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Abstract: Objective To explore the expression patterns, prognostic implications, and biological role of leukotriene B4 receptor
(LTB4R) in patients with acute myeloid leukemia (AML). Methods We collected the data of mRNA expression levels and
clinical information of patients with AML from The Cancer Genome Atlas (TCGA) and Gene Expression Omnibus (GEO)
database for mRNA expression analyses, survival analyses, Cox regression analyses and correlation analyses using R studio to
assess the expression patterns and prognostic value of LTB4R. The correlation of LTB4R expression levels with clinical
characteristics of the patients were analyzed using UALCAN. The co-expressed genes LTB4R were screened from Linkedomics
and subjected to functional enrichment analysis. A protein-protein interaction network was constructed using STRING. GSEA
analyses of the differentially expressed genes (DEGs) were performed based on datasets from TCGA-LAML stratified by
LTB4R expression level. We also collected peripheral blood mononuclear cells (PBMCs) from AML patients and healthy donors
for examination of the mRNA expression levels of LTB4R and immune checkpoint genes using qRT-PCR. We also examined
serum LTB4R protein levels in the patients using ELISA. Results The mRNA expression level of LTB4R was significantly
increased in AML patients (4.898+1.220 vs 2.252+0.215, P<0.001), and an elevated LTB4R expression level was correlated with a
poor overall survival (OS) of the patients (P=0.004, HR=1.74). LTB4R was identified as an independent prognostic factor for OS
(P=0.019, HR=1.66) and was associated with FAB subtypes, cytogenetic risk, karyotype abnormalities and NPM1 mutations.
The co-expressed genes of LTB4R were enriched in the functional pathways closely associated with AML leukemogenesis,
including neutrophil inflammation, lymphocyte activation, signal transduction, and metabolism. The DEGs were enriched in
differentiation, activation of immune cells, and cytokine signaling. Examination of the clinical serum samples also
demonstrated significantly increased expressions of LTB4R mRNA (P=0.044) and protein (P=0.008) in AML patients, and LTB4R
mRNA expression was positively correlated with the
expression of the immune checkpoint HAVCR2 (=
0.466, P=0.040). Conclusion LTB4R can serve as a
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Fig.1 Expression patterns and prognostic implications of LTB4R. A: LTB4R expression profile in pan-cancer from TCGA. LTB4R
mRNA levels were analyzed in RNA-Seq datasets from TCGA and GTEx. Transcriptional levels were normalized by log2(TPM+1).
Mann-Whitney U test was used to compare the expression levels between tumors and normal tissues, with error bars indicating
median values+IQR. The gray dot line represents the median mRNA level in AML and normal samples. B: Prognostic Kaplan-
Meier (KM) curve of LTB4R in TCGA-LAML (n=140). C: Prognostic value of LTB4R in the AML CG (1999-2003) cohort (n=79,
GSE12417- GPL97) analyzed by the PrognoScan platform. D: Prognostic prediction accuracy of LTB4R evaluated by TimeROC
analysis. TPM: Transcription per thousand bases per million maps read; IQR: Quartile; OS: Overall survival; HR: Hazard ratio; CI:
Confidence interval; ROC: Subject work characteristic curve; AUC: Area under the curve; *P<0.05.
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A Univariate COX regression
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B Multivariate COX regression
Characteristics 7 HR (95% CI) P value
Age 140 :
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Fig.2 Prognostic capacity of LTB4R in TCGA-LAML dataset. A: Univariate Cox regression analysis of prognostic risk factors

in the TCGA-LAML cohort. B: Multivariate Cox regression analysis. Forest plots were generated from the "forestplot" R

package.
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Tab.1 Clinical characteristics of AML patients in TCGA-AML

