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Abstract

Objective: To screen differentially expressed proteins in serum of lung cancer patients based on sur-
face-enhanced laser desorption/ionization time-of-flight mass spectrometry (SELDI-TOF-MS) protein
chip technology, and to construct a candidate serum protein fingerprint model with potential diag-
nostic value, so as to provide new research targets and technical ideas for non-invasive early diagnosis
of lung cancer. Methods: WCX2 weak cation exchange protein chips were used to detect serum protein
profiles of 80 patients with primary lung cancer and 80 healthy controls. Biomarker Wizard software
was applied to screen differentially expressed protein peaks between groups, and a candidate lung
cancer diagnostic model was constructed combined with support vector machine (SVM) algorithm. A
lung cancer tumor-bearing mouse model was established for preliminary in vivo verification of core
differential proteins. Results: A total of 113 valid protein peaks were detected in the mass range of
1000~30,000 Da, and 16 significantly differential protein peaks were screened (P < 0.0001), including
10 up-regulated and 6 down-regulated peaks in lung cancer group. The SVM candidate diagnostic
model constructed based on differential protein peaks presented good internal discriminative effi-
ciency, with a sensitivity of 96.56%, specificity of 94.79%, and AUC of 0.987 in the internal test set.
Animal experiments preliminarily verified that the serum concentration of core candidate marker
protein was significantly positively correlated with mouse tumor volume (r = 0.87, P < 0.01). Conclu-
sion: SELDI-TOF-MS technology can effectively screen differential serum proteins of lung cancer. The
SVM combined diagnostic model is a potential candidate diagnostic model for lung cancer and has not
yet met the standard of mature clinical application. The efficacy and stability of the model in early
diagnosis and clinical differential diagnosis of lung cancer need to be further verified by follow-up
studies including protein mass spectrometry identification, large-scale multi-center prospective co-
hort verification and subgroup stratified analysis.
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3K, A DS IR LR AS 12 [ 7] [8].

2 T 1 5 SO A HEL B K AT I T 5 1% (SELDI-TOF-MS) 2 i A ) e i B 2 1 T 2 2 0 Aok, ] bl
BAE. mMEREZRED, WEEARGSERE, &H T M G S8 s EfiE[0]. 9k
[l N 2 WU FEAE S, AR AT 24X Jy il S5 S5 e R NI, ZE e bn B 0 ide SO2 A A v L%
Al AT [10]-[13].

BT BRI 5, AR R AR HEL SELDI-TOF-MS AR RS, W be 44 i B2 55 4 e A JRafiy
HEEAREES, Mk ERE O, 454 SVM By @ i 12 Wi e By, 558 i fi e /) Bl R Y
FERHIPARNRAIE . AHIE TS B E R I T R SR EY), ARS8 E%E . WL K Ri2 Wi Ay
AL TR L LI FER, IR BT 5T BOR DO AT IR R L4518, BRI RN A EATS 75 2 4E 250 IE .

2. MRSFE
2.1. RMR

e s SR IUAS 5 AL R AS P DR AT B REAE 012 B R P M e S8 LIS B A 80 1, At (2 e 41 40
HEEWZ, AR B MORIEZPUMRIA T, Fil 18~80 %o HEER & IFHARBIEM R . ™ EATE Ih
REBAf S B B S B S AR R L) R

(R RREXT AL S IR S AS 5 AR R A P DR A7 ) A R AR, 2 ILT A A 80 51, & CT R ML Tt
TR O E SR DIREEORN . AL ERE . PRI T LT, SR BORL R A AT L.

AT PN B AL A AS, B, AEPCREN R IMBFEAS.

2.2. IFHEARESLHE

AW RN RE RS REI AT KL 5mL, =iREE 30~60min F840#El, 4°C. 3000 r/min &5
10 min, 208 EEMiE 3 ETLH EP &, —80°CHlARIEVKM MRS . KMIETEFEA E T UKk LB m
%, 4°C. 12,000 r/min B.C» 10 min ERUTIESAR, ARAEREAK T 40 )%

23 FERFSUE

R0 SEER M L WCX2 55 BH B 138 4 25 1165 (32 [E Ciphergen Biosystems /A #]); PBSII-C %! SELDI-
TOF-MS & [ &5 F B34 (32 [ Ciphergen Biosystems /A #); FtER4H. Triton X-100. DTT 253474l 7
(3:E Sigma-Aldrich 24 7).

SIS IR N RAEAREY ELISA A SN EAEM TRERAR, k5.
EK2898), il RHE >0.1ng/mL, #tNAEF RE <8%. AR RE < 10%.

