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Abstract

Liver cancer is a malignant tumor with high cancer morbidity and mortality in the world. More
and more studies have found that the histone modifications (HMs) have an important impact on
the occurrence of cancer. In order to understand the changes of HMs in liver cancer, we calculate
the distribution patterns of eleven HMs in the promoter region for two kinds of cell lines, and
analyze the correlation between HM and gene expression, and the correlation between HMs. The
results show that there are two kinds of distribution patterns of HMs in promoter region, and the
HMs values are generally higher in cancer cell line than in normal cell line. The results indicate
that the Spearman correlation between H3K9me3 and gene expression is different in two Kkinds of
cell lines, and the trends of distributions of HMs and correlation are consistent. By analyzing the
HMs in highly and lowly expressed genes of two kinds of cell lines, it is found that the difference of
HMs is remarkable in highly expressed genes. These results indicate that the analysis of changes
for HMs is significant for the study of liver cancer.
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JFHE R A SRR RO SR MSE TR BRI T B R, SRR BB ST R IR B MR AE R A
EENEW. 8T THRIPETAESBWHRE T BERL, RMNGH T HEHAK RHepG2TIEH AL R
hepatocyte i1 UF AL B B BMHE JR 3 T OB A R B, H00 T B3I T XIRAE BB
NERFE, URARABMZ RHERE. SRREEURXVIMAERBHERTXEEEFHRM A
B, BEARRTMATABHETRLIEFARA TR AFABMNS5ERREKSpearmaniik
PP Y, H3KIme3ZERMAM R P SRFREEMRIMAE, THRIAMXESFESAEOR
Wi Afias—2. BN MR RRRREERN LA BMOT, RNEREERFHEQ B
EZRVERE . REERRY, MHEOBHRRUXTTENTF LA —ERNE L.
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1. 5|8

JH- 41 i (Hepatocellular carcinoma, fRFK: HCC)/2 & i WL J5 A PR IR PR IR, 2 4t S e o
T R A 1] AR ST AT SR B SR 28 R 1y, 3 A7 SR RO 26 7E 78 7 1B Rt I G B9 n 2] E
T HCC MR #HANE ARG VIR A, BMERFHEZ T FARVIG, SRR ML REE B
SHEAFREMFEEIRF3] (4], FHERRRRE — N RMIERE, BokEE FIFERE, BRigifeE RS,
TR AL 7 1) AR 0] R B A A 77 A T SR B RE I [5] (6] [RIE T AR R M A% 27 SR ROV AE ML), X T
RILE T iR B R EEN.

RNIBAE 22248 DNA JPHEA KA SRR B RIFRE R A T 24k, FF FOX PR 40 2 ip 3 R ay J6 44 (1),
FEAFE DNA IR GBI IR, BRI, 2 2SR hLH] . 418 A%
O R R AR N i R AR AR OCER B 1, i Bk A G R AR B4k, i B A
. B BERRAIL . 2R, IREIRIL. ADP BERAL B . H AT T E) 2 I R B R L
M. CAEBFIRIE, HEA T EEEER 7 X8, BsER 7] [8]. M4 E A FHE
A5 5 TR PR B R %, X S5 B R R 4L B 1 R B % il ZELEE 1 3 HEURR 4 19 3 FH 2 fL (H3K4me3)
— AR R SRR AT A T B A, RS FE L SE[0] [10]. 4EEA 3 MERL 27 19 3 B #:4k(H3K27me3)—
RS FER A OG[11] [12]. HEE 3 R 9 I =HEAH3KIme3) | 5 5 G 5 A3 K T B A ¢
[13]. T E T A LR PSS AT R IE I LL i/, R R AT T X e 40 5 1 5 40 i v g 4L 2R
BT T A
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ARG T NSRS IR AR 11 R R AR R 3 7 X3 80 A X RIAEMiE, Hitt
2] T IX PR SRR R S 2 7 KR LR A B A TR T AR R I L XA B S R D R TA
FHRAE, #9307 48R B A BEAN A Bl 5 XA Gk o)A S PUAP R AR OGP S ) s e TR
FE 7 A 55 A A 7 A 2 8] 5% 2R DAL EATIAE PR A i B v g DX, RT3 1 AL A 9 2 TR P A
et IR E FATSCHE— B X PR A R R B A B B R EEAT T A