Characteristic Low expression of LTB4R High expression of LTB4R P
n 75 76
Cytogenetic risk, n (%) <0.001
Favorable 26 (17.4%) 5(3.4%)
Intermediate 29 (19.5%) 53 (35.6%)
Poor 19 (12.8%) 17 (11.4%)
FAB classifications, n (%) <0.001
MO 8(5.3%) 7 (4.7%)
M1 13 (8.7%) 22 (14.7%)
M2 23 (15.3%) 15 (10%)
M3 14 (9.3%) 1(0.7%)
M4 11 (7.3%) 18 (12%)
M5 2 (1.3%) 13 (8.7%)
M6 2 (1.3%) 0 (0%)
M7 1 (0.7%) 0 (0%)
Cytogenetics, 1 (%) <0.001
Normal 22 (16.3%) 47 (34.8%)
+8 4 (3%) 4 (3%)
del (5) 0 (0%) 1(0.7%)
del (7) 5(3.7%) 1 (0.7%)
inv (16) 5(3.7%) 3(2.2%)
t(15;17) 11 (8.1%) 0 (0%)
t(8;21) 7 (5.2%) 0 (0%)
t(9;11) 0 (0%) 1(0.7%)
Complex 13 (9.6%) 11 (8.1%)
NPM1 mutation, n (%) 0.023
Negative 64 (42.7%) 53 (35.3%)
Positive 10 (6.7%) 23 (15.3%)
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Fig.3 LTB4R mRNA expression levels in AML subtypes (UALCAN). A: LTB4R expression level in FAB subtype M0-M7. B-F: LTB4R
expression levels in a group based on age (B), gender (C), FLT3 mutation (D), PML/RAR fusion (E), and RAS activation status (F).
The TPM value was used for comparisons between different subgroups. ***P<0.001.



http://www.j-smu.com

J South Med Univ, 2022, 42(3): 309-320

- 315 -

LTB4R
Log, (TPM+1)
o N 4 (2] oo

LTB4R2
CCDCs88B
ARHGAP45
ITGB2
VSIR

IQCE

II|I I

I
|
HCLS1 1

ro (11111
NPEPL1 | |
RIPK3 | |
errP1-ast | 1| ||
ITM2A |
acoz1534.1 L[| |

AC022146.2
[H]8 IIII I
I I

SIX3
AL136221.1
| III |'{1
IIIIIII I

SERINC5

GASK1A

DNAJC19P8

AC012354.4
Z-score

[
2

0

1"
HInecn

I I II I I III I -

2 4

El4 HERTRLTB4R HRIAEE (LinkedOmics)
Fig4 Heat map (LinkedOmics) of LTB4R co-expressed genes. The top 10

positively correlated genes and top 10 negatively correlated genes are displayed.
Red bands indicate increased expression levels, and blue bands decreased

expression levels. ***P<0.001.

I 3, 4% LTB4R2 . ALOX5. APALOX5 . GPK6. GNAQ
85, A1 00 KM AR DG T MG AL SE OB Wt {5
P A IR S e GEAF SR RE AR
AR
2.5 A -TLTB4R ) £ 573K B J7 it & GSEA 447

TCGA-LAML $(¥54E 3T LTB4R F 187K F-43 N
PRI, W RIE 5 ik H 313 22 55 34 7 (2] IncRNA)
(Jlog2FoldChange[>2,P<0.05), kX ILE( FE7A) 7R
S8ANLT AT Nk FIRFER , 255 N (s ik
TFIRER, Top5 1 RFEIEH A : SLC10A2 HMX3 KCNN2,
LINC00482, LAMP5-AS1. PDPN, AL117190.1,
MEG9.RASL12 . MEGS, 43 L 5 LK (6 5l S %
YRR 25 LN T GSEA TOfE & 32000 , 45 5
7B o, 2T LTB4R Y22 7 3L K 5 48 T CD4+afT
Yo 1E coT A0S AL , GesZEAHOCHY T A0Hig £k 117
GoPE S i 5L 5 flh  TNF 2 AR465E IL-2/STATS
TGF-B(F5i&4.
2.6 V5K FEIRISIELTBAR it & 5 K B R A KT A
FiEE e

