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Abstract: Objective Member 1 of nuclear receptor subfamily 4A (NR4A1l or Nur77 /TR3/NGFIB) is a
member of the nuclear receptor superfamily and is expressed as an early response gene that regulates the ex-
pression of multiple target genes. It affects tumor genesis and patient survival, but the correlation between
NR4A1 expressions and the prognosis and immune infiltration in different cancer types is still unclear. ~ Meth-
ods A pan-cancer analysis of NR4Al was performed by TCGA and GEO databases to explore the potential
molecular mechanisms of NR4A1 in the genesis and clinical prognosis of different tumors. It was analyzed in
terms of gene expression, survival status, gene changes, protein phosphorylation, immune infiltration, and re-

lated cellular pathways. Results NR4A1l was low expressed in most tumors and was associated with progno-

sis in cancer patients. The phosphorylation level of NR4A1 S218 was low in lung adenocarcinoma. The expres-
sion of NR4A1 in most cancers was associated with tumor-associated fibroblast infiltration. Furthermore, bind-
ing protein and RNA metabolism-related functions were involved in the mechanism of NR4A1l. Conclusion

NR4A1 expression is statistically correlated with clinical prognosis, protein phosphorylation, immune cell infil-

tration, and tumor mutation load, which helps to understand the role of NR4A1 in tumor genesis from the per-
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spective of clinical tumor samples.
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B2 AR F M AA AU 1(NRAAD ELL TN 12
YR RN 2 R N S 2 Y B Az AR
PG NRAAL 53 F 49 5 kA A8 Ak, 38 5k o B 58 DY) o 4%
XA AN A R PR e SRR )2 S S R s
A NG g A AR T A R A R 0 AR R
W AT IR 2 A AT R A T L K A R [
P RE 218 B v i B R DN A R 3R SR A Ak 2z R A A R 2
S R T A M B W B BIE DS RF NR4AL 5
JEAE Z ] I & L (H H AT & DA 8T NRAAT 2 98 73
Brol F . AW 5% 38 o 96 E JE X 4 [ 3% (the cancer ge-
nome atlas, TCGA) FIJE K 2 ik £ & B4 FE (gene ex-
pression omnibus, GEOQ) , 3828 NR4A1 £ K £ 5
R IA T AL, OF 5 IS R DG 1 . o B
NRAATL 7E 388 5 H B 2 35 5 M9 088 55 v 09 i g A O
JI LT 4 2l IS (cancer-associated fibroblasts, CAFs) [y
KFR, Wz T HE AL — A% NRAAT 76 A7) i3
rh S50 VR B R R 4 T A B A
1 AiE
1.1 RHEFEXRFEM @it TIMER2 (tumor immune
estimation resource,version 2) T.E3Z# TCGA %t
JEH NR4AT 75 A [R5 5E (SRR 52 988 AE S 80 1 IE 3 21
A EREER, i GEPIA2 T.E (gene expres-
sion profiling interactive analysis, version 2) 3 3R 1598
hE 25 GTEx 48 P v A N 1 5 2 21 2 a] % 5k 22
S LR (box plot) . S E : Log2FCeutoff=1,
P-value cutoff =0. 01, B4, if 8 iF GEPIA2 B
NR4AL 7EfT A TCGA i 4 A [R5 B 73 1 1) 3% 1k 0K
SRR E T AR (transcript per million, TPM)
. H Log2(TPM-+ 1) i & /8 NR4A1 B 3£ 3k K-
It 22 il /N BE K (violin plot) . BH ) 3 A 3% 35 /K
J& » M Ualcan #2148 TCGA $¥ & i NR4AT HY 2 1
FRIBAKF . AWM FE B & B (uterine corpus
endometrial carcinoma, UCEC) . fili i & (lung adeno-
carcinoma, LUAD) A S8 HE 4E .

L2 AEfEBUST it GEPIA2 RIUITA TCGA
JEAE 2SR b NR4A1 XF 8 4 £2 ¥ Coverall survival,
OS) FICHG 771 (disease-free survival, DFS) [ 4 77
DURR . EFE G A9 3R IR A DL IX 43 i ik AHE AR R
iE NBE(Cutoff-High=750% ; Cutoff-Low=50%) ., &
BRI R FH Mentel-Cox K 55 , 22 il 5135 K A5 17 53 Bt 14
(Kaplan-Meier H1£%) .

