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SEMTRERR WERG 1 (PDEL) BXF BB EH EABUS M, FEk: A TCGA A ILEEE T 4 B LN
FEIRHAE NG REE A b B b B AL 50 ] 7 g AR, RO LG IR A B R AR AR, A
HYURE 557 IE RS SRR “limma” 70k 2 7R A 5K (DEGs), HHZE COX /Hr
Kaplan-Meier 4= 77 43 M7 i 3£ 76 T AL F2 M 0 DEGs, 3RBGE W B g B & A TR W £ E, ik
5511 P o5 B4R AF fe HL G BX 9 25 R PDEIB . TCGA $UHE & Fll Kaplan-Meier 4= 47 43 #7 46 0 B Ji H8 3 98
5 EH A M B4 4 PDEIB mRNA Rk /KF MO 5 B 8 E B AR, RITERAKR
(GO) Mfe M MERNGRHHFAA TR 2B (KEGG) {55 8 B & 4% 4 ¥ PDE1IB 4 ¥ 2+ Ih fig,
CIBERSORT 5.3 . Mg so e 845 & (TISIDB) F1 GSCA FE L M3 43 Hf PDELB 5 i 3R 55 . S
5 E 43 7 F0 25 By SRR B AR SEME . S22 PCR (RT-qPCR) yEA6 I 5 98 5 % 15 8 41 SRR 55 1E
440 PDEIB mRNA £k KV, G558 L0 ik 716 4~ DEGs, H 5054 DEGs ik il (P<<
0.05), 2114 DEGs %35k F i (P<<0.05), 345 10 ML UG RS ERK, PDEIB mRNA ik
AKOF55 g R I R B AE G R A YD, S AR L R g MR R T N X MA
B (P<<0.05); 5 G1-G2, Stage [ . T1-T2, NO M MO W & % HL#, G3-G4. Stage [ -1V .
T3-T4. NI1-N3H M1 25 5 # # B44075 PDEIB mRNA £ R /KFHH BT E (P<0.05). 5
e E WA R, B R E H 44Ut PDEIB mRNA %35 KW B ML (P<<0.05); 5 PDEIB
Rk B B b, PDELB & 3RiA B8 & SR EfF R BIFEL (P<<0.01), PDEIB &Ik i
R 2 300 2 O R TR R N R (P<C0.05) . 7R T PRSI . 48 . iR o 20 A0 iR 0 015
PDE1B %3k &5 i B 98 8 % BUS (i Sz k% (P<<0.05). PDEIB F 2 & 4 TREeRE [ ™4
WETiE, FOEENSNESHESSE AR (BP), TlkE4iMzikE &k . M55 2k
A RN B IR R I A M AP L AR A A B4y (CC), PUIREE A o B SRR 45 4 0 40 M A1 I o 245 44 1
S FUIRe (MF); PDEIB EEZS 5 T MG HRAE-Z KM E/ER . SESEE . ABRSH
(cGMP) -H A G (PKG) {75538 F K 40 M P -40 j P 52 (R 0 A BLVE A 4842 . PDELB 5975
PETHREAIME (r=0.488) . BEIEVEII R4 (r=0.474) FIEWEHM (7=0.617) RIEMEXEER (P<
0.01); 5 PDEIBk#A BB H L, PDELD & ik B g 0 ok i 69 06 15 P Tk 4u e . oa
A% 40 AN M2 RS I 40 i 35 i 2 B SR A (P<<0. 05) . PDE1B mRNA 2 3k 7K - 5 4 8 30 41 70 5% 1k 4=
KT B (TGF-B) 1 (r=0.535). EH R T 12K (CSFIR) (r=0.519) . G HIE H I AT
=WEMR WERR KRR 1 (ENTPD1) (r=0.593) MICXC#afLH FHA 12 (CXCL12) (r=0.646) &
IEAFRER (P<K0.01). PDEIBREEIAMN BRALIFIRMERE (—0.3<r<<—0.1), FEEK (—0.3<
r<<—0.1) FHLPIMbIE (—0.3<<r<<—0.1) FYE AR (P<0.05)., HEFEFHALLK, B
i 8 H B R4 20 PDELIB mRNA Rk K-FUI R FEAL (P<<0.01); 5 PDEIBRZK A B i B # LWL,
PDE1B #5315 B % BRI K (P<<0.05); 5 T1-T2W B s b, M T3-T4 8
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ABSTRACT Objective: To screen for regulatory cell death and senescence genes with differential
prognostic significances in the gastric cancer through bioinformatics methods, and to analyze the effect of
phosphodiesterase 1B (PDE1B) on the survival prognosis of the gastric cancer patients. Methods: The
