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Peripheral blood KCNMA1 methylation level is associated with the occurrence and

progression of lung cancer
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Abstract: Objective To explore the association of KCNMAI gene methylation levels in peripheral blood with lung cancer.
Methods The methylation levels of 4 CpG sites in KCNMAT gene were quantitatively detected in 285 patients with lung cancer,
186 age- and sex-matched patients with benign pulmonary nodules and 278 matched healthy control subjects using mass
spectrometry (MALDI-TOF-MS). The association of KCNMA1 methylation levels with lung cancer was analyzed using logistic
regression models adjusted for covariates. The KCNMAI methylation levels in different subgroups of lung cancer patients
were compared using Mann-Whitney U test. Results In subjects over 55 years and in female subjects, the highest quartile (Q4)
vs the lowest quartile (Q1) of KCNMA1_CpG_5 methylation levels were significantly correlated with lung cancer (for subjects
over 55 years: OR=2.60, 95% CI: 1.25-5.41, P=0.011; for female subjects: OR=2.09, 95% CI: 1.03-4.26, P=0.042). From Q2 to Q4 of
KCNMA1_CpG_5 methylation levels, their correlation with lung cancer became gradually stronger (P=0.003 and 0.038,
respectively). In male subjects, the OR of Q4 of KCNMA1_CpG_5 methylation levels was 0.35 in patients with lung cancer as
compared with patients with benign nodules (95% CI: 0.16 — 0.79, P=0.012). KCNMA1_CpG_3 methylation level was
significantly lower in invasive adenocarcinoma than in noninvasive adenocarcinoma (P=0.028), and that of KCNMA1_CpG_1
was significantly higher in patients with larger tumors (T2-4) than in those with smaller tumors (T1) (P=0.021). Conclusion The
change of peripheral blood KCNMAT methylation level is correlated with the occurrence and development of lung cancer.
Keywords: lung cancer; KCNMA1; DNA methylation; peripheral blood; case-control study
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Tab.1 Clinical characteristics of lung cancer patients
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Characteristics Type n %
<55 148 51.9
Age (year) >55 137 48.1
P Male 142 49.8
Female 143 50.2
Adenocarcinoma in situ 67 23.5
Microinvasive adenocarcinoma 49 17.2
Tumor subtype . .
Invasive adenocarcinoma 135 47.4
Others 34 11.9
1 232 81.4
I 15 53
Tumor stage it 23 8.1
v 3 1.0
Missing 12 42
Tl 218 76.5
T2 38 13.3
Tumor size T3 14 4.9
T4 1 0.4
Missing 14 4.9
pNO 242 84.9
. pNI1 7 24
Lymph node involvement
pN2 21 7.4
Missing 15 53
<l 100 35.1
Tumor length (cm) >1 171 60.0
Missing 14 4.9
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" Chrl0:78916291

Chr10:78916777<—

KCNMAI_CpG_1
KCNMAI1_CpG 2

KCNMAIL CpG 3 =
KCNMAI_CpG_5

TGAGTCTGGCCACCCTGGAGGACTAGGGTTATCCTTCAAATCAGTCTCCC 50
CAAAGGCTAGGAGGTTAGGAGTTTTTCAGGATGGTTTGGTGGGCAGGGGG 100
CTAGGGAACAGGGAATGTTGATTGCTTGGGGGTAAAACCACAAGCGTATG 150
GAAAACAGTCCACTCGTGTTGAGTCCTCTGGGTGGGGACCACAGGACTGG 200
CTGAGTCATGAGTCTTGGGTCCAGGTGGGGTCAGTCACTCGCCAGAAATG 250
CCAGAAGTCTGAAAAACATCTCCCAGGGCCAGTCTTCAGTTCTACAGTAG 300
TGATGTTATTTACAAGAGTAATTGAGGAAGTTACAAATCTGTGACCTCCA 350
GAACAATGGCTGGTTATCATTTAACTGCGCTTATGTGTTAGCAGAATTCA 400
GGCACCTCTTATAACCCTAACCTTATGGCCTTTCGTTAGTTTTACAAGGA 450
CAATTTAGTTTTGGGAAGGGCTATTACTGTCCTTGCT

B 1 KCNMAI BRI =5 HEFFS

Fig.1 Site map and sequence of KCNMAI gene. A: Position of KCNMA1 amplified
fragment (487 bp) and the 4 measurable CpG sites. B: KCNMA1 amplicon sequence
(chr10:78916291-chr10:78916777) detected by EpiTyper assay, with the 4 measurable

