
	microRNA
	Positive correlation
	Negative correlation

	
	Gene cluster
	Gene
	Gene cluster
	Gene

	hsa-miR-200a
	1
	1
	4
	4

	hsa-miR-200b
	3
	2
	18
	17

	hsa-miR-200c
	4
	3
	13
	12

	hsa-miR-141
	4
	3
	17
	16


Table 1. Summary of target microRNAs and gene clusters. Gene cluster: A gene cluster is a grouping of CpG sites with similar methylation changes around the transcription start site (TSS); Positive correlation: A pair in which the microRNA expression and gene cluster methylation are positively correlated; Negative correlation: A pair in which the microRNA expression and gene cluster methylation are negatively correlated.



1


	12 Positive correlation pairs

	miRNA
	Gene
	CHR
	Region
	CpG sites(n)
	Cluster No.
	miRNA
Estimate (β) [95% CI]
	miRNA
p-value
	Methylation
Estimate (β) [95% CI]
	Methylation p-value
	Hypothesis-matching status

	hsa-miR-200c
	VIM
	10
	17271051–17271669
	35
	3
	-0.000154[-0.000182,-0.000126]
	9.5 x 10-25
	-6.884424[-7.429931,-6.338917]
	3.6 x 10-101
	Matched

	hsa-miR-141
	VIM
	10
	17271051–17271669
	35
	3
	-0.000264[-0.000327,-0.000201]
	6.8 x 10-16
	-7.012845[-7.573847,-6.451842]
	9.7 x 10-100
	Matched

	hsa-miR-200c
	TJP2
	9
	71788717–71789619
	49
	3
	0.000039[0.000022,0.000055]
	5.7 x 10-06
	0.425321[0.156017,0.694624]
	2.0 x 10-03
	Unmatched

	hsa-miR-141
	TJP2
	9
	71788717–71789619
	49
	3
	0.000071[0.000035,0.000107]
	1.2 x 10-04
	0.441101[0.169942,0.712261]
	1.5 x 10-03
	Unmatched

	hsa-miR-200c
	ATP8B2
	1
	154297991–154298672
	45
	5
	-0.000031[-0.000047,-0.000015]
	1.4 x 10-04
	-4.691735[-5.120700,-4.262770]
	2.9 x 10-81
	Matched

	hsa-miR-200c
	ATP8B2
	1
	154297991–154298889
	49
	1
	-0.000029[-0.000045,-0.000014]
	3.0 x 10-04
	-5.016112[-5.472699,-4.559525]
	7.7 x 10-82
	Matched

	hsa-miR-200b
	ITGA4
	2
	182321830–182322486
	40
	3
	-0.000036[-0.000057,-0.000015]
	8.5 x 10-04
	-4.177790[-4.536945,-3.818635]
	2.2 x 10-89
	Matched

	hsa-miR-141
	ATP8B2
	1
	154297991–154298672
	45
	5
	-0.000056[-0.000090,-0.000022]
	1.3 x 10-03
	-4.727194[-5.156244,-4.298144]
	3.3 x 10-82
	Matched

	hsa-miR-141
	ATP8B2
	1
	154297991–154298889
	49
	1
	-0.000052[-0.000087,-0.000018]
	2.7 x 10-03
	-5.055129[-5.511927,-4.598332]
	8.8 x 10-83
	Matched

	hsa-miR-200a
	ITGA4
	2
	182321830–182322486
	40
	3
	-0.000092[-0.000160,-0.000025]
	7.2 x 10-03
	-4.189632[-4.550371,-3.828892]
	3.6 x 10-89
	Matched

	hsa-miR-200b
	ATP8B2
	1
	154297991–154298672
	45
	5
	-0.000007[-0.000024,0.000009]
	3.9 x 10-01
	-4.837212[-5.267588,-4.406837]
	8.2 x 10-85
	Not significant

	hsa-miR-200b
	ATP8B2
	1
	154297991–154298889
	49
	1
	-0.000007[-0.000024,0.000010]
	4.1 x 10-01
	-5.169473[-5.626440,-4.712507]
	1.1 x 10-85
	Not significant

