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Screening for feature genes and immune infiltration of multiple myeloma:

a study based on support vector machine
Shi Let,Zhang Hongbin
(Department of Hematology , The First Affiliated Hospital of Chongqing Medical University )
[ Abstract] Objective : To investigate the genetic heterogeneity of multiple myeloma(MM) and the important regulatory role of immune
cells in its pathophysiology by using bioinformatics techniques. Methods : The datasets of GSE125364 and GSE72213 associated with
MM were obtained from the gene expression omnibus database of National Center for Biotechnology Information, and bioinformatics
and machine learning methods were used to identify the key genes for the diagnosis of MM. Pathways associated with the differentially
expressed genes in MM were analyzed to calculate immune cell infiltration , and molecular biology experiments were used for validation.
Results : In this study, a total of 410 differentially expressed genes were obtained by the bioinformatics methods based on the gene mi-
croarray data of MM from public databases, among which 259 were downregulated and 151 were upregulated in MM patients compared
with controls. The gene ontology enrichment analysis showed that the differentially expressed genes were mainly involved in the biologi-
cal processes such as DNA replication, chromosome segregation, and mitosis; as for cellular localization , they were mainly enriched in
chromosomal region and the spindle apparatus; as for molecular function, they were mainly enriched in single—stranded DNA helicase
activity, DNA catalysis, and ATP-dependent activity. The KEGG pathway enrichment analysis showed that the main signaling path-
ways included cell cycle, the p53 signaling pathway, cellular senescence, and DNA replication. The GSEA analysis showed that in the

control group, the genes were mainly enriched in cell cycle, DNA

EENE: £ & ,Email:76433819@qq.com, replication, purine metabolism, and ribosomes, while in the MM

BG5S iR R R IR S group, the genes were mainly enriched in the adipokine signaling
BIE1EHE KR4 £ Email : 28901228 @qq.com pathway, cell adhesion molecules, ribonucleic acid polymerase, and
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(2025-01-09) and UROD, were obtained for the diagnosis of MM by support vector
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machine-recursive feature elimination algorithm, and the immune infiltration analysis via CIBERSORTx showed that CPXM1 and

UROD were associated with immune infiltration ; qRT-PCR validation was performed in MM.18S cells (P<0.05).Conclusion : Bioinfor-

matics methods can be used to effectively analyze the differentially expressed genes between MM patients and the normal control popu-

lation, and the key genes CPXM1 and UROD are obtained for the diagnosis of MM and are associated with immune infiltration , which

can be used as new targets for subsequent basic and clinical experimental studies on MM.

[Key Wordslmultiple myeloma;biomarkers ; bioinformatics ;immune infiltration

Z KM #5898 (multiple myeloma, MM ) J& — Fi
REC R T A0 L ) 1T R G R R o AR AR
TP A (plasma cell , PC) B9 v VRS 5E |, 1
iR v S e R EE 1 (B O MU ) et J3E 7 A R
ZORAFE BT o 2B R IG5 i 95 M A 5 A
P 3 BB BT IR . MM J& 4 BREE K LAY I
TR G0 B R B AR A BR 294 588 161 i 9l i i2
N 22 RN HER R G [ AR AR 3 490 Bl I2Y
TERE 1 20 4R HL, BE X MM TR IR T 2816
77 a8, AL B A 0] | S T 25 B
BEBTIRFT CAR-T A0S 712457, Bl X ST Y
B, MMS AF R X771 548 1 2 5490, (HRZ L
MM SBEAT 2 8 %, 45 R AR (A B R T
ARG HM A MEY . IR A A S S T
MM 5 2 R A BB DR R 2 i, L. 2 440 i R 4
HAFAE S EAR IR PRI, RS MM A g A% 5 st L
T G 95 4 7 JFL o B A e 4 I R AR
Fe A Bl T RSB TS 2E R LR 367 i 24 B A 4 A4
SR . a3 [ E R AW BORE Bt
(National Center for Biotechnology Information , NCBI)
75 5 i Bk R 3K 3K (gene expression omnibus,
GEO) KU 2 %5 MM A 5 ) i SR AL T 2B
Wil B LA R 5 A Wy~ S 56 55 0 vk i 18 MMLZ Wl
A BESE DY, R MR G B AL e % 0 1530 02 4
LR, ISR AR 78 MM A 7600 B A BEAL 6 O3 8
B HCHRE o

1 #MREFE

11— H

AW 5T o MM AH 56 B8RSR IR T GEO B 15 o 3 3 %
MM B8 H2 1815 0 1 , 64575 A 1E X BEORT MM - B8 2 418
AHEHELE . GSE125364 K45 i gy 48 MHEAS, Horp 34>
IEHBEA 45 4 MM i 8 30 A0 i RE AR, HoAE Ml 2R 46
GSE72213 i 4E rh A7 22 MREAR  Horp 3N IE R REAS, 19
A MM B2 AN AEAS , HAR A S0iE 4
1.2 ##

MM 41 il 7 MM. 1S W B H = BL 2% Be 1 i 4i i 2 .
MM. 1S 41 i 185 55 5% H RPMI 1640 353258, 3 h1 A 10% 4K
W 6 4 175 (fetal bovine serum, FBS) K XUt (5 2 &= FllbtE 55

