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Sulforaphane Suppressed Stemness Characters of Lung Adenocarcinoma Stem Cells by
Down-regulating Methylation of miR-200c Promoter
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Abstract: Objective To investigate the effect of sulforaphane (SFN) on the proliferation and self-renewal
of lung cancer stem cells and its regulatory mechanism. Methods MTT method was used to detect the
effect of SFN on the proliferation of lung adenocarcinoma cell lines H460 and A549; tumor sphere formation
experiment was used to detect the ability of tumor sphere formation; Western blot was applied to explore the
expression of stemness-related proteins (such as -catenin, KIf4, c-myc) in lung adenocarcinoma cells before
and after SEN treatment; NGS sequencing was used to analyze the effect of SFN on the expression profile
of tumor cell miRNAs. qRT-PCR verified the changes in the transcription level of key miRNAs by SFN.
Western blot was used to detect the effect of SFN on the expression of DNMTs in tumor cells. We constructed
miR-200c promoter-GFP plasmid, and applied IF, methylation PCR and DNA sequencing methods to detect
the effect of SFN on the methylation level of tumor spheres and miRNA promoter. Results The miRNAs
expression profile of lung adenocarcinoma tumor spheres changed significantly after SFN (5.0umol/L)
treatment, and miRNA-200c increased the most. Compared with the control group, the expression of
[-catenin, K1f4, c-myc and Vimentin genes in H460 and A549 cells of SFN-S group decreased, and the protein
expression levels of DNMT1 and DNMT3a were also significantly decreased. Compared with the control
group, H460 and A549 cells stably expressing pEGFP-R200c plasmid in SFN-S group significantly reduced
tumor sphere diameter, while tumor sphere fluorescence intensity increased, and GFP protein expression
was up-regulated. There were 9 CpG-rich regions in the miR-200c promoter region in the above-mentioned
pEGFP-R200c plasmid cell line, and the methylation levels were 88.9%, 44.4% and 38.8% in the control
group, SFN-S group and 5-Aza-dC group, respectively. Conclusion SFN may downregulate the expression
of stem-related genes in lung cancer stem cells by epigenetically decreasing the methylation level of miR-
200c promoter and promoting the transcription of miR-200c.
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& MTT kA SEN AR & 40 ROARHA60 A ASA9tn L8 sl 6 v 3 IE IR M R 2h . B @ PP itk 5
Mo SEN AL 22 47 )& A W2 % 20 BT JB 3R TY s Ak /1 . T A8 X K/ (dwB-catenin, KIf4, c-myc) &K
45 NGS5 ik 5 H7 SENAT I 7 4m fmiRNAs £k # 69 % 7% ; qRT-PCRIGFESFNAT £, 5 miRNAs#% 5
KT O BCE 5 B G EP I AR M SEN X AT 58 49 SLDNA W AL 45 B ( DNMTs ) &k 69 %70 ; #M&EmiR-
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c-mycA=VimentinF & & &2 FH, DNMTI14DNMT3a% & & ik K-8 B 4K, 5B Ak,
SFN-S#144 % % i pEGFP-R200c¢ /i
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it s 2 TR ] kG 5 L BB 2R 18 A5 S8 T 41 1)
AEME Y AR NI (NSCLC) 2 RH I
(1 e S, e 81 11 8. 5% 21 i T 4t i
( cancer stem cells, CSCs ) J& B Mg &2 & Bi%%
B FEEFN, A7 AR JoRE 5E A L
S Jo P R 24 A ) ik 98 4 LT A . CSCs Xt LT
JIT A HLR 25 A BT BN U, RETE S
A MR yT T B e s TR S R MR &
FEHR . CSCsil i 16 /b Z R A [R5 5l 8%, 40
Wnt/B-catenin, Sonic Hedgehog., Notch, PI3K/
Akt/mTOR ., STAT34, HAF5R KAFAERES . BE
i1 (ALDHI ) | BUBHRNA K b 52- ) 5k
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RAEE Y, HRR AU A RCRTEFL I . B
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EMTHEE S FE FmiRN AR FHLH

1 #MR5AE
L1 i)

SRR b W T £ E Sigmaly |l Kbt A
B-catenin, KIf4, c-mycHIE-cadherin®s i s BEPTIA
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I3 EEIFWAEAE-20COKFEHRE T . miR-200cH5414)

(iRNA-200c ) H_EiFUEAEYIRHE ARG R, PCR
5|9 3& E Invitrogen/A w5 /i, First strand cDNA
synthesis KitflIQPCR premix ( SYB ) IF 3 [F Fer-
mantas’/A ], Ase | . Hind TEERER NI GG T 58
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2 fitd s F Lipofectamine2000 ( ¢[E Thermo Fisher
Scientific/A ] ) , 7= B FHRE. SEIG 4N
P FXBUE K
1.3 MTTHH iy B 5 5 56

