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[ Abstract] Background and objective m6A RNA methylation modification plays an important role in the oc-
currence and progression of lung cancer and regulates tumor immunity. Current studies mostly focus on the differential
expression of some specific m6A effectors and infiltrating immune cell. m6A methylation modification is the result of mu-
tual adjustment and balance between effectors, and changes in the expression of one or two effectors are far from enough
to reflect the panorama of m6A methylation. The role of m6A in the immune microenvironment of lung adenocarcinoma
(LUAD) is still poorly understood. The aim of this study is to investigate the effect of different m6A modification patterns
in immune microenvironment of LUAD. Methods LUAD data was obtained from The Cancer Genome Atlas (TCGA),
University of California Santa Cruz Xena (UCSC Xena) and Gene Expression Omnibus (GEO) databases. Gene mutation,
differential expression and survival analysis were performed for 24 m6A effectors. The m6A modification pattern was con-
structed by unsupervised clustering method, and the m6A clusters survival analysis, gene set variation analysis, immune
score and immune cell infiltration analysis were performed. The association between LRPPRC protein expression levels
and infiltration of CD8" cytotoxic T lymphocytes and CD68" macrophages in the tumor microenvironment was validated

by immunohistochemistry in LUAD tissue microarray with 68 cases. Results The mutations of m6A effector were found
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in 150 of 567 LUAD cases with a frequency of 26.46%. 6 readers and 3 writers were significantly up regulated in LUAD

tissues compared with normal tissues. IGF2BP1 and HNRNPC are the independent risk factors for prognosis of LUAD.

Abundant cross-talks among writers, erasers and readers were demonstrated. Three m6A modification patterns with dif-

ferent immune cell infiltration characteristics and clinical prognosis were established. Among m6A effectors, LRPPRC

was found to be inversely associated with the infiltration of CD8" cytotoxic T lymphocytes and CD68" macrophages, and

was validated in 68 LUAD tissues. Conclusion m6A modification patterns play non-negligible roles in regulating the im-

mune microenvironment. LRPPRC has potential to be a new biomarker for checkpoint inhibitor immunotherapy.

[Keywords] Lungadenocarcinoma; m6A modification; Immune microenvironment; LRPPRC

[ Competinginterests] The authors declare that they have no competing interests.

RNAB M Ay 2 538 i VAl 48 1) B S 20 i 70, AR
KA DI RE W BOR B S [EE T AATTZ 19 G
TEXSeEA T, N6-H 5L Jif 2 s (N6-methy1adenosine,
m6A ) , R TAXHERIRNG A s AR I Bk, Tz AF
7E T mRNAMIAR G FRNAH . m6 A8 i (4 R 4%
RIEAE, GG IR (“5AA) « KW IEILNE
(“PEBRds ) FimeAMBHRN Jias A8 H (Bl ) 59,
P ERNARTREE . BT . BIRLAS AL, AT
BN IR, 18 LA S A A Al B R R AR )
R BRI me AR AR TEZ R h R Rk, &5
R RIEE . FeR% . oAl A A L R S kiR

PRI LR — BRI SRS T . U7 AR
TRITU, BRI R BEIR T I R BMARAS b s
e BiR Y O 20, H R/ INAR o B A AT LA B
RIT TR AR Y, BRI R MR A R E A, BAK
ST T 240 B AR 1) SR B AR A R ] A BT, A
T A A IR R B R TR R FE L meAfE
A i g 0 1 e iR A AR I, (HOC T me A i X
Jil A8 S e RS S M B F b . PRI, 2B S BTl
22> m6 ARV g 70 I 68 TER 58 B 0 6 928 4 0 351 )
el , A BT R AR e R B R T AR,
i e B A2 25 T ORBENRYT . RS, R
MITIERE T 24 m6 AR &, 04T T me AW 55 i (oA
B S e A ML B ARG, AR T =R HAT AN ] S
FHIE A RUS BImeAB iR, I & LLRPPRCA AT fiE
P BN G 7 AR BT AR E A ie )

1 MRI57EE

L1 BHR RIS A B S D 2 PR3 B % ( The
Cancer Genome Atlas, TCGA ) ( https://portal.gdc.cancer.
gov/ ) RN K728 08 25 o B Jis 4 B R Bl oo A T
FEHRE ( University of California Santa Cruz Xena, UCSC

