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Purpose: Lifestyle factors and methylation in the retinoic acid receptor B (RARS) gene are
associated with breast cancer (BC). This study aims to examine the mediation effect of RARS
methylation on the association between healthy lifestyle and BC in Chinese women.
Patients and Methods: This case—control study consisted of 408 BC patients and 573
controls. A healthy lifestyle score (HLS) was constructed based on diet, alcohol use, physical
activity, body mass index and smoking. The mediation effect of RARS methylation in
peripheral blood leukocytes was assessed in a causal mediation model using R package
Lavaan.

Results: A higher HLS was significantly associated with lower risk of BC (P-value<0.001).
In mediation analyses, the total effect of HLS on BC measured as a regression coefficient
was significant (—0.237). The indirect effects of HLS on RARfS methylation (—0.153) and
RARpS methylation on BC (0.220) were both significant. The significant mediation effect of
RARp methylation on the HLS-BC association was estimated at 14.3%.

Conclusion: The relationship between healthy lifestyle and BC is partly mediated by RARS
methylation, suggesting that epigenetic modifications play a role in the underlying mechan-
isms in response to lifestyles and contribute to the development of BC.

Keywords: healthy lifestyle score, retinoic acid receptor B, mediation effect, population
study

Introduction
Breast cancer (BC) is the most common cancer in women worldwide, accounting
for 25.1% of all cancers.' Although the prevalence of BC in China is not as high as
in western countries, its incidence presents a steeper upward trend than that in
western societies during the last decade.”> Of note, many studies have reported that
adherence to healthy lifestyles significantly decreases the risk of BC;** however,
the underlying mechanisms behind the association are still not well known.
Epigenetic regulation of gene expression plays an important role in the develop-
ment of BC.® DNA methylation is one of the best-characterized epigenetic marks.”
Studies have demonstrated that DNA methylation in some gene is associated with risk
of BC.*'” Retinoic acid receptor B (RARB) is a tumor suppressor gene, and RARfS
methylation has been found to be associated with cancers, including BC.'"'?
Furthermore, prior studies have shown that some individual lifestyle factors, such as
smoking and diet, could affect RARS methylation,'*' although inconsistent data have
been reported.'>'® It is possible that the effect of a single lifestyle factor on the RARS
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methylation is too small to be detected. By contrast, an
overall lifestyle which combined multiple lifestyle factors
might better evaluate the association of lifestyle factors with
RARp methylation.

Therefore, the existing evidence on the relationship
between lifestyle behavioral factors, RARS methylation
and BC suggests that DNA methylation alterations in BC-
related genes might be a mediator in the association
between overall lifestyle and BC.

We hypothesize that RARS methylation has a mediation
effect on the association between healthy lifestyle and lower
risk of BC. To test the hypothesis, we first evaluated the
association between healthy lifestyle factors and BC risk
without RARS methylation included in the model. Next, we
assessed the associations between healthy lifestyle score
(HLS) and RARS methylation and between RARS methyla-
tion and BC. At last, a causal mediation analysis was con-
ducted to assess the mediation effect of RARS methylation
on the healthy lifestyle-BC association in a case—control
study in the Chinese woman population.'’

Patients and Methods
Study Participants

We conducted a case—control study by recruiting 459 newly
diagnosed BC patients (cases) in the Cancer Hospital of
Harbin Medical University from 2010 to 2014. During this
period, 651 cancer-free controls were recruited from the
Orthopedics and Ophthalmology Departments of the
Second Affiliated Hospital of Harbin Medical University.
Peripheral blood (5 mL) was collected from participants on
the same day of interview and stored in a —80°C freezer. Of
the 459 BC patients recruited as cases, we excluded 22
patients who did not provide blood samples and 29 patients
who did not complete the questionnaire. The remaining
408 BC patients were included in the case group. Of the
651 participants recruited as controls, 573 participants who
provided blood samples and completed the questionnaire
survey were included in the control group. Details of the
recruitment process are presented in eFigure 1.

All procedures performed in this study involving
human participants were carried out following the rules
of the Declaration of Helsinki of 1975. The Human
Research and Ethics Committee of Harbin Medical
University approved this study, and all participants pro-
vided written informed consent.