gastric cancer gene expression data and clinical data were downloaded from the TCGA Public Database.
Fifty gastric cancer patients were randomly selected from the local database, and their clinical informations
and paraffin samples, including gastric cancer tissue and adjacent normal tissue, were collected. The R
software “limma” package was used to screen differentially expressed genes (DEGs) ; univariate COX
analysis and Kaplan-Meier survival analysis were used to screen DEGs with predictive survival value. The
intersection genes affecting the survival prognosis of gastric cancer patients were obtained, and the gene
most associated with clinical pathological features PDE1B was screened. The TCGA Database and Kaplan-
Meier survival analysis were used to detect the expression levels of PDE1IB mRNA in adjacent normal and
gastric cancer tissues and their relationships with survival period of the gastric cancer patients. Gene
Ontology (GO) functional and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment
analyses were used to enrich the biological functions of PDE1B. The CIBERSORT algorithm, Tumor
Immunity Database (TISIDB), and GSCA online website were used to analyze the correlation between
PDE1B and tumor microenvironment, immune characteristic molecules , and drug sensitivity. The
real-time fluorescence quantitative PCR (RT-qPCR) method was used to detect the PDEIB mRNA
expression levels in gastric cancer tissue and adjacent normal tissue of the gastric cancer patients.
Results: A total of 716 DEGs were screened, among which 505 DEGs were upregulated (P<<0.05), and
211 DEGs were downregulated (P<C0.05). There were 10 intersection genes affecting survival prognosis.
The PDE1B mRNA expression level was most closely related to the clinical pathological characteristics of
the gastric cancer patients, being associated with age, tumor grade, tumor stage, and tumor T, N, and M
stages (P<C0.05). Compared with G1-G2, Stage I , T1-T2, NO, and MO stage gastric cancer patients,
the PDE1B mRNA expression levels in G3-G4, Stage II-IV, T3-T4, N1-N3, and M1 stage gastric cancer
patients were significantly increased (P<C0.05). Compared with adjacent normal tissue, the PDEI1B
mRNA expression level in gastric cancer tissue was significantly decreased (P<C0.05). Compared with the
patients with low PDE1B expression, the patients with high PDE1B expression had a significantly lower
overall survival rate (P<C0.01). PDEIB expression, age, and tumor stage were the risk factors for the
prognosis of gastric cancer patients (P<Z0.05). After adjusting for gender, age, tumor grade, and tumor
stage, PDEIB expression was an independent risk factor affecting the prognosis of the gastric cancer