	52 Negative correlation pairs

	miRNA
	Gene
	CHR
	Region
	CpG sites(n)
	Cluster No.
	miRNA
Estimate (β) [95% CI]
	miRNA
p-value
	Methylation
Estimate (β) [95% CI]
	Methylation p-value
	Hypothesis-matching status

	hsa-miR-141
	ENTPD2
	9
	139947960–139948871
	57
	3
	0.000181[0.000153,0.000208]
	5.9 x 10-35
	-1.637635[-1.929845,-1.345426]
	2.6 x 10-26
	Matched

	hsa-miR-200c
	EPCAM
	2
	47596144–47596799
	42
	1
	0.000183[0.000154,0.000212]
	2.7 x 10-32
	-6.709177[-7.415748,-6.002607]
	9.6 x 10-65
	Matched

	hsa-miR-200c
	ENTPD2
	9
	139947960–139948871
	57
	3
	0.000081[0.000068,0.000094]
	3.0 x 10-32
	-1.592006[-1.889012,-1.295001]
	2.4 x 10-24
	Matched

	hsa-miR-200c
	LLGL2
	17
	73521001–73522598
	103
	2
	0.000104[0.000086,0.000123]
	1.2 x 10-26
	-4.787559[-5.391603,-4.183515]
	6.1 x 10-48
	Matched

	hsa-miR-141
	LLGL2
	17
	73521001–73522598
	103
	2
	0.000222[0.000182,0.000261]
	2.1 x 10-26
	-4.882432[-5.483583,-4.281282]
	5.8 x 10-50
	Matched

	hsa-miR-200c
	CRB3
	19
	6464244–6464725
	26
	2
	0.000108[0.000088,0.000128]
	2.8 x 10-25
	-3.822919[-4.241026,-3.404812]
	8.1 x 10-61
	Matched

	hsa-miR-141
	EPCAM
	2
	47596144–47596799
	42
	1
	0.000346[0.000282,0.000409]
	4.4 x 10-25
	-6.963381[-7.679199,-6.247563]
	2.4 x 10-67
	Matched

	hsa-miR-141
	OVOL1
	11
	65553837–65555703
	113
	2
	0.000157[0.000128,0.000187]
	1.7 x 10-24
	-2.507981[-2.850340,-2.165623]
	6.4 x 10-42
	Matched



(continue)

	miRNA
	Gene
	CHR
	Region
	CpG sites(n)
	Cluster No.
	miRNA
Estimate (β) [95% CI]
	miRNA
p-value
	Methylation
Estimate (β) [95% CI]
	Methylation p-value
	Hypothesis-matching status

	hsa-miR-200c
	MARVELD2
	5
	68710818–68711559
	60
	1
	0.000050[0.000041,0.000060]
	7.5 x 10-23
	-2.881747[-3.035745,-2.727749]
	1.8 x 10-174
	Matched

	hsa-miR-200c
	ST14
	11
	130029475–130030104
	57
	3
	0.000129[0.000103,0.000154]
	5.1 x 10-22
	-5.611508[-6.143475,-5.079542]
	1.0 x 10-76
	Matched

	hsa-miR-141
	CRB3
	19
	6464244–6464725
	26
	2
	0.000206[0.000163,0.000248]
	2.7 x 10-20
	-3.983615[-4.402544,-3.564686]
	7.4 x 10-65
	Matched

	hsa-miR-200c
	EPCAM
	2
	47596829–47597242
	42
	2
	0.000110[0.000087,0.000133]
	4.0 x 10-20
	-6.682829[-7.064472,-6.301186]
	4.7 x 10-160
	Matched

	hsa-miR-200c
	LAD1
	1
	201368323–201369008
	53
	1
	0.000107[0.000085,0.000130]
	1.1 x 10-19
	-4.466859[-4.901262,-4.032456]
	1.1 x 10-73
	Matched

	hsa-miR-200c
	FAM83F
	22
	40390536–40391052
	37
	1
	0.000054[0.000042,0.000065]
	2.3 x 10-19
	-1.664256[-1.871155,-1.457358]
	4.2 x 10-49
	Matched

	hsa-miR-200b
	ENTPD2
	9
	139947960–139948871
	57
	3
	0.000065[0.000051,0.000078]
	3.6 x 10-19
	-1.830098[-2.132388,-1.527807]
	4.1 x 10-30
	Matched

	hsa-miR-141
	MARVELD2
	5
	68710818–68711559
	60
	1
	0.000098[0.000077,0.000118]
	4.7 x 10-19
	-2.937100[-3.090639,-2.783561]
	2.4 x 10-179
	Matched

	hsa-miR-141
	TMEM30B
	14
	61747174–61748250
	73
	3
	0.000164[0.000128,0.000200]
	3.5 x 10-18
	-3.727758[-4.018869,-3.436646]
	1.6 x 10-103
	Matched

	hsa-miR-200b
	FAM83F
	22
	40390536–40391052
	37
	1
	0.000052[0.000040,0.000064]
	1.2 x 10-17
	-1.779800[-1.981235,-1.578365]
	1.9 x 10-57
	Matched

