1.2. Objectives

The man aim of thesis is to identifthe effect of NSW on BC and address
the genetigelated point in the causal pathwggathogenicThis work contained
two major analyses of mvo partshospital based casmntrol study:PART A
examinesthe association of NSW and BC in thetial study population,and

PART B determinesthe association of SNHBC as well as SNPSNSW



interadion.

The first aimis to evaluate the associatiai NSW - BC as well as stratified
the risk by shift intensity and breast cancer subtypes based on hormone receptor
status in the Korean female population

The ®cond aim is to examirthe individual effeciof SNPs inclock genes
melatoninpathwaygenesas well as the combination effect of these SNPs on BC
risk. For combination effect of SNPde genegene interactiorand polygenic
risk score orBC risk will be investigated.

Third aim is to &plore interation betweerSNPs andNSW andto assesthe
heterogeneous effect of NSW on BC in each stratum of SNP

PART A was designed to solve the first aim while PART B was designed to

address the second and third sim



2. Comprehensive review of the investigated

relationship

2.1. Shift work definition and shift work burden in the world

Shift work, which is included bothight shifts and dayight shifts is
exposedoy more than I% of the total European Uniamorking populatiorn3].
Shitwork is highly engaged by workers inhdé healthcare, industrial
manufacturing, mining, transport, monunication, leisure, and hospitality sectors.
The average percentageSfiift workis quiteidenticalin male and femalewith
most of theworkers aged over 5B3]. No detailed data regarding the NSW
prevalence in Asian population was found. However, a survey conducted by the
Korean Ministry of Employment and Labor (KMELreported that 11% of
employees perform night woild4]. This proportion is likely to increadd5).

Korea has a lower prevalence but a greater amount of NSW per month and year,
compared to Western countries.

Definitions of NSW are various inabour law from country to country.
However, in general, published studies defined NSW as a work which includes
any daily working arrangememthich is out ofthe standard daylight hours (7/8
ami 5/6 pm)[3]. Forinstance definitions of night time ranging from 23:00 to
06:00 in Germany and Finland, betn 24:00 and 06:00 in Netherlands, and

between 22:00 and 05:00 in Sweden. NSW in Korea is identified as work



between 22:00 and 6:00, according to the Labor Standard Act. Although the
gener al definition is fAat | easo0@bhree h
this difference in definitions could lead to the varioasults of epidemiologic
studies which were set up in different countries and in different population.
Moreover, shift work is also divided into several types which reflect the working
characteristics such as permanent or rotating, continuous or disougjrand
shift work with or without night worK3]. The continuousl increasing number
of research on neguids & comsistent nights worfdr f e ct s
superiority evidenceregarding the biological effects afrcadiandisruption to
health related problenis night workerq19].

NSW has negative effects on human biological adaption to the natural light
and darkness cycles and causes health problems speifagnance degradatipn
family and social life, sleep disorders, gastrointestinal diseases, cardiovascular
diseases, and cancdeb]. The impact of NSW in health probleshould be

adequately assessed.

2.2. Epidemiology of breast cancein women

Breast cancer is the most common type of cancer in women worldwide which
accounts for 30%of all new cancer diagnoses in wom§s2 33. It was

estimated that there were 231,840 new invasive breast cancer cases and 40,290



breast cancer deaths occurring amongAWmen in 201534]. From 2005 to
2014, the slight increasef breast cancer incidenegere observedt 0.4% and
1.7% per yearamong Hispanic black and Asian/Pacific Islander women
respectively{32]. Breast cancer incidence in developed countries is highibe
the mortality is hjh in less developed countrig35]. Increased incidence and
improved treatments dragdiehe high prevance of breast cancer patief3%].
The death rate to incidence ratio of breast cancer in-Ratic countries and
the world is 0.27 to 0.30 respectivgB5]. Korea is one of countries in the list of
deweloped region which have relatively high incidence and lowest morfaligy.
age standardized incidence rate of breast cancer in Korea is predicted at 52.8 per
100,000 women in 2018, while the asfandardized cancer mortality rate of
breast cancer was 5pgr 100,000 women, in 20136).

In general, breastancer incidence is different among regions because of the
difference in risk factors, levels of education, average life expectancy, screening
programs and cancer registration in each count®p]. The established risk
factors for breast cancer arehealthy lifestylesearly menarche, late menopause
nulliparous, use of oral contraceptive or hormone therapynesdt obesity after
menopause, alcohol consumptif®b]. Other prospective studies have shown
that highconcentations of endogenousstradiol are associated with an increase
in risk [37]. In contract, breadeeding early first birth and a larger number of

births can be protective factof85 37]. Furthermore, mutations in certain genes



(BRCA1, BRCA2, P53, PTEN and ATMaccounted for a minority of breast
cancer casef37]. Some polymorphisms that might confer a small increase in
breastcancer riskand breastancer risk may be determined by the combined
effect of many lowrisk polymorphismg37]. The effect of mutations on breast
cancer ionfirmedin the many future studies.

Epidemiological studies of breast cantemd totargetto disease etiologpf
each subtype. Menopausdbreast cancef38], premenopausal BJ26 39,
molecular (estrogen/ progesterone) Btemancer subtypd23 40 41] are likely
to betargetel in the recent studies because of the difference in treatment benefits
for each subtype grouBreast cancer subtypes are classified into four subtypes
based on the receptor status: luminal A (ER and/or PR positive and HER2
negative), luminal B (ER and/oPR positive and HER2 positive), HER2
enriched (ER and PR negative and HER2 positive), and -triggative (all
receptors negativg®2]. Luminal A cancers ar®w-grade, tend to grow slowly,
have the best progsis with high survival rates. Luminal A accounts for the
majority of breast cancers (40%). HER2 enrich as well as tngdmtive tumors
grow and spread more aggressively. Luminal B tumors generally grow slightly
faster and have a worse prognosis thannaimA tumors[23]. The diverseisk
factor andpathological features makes breast cancer become an etiologically
heterogeneous set of diseases with eddiit genetic and environmental

determinant$43).



2.3. Shift work and cancer,and with breast cancer

2.3.1. NSW and cancer

Sinceiis hi ft wor k that I nvvwas$ elessfiedioto r cadi a
group 2Aof carcinogenic to humanand evidence of this classification was
Asufficient evidencand nileixnmietra dneemvtiad e mne
many efforts were made to address this i$84dARC had conducted @&orking
section to makeecommendation on shift work study implementatiéfter then,
several findings were suggested from observational epidemiologic studies.
However,breast cancewas mainly referred iexisting efidemiologic studiesn
particular[3].

2.3.2. NSW and breast cancer studie

Up till now, the number gbublishedstudies investigated regarding this topic
is 28 including12 cohort, 14 caseontrol studies, and two casehort studies
[20] [19]. In addition, one updated studywas conducted based ontwo
independent Nurse Hehltohortstudies and extended the follay time to 14
years[46]. Several epidemiologi reportedthe association betweedSW and
breast cancealthough the magnitude of association is not substantial or not
statistically significant. It is not clear to conclude for a desssponse
relationship between time exposure and risk of breast cfad€}. So far, itis

believed that thdeterogenousresults from studies dISW-BC is contributed

10



by the different definitions of night work and varied metr®od exposure
assessment across studigk® 20], partly adjusted for different potential
confounderd20], or different populationgnvestigation[20 21]. For evaluation
and contrast, the general information of several studies included name of studies,
study population, study design and the OR/RR 8B%Cl were presented in
Supplementary -2. However, most of the epidemiological studies regarding
NSW and risk of breast cancer were conducted in Western couaridethere
have been only two studies that investigated this association in the Asian
population thus faf11 12]. Both the studies were conducted in Chinese women
and yielded null associations.

Cohort studies

The 2007 IARC evaluation regarding effeof NSW on breast cancer
includedthree cohort studiefl4 38 47]. Two out of threestudiesfound an
increase obreast cancaiisk with ORsof 1.36 ©5%CI=1.0i 1.78)[38] and 1.79
(95%CI=1.06 3.01) [47] amongnurseswith more than 2030 years of night
work. These studies were also evaluated the strongest evidence for the 2007
evaluation.After IARC evaluation, nine dwrt studies have been published.
Statistically significant risks were found in tweneral populatiostudieq48 49
and the extended follovup of nursestudy [46], however, not found irother
studies. Four cohort studies showed an increased breast cancen ng&men

with long-term exposure witmight work. Unlikely the positive findingsa three
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large UK cohort and metanalysis of prospeéiwe studies found no association
betweerNSW and risk of breast cancgl6]. A 2008 2012studyin nursebased
on payroll data from Denmarkhospitalsalso concludé no evidence of an
association even fohigh cumulative NSW. Two relative large cohorts from
Shanghai, China reported null results and suggested that Asian ethnicity is less
vulnerableto circadiandisruption[1112].

The tendency ofrecent studiesvas to obtain nformation onNSW and
confoundng factorsmorecomprehensivelyhan older studiegl9]. However, as
all existing cohort studiesheywerestill desigied for other purposeatherthan
investigatingthe night work and breast cancassociation therefore, NSW
informationwassuperficiallyobtainedin these studieandimpreciselyanswered
NSW related questionsThese challenges inNSW classification wil be
discusedin next section.

Casecontrol studies

Among fourteen caseontrol studies up to date, seven were population based
casecontrol studies Other populations focusedurses, radio and telegraph
operators andmilitary employeeg19]. Sx out of fourteen caseontrol studies
showed signfficantly increasedbreastcancerrisk in high intensity and frequency
of nightshift workers otherstudiesobserve null findings[4 19 20 41 50 51].
Even after 2007 IARC ecommendation,he diverse of findingavere still

observedBreast cancerisk was observed with increased tremasongDanish
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nurses ever having workd82] or risk of breast cancer in France women with
4.5 or more years exposured] or the positive finding (OR=1.135%CI=1.00

1.25) in female workers in many countries included Australia, Canada, France,
Germany, and Spaifb4]. Other studies found no evidence or no association of
NSW on causing breast cancer.