1.3 NRAAD JERZESRIELL  fE#d 28 Fhpmisg , &
i 10967 D AEA K, BT TCGA iz 9 181 35 AT 5%
(TCGA pan cancer atlas studies) & 1f) NR4A1 2L K
AR RFAE SR T TCGA g b NRAAL 1Y 58 745 4
# (alteration frequency) .S (mutation type) LA
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¥ U1K ZE Ak (copy number alteration) 453, b %
TCGA & AE 7 ] ' 47 J6 NR4AT FE B 228 X OS,
DFS. JC # & 4 47 M (progression-free survival, PFS)
TP IR 47 S A A7 R (disease-specific survival, DSS) §
M 25 S B . AR B H A X B Rk P ) Kaplan-Meier
.

1.4 NR4Al HHBERAEL g uniprot B F
Chttps://www. uniprot. org/) £ 3| NR4A1 & H X [/
1D AR5 A F) SMART T H AR 3 2E (25, #
F Ualcan B 45 i e e 09 B R 1k A0 15 S 3R 3B 7K F-
IEKG R B TR LA s A BN B A5 B L,

1.5 GEERZIESNT 76 TIMER2 W45 IRk 55 2 h %
i TCGA Msgirh NRAAL 35 5 G s 1308 i) 6B
EHEN A NRAAL 5 CAFs B 1 A1 C M, B EP-
IC.MCPCOUNTER, XCLL, TIDE %% # 1T % % =
TR VEAL . bRl B 2 A e A R IR R R
P 4l 2 P4 )5 1Y Spearman’s ZEHAH LK 153 P {H
F AH 5 28 X (partial correlation, COR) {H ., #¥E LA
PR RN S B I 2 Ak

1.6 NR4AL MHREREE 2P A STRING £
WA AR XA (NR4AT ;homo sapiens) , B R X &
TS MK R 58 (minimum required interac-
tion score) & H KA F B 0. 150 KK HI A RIR AL H.
TR (0 2 AL 5 R 19 28 1% 4 i de KRB . Al 50
A A E SRR L R TRE S 50 A BRI B UE Y
5 NR4AL 456G 1&E M . FIH GEPIA2 #EA7 A G143
Br.3& F TCGA Al GTEx ¥l 4. ¥ B 5 NR4A1 M
KAERT 100 Ay H P, I A e O 5C 56 [H 5 NR4 AT
PEAT B XT3 B A9 Pearson AH 2& 43 #r. #E B R A
log2 TPM, 43 i} P EAIAHC R B R o MRHG 1 — 2P gk 4%
PR AH DG BT, o AR T 8 i R 5 NRAAT 9 A G P #4
K, N1t — 2D e KR Al ] 52 B A BUET (Venn
diagram) & F& #8% Jvenn K AH MR 100 MRS HEHA
HAER 50 N IEPR AT AL, AL P B A
J£ 317 KEGG (kyoto encyclopedia of genes and ge-
nomes) il # 43 A ¥ 3L H B K L E DAVID
(database for annotation,visualization,and integrated
discovery) , &£ “OFFICIAL_GENE_SYMBOL”
“homo sapiens” 43 5l VE by 5 B AR (R 45 F ) #4645 T
R e R B9 Bl . B e T — b R T 800 20 A R RT A
I TEL -4 (http://www. bioinformatics. com. cn)
2l SO R B R Y GE . Ak, i R T B
77 GO (gene ontoligy) & # 43 #r. X A= ¥y 7% id 72
(biological process., BP) . 40 ffl i% 43 (cellular compo-
nent, CC) #1453 F I B8 (molecular function, MF) i %
P AT AL
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2.1 FEPFFRIRBIE M B NRIAL FEAA
i ff AR MR H AU B R GA BT R 1 PR, AR
ANZEEH K (human protein atlas, HPA) .GTEx #l
i FLsh ¥ 5 B 26 T 68 7 #¢ 5 (function annotation of
the mammalian genome 5, FANTOMS5) % 45 £ 1) 40
ok NRAAL 7EE B AU VB PE AR
e, HRERKEEMEDSX (LE 1a), 4R,
NRAAT 7E J A #5002 (4 21 2 b A 38, s I
HIH B 5. 24081 HPA/Monaco/Schmiedel