	hsa-miR-200c
	PPL
	16
	4986344–4987429
	63
	3
	0.000090[0.000070,0.000110]
	1.4 x 10-17
	-4.458818[-4.981708,-3.935928]
	3.2 x 10-54
	Matched

	hsa-miR-141
	ESRP2
	16
	68269687–68270512
	44
	2
	0.000136[0.000105,0.000167]
	2.5 x 10-17
	-4.240235[-4.459201,-4.021268]
	3.6 x 10-182
	Matched

	hsa-miR-200b
	EPCAM
	2
	47596144–47596799
	42
	1
	0.000137[0.000105,0.000168]
	6.0 x 10-17
	-7.276979[-8.002392,-6.551566]
	8.9 x 10-71
	Matched

	hsa-miR-141
	EPCAM
	2
	47596829–47597242
	42
	2
	0.000206[0.000157,0.000255]
	8.1 x 10-16
	-6.835578[-7.215859,-6.455297]
	1.5 x 10-165
	Matched

	hsa-miR-141
	ST14
	11
	130029475–130030104
	57
	3
	0.000230[0.000174,0.000285]
	1.3 x 10-15
	-5.804306[-6.341478,-5.267133]
	1.1 x 10-79
	Matched

	hsa-miR-200c
	ESRP2
	16
	68269687–68270512
	44
	2
	0.000061[0.000046,0.000075]
	1.6 x 10-15
	-4.213368[-4.437123,-3.989613]
	6.3 x 10-176
	Matched

	hsa-miR-200b
	LLGL2
	17
	73521001–73522598
	103
	2
	0.000078[0.000058,0.000098]
	3.4 x 10-14
	-5.160014[-5.777810,-4.542217]
	2.3 x 10-52
	Matched

	hsa-miR-141
	LAD1
	1
	201368323–201369008
	53
	1
	0.000183[0.000134,0.000232]
	4.8 x 10-13
	-4.661607[-5.098878,-4.224337]
	4.9 x 10-78
	Matched

	hsa-miR-141
	FAM83F
	22
	40390536–40391052
	37
	1
	0.000091[0.000066,0.000115]
	1.2 x 10-12
	-1.761512[-1.969698,-1.553327]
	1.9 x 10-53
	Matched

	hsa-miR-200b
	MARVELD2
	5
	68710818–68711559
	60
	1
	0.000037[0.000027,0.000047]
	2.3 x 10-12
	-3.015929[-3.169800,-2.862058]
	7.9 x 10-185
	Matched

	hsa-miR-200c
	C6orf132
	6
	42109887–42110586
	46
	2
	0.000063[0.000045,0.000080]
	2.4 x 10-12
	-3.800784[-4.155739,-3.445828]
	1.5 x 10-78
	Matched

	hsa-miR-200b
	EPCAM
	2
	47596829–47597242
	42
	2
	0.000085[0.000061,0.000109]
	4.5 x 10-12
	-7.009746[-7.385854,-6.633638]
	2.3 x 10-173
	Matched





(continue)
	miRNA
	Gene
	CHR
	Region
	CpG sites(n)
	Cluster No.
	miRNA
Estimate (β) [95% CI]
	miRNA
p-value
	Methylation
Estimate (β) [95% CI]
	Methylation p-value
	Hypothesis-matching status

	hsa-miR-200c
	CMTM4
	16
	66729833–66731248
	93
	3
	0.000041[0.000029,0.000053]
	3.1 x 10-11
	-7.808731[-8.657953,-6.959509]
	1.8 x 10-61
	Matched

	hsa-miR-200a
	EPCAM
	2
	47596829–47597242
	42
	2
	0.000251[0.000176,0.000327]
	1.3 x 10-10
	-7.053892[-7.430059,-6.677724]
	1.1 x 10-174
	Matched

	hsa-miR-141
	C6orf132
	6
	42109887–42110586
	46
	2
	0.000122[0.000085,0.000159]
	1.6 x 10-10
	-3.873295[-4.226709,-3.519881]
	1.7 x 10-81
	Matched

	hsa-miR-200b
	ST14
	11
	130029475–130030104
	57
	3
	0.000089[0.000062,0.000116]
	2.0 x 10-10
	-6.027261[-6.564860,-5.489662]
	1.9 x 10-84
	Matched

	hsa-miR-200a
	MARVELD2
	5
	68710818–68711559
	60
	1
	0.000106[0.000073,0.000138]
	4.4 x 10-10
	-3.037455[-3.191768,-2.883142]
	8.6 x 10-186
	Matched

	hsa-miR-200b
	DSP
	6
	7541549–7543453
	117
	2
	0.000079[0.000054,0.000104]
	5.2 x 10-10
	-6.120234[-6.745222,-5.495246]
	4.0 x 10-68
	Matched