CpG sites marked in grey.
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Fig.2 Mass peaks of KCNMA1T amplicon. The MassARRAY assay yielded 4 distinguishable peaks. The downward red
arrows pointing at the signal peak indicate completely non-methylated CpG site, and the blue line above the signal
peak indicates the methylated CpG site. The sample mass of the signal peak is represented at the bottom.
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Tab.2 Interquartile analysis of peripheral blood KCNMAI methylation levels in lung cancer patients and healthy control subjects

Healthy controls

Lung cancer cases

CpG sites Quartiles (methylation) 7 (%) 1 (%) OR (95% CIh* P*
Q1 (<0.70) 72 (25.9%) 74 (26.0%) 1.00 -
Q2 (0.71-0.86) 68 (24.5%) 65 (22.8%) 0.93 (0.58-1.49) 0.750
KCNMAI1 CpG 1
Q3 (=0.87) 138 (49.6%) 146 (51.2%) 1.06 (0.68-1.63) 0.807
P for trend 0.757
Q1 (<0.25) 78 (28.1%) 77 (27.0%) 1.00 -
Q2 (0.26-0.31) 70 (25.2%) 70 (24.6%) 1.01 (0.64-1.59) 0.979
KCNMA1 CpG 2 Q3(0.32-0.39) 64 (23.0%) 77 (27.0%) 1.19 (0.75-1.88) 0.462
Q4 (=0.40) 66 (23.7%) 61 (21.4%) 0.91 (0.57-1.46) 0.696
P for trend 0918
Q1 (<0.24) 70 (25.2%) 73 (25.6%) 1.00 -
Q2 (0.25-0.31) 70 (25.2%) 83 (29.1%) 1.14 (0.72-1.79) 0.584
KCNMAI1 CpG 3 Q3 (0.32-0.38) 71 (25.5%) 59 (20.7%) 0.79 (0.49-1.28) 0.337
Q4 (=0.39) 67 (24.1%) 70 (24.6%) 0.99 (0.62-1.58) 0.951
P for trend 0.595
Q1 (<0.65) 78 (28.0%) 59 (20.7%) 1.00 -
Q2 (0.66-0.72) 69 (24.8%) 80 (28.1%) 1.58 (0.98-2.53) 0.058
KCNMAI1 CpG 5 Q3 (0.73-0.78) 63 (22.7%) 72 (25.2%) 1.59 (0.98-2.59) 0.060
Q4 (=0.79) 68 (24.5%) 74 (26.0%) 1.49 (0.92-2.41) 0.105
P for trend 0.136

*Logistic regression, adjusted for age, gender and different batches.
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Tab.3 Age-stratified interquartile analysis of peripheral blood KCNMA1I methylation level in lung cancer patients and healthy control