a

Score
High

Medium —{

Low

Not -

i A R [R] af 41 P NRAAT mRNA ki, 13
I 28 S A A S M e AR A - IR 22 B PR 40 L (non-clas-
sical monocyte) , 1 8] BL 4% 4l ffl (intermediate mono-
cyte) CULIE 1b) . 55 4, 43 Br B 41 g 25 7 tf NR4A1
mRNA Fk /K0 & B 2 Bl 1 5z 40 B S ¥ L
JL LA NRAAT mRNA JK-FH 58 (LK 1o,
FHIK 3 (peptide atlas) W 3% T BR300 1L 3% 25 A R 4H
AT R AL ARSI B I NRAAL B8 1K, T
AN NRAAL 3 F1R 8050 W 2 v .

Granulocytes
20 W Monocytes
15 W T-cells
W B-cells
10 M Dendritic cells
W NK-cells
5 I Total PBMC
T B e e e
F FFg g Fg g eFFpFesFessFy S
K 8 s & & & «x & N N I S P » ¢ L
F F S S SS S & T T FF & FEF
¢ & & & & ¥ ¢ ¢ ¢ O & F &£ & &
g & & & & & F S £
§F & & S F & F &
¢ T - <&
s &
<= &

/:Eaéﬂé/ux':‘j NR4A1 %E%ﬁﬁ%@%yhﬂ&éﬂﬂ@# NR4A1 mRNA %iiﬁ%%,cié&!ﬂ@
#* NR4A1 mRNA %3k $3E &, 342k 8 HPA.GTEx.FANTOMS5 % F 41 % $ 4 &£ &,

A1

TIMER2 T HAZ4# TCGA ¥4 b NR4A1 %A
FE45 Tl AE h 22 35 R B0 (UL 220, NRAATL 7E JB B IR
% 298 (bladder urothelial carcinoma, BLCA) ¥ I
17 1H % (breast invasive carcinoma, BRCA) . 3k 2 IR
20 8 J% (head and neck squamous cell carcinoma,
HNSC) | "B % BH 40 it % (kidney renal clear cell carci-
noma, KIRC) 5 7L 3k R 41 i1 9 (kidney renal papillary
cell carcinoma, KIRP) | i 4 Jifd i #% (liver hepatocellu-

lar carcinoma, LIHC) | fifi B #% (lung adenocarcinoma.,

H % NRAAL & % 440 /40 50/ ok o o 3048 & &

LUAD) . Jfiii #% J% (lung squamous cell carcinoma,
LUSC) ., F Ik If 98 (thyroid carcinoma, THCA) . T &
P JE J# (uterine corpus endometrial carcinoma,
UCEC) 41 21 i 235 7K F B 358 T 1E 3 X 4L ( P <
0.001),

Ja8ts TCGA 5 GTEx Bl Wk A #4773 b7 » #b
Ft GTEx £l 5 1 1F % 41 2U4E oy % B F — 20 37 Ak
NR4ATL 78 20 #8410 LA H L5 Cacute myeloid leuke-
mia, LAML) . UP 85 3¢ W P % B % (ovarian serous cys-
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tadenocarcinoma, OV) , 2 I J# (testicular germ cell
tumors, TGCT) , i B8 (thymoma, THYM) i 1E % 21
SURERE S R IK 2257 (P <<0.01), W 2b, XF
T R Kz 9 Cadrenocortical carcinoma, ACC) .| ¥R
B K B 4k B 988 (lymphoid neoplasm diffuse
large B-cell lymphoma, DLBC) ., fixi {5k 2% 51 Ji& i Jad
(brain lower grade glioma, LGG) ., [ ¥ (sarcoma,
SARC) AT 13 8 i F Mk 22 5+