) CETE 5% CO,.37 "CHE R R FRA h b AT i IR . 5%
B BN OB A Y 0 M E A T

1.3 Fk

1.3.1 225Kk H (differentially expressed genes, DEGs) 4>
Br AR R A2 I R AP “limma”™ (1
Xt GSE125364 £ S i A7 22 5 50 b o LAllogFCI=2.0 FlSF IE
J& P<0.05 5 HE T ¥E DEGs, K F “pheatmap” ) “ggplot2” %2
il AR F K L

1.3.2 GO (Gene Ontology)/KEGG (Kyoto Encyclopedia of
Genes and Genomes)/DO (Disease Ontology )/GSEA (Gene Set
Enrichment Analysis) /M8 % &850 R #5208, MR
A “clusterProfiler” “org. Hs.eg.db” “enrichplot” “DOSE” &
“GSEABase” % Rt X} GSE 125364 $4i 4 (M REA AT 4047
PAERLIEA1F4 0.05, 57 1EJ5 i P L B 46144 0.05

133 Hlawe I s Wikl R 1.3.1 7005 31 22 73Rk
SR AT AL & 2 20, 2SR SCAR AL - 3ok DA RRAE T B
(support vector machine-recursive feature elimination, SVM-
RFE)& % A R “e10717 “kernlab” J “caret” 58 Ji%;
SVM-RFE %12 Wik R Y i 2

1.3.4 i & T AE 4 AE (receiver operating characteristic,
ROC) £k 23l 2 0l R ARS8 1. 8 R Y
“pROC™ %t GSE72213 $HE 45 HIRE AR UEAT 447 -

1.3.5 PER AT 438 3 cibersortx P 3 (https://
cibersortx.stanford.edu/) ¥ GSE125364 $Hi4E #4734, R
R #KA4 A “ corrplot” ., “vioplot” K “ggpubr” % R G AT 1EIR .
1.3.6  qRT-PCRIGIE R FH 88 il Bk 705 1 8 B CD138
PR SR AN A A %ot HER AT AR . 4% MML 1S 4il 4 JR 1x10°/mL i A
1 mL RNAiso Plus 270 o, SR 5 28 S 07 7 e TN B 98
AR e 2 S U AN i ) 7 UHR O RNA I i ok
JE 5 ¥ IR H BRA I EOR (AL 50 A FRZ F 4 A9 108] Prime-
Script™ RT Reagent Kit with gDNA Eraser (Perfect Real Time)
PTG S R I . IR A R 1.

&1 PCR3I#F7%!

ACTb-F 5’-CACCATTGGCAATGAGCGGTTC-3’
ACTb-R 5’-AGGTCTTTGCGGATGTCCACGT-3’
CPXM1-F 5’-GGCGATCTATATGATGGAGCCT-3’
CPXMI1-R 5’-CCTGTGTGATAACACCCGAGAA-3’
UROD-F 5’-TGGTTGGGCTTGACTGGACAGT-3’
UROD-R 5’-CAGCATCTGCTTCACCAACTGC-3’

DL 2-AACHZE T H B9 FE R B9 A XF 235 55 W A Graph-
Pad 9.0 & T 2# 54X B a2 T A -



BRERKZZR 2025 £5 50 55 1 #3 (Journal of Chongging Medical University 2025.Vol.50 No.1 )

— 137 —

2 & R
2.1 DEGs&#f

i 0 GSE125364 Hitls 5 HEAT 22 5 /0 I | AR B ik
SR IR B 22 S K R 41041, o MM 2 B IR
2594, LI 1514 (& 1) .

2.2 GO(Gene Ontology )/KEGG (Kyoto Encyclopedia of Genes
and Genomes)/DO (Disease Ontology )/GSEA (Gene Set Enrich-
ment Analysis)éy\#fr

XTI 9 410 22 57 R IA BN 4T GO L KEGG i
£ DO I GSEA 4347 W7 , 25 5 B A 2B ) % 30 72 (biological

GLDN

7.54

5.0

TPSAB1
[J
o¢d
{ )

-log10(adj.P.Val)

2.51

0.0+

CLPTMIL
O
o0

process, BP) B 5 £ /5 DNA & 1 e (AR 85 Be A5 423 3
11 i1 2H % (cellular component, CC) 32 % 5 45 75 L (4 K X | &)
HEAA 73 F 2 fiE (molecular function, MF) 3 % & 4 75 B 4%
DNA B25EREI5 1 , 7 FH T DNA B AL KA ATP A9 35 1 45
(E2A) ; e £ B KEGG @ # 44, EZW KA J5 1 . p53
{5530 % AN At 5 2 R DNA & i (18] 2B) s DO 32 225 4R (1958
9o S M LR AR e e L 0 s K & Kk
69 % (18] 2C) s GSEA 43 BT Control 21 32 B & 48 41 g J5 19 |
DNA 52 ] P4 AR5 K A2 A 5663 i, MM 2 32 %2 5 SR IR iy
20 B PR 15 50 I A BRORY B O3 T WA R 2 SRl BT IR
TR RIS 12 A1 45 2% (11 2D) o

PRDM1

15620
®( cenes

SLAMF7

:
()
%
o2
o

GPRC5D
.‘%
g

N

0.0

logFC
A I (2r B, SETR )

2.5 5.0

5
2
0
R
g
F]
§

27073
R
2 BN

N
0
@
o

CCMO=TO N
28
593

0
im!
3
>z
B

>§'§

= D2

I
M)
7
z2
3

INRREENAEI

T T

TR
T

I
I

ST

T

2
250

7;

I

07
$
3

1

T

FO-4R0-H0r@Or0W-10<0TI000

7.
52

,

3
>0~
o8

0F O

o
!

