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Abstract

Disease biomarkers refer to proteins, nucleic acids, and metabolites detected in biological samples
that are closely associated with the onset, progression, and prognosis of diseases. They play a crucial
role in early and precise diagnosis. As an emerging technology, microfluidics has garnered signifi-
cant attention in the detection of disease biomarkers. By reviewing the design, working principles,
and applications of microfluidic technology in disease biomarker detection, this paper aims to pro-
vide a reference for its further clinical application.
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1. B

PRTEMBRE LI “TTIENE . S5O0 R A R IR R JEIE . B MG VP A A 7 7E TR
KL RERTUG R RIS B[], XA TS . R R R A K

PLYUREA IR (R . IR ARHMIHEAT R T S0 LB . R AR 7 RO SR 2 A A .
5 10 EIEC S 28 R B 52 30 (ELIS A) TR £ 20t 28 5 S (PCR) A 95 AL b s A (R & v, i T
B AR R E 0 AR I AL IR AT ST B A, BEAh, (K2R S 4T (CLIA) it 4ot
SIME(RIAYSE 7 0 AR T2 T IR S SR o AE0 LA R T B W T E AR 2, il
BOARN RIS, WU 7 vE R . RS Do . (RS T A DA, X REA R
REORE, ZEAMEEARL, ML —T & FR 2 R AR SR, B T e
A 2 (2] [3]. MEAESR, SRR Wt 7B ARE R . MRAR BRI . SR
K TR R AE T ERAEH . S TR BRI GRS s 52 B E L, ASC R AR i R 3
VLT RUZE I RIS A b =5 R o 1 R L B ok R R e 38 47 16 A 44

2. WRETFERNRTT R ITERE

TR FEAR IS — FAE K RURE IO T8 A B 45000 4 00 3 m ) AR RO JEA T AT PRI R M AR, 4
A I B FL T IB I 2 20 HH42 90 4E48H], Manz AT Widmer $2 H A7 421k 22 79 1 22 S5 (miniaturized Total
Chemical Analysis Systems, mTAS)#E & [4], % OB LG SLI0 = IR S bl 25 AERBE L 43 B JAsr I &5
FEAREEAE BT ERBIGE i b, SEEL O A 9256 % (lab-on-a-chip)” FIThEE, MMEREMIHIT S REL
I HT[5]. SERFEMRAERGA, T AL OREARILE “ROBERR” , RIS s )R] 46
INEREERS, R I(NE40E 77 RI5K 7)) KM S BRBHE I o SRR, T2 I R
AT A SRR 6]. OB HE AR K AT R SRR . REL Pudifase . vl fde T Hg 4t
TR, ARREmRICE, R T eI S KA R, TR T I R T A 2 s ) 2 A
K[7].

oS AR BRI E” M0 EdE, BSE R, . B O Bk, 45
HMEVRHE S ThRE R R, TR E BRI E ik R . HIEARM B S O SR o iEiEiE . Thee
JE HAF) . MBHEIR. GBI DR =305y, I8k R %040 () W T A A L R S A TR AR R 1 AR
/RS AN el PR T R S

2.1. #%iLEEl

PROEIE R RS A 1 I, SRR SR LIEE, RIEThEET R, BUEIEM 2% R 7
NELEIE. Y BYIEIE ., T AUEIE . MRIEIE . S GHIESE 2 A, o BB TE SR R A, o R
PO AR IE A, TR R A R AR . R RSO AR I 3R (8 ]; Y RUEIE R T PR
PRERE B, 130 Roward S8 BLTHAEE TR A R AR Y ZURGALIE R B, Sl IR AR A FE PR AR S
LALANAE-S R FESE R R 59): T RUETE R H AT o 2 R D 25, Lﬁﬁﬂﬁﬁﬁ%%m
WERE[10]; BRBEIEIE FIH] Dean i e sRift vk PR T #9285, HAT2 M TAi ik Mg 7 BAERAI[11].
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Dy RE M S R 2 8 i SRR SE BRI “ AR, 2 SR R P T e Jls 3 B AR AR i TOUAL R s« S JS
RS BRI o, B TRALERE . PCR JSOSIIE . AR, SEILARE ik . AZIR Y™
FERE SARI ) —ARAL[12]-[14]; RSB A DR S B B ROA ST, dnnts A 1 = AU e
gk, SEERARAC I RE15]

