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[ Abstract)

with trimethylation modification of lysine 4 on histone H3 protein (H3K4me3)in gastric cancer (GC), construct

Objective To explore the characteristics of long non—coding RNA (LncRNA) associated

a related prognostic model and predict the efficacy of immunotherapy for GC. Method The RNA
transcriptome  sequencing data and clinical information of GC patients were downloaded from the cancer
genome atlas database, and the H3K4me3 modification related LncRNA was identified by constructing a co-
expression network of H3K4me3 -related regulatory factor genes and LncRNA. In addition, 370 GC patients’
samples (integral set) from the cancer genome atlas database meeting the screening criteria were randomly
divided into training set (n=185) and verification set (n=185) according to 1:1 random sampling.
Subsequently, the H3K4me3 —related LncRNA prognostic risk score model was constructed based on
univariate Cox regression and Lasoo regression analysis, and internal verification was conducted. Kaplan —
Meier survival analysis and receiver operating characteristic curve (ROC curve) were used to verify the
predictive performance of the model. Univariate and multivariate Cox regression analysis were used to
evaluate the predictive prognosis value of clinical indicators such as risk score. Combined with risk score, age
and tumor TNM stage, a nomogram model was constructed to predict the overall survival rates of GC patients.
The predictive accuracy of the nomogram was assessed by applying ROC curve and calibration curves. The
heterogeneous cluster subsets were identified by consensus clustering and the therapeutic effect of
immunotherapy was predicted. Result Based on the co—expression network relationship, 14 H3K4me3 -
related LncRNA with prognostic value were identified and the related risk model and evaluation system were
constructed. According to the median risk score obtained by the training set’s prognostic risk score model, GC
patients in the training set, verification set and integral set were divided into high risk and low risk. The
overall survival curves of GC patients with low—risk drawn by Kaplan—Meier method were better than those of
the GC patients with high—risk in the training set, validation set, and integral set (P<0.05). The area under
curve (AUC) of the prognostic model for predicting the 1—year, 3—year and 5—year overall survival rates of
GC patients in the training set were 0.708, 0.730 and 0.770 respectively; in the verification set, they were
0.690, 0.648 and 0.713, respectively; and in the integral set, they were 0.697, 0.670 and 0.724,
respectively. Multivariate Cox regression analysis confirmed that the risk score model based on H3K4me3
modification related LncRNA was an independent factor for predicting the prognosis of GC patients (P<
0.001). The AUC of the constructed nomogram for predicting the 1-year, 2—year and 3 —year overall survival
rates of GC patients were 0.727, 0.780 and 0.717, respectively, and the calibration curves were close to the
ideal curves. Based on consensus clustering algorithm, 2 H3K4me3 —LncRNA subsets with heterogeneous
immune characteristics were further identified, of which subgroup II had higher levels of immune cell
infiltration and stronger immune response potential, and showed higher drug sensitivity to 5—fluorouracil and
oxaliplatin, whereas subgroup [ was likely to be more sensitive to phosphatidylinositol 3 —kinase specific
inhibitors. Conclusion In this study, we constructed an H3K4me3-LncRNA risk score model to predict the
prognosis of patients with GC, and revealed its heterogeneous microscopic characteristics and potential value
in predicting the efficacy of immunotherapy.

[Key words] Gastric cancer; Trimethylation of lysine 4 on histone H3; Histone modification; Long

non—coding RNA;  Immunotherapy
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X O P G A e BEL TR 7 [ A0 A 40 M BE M T R L AN
i A 3¢ 22 H 4 (ceytotoxic T lymphocyte — associated
antigen -4, CTLA -4) 1 J¥ ¥ %€ 10 2 & 1
(programmed death—1, PD—1) 41 il 51 1A% % 28797 2K,
1PS 55 )96 Tl P 45 v B 92 40 D 1 32 108 A 8 R 4 2
IO 2ROV S TE A G
1.2 H3K4me3 13X LncRNA i &

1 o K R SCHR TR T 29 > H3K4me3 Al
KV R L, b AR 7 A BB B il L [
(KMT2A .KMT2B .KMT2C . KMT2D .SETD2 SETD7
EZH2) 9 1~ X W 3 fb g JE [N (KDM1A . KDM?A |
KDM2B . KDMAA KDM5A KDM5B KDM5C KDM5D .

