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Abstract

Objective To investigate the correlation between regulator of G protein signaling 22 (RGS22) and immune cell infiltration in
lung adenocarcinoma (LUAD) through bioinformatics analysis, it is to identify novel potential biomarkers for auxiliary diagnosis
and therapy. Methods Gene expression data and relevant clinical data were downloaded from The Cancer Genome Atlas (TCGA)
database to analyze the correlation between RGS22 expression and tumor immune cell infiltration in LUAD. In addition, external
validation in an independent cohort was performed using public datasets from the Gene Expression Omnibus (GEO). Results
The study found that RGS22 was downregulated in LUAD tumor tissues, which was associated with shorter overall survival in
patients. This results were validated in both the TCGA cohort (n = 527, P = 0.004) and the GEO cohort (n =398, P =3.01x10).
The expression of RGS22 was positively correlated with the infiltration levels of various immune cells, including dendritic cells
and CD4" T cells. Therefore, these findings revealed that RGS22 influences the prognosis of LUAD by affecting the infiltration
levels of immune cells. Conclusion RGS22 maybe become a new biomarker for the early diagnosis and prognosis of LUAD.
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Hi: @il AmE Bt G & AE S SR T 22 (regulatory of G protein signaling 22, RGS22) 7 fili i)
(lung adenocarcinoma, LUAD) 15 &4 fiRiE (A SCHE, SR IAHBISI . WITINEEEMREY . Hik: @
AR K 2 1% (The cancer genome atlas, TCGA) (3 i T 2 = PR 2 1 oHfs AUAH S IR %, 23 #r LUAD H RGS22
HIZRIE 5 R e R I A A A ot . IR BIFERIFTRIZIL SR (Gene Expression Omnibus, GEO) AJLHIRE & Tl
SERABI I AMERIIE . 259 1ZF 50 R I, RGS22 7E LUAD MR 4P kR, H5 B ERE RS EA MK, 1245
fE TCGA B\ (n=527, P=0.004) F1 GEO A% (n =398, P=3.01x10°) H¥REILIE. RGS22 Fik G5 FMRAM
M. CDA4+T 4552 P e B A IR IE K F 2 IEA DG, Bk, 45 RIER T RGS22 18 i i Hh ad ik ot 40 9% 4t M 2 1)
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s o LR R e FAERIIE B L WAE. AT B TCANURE, HRGS227ELUAD
[1-4]. o SRR p O T M S, BRI PRI i BOR A A7 ST T A, 35 e 50 405 20
106.06 /5 1/4F, BET- 41 RT3 335 BIAE, SIEALFRIG, M HERERIMISEMEREAT T 2T ib A4, I FI GEO /A Fe K i 45
Ji#sE (Lung Adenocarcinoma, LUAD) /R ]20% [5]. A1, BEAT T AMERESAIE o
ST b B LUAD [ 5305 17 2 436 TS 549
oy, TR, 2 -2 PR (cancer-testis antigen, = N
CTA) CLEIES SRR A & B TR, Wi 2 MRS 5%

B IGIT B AEHEFR[6-8] . CTAIlG PR IREE B 4k P T4 i .

TR I — ST [9-13]. MAGEAREE 2.1, BHERIES TisLE

HHYRIAICTA, E\H*%}?L@%ﬁ&%&‘/ﬁﬁﬁﬁ%ﬁig TCGALUAD BLAIft RNA-seq %63k S0 2 L&

[1_4]° ,GEE 5 S IR 22 LREQUIat(lOf G-Protein o 14 334 R/Bioconductor 1 TCGAbiolinks (v2.34.0)

Signaling 22, RGS22) IR T CTASOR, IERRIR TRy Gpciy g, A00si 3 ASa0I A A RS9l

S DR S, (EELE STURRE T R 3k, RS S5 e s (o g o
: o ‘ SEIEMREAR, HLpsa il B FIN R AL T B B i —

SRR S i3 . RGS22AELUADHIIRIEGTUG I o000 spein vt k25319 (Overall Survival, 0S) £2 B4

