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Abstract: Objective To explore the association of methylation levels of C190rf57, MAP9, EMR3, NEK6 and PCOLCE2 genes in
peripheral blood with breast cancer (BC) in Chinese women. Methods We collected peripheral blood samples from 258
early-stage BC patients and 272 healthy women. Agena matrix-assisted laser desorption ionization time-of-flight mass
spectrometry (MALDI-TOF-MS) was utilized to quantitatively measure the methylation levels of CpG sites in the genes. The
association between DNA methylation and BC was analyzed using a logistic regression model adjusted for covariants.
Spearman's correlation analysis was performed to analyze the association between the gene methylation levels and age. The
methylation levels of the genes in the BC patients with different clinical characteristics were investigated using non-parametric
tests. Results In stead of EMR3 gene hypermethylation as found in BC patients as found in the Caucasian population, EMR3
gene hypomethylation was found to correlate with BC in Chinese women, but this correlation was significant only in women
beyond the age of 50 years (for every 10% reduction of the methylation level, EMR3_CpG_1: OR=1.40; EMR3_CpG_2: OR=2.31;
EMR3_CpG_3: OR=2.76, P<0.05). EMR3 methylation was not or was only weakly correlated with tumor stage, size, lymphatic
metastasis, ER, PR, HER2, or Ki67. Our data did not show a correlation between CI190rf57 methylation and BC. Conclusion
Peripheral blood EMR3 gene hypomethylation is associated with BC in Chinese women, especially in those at an old age and
in postmenopausal women.
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Tab.1 Sequence of primers for amplification of the genes

9N CpG AL ALK, EMR3FE L H BEK
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Gene Primer name Left primer

Right primer

CI90rf57
C190rf57 244

C19orf57_217 GTAGTGTTAGTGTGGGGTTTGTTAT

MAP9

MAP9_290 GAGTTGTTTATTTTGGTTTGGGTTT

MAP9 271 TTTTTTAAAGATTTAGGAAGGTGATG
EMR3

EMR3_269 TTTGGAAGAAGTAATGGTTTTTGTA

EMR3_291 GAAAAGTAGAATTATGAGTTTGATGG
NEK6

NEK 297 TGTGTGTATTTTAAAGTGATTTGTGTGT

NEK 183 GTTTTTTTTGGGTTTGGATTTTT

TTTTGAAGATGTATAAGAGGAAAGGA

AACCAAAACCAATAAACCACACTTA
TTAAAAACCCTCTATCCTTATCAAAA

TCCTATCTCCTAAACAACAACACAT
ACCCTAAAAATCAAAAACCAAACAT

CCCAAAAATAATCAACAATAACTAAACA
CCAATTATTAAACCAAATAATCCCT

CTCTATCAAACCCAACCAAACTCTA
AAAATTAACTAACTACAAACCCTCATCAT
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Tab.2 Comparison of methylation levels of C190rf57 and EMR3 genes between 88 sporadic BC patients

and 94 control subjects

BC cases (n=88)

Controls (n=94)

OR (95% CI)*

CpG sites P
median (IQR) median (IQR) per-10% methylation

C19orf57_CpG_1 0.33 (0.26-0.40) 0.35(0.29-0.42) 1.13 (0.88-1.47) 0.339
C190rf57_CpG_2 0.31 (0.22-0.00) 0.31(0.25-0.36) 0.95(0.73-1.24) 0.721
C19orf57_CpG_3 0.45 (0.35-0.53) 0.48 (0.42-0.52) 1.37 (1.00-1.88) 0.052
C19orf57_CpG_4 0.87 (0.75-0.98) 0.86 (0.78-0.95) 1.17 (0.93-1.48) 0.190
Cl19orf57_CpG_5 0.22 (0.17-0.30) 0.25(0.20-0.31) 1.16 (0.87-1.55) 0.312
C19o0rf57_CpG_6 0.39 (0.29-0.50) 0.40 (0.33-0.45) 1.02 (0.78-1.32) 0.903
C19orf57_CpG_7,8 0.42 (0.36-0.49) 0.44 (0.39-0.49) 1.43 (0.98-2.07) 0.061
C19orf57_CpG_10 0.86 (0.80-0.91) 0.85 (0.80-0.88) 0.98 (0.66-1.45) 0.907
EMR3 CpG_1 0.52 (0.42-0.65) 0.50 (0.44-0.59) 0.84 (0.65-1.08) 0.172
EMR3_CpG_2 0.00 (0.00-0.02) 0.00 (0.00-0.09) 1.96 (1.10-3.50) 0.022
EMR3_CpG_3 0.06 (0.03-0.08) 0.08 (0.05-0.13) 3.10 (1.51-6.34) 0.002
EMR3 CpG 4 0.16 (0.11-0.24) 0.20 (0.15-0.27) 1.51 (1.05-2.16) 0.026

*Logistic regression, adjusted for age. The bold values indicate P<0.05.

R3 HRMIEEE SR EMRIERRENKTEER

Tab.3 Comparison of methylation levels of EMR3 gene between 258 sporadic BC cases and 272 control

subjects
BC cases (n=258) Controls (n=272) OR (95% CI) *
CpG sites P
median (IQR) median (IQR) per-10% methylation

EMR3_CpG_1 0.51 (0.44-0.60) 0.51 (0.44-0.60) 0.97 (0.84-1.12) 0.675
EMR3_CpG_2 0.02 (0.00-0.08) 0.03 (0.00-0.10) 1.08 (0.84-1.37) 0.560
EMR3_CpG_3 0.08 (0.05-0.13) 0.09 (0.05-0.13) 1.08 (0.84-1.38) 0.576
EMR3_CpG_4 0.19 (0.14-0.26) 0.19 (0.14-0.26) 0.92 (0.76-1.10) 0.350
EMR3_CpG_5 0.09 (0.07-0.13) 0.09 (0.07-0.12) 0.75 (0.56-1.00) 0.051

*Logistic regression, adjusted for age and different batches for the measurements.
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Tab.4 Correlation between EMR3 methylation and age

BC cases (n=258)

Controls (n=272)

CpG sites

Spearman rho P Spearman rho P
EMR3_CpG_1 -0.042 0.500 0.243 5.0E-05
EMR3_CpG_2 -0.189 0.002 0.059 0.329
EMR3_CpG_3 -0.120 0.054 0.201 0.001
EMR3_CpG_4 -0.128 0.040 0.153 0.012
EMR3_CpG_5 0.076 0.226 0.109 0.071

*Spearman rank correlation. The bold values indicate P<0.05.