& TCGA dataset

NR4A1 B & {7 LUAD UCEC 48Uy ks
FIEHHALICP <0.00D), WWHE 2¢, FoATA W3
NR4A1 5 BLCA . ‘& %3 g 375 0 I 5% (cervical squamous
cell carcinoma and endocervical adenocarcinoma,
CESC) . "B i 4 40 ifeJ8 (kidney chromophobe, KICH) |
TGCT.UCEC Jii #7347 56 ( P ¥<C0. 05), LA 2d,
HAb i iE 5 2 TR,

a

NR4A1 Expression Level (log2 TPM)

=1 g
i 2
i ks

Exprossion g, (TP 1)

o ousc L
(oum(Ty=7T, nuendb)=125) [ (Tped? (=337} T} TS, cum{Nj=T0)

C CPTAC dataset

Pratein expression of NR4A1 (z-valug)

d TCGA dataset

e
{UmiTI=S 1B, pumihy=207)

o sarc TeCT T
({7423, rum{N}=a3) {oum{TI=26, purmibl)=2} {0umiTI=13T, nueribl=155) Coum{Ty= 118, (=335}

BLCA

NR4A1 expression
Log2(TPh+1)

NR4A1 expression
Log2(TPM#1)
24 s

. ii

a7 NRAALD AR 8 sbe e s EA Py R £ HR, x P<0.05; * x P<{0.01; % x x P <C0.001;
b: TCGA # ACC.DLBC.LAML.LGG.OV.SARC,TGCT.THYM, L GTEx ¥ # ki i % 4 £ % % B f7
x* P<{0.001;c:LUAD.UCEC E¥ AL 5 R L EREAL + NRIAL K ZR G R I X F . EHELH,
x % x P <C0,001;d: 4 # BLCA,CESC.KICH,KIRC,TGCT . UCEC * & i # 4 i #7 % 3%k X F,
F H Log2(TPM+1) 4 3t # 45 R,
B2 NRAAI HAEAEFE M H G E 2 F KA KT
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2.2 HEFEURESHT MR NR4AT kKP4 B
KI5y M F R AR A A . W 3a iR, m £k
NR4A1 5 KICH( P =0. 027) .KIRC( P =0. 009) &
EHEARA X, NR4AL HELFEKILE STAD R R
OSHFK(P =0.011), DFS Zr#r%udis 8w (WLE 3b),

Overall Survival

FNSGO0000123358 16
!

Percent survival
0z 84 06 08 10

o
Months
Disease Free Survival

ENSGO0000123358 19

(NRAAT)

V3 TCGA % F R B 89 B 4 7 ] () F1 T 7% 4 % 31 (b) # 47 NRAAT £ B % 3 24 . 2 # Kaplan Meier # 2 .
B3 TCGA % NR4Al Rk S HEAEFRE % &

2.3 FEHAEFIPHT LA NR4AT P88k £ AR F K
AU ACC % 9E B % NRAAT K& A M 728 45 5 o i (>
5%), UCEC DI NR4A1 % 28 g 3=, Ho g 28 4 R >
3%, HAFEENRE, ERWE KA 1% LGG 4K
Z RS NRAAL $5 DKLk (WAL 4a) , i —20 R
NRAAT 845748 5 (9 SRR 5 (UL 4b) , TR AT & 2R
NRAAL B LR AF 2 R E WG B R KR, £ 1 4
UCEC.1 il COAD. 1 i LUAD ¥ i rp 4 I 11 C4 Y
BEAE 45 My B P X292 splice REH% i NR4A1 FE[H 292
SRR, Z)E. BT NR4AT HH
AR 5 A [ 28 7R g i A8 A I R TS =2 ) TR AE B R
570 NRAAL JE PR 0428 (9995 61 40 LE , NR4AL B J5
LUAD B ) OSCP =0. 174) ,PFS( P =0. 846)
DFS( P =0.304) .DSS( P =0. 431)JC i & A & (WL K
4e),

2.4 HEABRMASN K Sa LR NR4AL HEH
GER B R B, Wit CPTAC 3R 4, I # I  4
25 T8 % bR 20 20 b NRAAL B R £k K S 19 28 4k, 54
45 NR4AL W B2 Ak 7K F & AR I35 M 22 5 09 i 26
Al LUAD., LUAD @2 rh S218 i 55 b 82 fb K A%
FIEHALCP <<0.001), WA 5b, X —WEL4s G H
13— 0 o R, DL tE— 25 ) NR4ATL 2 1k

