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Change in DNA methylation of non—CpG islands of FMOD gene in glioblastoma
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[Abstract] Objective To investigate the change pattern of DNA methylation of non—CpG island of FMOD gene in glioblastoma
(GBM) and its relationship with FMOD gene expression and patients” survival prognosis. Methods The National Cancer Genome Atlas
Database (TCGA) and the National Institute of Health Gene Expression Database (GEO) were searched to download human brain GBM
tissue gene expression chips GSE36278, GSE22891 and GSE50923. The 3 value, which was positively correlated with the methylation
level, was analyzed using the FMOD gene CpG probes ¢g26987645 and cg03764585 which were obtained from human genome—wide
DNA methylation chips (Infinium HumanMethylation 27 k and 450 k BeadChips), and were located in the non—island region (www.
illumina.com)|. Results Compared with non—tumor tissues, the 3 values of probes ¢g26987645 and ¢g03764585 in the non—CpG island
region of the FMOD gene of GBM tissues were significantly decreased, suggesting that the FMOD gene of GBM tissues was specifically
hypomethylated. Correlation analysis between the B values of probes ¢g26987645 and ¢g03764585 in the CpG island region and the
mRNA data found that the DNA methylation level was significantly negatively correlated with the FMOD gene expression level (P<
0.001). Cox regression analysis showed that as the B values of the probes cg26987645 and ¢g03764585 in the CpG island region of the
FMOD gene increased, the survival time of GBM patients was significantly prolonged (P<0.05). The analysis of FMOD gene non—CpG
island probes ¢g03764585 and ¢g26987645 showed that the methylation level of non—G—CIMP subtype patients was significantly lower
than that of G- CIMP subtype patients (P<0.05), while the FMOD gene expression level was significantly increased (P<0.05).
Conclusions Our results suggest that the non— CpG island regions of FMOD gene in GBM tissues are hypomethylated, which is
significantly negatively correlated with FMOD gene expression and patient survival prognosis.

[Key words] Glioblastoma; FMOD; Non—CpG island; Methylation; Prognosis

Jie o B 41 Hg 98 (glioblastoma , GBM ) 2 /i P A% 4 TR i e 0 S A P g, BV R T AR B G AR JS ik
- fLFr S5 A ihyT  BUR DHR 227, DNA 6L R —
doi:10.13798/j.issn.1009—153X.2021.05.006 ;’SE{E%E% Eg%éxmiﬁ,fgﬂ(i'z E/‘J% ii%ijjﬂa%*ﬂﬂiu ’
4696 3710052 P9 o A RPHCR S B e LU CpG I3l LT A 3 R 23 7
BEMIZAMERCE 1 BRI SO I ) PRI AL A I LR R, 06-1T 3L 15



oG R PSR4 R 2021 425 A 5526 555 53 Chin J Clin Neurosurg, May 2021, Vol. 26, No. 5

-337-

M5 0% — DNA H 3t &% 7% i (06— methylguanine— DNA
methltransferase , MGMT) Jii 8] ¥ CpG 5 8 H J&4k 7]
TR GBM X R 5w Joe (1 Ay 7 AR ™, Bl BT i)
BEAAGHIN H A A g 0 e A - 2 BN L SRR R
WAL AR IS A B R R BOARF-5Y £F &
(fibromodulin, FMOD ) J& —F1 53 WA P 4 i &1 3% 51 2
FL R & S oe @ IR/ INE 2R, K kil
Z A IR R A IR KRR, A SCRAVEAR 73
M7 B 3 A GBM 20 48 FMOD 2 [H E CpG
DNA HSLAAP S AT B OGR

1 AREFE

L1 A E e & 7 kg e 2 R 2 IR )
s P2 (TCGA )W [ [ 37 AR B s 3k R e ik e
JE (GEO) T # A\ i GBM 41 21 5 K 3£ 1k 5 A
GSE36278 .GSE22891 2 GSE50923°*, 44 A GBM £
AMEETEWER 1. ARAEMIE AR A TCCAP &
GSE63347 251", TCGA J& K ik 43 A = H A5 )7
P25 20 JfL 24 (proneural , P) 1 28 4 Y (neural ,N) |
2 ML (classical , C) | [A] i (mesenchymal ,M )