A validation analysis was conducted using the
European Prospective Investigation into Cancer and

Nutrition (EPIC) Study cohort. A nested case—control
design of the EPIC Study has been previously
described.'® The Infinium HumanMethylation450K
BeadChip was used for the whole-genome DNA methyla-
tion analysis of blood buffy coat samples. DNA methyla-
tion data at four CpG sites (cg24396624, cg26786980,
cg19003815 and cg27486427) in the RARS gene from
the epigenome-wide methylation dataset (GSES51032
from GEO) on 233 BC patients and 340 controls identified
during the follow-up period were analyzed to validate the
results of the RARS methylation-BC association from the
current study. Characteristics of the validation cohort are
presented in eTable 1.

Data Collection

The questionnaire information was obtained in a face-to-face
interview. The structured questionnaire was modified based
on the one previously used.'” The Questionnaire included
questions on demographic information (age, height, weight
and education), menstrual history, reproductive history,
family history of cancer and lifestyles (smoking, alcohol
drinking, physical activity and dietary intake). Dietary intake
was assessed using a validated food frequency questionnaire
(FFQ) on nutrition items including beverage and foods
commonly consumed in Northeast China. Frequency of
alcohol drinking and food items intake in the FFQ was
divided into 4-8 categories. The reference period of the
questionnaire survey was one year before BC diagnosis for
cases and before the interview date for controls.

Healthy Lifestyle Score

A healthy lifestyle score (HLS) was constructed based on
five lifestyle factors (diet, alcohol use, physical activity,
body mass index (BMI) and smoking).zo*24 Individual
lifestyle scores were defined as: 1=no current smoking,
I=no current drinking, 1=no overweight or obesity
(BMI<24), 1=regular physical activity (leisure-time activ-
ities at least once per week) and 1=healthy diet. Individual
diet scores were constructed by assigning 1 point for each
of the following: vegetables > 3 servings/day (median),
fruits > 3 servings/day (median), whole grains > 3 ser-
vings/day (median), fish > 2 servings/week (median) and
red meat < 1.5 servings/week (median). Healthy diet was
defined as the sum of individual diet scores > 3 (median).
The HLS was calculated as the sum of individual scores of
the five lifestyle factors (value range = 0~5). Details on the
score definitions are presented in eTable 2 and eTable 3.
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DNA Extraction and Bisulfite

Modification

Genomic DNA was extracted from peripheral blood leuko-
cyte samples using a commercial DNA extraction kit
(QIAamp DNA Blood Mini Kit, Hilden, Germany). DNA
Nanodrop 2000
Spectrophotometer (Thermo Scientific). DNA samples

quantity was measured using the
were stored at —80°C until use, and then treated by bisulfite
using a sodium bisulfite modification kit (EpiTect Fast DNA
Bisulfite Kit, Qiagen, Hilden, Germany) according to the
manufacturer’s protocols. Two ug DNA was used to trans-
form unmethylated cytosine nucleotides into thymidine
without changing methylated cytosines. The yield of bisul-
fite-modified DNA was 50-100 ng/uL.

RARS Methylation Analysis

We performed a semi-quantitatively methylation-sensitive
high-resolution melting (HRM) assay. Analysis of RARf
methylation was conducted on a LightCycler480 machine
(Roche Applied Science, Mannheim, Germany).”> As
a candidate tumor suppressor gene, the primer pair of
RARpP was discovered from previously published studies
and further optimized using Primer Premier 5.0 software.
The optimized primer sequences for HRM analysis were
as follows: forward primer, 5-CGAGTTGTTTGAGG
ATTGGGATGT-3'; reverse primer, 5-AATACGTTCC
GAATCCTACCCC-3'. The amplicon (89 bp, range =
chr3:25,469,838-25,469,927) was located at CpG island
II in the promoter region of RARS (eFigure 2).