KICH 5 DFS Joc W #fi 4 ¢ ( P = 0. 085), KIRC 11y
NR4A1 ik DFS Hil5 AN RAFZEA G, A8
L EFEIAN NR4AL 5 THCA Bk OS Wil G 24 %,
EHEI N 5% DES S B4 C 1,

— Low
— High

FE b9 A R IS EVE

2.5 PRI HT M FH BLCA,BRCA,HNSC
(f34% HNSC+ HPV-) \KIRP,LUSC,MESO,STAD,
UCS £ F i o NRAAT B9 32 15 5 Iiss A1 G Al £F 4k 41
JH 432 3 B IE AR G, i AE TGCT & B A 5¢ (L A
6a), TEIL O b i g v — b B30 7 A 1 A DG
BOS EE AR R LE 6b) .

2.6 NRAAL ML H W& £ 40 8% i E b
NRAAL # 45 A H UL &S NRAAT KM LA,
SRJE FHEAT — R Y0 B% & R4 BT, BE T STRING, 3t
g 50 M LI EEM 5 NR1AL Zi & & M. K
Ta bR T X SE (A AH EAE M 4. Fl ] GEPIA2
& TCGA B4l P k17 M e M40 B, JF RS
NR4AT FEHERT 100 EEF . NR4AL R KKFH
CSRNP1(R =0.72) ,ATF3(R =0.7) ,NR4A3(R =
0.67) . ZFP36( R =0. 66) .CYR61( R =0. 64) [ £ ik
K RIEMELE 7b) . #ERR ILE 7o), FE48 K
ZRIEIE 2B R  NRAAL 5 FRFEP OEAH G,
— i 3 L B A M Toplo0 JE 5 & A HAER
50 AN Fk PR H 52 4 O o ik 2 AN SR ) R (SMAD7 .
MIDN) (WL 7d) .
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Ao o Musien ® Fisn ® Ampliicaion  ® Geep Celesin b RefSeq: NM_002135
NR4A1  Ensembl: ENST00000243050
CCDS: CODS8818
UniProt: NRAAT_HUMAN
UCEC(n=1)
s X292_splice COAD(n=1)
s LUAD{n=1}
¢
; '
i

s, Logrank Test P-alue: 174 s _ogrark Teate Vans: 0845 . Logaank Test P Value: 0421
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" e W rpzezp e

P il %

-
- Pon i L

i e,
I 9 §an S o oo
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.
A UAD 5

HBERTERER@OARLTMAMOEEAE, BT H NRIAT R EAF Ry XL
(X292_spilice) , % £ & L & 5§ LUAD # OS.PFS.DFS.DSS 2 [&] #y i# 72 48 % 1,
B4 TCGA #F R & NR4AL & 7 %A

i
P=1.79e-05
a 5218 b T
. @ 4 —_
— LuaD¥ = !
Low complexity region § ‘@ 34 H !
| B2 i
| e
{ HoLI am ] ]
g — e
T ‘ 2 7
=
i . i m «0 500 [n 5218
-4

Kormal Fimary tum
ir=102) =111

F i NRIAT BB E A28 MAVEEH AL B ER AL M PN RE KT, BEA
HEMETERETBRMMLAMLE, LUAD Z& S218 8 8 bk % (b)),
H 5 NR4AL & & 85 L9 47

Frty e aeaaci A PR rabine_EFIE
< . R

o

o
XCELL
TIoE

W]
MEPCOUNTER

BRCA-Basal (r=151]
BRGA-Har2 11=£2)
BACA-Luri (r=563]
BRCA-LumS (n=210)
CESC (n-306}
ctir
e i
bt g

ESCA [r=185]

CBM (n=1£3]

FHSC H (1 8]

NR4AL Expression Level (32 TPM)

NRSAL Expression Lewe! (1ag2 TP}

HHAAL Expression Level (o2 TP

wio 02 0.

n o = TRt
Purity Infilralion Level
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Infitration Level

Pty Erabiagt B

il Concm vsso oA b TOE

Level flog2 1#4)

NRSAL Exgressan Leve flng2 TPM)

