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Abstract

Objective: This study aims to analyze the expression characteristics of copper metabolism-related
genes (CMRGs) in benign and malignant pleural effusions through transcriptome sequencing and
to screen potential diagnostic biomarkers. Methods: Pleural effusion specimens were collected for
transcriptome sequencing. Differentially expressed genes (DEGs) were identified using tran-
scriptomic and bioinformatics analyses, followed by RT-qPCR validation of key genes. Results:
A total of 470 DEGs were identified, including 411 upregulated and 59 downregulated genes.
GO/KEGG enrichment analysis revealed that these DEGs were primarily associated with biological
processes such as calcium ion binding, O-glycan processing, and bicellular tight junction assembly.
Pathway analysis highlighted significant enrichment in cell adhesion molecules and arachidonic
acid metabolism. Intersection with 154 copper metabolism-related genes identified three signifi-
cantly downregulated genes: MT1E, MT1X, and MT2A. ROC curve analysis demonstrated their high
diagnostic efficacy for lung cancer (AUC values: 0.694, 0.817, and 0.840, respectively), with MT1X
and MT2A outperforming the traditional biomarker carcinoembryonic antigen (CEA). Additionally,
the IncRNA LOC105369559 exhibited a strong co-expression network with copper metabolism-re-
lated genes. RT-qPCR validation confirmed consistent expression trends with transcriptome se-
quencing, showing statistically significant differences. Conclusion: Cell adhesion molecule and ara-
chidonic acid metabolism pathways are implicated in the progression of malignant pleural effu-
sions. The differentially expressed IncRNA LOC105369559 shows the strongest association with
copper metabolism-related genes. The copper metabolism-related genes MT1E, MT1X, MT2A, and
IncRNA LOC105369559 are significantly downregulated in malignant pleural effusions. Notably,
MT1X and MT2A exhibit superior diagnostic performance to CEA in identifying lung cancer-associ-
ated malignant pleural effusions.
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Table 1. PCR primer sequences
# 1.PCR 5|#F%%

BRI AR ElEZ gl

F 5'-ACCTCCTGCAAGAAGAGTGAGT-3'
MTIE

R 5'-CCAGCCTTGAGTTCCCTCCCAAT-3

F 5'-CTCGAAATGGACCCCAACTG-3'
MT1X

R 5-TGTACTGTGGCTGGGAAACG-3'

F 5-ATGGATCCCAACTGCTCCTG-3'
MT2A

R 5-AGCAGCAGCTTTTCTTGCAG-3'

F 5'-AGAGGGAGATTGGCCAGCTA-3'

LOC105369559

R 5-TGAAAACTCCACGTGCTGGT-3'

F 5'-TCCCTGGAGAAGAGCTACGA-3'
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R 5'-AGCACTGTGTTGGCGTACAG-3'
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B3 144.31 134.15 94.38 92.96

VE: Total Raw Reads (M): idJERT reads $U(F Ji4%); Total Clean Reads (M): id¥EJ5 reads (1 /i4%); Clean Reads
Q30 (%): 1LJES5 reads FiE AR T Q30LLHI; Clean Reads Ratio (%): iLJE)5 readstEbfi.
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Figure 1. Differential gene volcano plot
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Figure 6. The correlation between CMRGs and immune cell infiltration

6. CMRGs 5 & Z A2 HRHE X

mRNAI

(/
e )

N
N v,

N
\\;‘\\1:.:\?
— - "\ ‘R"-‘

N 7

NP

-
RS
LN

N

NS

NN
Y
AN

N

— N
)
—

oS

N\
N
"
N

N

SN

IncRNA

Figure 7. Sankey diagram of co-expression correlations between differential IncRNAs and CMRGs
7. 25 IncRNA #1 CMRGs 2RIAMH KM REE

3.7. RT-qPCR I&iF <2 B F

RNA-Seq R I PR AR R E0E ,  HLmT RE 2 52 200 PR B B PR 255 IR, 8O
LR FRIE R M BUETRA R, PTEUE 80 45 R AT RT-qPCR J8IE W] ASR iy iRk 45 R AR 1 . At

DOI: 10.12677/acm.2025.1551625 2329 I3 PR [ 27 3


https://doi.org/10.12677/acm.2025.1551625

FKIHH, FRRiE

FUf#i ] RT-gPCR % MTI1E. MT1X. MT2A ff] mRNA #ik/KFfl LOC105369559 ] IncRNA ik /K P
ITIAE, HAFRIE 9 4ES. RT-qPCR 15 H WAL FITE MPE #l PE FPRik /K- 5 —s, Hr
MTIE f] P=0.0252, MTI1X ] P=0.0016, MT2A ff] P=0.0442, LOC105369559 ff] P=0.0024, P<0.05

oA g R L.
® IncRNA ® mRNA
° cagp1-°
MT@ILI SLGA2
. Vo ST = '
LOPLI \
cgxkr—* | G"' AQ1
z mer LOPLA SQp3
o MGABD1
M@E o HIPA
HIH
o SNPG SPA °
° M@a
e ° m AAPAT
M@F o NP3
. Al CQ17
* _rpP 4
° M'h .
o CY@AL | ATRIBA2
M@ G ° AQ1
J M@H ; ANE ]
° MM L sQ2
M@X e S10gA13
o M@PaA A3
® HE
s HERJILI
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4. g