KDM7A) M 13 45 & & H 2 N (SPINT (CXXCL |
C170rf49 \PHF23 .ZCWPW1 .BRD4 .SPP1 .PHF13 |
ZMYNDS .ING1 .ING2 . ING4 PHF7) 2% [ J5 iz
M “limma”R A % F Pearson AH & ¥ 43 #7 i 1€ 5
H3K4me3 & % #H G 1Y LncRNA, i ¥E #5 #E N |
Pearson RI>0.5 H P<0.001,

1.3 H3K4me3 13X LncRNA F/SE A&

i FH “caret”R 65 370 B B 8 B E FEAS (%
L) Fie B 11 BEAILS 20 2R 4L (n=185) 5 IE 41
(n=185), H eIl ZR 4 H] T 4 2 100 J5 A AL | I 56 ik
2 RT3 (A 20 D) R Y 56 IF B S 38 A B E Cox
] 05 53 A O 3 0 5 e S AH OG89 H3K4me3 -
LncRNA, J7E Y 2R 2 P i 4T Lasso FIH T, A
1000 ¥ 10 15 22 H A, JF LI P<0.05 15 i b AR
HER I G LncRNA JE A9 JE 90 f5 A5 A 3 55 4 431
A A AR S KR A S = D By,
XCoef upyai , Fo ' n N LneRNA BUR, Exppaay KX
I LncRNA Y &K1 | Coefiumny AR R, H5
LncRNA 73 7] 4 :RRN3P2 . CHROMR .BNC2 - AS1 ,
ACO018752.1, LINCO1932 AC131391.1 ,LINCO1140,
AC004596.1 ., AC068790.7 , AC009318.2 , TMEM75 |
BX890604.1 , AC004522.5 | 773420.1,

14 EEREERNEKHHE

¥ H3K4me3 HH 5G] 45 A - JE K 5 0 & 3K 15
B LncRNA S AH B AE H X & (IPearson RI>0.5 H
P<0.001) % A Cytoscape BAE (AR 3.9.1) 1) 8 A
R PR AR 2 4]

1.5 FREREGFESH

BTN GRdl i v O KURS PF 08, ¥ B e R
R3S v AR 3 iz A RURS: it 4k i
IR Kaplan—Meier A= 77 i1 £ S 20 %5 XU W 7 244
AR AS B D43 () 01 “survival” “survminer”
PL K “pheatmap ™R A2 H] T AH 5 BDE 9 v 4L
1.6 FEEIFHERIE

it F 52 102 BRAE RRAE £ (receiver operating
characteristic curve, ROC i1 ) Fl il £ & 11l #2 (area
under curve , AUC ) — 25 Pl Il 2 4 56 1k 41 DA K
AR 1.3 .5 4F B A A7 300 B0 IE AR AL Y S i
T, I )BT ROC 2R AUC H “timeROC™
R A3 3R . AUC (8 % A T 0.5~1 Z 8], HAH
R 3R B AR B 4 S M R A | IX O BB DB AE
1.7 MWiTESH

Wt PR A Z I E Cox M4 HT U4 15



186 CIH AR R 2 35 (R F ) 92024 4F 6 H 55 16 % % 2 1 J Dig Oncol (Electronic Version) , June 2024, Vol 16, No.2

JRUBS: B (TAEL . A XUB: =0, 5 MUz =1) AR % (1%
gz W /N B R ) PR (RE . Z=0, B =
1) B 7> 9% (WAE . G,=0,G,=1,G5=2,G.=4) Sl &
TNM 73 1 (WA . T 385=0, 11 ¥1=1, MW=2, IVH]=
3,X M=4) T 0 (WKAH . T\=0,T,=1,T:=2,T,=3,
T,=4) N 70 (WA : No=0,N,=1,N,=2,N;=3,Nx=
4) M 73 1 (WAE . Mo=0, M,=1,M,=2) 7E N B Iifi R
T8 AR B9 20 57 BUS SO A, BRI R M Z R Cox
BlH 3 A b PAE /N T 0.05 79 PR3 B0CH) E o B
A ST I8 T (R A FE AR
1.8 FI&BEREE

R UG ALY S R T Kt S5 A
5 KU 3 43 76 N 1Y B A 0 S 350 15 H {6 i 48
b, f5 B “rms” 1 “survival "R A2 #8 # BAA WS 2 X
AN IR R0 B R Y 1.2 3 AR
A ROC M2k 5 K e B T i — 25 174k 31 4&
Pl B ORG TE T O 6 TF 0 25 R 5 52 PR A5 SR AT A
I,
1.9 E-T H3K4me3-LncRNA Hy#iA 5%