1.2 FMOD # B DNA ¥ A4 2 A B & 3% 348 05T
FMOD &K 1 CpG %5 (226987645 Fll ¢203764585)

1 N GBM BA 5 BYREZ4FE

SEHIEFE  TCGA  GSE36278 GSE22891 GSE50923
FeAE (i) 395 57 50 52
(R, 60(18~  45(18~  58(26~  57(22~
MEHERD  89) 57) 80) 82)
PR (1), 53/
233/162  34/23 25/24 30/22
)
BT ()
HFF+TMZ 263 50 52
eig 70
Hopt/ A %0 62 57
G-CIMP [H:
(f) 32 12 2 5
MGMT FP 3
k(1) 168 27 29 26
TCGA H:H Feik W
P/N/C/M 96/651 11/0/3/5  9/3/7/16
108/115

TE : GBM. JK 5T B 241 i 96 ; TMZ. 5 B i s G- CIMP. i J5T 94
CpG & AL T s MCMT. 06— 3 B 1314 - DN A Fi REAE T4
fitf ; TCGA FE R Fah 40 AL (P, JER AN A s N. 2 i A
C. Ze BRI M. (]

KB A4 4 DNA B AL A (Infinium Hu-
manMethylation 27 k #1450 k BeadChips) , /i F1E
CpG & XI5k (www.illumina.com) . H FEAL K %
M BIE P o #8439 A M A IR B FMOD A&
mRNA SRR TR , Y28 AH I A0 Ak b 38
5. G—CIMP R LI K MGMT FH AR 2 A0 o 2 9
T DNA AR £l

1.3 it o4 I SPSS 19.0 J 5047 5 IEZS43 A
THEGER L xts FR R K56 PR 5 2250071 Fl
Bonferroni £ %5 5 9F 1F 25 43 4 i1 & 95 kL >k H 2R H
Mann— Whitney U £ % | Kruskal- Wallis 1 Dunns £
55 5 K FH Pearson AHC R B A G s Z2 I Cox L1
5] 1m0 ) DRSS 52 38 o B A= A $0UJ 52 T PR 3R 5 P<0.05

SEAGIHHE L,

2 % &7

2.1 GBM 842 FMOD 4 B 4F CpG & X 3589 F AL
T SAEMREHZ L, GBM AL FMOD FEHHE CpG 13
X IR 4T 226987645 Fl cg03764585 fHIRE ) L& T
B (E 1) o XK GBM & A R PRI 61k

2.2 FMOD % B 4E CpG & DNA ¥ AL K-F 54K A %
HAKFE K F K CpG B X IR 226987645 FlI
03764585 (K BIE -5 mRNA G 1 7 B AT & 8L,
DNA H ALK -5 FMOD JE PR 2 55 7K -5 1 2 A
X% (P<0.001,82),

2.3 FMOD A B 4F CpG % DNA ¥ AL K-FH5mAL
A ey X & FMOD £ [HHE CpG & DNA H B fboK -7
S NAE A5 1 35 TR AR G, BB CpG 5 X BlR
F 226987645 Tl cg03764585 i BRI AN , A= 7711 i
FHER (P<0.05;322) 0 734h, Cox AT ik o,
BEAE RN, A= A7 B B 45648 (P<0.05, % 2) ; B mimk
FALYY I CpG & H 3 Ak 2R Y (glioma CpG is-
land methylator phenotype, G—CIMP) fH 4 . MGMT Ji3
Bl AR AN AEAE 4] B A2 K (P<0.05,32) .
2.4 FMOD A RHECpGC B DNA P ALK T 55T L
A8 X F FMOD 3 I 3E CpG & cg03764585 Fil
26987645 R4 R, G-CIMP B9 A B 24k /K
V455 G-CIMP FH 5 A B 2 F#AIR (P<0.05) , 1 FMOD
FEP BB 4 (P<0.05) . WL 3,