patients (P<C0.05). PDE1B was mainly enriched in the biological process (BP) , such as immunoglobilin



1666 TR (M) 4 50% 456 2024 4E 11 H

WP PR AR L Rk, PR

production, second-messenger, mediated signaling transduction and calcium ion transport, cellular
component(CC), such as Tlymplocytes receptor complex, plasma membrance signaling receptor complex
and collagen-containing extracellular matrix, and molecular function (MF), such as antigen binding,
glycosaminoglycan binding, and extracellular matrix structural constituents. PDE1B was mainly involved
in the pathways such as neuroactive ligand-receptor interaction, calcium signaling pathway, ¢cGMP-PKG
signaling pathway, and cytokine-cytokine receptor interaction. PDE1B was positively correlated with
regulatory T lymphocytes (r=0.488), myeloid-derived suppressor cells (r=0.474), and macrophages
(r=0.617) (P<C0.01). Compared with the patients with low PDE1B expression, the patients with high
PDEIB expression promoted the significant increase of infiltration of regulatory T lymphocytes,
monocytes, and M2 macrophages (P<C0.05). The PDE1B mRNA expression levels were positively
correlated with the immunosuppressive agents transforming growth factor-g1 (TGF-B1) (r=0.535),
colony-stimulating factor 1 receptor (CSFIR) (r=0.519), immune activator ectonucleoside triphosphate
diphosphohydrolase 1 (ENTPD1) (r=0.593), and CXC chemokine ligand 12 (CXCL12) (r=0.646)
(P<C0.01). The gastric cancer tissue with high PDE1B expression was more sensitive to the drugs such as
fluorouracil ( —0.3<<r<C—0. 1), methotrexate ( —0.3<r<C—0.1), and decitabine ( —0.3<<r<C—0.1)
(P<<0.05). Compared with adjacent normal tissue, the PDE1B mRNA expression levels in gastric cancer
tissue were significantly decreased (P<C0.01). Compared with low PDE1B expression group, the overall
survival rate patients in of the high PDE1B expression group had a significantly lower was decreased
(P<C0.05). Compared with T1-T2 stage gastric cancer patients, the PDEIB mRNA expression level of
the T3-T4 stage gastric cancer patients was significantly increased (P<C0.01). Conclusion: PDE1B is an
independent risk factor for the prognosis of the gastric cancer patients and can serve as an effective indicator
of poor prognosis of gastric cancer.
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SHtE (BB HIE S . 2018-067-02)
1.3 RCOFREMXLEE G RRA L F 2
tH Ferrdb £ #% & (http: //www. zhounan. org/
ferrdb) . HADbD %4 & (http: //www. autophagy.
lu/clustering/) FIREFE SCHE ™ rp i 42 17 4 3924
FEH, EFE 295 N ERIE TS . 19 4~ NETosis A 3¢ 3t
o, 1972 RBEMEP T2 0 ST A fE T 222
FI W A 18 A TR AR T AH S I K 1 809 3 ¢
L, M REM “limma” 2065 AL 50
JT i 2 1 i 4 2RI 55 E B AL SURE AR Th i 22 S 3R GA
F A (differentially expressed genes, DEGs). ik
br #E R [log, FC|>1 H & BH 1 % (false discovery
rate, FDR) <C0.05,
1.4 REREH>H HFHRKMAE “limma” BIFA
i BE ARSI A AL 5 DEGs %35 82 17
EI . R “survival” fl “survminer” 727 1
XA I BOUE 5 43 5l R 4T Kaplan-Meier A= 4743 Hr Al B
B Z COX A #r, PAP<<0.01 WZERA LG8 X,
R¥AF “VennDiagram” 275 43 X © 48 By 5 A B
SCAE, AR ) 5 s R E A A TS I SR BRI
1.5 B EXRFE  FET TCCA IR AR ML H
R EIGIKREOR, A RHEM “limma” 7645
BT 58 B e PR 32 38 7K 76 [R) I PR o R AIF 40 201 1] 119
255 MR R D R A, T 5 I R e PR
fiE e HOCHRPE M BE I, PDELIB. TCGA ¥ &
H1 Kaplan-Meier A4 £7 43 b7k I 15 9 18 2% 15 9 4 U1
J# 25 15 % 2141 F PDE1B mRNA £ kK F L H 5 H
FREHE AR,
1.6 PDEIBAR X &% & £ o4 [l R &M
“org. Hs. eg. db” I “clusterProfiler” & J¥ 4 X}
PDE1B # 17 3 I A& £ & (Gene Ontology, GO)
e M A ENE S5 EKAAR 2P (Kyoto
Encyclopedia of Genes and Genomes, KEGG) fg %5
i e w AR HT . 43 AT PDELB ] fE ¥ K 19 4 1 ML
Y IIRE, LA P<<0.05 82 R H G158 L,
IS P AR E TR &Y
k& I CIBERSORT 55 i1 55 B J 41 4 th PDEIB
e R 2 35 1 R AR R R AR 4 D (tumor
infiltrating lymphocytes, TILs) A3, 210
WHCN 1000k, PLP<<0.05 K2 54 4T X
{657 FH i 988 9% 54 5 (Integrated Repository Portal
for Tumor-immune System Interactions, TISIDB)

