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Molecular Subtyping of Gliomas based on the Integration of Survival Outcome

—weighted Multi—omics Data
Jia Congcong, Du Gang, Zhao Xin, et al ( Division of Health Statistics, Shanxi Medical University, Taiyuan 030001 )

[ Abstract] Objective To investigate the survival outcome—weighted method, survClust, and apply it to the multi—
omics data of gliomas, to identify molecular subtypes of gliomas with significant molecular heterogeneity and prognostic
differences. Methods The multi—omics data from the Chinese Glioma Genome Atlas( CGGA ) was used for outcome weighted
integrated subtyping using the survClust method, and a Cox proportional risk model was fitted to assess the prognosis of patients
with different subtypes. Differentially expressed genes ( DEmiRNAs, DEmRNAs, DMGs ) between different subtypes were
screened, and Gene Ontology ( GO ) analysis was performed for overlapping genes among DEmiRNAs target genes, DEmRNAs,
and DMGs. Finally, we performed immune infiltration analysis between different subtypes. Results The patients with gliomas
were divided into high-risk and low-risk groups by using survClust, and the risk of death for patients in the high-risk group was
2.931 times higher than in the low-risk group. The distribution of differential genes was significantly different among different
subtypes, and 194 DEmiRNAs, 3396 DEmRNAs, and 1230 DMGs were screened. 189 overlapping genes were used for GO
analysis, and 52 GO terms with statistically significant differences were obtained. In addition, the level of immune infiltration
differed statistically between the different subtypes in terms of B cells, CD4+ T cells, CD8+ T cells, neutrophils, macrophages
and myeloid dendritic cells. Conclusion The outcome-weighted integration algorithm survClust can effectively identify subtypes
of gliomas with both molecular heterogeneity and significant prognostic differences. At the same time, the potential biomarkers
screened based on subtypes will provide a scientific and theoretical basis for individualized treatment of gliomas.

[ Key words] Outcome-weighted clustering; Molecular subtype; Multi—omics integration; Gliomas

JE S IR A Shy o DL P v R R 8 R G IR AR %
FKIKFNT 3/10 J7 ~6.4/10 J7 78 i A Ak ph 22 R 58 b
AP 2 23.3% Y AR B 4121 WHO
X i 2 R GEIRE A 2545 R ) L IR R 4o WHO T
IV, Forb e B B4R MR (R BRE WHO IV 4%) 1Y
TR YT MERE 25 R e RN TR, B B — ME IR I

# FLATH  FRK A RFLFEE P H (82473739) ; 1L P4 & FEAIAF 5T
PRI (202303021211130) 5 1l V6 25 [] (= §4 2% A B3 B 9% B 350 H (2024 -
081) ; INPE& m S E « BAC TR BHES I L0 1L P54 ZERBF 7 TR
(20210302124409) ; LI PG48 BF 55 A4 BHIF A1 #7551 H (2023KY403)

L PG ER R 2 T A S 3% (030001 )

3R A BB 5 G I A S &
4. b K s g NIRRT
NEEVEE 404 E-mail ; caohy@ sxmu.edu.cn

JE L CYETIR ARG, 3 BRI 4 S B A kG 5 2
S, XA (7] — g B 45 20 b bR 1B ) Jise IR RR R
FAMIRAIETY )5 20 1) TR A KA | R A
) 5L v B ) S e, AR I R 7R D R i 25 5+
M YRR R R R R R, P A R R
AV E IR YRS U 1) s SR T i v XU B, A M o
9o KR AT T R I B A A s R ARTR YT 58 X
THESIE B IZ WG A B2 IS SIS

Jibog A ML 2 2% , 5 S S N AR S AR JE PR 3R
AR G2 2, B TR &
J& L BRBCT R B v 2 3 R 4H 2 B, U CGGA #
I PET SR T3 2000 5] H R SR R 11 5 R 40 2
55 I AR | b I e A e F oY R T I SR
Pt o F1XT I SR T i 22 2 2R AU A U 5T, BR A5 42 4