3 it #

FMLIE AL B, 0] 2 DNA FEAL U, 75
iR At R A B EAR . WRTE A B, b 21
LR B R AR DNA FREARK P09 F e, LR DX 3



—338— P I AR 22 AR5 2021 4E 5 H 45 26 %5 53] Chin J Clin Neurosurg, May 2021, Vol. 26, No. 5
A 3 v U H A el AR, D) REFE R A 2= 9 3R
FMOD (cg03764585) T, e R { DNA (AL , 6 J R 3 CpGs
8 AL AR5 g LR 1 A K s 0t e 2 1)
1.0- a a a FASC, IR B FMOD & R 2 5 2 Fh 9 )
id 4 YRR, HOHHE SR XS & CpG B a5aY, FRATTHHE .
' (DGBM 141 FMOD FEH HE CpG & [X 38 DNA & A A%
2 o8 == I AE AL s FMOD JE Pk CpG £ DNA 1k i
;8 |
. A FMOD (cg03764585)
g oo
TCGA " GSE22894
0.0 T T T T T 18 4 PeMBON D45
KN Y KN Y 1 14- e n
F oF TS i B
,§;c\ .;:Q?'m 400 "1??‘ ..51‘5&/ ?‘,I oo 02 04 06 08
& & & = -
@ < c & =z
o= i GSEIB2TE
B s ®  Peargon =4 T52
¥ 74
B FMOD (cg26987645) §§ ] ._ i
“00 02 04 06 08 10 0002 o4 0s da 0
a e ona B
1.0- ; 5 3 DNA
0.8 B FMOD (cg26987645)
ﬁ i % A TCGA  osezasen
m_ 0.4_ - .o, 164 ...P:zrsc-n e 482
< g::_ LL
£ 024 wl«® T
‘_—\"] aOEI D‘? Dll 0‘& DIB 10
0.0 T T T T T '__f‘ ona BT
AR i
il A TV [ ‘32
O P .
& G & e — P I
00 02 04 06 08 10 ©°° “mj;::; 0s 10
A1 GBMLLIE CpG & K 3% DNA ¥ ALK F DNA FE i
A. ¢cg03764585 ¥R 4t ; B. cg26987645 ¥ 4t ; 5 GSE63347-control A2 FMOD A H 3k CpG & DNA WA A A W R A6y % A
(3ERP 2022 ) 4T ,a P<0.001; GBM. J& Jf 2 4 JL 65 FMOD: A. cg03764585;B. cg26987645 ; Ft 47 P<0.001
A FMOD (cg03764585) B FMOD (cg26987645) c PO S8t
1.0 1.0 be £ 8 d :
L 08 T - * be
5_: 0.6 g 06 * :?{ 4| a
g 04 g 0.4 g 2 *
2 o2 O 0.2 o
0.0 0.0 @. ﬁ T T 2: T (‘; ’;‘
<s ¢ & & & & &
o c:' ga = o\‘:g\“& ‘\?\‘\6) < -ai; & v o'(‘igé’“& & Q}G@ &
& ,};9 & A & AN ‘ﬁ\’sg’
& & &

B 3 TCGA % 3% B P R F F & GBM # A FMOD % B DNA F Z AL K- ok B A K-F 69 ph gk

A. cg03764585 4K 41 ; B. ¢g26987645 484t ; C. FMOD & B & 34 ; 5 A G-CIMP F £ A 2016, a P<0.05; 5 4/~ G-CIMP F £ & 2036, b P<0.05; 5
control £ (X3¢ FE4H) I, ¢ P<0.05; 5 H-At G-CIMP Fa MR J3E 2816, d P<0.05



oG R PSR4 R 2021 425 A 5526 555 53 Chin J Clin Neurosurg, May 2021, Vol. 26, No. 5

-339-

%<2 FMOD EH3E CpG B R ELIRETHI Cox [T 447

203764585 54t 226987645 54t
AN ES HR(95% CI) A SES HR(95% CI)
FEZIAIRIT IR R EREL IR PN

PR Cox B AR Cox R A
cg03764585 %41 BIHE 0.33(0.21~0.52) 26987645 ¥RETBIH 0.35(0.21~0.58)

Z 75 Cox 57 275 Cox 1551
cg03764585 FREBIH 0.62(0.38~1.01) 826987645 41 BIH 0.61(0.36~1.04)
AEI 1.03(1.02~1.04) 3 1.03(1.02~1.04)