(http://cis. hku. hk/TISIDB/) 4> 1 & % ¥t A b

PDEIB 5 TILs. 5 il 77) A4 75 P 57 9 AH 5
P Tk R OB FRELME, EHE “Gene
Symbol” #1  “PDEIB” #i A & f]; OfF
“Lymphocyte” Fl “Immunomdulator” FH, % #
“STAD” JF MK T OMXRE (r) >0
NIEMR, r<0MHAMK, L P<0.0582% %A 45
e o M B AR AE 0 AT F & (Gene Set
GSCA) £ % W™ uf (https://
guolab. wchscu. en/GSCA/) 43 #f PDELB X} 25 4 )
B . TR BESRME: HEHE “Drug” Ml “CTRP drug
sensitivity and expression correlation” .

1.8 5w % & & & PCR (real-time fluorescence
quantitative PCR, RT-qPCR) #* # # PDEIB
mRNA & & KF i A TRIzol 57 42 BU 5% 1E &
41 2R i A FE R B RNA L, NanoDrop 2000
4y 66 B3 (%€ B Thermo Scientific 2 & ) 6
RNA ¥ i Fl 50 5 o fif FH 30 5% sl f) & (b st B
had A w) ¥ Hoai ¥ 5 o8 ¢cDNAL i Ff RT-qPCR
ol E (et A A ) #47 RT-qPCR D,
e O R & U0 W A R AR . DL il -3- B R G
A B (glyceraldehyde-3-phosphate dehydrogenase,
GAPDH) KWWNZ, WHKEIDMEA, RHI2 %
R HRERRKKE . 5l AT A TR (B
) By A RA R G 51975 GAPDH
F 5-GTCTCCTCTGACTTCAACAGCG-3', R5-
ACCACCCTGTTGCTGTAGCCAA-3; PDEIB F
5-CTGCGCTACATGGTGAAGCA-3', R 5-CA-
AGATTTGCCGTGTCTCATCTA-3',

1.9 % %54 KA SPSS 26.0, GraphPad
Prism 8. OMIR 4. 3. 2 G 3H AR AT e it 22 0 i 9 22
il A% . 8 e R e 4L 2R 55 E R A 2
PDE1B mRNA 3k 7K ¥ LR H] Wilcoxon Fk Fl A
%, B SUR R BAFE L A PDE1B KK [t
R F Wilcoxon #l1 Kruskal-Wallis H ¥ 5%, PDE1B
55 B 92 20 B A B 28 D] 1 R O M SR ] Spearman 4
KHEAIHT. DA P<<0. 05 22 S e it 3 X

2 & R

21 BEEZAFREAA B ILHE 716 4
DEGs, M #5054 DEGs # ik b (P<<0.05),
2111 DEGs £ iK T (P<<0.05). X DEGs %%
PEAT B H R COX 43 # Hl Kaplan-Meier 4= 7 43 #7
AT 36 F 27 AL A A s By FE I (P<<0.01),
T s R e IR R 18 R B & B XU A RE 1

Cancer Analysis,
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(cysteine dioxygenase type CDO1) . fig & & W
(lipoxygenase, LOX) . A ¥ PRKA i & H 12
(A kinase anchor protein 12, AKAP12) . y-% & Bt
FrLZ 5 (gamma-glutamyltransferase 5, GGT5) .
R EZK (growth hormone receptor, GHR) .
PDEIB. Z I & B H (recombinant versican,

—Log,,(FDR)

VCAN) | Ifin /N # fif A2 A K B F Z K B (platelet
derived growth factor receptor beta, PDGFRB) ., #
IR E A B R K% E B R 1 (serine protease
inhibitor family E member 1, SERPINE1) Fl5 i
H H 200A 200A,
TMEM200A) 310453 N . WA 1.