Chinese Journal of Health Statistics,Oct.2024,Vol.41,No.5

ANTRIER A ] (P A £ BRI R N Z 2 1
B 7 I IR A R AL B A R R

BE USSR 2 PE IR T ROR 1 E B8 bR, AR
WA W ZHF RGBT RZ T Tk, Al
JE PR T BRI AE AR 45 R Z Al e 2R 0 0 A5
TG A A7 5307 1 2 Ak S (et A, AR Bk 2t
EESH X — R BR , Aroral ™ AR H T AR AF 45 SR AN A #&
G A7 survClust, 38 53 A4 8 5 AR AR 45 JR AH DG I R
BRI, RIS SR K 3T A8 UG AIE , ik e 70 A5 Y A g A
TG VRN B 84 AT AR A 5 R i i 5 7R IR
) 2 U 22 5 10 4 - or B B B # PRI, AR S
KM survClust B9, 384 I U9 B35 1) mRNA  DNA
Ak S miRNA FOH 2017 A= A7 45 Jmy A 43 AL, JF- B
FEANIR) 3 R 22 S5 R DA K B B8 1= 7K | R SE R
IR A RS 2 T SR S R

HiESTTE

1B e 5 Ah B

AHFFE N CGGA Hids 2 U 53¢ 1 it 98 i 2 5 4l
rh e Y E] i A = 2H % (mRNA R IA %8 miR-
NA FikEdi DNA HEACEE ) BREAR, R B B 8
ST AEARIROL AR ML & WHO 73 9045 4
E_AFAE B IREAS , Fe 25 31 110 BIREAS , SRJ5 5
S BRI AR 5 R Ty 2 AR AR = R
MR RPESEA T o 8 X 0 2 . O FOR [RI 4 2E R R 2y
18, %A 73 BUOR B BE B K 9 A7 1E ( miRNA = F#AiE
PIH 10 E4- 0740, mRNA FH 34k = FeiE 0 15 &
IMEEL) s @it — 2 T TS R 2 2 (0 R AR A S R 8, 4%
AR B AR 5 R BB R I FRAE ( miRNA = FRAEAR
SEZE10 T 4080, mRNA F P AL = FRAF AR 5 &
1S HAMEL) ; O THA AR R AL 22 R AE T 22, #%&
A AR B 7 2K B FFAE ( mRNA = FEE 7 22 30
B AL, I = RRIE 22 15 EA L) . A
#] 671 /> miRNAs,9819 1~ mRNAs i} 8889 4~ L) I
KM 2R A DNA FH AL

250 W

(1) survClust 5=

A AEEE SR A 22 4 22 500 4 5 43 BB 7 1% surv-
Clust, FARSZHAEBRINT .

O IALHE B 5 B

BREAERE X 4 o+ p JEFE, b n WREAREL, p
SRS, XA FRAE LG BRI R cox L 3] JXUS) A5 7Y
DABRIUFEEALE , h (1) = hyxexp(x] * B) 1 N A FEHT
I8, x, R X SR B, By S f R bR, B S ]
IHZR % exp(B) J AU L (hazard ratio, HR) , HU HR
XTECR 46 X B | log HR | /E R R EALE w, 24 HR = 1
Bf, %R HogHR 124 O, I AIZAFIE 5 AAE TR, W=

- 645 -

diag|w, ,wy+,w, | JEFE X FEQIEERAHEA a il b
[ INAL R 25, THRIT
d,(a,b)=-/(a-b)"W(a-b)

Hodv,a B b 43 BURREAS a R b HOREAE 4, d,, (R
N RS REBLEE L5

HE— BT )AL RTBRHE AL AL BT X7 =X =
Wﬂﬂ*%%xzﬂﬁﬁ@%%WﬁﬁaﬁbMﬂ
BB IR

d(a',b')=d,(b",a")= E‘qﬁl(a’j—b’j)2

AL R A P P 22 I 4 AU B R D,

Q%A NI 8 56 1

WA MBI, D, J5 m A (m=1,- M)
IUASCHE B 6, 6k M A BIVASLEE B 5 e AT 3 4, =

%Vm%ﬂﬁQMHﬁﬁﬁ@g:

L, =m§17m D,

B)FETF Fil A TINAS I 25 45 45 114 2R 24 4y A

FERA IR B R, B FERE I R 22 4k RS AR
( multidimensional scaling, MDS ) ""* YEA7 4 5 5 e | ik
1M Fl K-means' " J5 75 X6 B AR i 47 5 3 o0 AL AR 4R
log—rank 5 5 4t i1 & x* | A5 fE A6 28 N BE & F O Al
(standardized within—cluster sum of squares) "' 7 &
AR k B RE 0 [l B K DL R 25 5 8
AT BB/ N I 53 R 485 SR A e A4 1