2.4. IEHATRLEBS SR EH#

1% 2 Ciphergen 2 &) B 5 brdEEAERAE H 45 6 050 7 SR ERAE[10] . &5 i th: WCX2 & &
FUI 50 pL yEAE 22 03(50 mmol/L BEER%H, pH 4.0, & 10 mmol/L DTT), =IR#EH%ME 30 min, FFk
JERAEREEGRMMIRER BN 1 K. FEARE LR MIGEFEA 10 (5B, BEALINA 100 uL #k i
T, ACIBEIRHITE 16~18 ho Feisk: FJ5 LA 0.1% Triton X-100 F S B AN Ve TR 22 M 3R 1 e 3 Ik,
FFX 5 min, EAUKPGEG S B SRR
2.5. SELDI-TOF-MS #&37)

FEHEAS D HT R AR E SR AR AE T R4, BT RME <0.1%. S8 BoL#E 185, Rl
REE 8, JFimiayuH 1000~30,000 Da, &FFLKEE 95 KIEE(E S HCF¥ME. BE R B, Rkt
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A (S S50 E CV M > 10%W 1E B, R R e 1.
2.6. BEFWAESERERTE

545 Pk 25 ProteinChip Software 3.2.1 58 il FELRICIE . B F5mE H—1b. ERBI(EMEEL > 5) Mgt
Fr(B R 2 0.3%). 3 tH &4 f5 R FH Biomarker Wizard 1 {1-12£47 48] 2 57 437, 183 Benjamini-Hochberg
FDR AR IEZ B IRZE, PMRIESG P <0.0001. & AREBIAEE > 1.5 5(<0.67 1 N 7% 75 Ak
FRIE[10].

2.7. SVM iR B 194938 5 A EBLEWE

H 160 BT FEREABENL 2> AN ZREE 112 I (i 56 41, XFHE 56 ). P EBIIREE 48 19 24 191,
XTHE 24 ). K H] Biomarker Pattern System 5.01 %k, & T2 A% K% SVM Bk @2 Wit Ay, @it
AR A 5 P8 UITERAAR T S5, A SE RN AR IIE, RITREZ O AT BB LRAIE . AHT
FEIEE ABIEIE S, (U T8 SELDI-TOF-MS Bt4 SVM R 7t LK .

2.8. PR/ FRAREIISE

T 6~8 JA ik SPF Z¢HfEME BALB/c 4RI 20 K, BEHL/ MIRALAL, Xfid4l, &4l 10 H. A4
AR &5 B2 R VEST 0.1 mL Lewis ffie 40 M2 (5 1 x 108N gRM), SHRAES S8 L HE PBS. 205 4%
FhIGEE 7+ 14 21 FRAE/INBRAM B I 46 000 1 375 16 38 B (IR 5 AL B0 S5 3% 55 P yeg 2L 23 5 0 8 ek e Ak
K ELISA 5 71) 5 A I Ly AZ Ok 308 B8 (VR BE, 7™ 42 B 571 0 0t W 15 58 I s B B 1
2.9. GiitE SR

KM SPSS 26.0 BAFHEAT AR M, TFEBRILL “IMH £ bR Rowx, WALE BECR A the s,
A AR R AR Pearson AH2E MM, P <0.05 2R AA S L.

3. R
3.1 MrxiRELER
fiEE2E 80 41, T4k 52 151(65.0%), “ih: 28 41(35.0%), “FHIERN(62.3 + 9.1)%; fEEEXTIEL 80 4,

51 48 191(60.0%), “ik 32 11(40.0%), “FH4FHE(60.8 £ 8.7)% . BRI, FREFLEITERZ NP >
0.05), JELRIMT T EL ., Filijes 205 FH 2K A DU N F2(43 1], 53.75%), FHLUCANBEE 27 11(33.75%) . /NHIE
JilisE 10 41(12.50%); TNM 433 1 11 8 £51(10.0%)~ 11 ] 22 $1(27.5%). 111 3 34 £(42.5%). 1V ] 16 i
(20.0%), FIAMTREREA 5 LAWK

3.2. IEE B RIESEBFE

£ 1000~30,000 Da Al s Fl Py FE46 113 ANE 208 UG, B FEAAS 5 3% CV {H4 4.3%~8.7%,
RN AT M R . IR B R, s 41 7E 4000 Da. 7700 Da Jiifrf tbA B & (115 5 0m s B2 I,
11,750 Da 17 B 5 5 5mF 5. 2 84K, MRS EEFEEH B REER

33 ERFTEEOMELR

AR TRV TR bn i, Fe&imik it 16 MNH A ZE R BE W E AN, HofiliEamRis 10 . [KEKX 6
A, BEABFRA L. RIEKP. BIER G224 e L% 1. Hrb 4200.15 Da. 16900.43 Da & H
U Ik AR Bt =, NG SR R T T IRAZ O 2 1 0
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Table 1. Statistical results of 16 differentially expressed protein peaks between lung cancer group and healthy control group
1. MERASERXTIRENE 16 MESTREERIENEITER