725284

)
ol
i

Z;
o

Tl
<5

o

Qo

22> A3<;
1ER

On

(6}

121

>
ki
N
N

OOAAOR0>007;

A
m;

$ I
IS

>
)

;n]

"
)za
=25

1
| L8g01928047

]

1
TR

IERENENNREN
RRNNRRRERANS

WO

5
20
5

0T;

oTr

33
o
o
>;

3
3
2

03
o
0

NOODZ0:
3
6o o0k

X T0)
g JR02C<T:

2, é)_
D O
@

B

300!

%
mv>§
o
o
70
>
3

il
I
3

IZT!
=

‘poB

o
Gl
Bezy

A<

m>T 27
DT
TINT.
N6y

T

NEEEEES

ID5 INAC:
mgq
50
o)
89
i

B
N

<
Ny

2

070500
0TZ2°T,

2003 DX

,
oeee

SF
0

& 1

B. & (BT IAZEFREENAES04 )
HRETEFREERNALEMAE

o}
I
7



138 — BEXERKZFZEIR 2025 £5 50 &% 1 # (Journal of Chongging Medical University 2025.Vol.50 No.1 )

Running Enrichment Score

Ranked List Metric

mitotic sister chromatid segregation
chromosome segregation

sister chromatid segregation

DNA-templated DNA replication

regulation of mitotic cell cycle phase transition
mitotic nuclear division

nuclear chromosome segregation

mitotic cell cycle phase transition

A replication

nuclear division

outer kinetochore

kinetochore

condensed chromosome, centromeric region
chromosomal region

spindle

CMG complex

DNA replication (Prelnltlanon complex
condensed chromosome

chromosome, centromeric region

mitotic spindle

single-stranded DNA helicase activit X
catalytic activity, acting on DN
ATP-dependent activity, acting on DNA
ATP hydrolysis activity
DNA helicase activity
fatty acid transmembrane transporter activity
monocarboxylic acid transmembrane transporter activity
microtubule binding 4
microtubule motor activity
cyclin-dependent protein serine/threonine kinase regulator activity

dg

qvalue

0.025

00

0.050

0.075

N

n I||"“"' \I\I“Il\i

o
i
o
n
o

Count

A. GO (AEW2FThRe . AHMIZH RS R o7 2hie )
qvalue
.
]
1
—
5 10

Count
B. KEGG(5 5l i

Cell cycleq

p53 signaling pathway 1
Cellular senescence -
DNA replication -

15 20

acute leukemia

myeloid neoplasm -

congenital hemolytic anemia -
embryonal cancer A

germ cell cancer A

acute lymphoblastic leukemia -
bone marrow cancer A
embryoma -

renal cell carcinoma-

stomach cancer -

ovary epithelial cancer -
extrahepatic bile duct carcinoma -
in situ carcinoma

hereditary spherocytosis
central nervous system cancer -
biliary tract cancer

ovarian cancer -

sarcoma -

high grade glioma

inverted papilloma

oral cavity cancer

malignant ovarian surface epithelial-stromal neoplasm -
ovarian carcinoma-

cervical cancer -

larynx cancer A

retinoblastoma -

retinal cell cancer-

multiple myeloma -
pre-malignant neoplasm -
retinal cancer 1

qvalue
0.001

0.002
0.003
0.004
0.005
0.006

o
(&)
=
o
(&)
n
o
n
(&)

Count
C. DO T

iched i —— KEGG_CELL CYOLE
Enriched in Control Came Enriched in MM === KEGG_ASCORBATE_AND_ALDARATE_METABOLISM

= KEGG_DNA_REPLICATION

= KEGG_CELL_ADHESION_MOLECULES_CAMS

= KEGG_HEDGEHOG_SIGNALING_PATHWAY

= KEGG_NATURAL KILLER_CELL_MEDIATED_CYTOTOXICITY
e RECEPTOR_SIGNALING_PATHWAY

T A P 47 T TY R S A T [ T TN

Running Enrichment Score

Ranked List Metric

10 000 20 000 30 000 10 000 20 000 30 000
Rank in Ordered Dataset Rank in Ordered Dataset

D. GSEAE 5T
E2 #£REEHGO.KEGG.DOM GSEAEEN



BERERKFZR 2025 £5 50 &5 1 #5 (Journal of Chongging Medical University 2025.Vol.50 No.1 )

— 139 —

2.3 MEFIFHELMARRRIE

410422 7 F R 2 A FH SVM-RFE B k% MM £Y12
VT L DR A 7 0 ok, FE 453 24> MM 2 Wi £ K] CPXM 1 AT UROD
(B 3A) s AWFFEAE G UESE h 47 T CPXM1 A1 UROD L [A
FIR BRI IE , ¥ P<0.01 (8 3B) ; -2 ROC 1 £ , CPXM1
F1 UROD il & F i 2 (area under curve, AUC) 3] 2k 0.947,
95%C1=0.842~1.000 ([ 3C) , & B i i H A9 5 R 6k MM 2L A
LSRN ST I
2.4 FdRiRESH