Ut 24 L 22 JER TR A1 T 2 B A, 114K
IR B R (1.0~1.5) x10*4/2FF, JA96
Lt 241200 pl, EP2 000~3 000~/4L, F£9L.
BN ELE AL, WIS RE (12 hElE) A
AEIMEESFN (0, 0.5, 1.0, 5.0, 10, 12.5, 15,
20 umol/L ) 4b¥H72 h, I AMEMEHE (MTT) , MTT
LUREHNS5.0 mg/ml, WFHE4 hEF BB, A
DMSO, 4341200 ul, 37°CIHIRIEAIR10 min, F
T A7 AE490 nen B A 7 25 AL EE (L
1.4 MR ERTE B 50

MM ERFN A5 AL 000 r/min.032 min,
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AFFER3xSDS PAGEZE M, 96 °ClH LKA I
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WP RINCEL |, NCFHS%MNE k4 °C 35t
2 h, TBSTHESSE R SRR —Pi B A4°CokH
I E R, TBST SR PERE3 R, Bk IRiE10
min, JIAZHEIRIFE2 ho YRR IREE A1l 4A
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1.6 NGSlFF:

JiEE 240 A A JC I 37 15 5 B 3G AR I I AN [R) e
SFN (0., 5.0 pmol/L) , 72 hJF A E & 3 i G 1.
TR . GREEREFRT2 WG 4600 r/min.0ox3 min
R IREER o 55 GRS A 4H s LR 9772 h, LIPBS
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WL FE ControlZH (WEEZN ) . SphereH (il
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F AR AR DTVE B N AGE T TRIzol AR 40, 76T
VKA R R F], XA A miRNAGES 7 5
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1.7 S2it9¢E FEPCR (qRT-PCR ) il

SEHG 4y A Control#4H . SphereZd ( B A Bk A
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FHSYBR Greenif f| & 17 qRT-PCREZIE,
GAPDHELPH N Z: . §HFLF-H97°C 3 min; 95°C
530 s, 56°CIB K20 s, 72°CIEM30 s, 40ME
o LWELEIK, HRU2VER, BEEERS
Z i . miR-200c5 #7440 F : miR-200c¢-
Forward: 5'-GGTAATACTGCCGGGTAAT-3', miR-
200c-Reverse: 5'-CAGTGCGTGTCGTGGAGT-3',
BARE60C, KE63bp, Ub-Forward:
5'-CTCGCTTCGGCAGCACA-3'; U6-Reverse:
5-AACGCTTCACGAATTTGCGT-3'.
1.8 Fyd4EJemiR-200c i 8 1--GFPFkr 5 i e
TE IR ANk

fdi FpsiCHECH-2F0ki A i, ZRT-PCRL
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SIS | Adse | F1Hind N FPEGEVIA7 ) , B
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W FF e Ja 38, TR U SR DN A 28 XU V) I
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Lipofectamine20001{ 5] & % YL #I| A549 FIH46041
ffl, 22G418 ik RAFFE RIB AR, Frisam
PR FH T e RO ok S e AR 56 A1 FH SRk AGr N
1.9 4 Gfie S A

W — BB IHA60 . ASA9Z 4R 3 75 56 ik
B w8 A A6 LA, A10%:8 A 4 I i RPMI
164085 75 He w3224 h)g, XNFIBA kS s,
SEN-SZH I ASFNALBR, X9 5 umol/L, Ab¥f
72 hjFHUH, PBSPE3R, 4% B HIEEE F20 min,
FH5570.1%triton X-1004FE10 min, PBSPE3WK,

JIMA4%BSAE 4110 min; EPFEBSAJG AT R,
A —$T CREF SR E ) , 37CTHE
40 min, PBSPE3W, 34340/k, InAZOE i,
37°C P E40 min, PBSYE3W, 35040k, AL
PIEHEK B R R FMDAPLRA W (1:1, DAPLRE
W), BB T O BB IESHHIRE,
1.10 MR FER S Eh A 3 [ 4k /K