2RI RFEA B E LTB4R ¥ AML H

FERIK B S i s B BB A, 3.
MTWCEE T 1 I s 5 s 440 L L 511 >20% 5% >2000/uL 1
AML BFEIMNE MFEA , 732 PBMC #47 RT-PCR 325K,
For £ JE Pl mRNA 3K 7KF-, ELISA 52 55 A6 ) 1 7§
LTB4R FH A EIAK Y-, K 8 W/RTE 196 AML &+
A1, LTB4R mRNA Fik 5 TXTHEEA (n=21) , [F]Hs
LTB4R mRNA % iA## 5 HAVCR2 & i 2 1FAH 6 (P<
0.05), 5 PDCD1 IEAHSE  HIES 2458 X, AML ¥
M7 LTBAR FA /K- i35 15 T 10 FRAEAR[(15.93+
3.28) pg/mLvs (6.71£1.05) pg/mL,P=0.0083].

3 g

T 9 LG 5 R 20K 3~4/10 77, Horlf AML /5
1.62/10 J7 , HRR K A58 i 2, BRI s 71k
e FPENRESTH WL AL RGNS, BRM3 b,
HABZSHIA AMLIGTT BT A i T2 as il
F,SAFBET IR 50%.  LABMRRE R AAEiA T Agnie s
S BT T AR SR R S IR T AN TR A
ISy [P iR R 121 NI N N S E VRSB S e e 1] 194
BRI 3 ZAACA UG FERR . Y24, IR R AR



- 316 -

J South Med Univ, 2022, 42(3): 309-320

http://www.j-smu.com

GO: Biological processes

A
neutrophil activation - o
neutrophil activation involved in immune response ]
neutrophil mediated immunity - @ | P50
~ 0.00015
neutrophil degranulation - [ ] 000010
T cell activation | o 0.00005
positive regulation of cell activation - . C(“)““‘j7
positive regulation of cell-cell adhesion - 8 a2
48
positive regulation of leukocyte cell-cell adhesion
regulation of leukocyte mediated immunity o
integrin-mediated signaling pathway {  ®
T T T T
0.02 0.03 0.04 0.05 0.06 0.07
Gene ratio
GO: Molecular fuctions
c actin binding .
phosphatidylinositol binding 4 o
actin filament binding 4 b) ’wt:;s:) :
phosphatidylinositol phosphate binding - B i 0.05
RNA polymerase Il distal enhancer sequence-specific DNA binding - @ e
non-membrane spanning protein tyrosine kinase activity - o 08‘"54
SH2 domain binding{ @ Q=
O 35
oxidoreductase activity, acting on NAD(P)H, oxygen as acceptor { @
superoxide-generating NADPH oxidase activity 1 @
superoxide-generating NADPH oxidase activator activity | ®

0.01 0.02 0.03 0.04 0.05

Gene ratio
1496
E

1200

[0

N

»n

c

9

©

[

2

o

£
| ] DNA damage repair-regulators
I 'ipid metabolism-related gene clusters
] EMT-related gene clusters
| ] metabolism regulators
] immune-related gene clusters
] LTB4R associated gene clusters

r T T T !
2000 1500 1000 500 0
Set Size

5 LTB4R H£FRKZEEIEEEENHT

GO: Cellular components

secretory granule membrane [ ]
lysosomal membrane [ )
i - p.adjust
vesicle lumen E2l002s
- [ N 0.020
cytoplasmic vesicle lumen - @ 0.015
0.010
secretory granule lumen ) 0005
specific granule - @ Counts
o s
phagocytic vesicle - o 8 °
28
protein complex involved in cell adhesion - )
integrin complex [ ]
NADPH oxidase complex | ¢
0.01 0.02 0.03 0.04
Gene ratio
Regulation of actin cytoskeleton - [ )