-~ —
R H*f;%ﬁgﬁ’g # f};ﬁgﬁﬁ A (FD;{E&) ik
1 2103.45 12.45+3.21 5.32 +1.87 2.34 <0.0001 i
2 3208.72 8.76 + 2.54 1543 +£4.12 0.57 <0.0001 TR
3 4200.15 15.32 £+4.21 451 +1.23 3.40 <0.0001 FiA
4 4735.88 6.23 +1.98 11.87 +3.45 0.52 <0.0001 TA
5 5392.41 456 +1.32 1.87 +0.65 2.44 <0.0001 iR
6 6450.23 9.87 +2.76 3.21+1.02 3.07 <0.0001 iR

7700.82 23.45+6.78 8.12 + 2.56 2.89 <0.0001 iR

8200.34 8.76 + 2.45 18.34 £5.12 0.48 <0.0001 T
9 9275.61 345+1.12 7.89+2.34 0.44 <0.0001 T
10 10500.76 5.67 +1.54 12.34 + 3.67 0.46 <0.0001 T
11 11750.33 2.13 +0.65 9.87 £2.98 0.22 <0.0001 TA
12 12450.19 11.23+3.12 345+1.11 3.26 <0.0001 FiF
13 13780.56 6.78 +£1.98 1.98 +0.72 3.43 <0.0001 FiA
14 15320.67 6.54 +1.87 2.01+0.76 3.25 <0.0001 FiA
15 16900.43 432 +1.43 1.23 +0.45 3.51 <0.0001 FiA
16 18650.28 7.12+2.01 2.34 +0.89 3.04 <0.0001 FiA

VE: SD AAREE; B EEONEAXIEST RASE 2 s P {42 Benjamini-Hochberg FDR #££Z 1E

3.4. SVM (R &S WTiR B K A BB IS WA BE

MR, BRRINSE N C=2. y=0.1. BAFEN RN GRS M0 b 0 R L e
HERR . AUC BRI (2 2), AERIINRERAL 3 BIREA A, ABAAIRCR RAf . (HAW AR R L F
DAMBRASIIGAUE, BRZ AR AFEAREP R E M ARG RIIESE, HAREEXE 1 YR Il 5 T R
Ay 2 34T, TS W R e TR T

Table 2. Diagnostic efficacy of SVM diagnostic model in training set and test set

= 2. SVM S HE RIS SR & P RIS WA RE

T etR WL = 112) PUREE (n = 48)
REJE (%) 96.56 96.56
57 (%) 94.79 94.79
T2 (%) 95.68 95.68
BH 14 T3 (%) 94.74 94.74
ERESTRIEENCD) 96.27 96.27
AUC (95% CI) 0.987 (0.972~1.000) 0.987 (0.972~1.000)

DOI: 10.12677/acm.2026.1693188 1496 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1693188

(ZE= L

3.5. BIYISCIEHI B HEIESR

FIA R N BRI D OB, TEAETS . RO, BERE B 21 RN TR R 14 R D9 (1084.6 + 186.3)
mmS. R I AL B 1) 4200.15 Da H A/E AL OMEEAR EN), ShASRNLE R ER, BN R
TEAR D FE B e A R ST v, % (R A B e TR IR ZE(P < 0.01) (55 3). AHIRMEM T IR, fBIE
B AR S5/ BB AR R 2 B EAE G (r = 0.87, P < 0.01), HIBHRR1% M5 1% 5 11 5 i I gg A KA AE %
B, JE4E5E R A B %8 Ja BT R 421K F 1) Western Blot 53 1iF

Table 3. Dynamic changes of serum candidate marker protein concentration and tumor volume in tumor-bearing mice
3. BB/ R EIRIEAREE B K E R AEARESEX

B R A RV bR BRI X HR L b H IR BRI R AR
(ng/mL) (ng/mL) (mm3)
TR 12.34 +2.15" 2.56 £0.78 58.3+12.1
14K 28.67 +4.32" 2.48 £0.82 312.7 £56.2
H21 K 4523 +6.78" 2.61+£0.74 1084.6 £ 186.3

Ve "R RIS AL AL, P <0.01.

4. 71ig
4.1, ERELAHFEERNATEYSHRERYE

AW IE L e SELDI-TOF-MS i, ik i 16 ANl A ¢ I3 22 7 2R (1 0, ik 2% SR 5 BE A
FXMREEE, HOZERERABRENE L, IES0ZH AR e i 2 57 & A ik h L& B8
[10]-[13]. [RIEF, Fifded /I BB AL SEAQ AP IE T 4% Cof 34 B 11 5 i bR AR A (R AR OGP, HERR T B4l st
B BE P4 7T B

IRl ¥ oA 58 i 28 S R V5608, AR sl Sz A N B AR i AR S AR WP IR R, JFAEE B M)
4200.15 Da A THIE R, JE2LE S E 5 &8 A% 50 7 1T R 5k .