2. BRI E
2.1. BUERIE R TR

AT FE 43 A IR BT N SRR 40 i &R (HepG2) UL A 1E & FF4H I 2 (hepatocyte) 2/ ¥ it A 4H & B 1 £
W5, BAEE 11 F(H3K9me3 . H3K4me3 . H3K27me3 . H2AFZ. H3K4mel . H3K36me3. H3K4me2. H3K27ac.
H3K79me2. H3K9ac. H4K20mel), %4 kKJiT ENCODE (https://www.encodeproject.org/)¥(# %2, T %
(1 bed ¥ MEHE : FRATTIE AAZEHE e 2 73X P AP 4 22000 B 1) 26 (R 4208 RNA-seq #idfs, il iy
bed #53\, FRATH bedtools KiX P P £ 45y bam %X, (BT /52047,

AT TS FH BN K Z 25 5 R R SO T 33 UCSC #dls 1
(http://genome.ucsc.edu/cgi-bin/hgTables). *F T AHF 5t Fr i i 228 L R 40 s, P st #8508 ok,
W RS S RNA (LA NR JFk) LR SREx0 RAMERE RGN EEE, EHLRE
—A &, WERNAEREE, RRE—A. 9P, RARIR 19,157 NEEK, XEEERE NG
SR BT R

2.2. AERBIGEMERAREAERNITE

BATEEN K22 F R () 54 AR AR 67 A(TSS) B R ilF 2000 bp 15N EE) T X1, 36 TSS B RiisE 50
bp X739 — AN X, XEEE BT IX 3L 4 80 A bine FRAI1/H Python 15 5 g AE 4 40 5 B SO 75 N iX
Be X (5] AR JE MR A )RR X ] _E 4 FE A E (HMs values), SXFERE AT LA 51453 BI7E 5 271X
1, 80 AN X [8)_E [ 4 2K B M

n,;, x10°
n__, x50

read
Horp vy, RAEBIIE, n,, AENZEXE N4 E A5 read 20 n
50 NEANX A K.
FATHRHIE RPKM (Reads Per Kilobases per Million reads) (] 52 SR 53 R R A H[ 14].

2.3. XM

2.3.1. AEABNSERRENEXY

N T YR B XA B B 5 i R A TR AR DG, AT B 7 ax A e b 11 A2 R
FIE M AE 80 AN X TA] b ) 41 2R 1 18 M6 E 5 ik DR 3% 08 2 18] 19 B2 UK £k (Pearson) A % & %, R
log, (HMs values +0.01), .5 log, (RPKM +0.01) Z [f)ff) Pearson AHIGHE, Ho i fR3& 11 M2 & B
FFl, 9 80 ANIX I ERFEANXE], SN TV BRX B E LRI G, BT ABRATIN TR T4 0.01,
2.3.2. HEARIMZBEREXMESH

T A EBBM BAESBIIL S, &AM REx 2R K R IRE R, T IR HEBE
Wiz RS, FATH RIEFUE TSR HE B8P Spearman AHXE, 52—~ 11 x 11 14
KAKHPE . Spearman K ZEUEN T—1~1 Z[0], EMFRRIEMIG, FERRFAEG, HEREM LT

Vim =

(1)
NHEAEWRPTA read #,

read

DOI: 10.12677/hjcb.2018.83007 51 TR


https://doi.org/10.12677/hjcb.2018.83007
https://www.encodeproject.org/
http://genome.ucsc.edu/cgi-bin/hgTables

KIE A, 2R

R R R 7s 4 B B TR AR G PR s . AR S FRATTKEIX A~ Spearman AHOE REFEFEMIA R WHF 1 H
heatmaps £ ¥, 25 5B ARERTE RN

24. BRFEERXIS

PATTHE P b 40 PR ) S DR R IR (B A BE M S B RO HE e, i BURIAE S AT E o 2 HE A s Rk At
B, B P Rh i h 2 IAE Y 0 L RIE IR IA JE A . X kR IE 3 ZH M rh A5 31 i ik L A 1915 A4S, (RKiA
FE[R] 2922 /Ny EAEMAL AR EHFRIAFER 1915 4, KFRIEFEK 5352 1