) CIBERSORTx AR 35 22 Fh 4 28 40 it 116 35k A 35 3k 4E
K | RAE 3 8 AHT GSE72213 YN 254 v MM 4 v FE 41
) G, Y25 200 IR0 32 i 158 1 o B VP L A 40 R L ) B T 2
(P& 4A) 5 [R1 B M1 I W 40 B AT A2 P B bk B 400 i f 355 1 AT
2, SR AN B RN B A i 2 A S (R 4B) s MM R B A 7 2%
o AN 4 (B XT B2 LA Beit 422 57, o R S B itk
40 ifs (P=0.004) . 3 41 s (P<0.001) . CD8 T ik [ 41 Jfl (P=
0.029) . B CD4 1042 T ik I 41 g (P<0.001) | 4% 4 Jig

0.070 +

(P=0.004) 754k A4 AE KA (P=0.019) J7 W& R 11 i 41 g (P=
0.044) (& 4C) ; i Wr B B CPXM 1 3235 55 492 4 i AH 5G4y
Br (& SA) & B, H 5 35 41 i 3% 58 &2 67 A ¢ (7=-0.520, P=
0.000 19), 5% 4k J5 A9 A R 41 Jfd 52 1E A 3¢ (7=0.680 , P=8.9 x
107) 5 2 Wi & K UROD 235 5 4928 20 i AH 5& M 431 (&1 5B)
RIR, FL5 iR M B b B A0 R 0k 5 I 2 AR A OG (r=—0.400,
P=0.005) , 514k 5 i 2 FEME B bk EU 40 i L (2 2 IE AR G (=
0.380,P=0.038).,
25 HHAR

CPXM1 £ UROD AH Xt 32 1k 7K 3 « 3l 52 5% FH e S i Bk 43
B 1E H B E CD138 FHE 2 41 At > X HR 410 AL, MM 1S 41 i
R, AT qRT-PCRAZIM (& 6) , 255 7R MM. 1S 2 g
R CPXMI1 A9 A8 X) 22 35 7K F- o4 1.936 + 0.343, 5 X fe 41 fig
(0.999 = 0.079) Hbds, 24 5748 Goit2¢ 7 X (1=5.948,,P<0.001) ;
UROD B9 X 2 35 7K F 4 1.896 + 0.466, 5 X B2 41 il
(1.009+0.102) b %, 22 7 A7 4t if 2 & X (1=4.155, P<
0.010),

T T
300 400

PR
A. YZEESVM-RFER I AZ L IHIE

o
B 0065 -
3 006
>
S
~ 0.060
U
oK
s
& 0.055 -
ﬂ*
0.050 "zJ
T T
0 100
Esd Control B4 MM
4 0.009 1
.
.
g’ ’
-
=)
=
& .
.
- ¢ .
.
o
.
Control MM
B. BiF%E2
CPXMI
1.0 (
0.8+
= 0.6+
N 04+ 7 AUC=0.947
7 95%C1=0.842~1.000
0.2
00/

T T T T T T
00 02 04 06 08 1.0

1455

Es3Control E&3 MM
0.009 1
2
5
..
1 -
l—‘s\] .
#®
=
2o e
=
el 0
-1 S
=
J
5
Control MM
W3 M e ik AR AL
UROD
1.0 A
0.8 pd
v
o 0.6 -
H
T 04 . AUC=0.947
" 95%(1=0.842~1.000
0.2
0.0 1

T T T T T T
00 02 04 06 08 10

1-4p5

C. BAFEZ KL ROCHTZ
3 ISRENBZEIREIFERIE



140 — BEXERKZFZEIR 2025 £5 50 &% 1 # (Journal of Chongging Medical University 2025.Vol.50 No.1 )

B cells naive

B cells memory

Plasma cells

T cells CD8

T cells CD4 naive

T cells CD4 memory resting
T cells CD4 memory activated
T cells follicular helper

T cells regulatory (Tregs)

T cells gamma delta

NK cells resting

NK cells activated
Monocytes

Macrophages MO
Macrophages M1
Macrophages M2

Dendritic cells activated
Mast cells resting

Mast cells activated

100%
80%;

jon |

jEny

& 60%

st

-’;

Z 40%
20%
-

Eosinophils
Neutrophils
N
A GRESREN LB A
o
o 2
£ -
% B
% e g 8 3
k] 5 g 3 £ § 2
2 o & B = o o = > S o
S = 5 B s s = 3 » = § £ > & £
E 8 3 2 E g o g S g g 8 E £ 2 3
E &5 ©® 2 B % s 2 4, 5 x E S = 8 3 2 8 =
§ § a £ ® A o 3 8§ 83 ¢ 8§ 49 ¢ B ZE § e
5 § O & o O % £ O E £ & O o 5§ £ 3
2 § 2 o 3 @ S o § S 2 2 § »« 2§ £ & £ 8
2 o 2 2 2 o =2 e 2 £ 2 2 9 £ <
8 § 8 8 « 8 & 85 3 88 8 8 8 ¢ &8 2 5 8
- 2 - - Z - 2 0o 2 2 - O 2 - - Z O W A = i
T cells gamma delta 026 03 031 -0.06 0.06 0.26 022 -0.04 0.26 0.08
Macrophages MO 0.28 0.29 0.01 0.19 0.08