275 5 Cox fRIE) 275 Cox il
03764585 ¥4 BIH 0.45(0.27~0.74) cg26987645 1R%T 0.43(0.25~0.75)
BT OICT+ R ST ) 0.37(0.27~0.50) VBIT I+ S/ TRTT ) 0.36(0.26~0.50)

Z 75 & Cox fR7E) Z 75 Cox fi Al
03764585 ¥REFBIY 0.85(0.47~1.54) 226987645 54t 0.83(0.48~1.45)
G-CIMP (/%) 0.27(0.16~0.46) G-CIMP(J&/75) 0.27(0.16~0.46)

£t Cox FHiHY 275 Cox Al
cg03764585 FREBIH 0.59(0.33~1.07) ccg26987645 4 0.53(0.31~0.90)

TCGA FE [HIE 7 (M/C/N/P)
FEAZHT IR SR T
Z 75 Cox 5 25
cg03764585 ¥4 BIE
MGMT AR S (H JEAb/AR 564k

1.15(1.04~1.27)

0.43(0.25~0.75)
0.59(0.46~0.76)

MGMT HEEACIRZS (FREA/AR T 34

TCGA FEPRE L (M/C/N/P)
BRI T IR ST
275 e Cox 1R

226987645 54t

1.14(1.03~1.26)

0.44(0.24~0.80)
0.59(0.45~0.76)

75 5% e G PR 3 3k 7K 7 s @ FMOD (K 9 CpG &
DNA H ALK 5395 A s 2 DIAH G

T 343 e A B DNA H 3R fb B , & Bl — 41 L
A Z 5L CpG 58 F AL AR 1) GBM LA, 9k
G—CIMP PH: ; 53X J5 W7 7 55 IDH 3 R 28 A 2 DA G
LI AR 45 Ja FE %k HG A ST 0 A5 20 D IR T B 2 G-
CIMP P4 GBM 41 2U4F CpG & DNA S A% B 3L 1k IR
A5, DT A1 ) A G 366 DR 3k R bR kg . FMOD &
PRI E GBM 25 22 Fof firb 2 40 i 448 8 % I 4% AE i, 3R
MTHEM , G-CIMP BHE GBM , 4345 FMOD i K 75 4 (1)
Z R AR CpG I 3k 2s R mT sE i %
A5 % )2 T ) 56 R 2 8 80T 1) X, AR g
FRIWIE R, 5 N T o

(&% k]

[1] Wen PY, Kesari S. Malignant gliomas in adults [J]. N Engl J
Med, 2008, 359(5): 492-507.

[2] Rodriguez— Paredes M, Esteller M. Cancer epigenetics
reaches mainstream oncology [J]. Nat Med, 2011, 17(3):
330-3309.

3] &= A, BEAN,= # KRB EE ()]

(6]

[7]

(9]

TR SMRHERIT T, 2016, 16(2) :97-100.
Mondal B, Patil V, Shwetha SD, et al. Integrative functional
genomic analysis identifies epigenetically regulated fibro—
modulin as an essential gene for glioma cell migration [J].
Oncogene, 2017, 36(1): 71-83.
Brennan CW, Verhaak RG, Mckenna A, et al. The somatic
genomic landscape of glioblastoma [J]. Cell, 2013, 155(2):
462-477.
Sturm D, Witt H, Hovestadt V, et al. Hotspot mutations in
H3F3A and IDHI define distinct epigenetic and biological
subgroups of glioblastoma [J]. Cancer Cell, 2012, 22(4):
425-437.
Etcheverry A, Aubry M, de Tayrac M, et al. DNA methyla—
tion in glioblastoma: impact on gene expression and clinical
outcome [J]. BMC Genomics, 2010, 11: 701.
Lai RK, Chen Y, Guan X, et al. Genome-wide methylation
analyses in glioblastoma multiforme [J]. PLoS One, 2014, 9
(2): €89376.
Horvath S, Garagnani P, Bacalini MG, et al. Accelerated
epigenetic aging in Down syndrome [J]. Aging Cell, 2015,
14(3): 491-495.

(5 390 11)