Someinteresting resultsegardingbreast carer subtypesdifferent hormonal
sibtypesand menopausal statusas derived from caseontrol studies After
night work, risk of premenopausal breast cancer was incr¢aSedNight work
was suggestkto havesignificanteffects on the human epidermal growth factor
positive (HER2+) breast cancef®3]. Therefore, the difference in age,
menopausal stas,hormonalbreast cancesubtypesas been suggested gmme
heterogeneity in results.

Evidence fromexperimental animal studies

Overall, there wagisufficient evidence in experimental animals for the
carcinogenicity ofight during the daily dark p&d (biological nightp [3]. Over
50 animal experiments which sinatd the environmental liglotark schedules
have been conducteégardingto (a) rodents imormalregimensof light with
carcinogen exposuréb) keeplight or darknessconstantly,(c) jet lag models,
and (d) causingmutationsin clock genes.Positive firdings of these studies

denotedsomebiological aspects afircadian disruptioin breast canceisk [3].

13



2.3.3. NSW and breast cancer subtypes

Consideration of the association NSW and hormonal receptor status of
breast subtypes has been made in only a few stuidsfindings remain
controversial[5 23 39 53 55-57]. Regarding the ER/ PR breast cancer studies,
longer duration of rotating night shift was associated with a moderate increase in
risk of ER positive breast cancer, but no association was seen for ERveegati
tumor[38]. Women who had worked at night with more than 6 consecutive night
shifts for more than 5 years have increased risks of hormone reqeystitive
tumors, particularly R positivetumors[53]. Shift work was found to be stroyg
associated with ER and/or Ri®sitive breast cancef22 55. However,NSW
lasting O©20 year s has statistical-negativesi gni f i
tumors in another casmntrol study[27]. In term of HER2 enriched tumors,
similar risks were found in both HER2 negative and HER2 positive tufabfs
or statistically gnificantly elevated OR was seen for tumors that were positive

both for HER2 and for ER or PR3].

2.4. Challenges inshift work exposureassessment

One ofchallenges in measure and assessment of shift work is the various
NSW definitions among countries around the world as desceabeve. Other
challengeselates tgrevalenceand amount of night worisssessmerwhich are

critical domainsto be consideredegarding to biological perspectivét is then
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possible to estimate the effect of different exposure levels on human [8alth
After releasing a monograph as well as recommendatioN 3 classification,
IARC working group had also recommended tloeprehensive assessment for
NSW that should béocusedin future epidenological studies(1) shift system
(regular or irregularstart time of shiftrotating or permanentumber of hours
per day, (2) particulayearsof night shift (overall/ cumulative exposure to the
shift systenduring lifetimé; and (3) shift intensity58]. In response to this neged
many authorsattempted to capture these shift work charactesisin their
epidemiologic studiesTwo main strategies obtang information concerning
shift work history have been used. Some studies have usedpeif methods
based on questionnaire or intervi¢h6 38 46 47 50|, while others used a job
exposure matrbbasedor job databasepproach[4 11 12 14 51]. Detailed
approaches of each study were liste&upplementary-2.

Using by many authorsseltreport haveadvantages in taking specific shift
work datain eachobjectlifetime. The past exposure by frequency and intensity
could be recordedThe limitation of this method ishe occurrence okexposure
misclassificationdue to recall biasEven though job database timed can limit
therecall bias but misclassificatiorof NSW could be occurred\ typical case is
that, without data obtained directly from study participants throselireport
methods some women reported for 4@ars workingmay not truly being

exposedNSW more than one day per week during theiy&@rs working In
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contrast, women who workedy®gars with night shift and truly exposed with 5
days per week could be classified in to a moderate group.

Despite these IARC recommendationsany existing cohatr studiesonly
assessed the intensity of NSW based on number of working[@&ar3ypically,
participants were askdtdlH o w  yemnshave you workedvith night shifts? 0
The bias was pronounced due rtiassing & consecutive night shifinformation
combined shortterm follow-up, and inability to adjust for confounddi20] [58].
Even in very large cohort study of UK population Himwitation on shift work
classification.The limitation of the largest Million Women cohort studies was
age of 68 years in particips when the shift work questions were askegi59].
The shift workoccurring in womerstopped before start dbllowing-up and
questionnaire. The assessment of risk after cessation of shift work makes study
suffer severe exposure misclassification.

These results denote the importance oftaking into account the

comprehensive domaimf NSWin future epidemiologistudies.

2.5. TheNSW and BC linking mechanisms

The biological mechanisray which NSW influencesbreastcancer risk is
remained controversial Several mechanismsall described thecircadian
disruptionwhich is a results of NSV8uch as reduced production of atenin,
phase shift, sleep disruption, lifestyle factors, and lower vitan{i6dP To date,
melatonin hypothesiss the mechanism has been mentioned frequently in
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literature which means a reduction in nighttime melatonin in people exposure
with environmental LAN coul@ontribute to the increadéreast canceisk [60].

In humans melatonin, the neurthormone of the pineal glands the principal
hormnewhich convertthe lightdarknessignalsfrom the eye to all the bod¥].

The following elements will be involved in th&lSW and breast cancer
linking: NSW, circadian disruption, melatonin level, and breast cancer. These
elements are describeddetal by showingthe molecular mechanism to explain
(1) how NSW effect the circadian rhythms regulatiof) how circadian
disruptionand/orNSW could lead to melatonin suppressi@amd @) by which
mechanisms melatonin level can increase breast cancefigske 21 shows
the summary of mechanism related to these elemdifis. epidemiologic
evidence will also balescribedparallelly to provide the evidence in clinical

approaches.
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Figure 2.1. Possible mechanisms of atuimor ation of melatonin in breast
cancer
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(P. Kubatka et al./ Critical Reviews in Oncology / Hematology 122 (2018)
133 143). While MT 1,2, melatonin receptors; Gi, G protein inhibitory; SEEM,
selective estrogen enzyme modulator; SERM, selective estrogen receptor
modulator; PPAR, peroxisome proliferaiactivated receptors; RXR, retinoid

X receptor.

2.5.1. NSW (or LAN) on circadian disruption

NSW changs the sleepwake behaviors hence, change the circadian
disruption Circadian rhythms persist in the absence of timescand are
coordinated by an internal biological clopkacedin the suprachiasmatic nuclei
(SCN) of the brain hypothalamii§1]. The light dark cycle actinggetly via a
novel retinal photoreceptor systesevered as thenost importantsignal for
maintaining a 24 h periofb1]. Change in tine zonesr working timecan alter
the light exposure, which means charigee cues.The central clock adapts
slowly to a rapidshift in work time or time zoneThe circadian adaptation is
moredifficult for night workers who exposmnstantlyto external synchronizers
promoting a dy-oriented scheduld62]. During the process of adaptation,
endogenous rhythms are out of phase with the external environment and
circadian rhythms are alterecChronodisruption, a terminology of circadian
disruption, occurs imightshift workerwho continuously exposure tcAN and
attempt to slee@t daytime. However, the circadian physiology substantially
affects an individual tolerance to working shifé2]. A patial entrainment to
night work would occurs in &s than 25% of this population, amdbre than 72%

of them would not adapt to circadian changes The degrees of circadian
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entrainment taNSW are affected by the work schedulgsiality of sleep their
age, ad health statusf workers[62].

2.5.2. Circadian disruption and NSW on melatonin level

Melatonin is so called a darkness hormone, whicleéseted from theineal
gland.Melatonin plays as a marked circadian rhytipeeakingat night during the
middle of the sleep episode and are undetectable during thecidaylating
concentrations are high from :BD to 0700 h with large individual variations
[6162]. It also serve as a biomarker of circadian rhythrds night-shift worker
who with disruped circadian clock having a day modeat night will secrete
melatonin during work hours. Melatonin production at night was suppressed by
light in sufficient intensity{61].

Several studies measured melatonin levels in the blood or urine and
examined the association betwelSW and melatonin level. Data frorhe
Nurseds Health Study |1 showeddnghtsi gni f
work exposeand decreasedurinary melatonin leveld63]. The level of 6-
hydroxymelatonin sulfat€aMT69 in urine which wasthe pimary melatonin
metabolite in urinavere lower in day workerscompared tcshift workers[64].
However, another author found that shift work was mated tomelatonin
levels[66]. Furthermore, results from a study among rotating shift nurses were
different before and after stratifying by shift tygend revealed the fathat the

ways and times urine samples obtained may have sdfieets on the overall
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results[67].

2.5.3. Melatonin and breast cancer

During the natural darkness of nigbgaklevels ofmelatoninare produced
in pineal glandsat night Reduced melatonin production has been reported
amongnight shift workers[3]. Melatoninhassignificant antitumor activitiesas
findings inpreclinical studies and has been showhdadn thepathwaysof breast
cancerto cancer[3 20]. Moreover a study was founda lower risk of breast
cancerin womenwho hadhigher levels of melatoninmetabolitesn comparson
with lower levels [68]. Furthermore,Blask et al. conductednaexperimenrdl
whereLAN exposure was fountb declinemelatonin levels and tmcreasethe
development ohuman breast cancer ce[B89]. The melatoninconcentrations
has also been found to decredise motility in MCF-7 breast cancer cel[S)].
Melatonin inhibit cancer development through directly free radical scavenging
effects[3]. The pretreatment of melatorsignificantlyreduces the DNA damage
in rat liver tissuesThe possible me@misms of anttumor action of melatonin in
breast cancer were displayedRigure 21 [70]. Melatonin can act through its
binding to either highaffinity MT1 or low-affinity MT2, which are two Gi
pr ot ei n-coupl&@li plabnia) membrane receptoamid inhibit adenylate
cyclase After that, theconsequent reduction of CAMP levels leads¢oies of
response: reducing cell proliferation, it has -gdifferentiation, antimetastatic,
pro-apoptotic, antangiogenic, amoxidant/antimutagenic, and immuRo
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enhancing effects. The response could explain the effect on tumor formation
inhabitation of melatonif70]. Melatonin can also influence hormone estrogen
and estrogen receptor (ER) activitidsereforeleadng to breast cancgfy)].