Pathogenic Escherichia coli infection )
p.adjust

Osteoclast differentiation

8%

Yersinia infection o
Counts
o 1
B cell receptor signaling pathway [ ] [OR0
O
Fc gamma R-mediated phagocytosis @

Central carbon metabolism in cancer { @

0.0‘30 0.635 0.0’40 0.0‘45 0.0‘50 0. 0‘55
Gene ratio

800 1
400
204228
132
3534343424
0 PE3A3A242222148 5 1 9887 64332221111

il

IIII III HI

Fig.5 Functional enrichment analyses of LTB4R co-expressed genes. The bubble plot shows the functional enrichment
results of GO analysis in biological progress (BP; A), cellular component (CC; B), molecular function (MF; C), and KEGG
signaling pathways (D). The (-log10) P-value >1.3 is statistically significant. FDR: False discovery rate. E: Upset intersection

diagram of LTB4R co-expression genes and regulators of tumor-related signaling pathways. The red arrows indicate the

number of overlapping genes.
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Fig.7 GSEA analyses of differentially expressed genes (DEGs) based on LTB4R. A: Volcano map of the DEGs based on LTB4R in the
TCGA-LAML cohort. The red spots represent the enhanced genes, and the blue dots reduced genes. Log2 |[FC|>2, P adj<0.05. B: GSEA
analysis for DEGs. The BP, CC, MF, and Hallmark functional categories are displayed in 9 modules. Gene sets in the signaling
pathways with INES|>1, NOM P-val<0.05, and FDR g-val<0.25 are considered statistically significant.
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Fig.8 Validation of LTB4R expression levels in AML samples. A: The column chart shows that the
LTB4R mRNA expression in the clinical samples of AML patients (1=19) is higher than that in the
control group (n=21) (P=0.0437). B: Spearman correlation analysis of LTB4R mRNA and HAVCR2
mRNA. C: LTB4R mRNA and PDCD1 mRNA expression in clinical samples of AML patients. D: The
results of the ELISA show that the concentration of LTB4R protein in serum of AML patients is
higher than that in the control group (P=0.008). *P<0.05, **P<0.01.

LS TR, TR N AR . T
WA 24 B G AN AR S A C AT R AT R B0
LTB4R 5 g S s iz i 2 M o tE . e, il
STRING V-5 H &) PPI M 2% 457 176 AML JIgd & A
KEI AR5 LTB4R DIfig B VIAH G 15 Dhhed A .
DL 255 /R LTBAR /5195 5 -5 e e oAb |
Ae A Z A AT RBAEAE MR S s BAE R o IR SE S0 56
TE T AASHT25 18  LTBAR 7 AML (% rh 3Rk /K -
B, 3 B ek A S L HAVCR2 52 B 1E MG,
M2 FIFEA R A0, LTB4R 5 PDCD1 ZiAHH G143
MR B RGeS, Y 45 R /R PDCD1 Y 14 4k
CTAHIITE 32 247, RIMIZIL e R A th ik B I
fiX, MTRe Sl RIR 2 5, B N — 2 KA &

i bR AR R A BRI A T
LTB4R 78 AML (B34 iR S b=t P70 T 15 o
(BRI RAFAEAR S , S — 00 T H s e ThaE , RIS
WG PREEAIEAT T 5L 5050 0E . H TG AR 2R Y
AML 73 RUFRfE 2 FAB /R WHO 431 i
BILTIRASANAE G B MEE ISR E5E . bR
M3 4b, Hifth AML 43 B35 97 J7 58 X BN K, FLT3,

IDH NPM1 305 (8 i o — B AR SE 30 1) 2541
IRBFSEIFAR s R AR ik es o  PIIA  AML I
PRI KBS EAR SRems i T 20t A