T o e e ok a3 W I

NR2AL Expression Level lizg2 TPMI

KICH B8] X p>005 Furity Infiration Level Infllration Level
G (=555
) o o S TR bl TOE |
P ) W00 - 7
e
GG 570 -

[

T Partial_Cor
1~
OV {v-306] 0
a7 L
PGPG (r=161)
PRAD [r=456]
READ [r=166) -
SARC (=260 -
SKCM [n=4T1}
SHOM Metsstzsis [n-368]
kOB [=t10)
I ———
THCA (n=506)
THVM (= 120) T
UEC (re515) Furity

U 57,

R R 8 8 R 39 TOGA 4 % B b NRAAT 35 B B % o A P 5 4 4 4
RAEMPRERFZPEEEEXE, ARFE@BEXERAEbG LR,
B 6 NR4AL K3k G fF 5 A0 K R A 4 20 8 % % 32 IR 2 18 B9 A % 1 0 A

=3

o

KRAAL Excression Level {log2 TPM)
RS Expreseien Level llog2 TR

NR4a1 Fxpression

vl 2k o huals a w2 01 e w3 0ds  1oec: e oz 5 EEC
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interacted

SMAD7
MIDN

A STRING T HKR T I A LH 5 T8 NR4AL £ 4% A (a), TCGA JUE ¥ # 4 71 100
£y SND1 A1 % 2 H (b), 3 M T NR4AL 5 Frc &m0y R kA0 % 1, 24 4
AR Hy A E (o), A SND1 454 2 F fodd X £ H#4T T X X (D,
K 7 NR4AL 48 % & F 7 %

R WA R AR AT KEGG 1 GO &40 8a). GO &Mt — B R, X HFN K ZH Y
Br. KEGG $45£ W, NR4AL 7EJAE WAL H i /E RNA REH 53 FR S EEA ¢ I A R Z 8N
A RS ORI &R E 5 1% F & 12 (thyroid hormone  #t =W EMAEMMAZ L, A FEESLSEARN ST
signaling pathway) . AZEWE T I B 40 i 25 1 YRR Jige (WL 8b),
(HTLV-1 infection) . MAPK f{f 5 il i 45 56 (UL [&]

a Colorectal cancer - . b b
a0 == CC
"] - N
Thyraid hormane signaling pathway < £ 2
-log10(pvalue) G0
TNF signaling pathway = L B
75 i
10 a%
Epsiein-Barr virus infection - ® 65 g
6.0 ZAN
Osteoclast differentiation - ® 55
0
Hepatitis 8- & count
L
FoxO signaling pathway - ® L
® =
HTLV-linfection- @) : i
16

Viral carcinogenesis- @

MAPK signaling pathway <l
é 3 é 1,1 1,3 Gl CROCESS Caflular component. Molecular nction
Fold enrichment
L ARAE NRIAL 456 fodd B AE A 69 2 B, # 4T 7 KEGG # % 247 (a) f1 GO 247 (b)),
8 NR4Al KEGG & & 44 #0 GO 441

3 Wit S7e - S PN L N S 7 8 P s e et i (190 P N i el R ]

W KGR Sk, TN A K R B AR A NRAAT FE R PEAT 8 R 4 i A I 20 . R AT A F R
XF NR4AL #EATIZ I 4 Hr ) SCER . BRI, A AL T NRAATD 70 40 2L RNE A 2L Rk m (R, (B2
TCGA.CPTAC Ml GEO 45 p 5t i IR TCGA K5 78 b 58 6y i Bl A0 4B 1F # X 1R w8 55 41
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AU EEZ MR, i ACC.DLBC %, i LI¥% TCGA 5
GTEx(genotype-tissue expression) & FE Bt & 4T 5
Br. Ualecan 10 — A~ 4 T 1 38 B 20 W 46 88 050, &
fi138 & 177 7 B 35 Chttp://ualcan. path. uab. edu/in-
dex. htmD 4 #7585 5E Omics ZHE , i A R BF 57 E % Xt
Il PR 2 5T 2H 985 43 B Bk 9 (clinical proteomic tumor
analysis consortium, CPTAC) #ff 1A/ & B 1) 5 P8 &
1138 H B R 38 404
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