fdi F A2 ik miR-200c¢ i3 8 F-GFP it B (1)
ASA9GN IR, ¥4 LG I 35 K5 77 L 85 % R BR .
S 4 M34H . Spherefd (PR ER=s R SR )
SFN-SZH ( SENALHIHk & 475 pmol/L ) | 5-Z 4l
T (S-AAMATHRE 0.5 pmol/L ) o R4S
ADNA, Jn AR S AN Ab 5 75 H . PCR
1A R A AL B FIDNARE S, B A HM
DNA F B (JPCR Y HE A FIEGFPRLIN . T
PCRE|¥) L4 HimiR-200c )3 ) 7 FF CpG & X 5,
5 P8 NI S S R 7 05 B3 -315 ~ —169 bp, IEX
XI5 AH N CpGlii . HAEALG Y : -328 ~
~303, Forward: 5°-TAGGTAAAGGTTATTAGGGG
AGAGG-3’; -142 ~ -165, Reverse: 5’-ACCCAAA
TTACAATCCAAACAAA-3’, DNAPH A /N R 185
bp, ¥ SIS PCRAIE ., PCRY =M 4 B iR b
Bk oy B R alifl, A% KpEGFP N
PRHLZE /0 10/ 18 75 2E 4T DN A DAHERR 3 ] 725
5. {#HJJASPAR database ( http://jaspar.binf.ku.dk/
cgi-bin/ ) #4TmiR-200c/5 31 F J7 41| (1) 5% 5% K 745
AL ST 6 UE 3 A 1) AR U 2 ASA94 i,
AT RE R IR MR . BT R Bk R SR, Al
FHSENE5-Aza-dCHEAT T 1, 72 hj WS b Bk
FERBUTCRIDNA , 62 /)7 (SC3E A 10
W), BT AL R A o A P A
FEP B RIZ A A A B SRR
111 Gtk

N FHSPSS13. 08 AT 481t 43 A, %l LA
PR hn M 25 R I HEA T L IR 2R A IR) Oy 25 43 o
P<0.05hERAZITFE X

2 #HR
2.1 SENAS R0l e 40 £ J8 5
MTTS: 5025 R W], SENARIRG , AS5497F
H 460240 it 3 4 195 22 50 AR M AR AR, 7E IR
W (1.0 pmol/L) R HIAE & # bR 3 A 44,
HA460FIAS491ICso/53 51| 4712110 pmol/L, W1,
2.2 SENAb H il B 40 B 96 3K i 74 73 miRN As
P2 S
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Figure 1 Effect of sulforaphane on viability of lung cancer
cells detected by MTT method

5 AS49M Bk Sphere 4] L%, SFN-SH 177
39 miRNAsHE K 5, 35 miRNAsHE 58K
PR (A8 fb>14% ) 5 fEH460ME Bk, 5
Sphere#H L, SFEN-SZH Hi 22 miRNAsH 587K
EHEE, 31 miRNAsH K- T RE, o, sk
IS AE> 1045 ) miRNASTEA 549 ifsi Bk SEN-S 4
TAAE15 P miRNAsHI 5, 4P miRNAs FFF; H460f
SRR SFN-SZHAAAE 17 P miRNAsHE =, 6 miRNAs

TR, WE2, £,
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B Total
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The control group was a blank tumor sphere; the expression change>1.0
times was the threshold.

B2 3R e Ak 22 Bl 22 400 REL A BB 3K 5 = R iIZ miRNAHY
Tk

Figure 2 Changes of differentiated expression of miRNAs
in lung cancer tumorospheres treated with sulforaphane

SFNALFRA 549 FIHA60 [Jh 83 BR J5 miR-200c )
WA ALK o B . E— A FRT-PCRAG
KB, HControld] (MEEELHMY ) #HEL, Sphere4]
miR-200cH 5% A2 T B T 54.1%F142.3%, 11
TESFN-SZH /35 ETF T 119.7%F172.21%, WIE3.
2.3 SFNZmiR-200c 45 fifi s g BR -3 R
EARESSIN

B P E A I & T, AS49R BRI 3772 hig
SphereZH iR Bk FB-catenin, KIf4 . c-mycZE i+
PR OGS R 9 2 11 2238 7K - # Control 41 (I EE4H

;1 F AR B dor 4L 32 Bl AR BB K R B ROK E R AL AT 104
miRNAs
Table 1 Top 10 miRNAs with transcription level changes

after sulforaphane treatment of lung cancer tumor spheres

A549 H460
Ran- Status Status
king  Gene ciZLdse (Up/ Gene ;:;Ldse (Up/
€ down) & down)

miR-200c-5p new  Up miR-200c-5p 385.32 Up
miR-127-3p 268.26 Up miR-199b-5p 196.33 Up
miR-199b-5p 168.22 Up miR-133b 141.76 Up
miR-204-5p 53.14 Up miR-150-5p  77.74 Up
miR-133b  36.45 Up miR-148a-5p 62.19 Up
miR-141-3p 3447 Up miR-214-3p 62.11 Up
miR-122-5p 28.71 Up miR-204-5p 57.65 Up
miR-141-5p 25.76 Up miR-136-3p 5232 Up
miR-150-5p 23.45 Up miR-12-3p 4226 Up

0 miR-133a-3p 20.80 Up miR-127-3p 41.96 Up

— O 0 3N L BN~

o) e, MiSFN-SZ 44 SphereZ 2 TF&; i
AIRNA-200ckb B 5 | A JE R 45 11 2 5 8 Sphere 4l
Wy, MFEEE A4l (IRNA-200c+SFN ) HriX S 3L
BB ACHLTIRNA-200c2H , {H 25 FSFN-S4H .
SphereZH [ E-cadherin® [ &5 7K~F-{i. T-Control 4,
SFN-SZH A . = T SphereH #lIControlZH ; 5 Sphere
AL, IRNA-200cZHFSA T RE; BEALLIETSEN-S
4, {HE TiRNA-200c4, VL&3~4.