subjects
. Quartiles Healthy controls Lung cancer cases o % "
CpG sites (methylation) [ (%)] [ (%)] OR (95% CI) P
<55 years old (148 lung cancer cases vs 159 healthy controls)
Q1 (<0.67) 41 (25.8%) 27 (18.3%) 1.00 -
Q2 (0.68-0.83) 40 (25.1%) 35 (23.6%) 1.33 (0.68-2.60) 0.402
KCNMAI1_CpG_1
Q3 (=0.84) 78 (49.1%) 86 (58.1%) 1.77 (0.94-3.31) 0.075
P for trend 0.072
Q1 (<0.25) 49 (30.8%) 46 (31.1%) 1.00 -
Q2 (0.26-0.30) 37 (23.3%) 32 (21.6%) 0.93 (0.50-1.74) 0.822
KCNMAI1 _CpG_2 Q3(0.31-0.39) 37 (23.3%) 42 (28.4%) 1.22 (0.67-2.22) 0.519
Q4 (=0.40) 36 (22.6%) 28 (18.9%) 0.84 (0.44-1.60) 0.592
P for trend 0.876
Q1 (<0.25) 44 (27.7%) 43 (29.0%) 1.00 -
Q2 (0.26-0.31) 38 (23.9%) 37 (25.0%) 1.00 (0.54-1.86) 0.999
KCNMAI1_CpG_3 Q3 (0.32-0.37) 38 (23.9%) 26 (17.6%) 0.70 (0.37-1.35) 0.289
Q4 (=0.38) 39 (24.5%) 42 (28.4%) 1.11 (0.60-2.04) 0.743
P for trend 0.992
Q1 (<0.68) 43 (27.0%) 47 (31.8%) 1.00 -
Q2 (0.69-0.74) 40 (25.2%) 43 (29.0%) 0.97 (0.53-1.78) 0.929
KCNMAI1 _CpG_5 Q3 (0.75-0.80) 47 (29.6%) 39 (26.4%) 0.75 (0.41-1.38) 0.359
Q4 (=>0.81) 29 (18.2%) 19 (12.8%) 0.60 (0.29-1.23) 0.165
P for trend 0.127
>55 years old (137 lung cancer cases vs 119 healthy controls)
Q1 (<0.75) 31 (26.0%) 49 (35.8%) 1.00 -
Q2 (0.76-0.90) 34 (28.6%) 32 (23.3%) 0.60 (0.30-1.17) 0.132
KCNMAI1_CpG_1
Q3 (=0.91) 54 (45.4%) 56 (40.9%) 0.66 (0.35-1.25) 0.198
P for trend 0.225
Q1 (<0.26) 34 (28.6%) 37 (27.0%) 1.00 -
Q2 (0.27-0.32) 27 (22.7%) 35 (25.5%) 1.18 (0.59-2.35) 0.639
KCNMAI1 _CpG_2 Q3 (0.33-0.40) 30 (25.2%) 33 (24.1%) 0.99 (0.50-1.97) 0.985
Q4 (>0.41) 28 (23.5%) 32 (23.4%) 1.06 (0.53-2.13) 0.860
P for trend 0.974
Q1 (<0.24) 32 (26.9%) 35 (25.5%) 1.00 -
Q2 (0.25-0.32) 30 (25.2%) 43 (31.4%) 1.28 (0.66-2.51) 0.468
KCNMA1_CpG_3 Q3 (0.33-0.39) 28 (23.5%) 32 (23.4%) 1.05 (0.52-2.11) 0.895
Q4 (=0.40) 29 (24.4%) 27 (19.7%) 0.85(0.42-1.73) 0.653
P for trend 0.567
Q1 (<0.62) 31 (26.0%) 23 (16.8%) 1.00 -
Q2 (0.63-0.70) 34 (28.6%) 27 (19.7%) 1.17 (0.55-2.49) 0.685
KCNMAI1_CpG_5 Q3 (0.71-0.76) 25 (21.0%) 36 (26.3%) 2.11 (0.99-4.52) 0.054
Q4 (=0.77) 29 (24.4%) 51 (37.2%) 2.60 (1.25-5.41) 0.011
P for trend 0.003

*Logistic regression, adjusted for age, gender and different batches.
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Tab.4 Gender-stratified interquartile analysis of peripheral blood KCNMA1T methylation level in lung cancer patients and
healthy control subjects

Quartiles Healthy controls Lung cancer cases OR (95% CI)* P

CpG sites (methylation) [n (%)] L (%6)]

Female (143 lung cancer cases vs 136 healthy controls)