The relationship betweemelatonin and cancer was also examined in
epidemiologic studieBreast cancer risk was demonstraiethe associated with
the highest quartile of melatonimguuctionin premenopausal womenith ORs
of 0.59 ©5% CI=0.341.00) [71] and 0.62 95% CI=0.410.95 [72].
Epidemiologic findings suggested everserelationshipof melatonin levels and
breast cancerisk, however, many aspects of the dynamics of melatonin
reduction patternare still unclear and thus causalrelationship could not be

confirmed[60Q].

2.6. Genetic features related to NSW and BC

2.6.1. Clock genes and breastancer

Shift work suppresses the expression levels of core clock gamkeshanges
g e n bebaye differentlytherefore, ®posingcircadian dysrhythmia adversely
affects healtkrelated problemsspecially breast cancgf3]. There are more than
twenty core clock genebave beerdeterminedn controlling circadian rhythm
andtaken into account in the relationship with breast cancer, incliigL1,

CLOCK, NPAS2 PER1, PER2, PERZRY1, CRY2 ARNTL1, PER1,PERZ,
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PER3 , CRY1, CRY2 TIMELESSCSNK1A1, andTIMELESS [25]. These
genes have been found first in the SCN and in peripheral oscillators after.
Detailed information regarding atk gene and name of investigated studies is
displayed inSupplementary-3.

The coordination ofcircadian rhythms arehough protein levels via
expressions otircadian genes i24-hour cycleloops of positive and negative
feedback More specifically, ngative and positive intracellular feedback loops
are formed by positive clock regulators (BMAL1, CLOCK, NPAS2) and
negative clock regulators (PERs and CRYShe heterodimersreated by
positive clock regulatorénamely CLOCK/BMALL, or BMAL1/NPAS2)ind to
the Ebox elements in regions of negative clock genefiuencing to an
increasd genetranscription[25]. Other clock transcription factors, like DBP,
RORA, RORB, RORC, NR1DINR1D2 canmodulate thgopromoter regions of
negative clockgenesincludedD-boxes, Eboxes, RORE, and cAMF74]. The
increased transcription of PERs and CRatcumulatePER and CRYin the
cytosol PERs and CRYs are protein generated by PER and CRY geRERs
are phosphorylated and being translocated back into the nusidushibit the
activity of CLOCK/BMAL1 or BMAL1/NPAS2 heterodimers preventing
further expression of PER and CR¥nesThe phosphorylated PERnd CRYs
are deactivedand BMALL1 transcription is deepressed. The interaction of these

feedback loops allows for hightevels of BMALIs and low levels of PERand
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CRYs that start the next circadian dgg4]. A new regular loop is created in the
new day, this allows genes involve in driving twefdyr-hour cellular rhythms
and regulating the biological clock addition, other genes (TIMELESS, DEC1,
DEC?2) also have important roles in the molecualack through many cellular
processes and complex behaviours in peripheral tissues. These genes produce
proteins that independently intersect the clagkle, and response to DNA
damageSeveral author suggestttk involvement otircadianin severakritical
molecular processeghich may altecarcinogenesilke repairof DNA damage
cell proliferation, genomic stabilitynaintenanceinflammation, oxidative stress
[25]. In night-shift worker clock genes expression in peripheral blazadls
slowly adaps to the shifted sleep/wake schedukéth a periodmore than a week
[62).

In terms of breast biology, clock genes have been foubdeimst epithelium,
and daily rhythmicchangesin the expression of clock proteins BMAL1 and
PER2 are discovered. Other findings showed that during late pregnancy and
lactation periods, BIAL1 and ERL1 levels increase andER2 levels decrease.
The expressioss of clock genes are contedl by both breast cellular
micoenvironnent and breast tissues. Disruption of clock gene change its
expression might increase risk of breast carj@dt. Change in clock gene
expressiomresultingin circadian disruption and melatonin levels in seisrane

of explanation for increasing breast cancer.riékernative explanations are
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made based on effect of genes itsdlhe dropsin PER gene expression
contributes to malignancy, occurring through inhibitingbd-mediated
transactivation by BMALL/RAS, and via methylation the PER promoter
regions, leadig to loss of PER2PER1 and PER2 play integral roles in
promoting apoptosidy interacting with checkpoint proteins ATM and Chk2
Reduce of PERs exhibitthe decrease of apoptosis, and accumulation of
damaged cell§75]. In contract, overexpression of PER1 make human cancer
cells be sensitized tapoptosiq75]. Additionally, NPAS2 is &0 reported for
repressing significantly expression of sevegahes involved inDNA repair
processeand PER and CRYroteins also impact tumorigenesis via the cell
cycle [74]. Moreover, circadian clock can also link to cancer risks through cell
metabolism, specially through the AMP, ADP, ATP state.

In terms of findings in human b, drcadian genetic polymorphisms
alteling circadian rhythms and gene expresdiane beemprovenas amolecular
candidate forcircadian relateddiseaserisk [25]. Some epideilogic studies
have investigated th&SW and circadian rhythmSNPs interaction in the
relatiorship with breast cancer risR6-29]. All over 15published studief25],
only 5 studies indicatkimpacst of NSW on the circadian geneSNPsand breast
cancer riskassociationDetailed information for these 5 studies is described in
Supplementy 2-2-2.3. However, thesinificant findings in one studwere not

replicated in another study, the main conclusion is that, clock variants
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significantly associated with breast cancer [&.

Findings eferring to negative clock regulators (BMAL1, CLOCK, NPAS2)
showed that,lHiree SNPsn BMAL1 included rs3816358, rs2278749, rs3816360
significantly associated with breast cancer &R 27 29]. Women who hadht
least one minorallele of BMAL1 rs3816358 were statistically signifiaty
reduced breast cancer risk compared to those with two major atielesninant
model (OR = 0.82,95%CI=0.69 0.97)[27], while increase one minor allele of
BMAL1 rs3816360 created a risk of 1.248506CI=1.061.45) in Canada
population[22]. Findings fa CLOCK polymorphismsys3805151, rs11932595,
rs7698022, rs1801260, rs1048004 have been found with increased risk, while
rs11133391, rs6850524, rs13102385, rs3749474 decreased risk of overall or
ER/PRnegative breast cancf26 30 42]. The resultfor CLOCK rs11932595
was a protective effect of postmenopausal breastcer. Minor CLOCK
rs11932595 allele was found as protectivadam one study{OR = 0.74, 95%

Cl: 0.64 0.86)[26], however, as aisk factor ofbreast cacer (OR = 1.43, 95%
Cl: 1.071.91) in another studj30]. Even though investigated CLOCK locus
significantly elevated breast cancer risk, but the results warn®us amag
studies Furthermore finding for twelve NPAS2locus revealedthe significant
associationwith breast cancerincreased risks were reported in several locus
(rs1016597, rs965519, rs1167419, rs895%26]) and decreased risks were

denoted in other study (rs356642, rs1561002, rs2043534, rs1369481, rs1811399,
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rs1542179, rs2305159, and rs1262p2%76]) risks of breast cancer.

Among positive clock regulatorsninor allele of CRY1 rs11113179 was
linked to breast cancer risR2]. Three CRY2 SNPs including rs1401417,
rs11038689, rs7123390 significantly associated wliticreasedoreast cancer
risks [42]. Minor homozygote genotypesof PER1 rs3027188 and PERL1
rs2253820 were also found to reduce breast cancef22sk5]. Minor allele of
TIMELESS rs7302060 and rs229173@re denote tdhe reducerisk of breast
cancemwith ER/PRpositive[77].

Furthermorestudies with different ethnic grougbowed the different results
regarding effect of clock SNP in breast cancene frequacy distribution of
clock gene waseported to be significant differences among African Americans,
Han ChineseEuropean Americans, Ghanaians, and Papua New Guifiggns
Therefore, the impact of NSW as well as its interaction with circadian and
melatonin relatedjenes on nofaucasian guulation are needed to confirm,
also,the research findings should be considered vthion

Furthermoretheclock and melatonipolymorphisms coul@ffectexpression
of othergenes, protein function and proteiprotein interaction$29]. This could
be defined as gergene interactionThe effect of SNPs on bretacancer risk
may be altered by other SNPs, ggjame interaction should be considered in the
association with breast cancer. ntdraction in three genes,

MTNR1B/NPAS2/ARNTL, was observedndsuggestd a role of the melatonin
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receptors in theegulation ofcircadianrhythm [27]. The author suggested that
gend gene interactionshauld be cautiouslyinterpreted.

2.6.2. Melatonin pathway genesand cancer

There are three genes largely responsible for regulating melatonin pathway:
MTNR1a, MTNR1b, and AANAT These genes encode one of two high affinity
forms of a receptor for melatonin and resgdor mediating the downstream
effects of melatonip31]. The MT1 and MT2 melatonin receptor encoded by the
MTNR1A and MTNRI1B genes, respectively. Melatonin via binding and
activatin of the MT1 and MT2 receptorsthenMT receptorsshowed the arti
oncostatic actions human breast cancer celi&g]. Over expression of the MT1
receptor can enhantke antiproliferative effects of melatonin on breast cancer
cells. In contract, its effects are reversed by MT receptor antagonists. Molecular
mechanism related to AANAT and other melatonin pathway gém@ss not
shown in literature.