PR — P e T A A AR B AR AR
WO BT B AR T ik, AW TR e AT Y
H3K4me3-LncRNA ik ffi ] R i H T Hiz1T
“ConsensusClusterPlus” iy 4, 8 & 1000 KX i 17 3
WRE (R REMBEE 9 HRE -S>
0.8) VR R B BIETE M 2> T8 JF 4% By 32 1t 4>
AT AT REE | 2K LR AN [F] 43 7 AL Y X
JE AR A K W S PR R R K (E R R R R
I3 A R EURAS Y k=2 I RSB AL I 5
AR E R 3R 2 A5 B A, RPEZH
[ (n=167)F14 I (n=203),
1.10 ZHHBEE ST

fii Hl “oncoPredict”R & TCGA B @ H A
f18 i PR 3 3K 35 R E 9 E 24 ) R 1 i [ 4
(genomics of drug sensitivity in cancer, GDSC) (https://
www.cancerrxgene.org/ ) 8 45 JiE (%) 1 76 B & S BE R
7 245 ) () > 30 & BE (half maximal inhibitory con-
centration , 1C50) , I3 1 JE Fe X ¢ K 55 X5 AS [7] R 2%
A A 245 ) U R E AT AR, L P<0.001 O iR
PER) B E
1.11 %itEAHE

AW TS KW T A Ge 2 43 A B ) A Ak 1 R
TR B (RA 4.3.1) 1 SPSS 26 AT, HAEHT#Y
B, 35 A0 AH BT 125 BB oy EAT T A L ARBCXT ¢

A6 56 FH T A [) 2R 2 0 7 [1) 245 49 0% 1k A TPS Y L
B ; Wilcox.test B&EC 8% F T #E4T Mann Whitney U
K6 56 LA LU A (] 58 S 0 A 1) 14 B 52 200 I 352 97 4 ik
25, i1 Kaplan—Meier [l Z&5%F A [7] 41 51 47 A=
A7 53K BT A A 3 249 U, P<0.05 8 22 52 A Ge

2 HR

2.1 H3Kd4me3 3% LncRNA K 7% i%
PEIUH 98 e AP 29 4> H3K4me3 9815 A 7
LI 16 302 1~ LncRNA 19 ik & dE 17 4L k50
Bt , I 1E [Pearson RI>0.5 H P<0.001 # LncRNA,
PN T 291 > H3K4me3 YJHEAH &) LncRNA
HMTEgatr (4 PHF23 ZCWPW1 Fl ING2 £
W 3 > H3K4me3 97 1 7 5 1 5 LncRNA
ILRIKR T & RAF A LRIk 508, Wik gh
AVEIG S50 M), LRk S Rl o R E R AT T
ATk (1A ), B S 25 F BRI ZR Cox 11105 43 #1 A
E T 29 N EA WS W ER LncRNA (B 1B) . &5
¥ 370 B8 i AR E R A HE 121 BEAL ARSI 5 S I
R4 (n=185) MEIE 4 (n=185) FE N Zhdlh 3T
Lasso 1813 4= 1% % 75 5i) R 06 490 A 07 1% 7 LnecRNA
EATAR B PR 46 %A IR UA T bk 2 S R4 M Ar i okt
it RIS, e T 14 S HA B M
H3K4me3 #5¢ LncRNA (1€ 1D A3 1), it
P s L AR R 45 W8S T 14 4~ H 5 LncRNA 5
H3K4me3 ¥ 55 K 78] (A 38 76 Bk (K 1E)
2.2 H3K4me3 185X LncRNA MG REBENHMES
BT IR0 2 19 B A% LneRNA Bz HAH 5¢ ]
U ZR B, XU PP 43 28 2043 TN k2 ik
R A 2 v A1) B o SR O KU 343 DA A T
Ja AR LAY R4 b A KURS: IF 43 0.079 122 212 1R
iy i S AECK 1 R R a3 oA e KU 2R XU
2, Horb R gl o ) R e AU 92 1] AT XURS: 93
B, B0 U2 43 5 A s KBS 104 451 FOAR RURS: 81 44l
T2 AR 41 5300 kv LIS 196 461 FRARR RUBS: 174 4]
AN TR W H H3K4me3 -LncRNA 2 35 A5 20 12 3 5
FERIARALME (B 2A~2C) , FEVIZRAL | 56 ik 28 Fi e 4
Hrp, H 14 > LneRNA 35 AR A7 4R 28 F AR A7 1
TF1] 7 v XL B 4 AR IR B 2 1) S s T ARG X 40
B, HEAEAHEfSREE, TR AR B
(Bl 2D~21), ROC e 4 2R W | I 22 i %