Q1 (<0.70) 35 (25.7%) 36 (25.2%) 1.00 -
Q2 (0.71-0.90) 39 (28.7%) 52 (36.4%) 1.23 (0.65-2.31) 0.522
KCNMAI1 CpG 1
Q3 (=0.91) 62 (45.6%) 55 (38.4%) 0.79 (0.42-1.49) 0.470
P for trend 0.390
Q1 (<0.26) 39 (28.7%) 42 (29.3%) 1.00 -
Q2 (0.27-0.31) 29 (21.3%) 30 (21.0%) 0.95 (0.49-1.87) 0.889
KCNMA1 CpG 2 Q3 (0.32-0.40) 35 (25.7%) 41 (28.7%) 1.04 (0.55-1.96) 0.901
Q4 (=0.41) 33 (24.3%) 30 (21.0%) 0.82 (0.42-1.59) 0.550
P for trend 0.652
Q1 (<0.24) 36 (26.5%) 31 (21.7%) 1.00 -
Q2 (0.25-0.32) 35 (25.7%) 51 (35.6%) 1.68 (0.88-3.22) 0.114
KCNMAI1 CpG 3 Q3(0.33-0.39) 32 (23.5%) 31 (21.7%) 1.11 (0.55-2.21) 0.774
Q4 (=0.40) 33 (24.3%) 30 (21.0%) 1.01 (0.50-2.03) 0.975
P for trend 0.690
Q1 (<0.65) 34 (25.0%) 25 (17.5%) 1.00 -
Q2 (0.66-0.72) 38 (27.9%) 37 (25.9%) 1.46 (0.72-2.94) 0.290
KCNMAI1 CpG 5 Q3 (0.73-0.79) 34 (25.0%) 39 (27.3%) 1.76 (0.86-3.57) 0.119
Q4 (=0.80) 30 (22.1%) 42 (29.3%) 2.09 (1.03-4.26) 0.042
P for trend 0.038
Male (142 lung cancer cases vs 142 healthy controls)
Q1 (<0.70) 37 (26.1%) 38 (26.8%) 1.00 -
Q2 (0.71-0.85) 34 (23.9%) 24 (16.9%) 0.72 (0.36-1.45) 0.351
KCNMA1 _CpG_1
Q3 (=0.86) 71 (50.0%) 80 (56.3%) 1.21 (0.64-2.28) 0.550
P for trend 0.442
Q1 (<0.24) 38 (26.8%) 36 (25.4%) 1.00 -
Q2 (0.25-0.30) 35 (24.6%) 36 (25.4%) 1.10 (0.57-2.11) 0.784
KCNMAI1 CpG 2 Q3 (0.31-0.37) 35 (24.6%) 36 (25.4%) 1.09 (0.57-2.10) 0.792
Q4 (=0.38) 34 (24.0%) 34 (23.8%) 1.07 (0.55-2.09) 0.846
P for trend 0.851
Q1 (<0.25) 42 (29.6%) 46 (32.4%) 1.00 -
Q2 (0.26-0.30) 31 (21.8%) 29 (20.4%) 0.85(0.44-1.64) 0.623
KCNMAI1 CpG 3 Q3(0.31-0.37) 34 (23.9%) 30 (21.1%) 0.81 (0.42-1.55) 0.522
Q4 (=0.38) 35 (24.7%) 37 (26.1%) 0.97 (0.52-1.82) 0.926
P for trend 0.857
Q1 (<0.64) 36 (25.4%) 27 (19.0%) 1.00 -
Q2 (0.65-0.72) 39 (27.5%) 50 (35.2%) 1.78 (0.92-3.48) 0.089
KCNMA1 CpG 5 Q3 (0.73-0.78) 34 (23.9%) 37 (26.1%) 1.52 (0.75-3.06) 0.245
Q4 (=0.79) 33 (23.2%) 28 (19.7%) 1.18 (0.57-2.42) 0.658
P for trend 0.878

*Logistic regression, adjusted for age and different batches.
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Tab.5 Interquartile analysis of peripheral blood KCNMA1I methylation level in patients with lung cancer (1n=285) and

benign pulmonary nodules (1=186)

CpG sies pQurties | Bengneises  Lwgancerases oposcpr pe
Q1 (<0.66) 46 (24.7%) 61 (21.4%) 1.00
KCNMAI CpG_1 Q2 (0.67-0.88) 50 (26.9%) 96 (33.7%) 1.48 (0.88-2.49) 0.142
Q3 (>0.89) 90 (48.4%) 128 (44.9%) 1.12 (0.67-1.87) 0.668
P for trend 0.864
Q1 (<0.25) 49 (26.3%) 77 (27.0%) 1.00
Q2 (0.26-0.32) 47 (25.3%) 80 (28.1%) 1.07 (0.64-1.78) 0.798
KCNMA1_CpG_2 Q3 (0.33-0.38) 44 (23.7%) 61 (21.4%) 0.87(0.51-1.48) 0.612
Q4 (>0.39) 46 (24.7%) 67 (23.5%) 0.91 (0.54-1.54) 0.733
P for trend 0.575
Q1 (<0.24) 47 (25.3%) 73 (25.6%) 1.00
Q2 (0.25-0.31) 53 (28.5%) 83 (29.1%) 0.99 (0.59-1.64) 0.954
KCNMAI1_CpG_3 Q3 (0.32-0.38) 41 (22.0%) 59 (20.7%) 0.91 (0.53-1.56) 0.723
Q4 (>0.39) 45 (24.2%) 70 (24.6%) 1.00 (0.59-1.69) 0.997
P for trend 0.923
Q1 (<0.67) 50 (26.9%) 80 (28.1%) 1.00
Q2 (0.68-0.73) 49 (26.3%) 75 (26.3%) 0.96 (0.58-1.59) 0.878
KCNMAI1_CpG_5 Q3 (0.74-0.80) 41 (22.1%) 83 (29.1%) 1.27 (0.76-2.14) 0.363
Q4 (>0.81) 46 (24.7%) 47 (16.5%) 0.63 (0.36-1.09) 0.098
P for trend 0.293