CF, SRR R AL, MBS R e A 950 Ja st
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JEE 3R HX A 35 56 IE B3 55 GSET72094, % A %71 1 5 398 15l
LUAD B3 IR 21 R A1 Je b AR AR Vi (5 .. 1208
Iy M 2R IAEEEE T UCSCXenaToolsfl M\UCSC Xena
SFHEIREC. AN IE SR SE GSET2094 @ik GEOquery
.
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D58 X L X FE A 1 i 5 1E 5 4121 18] RGS22 2%
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151 PR ASE R P Aty o (B8 V= ) s 2 A4t o P A 0T = S i 42
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Z PR 2 Cox b XU TR AR F T T AU B (HRD B2 95%
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IR V43 FE T A0 22 (R A B AR 3B B VA T B, A DG A 4y
MR A Spearman FEAHZC R %L, 4l FE R IE S5 1 A 9% 75 4
B ppeor ELSEHL. FrA AL NS, P< 0.05 8%
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2 P RS AT T VR AL ) EE A . @ AR G s 4R
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RGS227E 15 Fft v S B 45 12 . 25 1 R iR, v it e
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MR RNRE, GiiE (COAD,P=3.22x1012) | f§F
Bt PR % b Rz g (BLCA, P = 9.25x10712) I i 41 fi it s
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B 1 RGS22 mRNA ££ 21 #' TCGA J i (¥ MO 4 23 5 I W 2P I RIA /KT BB Dt AR MR 4L, IR R R IE w4+
P<0.05, **P<0.01, ***P<0.001 (Wilcoxon FAHIKL) .
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3.2. RGS2Z £ LUAD A A T REEE H, RULE T EFRIEPG RS R . fEIERCX HLER
o, MR ARGS22FIAH AL (logz (TPM + 1) = 0.523)

FEAR
BOEH A (1.713) FERZ169%, 5 BA mESi%E L
TCGA-LUAD B\ 1 2 I F 4 46 2% L3R 15 599 FE AR (P=7.09 <10%°) , 58X B X LA 1) 43 AT [A) FEIESE T 1%
(540 fhyg . SO IEH D , Hrhs8fl At THIXH 3 (P=4.82x107°) , By T AR S R ITHE.
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El2UIR & B B 20 T Bk 72 7 o AERC 20 r i CELA) , RGS224E 1E # 2 2R b (1 ik B i FE R (SD = 1.054),
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K 2 RGS22 7£ LUAD MR 20 5 1B AR fIRIEK . (A) 540 FIIRE S 59 Bl 1E & FEAR R AERE XS LA (B) 58 L X #EAS ) R IA X
th, HELREFR—EH.

AR B MR RIEA (n=77) FURRIEYL (n=

3.3. RGS22 {KFiX5 LUAD BEAEW)EHHE 450 . Kaplan-Meier/p#r (B3) &R, KKIXALEFHN

S ST T ERIEH (Log-Rank P =0.0038) . Cox [A]

VA HT B PELRSE T8 T2, DLIESEAS B4 N\ B[R] &K Ay

FES27H BAT e B OSEUR M IRt Ak (BETHAF= iF, RGS224: 1 1/ Mogo #A7 , FET KUK B (% 2922% (HR

188, FAkE V2220 H) » R BRKIEBRRGITEXEME = 0.781, 95% CI: 0.634-0.963, P = 0.021) . LI AEakbiE
RGS223 1A 1) 7 4H kT {E M logz (TPM+ 1) = 1.481.
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G, (RRIBHMIET R A mFRIEHRI2.14 5 (HR
=2.142,95% Cl: 1.263-3.633, P = 0.005) . £ [k % Coxi#
RGN T HRIFRAICC/ AR T IE (n=399) , RGS22
A1 eHAR B RN A TR (HR=1.698,P=0.083) , X5

A IENLUAD TR £ 3 B 0 S RA R & o 11 3
(HR =2.527,P <0.001) FllII-IV ] (HR=4.417,P<0.001)
ENBOL A R TG R .

F 2RGS22 5 LUAD &AM Cox LA RS BV 44T

i ZE HR 95% CI P

o RGS22 CGE4LAE) 0.781 0.634-0.963 0.021
RGS22 Low vs. High 2.142 1.263-3.633 0.005
RGS22 Low vs. High 1.698 0.934-3.086 0.083
T 1.086 0.765-1.543 0.643

FEE Stage II 2.527 1.744-3.660 <.001
Stage [II-1V 4.417 2.306-8.462 <.001

a KIEASE: %], AJCC WHAH (n=399) .
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B 3 TCGA-LUAD BA%Jsf RGS22 m/ KR IAAR Kaplan-Meier i A7 2k . 43 2HEMHE & Kig FHS T EIEHE (log (TPM +

1)=1.481) , Log-Rank P=0.0038.

3.4. RGS22 RiE 5L MR IE %R 4 =+
B EIEMER

R RGS227E i 8 o S5 A 52 vh BRI AE A1 B, A0y
HT X 54011 IR FEASTHEL 1 7S Fh 2 B G e 4 M (1R VR 47
H5 RGS22%IE AT T Spearmantfl /b, 45 BT %
3. RGS22KIE L H S IR MR I A i N B3 (r=
0.321,P<0.001), H:X NCDA4+ T4 (r=0.252, P <0.001)
MEWEAHML (r=0.175,P<0.001) . 4#B/SH0 4 5% 40 i )
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A R AR (logz (TPM + 1) = 1.481) ¥