BT FAAAE R E TR LRI, RO BRI R 58 2 7 B A I G 48 € . SELDI-TOF-MS AR
ATEREEE T Ar LUAS S, IR 16 A2 R B T L BAR BE A AR S5 AR AR T Re, U
& 4200.15 Da. 16900.43 Da %57k i 35 A% O, HEA S M AR . X580 TR K ILE
BRI ZE R, TIEMBER SRR AR RSO, WI0%ERE4: ELISA. Western Blot 48 1iF 5246 4
BEORRE SO HE, AT ARFAIR FERAZ O, JEEE0 08 LC-MS/MS Jii i % € 7R 58 il 2 57
SE=g/R1Fr R

4.2. SVM &S EriE B N B /PR S5E 4L 75 1=

AHEFURIEER) SVM BERLLE Py s Il v SR B A0 5 O R R (HZ AR RSO B i AR A (e A ok
WA R, IFAERT EAE N T IR RS W TR, AFEZ AL RBIRIESRR . H—, B
O EBEERAE, AR RS TG BSL AN S HEAT IR E, TCiE PP R E AN RIS AR
FE AR R T RZ AR SRR, AN R R E K. H =, AU REAS b 15
HAL 8 B, FEARAL, RIFREXT R AR 2204, Toi% B i A 2 o il o 7L S0 A2 12
Wrakhe, HMECASCHEH RIS RN E . =, AHF TR IR B AR RN, RN R AL 4571y
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B AU TS5 BRI, R WK 5 2 97 ) i
4.3. SHIENESEE AN ESREMREFR

AW FCETE ELISA A /N BRI (5 15 22 1 I sh & 284, TFRAVIPARNIRR . i T iR S8 Bk 0 22
FEARFGEE, BRI HAREANAZUKT WB BE. J& 2/ s 78 o 0 2 5 8 A I 5
%€, MIE ARG, THRRAFEAS KIRRAEARRIL, &Pl EA S INES AV ke

44. RERRBEFR

B AHE TR R TE, JREEHITRE RGBT O X 16 D25 d g, ek BUE A% o
ZE S AL L (I EEAT LC-MSIMS Uk 2558, BITE A S 5068 @ WEEZ b KFEAHN
SEAMBBA I K, TE R AN AR, PEAEIZALRE ST © K | I B EREAR, TT R R WA T,
FEUETEA T LS Wtk e s @ PINBIAR RAR SRR IR, e B B IR PR 22 Wi RE 1 IiE; ®
THREEFHEREN, JFRRMEL ELISA. Western Blot JGESEE:, 95 SEfF 70 AR E 1R 4E o

5. &g

1) FritEfl SELDI-TOF-MS & 5 F SR AT e R0 e i e £ 5 i RN LI 22 2 RIL R E, REWS
A g SRIDUIT I AH O ML 3T B A SU U, A A2 v T R LI AR S A 2T st e TR

2) BT 16 NEFREAWEMER SYM 2 WAL, £ f bt P EEIINCAE T B RAFROHI R, AT
N RETEAE RS WA, (HAZ MR R 225 22 o AN BA B B6AIE, 2 ARRRETE . T2 W Rl PR 2 ]
W ESRSENESS, AR & Im R N 2%

3) AarJed /)N SRS S B AT HAIE SEAZ O BE £ (1 2R IK /K 5 e PR AR KBS DIAR O, T D 5 SR T S A3t
VP Ses s i, EEREREREAEEE, AT ROICRR kS .

4) BTN IS L35 b 25 W0 12 1 T B2 I RS 2R My AR 3t 1 TSI BRI e, (BT A AE R 1 B R
Bt SRZAMERIAE . FIEA MRS BRI . R AR B A E . RIBATIE M 2
Al I AL AT FER IR SIS RPN IT, PR R R RE . W AL, T RTHESD
L P T il 8 S 2 W 5 W PR3 2 T

A B
AH T BB BRZR AT T, SEA6 FITFH LS b A BT e A A A e e Pl B 44 A A 2 0 BB P 77

I RT RARAS, ABFFARPIGZRE , AREAL PR NAEYIREA, AxT 3250 S A i R T
T AL EERR. THEWMEAE R, SUP AT A TC T 0B 2 A 2 d it R B s F .

E&WE

WHSR: —BIH; THAK: BAHE AT BARMILE P ifEErs £ &0 HFHTERK
SR SL I H 9w 5. 2026040).
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