Epidemiological indings from a study include 23 SNPS in the MTNR1a,
MTNR1b, and AANAT genes showed that MTNRla rs10765576 was
significantly associated witla decreasetbreast cancer risk under a recessive
model (OR=0.78, 95% CI=0.62.97, p=0.0281) and all SNPs in
the AANAT gene were not associate with breast cancer [3dk MTNR1A
rs11728777 was found to significantly increase risk of breast cancer (OR=1.18,

95%CI=1.02 1.37)in European subgroyR2?2].
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2.6.3. Genei environmental interaction in NSW 1 BC linking

A complete adaptation of the circadidisruptionto NSW would only occur
i n a mi3%paf wotkers ef/e if they work anfixed night shift schedule
[62]. Circadian rhythmswhich substantially affects an individu&@hift work
tolerance could be altered by factors such as-geamgonment interaction$2].
Only three authos considered aboutNSWNSW i gene interaction when
assessing the association betw®&SW and breast cancehowever, NSW has
been treated as modifiers in these studi2é 28 29]. On the basis of
epidemiological principlesthe genetic factorswhich is uamodifiable facteos,
should play as modifiers[80]. Furthermore, publishedesults were non
duplicated in another word, the findings in one study was not replicated in
another study

Marginally significant interactions with shift work with respect to breast
cancer risk were detected for rs4388843 in MTNR1B and rs11894535 in PER2
[22]. Monsees et al. reported tHaPAS2 rs23051560 stronghssociatedvith
breast cancaisk [28]. No interaction term was statistically significant after FDR
correction in a study26]. Another author pointed ouhat rs8150plays an
important rolein breast canceprogressand interact significantly with shift
work [27]. Womenwho workedthree consecutive night shiisd carried at least
one risk alleldén certain SNPs$n genes of CLOCKNPAS2,BMAL1, BMALZ2,

ROR-b, RORb, MTNR1A, CSNK1E, and PER3 had higher risk of breast
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cancer compared to those without NSW and risk al[@@és

2.6.4. Modeling conception of genetic association study analysis

Hardy Weinberg Equilibrium (HWE) is a fundamehtagrinciple in
population genetics, states that if two alleles, M and m, with frequencies p and q
=171 p, are in equilibrium in a population, then the genotype frequencies MM,
Mm and mm will occur in the relative proportions p2, 2pq andiagd2 HWE is
used in genetic associatiostudies to search for possible polymorphisms
associated with the disease among cases, and to serve as a proxy for study
guality among control$81]. Significant deviations from HWE in controls are
often associate withssuesin desigring and conduéhg genetic association
studies particularly consequence of population stratification, genotyping error or
selection biag81-83]. Detection of deviations from HWE in controls is still a
relevant method for checking genotyping quali8g]. HWE at the leel of <0.05
is used as a cwff point of statistically significant deviatigi81].

Linkage disequilibrium (LD) refers to the population correlation between two
(usually nearby) allelic variantg84]. LD of two SNPs was calculated by r2
which means the correlation between marker alleles. An r2 of 1 indicates that the
two markers are perfectly correlatadd an r2 of O indicates that the two markers
are completely independef3]. LD information is often used to estimate the
effective number of independent SNPs before taking multiple testing adjustment
[84].
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In genetic association studies, a risk factor for case versus control status is
the genotype or allele at a specific SIg]. Standard models that imply a
specific relationship between genotype and diseases include codominant,
dominant, recessive, and laglditve modeld84 85]. The most common type of
allele variation SNPs composs by a major allele (M) and a minorlele (m). A
dominant model compares MM versus Mm + mm, and a recessive model
compares MM + Mm versus mm. A codominant model compares each of MM
and Mm versus mm and a laglditive model hypothesizes thaim, Mm, and
MM are associated witthe highest the intermediate,and the lowestrisk,
respectively The association could be inversed respectij@&sy.

Multiple testing correction is a method to control type | error, aldect#he
significance level or falspositive rate in genetic association studied]. Not
only GWAS but also candidate gene casatrol association studies,
consideration of correcting for multiple testing should be taken especially where
pol ymorphi smsd functi on §86. Thereqareisdvarat a n c e
multiple test corrections such as Bonferroni corrections, Bayesian statistical tests,
false dscovery rates (FDR) correction, permutation correction.

PRS (polygenic risk score) is a value which summarizeccombined effect
of several SNPs. An unweighted PRS is calculated by sum of disease alleles at
locus for each individual. A weighted PRS suamining the risk effects of

several loci (SNPs) was calculated for each individual using the following
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formula: B Al 1/ @, where n is the number of loci included in the model, a
is the number of disease alleles at locus, i and OR is the pongiag petallele

odds ratio for breast cand@7].
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3. NSW and risk of breast cancer in a caseontrol
study in Korean women

3.1. Abstract

This study evaluated the association betwd&NV and breast cancer risk as
well as subtypes of breast cancer in Korean &iom

The study population included 1,721 female breast cancer cases and 1,721
female controls matched by age. The subtypes of breast cancer were determined
based on estrogen, progesterone, and human epidermal growth factor receptor 2
statuses by reviewingathology reports. Odds ratios (ORs) BW experience,
age at commencement BISW, frequency, and duration were estimated using
conditional logistic regression, and were adjusted for confounders such as parity
and socioeconomic statuslated factors.

Among 1,721 pairs, 10.58% of cases and 9.59% of controls had ever engaged
in NSW. NSWwas not associated with breast cancer risk in terms of ever having
night-shift exposure (adjusted OR was 1.11, 95% C] =iA8®M), duration,
frequency, or cumulative woirkg time. The OR for >10 years of lifetime
duration ofNSW was 1.55 $5%CI=0.89-2.69, p=0.124). In addition, the OR for
>35,000 hours for cumulative frequency of night work was OR=1.42 (95%
Cl=0.732.74, p=0.304). There was no heterogeneity among ORs which
represented the effect of ever haviw8W, overall/cumulative duration oNSW

on four subtypes of breast cancer.
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NSW including longterm and heavy working exposure was not associated
with breast cancer risk. Further studies are needed to provide tleenégiogical

evidence for the effect dSW on breast cancer risk.

3.2. Subjects and methods

1 Study population and exposure information

Women aged 20 years old or more who visited the Breast Cancer Center or
Health Examination Center at the National Cancer €eint Korea from 2012
February to 2018 January were enrolled. Eligible cases of incident breast cancer
were histologically confirmed. Controls were selected from among women who
visited the centers for health cheggs during the same period. After obtaui
informed consent by trained interviewers, information on righrtk experience,
demographic characteristics, reproductive factors, and lifestyle behaviors were
collected using a structured questionnaire through-tiafece interviews. The
study protocb was reviewed and approved by the National Cancer Center
Institutional Review Board (IRB number: NCCNCS13717). A total of 2,058
incident female breast cancer cases and 1,938 female controls were frequency
matched by 1§ear age groups; thus, 1,721 cased 4,721 controls were
included infinal analyss. Details for population selection processreprovided
in Figure 31. For breast cancer patients, pathology reports were reviewed to
access information about the hormone receptor status of breast capoer ti

including estrogen receptors (ER), progesterone receptors (PR), and human

33



epidermal growth factor receptor 2 (HER2Jter checking medical records of
enrolled patients, & classified breast cancer into four subtypes based on the
receptor status: lumal A (ER and/or PR positive and HER2 negative), luminal
B (ER and/or PR positive and HER2 positive), HERRichedER and PR
negative and HER2 positive), and triplegative (all receptors negativig)2].
Among 1721 cases, 1529 cases had hormonal status in ER and PR and HER2.
The numbers of luminal A, luminal B, HERshriched, and trimegative breast
cancer wereB860, 134, 187, and 348 respectively.NSW was defined as ever
having worked in night shifts regulg between 9:00pm and 8:00am for at least
2 months in their lifetime. In addition, age at starting and enNi&@V, clock
time of starting and finishing nigtshifts, the number of working days per week,
the average length of shift cycles, and years ohtnéghedule were obtained
using a standardized questionnaire.

1 Confounders

Confounding factors for the association between NSW and breast cancer
were assessed via two steps: literature review and confirmation in our dataset.
ljaz et al.[10] had systematically assessed confounding for g8s@ation using
directed acyclic graph(Figure 32), and selected age, ethnicity, parity,
socioeconomic status as confounders that may truly affect the association
between NSW and breast cancer. Thus, we applied the selected confounders

from ljaz et al[1Q] to our analysis, except ethnicityecause our all study
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population was Korean. For age, we frequently matched cases and controls by
age group and adjusted for age as continuous variable to avoid residual
confounding effect. As a proxy for socioeconomic status, educational level (less
thanuniversity, university, or higher) was considered. For padtgted factors,
we considered the number of pregnancies and age at birth of the first child.

We checked whether these factors were confounders in our data by using
univariate logistic regregm and assessing whether they were related to both
NSW and breast cancer (Figure 1). We additionally considered whether the
established risk factors for breast cancer such as body mass index (BMI), age at
menarche, tobacco smoking, female hormone tredtrif@mrapy, and family

history of breast cancer were associated with both NSW and breast[&ihcer
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PART A: NSW - BC association

Population
(N=4,268)
Breast cancer (N=2,058), Control (N=1,938), Other types of cancer (N=272)

Exclude other cancer cases
(N=198) and non-related ca

ncer (N=74)
Study Population
(N=3,996)
Breast Cancer Control
(N=2,058) (N=1,938)

| |

Matching by 1:1 ratio according to the age groups of 10 year intervals

|

Breast Cancer Control
(N=1,721) (N=1,721)

Figure 3.1. Flowchart of selecting study subjects in the study
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I Statistical analysis

The dstribution of demographic characteristics and other covariates in the
study population was described by frequencies and percentages. The associations
between all selected risk factors and breast cancer as well as with NSW were
determined by univariate lagjic regression models.

The association between NSW and breast cancer risk was presented as odd
ratios (ORs) with 95% confidence intervals (Cls) and adjusted ORs, using the
confounders selected from the study by ljaz et{HJ]. This included age at
diagnosis time for cases and age atrinésving time for controls, the number of
pregnancies, age at birth of first child, educational levels to yield a minimally
adjusted result. The fullgdjusted ORs incorporated all established risk factors
including age, number of pregnancies, age at loftiirst child, educational
levels, BMI, age at menarche, tobacco smoking, use of female hormone
treatment, family history of breast cancer to yield a falljusted result. This
was performed by multivariate conditional logistic regression using never
worked in nightshift as the reference.

NSW exposure was classifi@to having ever or never engament ofnight
work, in addition to the length of exposure and the shift schedule. Shift schedule
was detailed for age at starting to work nightfts, numbe of days per week for
NSW exposure, clock time at starting night shifts, lifetime duration of night work

as recommended by the IARC working gro[g8]. The duration of NSW
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involvement was classified into three levels:yHars and under, longer than-10
years. To integrate the shift duration and intensity, the lifetime cumulative hours
of night wok was computed by multiplying number of years with number of
days per week with NSW, and hours of working per NSW.