B o 4 U 2 7Y rs P o X N
H o NRMERIE WG, L7 b G 2 20 i Y 2 ) o140 ik

CDS8+ T 4iiff -0.105 0.015 17T A (Wilcoxon FRFIEES) o F4IH T 2 7k 3|

SR e ST ] C =
CD4+ T 4l 0.252 <001 éfﬁfwi%kﬁ’]%ﬂlﬂéﬂiﬂ@ﬂ]@ - HERAH C H%AM“. P=5.88
N =x10°%; EA: P =149 x<10°%) FIIORAMME GEALE:

LA 0.175 <001 P=220x1075; #iEZA: P=252x105) [ZHIAIZERR 5

Hh R4 0.165 <.001 H, EERIEHRNRIE 3 TR A . CD8+THHRAENT

WOk AT 0321 <001 ALV oy BT (P = 0043) , HERRGS22 R Al
Jei T CD8+T 4L ) B AR LA ALK

R 4 RGS22 F/IRER LM ) 2 57 5 3% s gAY (P<0.05) .

G FE 4 i T R High H%{H Low #¥{E P JiH

RERAnA (FEES) 0.9166 0.8861 5.88 x 107 High > Low

JEXR4Hf GRS 0.7668 0.7254 1.49 x 103 High > Low

PRGN GBS 0.9159 0.8979 2.29 x 107 High > Low

PIORAN (FEAD 0.7913 0.7607 2.52 x 107 High > Low

SR vl ol 0.7464 0.7258 2.52 % 1073 High > Low

B 4 (naive) 0.8413 0.8258 8.50 x 1073 High > Low

CD4 itfZ T 4 (FREE) 0.8474 0.8348 0.011 High > Low

CD8+T #Hfig 0.8075 0.8276 0.043 Low > High

M2 B 0.9336 0.9194 0.045 High > Low

3.5. RGS22 RIEE4RBHMIFCYN RS
Bl

Nt e IR RGS225 %% H i 4 i sV #  [8] fr)
I, ARHTIEEL T 167 S 40 fR S A 15440 C 8 ST 1 A
IR, 2R EHE RGS22f(Spearmantfx &4 (R
BEIE R Al EASIE G ) « 454 bric R, 414
(75.9%) TERFZIEZAMF FIAEIP <0.05, 384 (70.4%)
SA IR GRS 2 B E . REHIH T 54k
R R AR JE R K HAH 56 R B

RN bRICHE R CD1C (r=0.439, P <0.001)
THBD (r=0.308,P <0.001) 5 RGS22FIAHIIEA <IN
sRFl, Rtk gE AR C 2R CCR7 (r=0.380, P < 0.001)
1 CEACAMS (r=0.340,P < 0.001) 7R 5 I 5% 1FAH 5%
M2 E G2 1) =AM bric 25 K (MS4A4A: r=0.251; CD163:
r=0.198; VSIG4: r=0.163) 5 RGS221EAH5%. HARR
i CNKD 4i i 1 KIR 32 #& 52 ) 52 B0 67 41 5% 8 34

(KIR3DL3: r =-0.191; KIR2DL4: r=-0.179) , 4liJFK:IE
JE N — bR . T AR SR AR, GZMBY
RGS22 41 AH 56 (r =-0.156) , £ 1F J& BE N2 2 (ragy = -0.312);
M TIM-3/HAVCR2 (r=0.185) 1 CTLA4 (r=0.156) |
HEIEAE,

R 5 RGS22 5iRTi il e 4N bR L KR ¥ Spearman AHIE /34T

RIZIE
il 1S PricEH
rs

B Cell

CD19 0.193
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REIE SRR
kA PRic R
rs P radj P

CD79A 0.126 0.004 0.065 0.130

CD3E 0.160 <.001 0.124 0.004
T Cell (general)