3. GRMTL
3.1. AEABIGERMARETFXEN 2%

FRAT B S 0 T 4 B R R 4 P i A DR )R B 7 XIS 11 R B B kAT A, Gl v AR
B B XS 2 8 R A B 1) WERRTRUE 1, fEEZF X3 11 R B i o sk =
FENFHFIERL,  KER o A A 2R g 2 A (H3K 9ac. H3K27ac. H3K4me2. H3K27me3. H3K4me3.
H2AFZ. H3K4mel. H3K9me3), 57— Aty EXIE 51 (H4K20mel . H3K36me3. H3K79me2),
X 11 A B B 43 AT B W23 AR AL T S AR AR A7 o B L B0 T 5 5 e i 1 o 4 R v 4D 2L 2 i A
A, RIX 11 FhélE BB MR AR 2 e e 40 f h b IR A i b o A sy, R H2AFZ A H3K9me3
XA R ZE R B I 2 T 40 M s E 4R A R A AT v, SRR PRSI AT B B T IR R
X — RUEEAH G 1 STk v A 2R DM .

3.2. AERBIFSEREREBEX TS

THE RPKM {5 11 FidL 2 FBITE 80 ANX ] - 1¥] Pearson FHIC REL, MR 4IRS 31 X 840
R B 5 IE 1R S R4 e h i 28 B (1] 2), B R OhAR R A oK 22 8. MR AT LU 3], H3K 9ac.
H3K27ac. H3K4me2. H3K4me3. H2AFZ. H4K20mel. H3K36me3. H3K79me2. H3K4mel iX 9 Fi4l &
B 5 5 K 3R IE 1 Pearson M1 RECNIE, FHIEAH L EEMM A IEF b, HfA
H2AFZ 1 HAK20mel s 1E & A b 40 i vhoAH 5GP &, H3K4mel J&7E % sk dh 7 s b i iz 1k
W 2 L L Je i AN A DG PR R, 0 B SR AR T s B AR, AR EE A R R bl I A R A DR . T
H3K27me3 5K RIAN] Pearson FHKX RECH A AR REL o (HHE/NT 0), I HIE 55 AR A bR aE 40 i
HHOGHE R, U8 H3K27me3 X LRI RS R B 1 AR A, 9 ELAE 1555 240 B rb 400 o) 2 L 8 R 4 e 44
il PR — 2, H3K9me3 5 J: KR IA A M R /R IE 4 b 2 IEA 5, 7ERBEAN R b 2 fAoE, R
FEIE % A A SE R A 3 7R, o fE R e A i o R R R AR B T IHIER, R A
IS D R IA I A (B 4k, AT RERHE 1 R AE RSB T — e IEH .

FRAT 398 H I 240 P -5 o 400 B R 2L B B T A 2 TR K 11 R ZR B O R BTE i X (] e KA T
(Kl 3y T DU HA IE 5 4 i A AE SC P ik L A M R IR, B T H4K20mel A1 H2AFZ IX #2408 (1 7E 1E
W A A B RE A A A G ME R, H3K4me3 R IEAHOG. H3K27me3 2 AUAH C 5 HH G I 71 45 R —5[9]
[11]. T H3K9me3 7 1E 5 41 -5 58 RE 40 i Hh AH OG22 0 I oK, 76 IE 8 AN AR oM IE ARG, T 76 96 i 41 Mg o
AR, 2RI P 2 B B W] B TE I 40 R b i kR R SR, T 7 e RE 4 v e ok R DR R A
H3K36me3 HE FUEIHTE LR SEgiory, BIRHCNIEARDE, (HARTE IE 41 AR G LA, i AE
Jee S AT PR S ME AR bR, R S R LRERR .