2.2. B[RS

TGRS 2R S R L P2 T A L AR SV AT 5, H AT IO R LA e L 358 . PDMIS
ARIEKBEL RS o NIRRT R AR . Rk R OARER, Rt i R AT I E A, RS =
TR RO R IRIERIDEZIBOR, W SEBL N SOEIE A M Rk e %, HSriiR, 5
HAL AR BOR R FEE R, A TR MR AL . AR IAR B TR 51k S A 16]-(18], 3
BB (s faeths . Resm st . AV S LSS, SRR S AT 2 R T
WU 191 iRt I 45 8 1 pn B MR iR R v 8 AR I (201, B mT T A is 45 i A B b 25 )
HITOCHAG T - TEEWIE AR 24 B LA A I R B AL IR oA, SRE I TR S R & e
P, OB SR IN o N 2 AR Ferb PDMSS F st s PRUs i) 6 S 20 A R i, 3R
VRO GRS BRI R S, TS RSB IT ,  HLARIH S R S B A R
REM SE ek, A RO /N IR TR, &L e T O BOR . PRS2 U7 ik(21] [22]. 4R
SERLJRARL ADEAR . LPAERME . R 4R R B0, SRR AR 2 R BT 5 B PR AL o
OEEA, RAR AR b SR I Y 2 2L (23] [24]

2.3. HHBNTHRELH M

YD RR LA SEIURT I A oG b 7, HEAR B IR IR . RIEEMESE. K IEE
NS ) A S 2”7, FA AR R REE 7 AR A S5 I i R e A ELVE e f R
ARl FIRBII BB AL (S5, RN TR O AR Bk Z A5 543K S AR e S AR [25]. AR
Mz O @ AR R GIR . JEETCAE . BRI ARG fE, SCBIXT e, B U e S5 I HEm
SREARNT[26]-[28]0 FALSAT IR DL RYAY, . ARAAS . G BRI SS, B POCT s iz ik,
LI I AR BT AR O EE N, R RSB S AR TS R N A B, PR AR
R FHEE, SRR S E BAIN[29] [30]. IR BEE SR o 42t Fr f B A TN g 8 Sk 5
RO BN 7S, TR I RE IR Y 48 . A s B SR R U IS MR, A CRAS I s S TE S R LR 2% A
N ERCHEAT , J9BIR R S AR ARG I B R [31] [32]. RS EAE MR 0 A i “ TRtk A,
Fefe TR e . RBUE ST Y2 O AR BN . I 7R Fr i R L SO DX Il I H B T
BRI T (U PUiR. BBRIRED) GKARICA SBI6 . S40KBRD IR R &Y, S SH
RPN T SRR, BRI KYEREAE SR AR, SEIRT B bR br £ RS A 3R
53 85[33] [34]-

TR S A B AR O S MR O Bl AORMIS IO SR, SR DI Re AT A e, TR L)
[FI AR R o AR IR : OB TE W 2% f1 SRt i fE i 5 3%, DhRe s = Sealpe fn AR B 5 R A0 R
L, A Bh D e AR A A I M e o A ARG “FER TR EE — JARERIES RN — F5R0 — %
WA AR, WA AT, SR TR sl KRR S A, AR ROREAH DGR
TG RGP B R B ARSI b R 1 B AR . X = R AT I I R 2 A SR (o A A o R
T B ) RS HE 2y B TR A AR A T E B AR L AR B . R I — X, i P &SR T
F B R EL CAnREDK « A FRUK) 5 4 3 SO TE AR ) AR S5 A Rl PR AR S SR SRS . SRR, AN TR 40
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3. fORAES T O KA