CD2 0.176 <.001 0.150 <.001

CD8A 0.073 0.089 -0.019 0.662
CD8+ T Cell

PTPRC 0.331 <.001 0.347 <.001

CD86 0.214 <.001 0.184 <.001
Monocyte

CSFIR 0.238 <.001 0.212 <.001

NOS2 0.073 0.089 0.056 0.197
M1 Macrophage

IRF5 0.110 0.010 0.079 0.068

CD163 0.198 <.001 0.168 <.001
M2 Macrophage VSIG4 0.163 <.001 0.131 0.002

MS4A4A 0.251 <.001 0.227 <.001

CD68 0.095 0.027 0.073 0.091
TAM IL10 0.245 <.001 0.219 <.001

CCL2 0.136 0.002 0.105 0.015

CEACAMS 0.340 <.001 0.343 <.001
Neutrophil

CCR7 0.380 <.001 0.408 <.001

KIR2DL4 -0.179 <.001 -0.263 <.001
NK Cell

KIR3DL3 -0.191 <.001 -0.216 <.001

CD1C 0.439 <.001 0.428 <.001
Dendritic Cell THBD 0.308 <.001 0.298 <.001

ITGAX 0.199 <.001 0.167 <.001

TBX21 0.142 <.001 0.091 0.035
Thl

STAT4 0.269 <.001 0.247 <.001

GATA3 0.165 <.001 0.129 0.003
Th2 STATSA 0.240 <.001 0.215 <.001

STAT6 0.127 0.003 0.137 0.001

FOXP3 0.104 0.016 0.039 0.361

CCR8 0.213 <.001 0.184 <.001
Treg

TGFBI1 0.151 <.001 0.118 0.006

STATSB 0.171 <.001 0.158 <.001

PDCD1 0.003 0.935 -0.119 0.006

CTLA4 0.156 <.001 0.111 0.010
T Cell Exhaustion LAG3 -0.072 0.094 -0.187 <.001

HAVCR2 0.185 <.001 0.149 <.001

GZMB -0.156 <.001 -0.312 <.001

292


http://www.sciencepg.com/journal/sr

Science Research

http://www.sciencepg.com/journal/sr

R RE S P 7 IR 2H RN E S 4H 2R e b 4 R Gt
N GEPIAZ ) Hit— P15 B EHE. /e A2, B4l
Midric CD19 (r=0.193,P<0.001) . HZ4iMibric.CD86
(r=0.214,P<0.001) 1 CSF1R (r=0.238,P<0.001) .
PLE M2E R4 ubric CD163 (r = 0.198, P < 0.001) Al
MS4A4A (r=0.251,P <0.001) ¥ 5 RGS22i% 3 1IEM .

3.6. GEO JhLPBAFIXF RGS22 T J5 #H1E I AP
IAE

R FIR RIS G T EE M, A0HTE GEO
BAEEEGSET2094 Hh HEAT T MSTEGE . iZBABIGI N 39843

BA e8RS R LUAD S (JET-H4E: 11361,
BT HBEHIFG (GPL15048) Ha 3k R ik . DLk Kik %
FRGETH B IEM 8 R W B N mRIEH (n=
191) FMIREIEH (n=207) J5, Kaplan-Meier/#1 (E4)

Ao 2 P 2H TR v O 3 U AE A7 £ 5 (Log-Rank P =
3.01x10%) . FKFE Cox[alHit— &l T RGS22[1){x%
PN BRI — AR R IAE, T AR PR KL
29% (HR =0.714, P =0.005) . %% F 124N J7 1A Al bk 2
PEAKCEY S TCGARFI—3L, A1t T RGS22/E%
E1EN LUAD R UFTG b S S5 18

F 6 RGS22 TG E WS EE A I8 IE V& .

Log-Rank P Cox HR pap
0.004 0.781 mRIE = WEL
3.01x 106 0.714 fmEIE = HUELE

RGS22 Expression
= High
— Low

Log-rank P = 3.01e-06

High:

n=191, Low: n =207
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&l 4 GSE72094 Sh 7 BAFI o RGS22 /KR IAL K] Kaplan-Meier A7 M2k . Log-Rank P=3.01x10C,

Bk Fa n HH%
TCGA-LUAD RNA-seq 527 188
GSE72094 TR 398 113
1.00 ¥
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it A2 A I LA PR, 7 I A AT A
R Ay, Rl RiayT, KR AR R g e
H IS R . AT R T TCGA-LUADEE, R4tk
PPl 7 RGS227E ifi i Hh IR IBRHIE « TJm B Uiz
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Z RG22 B KI5 (TCGA: Log- Rank P =0.004;
GSE72094: P =3.01<10) . 7E4 &2 {H 21, RGS22%K 1A
5 R g an i ) Bt N D) (r=0.321) , $2/R"RGS22
AT RES 5P la 2 A RV 0% JE 2 K% . CD4+T 4
Mg (r=0.252) fil B 40 (r=0.163) FIIEFSME, DL
KMEYIE AR GZMBRIFAEIK (r = -0.156; 4R
B r=-0.312) , AR —Fh G B 5 #Ev8 I A7 RO
BERRAE . M2 EEST iU AR 4 (CD163. VSIG4. MS4A4A)
Y I AH QAT g S Wi T B 2 0ok 1 ik e A OC D 41 e
RGS22Z M|V AEIE R, ZHLHIA D Re SLIG IR UE . 2
IR 2 Cox B R AE RS IE 4) 15 , RGS22 R0 FE 9 25 3 2 7K
P (P=0.083) , X NRGS221F NI )5 K 74 Ffidk—
BRI

AT FLARDT T il e A B RG S22 (1) R 1A 5 Ha s
RIS, KINRGS22 )31k 55 il Ji e A 858 o i Rg 12
TR MR IEACEF VI C, 5B, CDA+T4HE
S B IO . RTRGS22 5 i g 525 12 4H it b & 0 R A 5%
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