PCR amplification system was a total of 10 ul volume
consisting of 1X LightCycler480 High Resolution Melting
Master Mix (Roche), 5 ng of a sodium bisulfite-modified
DNA template, 200 nmol/l of each primer and 3 mmol/l of
MgCI2 at final concentration. Experimental protocol of PCR
amplification consisted of sufficient denaturation and activa-
tion for 10 min at 95°C for 1 cycle, denaturation for 10 s at
95°C, annealing for 30 s with a touchdown (66-56°C, 30 sec)
of each primer annealing temperature and extension for 15 s at
72°C for 50 cycles. The HRM melting protocol included 95°C
for 1 min, cool down to 40°C for 1 min, 68°C for 5 s and
continuous acquisition to 92°C at 30 acquisitions per 1°C.
(100%  methylated)
unmethylated (0% methylated) human whole genomic

Universal methylated and
DNA samples (Zymo Research) were used as a positive
and negative controls, respectively. A series of different
levels of methylated standard dilutions, including 100%,

10%, 5%, 2%, 1%, 0.5% and 0%, was constructed as

standard curves (eFigure 3) which were created by mixing
two standards above in a corresponding ratio according to
mass concentration. For quality control, DNA samples and
gradient methylated DNA standards were duplicated in
each plate and water was applied as blank controls.

HRM data were analyzed using Gene Scanning
Software (version 2.0). Data processing included normal-
ization and temperature shifting using a LightCycler480.
The methylation status of the gene was determined by
comparing the curves of each sample to the series of
standard dilutions in the gene scanning module by two
independent observers.

Statistical Analysis

Analyses of covariance (generalized linear models) and
Chi-square tests were used for comparison of continuous
and categorical variables, respectively, between cases and
controls. Adjusted odds ratios (ORs) and 95% confidence
intervals (ClIs) were estimated in multivariable logistic
regression models to determine the associations between
HLS, RARp methylation and BC.

A causal mediation model (Figure 1) was constructed
to examine the mediation effect of RARfS methylation on
the HLS-BC association.'” HLS was the predictor variable
(X), RARp methylation the mediator (M), and BC the
outcome variable (Y). In general, there are 4 steps for
mediation analyses: (1) showing that the predictor variable
determines the outcome (Model Y=c X) where c is total
effect; (2) showing that the predictor variable affects the
mediator (Model M = B,X) where B, is indirect effect 1;
(3) showing that the mediator determines the outcome
controlling for the predictor (Model Y = 3, M + ¢’ X)
where B, is indirect effect 2, and ¢’ is direct effect; (4)
calculating the proportion of mediation: mediation effect
(%)=(B1%P>/c)x100%. Statistical analyses were performed
using SAS 9.4 (SAS Institute Inc. Cary, NC, USA) and
Lavaan package of R 3.6.1 (R Foundation for Statistical
Computing, Vienna, Austria).?®

For the analyses with BC as the dependent variable,
age, education, age at menarche, parity, menopause status
and family history of BC were included as covariates for
adjustment.””*® For the indirect effect analyses of indivi-
dual lifestyles and HLS on RARS methylation, age and
education were included as covariates for adjustment. The
covariates included in the models are mentioned in foot-
notes of the relevant tables.

In the validation study, the associations of RARS
methylation levels at four CpG sites (cg24396624,
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Total effect: ¢ =-0.237*
HLS > BC
RARS
Methylation
B,=-0.153 Indirect effect: B,= 0.220"

HLS

B =B, x B,=-0.034"

Mediation effect=-0.034/-0.237=14.3%"

Direct effect: ¢’'= -0.203*

> BC

Figure | Mediation Analysis Model of RARS Methylation on the HLS-BC Association. f, c and ¢’ are regression coefficients; c=total effect; c’=direct effect; ,=indirect effect
I; Bo=indirect effect 2; Bj,q=total indirect effect; * indicates statistical significance at 1%.
Abbreviations: RARS, retinal acid receptor beta; HLS, healthy lifestyle score; BC, breast cancer.

cg26786980, cg19003815 and ¢g27486427) with BC were
examined by individual CpG sites and as a DNA methyla-
tion risk score (MRS). Two CpG sites (cg24396624 and
cg26786980) that showed significant associations with BC
were included in the calculation of the weighted MRS. The
MRS was defined as a sum of individual methylation
levels multiplied by their respective regression coeffi-
cients: weighted MRS = B; x CpG; + B, x CpG,, where
B; is the regression coefficient for CpG;.