FE L 5 G e DO REVEAL v, 5 s A o I A 4 5 G B 1A 15 PR ORI, s DA S S Wl v P A
RIBPE . AN IAE 5 TP UL 2 BARAR AT 0T RE o ZRIRIR T2 WIS LR SR BE ML . RO
SN L g B e (R BB gy 1, N AR HE R RS B Mo ol IR AL s Sh A M SR ST ORI A 1
HEGIRSCHE . WIS PR PRI AR 0 AT BOR S A% Gds I T BOE A7 AEAE A TR A RS
A RIBPEA R HAE DR SN A IR Bl R BRI RO IRIERAL . SRl il B LR,
255 QUBT IR 5 15 5 TR TT WA 2 SR A R Rl 3R e, O 2 4k FE R EE AR AT AR b S R it
T ZIUHRBRAR[35] [36]. JLRHE A MRS I PRATAS B DRI RR AT BROC I3 2 A SR Tl 75 5K, iz oAl
L GATH 5 BT O B 5 5 OB TE BT R IR D AR AT FE I ST R AR o Zhang [ BAAA 7 (4 G2 A ok
T S B 2 S AR R G T & | E AT AR 7 IL-6, ARFERORES SR 5 W 2k B SR BRI
ik R P B A AN RE AN T M AT, I H SRR IR PR LS FEA ELAEEERE 08T, S5 R IR IE S SLI0 = A4S
DMEAE R E—3([37]. Chen SELTH /5 H R 55 B T M ILIRTARE SRS R B AT Bt — 2D B 2 1L,
I 2 BRI AR b 2 AR AL S BT R D SE RIS IL-20 IL-4. IL-6 %5 6 Fh4AfE
T EHPPATALIN,  FEARI R A S M I S BE W PG B2 1 71 7% (381 Phillips WEA IR B0 E
UK = G PEOR NGO SEDL T REAI L S B ThREN — R4k, LN E 2 LR T SRR R AT AT R B
M T EE S R G, 2 BANE FIKEOR 78 HARIIE R 15 85 5 HO6E 3 5O L,
A TNF-oc FORE DN T3 FRAIR 40% HABI WAL GETTIER 8 /NI AR 1.5 /NI o AR SR i PR 74 I 75 15 42
TSR AL PUARIE R DR SEIRAE, DGR AR S R X5 R, PR AU I ST R
AN B SRR B35 PR/ 1% 22[39] - Portmann 25401 N FF R ISR AW 43 AT F 6 6 5 AN 1 JA) 1 e A%
M 2 T ARST RO Y T G e SN ' AR SR SEBLA I [B] Y TL-6. TNF-a SE4H A 173
WACHRIZNAS ML . Cong SF[41FEWIR — FRMIHE SRS B HUN T 5 _ESCHL 1 4070 WS Ak 5 R Y ) R IR 73
BT R T SR TS PR R A A i B T S I B RS P I A B AR B T i AR,
RITAMLThBE S B PESR AL 7 A R T . PAIRIS BOR B REA T E R . BRI a0
DIRefitT . SRR M & 2 HR bR AT R S5O0 %S, HESh AR A FAS TN HAR J50T,  SEBL 1 A A A
CROASTIN PR R B 23 AT DA A R N T ARG Y = B R

4. WRERAR R T LRSS

R S R R A R R R v e A R R R AR 0 HORS YA DU e 2
Wi J7RBOTA R UG MR A AT BRI UME . SR BRI AR AT sON MR R PRV
R 5y B IEA R 4HL(CTCs) s FEH IR DNA (ctDNA). SMNBRSE IR bR £, s 2 Wit 17 4
HERAR[42] [43]0 ZHTIREAR SV T 70 B & R 5 W KL O IR, AR G5 EAE SEPER 2 RE 1
FAERZERR. 2EEET, ARG EEE O JUEE. RO H 6 2 geor fifiskas, o
Bricdirmm, Ao ERAAEA . ELISA. T —UFF(NGS)5s, R85k ®H 2 VIRTaRE,
BOZ A5 GBI bR SR S RS, HAtE R — 2k 22, MR 2R A mER . &
RBUZAIN T Ko BT IEF 8 20 B SRR SN AR LE L rh AR E A B ELS 5 32 40, 0o 15 SR 4 T vy 4
BE RN UL AERF AR E TS R I TCAR 0 B8, BRI BORIE R A AR A AR B ) B 4R
Kl o WG Thag, SR RKANERE. R, il SRR IR, O R A I ) S B 152
A, HPBF#EE CTCsy ctDNA. ARSI SR AR S IR I [44] . AEAR TR 68 20 A A DU 77 1 »
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Abdulla ZFF R FIHUA DI REA RIS S 8 3 AN XA 4 MR X, R XA S 78 5500 = M T AL AR AN
JE PR LS i ReaS Y, $G5R T AR DRI S, K T GEMER R IX s R ], bR e T A S 4
RRIREENE S, $REf SRR [45]. Zhao 25K HER2 &M A 5 YAP] BB &6 B CTC, &R
A 4 i T X HIKRIA HER2 CTC [ . Li 2% 1H1 3D Z L4z A, 1816 CD9 diid s ok
WA IR EZRIE 90%, ARGk T 2D & 7 4r B Al FEAR MBI [46]. (EIMAMARTIN 7T, BT sk 7 &
BUE, Mun 297K T — R TR KBRS, @ B R SEEL T HERR i RIB A4
5@ A A 1 1 5500 B R S MRS, D HER2 PH S E (12 W 597 ROP Al #2417 8r& % (47]. Huang
SRR T R TSR Y O = U R S R BRI T B O A bR E X I B (CEA)
A A P 7 2B K R F-(VEGE) B RGN, 508 1 >R P B 40 22 B it I 45 A ol i S K b 3, TE 7R A AR
PRBI AT SERLAR B B sl, KBTI 1 & RSN, AIRRILIA RIS E | 3Lat48].