@K 73 L H Ik

survClust 25 1 B H L AP 45 {5 B, Al s s
PEMEE A S LA I B R R R Az Ak M e, 7R AR
RPN 5 | AT 8 CHIE, B8 A IR AT K
I 25 G SEBRAT TR A RO | by TR AR [ 14 AR A7 B Al A
TE—E 22 5% , K H B3 UK B 352 ) AN 8] 43 X A A7
B 0 oAt T — 20 52 i A A A 2 158 1) A 12
ARG E M AR 8 52 PRl 0 3k o3 X N IR A d ok &2
st AW R 110 BIEEAS KR/ TR R
“KTCER 3 IR RS LR a B RE A B AL A B = A
FEA S A0 53 DX T ERCH: v — A~ 43 XV S i i 4
£, TN MU R B 4 5 b. R A survClust J7 153K
BN 2R in e 2 br 28, A ds 46 i F B 23+
FEAIE ) i A S R I R B A 2 25 SR AR L A SRR AR BB
PR R AR s o 64T 3 IRANE Z HhEL, FF 1T
B3 128 SR UE T AT DR A A AR A R AR 48 5 . X
FI A IR AR R 28 R O bR 28 5 vk TF R R
D 4 1 B0, 78 B0 1) f B A SRR E B 1T K-
means , 15 2 A MR EEFE A 1) Bopr 200 hn 28, I LAE
VE B 26 1 PR 25 . R A8 SUIHIE 3 72 I J| 2 Ik
(450 W) 5 TR R R bR 245 R AT — B,



- 646 -

TR R 22 (RN E Ry I A2

BT LEAR A R A 22 4 2 B8 R 5 O I B0 0
A3 B0 T R B4t survClust 228K

(2) B A5 bt

5T survClust (193 BIGE R XA [) 73 Y A8 35 1) 4
Kl RBER AT ST R, 2 & BERER T R+ A ife
2 (xxs) Fom, A BGRER MR (n, %) R, 1E
MR BE 43 30 A % R ) 4 P AR A 0 A b, R
Schoenfeld %% 25 7 45 45 13 A% fa 2 75 1 A2 XURS: He A3l ( pro-
portional hazards,PH) i€ , #71 /& B3 HL& Cox Hufi
ARG ASE Y i3 — 20 T 50 Jie Jo 968 1) A [ - 28 R 90 i 1) G
Z 0 Z K H Time—Varying Cox ( TVC) BRI 4347

(3) ZHEH T

K Kruskal -Wallis kRS 56 57 € H AN ] 43764 8]
25 SEARIE (P, <0.05) , 3 — 20 SR AT JLART 73 A A6 30
it e IR TR RS 70 B B R AR 22 SRR IE (P, <0.05) 15
F| 24 () DEmiRNAs . DEmRNAs F1 DMGs

(4)GO 4r#r

fifi ] miRWalk 7¢ 2k T. B ( http.//mirwalk.
umm.uni-heidelberg.de/) # ] DEmiRNAs [14 1 £ A,
%} DEmiRNAs #3£[X DEmRNAs L) & DMGs #F17Ek
HOM BB EAILA KA clusterProfile' "' R 41 %}
H A SEH BT GO 4T, LAP,,<0.05 K FIfH

(5) G 4 24 43 At

fifi il TIMER2.0 $#% )%’ (http ;//timer. cistrome.
org/) "1 TIMER 5532 318 S8 14 200 il g 4, 3 ik
Kruskal-Wallis PR 5 77 32 i 1 26 A [F] 43 B b £7 4
2 5 WY e IR I AL, I (B E WP, <0.05

& X

1 B f A o P 4 R

K survClust J7 ik X%F 110 44 i U (8 & it 17 £
B A AY FeEr BU8Ch 2 Y| Kaplan—Meier
Hh£&ani&l 1 BTz, log —rank A5 56 2 7~ AN [6) 43 7Y B8 34 9
HAERA G2 5 (v =36.3,P<0.001) . #4:
FETE BEAF ) — 2 am 24 R fa A AE U B 22 1)
A4 R fE AL, AN TR oy TR SR R Y S AR
TERHINZE 1 R,

K1 KRR IR A IR R n(%) ]

i H Bl ka2 [yt |
B (n, %) 59(53.64) 51(46.36)
AR (xts) 37.66+9.3 41.02+14.1
PR (n, %) B 32(54.24) 30(58.82)
Lk 27(45.76) 21(41.18)