08
Tcells CD8 026 -0.03 -0.17 0.06
T cells follicular helper = 0.3 . -0.09 -0.05 0.12 -0. 0.19 0.06
. 06
NK cells activated |0.31 0.29 . -0.09 0.06 0.22 - 0.08
T cells CD4 memory resting -0.06 0.03 . 004 04 -0.09 -0.16 -0.06 -0.05 -0.14 0.07 0 -0.06
Neutrophils . 011 003 0 0 0.17 -0.23 -0.12 -0.08 -0.07 0.23 0.17 ol
Mast cells activated 0.06 0.01 -0.03 -0.09 -0.09 -0.23 -0.18 -0.14 0.02 -0.04 -0.09 -0.06
B cells naive 02
Monocytes
Macrophages M2 0
T cells CD4 naive
B cells memory -0.06 -0.12 02
Macrophages M1 -022 -0.14 -0.03 -0.18 -0.2 -0.05 -0.08 0.02
T cells regulatory (Tregs) 0.18 0.31 0.29. 023 -0.14 -0.07 -0.04 -0.07 0.01 -0.01 0.01 0.8 0 0.1 -0.09 o
T cells CD4 memory activated 0.11 023 035 -0.1 02 007 023 -0.09 0.1 019 0.1 0.09 0.07 -0.2 0.14
NK cells resting ' -0.2 -0.06 -0.06 -0.13 0417 -0.06 -0.2 -O. 3: -0.04 -0.14 -@.23; 0 58
Plasma cells 0.06 -0.07
Eosinophils -0.04 -0.28 -0.3¢ 0.36 -0.08 0.11 -0.01 -0. 01 -003 0 -0.11 -0.1 .14 0.4¢ 0.07 -0.07
| -0.8
Dendritic cells activated 0.6 0.19 -0.15 0.19 0.19 !-nm 03 0.12 0.11 -02 o.oa- 011 02 ’o.‘nJ; 0.06 0.07
Mast cells resting 0.08 0.08 -0.01 0.06 0.08 -0.06 0.18 008 0.1 001 0.03 -0.07 -0.08 -0.09 0.14 0 -0.07 -0.07 0.21
E
B. G A AR S M A ]
~— Control
p<0.001 —_— MM
0.8 -
0.6 - P=0.004
. ]
S
5
e
* 04 A
P=0.029
P=0.531
= P=0.019
029 P=0.932
P=0.004 P=0.379
q’ . _  P<0.0014P=0.108
S Wk al ¥
& & F S P S E
Q\K’Q & & s > (‘\‘ S
¢
¢ 00\\% PN \\60 eé\c & \\\@
@ & & & °
ARSI
SRS 2
@ (& &
/\da N N

C. Gl i AR o b 25 5 /NP B TR
4 GSE72213l&4EREZZRE DT



BERERKFZR 2025 £5 50 &5 1 #5 (Journal of Chongging Medical University 2025.Vol.50 No.1 ) — 141 —

Mast cells activated . <0.001 /\

Monocytes _. <0.001 o0 R=0.68, p=89c-08 ®
B cells naive ) 0.016 ’
T cells gamma delta _— 0.027 B o151
© o ©
Macrophages MO — 0.075 abs(cor) é ol o o
NK cells activated — 0.344 ® 0.1 2
T cells CD4 memory resting —() 0.348 ® 0.2 ‘2 0.054
Macrophages M1 —_— 0.475 : 82 = |
T cells follicular helper — 0.481 . 0.5 o
T cells CD4 memory activated — 0.569 -0.051, + + : + :
T cells regulatory (Tregs) - 0.773 ’ ° CPXI\ZH exprlzzssion9 h
T cells CD8 - 0.826 /\
Eosinophils - 0.781
T cells CD4 naive - 0.721 pvalue 2 —052,p=0.00919
Neutrophils — 0.485 0 0.754 o |°
B cells memory | — 0.220 . 0.2
Dendritic cells activated o— 0.092 0.4 % b5
Macrophages M2 ( — 0.045 0.6 §
NK cells resting .— 0.003 0.8 &
Mast cells resting o— <0.001 1 1
Plasma cells .— <0.001
06 04 02 00 02 04 06 e = 1:
Correlation Coefficient(CPXM1) CPXM1 expression
A. CPXMIUEA k15 e A IAR OGRS A \/\—_\
L]
R=—0.4, p=0.0052
02y
s .
B cells naive —_—@ 0008 g
Mast cells activated —. 0.028 GE, 0.1
T cells CD4 naive _0 0.029 %
Monocytes _— 0.109 o
T cells CD4 memory resting _— 0.149 abs(cor)
NK cells activated — 0249 @ 0.1
T cells gamma delta - 0.819 ® 02
Eosinophils - 0.894 : 83 11 12 13 ?'4 15
T cells CD4 memory activated - 0.882 ‘ 0.5 UROD expression
Macrophages M0 | — 0.395
Dendritic cells activated *-— 0.364 \/\_—
Plasma cells | — 0.359 L
Macrophages M2 D —— 0.342 R =0.38, p = 0.0081 -
Neutrophils | — 0.323 pvalue 0.084
Macrophages M1 O 0.291 0 ° .
Mast cells resting [ — 0.191 . 0.2 _g
T cells follicular helper ([ —— 0.174 0.4 § 0.04 4
T cells regulatory (Tregs) .— 0.137 0.6 §
TcellsCD8  (@m——————— 0.023 08 @
NK cells resting () mmm———— 0.015 1 0.001
B cells memory @ 0.005
-0.4 -0.2 0.0 0.2 0.4 0,045
Correlation Coefficient(UROD) ’ i = 5 T e
UROD expression