5. WRIERRERBRNPINA

TER B30 71 5 O TR SR, Rl N AR B TR 2 “AEAHE - 45 5 i (Sample-in-Answer-out)” HJ1%
6] B AR . AR AKERS LSRR I IA W RLRE 7T o ITAESR, B aa R 70 0 3346 I 43026 9 52 1) 8
Mo VT AR RAGAE BARAE IR TE A SUA i A o e Aar U A UG . RS IR et T Ros it
TE 2 T 8T A BRI rp R 1 B R 3 12 AR G T P AOK R E IR 3E 3 A RS ff B 2 Tt Ak, T SEIRE A T AR 2
T R KSR — AR R, 2 PR I AR L 48 S A I B () 42 A PR e . Wiitkowska
LRI T — P TR AN SR AR R AN & TR HCV EE, s E R A
AREMA BHE R L YRR FF R (PMMA) 25 & IR RA Vit B8 e 369 S AN [a) Az A il 2%, 3738 =4 b
fRIXUEE DNA ST B4 1F S50 00 2% b 0 25 2 AN 40 (U BURL AN BT FITC Piikss &, TR (B ) Bl
AT, DS EIA AT SE R, M TBUE 1 POCT 778, KEIEE e, R R IRE v &
PETH[49]0 31 4R 1 T —Fh B S 4K PR BOR L 3D 4T ENfi 420 A 5 8 e T HLS I 19— 181k POCT “F 4,
DL H7NO Ji 85 AR RIGHIE T RIS, XM “HPRMEL - M2 TG - B e~ 1078 XA,
N R B A BR R B T R AR T R [50]. Liu HEHE TEAEAEHABE RSB NS
CRISPR/Cas12a ${AK, SZHL T SARS-CoV-2. WFURGES M EE /&K A/B H45E 8 Fh H AR EIAGIN . 1%
TR & T IR T 975 BRI A R IR R 75 >R, T I I 232 i 98 7 4448 CRISPR Al i st — H
PR BR[51]. Hong FE¥il 14 THUBR I AR IR s &8 /P &, 528l HINT. H3N2. H7N3 =i
T B 22 1) — B R R [ 52]

6. REERE

TR A S R . AR R s REE . WAV AE . Al 18 2% T (6 5 70
P A W e I HE TG AT B AL R FANE o IR Tl AR R RF S AT 2 5 I IR A A e A BB 8T ik B
AR L VEN « 2O A8 1 H R 5 0 PR S, oo 7 B T R v TR 43 AR A T 4 48 7 1ml [53]-
[55]