JREE I (n, %) WHO I 50(84.75) 2(3.92)
WHO I 7(11.86) 27(52.94)
WHO IV 2(3.39) 22(43.14)
HEAERAE (n, %) pean 36(61.02) 10(19.61)
BET- 23(38.98) 41(80.39)

i E ARSI 2024 4F 10 J1 45 41 555 5 )

Strata =+ XG40 mfa 4l
1.00r
0.75r
M
4‘\“2 0.50r
0.25r
P<0.001
0.00r,

01000 2000 3000 4000 5000
AR ()
1 A[FE4THHAY Kaplan—Meier HHk

FERCIE AR M i 3 B A AR B I L
K H Schoenfeld %% 22 1k % HE A 7Rz 56, 45 5 27~ Glob-
al Schoenfeld Test XfJ% P =0.574, B i 2 XU L 15145
B SE , it — U A Cox JAUK: HL BIASE 1R | AF 58 R [ 43
RIS, 45 SR N3 2 s, B SR 2E M m a4 B E
FIFET XU ARG 2H 19 2.931 4%, [G]IF < 45457« g 3t
A3 17 3 WU BRI BT et L (P<0.001) |, Hor
WHO V4B AET- XU & WHO 1T Z¢#1 WHO 1
Gh HF Y 2.494 1%

F2 110 G TR B 278 i Cox [EIRZ 45 3

Z

At b(S.E) P HR(95% CI)
Vot

i fad 1.075(0.322) 3.342  <0.001 2.931(1.560~5.507)
PE 51 -0.163(0.256) -0.637 0.524 0.849(0.514~1.403)
AR 0.036(0.010) 3.461  <0.001 1.037(1.016~1.058)
I B3 10

WHO IV 0.914(0.318) 2.873 <0.001 2.494(1.337~4.652)

VE < A3 TR S LA % 500 DL P % B G B 43071 WHO T

% H WHO TN A*tHE,

2. 22 IR A 4G

P FIRIIHT o W0 BE H 194 4~ DEmiRNAs ( H
H L3R 174 4>, 20 4>) 13396 > DEmRNAs (A
3 2040 4>, T 1356 4~) DL K& 1230 4~ DMGs( H
800 > AL I , 430 MR AL L) 25 S ik
PRIBR ] (1 2) 8 i £ 2H VIR S 4 0 25 SRR IE A1 B
AR,

fii H “ miRWalk " #F £ T. B @i W & 194 4~
DEmiRNA ) 61 1K, % DEmRNAs ,DMGs LA
& DEmiRNAs #8JE H #E47 165 70 A, 25 R an &l 3 B
N Hir 7 AN FE Y 22 5 %35 W] 8 52 DEmiRNAs
PaHE L 6 A JE A Y S B 4K AT BB 52 3] DEmiRNAs
P 178 NI BEAETE 22 S 3RIB R A T H
A



Chinese Journal of Health Statistics,Oct.2024,Vol.41,No.5

- 647 -

i P | !

DEmiRNAS| =2

DEmRNAs

DMGs

o

e 1 21

-1.5

B2 AR R RIKIE I

DEmIiRNAs 2 4] DEmRNASs

3212
(71.4%)

DMGs
3 ERENTERE

3. GO 7Hr4h

XA TS 20 189 A~ FEH #E 1T GO 43#r, M
O3 FUIRE AWy ad FE RN A0 i 4K, — A T T ) 3 PR A
=Pk T e B e 19 5 52 RER BA S
THeE ) GO AW Dy REI, Ho v 22 S 5 b 2 1Y 10
T hLIE 4,

4 G E A0 MR 43 B 45

B BE i o A 45 R R W, AN 6] 73 AU AE B Ik L 48
il .CD4+T 2l .CD8+T 4 it , oM 41 B | 5 1 20 ity
FIBERER SR A M 1) S 8 I T A AR G 2R 22 57,
Horb BERER SR A0 M AE = A 2H 1 EEKE B e T
RICH(1# 5)