N

Xena ) (https://xena.ucsc.edu/ ) T 2Rl i Ji BA 1) 14 5 [
RAZKIE ¥ DUBUE S B . RNA-seqBUIE MG RTEEL
MIEF LR LEAEIEE ( Gene Expression Omnibus, GEO )
(http://www.ncbinlm.nih.gov/geo ) 2k FEHIS 44542
( GSE40419. GSE41271. GSE72094H1GSE126044 ) .
GSE40419%04J 4260, 75 871 i i i g 4L UM 771 R AT AE
LU RNAR LB . GSE41271FIGSE72094 %4
A3 AL 15 1784 FN38 11 il it s g 4 ZUR RN AR 5L
B, ARSERERIIm R A5 B . GSE126044 %45 £ 61
F16 M E/N M ( non-small cell lung cancer, NSCLC )
i3 ZH 2 A RN AR IR B0 R PD - 1 G 2 TR 7 1 N 2515
o BB Tlog, Fe 4 e bRifE LA 3
1.2 m6ABMIEEN 7% | 225335 S B A7 504 Maftools R
BAFE T M TCGANT R BAZ1 241> m6 AZSUVE 45 Y
BEH 2 . K Student t£5 55 HLHTCGAN 95 BA S Al
GSE40419BAF rf Jirgg 2 ZURN AR T 1F 5 ZH 2L 24 Fhm6ARL
I Y 28 TR o T FH B B Cou BT IH 0 AT TE MO AZRK N 7
Film RR B Z [ BEATLEAE 00T, SR R T 2278 B Cox [T ]
SIAT L DA S 5 Wi il Ji i S8 U O I S S B R 3R
Spearmantf AL 3T FH T AT AN [F] me AU i 2 18] (1 FH 5
o
1.3 moABHit A AR | B LR N T
T 2 il 9 R 5 P R 24 m6 AU, 78 V4 1 ) me AR M A5
., f#ifConsensus Cluster Plus REX/ALHEATIE B 8245
B, PG TCGANT R BA S T me AEMFFIE . 8 i GSVA
REDIEATRN AL 04T, {f] “C2Broadset” Y KEGGHE
WAL, MR meAREZ MR Y i, Eid
CIBERSORT M-l AN [F] m6 AR5 (4 S 2 AR LI 7
HHE Charoentong AT 5E), fii FHGSVA RELH1ssGSEAHR
FEA BE PR B & B 43 BT 0 5 i O S i i ) 240 B ) R R
J& . Estimate R0 T 1150 Ml i 6 3 7 R o D O 28
.
L4 AL b IR R A LU e T

HRNEN

www.lungca.org



e i g 2 iR 20224E S A 5254 4 s )

Chin J Lung Cancer, May 2022, Vol.25, No.5

313 -

SHANGHAI OUTDO BIOTECH ( HLugA150CS03) , &
R T AR5 O 7R DA T S e AL AL 7 B o {8 FILRPPRC
Pk (Abcam #ab97505 ) ZMTLRPPRCHYEE FIFRIAKF-,
I3 9% HICD8 ( ZSGB-BIO #ZA-0508 ) FHICD68 ( Abcam
#125212 ) BYFRIRIKF-RIEAL CD8* 4 L B3P T 4t L S 2
Yiif . REAALIT =S A (<30% K145, 30%-60%
H25r, >60% K351 ) xYtaniE (JoFik o, F5HMEN
15, B2, SmEAME 35y ) o AR G4l AT
gy, RIREGEA (043-345r) | A4 (443-543) Al
kAl (653-947)

2.1 i P me MBI R AL MAIE 22 5 TSN A

T 24P meARN AR AT AT, Hp iR oS AR, 21

#1247 m6AM RIER TR
Tab 1 Information of 24 m6A effectors

EBRAS, 12MEHEE (K1) o BATE SRS T m6ARL
TRAEFE LUK E AR . se7Blfili BRI REAS T A 1501
B RAEANTEMCAR N AR A, MK H26.46%, Hrh
ZC3HI3MW F IR i i, W H4%, HIKEKIAA1I429
MIGF2BP1 (E1A) o MM AL, 5 AASMETTLSHI
RBMISIZAS 43 5 5352 U8 ELAVL 1 FIIGF2BP1 ) 2875 i
FHK (P<0.05) (KE1B) . #IIEUER ( copy number
variation, CNV ) MR, CNVAESEAEm6ARI 78
WAETE (1C) , KR TELAVLIFIYTHDC2, KZEEE
FICNVEY HH (El1C) .