LTB4R 357K FAE AML S8 B AEAE S A R
e fe 2 S 2 T, AT R AR R i R 22
Z—. TimeROC SZE G UE T LTB4R T f5 Tl 14 45+
PERREME, ZINEK COX [FIAMTHFFT MLl Al
PR B 1 JAUBE PR R AT F b , (A 70280 it
B F SR TG JE RS, LTB4R W — A 50
SETUS R . LTB4AR AT B RIS T AML %5555 KU
o) I T S5 U] R fess | eI A S
B, AR i R A T R R E AR

e PR S 56 5631 6 BT F4 L9 46 40 i >20% 5%
>2000/uL (1) AMLAME MAEAS, 7T 5 TCGA .GEO £l
EEOINTIR LSS FAH T IIE  H AT, A RIS B 5
GeWrRI UGG E R Z R TEB R, A2 BT
H AML B E#R e AP R , A SCIESE LTB4R
AR A it AZ 20 AR AR RS mRNA 7K, 21
I3/ SEATINEE 7KV WA 2 TR, I RS0 2R
ZHLA T 5 FIWrT- 6 e s Sk 4, A &
ForiGR & A T IR



+ 320 -

J South Med Univ, 2022, 42(3): 309-320

http://www.j-smu.com

SE Wk

[1] Arber DA, Orazi A, Hasserjian R, et al. The 2016 revision to the
World Health Organization classification of myeloid neoplasms and
acute leukemia[J ]. Blood, 2016, 127(20): 2391-405.

[2] Estey E. Acute myeloid leukemia: 2016 Update on risk-stratification
and management[J]. Am J Hematol, 2016, 91(8): 824-46.

[3] ZhuR, Tao H, Lin W, et al. Identification of an immune-related gene
signature based on immunogenomic landscape analysis to predict
the prognosis of adult acute myeloid leukemia patients [J]. Front
Oncol, 2020, 10: 574939.

[4] Huang X, Zhou D, Ye X, et al.A novel ferroptosis-related gene
signature can predict prognosis and influence immune
microenvironment in acute myeloid leukemialJ]. Bosn J Basic Med
Sci, 2021, ADVANCED ONLINE.

[5] Zhong F, Yao F, Cheng F, et al. m6A-related IncRNAs predict
prognosis and indicate immune microenvironment in acute myeloid
leukemial J]. Sci Rep, 2022, 12(1): 1759.

[6] Minervini A, Coccaro N, Anelli L, et al. HMGA proteins in
hematological malignancies[J |. Cancers, 2020, 12(6): 1456.

[7] FuY,XuM, Cui ZL, et al. Genome-wide identification of FHLI as a
powerful prognostic candidate and potential therapeutic target in
acute myeloid leukaemial J]. EBioMedicine, 2020, 52: 102664.

[8] Sacki K, Yokomizo T. Identification, signaling, and functions of
LTB4 receptors| J]. Semin Immunol, 2017, 33: 30-6.

[9] Tong WG, Ding XZ, Talamonti MS, et al. Leukotriene B4 receptor
antagonist LY293111 induces S-phase cell cycle arrest and apoptosis
in human pancreatic cancer cells[J]. Anti Cancer Drugs, 2007, 18
(5): 535-41.

[10] 3K BE R T 0%, 55 1100 B4SZ TR B P i . 1
IR B IPRIZRE, 2008, 37(1): 20-2.

[11] Bortuzzo C, Hanif R, Kashfi K, et al. The effect of leukotrienes B and
selected HETEs on the proliferation of colon cancer cells [J].
Biochim Biophys Acta BBA Lipids Lipid Metab, 1996, 1300(3):
240-6.

[12] Taylor PM, Woodfield RJ, Hodgkin MN, et al. Breast cancer cell-
derived EMMPRIN stimulates fibroblast MMP2 release through a
phospholipase A2 and 5-lipoxygenase catalyzed pathway [J].
Oncogene, 2002, 21(37): 5765-72.