Count

regulation of small molecule metabolic process -
response to oxygen levels -

response to hypoxia -

response to decreased oxygen levels -
regulation of animal organ morphogenesis -
carbohydrate biosynthetic process +

sensory perception of sound +

sensory perception of mechanical stimulus -

oligosaccharide metabolic process -

regulation of hormone biosynthetic process - @

® o

O ® ;
® o

o
@) ® s
® @ o

. P.adjust
. 0.020
0.024
0.028
0.04 0.06 0.08 0.032
GeneRatio

4 GO A

i

ASCRH survClust J7 2 X7 i 5 988 22 4 2 Hds i
TTHEE Y R I IR B3 o R e ARG, i fe
LR PBET KR 2 RS ALY 2.931 i, AN [R] 43 B HE
FE R FRIR DA S A e R K45 7 T A 3 = 1R
ST 25 S R R DA K ) e g iR I A, SEER T
S iR e R S e s i

EAMERFERP, KIT FEH T GEF A Z 28] T

miRNA mRNA Ul & DNA H Ak () 8 #2, 0 52 £
KIT R AT o 3 i) STAT3 16 Mk 5 S P b B
Y IR KO BEAR 23 08> F4/80+ 5 I 441 ifd
A SEAE S I IR B TG 2 IR, R e 4L R
K TUG 7] BE5 1% P 1 287K T A &, GO 2 #r
1, PPARGCIA N EE T Z N EA%H =254
Y3, PPARGC1A F [H % 53t F 41t 7 £ {2 1 MTORC1
T PR A S SO B A R A B e B
Y 57 52 AR RS SRR, 3 A T BB B A4 R R



© 648 -
CDA4-+bk E2 41 2 CDS8+T4l ffil ERRC el )
%*=5.85,P=0.016 1*=5.26,P=0.022 7*=7.82,P=0.005
v 0.22 G 0.140 o
0.140 .
= = 920 = .
e o : o125t
X 0.125 o8 b
: e
0.110 0.16p = 0.110f —
fiRfadl mad R4l mad fiRfadl maa
Pai! o4 A
[t = PR N ) i5 s 240 it Bk B 41 2
©=25.74, P=0.001 =4.52P=0.034 £=9.51,P=0.002

oI5
T 1% 1

pvEaalt

0_09
0.475] 0.110
= 0.08 P
0.465] X 007
0.100
0.455] 0.06

el el st sl fefad wafadl
e g il

B 5 e e

H AFI Y S5 5 A A ST IR R SERE Y AR T
ivE 6 FhiZIE K HA Gt ﬂ_%#E’JﬁE,FEQE]H@,A
F e 20 LA R SR SR A0 L L S MR e )
PEFI' [ Bst LA A 40 A A 5 19 25 ) B 28U S T
DAV 2 52 JoRE B A2 A A 20 5 I 0 A S 23
153U SPP1 A A5 Jise I8 240 JH 10 77305 ) 35 e o e
I A BT 5 H TR G & B R AR 2 DR 40 M o A i
JFfRE i 2 ATE Y H Dey B4 7E 52 56 Hh i o 98 775 1 it
/N BB BERE R SR AR A A Rt He AR AR
AIFIER T A AR A2 3= 10 3= B AN S T veg
P2 SRS M i AT T itk — AR AR
I Ie (1) - VL B A A 2515 A AR 25 W Mg R )
PRI AR B R | bR T B B At o0 Ak K 7 A B
A A BRAFAR A5, e rh— 26 P 28 5 59% 1l 5 7K 7
TSEE*EE%/ <. survClust Ff A& 58 o W 43 8 5 1 4]
T 33X —JCHK , PR FE 4248 05 AH DG Y 43 Rk D7 T
AEMPCE B Y KM EA B EEFERN S T457
R FESERRiE Tz n] T R A e 2
A 2R AL A 1 4y PO 5T, SRR ) S5 0] 9 4 2
BAERIVEHE , M AMBAFAE— € SR BR , 4n2g SCRIEHE SR
TR ZH PR S o R TR A, LA
[F) 20 22 P9 8 P L 2SR T 38, R B 5 S (] 40 2 )
S I Y (BS EO ER - A7 s i s M il ]
DL EAE A AR LS SR A ) 24t L 3R A 2 M B e e
FERGE | 204 o A A A
2 b AR SCHET survClust Jy 3 5% i )N Mg o Jed
LSRRI EE G SR, AT LA BOR B B W, Sy
JUE Jo IR A) 3 RO SR AR 1 30 A S BRAR i, ) B AR 3 43
T8 LG5 20 W AE AR Wb i o A i R ) A
ﬂﬁl//\ﬁiﬁfﬂﬁlﬂmﬁ%ﬁﬁﬁ%ﬁtTEEfilﬁWﬁ IFEa
B A5 SR S AR A i

i E ARSI 2024 4F 10 J1 45 41 555 5 )

& % x w

[ 1] Sung H, Ferlay J, Siegel RL, et al. Global Cancer Statistics 2020
GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36
Cancers in 185 Countries[ J]. CA Cancer J Clin,2021, 71 209-249.