*Logistic regression, adjusted for age, gender and different batches.
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Tab.6 Age-stratified interquartile analysis of peripheral blood KCNMA1I methylation level in patients with lung cancer and

benign pulmonary nodules

. Quartiles Benign cases Lung cancer cases o « "
CpG sites (methylation) [n (%)] [ (%)] OR (95% C1) P
<55 years old (148 lung cancer cases and 95 benign cases)

Q1 (<0.70) 24 (25.3%) 33 (22.3%) 1.00 -
Q2 (0.71-0.88) 24 (25.3%) 47 (31.8%) 1.42 (0.69-2.95) 0.344

KCNMA1_CpG_1

- T Q3 (=0.89) 47 (49.4%) 68 (45.9%) 1.06 (0.53-2.11) 0.871
P for trend 0.984

Q1 (<0.25) 24 (25.3%) 46 (31.1%) 1.00 -
Q2 (0.26-0.33) 28 (29.5%) 49 (33.1%) 0.89 (0.45-1.76) 0.738
KCNMAT1 _CpG_2 Q3 (0.34-0.38) 20 (21.0%) 23 (15.5%) 0.59 (0.27-1.30) 0.190
Q4 (>0.39) 23 (24.2%) 30 (20.3%) 0.66 (0.31-1.38) 0.269
P for trend 0.167

Q1 (<0.25) 26 (27.4%) 43 (29.1%) 1.00 -
Q2 (0.26-0.31) 24 (25.3%) 37 (25.0%) 0.91 (0.45-1.87) 0.805
KCNMAI1 CpG 3 Q3 (0.32-0.40) 23 (24.2%) 37 (25.0%) 0.97 (0.47-1.98) 0.928
Q4 (=0.41) 22 (23.1%) 31 (20.9%) 0.82 (0.39-1.71) 0.595
P for trend 0.657

Q1 (<0.67) 25 (26.3%) 41 (27.7%) 1.00 -
Q2 (0.68-0.73) 24 (25.3%) 43 (29.0%) 1.08 (0.53-2.20) 0.827
KCNMAL1_CpG_5 Q3 (0.74-0.81) 26 (27.4%) 47 (31.8%) 1.09 (0.54-2.19) 0.811
Q4 (>0.82) 20 (21.0%) 17 (11.5%) 0.50 (0.22-1.15) 0.103
P for trend 0.219

>55 years old (137 lung cancer cases and 91 benign cases)

Q1 (<0.65) 24 (26.4%) 34 (24.8%) 1.00 -

Q2 (0.66-0.88) 24 (26.4%) 43 (31.4%) 1.23 (0.59-2.59) 0.582
KCNMAT1_CpG_1

Q3 (=0.89) 43 (47.2%) 60 (43.8%) 1.02 (0.49-2.15) 0.954
P for trend 0.990

Q1 (<0.25) 25 (27.5%) 31 (22.6%) 1.00 -
Q2 (0.26-0.31) 22 (24.2%) 33 (24.1%) 1.19 (0.56-2.55) 0.648
KCNMAT1 _CpG_2 Q3 (0.32-0.39) 24 (26.4%) 40 (29.2%) 1.30 (0.62-2.70) 0.489
Q4 (=0.40) 20 (22.0%) 33 (24.1%) 1.33 (0.62-2.86) 0.469
P for trend 0.442

Q1 (<0.24) 25 (27.5%) 35 (25.5%) 1.00 -
Q2 (0.25-0.30) 21 (23.1%) 37 (27.0%) 1.25 (0.59-2.66) 0.555
KCNMAI1 CpG 3 Q3 (0.31-0.36) 25 (27.5%) 30 (21.9%) 0.86 (0.41-1.82) 0.700
Q4 (=0.37) 20 (22.0%) 35 (25.5%) 1.29 (0.61-2.76) 0.507
P for trend 0.753

Q1 (<0.67) 25 (27.5%) 39 (28.5%) 1.00 -
Q2 (0.68-0.72) 22 (24.2%) 25 (18.2%) 0.71 (0.33-1.53) 0.381
KCNMAL1 _CpG_5 Q3 (0.73-0.80) 23 (25.3%) 45 (32.8%) 1.35 (0.66-2.80) 0.413
Q4 (=0.81) 21 (23.1%) 28 (20.4%) 0.89 (0.41-1.92) 0.759
P for trend 0.821