RS 258BIRMEFBRERETN 272 BER L EMR3 RENFIR SR
Tab.5 Methylation difference of EMR3 between 258 sporadic BC cases and 272 controls stratified by age

CpG sites

EMR3_CpG_1

EMR3_CpG 2

EMR3_CpG 3

EMR3_CpG_4

EMR3_CpG 5

Participants<50 years old

BC cases (n=194) median (IQR)
Controls (n=167) median (IQR)

OR (95% CI)* per-10% methylation
P

Participants=> 50 years old

BC cases (n=64) median (IQR)
Controls (n=105) median (IQR)

OR (95% CI)* per-10% methylation
P

0.51 (0.45-0.60)

0.50 (0.42-0.57)

0.87 (0.71-1.07)
0.185

0.50 (0.42-0.64)

0.54 (0.48-0.64)

1.40 (1.03-1.89)
0.032

0.03 (0.00-0.09)

0.03 (0.00-0.10)

0.89 (0.64-1.23)
0471

0.00 (0.00-0.03)

0.03 (0.00-0.10)

2.31 (1.17-4.55)
0.016

0.09 (0.05-0.15)

0.08 (0.05-0.13)

0.86 (0.60-1.24)
0.416

0.07 (0.03-0.11)

0.10 (0.06-0.16)

2.76 (1.37-5.56)
0.005

0.20 (0.15-0.26)

0.18 (0.14-0.25)

0.82 (0.63-1.05)
0.119

0.17 (0.11-0.24)

0.21 (0.14-0.27)

1.31 (0.87-1.97)
0.197

0.09 (0.07-0.13)

0.08 (0.07-0.12)

0.96 (0.76-1.21)
0.721

0.09 (0.07-0.16)

0.10 (0.07-0.15)

0.94 (0.57-1.53)
0.788

*Logistic regression, adjusted for age and different batches for the measurements. The bold values indicate P<0.05. IQR: Interquartile range.
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PEAMOIBEA >, EMR3 BFER FRSCI0TE I , 273
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SRS I A BRI 2 W B B 2R 4 b CD Y7
(43 - XA T P SRS HZ e I 2 maRak .
Ward 55 2 i 2140 H CD97 Wik RS BRI
RIEVL RARZR AT . RRIRIDITERI] CD97 /2 'E 5
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FTFRAT] i A3 EMR3 FEDA ) F AL 5 2L DAl B A
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AR BAAE AT B TR e 3 TR 2 Bebe 1 2 e A
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Tab.6 Association between EMR3 methylation and clinical characteristics of sporadic BC cases
Clinical N Group (1) Median of age Median of methylation levels
characteristics () EMR3 CpG 1 EMR3 CpG 2 EMR3 CpG 3 EMR3 CpG 4 EMR3 CpG 5
Tumor stage (249)
Stage 1 (109) 46.0 0.50 0.02 0.07 0.19 0.08
Stage Il (92) 45.0 0.51 0.02 0.08 0.21 0.09
Stage &IV (48) 47.0 0.56 0.00 0.07 0.19 0.09
P 0.773 0.088 0.022 0.602 0.800 0.500
Tumor size (249)
TO0&1 (153) 46.0 0.50 0.01 0.08 0.20 0.09
T2&3&4 (96) 45.0 0.53 0.02 0.08 0.19 0.09
P 0.386 0.589 0.346 0.729 0.400 0.930
Lymph node involvement (249)
NO (139) 45.0 0.50 0.02 0.08 0.19 0.08
N1&2&3 (110) 46.0 0.53 0.01 0.08 0.20 0.09
P 0.908 0.234 0.403 0.514 0.754 0.338
Ki67 (251)
Ki67<20% (97) 46.0 0.51 0.02 0.07 0.19 0.08
Ki67>20% (154) 45.0 0.51 0.02 0.08 0.20 0.09
P 0.920 0.539 0.791 0.312 0.984 0.227
ER (254) ER negative (52) 46.0 0.48 0.02 0.08 0.20 0.08
ER positive (202) 45.0 0.51 0.02 0.08 0.19 0.09
P 0.332 0.247 0.568 0.503 0.652 0.399
PR (254)
PR negative (65) 46.0 0.49 0.02 0.08 0.20 0.08
PR positive (189) 45.0 0.51 0.01 0.08 0.19 0.09
P 0.474 0.276 0.494 0.404 0.799 0.261
HER2 (254)
HER%;;*%M“ 45.0 0.51 0.01 0.08 0.20 0.09
HER?2 positive (57) 46.0 0.51 0.02 0.07 0.19 0.09
P 0.609 0.758 0.499 0.925 0.772 0.801
Triple-negative (254)
Triple-negative (33) 45.0 0.48 0.02 0.08 0.21 0.09
ngg‘;gj;il(’;;) 46.0 0.51 0.02 0.08 0.19 0.09
P 0.812 0.621 0.802 0.335 0.233 0.492
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