[13] Chheda ZS, Sharma RK, Jala VR, et al. Chemoattractant receptors
BLT1 and CXCR3 regulate antitumor immunity by facilitating
CDS8+ T cell migration into tumors [J]. J Immunol, 2016, 197(5):
2016-26.

[14] Cancer Genome Atlas Research Network, Ley TJ, Miller C, Ding L,
et al. Genomic and epigenomic landscapes of adult de novo acute
myeloid leukemia[ J]. N Engl J Med, 2013, 368(22): 2059-74.

[15] Moore HM. Acquisition of normal tissues for the GTEx program/[J].
Biopreserv Biobank, 2013, 11(2): 75-6.

[16] Metzeler KH, Hummel M, Bloomfield CD, et al. An 86-probe-set
gene-expression signature predicts survival in cytogenetically
normal acute myeloid leukemial J|. Blood, 2008, 112(10): 4193-201.

[17] Percival ME, Lai C, Estey E, et al. Bone marrow evaluation for
diagnosis and monitoring of acute myeloid leukemia[J]. Blood Reyv,
2017,31(4): 185-92.

[18] Mizuno H, Kitada K, Nakai KT, et al. PrognoScan: a new database
for meta-analysis of the prognostic value of genes[J]. BMC Med
Genomics, 2009, 2: 18.

[19] Vasaikar SV, Straub P, Wang J, et al. LinkedOmics: analyzing multi-
omics data within and across 32 cancer types|J]. Nucleic Acids Res,
2018, 46(D1): D956-63.

[20] Chandrashekar DS, Bashel B, Balasubramanya SAH, et al.
UALCAN: a portal for facilitating tumor subgroup gene expression
and survival analyses[J . Neoplasia, 2017, 19(8): 649-58.

[21] Liao YX, Wang J, Jachnig EJ, et al. WebGestalt 2019: gene set
analysis toolkit with revamped Uls and APIs[J]. Nucleic Acids Res,
2019,47(W1): W199-205.

[22] Szklarczyk D, Gable AL, Nastou KC, et al. The STRING database in
2021: customizable protein-protein networks, and functional
characterization of user-uploaded gene/measurement sets [J7].
Nucleic Acids Res, 2021, 49(D1): D605-12.

[23] Bindea G, Mlecnik B, Tosolini M, et al. Spatiotemporal dynamics of
intratumoral immune cells reveal the immune landscape in human
cancer{J]. Immunity, 2013, 39(4): 782-95.

[24] Vivian J, Rao AA, Nothaft FA, et al. Toil enables reproducible, open
source, big biomedical data analyses[J]. Nat Biotechnol, 2017, 35
(4):314-6.

[25] Huhn D, Twardzik L. Acute myelomonocytic leukemia and the
French- American-British classification[J]. Acta Haematol, 1983, 69
(1): 36-40.

[26] Estey EH. Acute myeloid leukemia: 2019 update on risk-stratification
and management[J |. Am J Hematol, 2018, 93(10): 1267-91.

[27] Liu P, Ma QH, Chen HX, et al. Identification of RHOBTB2
aberration as an independent prognostic indicator in acute myeloid
leukemial J . Aging, 2021: 15269-84.

[28] Kato K, Yokomizo T, Izumi T, et al. Cell-specific transcriptional
regulation of human leukotriene B4 receptor gene[J]. J Exp Med,
2000, 192(3): 413-20.

[29] Iglesia MD, Parker JS, Hoadley KA, et al. Genomic analysis of
immune cell infiltrates across 11 tumor types[J]. JNCI J Natl Cancer
Inst, 2016, 108(11): djw144.

[30] Karasinska JM, Topham JT, Kalloger SE, et al. Altered gene
expression along the glycolysis-cholesterol synthesis axis is
associated with outcome in pancreatic cancer[J]. Clin Cancer Res,
2020,26(1): 135-46.

(i - AT )