B. URODZE [F 435 1 5 G Al AH A% A
E5 SHERREIESREMMBLEST



— 142 — BERERKFZR 2025 £5 50 £5 1 #5 (Journal of Chongging Medical University 2025.Vol.50 No.1 )
2 5m P=010003 P=0.003 2
2.5
2.0
ﬂg ‘ 2.0
¥ i
i) 1.5 A
B 77 ﬁé 1.5
z
:
= 1.0= 1.0
z g
) o=t
=
0.5= 0.59
0.0 0.0=
Control MM.1S Control MM.1S
6 iLHTEE CPXM1#1 UROD mRNA 18} ik F
W R g iR S E (DNA S A p53 M5 il
3 %W

MM & — PO R R G MR, B ERTT LAy
T2 AT R 3 AR B A B RING T OT 58 (i
T 245 SR S REGUIARSE ) IR PRIV, MM S AR 77
BRIV R HEE TUS ZAER B ANE kRH
BITRORA 22 . MM 19 R 5 2% A e 2 s i A
R URST st Py AR BRI 9 A8 55 ) T B 1 20 o)
EGRIZ W MM 1) 2 FB (B MM 8 2R bk
R 20 T LAAEBE N SR B R BRI (N3850 40 A )
AT [ B A A RS SR AR A I R R B, Rk,
PRIT MM (13845 S ik 2 BRI 1k FLARR S e )
WR YA B X R R RIRYT

ABFFEX GEO $ 4 A rh (9 5 PR e 38 088 Bl
S GSE125364 Fl GSE72213 H MM £ 3 1 £ B %)
REZH B B RERE A HEAT T A 15 B2 Bl o b, e
30 Y 410 /> 22 AL, MM AR 25 A REAS rh g fett
X B2 ek bR A SR 2 A5 LAMP3 .CAMK2N?2 |
SCAMPS5. DUSP5. HLA-DOB. SDC1. PLA2GI6.
PERP . PRDM1.MOXDI . HRASLS2 . CPNE5 . BMP6 .
GPRC5D J TNFRSF17 %% , ik T I 0 3E [ 24
BEX1. VPREBI. DEFBI. CCLIS. TFRC. DNTT,
SPTAI IGLLI \HDC .GFIIB .KLF1.CPA3.CI70rf99.
AKRIC3 } CD36 %%,

i i GO .KEGG il GSEA 43 #7 & P DEGs %

1% i T A DR {5 5 3 % B A i o S A T T
152 RV B BERE (MM w5 3008 B 5 o 1 1 32
PRI 2% 2 5 PR A e e, Ll 15 A4t L o 3 2R R o3 Ak
b AR P AR B R R s AL AR Ak, I R I v AR A
[Fi] P19 o 28 SRR 5 33 AN A 1 3 R I o et fk
SR ARRAR 4 K ZHMM R R B
PR DLER 0 AR S50 S 35 45 27 57 2 MIML i JRe
AR OCHEIK B ) 52 TR B2 W S . 48
JLJE 91 48 1 D PRSP A 25 7 MM A0 35 S
A A8 240 o S A 3 e R bR 3G A . Z2 AP AIL A AT
O R R 1 DR GA R R, A48 ¥ L CCNDI
(11¢23) .CCND2(12p13) fi1 CCND3(6p21) F£ K 1) 5
A7, % 5 F MAF 5 3 1) CCND2 % 58 1, DL K
CCNDI1 FE A g 578 g 4 it 25 1 p53 SRk A
AE ST 0 2352 MM ) & A2 FUR R, 915 A TS AR
BG4 pS3 A G HE N T SO RE R MM AT i ) firb
J8 s oI A 25 PE BLAR pS3 AE MM H i HLAA
YIS 5 2 WA (B D) RE R S w2
RV TR DG o 200 1 5 2 BH 1k 40 B 53 %4 51 85 o 240
PR (%) 2 TR 53, J2 400 ok 9 1) SR Ak
7 25 W Ak 5 T A TR R A R I, B
JIEJE A MM A 5, L B R 7 4 405 o, T MM 44 A
AT L oA B i P 2 2 5 DR 2 38 R A e TR 7 3
W, 5 e A QR T 2 3R A 22 R Pk
%ﬁ(multiple myeloma bone disease, MBD) & MM 1y



BERERKFZR 2025 £5 50 &5 1 #5 (Journal of Chongging Medical University 2025.Vol.50 No.1 ) — 143 —

SRR, 46 R4 1 MM B85 78 1 U2 i gl
B A PR S o Liv HAEHRSE % 3L, MBD 9 % 2=
5B BENE b A R BAE G . MM E S g AR
N KR AR BRI S b T AR 26 BN B 7
M 5 (https:/seer. cancer. gov/statfacts/html/mulmy.
himl) 575 , 2017 4F 22 2021 4F 3 [ R o MM 1y o
(1 R4 69 %, Hir 65~74 % (5 1L 32.2%, 45
ZLF b AR 3.1%.