(transmembrane  protein

B

A': Volcano map; B: Venn diagram of prognostic genes in gastric cancer.

B1 BE&+HDEGsHBSEREMEE

Fig. 1 Screening of DEGs and prognostic genes in gastric cancer

2.2 PDEIBmRNA%(ZKFEFREEZEBLER
BREHXEZ 10 EREK T PDEIB mRNA £
KAKOE 511 RS B IE C R o B D), H 5 B AR
WL R g . Bk A TR T N &M A G

B (P<<0.05). 5G1-G2, Stage I . T1-T2., NOAI
MO A B B e Ee, G3-G4. Stagell -V, T3-T4.
NI-N3H M1 #5874 B 2010 PDEIB mRNA
FIRAKSFEH M BT E (P<<0.05), WFE1AE 2,

F1 XEEREHEBE KRR XR

Tab.1 Relationships between intersecting genes and clinicopathological characteristics of gastric cancer patients

. Pvalue of  Pvalueof  Pvalueof P value of P value of TNM Significative number
gender age grade stage T N M
PDEIB 0.670 0 0.027 0 6.8E—07 0.002 6 0.008 2 0.007 6 0.042 0 6
AKAP12 0.390 0 0.047 0 4. 4E—05 0.027 0 1.7E—05 0.040 0 0.650 0 5
GHR 0.350 0 0.001 3 4.1E—06 0.002 4 0.000 2 0.290 0 0.380 0 4
GGTS 0.480 0 0.022 0 6.4E—08 0.009 2 1.4E—07 0.130 0 0.530 0 4
CDO1 0.920 0 0.001 8 9.4E—08 0.0100 1.2E—06 0.2300 0.280 0 4
LOX 0.520 0 0.280 0 0.000 3 0.0130 74E—07 0.390 0 0.290 0 3
PDGFRB 0.280 0 0.850 0 3.4E—05 0.004 1 1.8E—06 0.260 0 0.620 0 3
VCAN 0.750 0 0.800 0 0.000 5 0.0180 2.1E—07 0.200 0 0.780 0 3
TMEMZ200A 0.078 0 0.100 0 0.2300 0.0170 0.002 0 0.2400 0.820 0 2
SERPINE1 0.850 0 0.4100 0.022 0 0.1400 0.003 4 0.430 0 0.520 0 2
2.3 ERRALKFPDEIBHAZXEAALAE £ WK, HHEHEFEAHALUT PDEIB mRNA KiAK

Seor M ABC A 22 52 0 AT 45 R s . S 07 IE W A4

SRR (P<<0.05). EFEAMERER: 5
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Fig. 2 Relationships between PDE1B mRNA expression levels and clinicopathological features of gastric cancer patients

PDEIB L3k 5 %8 4% [L 8, PDELB 4 ik B
B B AR BRI (P<<0.01). WEl3.

24 BREHFAEBMEHARE X HHEKCOX
Sy BT g R . PDELB 263k . 4F i A1 MR 43 01 2
R HE IS MR R (P<0.05), 7EH%E T

PG ARWS L MR > AR 2r 9105, PDELB %
BB G E PG MM fE RN R (P<
0.05). WK4.