To investigate whether the association between NSW and breast cancer
would be altered by the hormone receptor status, we also performagienult
logistic regression models according to luminal A, luminal B, HER&ched,
and triplenegative subtypes, and the results were presented as ORs and 95%Cls.
The heterogeneity among the results by breast cancer subtypes was tested by
using the likelihed ratio test. All analyses were performed using SAS software

version 9.4 and STATA version 14.2.
3.3. Results

The distribution of baseline characteristics in our matched study population is
presented immable 31. The mean age of matched cases and controks matr
significantly different (48.21+9.04 and 48.18+9.17, respectively, p for t
test=0.930). The distribution of known risk factors for breast cancer, including
pregnancy, number of pregnancies, age at birth of first child, BMI, age at
menarche, tobacco sking, and family history of breast cancer were
significantly different between the two groups (p <0.05).

The associations between all considered covariates and breast cancer as well

as night shifts are presentedHrigure 33. Among the covariates fronjak et al.
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[10], number of pregnanes, age at birth of first child, and educational level
were significantly associated wittNSW. Our data did not suggest any
association between these covariates with breast cancer riskerfoth, BMI,

age at menarcheand family history of breast cancewere significantly
associated with breast cancer risk, and only tobacco smoking was related to
NSW. Following the definition of a confound@8(], parity-related factors may

not confound the association between NSW and breast cancer. However,
considering the literature review and basic of knowledge, we adjusted for both
parity-related factors (age at birth of first child, and nhumber of pregnancies) and
educational levels which represents socioeconomic status (SES), in addition to
all considered factors in our analysis.

The frequencies of having ever engaged in NSW were 10.58%.58% in
breast cancer patients and controls, respectively. In our study population, there
was no significant association between ever engaging in NSW and breast cancer
indicated by the minimally adjusted OR of 1.B6%CI=0.89 1.40,Table 32).

The posiive impact of NSW to BC risk were found with no significance (ORs>1
with nonsignificant Ps)Furthermore, age at starting their first NSW, frequency
of NSW (number of NSWs per week), and NSW starting tivae notassociatd
with risk of breast cancer. Thminimally adjusted ORs and fully adjusted ORs
were similar. Women with more than j@ars of cumulative NSW exposure

were not associated with risk of breast cancer compared with women who had
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never engaged in NSW (minimally adjusted OR=1.55, 95% CI=RD&%
P=0.124). A similar effect was found with respect to cumulative NSW exposure
expressed in hours. No significant association between more than 35,000 hours
of nightshift exposure and risk of breast cancer was obseraedirimally
adjusted ORof 1.42, 95%CI=0.732.74, P=0.304). Increase in lifeme
cumulative frequency dNSW did not correspond to an increased risk of breast
cancer (Rrend=0.168).

When the association between NSW and subtypes of breast cancer was
investigated Figure 34 and detaild in Supplementary-3), overall, ever having
night-shift exposure did not significantly increase breast cancer risk on every
subtype of breast cancer. Although the point estimate for the risk of HER2
enriched breast cancer was an OR.8B[95%CI=0.581.66], which was lower
compared to luminal A (OREQ9 95%CI=0.82-1.45, luminal B (OR =1.36,
95%CI=0.792.33 and triplenegative (OR%.1, 95%CI=0.741.62 subtypes,
the heterogeneity among the ORs was not confirnpe).85§. Analyses for
NSW characterigts showed null findings except for luminal B. Women who
worked nightshifts more than five days per week tsghificantly higher risk of
luminal B breast cancer than newgorkers at 2.42 times (95% 1:2569).There
were no heterogeneous associatiortsveen NSW and breast cancer among the
four subtypes of breast cancer with respect to age at starting their first NSW,

frequency of NSW, NSW starting time, and cumulative exposure to NSW
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(Figure 2 andsupplementary-3-3.4).

In term ofthe association bewen NSW angremenopausal breast cancer
risk, a total of 1,495 and 1,444 women in case and control groups responded to
the menopauseelated questionnaire. Among breast cancer cases, the number of
postmenopausal breast canears 954. Thesize effects werdound at ORs of
1.14 @5%CI=0.851.52) and 1.19 (95 CI 0.8r.62) for postmenopausal and
premenopausal breast cancer risk, respectivdydifference was found in risk
of breast cancer regarding to high intensity and heavy exposureNSith

(Supplementar 3-5).
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Table 31. Distribution of baseline characteristics in agatched breast cancer
patients and contrals

Characteristics Control cases b
(N=1,721) (N=1,721) value
N % N %
Age group (years)
20-29 1 0.06 1 0.06 <0.999
30-39 37 2.15 37 2.15
40-49 205 11.91 205 11.91
50-59 752 43.70 752 43.70
60-69 530 30.80 530 30.80
070 174  10.11 174  10.11
Pregnancy
Nulliparous 1485  86.29 1501 87.22 <0.001
Parous 187 10.87 208 12.09
Number of pregnarnes
Nullipara 187 10.87 208 12.09 <0.001
1-2 564 32.77 586 34.05
03 912  52.99 909  52.82
Age at birth of first child years
Nullipara 187 10.87 208 12.09 0.003
<28 919 53.40 867 50.38
028 492 2859 586  34.05
Education
<High school 704 40.91 722 41.95 0.058
OUniversity 813 47.24 756 43.93
BMI (kg/m?)
<185 1279 74.32 1181 68.62 <0.001
Q 182458 110 6.39 73 4.24
025 304 17.66 426 24.75
Age at menarchgyears)
014 1090 63.34 1213 70.48 0.008
>14 616 35.79 493 28.65
Tobacco smoking
Never 1544  89.72 1521 88.38 0.010
Ever 161 9.36 195 11.33
Use of female hormone treatmémtmenopausal women
Never 470 27.31 543 3155 0.015
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Ever 171 9.94 145
Alcohol consumption

Currentdrinkers 770 44.74 535

Former or never drinkers 941 54.68 1180
Family history of breast cancar first degree relative:

No 1434  83.32 1290
Yes 260 15.11 400

8.43

31.09
68.56

74.96 <0.001
23.24

(N: number; SD: standard deviation; BMI: body mastei (kg/m2); * estimated among

parous women)
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Association with breast cancer Association with night-shift work

Factors OR (95% CI) OR (95% CI)
Number of pregnancy (1-2 times)2 —*I— 0.93(0.74,1.17) — ; 0.55(0.39,0.77)
Number of pregnancy (23 times)2 —0+— 0.90(0.72,1.11) — & : 0.64 (0.46,0.88)
Age at the 1stdelivery (< 28 yrs)3 — 0.85(0.68, 1.05) — | 0.60(0.44,0.83)
Age at the 1stdelivery (>28 yrs)3 —:—-’— 1.07 (0.85, 1.35) — : 0.57(0.41,0.81)
Education (zUniversity)4 - 0.91(0.79, 1.05) — 0.74(0.58,0.94)
BMI<18.5, H—IL 0.72(0.53,0.98) i‘407 1.42(0.91,2.23)
BMIz 255 | —— 1.52(1.28,1.79) T 1.14(0.87,1.50)
Age at menarche (>14)6 —— | 0.72(0.62,0.83) —— 1.01(0.80, 1.28)
Tobacco smoking (ever)7 :—‘— 1.23(0.99, 1.53) : — 1.91(1.40, 2.59)
Use of FHT in MW (ever)8 — 0.73(0.57,0.95) ﬁ% 1.24(0.84,1.83)
Family history of breast cancer (yes)10 | — & 1.71(1.44,2.03) I 1.24(0.94,1.62)
| |
| \ | | \ |
0.2 05 1 2 0.2 0.5 1 2

Figure 3.3. Plot of ORsand 95%Is showthe association between diémographidactors andNSW as well as breast cancer.

1-Never pregnancy as referengeligh school and uret as the referencgl 8 . 50 B MI < 2 55 aged 14 ared fureler asrrafeeence,

¢ Never smoking tobacco as referengblever use of female hormone treatment in menopausal women as refgfgatéaving family
history of breast cancer in first degree relatives as referédR: odd ratio; 95%CI: 95% Confidence Interval; yrs: years; BMI: body mass
index (kg/mf); FHT: female hormonaé¢atment; MW: menopausal women;
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Table 32. Distribution of NSW characteristics and associations with breast cancagematched breast cancer
patients and controls

Controls Cases

Characteristics (N=1,721) (N=1,721) aAdjusted OR (95%Cl) p Adjusted OR (95%Cl) p
N % N %
Night-shift work status
Had job but no NSW 1556 90.41 1539 89.42 ref ref
Ever 165 9.59 182 10.58 1.11 (0.891.40) 0.347 1.1 (0.881.39) 0.414
Age at starting working nightshifts
030 86 5.00 96 5.58 1.11 (0.821.51) 0.499 1.08 (0.8-1.49) 0.479
older than 30 72 4.18 82 4.76 1.16 (0.841.62) 0.370 1.16 (0.831.63) 0.318
Number of day per week
1-5 days 77 4.47 88 5.11 1.17 (0.851.60) 0.346 1.13 (0.821.57) 0.447
O 5 days 66 3.83 78 453 1.17 (0.841.65) 0.355 1.16 (0.831.66) 0.354
Time starting NSW (clock time)
Before midnight 137 7.96 163 9.47 1.20(0.941.52) 0.143 1.17 (0.931.51) 0.152
Midnight ard after 7 0.41 7 0.41 0.98 (0.342.80) 0.963 0.85 (0.®-2.49) 0.896
Lifetime duration of night work (years)
O 10 years 139 8.08 145 8.43 1.07 (0.831.36) 0.609 1.05 (0.831.36) 0.824
More than 10 years 21 1.22 35 2.03 1.55 (0.892.69) 0.124 1.44 (0.822.55) 0.234
p-trend 0.105 0.100
Lifetime cumulative frequency of night work (hours)
O 10,000 hours 86 5.00 94 5.46 1.11 (0.821.50) 0.512 1.08 (0.8-1.49) 0.722
10,000-035, 000 hou 59 3.43 63 3.66 1.09 (0.761.57) 0.645 1.09 (0.761.59) 0.727
More than 35,000 hours 15 0.87 23 1.34 1.42 (0.732.74) 0.304 1.30(0.66-2.58) 0.432
p-trend 0.168 0.161

OR: odd ratio; 95%CIl: 95% confidence interval, estimated using conditionalilogistr e gr e s si o n riar dge,leducatiofal Adj ust m
|l evel , number of pr egnancAdpsed fomade, eslgaional tevelprnumbertof pee§nantyi andsage athbirth of d .
1sr child, BMI, age of menarche, alcohol consumption, smoking, female hormone treatmenthistonjyof breast cancer.
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The rounded points and Cls represent the estimated risks from each Xp®gure level in the study. While Lumina A (ER and/or PR

positive and HER2 negative), Lumina B (ER and/or PR positive and HER2 positive),-¢tERBedER and PR negative and HER2

positive), and Triplenegative (all receptors negative) and OR 8B&6Cl from the multivariate logistic regression modefsh adjusted

factors: Adjusted for age, educational l evel , numbehol of pregn
consumption, smoking, female hormone treatment, family histobyeafst cancer.
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3.4. Discussion

In this casécontrol study among Korean women, NSW was not associated
with the risk of breast cancer. The null findings were observed regardless of any
shift work intensity and breast cancer subtypes.