*Logistic regression, adjusted for age, gender and different batches.
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Tab.7 Gender-stratified interquartile analysis of peripheral blood KCNMAI methylation level in patients with lung
cancer and benign pulmonary nodules

. Quartiles Benign cases Lung cancer cases o % -
CpG sites (methylation) [n (%)] [n (%)] OR (95% €D P
Female (143 lung cancer cases and 86 benign cases)
Q1 (<0.64) 21 (24.4%) 26 (18.2%) 1.00 -
Q2 (0.65-0.89) 24 (27.9%) 59 (41.3%) 1.90 (0.89-4.06) 0.096
KCNMAI1_CpG_1
Q3 (=0.90) 41 (47.7%) 58 (40.6%) 1.06 (0.49-2.31) 0.881
P for trend 0.857
Q1 (<0.26) 24 (27.9%) 42 (29.4%) 1.00 -
Q2 (0.27-0.32) 20 (23.3%) 36 (25.2%) 0.98 (0.46-2.07) 0.957
KCNMAI1 CpG 2 Q3 (0.33-0.38) 21(24.4%) 30 (21.0%) 0.81 (0.38-1.73) 0.590
Q4 (=0.39) 21(24.4%) 35 (24.5%) 0.92 (0.44-1.93) 0.828
P for trend 0.719
Q1 (<0.25) 23 (26.7%) 37 (25.9%) 1.00 -
Q2 (0.26-0.30) 21 (24.4%) 33 (23.1%) 1.01 (0.47-2.18) 0.971
KCNMAI1 CpG_3 Q3 (0.31-0.36) 22 (25.6%) 32 (22.4%) 0.92 (0.43-1.97) 0.840
Q4 (=0.37) 20 (23.3%) 41 (28.7%) 1.31(0.62-2.78) 0.478
P for trend 0.545
Q1 (<0.67) 25(29.1%) 34 (23.8%) 1.00 -
Q2 (0.68-0.71) 18 (20.9%) 20 (14.0%) 0.83 (0.36-1.89) 0.659
KCNMAI1 CpG_5 Q3 (0.72-0.80) 22 (25.6%) 58 (40.6%) 2.02 (0.97-4.18) 0.059
Q4 (=0.81) 21 (24.4%) 31 (21.7%) 1.10 (0.51-2.36) 0.814
P for trend 0.335
Male (142 lung cancer cases and 100 benign cases)
Q1 (<0.71) 25 (25.0%) 38 (26.8%) 1.00 -
2 (0.72-0.87 25 (25.0% 31 (21.8% 0.85(0.41-1.80 0.678
KCNMAL CpG 1 Q2 ( ) (25.0%) (21.8%) ( )
- Q3 (=0.88) 50 (50.0%) 73 (51.4%) 1.09 (0.54-2.18) 0.816
P for trend 0.750
Q1 (<0.25) 29 (29.0%) 40 (28.2%) 1.00 -
Q2 (0.26-0.31) 22 (22.0%) 35 (24.6%) 1.16 (0.56-2.37) 0.692
KCNMAI1_CpG_2 Q3 (0.32-0.38) 24 (24.0%) 35 (24.6%) 1.06 (0.52-2.16) 0.864
Q4 (=0.39) 25 (25.0%) 32 (22.5%) 0.95 (0.46-1.94) 0.885
P for trend 0.865
Q1 (<0.24) 29 (29.0%) 42 (29.6%) 1.00 -
Q2 (0.25-0.31) 24 (24.0%) 37 (26.1%) 1.05 (0.52-2.12) 0.886
KCNMAI1_CpG_3 Q3 (0.32-0.39) 24 (24.0%) 33 (23.2%) 0.95 (0.47-1.93) 0.893
Q4 (20.40) 23 (23.0%) 30 (21.1%) 0.90 (0.44-1.86) 0.785
P for trend 0.745
Q1 (<0.67) 25 (25.0%) 46 (32.4%) 1.00 -
Q2 (0.68-0.73) 28 (28.0%) 40 (28.2%) 0.78 (0.39-1.55) 0.479
KCNMAI CpG 5 Q3 (0.74-0.80) 22 (22.0%) 40 (28.2%) 0.99 (0.48-2.03) 0.980
Q4 (=0.81) 25 (25.0%) 16 (11.3%) 0.35(0.16-0.79) 0.012
P for trend 0.050
*Logistic regression, adjusted for age and different batches.
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Tab.8 Correlation between KCNMA1 methylation and the clinical characteristics of lung cancer patients