JEIE X DEGs && 0182532 5 4 T4 AL 47 (cell adhesion molecules, CAMs). {¢4E VUJEER
(AAYRU @RS o [FIRE DA 3d ok V4 e (1 3t S B0 0GRV E o Weed 86 [ 11 R IZR R AR AZ B A 8 1 L19
(MRPL19)1) iy ik i ik R4 40 BoRh B 7 Il 2%, (R e R oA S e . B - TR B A% AL (EMT)EFRE DA
Gu ek, AT IS it S i SR AR UG AN R, [ 31K 5 miR-26a-5p #13<, KT miR-26a-5p AT
B2 DI o s 4 L P 5 . AR 2R AT S [12]: GATAG 0 Ik I BEME 4T LA B8 5 A% 3 55 PR T~ (CFTR) SR 40
il AA ACEHRAT IO AT AR SE SN A R VR R [13]: IR T 45 SR BV 5 it th i) CAMs 4%
T AA AR AT LSS0 B (032 FE , AWT 70 4E MPE ol 22 215X SU 3 K 1 55 3% & 4, B4 40 CAMs Fil
AA BB O R T KR R nBe 2 A R T MPE S8 IR YT FITIUS 15 L .

AW S B m YRGB E MPE HE SR, [FIRESIE T RATNE R, BEAZEsE
MPE H IR AR 5D, A oo CMRGs o g 8 45 16 AT 5 2 5%y, LB BB RS, [
NIRRT, PRI CMRGs 7E MPE HH (13RI 5L AT BEXt MPE (2 W0 R B TR T S (8 1 2E
VIbr & FATKIIAE MPE w355 T T -5 H N AE 2 MR a8 58 B 0 25 A — BONUAH SR IS O«
MTIE (1) F {510 21 B ik e AH OC, T B AU ML 2 4 1 MT1E J3 31 F 2840 380 [14]. MTIE 4%
TEBA AT LASEM EMT R AR AL, oo 3RIA f5 T LU R 38 n b Rz 45 86 8 3R IA, BRI AN &85 3 B R
R 235 T 00661 R 4 R PR A AR 2B BE (1570 J5 7] LLER 9T MPE H i) MTI1E H 4L KF A1 MTIE
X EMT [R5 00053t — 235 [ B LR i R F AL . 7R3 BHARM B b MTIX Rk i, HrTagdaid (2
B TGF-B1 ik Fak Pl Gee A0 M )34 5, BEAS g 4 i 58 AT (2 28 [ 16]. S5 A 9L/E MPE "FLEZ (1)
MT1X RIETE A, 7] REAE BT 8 0 T 1 S 88 1 X — 45 5 o A B FR AR S 5256 o R 4 i MT1X
IR T, Hid RIAAESE T AR GU/S AR R I 0e it T AR T, XAEBEUR A ILEE R 40
il T MR A KA S MT1X AT R il # i) o 1) NF-«B @45 B0 >R 175 5 4H i J 394535 0 240
FHTZ[17]. XS5ARPFRRFHE MT1X £ MPE HHEIRIE TG OUAHE . i RIEH) MT2A 7] LA/ B A0 i
LW MST1/2 Al LATS1/2 #E98/0 T8N H 1 YAP/TAZ [(BERRAL, #1] Hippo 15 5 18 B M {2
BEANA A . IR AP TS FE 18], MT2A () B LUEBEER L 1xB-a0 5 CyclinD1 .2 B#E M
T AMH] NF-«B 8 5 0, A 208/ 2k 8 & B w6 % 958 19]. 7 MT1E. MT1X #1 MT2A f£
Z MR AT TS, HIAE MPE TS SL M AN B, AW B MTIE. MTI1X Al MT2A
7E MPE H mRNA {315 K A% BPE HH BRI 45 18,  viX—J7 1] AR 78 23 SR B SLATT 70 45040

A5, A @ S AP IX AN AR IS Wik me T b, 1530550 111 3 4~ CMRGs [ 4:5E,
i MPE Fl BPE Ml /7 £ 4E 50/, FRATTHLSE Mt A 155 il 2H SL80408 4 rh 1012 T 1 e R ) W HL A e
o 15 BN RIS R ARN T H AT R B AR S0 R PUR, MT2A F1 MT1X 1) AUC & K T b,
LR B, A Yl 2D R S AR 5 M T MPE 4RI W

IncRNA 7EFE PR Fe ik R 42 . Yoo of =1 58 RN 20 i J ST 5 1o BB, AT S 4R lloRotR 22 (R AH BT 7T
KB IncRNA 50 55000 1) R %[20] [21]. N TIRFEAR L3211 MPE 1 2 % R IA 1) IncRNA 2
%5 CMRGs fFEM B ML R, WEHK H S IncRNA. FATELHEIL S CMRGs JLRIEH M,
2 R B, 15 RE R 2 1) IncRNA A LOC105369559, & LOC105369559 A f¢fE MPE H -4
AR RELEER . AP EEIR CMRGs JERIEHKLL IncRNA H §I 5 R8I AH < SCHIRIR 2,
LOC105369559 %I MPE LA K Ho At Jitgg () i 4 AL il 7345 1t 7

RNA-seq AT 2145 R AT Re S tH TR Z AR, XL H K mRNA Fl IncRNA i#F— @il RT-
qPCR KHIEZHT, 3312 R 5 p 25 R p o7 AR, 52 1 85 R .

g LRTR, AHEFLIEE N MPE BA K BPE BT SR ST, DEGs /i, KILT MTIE. MT1X.
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