N T R UGS AR A A b2 B B S DR 2RO (AR DG A3 A A B B AT L TR R &R
PAME T LRI 4), BTLAE HTEJE 37 XU D6 R B A8 A 1) o A e AR AAH ], Bl g 21
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Figure 1. The curve of distribution of histone modifications in all genes
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Figure 3. The column chart of Pearson correlation between gene expression and histone modifications
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3.3. AEAEBIHZERHERXY

HE A BT e femn JE R RIE, U IRATIR ST 1 4R BB 5 28R B 2 1A) (R AH 56
PE, 23 BIFE T PR R A 4L B B BT ) Spearman AH I RFIEI (1 5).  MIEH 4H L AR 2% R B
BRI LAE Y, 75 IE 5 40 s = 4R MR s 4 R B %, /il J& H2AFZ. H3K27ac. H3K9ac.
H3K4me3 H3K4me2 iX 5 5 (118 1fi 2 [A] Spearman #1514 KF 0.81, H3K27me3 \H3K9me3 .H3K36me3
X 3 MNHE A2 8] Spearman A1 K T 0.89, H4K20mel Al H3K79me2 X P NH & (&1 2 18] (1)
Spearman #H5<PEKF 0.9; 1 H3K9me3 15 H3K27ac. H2AFZ. H3K9ac 2 [A] (141 55 112 1fi Spearman #H5%
PE/NF—0.52, H3K79me2 Fl H2AFZ Z 1] ] Spearman %1 /NF-0.53, H3K27me3 5 H2AFZ. H3K27ac
ZIA]f¥) Spearman AHIKME/NT—0.54, 1X =20 73 AL B AR DG IR D REAR o« MJAE ZH Jf P AH 5% SR B84 W] LA
F i : H3K4me3. H3K27ac. H3K9ac. H3K27me3. H3K4me2 2 [A]ff] Spearman #H% 2 FUK T 0.86, H2AFZ
5 H3K27ac. H3K4me3 2 [H]ff] Spearman #HX RECKT 0.79, H4K20mel F1 H3K79me2. H3K36me3 2
[H]f¥] Spearman AHEREAKT 0.68, X =L M B IEAH G HE QB TIRE%K: T H3K4mel 5
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Figure 5. The heat maps of Spearman correlation between histone modifications
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Table 1. The average of histone modifications in highly and lowly expressed genes

* 1. BRFEERPHEREIFHFIE

hepatocyte HepG2 HepG2/hepatocyte

HMs
High Low H/L High Low H/L L/L
H3K9me3 0.30 0.28 1.07 0.16 0.23 0.70 0.54 0.83
H3K9ac 2.52 0.32 7.82 5.37 0.38 14.29 2.13 1.17
H3K4me3 0.76 0.28 2.67 9.07 0.82 11.01 12.00 291
H3K4mel 0.67 0.30 2.26 1.15 0.39 2.94 1.71 1.31
H3K36me3 0.40 0.26 1.51 1.38 0.11 12.12 3.49 0.44
H4K20mel 0.67 0.25 2.72 0.92 0.40 2.32 1.37 1.61
H3K4me2 2.95 0.48 6.13 3.96 0.53 7.43 1.34 1.11
H3K79me2 0.63 0.23 275 2.13 0.19 11.40 3.35 0.81
H3K27ac 1.49 0.27 5.55 571 0.23 24.67 3.84 0.86
H2AFZ 0.67 0.32 2.09 0.62 0.36 1.74 0.93 1.12
H3K27me3 0.27 0.47 0.57 0.69 0.78 0.89 2.61 1.66

T ERRIA R R P R QBT ERP R B R T =AM IR R, mRb sk ] LR IE IR R P B B KPR AL kR

H3K4me3. H3K36me3. H3K4me2. H3K79me2. H3K27ac fF fa ik FL K A ELAR 2 ik L R A A AR v (T
REACNBEPEE ), JF A5 IEE AR ZE R RE . A& A8 H3K27me3 Fl H3K9me3 fEfRFRIAHE
DRl v bt ek B DR B B v, X T BB X R AL B B R BRI 00 . HAUR IR S E P12
AR TR o 24 T 2 vy 0 i TR R A B LU AR Rk B DR B A v, R R o 20 R BB 4 P B
H3K9me3 £ WA A SR BB AN &, (R A I Rk B A rh ) iy T IR R, X W] e 5 B ) 1 2
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