GIHE AP IR 2 35 (R F ) )2024 4F 6 55 16 % %5 2 1 J Dig Oncol (Electronic Version) , June 2024, Vol 16, No.2 187

A H3K4me3 mRNA H3K4me3 mRNA

" BRD4 KDM5D
" C170rf49 | KDM7A
. CxXXC1 | KMT2A
.~ EzH2 | KMT2B
ING1 [ KmT2C
ING4 [N KMT2D
KDM1A [0 PHF13
KDM2A | PHF7
.~ kom2B || SETD2
.~ KDM4A | SETD7
. KDM5A | SPIN1
KDM5B | SPP1
KDM5C || ZMYND8

H3K4me3_LncRNA

B C
g
IncRNA  P1fd HR {8 ' 28 27 27 25 25 24 22 19 17 15 14 12 124
RRN3P2 <0.001 2.683(1.574~4.574) o—
LINCO2716 0.001 1.526(1.182~1.971) ! ——i
CHROMR 0.020 1.122(1.019~1.235) =
LINCO1754 0.001 1.167(1.064~1.279) i 12 44
LINC02541 0.009 1.322(1.074~1.629) —-— -
MAGI2-AS3 0.045 1.074(1.002~1.152) I- .
BNC2-AS1 0.012 1.146(1.031~1.275) =
LINC02532 0.005 1.016(1.005~1.028) 19 T
NR2FI-AS] 0.024 1.255(1.030~1.530) =
AC018752.1 0.035 1.063(1.004~1.126) - 12.24
LINC01932 <0.001 1.834(1.420~2.369) [ ———— T .
ACO22733.1  <0.001 1.255(1.134~1.388) ey .
MIR100HG 0.030 1.056(1.005~1.110) piiy r
AC010333.1 0.013 1.559(1.098~2.213) f S—— T
AC010333.2 0.037 1.591(1.028~2.462) — E 12.04 TTHTT
AC126696.3 0.036 1.244(1.014~1.526) i, &
ACI31391.1  <0.001 1.652(1.341~2.034) U — &
LINCO1140 0.025 1.556(1.057~2.290) — =
AC004596. 1 0.012 0.859(0.763~0.968) ™ S=
AC068790.7 0.010 1.189(1.041~1.357) - @ 11.8- LLLL
ACO16747.2 0.007 1.524(1.119~2.075) " ——y
AC009318.2 0.048 1.037(1.000~1.074) o L |
AP003419.2  <0.001 1.115(1.049~1.186) - =
APO03419.3  <0.001 1.127(1.064~1.193) -
TMEM75 0.029 0.616(0.399~0.951) — 11.6-
BX890604. 1 0.045 0.861(0.744~0.997) [ : LI
AC004522.5 0.013 1.193(1.038~1.370) [
773420.1 <0.001 1.213(1.099~1.339) ="
AP001885.2 0.019 1.566(1.077~2.278) —— i A RRN Ay
r T T T T 1 11.4_ T T T T T
0 1 2 3 4 (5
HR1E
D 27 25 22 15 13
1
o
0.4+,
s
0.2, N
N \
19 \ ~
i — =
E% 0.0 7 >
N >
% e — 7 —/
W& 0 - =
N
-0.2-
e
—-0.4
-0.67"
s
T T T T T
-7 -6 =5 -4 -3
Log A

1 ¥FEETEMER H3K4me3 18X LncRNA
A, H3K4me3 315 B A 3¢ L L5 3700 9 H3K4me3-LncRNA 193 EEE B, HLE K Cox MIHAHrfiE T 29 4~ B A s
M E ) H3K4me3-LncRNA ; C, H3K4me3—LncRNA ) 5 3 R ZU %42 & ;D |, Lasso [H1H 938 LI IE #h 26 ; £, H3K4me3 ¥ 15 A F
FIA O LneRNA 119 2 PR 3k 22 35 ) 2% 5C R A



188 CIH AR R 2 35 (R F ) 92024 4F 6 H 55 16 % % 2 1 J Dig Oncol (Electronic Version) , June 2024, Vol 16, No.2

F1 HEZE Cox K Lasso EASHEHE 14 5 5% H3K4me3 XK LncRNA B E XKLL

H3K4me3-LncRNA Lasso [nl 19 2 % HR (95%CI) P1E
AC004522.5 0.001 521 1.193(1.038~1.370) 0.013
AC004596.1 -0.074 990 0.859(0.763~0.968) 0.012
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AC068790.7 0.091 923 1.189(1.041~1.357) 0.010
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773420.1 0.078 575 1.213(1.099~1.339) <0.001
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