Results

Characteristics of BC patients and controls are presented
in Table 1. Age, age at menarche, and menopausal status
did not show significant differences between case and
control groups. Compared with controls, cases had higher
levels of education, a greater number of giving birth and
a higher frequency of family history of BC. Frequency of
regular physical activity and healthy diet was lower in
cases than in controls. HLS was significantly lower in
cases than in controls. RARS gene was more frequently
methylated in cases than in controls.

Association Between Healthy Lifestyle
and BC

After adjustment for age, education, age at menarche, parity,
menopause status and family history of BC, a higher HLS
was significantly associated with lower risk of BC. The risk
of BC significantly decreased with the increasing number of

favorable lifestyle factors. The OR of high HLS (HLS=4~5)
was 0.34 (95% CI: 0.24-0.48) for BC, with low HLS
(HLS=0~2) as reference (eFigure 4).

Association Between Healthy Lifestyle
and RARS Methylation

After adjusting for age and education, 1-point increase in HLS
was associated with a lower risk of RARf methylation (OR:
0.74, 95% CI: 0.64-0.85). For individual lifestyle factors,
after additional adjustment for other lifestyle factors, healthy
diet was significantly associated with a lower risk of RARfS
methylation (OR: 0.61, 95% CI: 0.46-0.82). Other individual
lifestyle factors including no current smoking, no current
drinking, no overweight or obesity and regular physical activ-
ity were associated with a lower risk of R4RfS methylation, but
these associations were not significant (Table 2).

Association Between RARS Methylation
and BC Risk

The associations of RARS methylation with BC in the
current study and validation study are shown in Table 3.
After adjusting for age, education, age at menarche, parity,
menopause status, and family history of BC, the RARS
methylation was associated with a 2.67 times higher risk
of BC in the current study. RARS methylation levels at
€g24396624 and cg26786980 were significantly and posi-
tively associated with BC, whereas the associations were
not significant at cgl9003815 and cg27486427 in the
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Table | Characteristics of Breast Cancer Patients and Control Subjects

Characteristics Cases Controls P-value
N 408 573
Age 51.7 (9.3) 51.8 (10.3) 0.904
Age at menarche 152 (1.8) 154 (2.0) 0.118
Education, n (%) 0.030*
Below/at primary school 100 (24.6) 163 (29.0)
Middle/high school 281 (69.0) 381 (67.8)
Above/at college 26 (6.4) 18 (3.2)
Parity, n (%) 0.002*
Nullipara 5(1.2) 6 (l.1)
1-2 203 (49.8) 350 (61.1)
23 200 (49.0) 217 (37.9)
Menopausal status, n (%) 0.500
Premenopausal 184 (45.1) 246 (42.9)
Postmenopausal 224 (54.9) 327 (57.1)
Family history of BC, n (%) 0.034*
No 394 (96.6) 565 (98.6)
Yes 14 (3.4) 8 (1.4)
Healthy lifestyle factors, n (%)
No current smoking 376 (92.2) 542 (94.6) 0.126
No current drinking 362 (88.7) 528 (92.2) 0.069
No overweight or obesity 233 (57.1) 321 (56.0) 0.735
Regular physical activity 138 (33.8) 258 (45.0) <0.001*
Healthy diet 128 (31.4) 277 (48.3) <0.001*
Health lifestyle score 3.01 (0.99) 3.35 (0.93) <0.001*
RARf methylation, n (%) <0.001*
Methylated 172 (42.2) 128 (22.3)
Unmethylated 236 (57.8) 445 (77.7)

Notes: Data are presented as n (%) or mean (SD). *Indicates statistical significance at 5%

Abbreviation: BC, breast cancer.

validation study (eTable4). MRS was constructed using
methylation values at ¢g24396624 and cg26786980.