TR HARTE B b BRI A A% O3 SE R IE L T bR BRI “ 5 PRy HEL (8. B Bl
IRFER o Ho—, RFEARWEAES MR R F N G, om0y (0 Foi 18 25 A m A 0 Fe 75 A5 A B 1 2 7k
FHEL RN TGN, IXLEAE IR R A M S5 22 SR AR BT AN ] B AR A, [FII RR B AR 1 37V 8
B R HIRT I AR [35] [56]. o, Al REE S8 SEHUNE S, OB NIRRT ZREE . 455
A B B S o R AR AR L, B3I T A0 T IR B BCR S5 S5 [57]-[59]; H=, PJuds
MG ERAANEEE, WO OH BRI, 3. §8. RS2 AN PRERT T7~F 20, ¥
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Fe g BN SRR I IAa R 55 30 0Bl LA, S8 RGN AT #E 20 73 BP A SE R, TEFC 22483
PN LRI A 5757 [60]-[62], NGS SAEWME B2 IR K BORFEFL R A 245 B0 B SR L REA S 4t
IR G RIEELSE, ORI EAR WO 3E S P T 2 B AR L ERRE i TR, T A
PUAE L SRR it R R A SR S I R b LY, A 5 IE VSR, Ky PCR SEA R Bl f LI 20
REYIEL BRI, (EAZRRANS S B AR R AN b e Bt AR s ORI L . SR, X e AR BOR H i)
AT AR R L B B RAETRR B, R AL AR 2 A 0 b EAS DN A K S R BR A
e DAL AL 02 07 A s BN A I (POCT) MIB VI 7 3K » it #2As Il se 46 T sk LT3 3L AN et
TR TR s 5 R AR, EREREI T Wi XL JE S N 5, HESh BT Rl B 34 4
e, TR T SEBL AR S R A, 3 A HE > A S A2 T I /R [63]. BEAh, BRI BRI AT Se Bl
TR BT L PR T AR S ARSI, SR BN A = A BEIAG,  ZhaAS W A R S bR SR, B HL
B TS 25 S i 1 4 T [64]-[66].

Bt 2 A2 R BOANWTIRA SRR B AR AR b A5 A DN TR 576 B RE AL . SR IAL . IRA
s Z e s PR g . AEBORBUETRT, RIS A RE . RUETE S IPERE, PR
A R BOR IE B AL N 2 BRI SRR “RTACBL G157, @ I e TR It i K R S 240 M
Z AN PSR T B RIESBR ZARFEA I H ST PUF SR THE MR B, fliitdZ 5K 5 CRISPR % (K4
JRAE T WO AR SR BTV RORTR R &, DRI R BUZ SR 08, $0RAINEE], SCHLM
R A I R 22 2H S RS A I (R R, HESH JC B SN AT L R B A I A v i D RE PR A AR [67 ]
R RN S FEHAZ, N TERSMAEAIN RGRER G, 8 s 2 5 Sl I E 51
HahHEE. AHESRME ST EBUER, HEEZEN . TRERT AR FR, MiiEsR bt
PRAEWIRIE . GWITHIL L BRI 25 WL (68 10T 78 5 UEUA #4 S B Y, I AL AR AR BRBOA S, e
SEGRRAS S HME LAEAT I PR 10560 10 A B B AR, SR 25 9097 AU DO VPl 5 AN AL 45 2507 R I e, 4
EAGHEIR TN X [69] [70]. R ERTIA, PRIIEBORAMLIAN 17 im i S50 S PR B P 5 i R L7 PR
R FIRBEEARTH, EAE A ] B R 2T G IR T HABBO BRI R -

SE K

[1] Perera, G.S., Ahmed, T., Heiss, L., Walia, S., Bhaskaran, M. and Sriram, S. (2021) Rapid and Selective Biomarker
Detection with Conductometric Sensors. Small, 17, €2005582. https://doi.org/10.1002/smll.202005582

[2] Sanjay, S.T., Fu, G., Dou, M., Xu, F., Liu, R., Qi, H., ez al. (2015) Biomarker Detection for Disease Diagnosis Using
Cost-Effective Microfluidic Platforms. The Analyst, 140, 7062-7081. https://doi.org/10.1039/c5an00780a

[3] Li S.,Zhang, H., Zhu, M., Kuang, Z., Li, X., Xu, F., et al. (2023) Electrochemical Biosensors for Whole Blood Analysis:

Recent Progress, Challenges, and Future Perspectives. Chemical Reviews, 123, 7953-8039.
https://doi.org/10.1021/acs.chemrev.1¢00759