AW LA~ B I e T MM R
(1) 12 W7 5 [ CPXM1 I UROD Jf 7€ 5 JiF %5 3 4
GSET72213 Fl MM 4 Jig &8 b 47 1 450k o R Il
(Carboxypeptidases , CPs) 7£ A A Az # (1) 454> T T 45
RAEA BICHEZERYME, Bln, R KR A3 2 —Fh
AT RE R 40 M b AR R OR IR , 215 e KA | I
P RV Y A0 o E I R IR X B 1 (car-
boxypeptidase X member 1, CPXM1)J& F CPs K Ji% .
A B PR, CPXM1 J& —Fh o I VeI I 45 5 B
I EA 160 SRR 1 BR A 1 S5 R S HAR AR
FIRZS A, I B ESE CPXMI RE S 87 1 107 25 i
IAEH T FGF-1/BAMBI (¥ e , JF 1] 3@ o 51 24
Ji b o B 98 R A1 E 14 AR R IR DT A Z ) B B
CPXM 1 X055 W Fi g 76 9 9 A 2 B A AL R 52
A WERW, Z TR PR, CPXM1 Al Ay 5
SR, LR, SR IR A M R, R A S
LR G IEPI A FL SR R BRI AR bR 9, BAE
h PR R BRI TR R CAER] CPXM1 ]
YEBUINHT PD- 13677 45 R EWAR EW . AES
K MM CPXMI KA KR, 981, CPXM1
TE MM 5 B AR G A v R AR A /E it AN
2, ATREIE T — LRI R A

PR AP 5B #R 1 (Uroporphyrinogen Decarboxyl-
ase, UROD ) J& Il £1. 3 A= W) & L) S Sty , FLAE g
WFFE U PRI D UL o B BT RNA THERY
e 18 I UROD i %8 5 Ay Sk 25T i Je 106 25 14 73k
SYHEHUIE S . UROD fbRon b s 5 ] 7E MR A7 2k
F00E 8 40 M TP caspase 415 A4 20 L OF T RN 40 fif S
S5 | A0 ) Sk 2570 roRg 200 A P 1 MR T il
J7, FEIR /N ERAAR PN 2 ST A i JRE S RS AT 1Y) AR
Koo WAL, UROD 78 Sk S50 e A8 27 005 A6 v W o i
ik, BARM B T UROD mRNA 2635 5 2 i

TCIR AEAT R A I, UROD T Y8 3481 AS ] (14 87 i A 750
(Pt By S0 T 9] B8 R 7L B ) 7 B, ikt
I XEARTE 259 (G046 S—FUR WEmE LA S A2 1)
B, AR BFST & I MM H 3 UROD 2 3k /K F 458
fr L FE— 258 UROD 7E MM H (1 23 F- L 7] 58
B FA & MM B B 6T % .

AT GBI 43 AT 7R, H A .CD8 Tk 2
24 e 1 R TR P R 4 L 22 R R R (R
NHET i () S e T 20 A, S HETE B Itk C 40 M S
191 CD4 L2 T 1Ak U 248 L | 542 240 LR35 1 1 A R 44
b2 A {5 N AR BRI 1 S g iR Ve 4 A, H M1 LR
I 2411 B AT T2 B AR T 200 I | B 40 i AN 4l HE M B
P E 40 5 P A 240 6 R0 2 40 i R S M B s MM
F2FERL, AN A B AN, B AR VR T A% -
A ZR o MM 2R S P 5 v 1 JEL A 4 i 5
XA B A, T OIS 5 T AR A5 T AR BK, i
SR E T, 3X5 MM By 32 550 4 i A 5 —
0, R I TE MM PR 9 & 2 R 8 v S 3] G
YERT . I ANASHFFE A4S F CIBERSORTx K 5% 12 W 5
CPXM1 Fl UROD 1% 235 5 H 72 240 i 1= i 22 1] 7Y
KFR K CPXM 1 123k 516 LA HE K 40w | o
A2 40 B2 4 HE PR B bk P40 A S22 TR A G, 5 3R A e i
S B K 4 M B i B NK 40 i 5 6 A G, ) B
UROD ) 35 5 2 HE T B Ik B 41 3% £k i AR K 41
I S 4 HEE CD4 T bk EL A A &2 B AR G, 59c12 1 B
IR EL A0 | B NK 401 K CD8 T ik B4 41 Jifg 5 17y
AHOG, T REAE I 5% 3 BT, B i Sl B B v 0007 44 A 1L
BIE TR AR AR s R B TS o ksl
15 Bh o 4 s B AR CPXMI AT UROD 78 22 % 1 B
FP A FH B R G2 GO B A 52

=l W U N R S /NS o € B A X et
e R 5k RO B0 SR AR A 82 T 1 B T i
2 R E B 2 N2 WL A R 2 WL S
G BE IR AH 5 (AT A — e 5 BR 1 , A B 58 T 4 A
(BT 58 500 FE AR 5 A B, REAR ST e 4 1B
FEAR  FFEAETEREAR AT 5t T MM B 1) 5 e, AR
T LH T 30 114012 W7 5k DR ) B A A TR) 38 4% S I e 1)
MM i 5 & A 35 W A OGS0 5 B e SE ; |
CPXM1 A1 UROD 7E MM 8 # 95305 & A2 & e i i vp
BRZ 5855 FOLGMR i — 5% .



— 144 —

BERERKFZR 2025 £5 50 £5 1 #5 (Journal of Chongging Medical University 2025.Vol.50 No.1 )

2 % X M

[1] Cowan AJ,Green DJ, Kwok M, et al. Diagnosis and management of
multiple myeloma:a review[J]. JAMA ,2022,327(5) : 464-477 .

[2] Bazarbachi AH, Al Hamed R, Malard F, et al. Relapsed refractory
multiple myeloma: a comprehensive overview[J]. Leukemia, 2019, 33
(10):2343-2357.