After adjusting for age and age at menarche, an increase

Table 2 Associations of Healthy Lifestyle Score and Individual
Lifestyle Factors with the Risk of RARS Methylation
Independent Variable OR (95% CI) P-value
HLS (Per I-point increase) 0.74 (0.64, 0.85)* <0.001*
No current smoking 0.86 (0.50, 1.49)° 0.598
No current drinking 0.84 (0.53, 1.32)° 0.446
No overweight or obesity 0.80 (0.61, 1.06)° 0.126
Regular physical activity 0.76 (0.57, 1.03)° 0.081
Healthy diet 0.61 (0.46, 0.82)° 0.001*

Notes: “Adjusted for age and education; bAdjusted for age, education and other
lifestyle factors; *Indicates statistical significance at 5%

Abbreviations: RARS, retinoid acid receptor beta; HLS, healthy lifestyle score; OR,
odds ratio; Cl, confidence interval

of 1-point in MRS was associated with a 3.05 times higher
risk of BC in the validation study (Table 3).

Mediation Effect of RARS Methylation on

the Lifestyle-BC Association

Figure 1 shows the mediation effect of RARS methylation
on the HLS-BC association. The total effect of HLS on BC
was estimated at —0.237, adjusting for age, education, age
at menarche, parity, menopause status and family history
of BC. The indirect effect (Bi,q) of HLS on BC through
RARp methylation was measured as the product of indirect
effect 1 (B;=—0.153) and indirect effect 2 (B,= 0.220). The
overall indirect effect (B,q) was estimated at —0.034
(—0.153%0.220). The direct effect of HLS on BC (¢’=
—0.203) remained significant. The percentage of the med-
iation effect of RARS methylation was estimated at 14.3%

Cancer Management and Research 2020:12
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Table 3 Associations of RARS Methylation with the Risk of
Breast Cancer in the Current Study and the Validation Study

Independent Variable Current Study
OR (95% CI) P-value
RARS 2.53 (1.92, 3.35)° <0.001*
2.67 (2.01, 3.55)° <0.001%*
Validation study
OR (95% CI) P-value
RARS MRS 2.82 (1.99, 4.00)* <0.001*
3.05 (2.12, 4.38)°

Notes: MRS was constructed using RARS methylation at cg24396624 and
cg26786980. The greater MRS was defined as a score being higher than the median.
2Crude OR and 95% ClI; bAdjusted for age, education, age at menarche, parity,
menopause status and family history of BC; “Adjusted for age and age at menarche;
*Indicates statistical significance at 5%.

Abbreviations: RARS, retinoid acid receptor beta; OR, odds ratio; Cl, confidence
interval; MRS, methylation risk score.

calculated as dividing the indirect effect by the total effect
(Brna/c = —0.034/-0.237 x 100%).

Discussion
The central findings of this case—control study are that an
overall healthy lifestyle measured as the HLS was asso-
ciated with lower risk of BC, and this association was
partly determined by the indirect effect through RARS
methylation. A significant mediation effect of RARS
methylation on the HLS-BC association was estimated at
14.3%. These results indicate that RARS methylation is
one of the biological pathways linking HLS and BC at
a level of epigenetic alteration.

Previous studies have demonstrated a strong associa-
healthy
of BC.*>*-% However, the underlying mechanisms of

tion between lifestyles and lower risk
the association of HLS with BC are still not very clear.
A large body of evidence has shown that lifestyle factors,
such as smoking and diet, could affect DNA methylation
in the BC-related genes.>'~*? Furthermore, the gene methy-
lation per se is associated with the risk of BC.*'% In
addition to traditional possible mechanisms, such as
chronic inflammation and oxidative stress, a hypothesis
has been generated that lifestyles may influence BC risk
through affecting epigenetic process.”*~* To date, no stu-
dies have tested this hypothesis using the causal mediation
analysis model as we applied in the current study.
Dynamics of DNA methylation is substantially influ-
enced by metabolic processes, especially one-carbon meta-

bolites which are closely associated with lifestyle

behaviors.*> 7 RARS methylation is found to be altered

13,14,38

by lifestyle factors in some studies although not

all.'>'® Genistein, a nutrient in diet, was found to be
associated with RARS methylation in some studies,'***
but not all.'® Inconsistent results were also observed for
RARS

methylation.'>!%3%4% A possible reason for such inconsis-

the association between smoking and
tent results was that the effect of a single lifestyle factor on
RARp methylation is too small to be detected. Notably,
lifestyle factors often co-exist because people follow com-
mon lifestyle patterns. Therefore, an overall indicator of
multiple lifestyle factors might better evaluate the effect of
lifestyles on RARS methylation than individual factors.
The majority of previous studies focused only on the
associations between individual lifestyle factors and
RARS methylation. In this study, we examined the effect
of HLS, an overall indicator of multiple healthy lifestyle
factors, on RARS methylation and BC risk. To the best of
our knowledge, this is the first study to evaluate the
associations of RARf methylation and BC with overall
lifestyle which reflect the cumulative effect of multiple
lifestyle factors.