2.5 PDEIB#EHFHe GO IR LN HE
KWk PDEIB EEFETRBREA L 4
BriE ., FFEENSNESRSEEY LR
(biological process, BP), T kL4l sz &&= &1k
N M REEAT  SZ AARS G, R R AR 1A A A
J5 S5 A0 % 4> (cellular component, CC), #JR 4%
G WERE SR BE S G R 20 I A L 5T 25 153 55 Ay T )
fit (molecular function, MF). KEGG 5 # K% &
EHPEE R o : PDEIB 285 T # & 0 di
W-Z WA EAER . 858, AR S
(cyclic guanosine monophosphate, ¢cGMP) - H #%
filt G (protein kinase G, PKG) {5 %5 i [ & 40 fifg A
-2 M A 2 AR A AR T A iR AR . WK S A6,

2.6 PDEIB mRNA&XZRFLE & &EMIKRIEAR£
B TISIDB7EZE Ml 73 AT 45 R 7R . PDEIB 54
FPE Tk 40 (r=0. 488) . 6 Y5 1E 30 1 40 e (r=
0.474) MEWEAIME (r=0.617) RIEMHL LR (P<
0.01). CIBERSORT £ #réi R iWon: 5 PDELB
s BB i, PDEIB & £k BB g0
b TR B VR T TR AN M L PR 4 A M2 AL
Wi 2 it B2 i 24 W i (P<<0.05) . WLIE 708,

2.7 PDEIB mRNA & &K P 5 % 5% 47 &) 7 o 2
B REA A K PDELB mRNA £k KV 555
M#FFEALE R F R (transforming growth factor-8,
TGF-p)1 (r=0.535) . SEEHIHHE T 1524k (colony
stimulating factor-1 receptor, CSFIR) (r=0.519) .
o BE OTE N A R T = BE PR OB W K MR 1
(ectonucleoside triphosphate diphosphohydrolase 1,
ENTPDI1) (r=0.593) FI CXC &k ¥ Ik 12
(CXC chemokine ligand 12, CXCL12) (r=0.646)

BIEMKEIER (P<<0.01). PDEIB &3k H S E

B X RRIERE (—0.3<<r<<—0.1), W
(—0.3<r<<—0. 1) MH P (—0. 3<r<<—0.1)
S MR (P<<0.05), UWLIE 9 FI1 10,
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A': Expressions of PDEIB in gastric cancer tissue and adjacent normal tissue ; B: Expressions of PDEIB in gastric cancer tissue and
adjacent normal tissue; C: Overall survival curves; D:Kaplan-Meier curves. "P<<0.05, “P<C0.01 compared with adjacent normal tissue;
£P<20.01 compared with low expression of PDE1B of gastric cancer patient.

B3 EEREEFIER A4 EEAR T PDEIB mRNA RAKF BT
Fig. 3 Expression levels of PDE1B mRNA in adjacent tissue and cancer tissue of gastric cancer patients and survival

analysis

P value Hazard ratio Pvalue  Hazard ratio

! 1
! 1
! [
! 1
PDE1B 0.005  1.603(1.153—2.230)  —— PDE1B 0003  1.713(1.205—2.434) | ——
[} 1
| 1
Age 0.004  1.026(1.008—1.044) - Age <0.001  1.037(1.019—1.056) -
[} 1
) 1
Gender 0.235  1.249(0.866—1.802) H— — Gender  0.165  1.302(0.897—1.891) [ R— |
] 1
1 1
1
Grade 0.075  1.361(0.969—1.911) — — Grade 0.233  1.241(0.870—1.769) — —
1 1
] 1
Stage <0.001  1.534(1.241—1.896) : —_— Stage  <0.001  1.635(1.304—2.051) : —_—
T T I T 1 T T l T 1
0.0 0.5 1.0 1.5 2.0 0.0 05 1.0 15 20
Hazard ratio Hazard ratio
A B

A': Univariate COX regression analysis; B: Multivariate COX regression analysis.
B4 PDEIBEBREBHEBENMT

Fig.4 Analysis on PDE1B and prognosis of gastric cancer patients
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Fig. 8 Analysis on immune cell infiltration between gastric cancer patients with low and high expressions of PDE1B
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