[4] Xu,J., Huang, M., Wang, H. and Fang, Q. (2019) Forming a Large-Scale Droplet Array in a Microcage Array Chip for
High-Throughput Screening. Analytical Chemistry, 91, 10757-10763. https://doi.org/10.1021/acs.analchem.9b02288

[5] Jakeway, S.C., de Mello, A.J. and Russell, E.L. (2000) Miniaturized Total Analysis Systems for Biological Analysis.
Fresenius’ Journal of Analytical Chemistry, 366, 525-539. https://doi.org/10.1007/s002160051548

[6] Chen, L., Guo, X., Sun, X., Zhang, S., Wu, J., Yu, H., et al. (2023) Porous Structural Microfluidic Device for Biomedical
Diagnosis: A Review. Micromachines, 14, Article 547. https://doi.org/10.3390/mi14030547

[7] Panneerselvam, R., Sadat, H., Hohn, E., Das, A., Noothalapati, H. and Belder, D. (2022) Microfluidics and Surface-
Enhanced Raman Spectroscopy, a Win-Win Combination? Lab on a Chip, 22, 665-682.
https://doi.org/10.1039/d11c01097b

[8] Kulasinghe, A., Zhou, J., Kenny, L., Papautsky, I. and Punyadeera, C. (2019) Capture of Circulating Tumour Cell Clus-
ters Using Straight Microfluidic Chips. Cancers, 11, Article 89. https://doi.org/10.3390/cancers11010089

[9] Hewlin, R.L. and Edwards, M. (2023) Continuous Flow Separation of Red Blood Cells and Platelets in a Y-Microfluidic
Channel Device with Saw-Tooth Profile Electrodes via Low Voltage Dielectrophoresis. Current Issues in Molecular

DOI: 10.12677/acm.2026.1641738 4657 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1641738
https://doi.org/10.1002/smll.202005582
https://doi.org/10.1039/c5an00780a
https://doi.org/10.1021/acs.chemrev.1c00759
https://doi.org/10.1021/acs.analchem.9b02288
https://doi.org/10.1007/s002160051548
https://doi.org/10.3390/mi14030547
https://doi.org/10.1039/d1lc01097b
https://doi.org/10.3390/cancers11010089

SRR

[10]

[11]

[15]

[16]

[17]

[18]

[19]

[28]

[29]

[30]

Biology, 45, 3048-3067. https://doi.org/10.3390/cimb45040200

Ma, L., Zhao, X., Hou, J., huang, L., Yao, Y., Ding, Z., et al. (2024) Droplet Microfluidic Devices: Working Principles,
Fabrication Methods, and Scale-Up Applications. Small Methods, 8, €2301406. https://doi.org/10.1002/smtd.202301406

Wang, Y., Talukder, N., Nunna, B.B. and Lee, E.S. (2024) Dean Vortex-Enhanced Blood Plasma Separation in Self-
Driven Spiral Microchannel Flow with Cross-Flow Microfilters. Biomicrofluidics, 18, Article 014104.
https://doi.org/10.1063/5.0189413

Avaro, A.S. and Santiago, J.G. (2023) A Critical Review of Microfluidic Systems for CRISPR Assays. Lab on a Chip,
23, 938-963. https://doi.org/10.1039/d21c00852a

Bruch, R., Baaske, J., Chatelle, C., Meirich, M., Madlener, S., Weber, W., et al. (2019) CRISPR/Cas13a-Powered Elec-
trochemical Microfluidic Biosensor for Nucleic Acid Amplification-Free Mirna Diagnostics. Advanced Materials, 31,
€1905311. https://doi.org/10.1002/adma.201905311

Shi, F., Jia, F., Wei, Z., Ma, Y., Fang, Z., Zhang, W., et al. (2021) A Microfluidic Chip for Efficient Circulating Tumor
Cells Enrichment, Screening, and Single-Cell RNA Sequencing. PROTEOMICS, 21, €2000060.
https://doi.org/10.1002/pmic.202000060

Huh, D., Matthews, B.D., Mammoto, A., Montoya-Zavala, M., Hsin, H.Y. and Ingber, D.E. (2010) Reconstituting Organ-
Level Lung Functions on a Chip. Science, 328, 1662-1668. https://doi.org/10.1126/science.1188302

Practice Committee of the American Society for Reproductive Medicine (2013) Definitions of Infertility and Recurrent
Pregnancy Loss: A Committee Opinion. Fertility and Sterility, 99, Article 63.