Cancer has a significant genetic and epigenetic back-
ground. RARS which codes for a nuclear receptor for
retinoic acid is known as a tumor suppressor gene.
Methylation in the RARS gene has been found to be
associated with cancers, including BC.'"'**'**3 Flanagan
et al reported that alterations in RARS methylation were
significantly associated with BC in a case—control study.*'
Loss of RARf activity may lead to abnormal cellular
differentiation and suppression of apoptosis, resulting in
the accumulation of aberrant cells that contributes
to BC.*** In this study, we detected an inverse associa-
tion between RARS methylation and risk of BC, and such
an association was replicated in the validation study
cohort.

Two systemic reviews have shown strong evidence that
epigenetic mechanisms may mediate the effect of environ-

mental factors on a wide range of human diseases.’>**

This hypothesis was largely based on animal studies,***
and the evidence from humans remains scarce. Tobi et al
reported that DNA methylation in whole blood mediated
the association between prenatal famine exposure and
metabolic health. The mediation effects of DNA methyla-
tion at selected CpG sites were estimated from 19.6% to
28.0%.% Our study reinforced this epigenetic mediation
hypothesis by showing a significant mediation effect of
RARP methylation on the association between healthy
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lifestyle and BC. The mediation effect of RARS methyla-
tion was 14.3% which was smaller than the direct effect of
HLS on BC (85.7%). The significant direct effect of HLS
on BC, independent of RARS methylation, suggests that
other pathophysiological, metabolic and epigenetic path-
ways may also mediate the lifestyle-BC association. The
findings from this study indicate that combined lifestyle
factors are associated with the risk of BC in part through
alterations in RARf methylation. The changes in RARS
methylation represent only one of the potential links
between lifestyles and BC. Other specific causal mechan-
isms await elucidation.

This study had several major strengths, including the
novel mediation analysis, a relatively large sample size
and the use of external validation study cohort. We
acknowledged that our study had certain potential limita-
tions. Firstly, peripheral blood samples were used for
RARPB methylation in this study. Epigenetic markers
including DNA methylation profile are tissue specific.*’
Although multiple tissues such as tumor tissues are ideal
for the epigenetic study of pathogenesis of BC, leukocyte
DNA methylation is more feasible to investigate at
a population level for obvious reasons. Studies have
shown that variations in DNA methylation in peripheral
blood and other tissues are correlated,*® and DNA methy-
lation changes in blood can be detected earlier than in
target tissues.®” Secondly, there might exist recall bias in
the data collection process of lifestyle factors and covari-
ates, and reverse causality regarding the causal relation-
ship between lifestyles and BC in a case—control study
design. We recruited new BC patients as cases and col-
lected lifestyle information during the prior one year
before diagnosis. This would minimize the reverse caus-
ality bias. Thirdly, we did not collect detailed information
on the length of physical activity to calculate metabolic
equivalents. Therefore, frequency of physical activity had
to be used to define regular physical activity. However, our
data showed that regular physical activity was significantly
associated with lower risk of BC (OR:0.62,95% CI: 0.48—-
0.81), suggesting that the current method could effectively
evaluate the level of physical activity. Lastly, lifestyle data
were not available in the validation cohort, and thus the
association and mediation analyses involving lifestyles
could not be conducted.

Conclusion
In conclusion, our study demonstrates that an overall
healthy lifestyle measured as HLS is associated with the

lower risk of BC, and this association is partly mediated
by RARS methylation. This study provides new insights
into the complex relationship between lifestyles, RARS
methylation and the risk of developing BC, and better
understanding of the underlying epigenetic mechanisms.
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