Median of methylation levels

Climlcil st Group (n)
characteristics KCNMA1 CpG_1 KCNMA1 CpG 2 KCNMAI CpG 3 KCNMAI CpG 4 KCNMA1 CpG 5
Noninvasive
adenocarcinoma (n=116) 0.88 030 0.31 0.74 0.74
Adenocarcinoma
subtypes Invasive 0.87 0.32 0.29 0.65 0.72
adenocarcinoma (n=135) ’ ’ ' ’ ’
P 0.878 0.698 0.028 0.226 0.058
T1 (n=218) 0.86 0.31 0.30 0.74 0.73
Tumor size T2 & T3 & T4 (n=53) 0.95 0.31 0.32 0.65 0.72
P 0.021 0.762 0.635 0.484 0.880
<1 (n=100) 0.87 0.32 0.31 0.74 0.73
Tumor length (cm) >1 (n=171) 0.88 0.30 0.30 0.65 0.73
P* 0.320 0.182 0.381 0.383 0.447
Stage I (=232) 0.87 0.31 0.30 0.74 0.73
Tumor stage Stage II & III & IV (n=41) 0.87 0.31 0.32 0.65 0.73
P* 0.661 0.734 0.634 0.486 0.908
pNO (7=242) 0.87 0.31 0.30 0.74 0.73
Lymph node (LN) pN1 & pN2 (n=28) 0.90 0.30 0.31 0.65 0.74
involvement
P* 0.466 0.653 0.998 0.660 0.885

*Mann-Whitney U test.

SE

[1] Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries[J]. CA Cancer J Clin, 2021, 71(3): 209-49.

[2] Schabath MB, Cote ML. Cancer progress and priorities: lung cancer
[J]. Cancer Epidemiol Biomarkers Prev, 2019, 28(10): 1563-79

[3] Ettinger DS, Akerley W, Borghaei H, et al. Non-small cell lung cancer
[J]. J Natl Compr Canc Netw, 2012, 10(10): 1236-71.

[4] Blandin Knight S, Crosbie PA, Balata H, et al. Progress and prospects
of early detection in lung cancer[ J]. Open Biol, 2017, 7(9): 170070.

[5] Nakagawa S, Kawahara K, Okamoto Y, et al. Association between
dysfunction of the nucleolar stress response and multidrug
resistance in pediatric acute lymphoblastic leukemia [J]. Cancers,
2022, 14(20): 5127.

[6] Nooreldeen R, Bach H. Current and future development in lung
cancer diagnosis[ J]. Int J Mol Sci, 2021, 22(16): 8661.

[7] National Lung Screening Trial Research Team, Aberle DR, Adams
AM, et al. Reduced lung-cancer mortality with low-dose computed
tomographic screening[J]. N Engl J Med, 2011, 365(5): 395-409.

[8] Guan YZ, Ren M, Guo DL, et al. Research progress on lung cancer
screening[J]. Zhongguo Fei Ai Za Zhi, 2020, 23(11): 954-60.

[9] Walter K, Holcomb T, Januario T, et al. Discovery and development
of DNA methylation-based biomarkers for lung cancer [J].
Epigenomics, 2014, 6(1): 59-72.

[10] Chan TA, Baylin SB. Epigenetic biomarkers[J]. Curr Top Microbiol
Immunol, 2012, 355: 189-216.

[11] Pan YB, Liu GH, Zhou FL, et al. DNA methylation profiles in cancer

diagnosis and therapeutics[J]. Clin Exp Med, 2018, 18(1): 1-14.

[12] Shen N, Du J, Zhou H, et al. A diagnostic panel of DNA methylation
biomarkers for lung adenocarcinomal J]. Front Oncol, 2019, 9: 1281.

[13] Zeng H, Wang Y, Wang Y, et al. XXYLT1 methylation contributes to
the occurrence of lung adenocarcinoma: Methylation and lung
adenocarcinomalJ]. Medicine, 2021, 100(1): e24150.

[14] Weiss G, Schlegel A, Kottwitz D, et al. Validation of the SHOX2/
PTGER4 DNA methylation marker panel for plasma-based
discrimination between patients with malignant and nonmalignant
lung disease[ J]. ] Thorac Oncol, 2017, 12(1): 77-84.

[15] Qiao R, Di FF, Wang J, et al. The association between RAPSN
methylation in peripheral blood and early stage lung cancer detected
in case-control cohort[J |. Cancer Manag Res, 2020, 12: 11063-75.