Our findings were consigté with recent studies that showed no association
between NSW and breast can¢gt-13 16 18 53 57 88] even with longterm
exposure to NSW11 12 16 88] or any hormone receptotasus of breast cancer
[23]. Although several previous studigs8 49 51 89 90] and metaanalysis[7]
have shown an increased risk among women who had engaged in NSW, recent
metaanalyses have shown inconsistent req@dt40 16]. The increased risk of
NSW on breast cancer in previous studies could be possibly attributed to the
characteristics of the study populasonPrevious studies included women
engaged in particular occupations with high intensity of NSW such as nurses,
flight attendants or militarie9]or i n women with [®Bgr aveya
All of the workers had heavy exposure levels of nigtift compared to the
general workers.

In terms of the general population, some studies found an increased risk of
breast cancer in loagrm workers with working periods longer thani 28
years or heavy work frequencigs51 56 90]; however, these were not observed

in other prospectivstudies[11-13 16]. In addition, the report from the IARC
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regardingShift work in 2007 [3] has been criticized because it was based on
experimental evidence primarily and consideegidemiological evidence was
limited [16 92]. A recent metanalysis[16] using ten large prospective cohort
studies provided evidence for no association between 20 or more years of NSW
and breast cancer risk (RR=1.01; 95% CI=D1930), suggesting lack of an
association evemvith long duration of NSW. In our study, even duration of
cumulative NSW more than 10 years or 35,000 hours did not show any
significant differences.

Although the definitions of NSW varied, the International Labor
Organization defined nigkghift as fultime working period between 24.00 and
05.00 [93]. The 24.0005.00 includes the time for physiological peak of
melatonin biosynthesis which is around 01@®.00 AM. Wecategorized the
time of starting NSW before and after midnight but we could not accord
significance to the results with similar odds ratio irrespective of time starting
NSW. Further, it has been suggested that age at starting NSW in relation to the
statusof the breast tissue would be critical, and women exposed to NSW at a
young age were more vulnerable to breast caid@r However, our results did
not show an association betweeage at starting NSW and breast cancer.
Inconsistent results of the previous studies may be due to, in part, varied
definitions of NSW and its duration, potential recall bias, and limited adjustment

for confounders. In addition, we evaluated the associabtetween NSW and
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breast cancer risk stratified by menopausal status considering its effect on
circulating estradiol level®4]; however, no differensewere obsrved

Two studies regarding the association between NSW and breast cancer
conducted in China showed no associafitih1?]. In these studies, even longer
durations, and higher frequencies of exposure were not associated with the risk
of breast cancer. Biological differences between Asian women and women in
Western countries in terms of human endocrinology, particutagiatonin or
difference in the circadian genes, were suggested as factors accounting for the
differences. The decrease of the circulating melatonin concentrations could result
in cancer developmenj©5 and after night work, the amount of reduction in
urinary 6sulfatoxymelatonin levelsvaslower in Asian people, suggesting that
Asian nightworkers were better at maintaining their melatonin produd¢@dh
Asian populations have lower frequencies of rs23051560 Thr/Thr, one of the
neuronal PAS domain protein 2 genes associatétd breast cancer risk,
compared to European populations, suppressing the effect of shiff9@hrk

When the association between NSW and breast cancer ssiliigged on
hormone receptor status was observed, we did not find any heterogeneity among
ORs. This may be due in part to the small number of participants in each
category. Although several previous studies showed stronger associations in
hormone receptorgsitive groupg23 39 46 55 56|, other studies showed higher

association in ERnegative breast canci27] or did not present heterogeneous
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results according to the hormone receptor s{@855|.

Strengths and limitations

To the best of our knowledge, this is the first study evaluating the association
between NSW and breast cancer in Korean women and the third study conducted
in the Asian population. Our findings will provide additional evidence in the
Asian population. One of the strengths of our study included detailedstitht
characteristics (shift systems, rotation cycle, years on -slgftt schedule,
recurred the secondxposure) which could cause various impact on breast
cancer risk.. This was a weltesigned caseontrol study, where possible
confounding factors were considered. Adequate pathology information about the
hormone receptors located in the breast celRHE PR+/, and HER2+)) was
obtained to classify breast cancers into detailed breast cancer subtypes.

There are several limitations in this study. This was a hodmsgd case
control study and our findings may not be generalizable. We compared the
prevalence of NSW with the result from the sixth (2€4®BL5) Korean National
Health and Nutrition Examination Survey (KNHANES), which provides
nationally representative results in Korea in the same period as our[S#idy
The KNHANES evaluated theiSWst at us of participants &
you usually work during the day (between 6 am and 6 pm), or do you work at a
di fferent time in | ast one year ?0. Bece

different, we did not have enough data to compare the prevalerid8\Wfof
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general and our study population. The results fordastyear exposure of this
study population wer lower than KNHANES result (2.95% in KNHANES vs.
1.05% in the control group), suggesting the limited generalization. Furthermore,
around 1.27 million workers involved iNSW accounting for 11.2% of total
workers in the Survey Report on Labor ConditionsBmployment Typg19].
Thus, our study papation was deemed to have a lower prevalencél®W
comparé to general Korean population. Another limitation is recall bias.
Participants in the case group are usually better in recalling the previous
exposures to risk factors compared with those ircémérol group (15). However,
our data showed similar nigbhift exposure in the case and control group,
which can possibly explain our null findings. We did not examine the screening
rates in the case and control groups and it may mask the true adgesatams.
Concluding remarks
In summary, ever engaged in NSW, lelegm, or heavy NSW exposure were
not associated with breast cancer risk. It is untimely to condN@\/ as a
probable cause of cancer. Our results, in combination with other Asidiesstu
provide evidence that may explain effects of NSW on Asian and Caucasian

populations.
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4. Circadian genes and melatonin pathway genegene
NSW interaction and risk of breast cancer : evidence
from a casecontrol study in Korean women

4.1. Abstract

Introduction

Several variants in circadian genes and melatonin pathway genes have been
suggested relationships with breast cancer N&RW was classified into group
2A as probably carcinogenic for human in 2Q@nting to a role of circadian
disruption, suggeshg potential interactionsof NSW- circadian genesin
relationship withbreast canceWe aimed toexanine the variant difference in
Asian and Caucasian population aexblore the association betweggenetic
polymorphisms in genes of circadian regulatiomelatonin biosynthesisind
breast cancer ris&s well aggené gene polygenic risk scores (PRSahd gene
night work interactions ilKorean women.

Methods

A hospital based casmntrol studyconductedcomprising959 breast cancer
cases an@41 controls Information of nightShift workand other covariates was
collected by a structured questionnaire. Thidyr SNPs in circadian genes and
melatonin pathwaygenes were analyzed to assess the association with breast
cancer risk by multiple logistic regressiamodels, adjusted for potential

confounders Permutation testingt 10,000times and the false discovery rate
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were used as the multiple testing correction methiodisractions of gné gene
andNSW were analyzednd adjusted by the false discovery rate/onl

Results

Our study population was different from Caucasian population investigated
in previous studies in term of variant characteridttee difference was shown in
less frequent alleles of 24/34 loci, two alternative alleles of 13/34 llodhe
main effects of each single nucleotide polymorphisms (SNPs) of gene to breast
cancer riskiwo loci rs11133373, rs37494TMere significanty increased breast
cancer risk while the rest two loci rs2119882, rs2291G@48d be protective
factors againsbreast cacer. CLOCK rs11133378vas associated with breast
cancer risk even after FDR correctigddd Ratios (OR)=1.38 (95% Confident
Interval (Cl) 1.141.69, ppermutation=0.001, #DR=0.04) in CG and CC
compared to GG genotyp®TNR1A rs2119882was reported for alecreased
breast cancer risk for the first tim¢OR=0.75, 95%CI-0.61-0.91), p
permutation=0.004) in CT and CC compared to TiEreased breast canaek
was denotedin women who carried minor alleles in both rs758880 and
rs11133373, boths11179000 ands0462028, boths4760750and rs10462028,
both rs75888@&nd rs1482057, dvothrs3820787 and rs148205Risk of breast
cancer was significantly increased 2.76 times in womerwho carried one
increment of minor risk alleles compared to women with homadeydiy

weighted PRS modelThe NSW and breast cancer interaction was found in
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several loci. NSW increased risk of breast cancer in women who carried
heterozygotegenotype of rs2292912 (OR=1.95%CI=1.143.44) or carried at
least one rimor allele of rs148@57 (OR=2.2095%CI=1.104.37).