2.5

A549

2.0 N H460
e
2 15
3
(=3
[N
pé 1.0
g
0.5
0.0

Control Sphere SFN-S

*: P<0.01, Sphere group vs. SFN-S group.

B3 SKBEHREXTAS49FTHA60Fh BB Bk miRNA sk 5 49 54 1)
Figure 3 Effect of sulforaphane on transcription of
miRNAs in A549 and H460 tumor spheres

2.4 SFNXDNAW B (DNMTI |
DNMT3a, DNMT3b ) FEik 50

SEN &b 2 5 fii 96 28 At i 98 3k miR - 200 c % 5
KL, #E/RSENAHEZ 5miR-200c Y 7
5o HE— 25K SEN b PR M 2K A JF DNMT1 |
DNMT3a. DNMT3b mRNA%F K-, 458 %
By, SControlZdHt#¢, SpherezH AS49FIH4604H il
FRAPEBERDNMT1 ( P=0.041, 0.039) . DNMT3a
(P=0.034, 0.029) . DNMT3b ( P=0.216,
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Figure 4 Effect of sulforaphane and RNA-200c antagonist
on expression levels of stemness relative genes in tumor
spheres of lung cancer

0.141 ) mRNAHGSEIKF-IA R A2 BE 3 v T
SFN4EF 5 SEFN-SZHDNMTs A A [] F2 B F %,
HHDNMTI (P=0.028., 0.031) FIDNMT3a
(P=0.019, 0.030) TFEENWIR ., 5-Aza-dCH
Xt Lt SphereZH TR BB, W2, [FEEF, HHA
1308 A6 AS49 FITHA60 Iid BR AU 45 kR, 5
Sphere4 %, SFN-SZYYDNMTI1 ( P=0.003 .
0.007 ) FIDNMT3a ( #P=0.000) & [1FEiEK T
WETRE, WS,

2 FEREEEXTIEMAMDNMTs mRNAGS /K FAISNN (xts)

Table 2 Change of DNMTs mRNA level in lung cancer
cells treated by SFN (x+s)

Control Sphere SFN-S 5-Aza-dC
group group group group

Cell line

DNMTI1
A549  0.29+0.045 0.47+0.054" 0.21+0.029" 0.15+0.033
H460  0.34+0.018 0.53+0.039" 0.25+0.022" 0.13+0.045
DNMT3a
A549  0.27+0.012 0.46+0.024" 0.24+0.009" 0.18+0.031
H460  0.23+0.008 0.43+0.032" 0.19+0.011° 0.11+0.017
DNMT3b
A549  0.29+0.007 0.36+0.019 0.13+0.004" 0.27+0.046
H460  0.33£0.008 0.41+0.021 0.17+0.003" 0.310.027

Notes: #: P<0.05, compared with Sphere group; *: P<0.05, compared

with Control group. Adherent cells treated with 1% DMSO were taken
as negative control. Tumor spheres treated with 5-Aza-dC were taken

as the positive control. SFN-S group was treated with Spmol/L SFN.

2.5  SFNXfmiR-200c)r 8l F-GFP 5k Y 52

Wi ha E F ik miR-200¢ )3 8 F-GFP UKL [ A549
FIHA60 4 M bR AT g BRIE 55, IIASFEN (5.0
umol/L ) ZEyk FEALFE iR IR EK72 h, PO R
TUEEXTRELE ( Bk zs 2% ) FISFN-SZ 958
g R, R SENXT AS49FIHA60 4 i fit 8 BRI
BT AS R R BE AV, SEN-SZH BRI ER ¢ ik
FEw TXTRAZE . BRI ENa vk M 28, SFEN-S4H
GFPE IR HmTFa 4, WK,

DNMT1

H460— N — e

H460~ — e— “ ol

1.29 Sphere
2 SFN-S

DNMT3a

0.1

0.84

0.6

0.4+

0.2

Expression level of DNMTs protein
(standardized)

0.0

A549 H460 A549 H460

DNMT1
*: P<0.05, compared to the Sphere group
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