	hsa-miR-141
	CMTM4
	16
	66729833–66731248
	93
	3
	0.000082[0.000056,0.000108]
	7.1 x 10-10
	-7.932765[-8.779915,-7.085616]
	2.5 x 10-63
	Matched

	hsa-miR-200b
	MAL2
	8
	120220032–120221120
	63
	2
	0.000093[0.000063,0.000122]
	8.7 x 10-10
	-5.692206[-6.232472,-5.151940]
	1.5 x 10-76
	Matched

	hsa-miR-141
	PPL
	16
	4986344–4987429
	63
	3
	0.000140[0.000095,0.000184]
	1.0 x 10-09
	-4.624059[-5.156584,-4.091534]
	6.8 x 10-56
	Matched

	hsa-miR-200b
	CMTM4
	16
	66729833–66731248
	93
	3
	0.000039[0.000027,0.000052]
	1.4 x 10-09
	-8.064568[-8.905299,-7.223837]
	7.1 x 10-66
	Matched

	hsa-miR-200b
	FAM83H
	8
	144815479–144816443
	85
	3
	0.000048[0.000031,0.000066]
	6.0 x 10-08
	-5.596152[-6.035813,-5.156490]
	1.4 x 10-102
	Matched

	hsa-miR-200b
	CRB3
	19
	6464244–6464725
	26
	2
	0.000057[0.000036,0.000078]
	1.5 x 10-07
	-4.286738[-4.714195,-3.859280]
	1.1 x 10-70
	Matched

	hsa-miR-200b
	LAD1
	1
	201368323–201369008
	53
	1
	0.000063[0.000040,0.000087]
	2.2 x 10-07
	-4.877211[-5.313298,-4.441123]
	3.8 x 10-84
	Matched

	hsa-miR-200b
	PPL
	16
	4986344–4987429
	63
	3
	0.000057[0.000035,0.000078]
	3.9 x 10-07
	-4.730075[-5.262929,-4.197222]
	5.6 x 10-58
	Matched

	hsa-miR-141
	CDH3
	16
	68678698–68680184
	89
	3
	0.000139[0.000083,0.000194]
	1.1 x 10-06
	-4.834867[-5.421913,-4.247821]
	3.8 x 10-51
	Matched

	hsa-miR-200a
	CRB3
	19
	6464244–6464725
	26
	2
	0.000168[0.000100,0.000236]
	1.3 x 10-06
	-4.317734[-4.745264,-3.890203]
	1.7 x 10-71
	Matched

	hsa-miR-200b
	PRKCZ
	1
	1981414–1982852
	102
	2
	0.000033[0.000018,0.000048]
	2.3 x 10-05
	-3.634686[-4.017558,-3.251814]
	9.1 x 10-65
	Matched

	hsa-miR-141
	KRTCAP3
	2
	27665142–27665651
	31
	3
	0.000053[0.000027,0.000080]
	7.5 x 10-05
	-4.674550[-4.871200,-4.477901]
	1.3 x 10-231
	Matched

	hsa-miR-200a
	ESRP2
	16
	68269687–68270512
	44
	2
	0.000096[0.000048,0.000144]
	1.0 x 10-04
	-4.451007[-4.671486,-4.230527]
	1.1 x 10-191
	Matched

	hsa-miR-200b
	ESRP2
	16
	68269687–68270512
	44
	2
	0.000029[0.000014,0.000044]
	2.1 x 10-04
	-4.446705[-4.668444,-4.224967]
	3.7 x 10-190
	Matched

	hsa-miR-200b
	C6orf132
	6
	42109887–42110586
	46
	2
	0.000029[0.000011,0.000047]
	1.8 x 10-03
	-4.061693[-4.416678,-3.706708]
	3.7 x 10-87
	Matched

	hsa-miR-200b
	CDCP1
	3
	45186965–45188085
	76
	1
	0.000003[-0.000016,0.000022]
	7.7 x 10-01
	-4.894937[-5.255606,-4.534269]
	1.0 x 10-112
	Not significant



Table 2. Summary of multiple regression analysis of mRNA expression regulation by target microRNA expression and promoter methylation. CHR, Chromosome; CI, Confidence interval; Cluster No., Cluster number obtained by grouping CpG sites with similar methylation changes around the transcription start site of a gene; CpG sites (n), Number of CpG sites in the region; Hypothesis matching status, indicates whether the estimate (β) value from the simple regression analysis aligns with the study hypothesis. “Not significant,” the p-value associated with the hypothesis is not statistically significant; Region, The range between the first and last CpG sites within the cluster