Conclusions

Our study results supported a putative role of several loci in circadian genes
and melatonin pathwayenes in the breast cangaogressin women having
night shift work. Additionally, interaction analyses suggea potential relevance
of CLOCK with CUL1 or TPH2, of RORA with CUL1 and NPASSSW was
interactedwith variants in CRY2 and RORA gené3ur results did not replicate
published results in Western countri€heseinteractionsshould be confirmed in

large studies especially in Asian population

4.2. Subject and nmethod

1 Study population

Thisis PART B of ahospitatbased caseontrol studywhich was described
in part 3.Among 1,724 sets of cases and contrdlsose with blood samples were
matched by age and B4ases and 959 controls were includBlde process of

study population selection was detailedrigure 41.

57



From study population of PART A

Breast Cancer Control
(N=1.721) (N=1,721)

O
o

1 Matching blood samples by age group
) of 10-years interval
o
=
[75)

! v v
Ug) Breast Cancer Control
= (N=941) (N=959)
I
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o= v v
o

Analysis with 34 SNPs in final analysis

Figure 41. Flow chart of selecting study subjects in BfRT B study

Collected blood samples of participantsluded in the analysis of PART A
were sent to the company specialized in DNA seging. If sequencing samples
fail, we selectsamples from data which was out of matched data to replace. The
chosen samples were in the same age group with the fail sampdeginT of this
collection procedure was to keep the-aggched data in a proper wdsinally,

941 cases and 959 controls are included in our PART B study. Information
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related to covariate®SW schedules is collected from PART A and remained to
analyze inthis part. With the a sample size reaches approximately to 1,000
participants per group of cases and controls, we expects to detect odds ratios

around 1.5 in size with at least 80% po\&$).

1 Selection of polymorphisms and genotyping

Our study aim igo confirme the effect of the SNPs which werewhan the
previous publishedCaucasian populatiorstudies in the Asian population.
Therefore, he SNP selection strategy was basedirmdformation in articles
published by 2017regarding the alationship of NSW, circadian genes or
melatonin genes and risk of breast can@ée.reviewedthe literaturerelated to
SNPs, genes in the circadian regulation genes and melatonin synthetic genes
which associa with breast cancer risk and its interactigith NSW. In the first
step of SNP selectiofour authors had investigatéd22 SNPs before duplicated
SNPs removedi22 26-29]. These SNPs included (1) 60 SNPs were considered
by Shabeh Zienolddiny el al 2013, (2) 577 SNPs were considered by Truong et al
2014, (3) 178 SNPs were considered by Monsees et al 2012, (4) 7 SNPs were
consdered by S Rabstein et al 2014.the second step of SNP selection, we
considered SNPs from GWAS catalogubich demonstrated with the related
NSW effects

After duplicated SNP removing, inor allele frequency (MAF) in Korean

population was checked for all SNPs. In case of Korean MAFwtaavailable,
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MAF in Chinese or Japaneg®pulation was used instead. CandidateSalpPs
having confirmedMAFs > 0.15[98] were studies were eligible to be included in
our study.Thirty-six SNPs were included frorthe first step, and fo SNPs
(rs3816360, rs10830962, rs12506228, rs24p4&2e includedrom the second
step The candidate SNPwith information of chromosome locations and the
protein functiorare shown irSupplementary 4.

Genomic DNA was extracted using peripheral bldedkocytes isolated
from wholeblood samples obtained from the participants.

1 SNP mputation and quality control

The process of quality control of SNPs in our study was showEigjime 41.
Three over 40 SNPfailed for sequencing design.hifty-seven SNPs were
successfully designed and genotypedfter checking HWE, one SNP
(rs2071427)s excluded due to ayalue of HWE test under 0.08Ve checked
pairwise linkage dillibrium and calculated r2 for each of SNP pHirese
correlated SNPs would have thersa effect and several multiple correction
testes in our study required for assumption of independence in SNP effect,
therefore, thepairwise linkage dillibrium valuewere checked. All pairshowed
r2 >0.8 were provided iBupplementary-2. The high cordation was observed
in two pairs of SNPs: rs22929127951225, rs758883243482. Two SNPs
(rs7951225, rs243482) were exclud&tle number of SNPs in our final analysis

is thirty-four.
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We also check the accuracy of imputed SNP data was estimated by using

genotype missing dat&igure 42). All missing values in alleles were ignored.

40 SNPs
Assay falil
(n=3)
- rs11074634, rs13113549,
rs934945
37 SNPs
Exclude due to HWE
rs2071427
36 SNPs
Exclude due to r2>0.8 in LD test
rs7951225, rs243482
34 SNPs

Figure 42. The selection and quality control of SNPs
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9 Statistical analysk

Conceptual hypothesized modeling bISW, circadian genes and their
interaction on breast cancer risk study was presentelligare 41. Hardy
Weinberg equilibrium (HWE)was checked by performingnalysiswhich used
10,000 permutations to approximat@gues in the exact test$he analysis was
performed for34 SNPs in the control group and only SNPs with p value > 0.05
would be analyzed in further stepsThe distribution of demographic
characteristics and other covariates was described and testeadsbyand chi
square. The frequency of genotype and minor allele frequency (MAF) for each
SNP was checked in casmsd controls separatelghi square test waomputed
using the permutation procedures to determine the difference among genotypes
in case andantrol groups

The association between each selected SNPs and breast cancer risk were
derived from unconditional multiple logistic regression models presented as odd
ratios (ORs) with 95% confidence intervals (CIs) by using R package SNPassoc.
When cell &zes were small (<5), exact logistic regression was used. All of the
four models included codominant, dominant, recessive anéddgtive was
used to measure the strength of the association. The models with the two lowest
p-values were chosen to be tleal models.The multiple test adjusted p values

were obtained bypermutation testing with 10,000 permutatioasd further
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checked by FDR (false discovery rat€his test is appropriate as recommended
by Clarke et aland it was applied by many auth¢g? 27 29]. Before applying
FDR test, r2 of linkage diggilibrium (LD) is calculated to check the
independent effect of SNPs assumptidhe pvalues from likelihood ratio test
by permutation and FDRdjustmenfor each SNPs were shoor each genetic
by a plot.

The geneagene interaction was tested by addeagch SNP pair term in the
logistic regression model with main effectv®lues for the interaction (epistasis)
log-likelihood ratio (LRT) test coefficients were used to quantify the magnitude
of interaction and plotted with colors reflecting the magnitofiénteraction.
These pvalues were adjusted after BYPR multiple testingcorrection.The cut
off point of p values was chosen at 0[28]. SNPs with significant interaction
will be included in stratified analysito illustrate the heterogeneity among
genotypes of each SNP marker

Polygenic risk scoreRRS wascalculatedby using unweighted and weighted
PRS. PRS was calculated by using R predictABEL pacKbge remained SNPs
were the one included in the first target of SNPs selection procedures.
Unweighted genetic risk score is a simple risk allele count assuming that all
alleles have the same effectthe total number of SNPs. While weighted genetic
risk score is a sum of the number of risk alleles multiplied by their beta

coefficients.The increased risk of breast cancer for one increment of risk allele
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was estimated by multivariate logistic regressio

As one of our main aims, we tested the interaction betWsN and all of
the SNPs in the circadian genes using the likelihood ratio test comparing models
with and without an interaction term (NSW*SNP) in the dominant models. The
joint effects of shiftwork and genotype was reported by using the interaction p
values (p interaction). The FDR adjusted method was also applied for p
interaction values correction. We consider theaftipoint for p is 020. For the
stratified analyses withiISW, genetic facts were set up as modifiers, NSW was
divided into two classes (having ever/never exposed) and thetypid
homozygotes not exposed to NSW was used as the reference group.

All analyses were adjusted for potential confounders. On the basis of existing
knowledge of factors associated with breast cancer and the literature searching
which was shown irBupplementary -3, the following factors were regarded as
potential confounders: age at time of diagnosis or interview, educational level,
number of pregnanciesge at birth of first child, body mass index, age at
menarche, alcohol consumption, smoking, use of female hormone treatment, and
family history of breast cancer in first degree relatives. These variables were
included in themultivariate logistic regresen model (model 1) to obtain
adjusted odds ratios ftie effect of candidate SNP on breast cancer risk

Regenotype will be implemented to compare our study results with other

Caucasian results, and to generate the generalizability for our study inucase o
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study haghe inverse in minor and major allelesmpare to Caucasian studies or
Korea k.chip This is the procedure to exchangenani and major alleles to
obtainthe same genotype references and the same genetic mittigisevious
findings.

All statistical analyses we conducted by both SAsftware version 9.4nd
R version 3.5.0100101].

Clock genes and melatonin
synthetic genes

b "
v’ 9
Night shift —s  circadian s Melatonin —>  Breast cancer
work rhythm
disruption

------- Indicates hypothesized relationships

Figure 44. Conceptual hypothesized modelinghBW, circadian genes and
their interaction on breast cancer risk study

4.3. Results

1 Demographic characteristics of study populatiorand SNPS

Demographic characteristics of study population

The demographiccharacteristicsof population included in the genetic
analysisweredescribed inTable 41. Distribution ofagein eachgroup of cases

and controlsvere similar, with p for chisquare test=0.538. Mean+SD of ages in
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cases and controls a4&.33+8.64 and 48.30+8.9fkspectivelyThe distribution
of number of pregnanciesmge at birth of first child, BMI, age at menarche,
tobacco smoking, alcohol drinking and family history of breast cancer were

significantly different between the two groups (p <0.05).
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Table 41. Demographicharacteristics dPART B study population

Controls Cases
Characteristics (N=941) (N=959) p-value*
N % N %
Age group (years) 0.538
029 21 224 22 2.29
30-39 102 10.84 124 12.93
40-49 424 45.06 444 46.30
50-59 293 31.14 288 30.03
60-69 91 9.67 75 7.82
o070 10 1.06 6 0.63
Number of pregnancies <.001
Nullipara 96 10.20 125 13.03
1-2 279 29.65 327 34.10
03 482 51.22 503 52.45
Age at birth of first child (years) <.001
Nullipara 96 10.20 125 13.03
<28 481 51.12 461 48.07
028 252 26.78 341 35.56
Education 0.902
<High school 359 38.15 372 38.79
OUni versit 416 44.21 425 44.32
BMI (kg/m?) <.001
<18.5 671 71.31 677 70.59
01 82458 53 5.63 39 4.07
025 151 16.05 226 23.57
Age at menarche (years) <.001
o) 558 59.30 681 71.02
>14 311 33.05 276 28.78
Tobacco smoking <.001
Never 804 85.44 846 88.22
Ever 78 8.29 113 11.78
Alcohol drinking <.001
Never 476 50.58 681 71.01
Ever 406 43.15 278 28.99
Use of female hormone treatment in meopausal women 0.197
Never 239 25.40 278 28.99
Ever 81 8.61 74 7.72
Family history of breast cancer in first degree relatives <.001
No 745 79.17 706 73.62
Yes 129 13.71 231 24.09
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SNP characteristics