[16] Qiao R, Zhong RB, Liu CL, et al. Novel blood-based hypo-
methylation of SH3BPS is associated with very early-stage lung
adenocarcinomalJ . Genes Genomics, 2022, 44(4): 445-53.

[17] Li MX, Qiao R, Zhong RB, et al. FYB methylation in peripheral
blood as a potential marker for the early-stage lung cancer: a case-
control study in Chinese population[J]. Biomarkers, 2022, 27(1): 79-
85.

[18] Qiao R, Li MX, Zhong RB, et al. The association between PNPLA2
methylation in peripheral blood and early-stage lung cancer in a case-
control study[J]. Cancer Manag Res, 2021, 13: 7919-27.

[19] Zhu Q, Qiao R, Di FF, et al. Hypomethylation of RPTOR in
peripheral blood is associated with very early-stage lung cancer[J].
Clin Chim Acta, 2022, 537: 173-80.

[20] Hulbert A, Jusue-Torres I, Stark A, et al. Early detection of lung



http://www.j-smu.com

J South Med Univ, 2023, 43(3): 349-359

+ 359 -

cancer using DNA promoter hypermethylation in plasma and sputum
[J]. Clin Cancer Res, 2017, 23(8): 1998-2005.

[21] Toro L, Li M, Zhang Z, et al. MaxiK channel and cell signalling[J].
Pflugers Arch, 2014, 466(5): 875-86.

[22] Bloch M, Ousingsawat J, Simon R, et al. KCNMAI gene ampli-
fication promotes tumor cell proliferation in human prostate cancer
[J]. Oncogene, 2007, 26(17): 2525-34.

[23] Khaitan D, Sankpal UT, Weksler B, et al. Role of KCNMA gene in
breast cancer invasion and metastasis to brain [J]. BMC Cancer,
2009, 9: 258.

[24] Oeggerli M, Tian YM, Ruiz C, et al. Role of KCNMAI in breast
cancer[J]. PLoS One, 2012, 7(8): e41664.

[25] Ma GX, Liu HT, Hua QH, et al. KCNMA1 cooperating with PTK2 is
a novel tumor suppressor in gastric cancer and is associated with
disease outcome[ J]. Mol Cancer, 2017, 16(1): 46.

[26] Global Burden of Disease Cancer Collaboration, Fitzmaurice C,
Abate D, et al. Global, regional, and national cancer incidence,
mortality, years of life lost, years lived with disability, and disability-
adjusted life-years for 29 cancer groups, 1990 to 2017: a systematic
analysis for the global burden of disease study [J]. JAMA Oncol,
2019, 5(12): 1749-68.

[27] Aunan JR, Cho WC, Sereide K. The biology of aging and cancer: a
brief overview of shared and divergent molecular hallmarks [J].
Aging Dis, 2017, 8(5): 628-42.

[28] Chen BH, Marioni RE, Colicino E, et al. DNA methylation-based
measures of biological age: meta-analysis predicting time to death
[J]. Aging, 2016, 8(9): 1844-65.

[29] Pérez RF, Tejedor JR, Bayon GF, et al. Distinct chromatin signatures
of DNA hypomethylation in aging and cancer[J]. Aging Cell, 2018,
17(3): e12744.

[30] Stapelfeld C, Dammann C, Maser E. Sex-specificity in lung cancer
risk[J]. Int J Cancer, 2020, 146(9): 2376-82.

[31] Stabile LP, Davis AL, Gubish CT, et al. Human non-small cell lung
tumors and cells derived from normal lung express both estrogen
receptor alpha and beta and show biological responses to estrogen
[J]. Cancer Res, 2002, 62(7): 2141-50.

[32] Patel JD. Lung cancer in women [J]. J Clin Oncol, 2005, 23(14):
3212-8.

[33] Xu LL, Wang LC, Cheng MZ. Identification of genes and pathways
associated with sex in Non-smoking lung cancer population [J].
Gene, 2022, 831: 146566.

[34] Zhu XY, Li J, Deng SY, et al. Genome-wide analysis of DNA
methylation and cigarette smoking in a Chinese population [J].
Environ Health Perspect, 2016, 124(7): 966-73.

[35] Gao X, Zhang Y, Breitling LP, et al. Tobacco smoking and
methylation of genes related to lung cancer development [J].
Oncotarget, 2016, 7(37): 59017-28.

(4 - N EHT)