[ 2] Louis DN, Perry A, Wesseling P, et al. The 2021 WHO Classifica-
tion of Tumors of the Central Nervous System; a summary[ J]. Neu-
ro Oncol,2021,23. 1231-1251.

[ 3] Chen F, Wendl MC, Wyczalkowski MA, et al. Moving pan-cancer
studies from basic research toward the clinic[ J]. Nat Cancer, 2021,
2. 879-890.

[4] Xia M, Chen H, Chen T, et al. Transcriptional Networks Identify
BRPFI as a Potential Drug Target Based on Inflammatory Signature
in Primary Lower-Grade Gliomas [ J]. Front Oncol, 2021, 11;
766656.

[ 5] Giordano TJ. The Cancer Genome Atlas Research Network: A Sight
to Behold[ J]. Endocr Pathol,2014,25(4) . 362-365.

[ 6] Yugi K, Kubota H, Hatano A, et al. Trans-Omics: How To Recon-
struct Biochemical Networks Across Multiple “Omic” Layers|[J].
Trends in Biotechnology,2016,34(4) : 276-290.

[ 7] Zhao Z, Zhang KN, Wang Q, et al. Chinese Glioma Genome Atlas
(CGGA) : A Comprehensive Resource with Functional Genomic Da-
ta from Chinese Glioma Patients[ J]. Genomics, Proteomics & Bioin-
formatics,2021,19(1) : 1-12

[ 8] Lock EF, Hoadley KA, Marron JS, et al. Joint and individual varia-
tion explained ( JIVE) for integrated analysis of multiple data types
[J]. The Annals of Applied Statistics,2013, 7(1) : 523-542.

(9] ZERME,HILI 2T, S LT IMKL-LPP J7 i B 7L SR 1 A0
SRS RN T]. T E L AS I, 2022,39(4) £ 522-
528.

[10] Rappoport N, Shamir R. Multi-omic and multi-view clustering algo-
rithms ; review and cancer benchmark[ J]. Nucleic Acids Research,
2018, 46(20) ; 10546-10562.

[11] Coretto P, Serra A, Tagliaferri R. Robust clustering of noisy high-
dimensional gene expression data for patients subtyping[ J]. Bioin-
formatics,2018,34(23) . 4064-4072.

[12] Arora A, Olshen AB, Seshan VE, et al. Pan-cancer identification of
clinically relevant genomic subtypes using outcome-weighted integra-
tive clustering[ J]. Genome Medicine,2020,12(1) ; 1-13.

[ 13] Kruskal J. Nonmetric multidimensional scaling: A numerical method
[J]. Psychometrika,1964,29(2) . 115-129.

[ 14] MacQueen, J. Some Methods for Classification and Analysis of Mul-
tivariate Observations [ J ]. Mathematical Statistics and Probability.
1967,1. 281-297.

[15] Robert T, Guenther W, Trevor H. Estimating the Number of Clus-
ters in a Data Set Via the Gap Statistic[ J]. Journal of the Royal Sta-
tistical Society Series B: Statistical Methodology, 2001, 63 (2) .
411-423.

[16] Zhang Y, Yang Y.Cross-validation for selecting a model selection
procedure[ J]. Journal of Econometrics,2015,187(1) ; 95-112.

[17] Dweep H, Gretz N, Sticht C. MiRWalk database for miRNA-target
interactions[ J]. Methods Mol Biol,,2014,1182: 289-305.

[18] Yu G, Wang LG, Han Y, et al. clusterProfiler; an R package for
comparing biological themes among gene clusters[ J|. Omics, 2012,

16(5) :284-287.



Chinese Journal of Health Statistics,Oct.2024,Vol.41,No.5

[19] Ashburner M, Ball CA, Blake JA, et al. Gene ontology: Tool for
the unification of biology[J]. Nat Genet,2000,25(1) : 25-29.

[20] Li T, FulJ, Zeng Z, et al. TIMER2.0 for analysis of tumor-infiltra-
ting immune cells[ J]. Nucleic Acids Res, 2020, 48( W1): W509-
W514.