Thirty-sevenSNPs in twentgthreegenes fom the circadian and melatonin
signaling pathwayvith correspondingyenotypes, frequencies and percentages of
SNPs, less frequent allelewiior allelg, minor allele frequency (MAF) in study
population, global less frequent alleles, global MAfRrdyWeinbergderived P
valuesand p of chisquare test of genotypes wegigen in Table 42. After QC
process, three SNP have been excluded due to HWE violation (1 SNP) and high
correlation with another SNP represented by high r2 in LD test (2 SMie).
remained aomber of SNPs ifinal analysis wag84. MAFs of most of theSNPs in
our study were quite different from those reporéaasdGMAF. Minor allelesof
our studyo6s S Nifmor allelein shaloce idcluded re3816360,
rs3749474, rs2253820, rs4646257,880532, rs11179000Vhen comparing to
the previous studies in Caucasian populatidd/34 loci of our study had
different minor alleles. It was worth mentioning that 1&3oci with two
alternative allelesvere distinct from data on Caucasian populatitme various
in minor alleles, MAFs between Asian and Caucasian population deemed to be

conspicuous in our study.
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Table 42. Analyses with prmutations for genetic characteristics of study population

Controls Cass Minor Global P* for
Locus Genotype (N=941) (N=959) allele MAF Minor  GMAF HWE p*
N % N % allele

rs3816358 C/C 663 70.76 682 71.26 A 0.16 A 0.11 0.493 0.453
A/C 247 26.36 256 26.75
A/A 27 2.88 19 1.99

rs3816360 TIT 428 45,78 453 47.24 C 0.32 T 0.5 0.18 0.116
CIT 425 45.45 400 41.71
Ci/C 82 8.77 106 11.05

rs2278749 ciCc 634 67.81 652 68.20 T 0.18 T 0.12 0.599 0.748
CIT 269 28.77 266 27.82
TIT 32 3.42 38 3.97

rs2290035 TIT 521 55.72 524 54.81 A 0.25 A 043 0.98 0.753
AT 353 37.75 375 39.23
A/A 61 6.52 57 5.96

rs2306074 ciC 338 36.19 320 33.44 T 0.4 T 0.44 0.24 0.282
CIT 463 49.57 480 50.16
TIT 133 14.24 157 16.41

rs908078 TIT 554 59.70 553 57.85 C 0.23 C 0.16 0.770 0.%48
cIT 324 34.91 356 37.24
C/IC 50 5.39 47 4.92

rs10462028 G/G 767 81.77 770 80.46 A 0.1 A 0.25 0.369 0.523
AIG 165 17.59 177 18.50
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rs11133373

rs3749474

rs12315175

rs2292912

rs7951225

rs6886243

rs5757037

rs758880

AA
G/IG
CIG
C/C
TIT
CIT
C/C
T/T
CIT
CiC
CiC
CIG
G/IG
AIA
AT
T/T
CiC
CIT
T/T
G/G
AIG
A/A
G/G
AIG
AIA

6
421
419
97
390
431
116
377
447
112
418
407
109
419
409
109
312
440
184
303
460
171
255
479
202

0.64
44.93
44.72
10.35
41.62
46.00
12.38
40.28
47.76
11.97
44.75
43.58
11.67
44,72
43.65
11.63
33.33
47.01
19.66
32.44
49.25
18.31
27.24
51.18
21.58

10
362
475
116
351
472
133
394
441
121
409
450
92
412
451
93
300
475
181
327
462
167
262
492
201

1.04
37.99
49.84
12.17
36.72
49.37
13.91
41.21
46.13
12.66
43.01
47.32
9.67
43.10
47.18
9.73
31.38
49.69
18.93
34.21
48.33
17.47
27.43
51.52
21.05

0.35

0.37

0.36

0.34

0.34

0.43

0.42

0.47

0.31

0.38

0.18

0.5

0.5

0.39

0.39

0.43

0.6

0.8%

0.241

0.514

0.547

0.200

0.877

0.412

0.007

0.086

0.761

0.166

0.198

0.499

0.705

0.964
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rs12712085

rs17024926

rs2305160

rs3820787

rs7809903

rs2253820

rs2291738

rs24348

rs8150

G/IG
AIG
A/A
TIT
CIT
C/C
G/IG
AIG
AA
AA
AIG
G/IG
G/IG
CIG
CiC
T/T
CIT
CiC
T/T
CIT
C/C
AIA
AIC
C/C
CiC

275
476
175
223
478
237
590
302
35
296
460
179
606
300
31
456
400
81
392
420
124
258
471
204
389

29.70
51.40
18.90
23.77
50.96
25.27
63.65
32.58
3.78
31.66
49.20
19.14
64.67
32.02
3.31
48.67
42.69
8.64
41.88
44.87
13.25
27.42
50.05
21.68
41.60

271
476
210
246
466
246
594
325
39
201
469
193
623
297
36
497
379
81
395
460
100
260
494
201
391

28.32
49.74
21.94
25.68
48.64
25.68
62.00
33.92
4.07
30.54
49.21
20.25
65.17
31.07
3.77
51.93
39.60
8.46
41.36
48.17
10.47
27.11
51.51
20.96
40.90

0.46

0.5

0.21

0.44

0.19

0.29

0.35

0.47

0.36

0.33

0.35

0.2

0.37

0.37

0.43

0.33

0.44

0.38

0.221

0.552

0.6

0.99

0.406

0.611

0.4

0.690

0.939

0.255

0.541

0.763

0.789

0.802

0.352

0.114

0.854

0.639
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rs10830962

rs4921581

rs4646257

rs7224199

rs1800532

rs11179000

rs4760750

rs12506228

CIG
G/IG
C/C
CIG
G/IG
A/A
AIG
G/IG
T/T
CIT
CiC
T/T
GIT
GIG
T/T
GIT
GIG
T/T
AT
AIA
C/C
AIC
AIA
C/C
AIC

429
117
227
475
185
376
434
128
253
483
200
596
299
39
239
483
208
239
476
221
252
470
215
552
339

45.88
12.51
29.44
50.48
19.66
40.09
46.27
13.65
2703
51.60
21.37
63.81
32.01
4.18

25.70
51.94
22.37
25.53
50.85
23.61
26.89
50.16
22.95
58.66
36.03

431
134
279
476
197
393
442
122
255
499
204
618
292
47

235
477
245
239
500
218
225
508
223
572
345

45.08
14.02
29.09
49.64
20.54
41.07
46.19
12.75
26.62
52.09
21.29
64.58
30.51
4.91
24.%
49.84
25.60
24.97
52.25
22.78
23.54
53.14
23.33
59.65
35.97

0.45

0.37

0.47

0.2

0.49

0.49

0.49

0.23

0.258

0.43

0.25

0.42

0.32

0.40

0.45

0.24

0.501

0.876

0.279

0.84%6

0.224

0.593

0.884

0.442

0.886

0.813

0.971

0.635

0.257

0.836

0.233

0.749
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rs2119882

rs2071427***

rs1482057

rs2279295

rs7164773

AA
T/T
CIT
C/C
TIT
CIT
C/C
CiC
AIC
AA
AA
AIG
G/IG
C/IC
CIT
T/T

45
318
462
149
237
507
192
691
226

19
555
326

58
362
450
123

4.78
33.79
49.10
15.83
25.32
54.17
20.51
73.82
24.15

2.03
590.11
34.72

6.18
38.72
48.13
13.16

339
380
424
140
253
490
215
685
245
25
558
339
62
372
441
146

35.35
39.62
44.21
14.60
26.41
51.15
22.44
71.73
25.65
2.62
58.19
35.35
6.47
38.79
45.99
15.22

0.39

0.48

0.15

0.24

0.38

0.47

0.47

0.18

0.28

0.48

0.382

0.0®

0.917

0.278

0.361

0.027

0.391

0.496

0.916

0.380
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1 Individual SNPs and breast cancer association

Among 4 genetic models, two models with lowestatues were used to
show ORs and permutation-yalues indicated association betwdadividual
SNPs and breast canaésk. The resultswere provided inSupplementary 8.
The permutation p valuend FDRcorrection p valuén covariate adjusted model
surrogaing for association of each SNP and breast cancer risk was plotted and
displayedin Figure 44. With the cutoff point for p at 0.05, three SNPs have
statistically significant association with breast cancer inodfour loci
rs11133373, rs3749474, rs2119882, rs2291FRBvever, after applying FDR
correction testonly ORs of rs1113373 and rs2119884n dominant model
remained statistically gnificant and marginally significant (p=0.043 and
p=0.073, respectivelyhe statisticasignificanceof these four SNPs was show
as Odd Ratios (ORs) and 95% Confidence Interval (95%CTalre 43. Two
loci rs11133373, rs3749474 was signifidariissociated with an increased breast
cancer risk while the rest two loci rs2119882, rs2291738 reduced risk of breast
cancer significantlyCarrying at least one minor allele increased risk of breast
cancer in women with rs11133373 and rs3749474 with ORs of 1.38
(95%CI=1.141.69) and 1.2995%CI=1.06-1.57), respectively. Women carrying
homozygote ofs2119882minor allelewere protected from breast cancer veth
OR of 069 (95%CI=0.51-0.93) compare to mmen with heterozygote and

homozygote of major allele. With rs2291738 loci, risk of breast cancer was
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decreased in womehaving at least one minor allele (OR=5, 95%CI-0.61-

0.91).

Figure 45. Plot of permutation and FDR adjed p values of association
between SNPs and breast cancer risk
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