T BT m6 AR 5 AE 5% KT L ARk, FRATT 4
SELEE T TCG AR I A5 FIGSE40419BA S Hh i i 41 21
559 55 15 82 (A m6 AU 7 I mRN A A 7K (]
2AFIE2B) o SIEWAHLUHEL, FmAgih I 63
#% (HNRNPA2B1., HNRNPC. IGF2BP1. LRPPRC,

Gene symbol Full name m6A effector
METTL3 N6-adenosine-methyltransferase catalytic subunit Writer
METTL5 rRNA N6-adenosine-methyltransferase METTL5 Writer
METTL14 N6-adenosine-methyltransferase non-catalytic subunit Writer
METTL16 RNA N6-adenosine-methyltransferase METTL16 Writer
WTAP Pre-mRNA-splicing regulator WTAP Writer
RBM15 RNA-binding protein 15 Writer
RBM15B Putative RNA-binding protein 15B Writer
KIAA1429 Protein virilizer homolog Writer
ZC3H13 Zinc finger CCCH domain-containing protein 13 Writer
CBLL1 E3 ubiquitin-protein ligase Hakai Writer
ZCCHC4 rRNA N6-adenosine-methyltransferase ZCCHC4 Writer
FTO Alpha-ketoglutarate-dependent dioxygenase FTO Eraser
ALKBH5 RNA demethylase ALKBH5 Eraser
YTHDF1 YTH domain-containing family protein 1 Reader
YTHDF2 YTH domain-containing family protein 2 Reader
YTHDF3 YTH domain-containing family protein 3 Reader
IGF2BP1 Insulin-like growth factor 2 mRNA-binding protein 1 Reader
HNRNPA2B1 Heterogeneous nuclear ribonucleoproteins A2/B1 Reader
FMR1 Synaptic functional regulator FMR1 Reader
LRPPRC Leucine-rich PPR motif-containing protein, mitochondrial Reader
HNRNPC Heterogeneous nuclear ribonucleoproteins C1/C2 Reader
YTHDC1 YTH domain-containing protein 1 Reader
YTHDC2 YTH domain-containing protein 2 Reader
ELAVL1 ELAV-like protein 1 Reader
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Fig 1 Mutation, co-occurrence analysis and copy number variation of m6A effector in lung adenocarcinoma. A: The mutation frequency of 24 m6A ef-
fectors in 567 patients with LUAD in TCGA-LUAD data sets; B: The co-occurrence of mutations between different m6A effectors; C: CNV of each m6A

effectors. TCGA: The Cancer Genome Atlas; LUAD: Lung adenocarcinoma; CNV: copy number variation.
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Fig 2 Expression of m6A effector in lung adenocarcinoma tissue and adjacent normal tissue. A and B: Heat map for the expression levels of m6A
effectors in LUAD and paired normal lung tissues of TCGA-LUAD cohort (A) and GSE40419 cohort (B); C and D: The expression level of m6A effec-
tors in tumor tissues and paired normal lung tissues of TCGA-LUAD (C) and GSE40419 (D) cohorts. T: tumor; N: normal; ns: no statistical significance;

*P<0.05; **P<0.01; ***P<0.001; ****P<0.000,1.
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Fig 3 The prognostic value of m6A effectors in LUAD. A: The forest plot of the univariate Cox regression analysis of 24 m6A effectors in TCGA-LUAD
cohorts; B-E: The Kaplan-Meier curves of METT5 (B), HNRNPA2B1 (C), HNRNPC (D) and IGF2BP1 (E); F: The forest plot of the multivariate Cox regres-

sion analysis of the clinicopathological characteristics and the above four effectors.
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Fig 5 Survival analysis, enrichment pathway and immune infiltration analysis in distinct m6A modification pattern. A: Survival analyses of three
m6A clusters; B-C: GSVA enrichment analysis in distinct m6A modification patterns; D: The stromal score and immune score of three m6A clusters; E:
Abundance of the infiltration of 28 immune cells in the three m6A clusters. *P<0.05; **P<0.01; ***P<0.001; ****P<0.000,1.
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Fig 6 Correlation analysis of the infiltration of immune cells and each m6A effector. A: Heatmap of the spearman correlation coefficients between
immune cells infiltration and the expression level of m6A effectors; B: Stromal and immune score between LRPPRC high and low expression group; C:
The enrichment score of immune associated signal pathways between LRPPRC high and low expression group; D: The infiltration of immune cells in
LRPPRC high and low expression group; E: The expression level of DCs-related costimulatory factors and adhesion factors on tumor cells with LRPPRC
high or low expression; F: The relative expression level of LRPPRC and response to anti-PD1 immunotherapy of LUAD. ns: no statistical significance;

*P<0.05; **P<0.01; ***P<0.001; ****P<0.000,1.
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Fig 7 Analyses of LRPPRC expression, CD8" cytotoxic T lymphocytes and CD68" macrophages infiltration in TME by immunohistochemistry. A: Im-

munohistochemical staining of LRPPRC, CD8 and CD68 in LUAD tissues (original magnification, x100); B-C: The number of CD8" cytotoxic T lympho-

cytes (B) and CD68" macrophage (C) infiltration per filed was calculated in different group according to LRPPRC expression with 68 LUAD patients.

*P<0.05; **P<0.01; ***P<0.001.
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