[21] Zhu C, Kros JM, Cheng C, et al. The contribution of tumor-associ-
ated macrophages in glioma neo-angiogenesis and implications for
anti-angiogenic strategies[ J ]. Neuro Oncol, 2017,19 (11) . 1435-
1446.

[227] Savikko J, Rintala JM, Rintala S, et al. Epidermal growth factor re-
ceptor inhibition by erlotinib prevents vascular smooth muscle cell
and monocyte-macrophage function in vitro[ J]. Transpl Immunol,
2015,32(3) . 175-178.

[23] Edris B, Willingham SB, Weiskopf K, et al. Anti-KIT monoclonal
antibody inhibits imatinib-resistant gastrointestinal stromal tumor

growth[ J]. Proc Natl Acad Sci U S A,2013,110(9) ; 3501-3506.

- 649 -

[24] Thiepold AL, Lorenz NI, Foltyn M, et al. Mammalian target of ra-
pamycin complex 1 activation sensitizes human glioma cells to hy-
poxia-induced cell death[ J]. Brain,2017,140(10) ; 2623-2638.

[25] Massara M, Persico P, Bonavita O, et al. Neutrophils in Gliomas
[J]. Front Immunol 2017, 8. 1349.

[26] Xue J, Zhao Z, Zhang L, et al. Neutrophil-mediated anticancer drug
delivery for suppression of postoperative malignant glioma recurrence
[J]. Nat Nanotechnol ,2017,12(7) : 692-700.

[27] Chen P, Zhao D, LiJ, et al. Symbiotic Macrophage-Glioma Cell In-
teractions Reveal Synthetic Lethality in PTEN-Null Glioma [ J].
Cancer Cell,2019,35(6) :868-884.

[28] Dey M, Chang AL, Miska J, et al. Dendritic Cell-Based Vaccines
that Utilize Myeloid Rather than Plasmacytoid Cells Offer a Superior
Survival Advantage in Malignant Glioma[ J]. J Immunol,2015,195
(1): 367-376.

(ATt R

(32 643 1)

7E 20 42 80 4R, FATH B 18—t i1 00, £
F LG ERRE S E B R AP ERIRE Pl
RN T2 S NP EE SRAHEE A )
A3, FRATABERIE . FIEEE SO SN At
T o NIAAFAVET  dmESeE s E DR, AT L
TREE T —AHEN, AEEREAM 2T
IWERRZSH—6 ., B8RRI TS ) #
S — RN =M 4, BLANAFRAT TR A e 1% /5 4k
AN TR ST AT, W 3, 78 A AR 2 24 4%
AR, BRATEY BB AR A 1= 4 0 I Hh B 24 22
D7, AT AL A — SR A BT, A B 2 e A TG
Al ERAL,

BB B ERUR, S E— b A Kk
B, £ s — iR RS, AT AS T
VB R — MBI ) ) RAEC 2 B IR T
DAFR G5 1 N BRI VEE A 30 17, Rk [ 27
PR 2B i, X e AR, JATTHEAR R, KEH .

AT FE A B0bE AT A A0 R, fie R 3R
IR B 58 38 G g o — W R 2 B T 5 Ha il 52
By BRFEFRAT S T8 AR TG = A (LW BE b
TG IrR) M E G2 ) . AR
A FEORE AN 5 A T IRATH E 2

SECRU S MEE AR B A R AN R RS AT R
BT R I, PR k4t SRR v [ Y R 2R S
IR K,

ARG ARV AL AT — KR, R
AT, AARATALE 2B WY, DL SRR 2
GVEH 0] A TR AR R 5 AN E IR R 24 A
BRI R ), AT A L HZER T HIEHE
WA ARVY, B SR &7, AT S B4 TH4r, i
A, BT ATE, RFEER . IR KA KBS
HEARFEL, FIAA,REH LT, Brigd 2
T, B TERA S EL LR AT R,
PRI R 32— A0 B ¥, A R s, FRATTZ DL 2E R
# BRI,

BTN 2o — B S B —RESE ST
{145 H:[E1 49 5 5« virtuous and sincere, I 041X H >
Yo B AR S A R BRI,
PSS JRIE

wJa  BAVNGE — T, 8 =537 e AR
TRRAR RGSXLR = A5"  BINEHE G VEIL
EERy=SI=N

(X FHE ALK H KRR
(FEAT 4t . SRR )