[3] Kumar SK, Rajkumar SV, Dispenzieri A, et al. Improved survival
in multiple myeloma and the impact of novel therapies[J]. Blood, 2008,
111(5):2516-2520.

[4] Moreau P, Kumar SK, Miguel JS, et al. Treatment of relapsed and
refractory multiple myeloma: recommendations from the International
Myeloma Working Group[J]. Lancet Oncol ,2021,22(3) : e105-¢118.

[5] Arron JR, Choi Y. Bone versus immune system[J]. Nature, 2000,
408(6812) :535-536.

[6] Huang BH, Li J. Advances in the diagnosis and treatment of mul-
tiple myelomal[J]. Zhonghua Xue Ye Xue Za Zhi,2018,39(7) : 605-608.
[71 Bakhoum SF, Landau DA. Chromosomal instability as a driver of
tumor heterogeneity and evolution[J]. Cold Spring Harb Perspect Med,
2017,7(6) :a029611.

[8] Neuse CJ, Lomas OC, Schliemann C, et al. Genome instability in
multiple myeloma[J]. Leukemia,2020,34(11):2887-2897.

[9] Manier S, Salem KZ, Park J, et al. Genomic complexity of multiple
myeloma and its clinical implications[J]. Nat Rev Clin Oncol, 2017, 14
(2):100-113.

[10] Bergsagel PL, Kuehl WM, Zhan FH, et al. Cyclin D dysregula-
tion: an early and unifying pathogenic event in multiple myelomalJ].
Blood,2005,106(1) :296-303.

[11] Maura F, Petljak M, Lionetti M, et al. Biological and prognostic
impact of APOBEC~-induced mutations in the spectrum of plasma cell
dyscrasias and multiple myeloma cell lines[J]. Leukemia, 2018,32(4) :
1043-1047.

[12] Walker BA, Mavrommatis K, Wardell CP, et al. A high-risk,
Double-Hit, group of newly diagnosed myeloma identified by genomic
analysis[J]. Leukemia,2019,33(1):159-170.

[13] Chang YT, Chiu I, Wang QJ, et al. Loss of p53 enhances the
tumor—initiating potential and drug resistance of clonogenic multiple my-
eloma cells[]]. Blood Adv,2023,7(14):3551-3560.

[14] Kuilman T, Peeper DS. Senescence—messaging secretome : SMS—
ing cellular stress[J]. Nat Rev Cancer,2009,9(2) :81-94.

[15] Acosta JC,Gil J. Senescence: a new weapon for cancer therapylJ].

Trends Cell Biol,2012,22(4):211-219.
[16] Fairfield H, Dudakovic A, Khatib CM, et al. Myeloma—modified
adipocytes exhibit metabolic dysfunction and a senescence—associated
secretory phenotype[J]. Cancer Res,2021,81(3) :634-647.
[17] Liu H, He J, Koh SP, et al. Reprogrammed marrow adipocytes
contribute to myeloma—induced bone disease[J]. Sci Transl Med, 2019,
11(494) : eaau9087.
[18] Sapio MR, Fricker LD. Carboxypeptidases in disease: insights
from peptidomic studies[J]. Proteomics Clin Appl, 2014 ,8(5/6) :327-
337.
[19] Kim YH, O’ Neill HM, Whitehead JP. Carboxypeptidase X-1
(CPX-1) is a secreted collagen—binding glycoprotein[J]. Biochem Bio-
phys Res Commun,2015,468(4) : 894-899.
[20] Kim YH, Barclay JL, He JJ, et al. Identification of carboxypepti-
dase X (CPX) -1 as a positive regulator of adipogenesis[J]. FASEB J,
2016,30(7) :2528-2540.
[21]  Zheng MJ, Long JY, Chelariu—Raicu A, et al. Identification of a
novel tumor microenvironment prognostic signature for advanced-stage
serous ovarian cancer[J]. Cancers,2021,13(13):3343.
[22] Mao XH, Ye Q, Zhang GB, et al. Identification of differentially
methylated genes as diagnostic and prognostic biomarkers of breast can-
cer[J]. World J Surg Oncol ,2021,19(1):29.
[23] Chen Y,Li ZY,Zhou GQ,et al. An immune-related gene prognos-
tic index for head and neck squamous cell carcinomalJ]. Clin Cancer
Res,2021,27(1):330-341.
[24] Wang YH, Lin CC, Yao CY, et al. A 4—gene leukemic stem cell
score can independently predict the prognosis of myelodysplastic syn-
drome patients[]]. Blood Adv,2020,4(4):644-654.
[25] Kumar A, Bandapalli OR, Paramasivam N, et al. Familial Cancer
Variant Prioritization Pipeline version 2(FCVPPv2) applied to a papil-
lary thyroid cancer family[J]. Sci Rep,2018,8:11635.
[26] Tian LY, Long F, Hao YJ, et al. A cancer associated fibroblasts—
related six—gene panel for anti—-PD—1 therapy in melanoma driven by
weighted correlation network analysis and supervised machine learning
[J]. Front Med,2022,9:880326.
[27] Tio E, Yue SJ, Moriyama EH, et al. Uroporphyrinogen decarboxyl-
ase is a radiosensitizing target for head and neck cancer[J]. Sci Transl
Med,2011,3(67):e3001922.

(T4 . FH )
AL F A
L LR E R T SYMALE F 3 ik A AR 0 45 R B R R

HE ] EREA K S FR,2025,50(1) :135-144.