Heuer, C., Preuss, J., Buttkewitz, M., Scheper, T., Segal, E. and Bahnemann, J. (2022) A 3D-Printed Microfluidic Gra-
dient Generator with Integrated Photonic Silicon Sensors for Rapid Antimicrobial Susceptibility Testing. Lab on a Chip,
22, 4950-4961. https://doi.org/10.1039/d21c00640¢

Tavakolidakhrabadi, A., Stark, M., Bacher, U., Legros, M. and Bessire, C. (2024) Optimization of Microfluidics for
Point-of-Care Blood Sensing. Biosensors, 14, Article 266. https://doi.org/10.3390/bios14060266

Alsabbagh, K., Hornung, T., Voigt, A., Sadir, S., Rajabi, T. and Léange, K. (2021) Microfluidic Impedance Biosensor
Chips Using Sensing Layers Based on DNA-Based Self-Assembled Monolayers for Label-Free Detection of Proteins.
Biosensors, 11, Article 80. https://doi.org/10.3390/bios11030080

Li, M., Shi, Z., Fang, C., Gao, A., Li, CM. and Yu, L. (2016) Versatile Microfluidic Complement Fixation Test for
Disease Biomarker Detection. Analytica Chimica Acta, 916, 67-76. https://doi.org/10.1016/j.aca.2016.02.026

Alghannam, F., Alayed, M., Alfihed, S., Sakr, M.A., Almutairi, D., Alshamrani, N., ef al. (2025) Recent Progress in
PDMS-Based Microfluidics toward Integrated Organ-on-a-Chip Biosensors and Personalized Medicine. Biosensors, 185,
Article 76. https://doi.org/10.3390/bios15020076

Bordk, A., Laboda, K. and Bonyar, A. (2021) PDMS Bonding Technologies for Microfluidic Applications: A Review.
Biosensors, 11, Article 292. https://doi.org/10.3390/bios11080292

Wang, Y., Luo, J., Liu, J., Sun, S., Xiong, Y., Ma, Y., et al. (2019) Label-Free Microfluidic Paper-Based Electrochemical
Aptasensor for Ultrasensitive and Simultaneous Multiplexed Detection of Cancer Biomarkers. Biosensors and Bioelec-
tronics, 136, 84-90. https://doi.org/10.1016/1.bi0s.2019.04.032

Modha, S., Castro, C. and Tsutsui, H. (2021) Recent Developments in Flow Modeling and Fluid Control for Paper-Based
Microfluidic Biosensors. Biosensors and Bioelectronics, 178, Article 113026.
https://doi.org/10.1016/i.bi0s.2021.113026

Zhao, Y., Hu, X., Hu, S. and Peng, Y. (2020) Applications of Fiber-Optic Biochemical Sensor in Microfluidic Chips: A
Review. Biosensors and Bioelectronics, 166, Article 112447 https://doi.org/10.1016/j.bios.2020.112447

Hassanzadeh-Barforoushi, A., Tukova, A., Nadalini, A., Inglis, D.W., Chang-Hao Tsao, S. and Wang, Y. (2024) Micro-
fluidic-SERS Technologies for CTC: A Perspective on Clinical Translation. ACS Applied Materials & Interfaces, 16,
22761-22775. https://doi.org/10.1021/acsami.4c01158

Ahi, E.E., Torul, H., Zengin, A., Sucularli, F., Yildirim, E., Selbes, Y., et al. (2022) A Capillary Driven Microfluidic
Chip for SERS Based hCG Detection. Biosensors and Bioelectronics, 195, Article 113660.
https://doi.org/10.1016/j.bi0s.2021.113660

Huang, E., Huang, D., Wang, Y., Cai, D., Luo, Y., Zhong, Z., et al. (2022) Active Droplet-Array Microfluidics-Based
Chemiluminescence Immunoassay for Point-of-Care Detection of Procalcitonin. Biosensors and Bioelectronics, 195,
Article 113684. https://doi.org/10.1016/j.bi0s.2021.113684

Chen, Y., Huang, C., Pai, P., Seo, J. and Lei, K.F. (2023) A Review on Microfluidics-Based Impedance Biosensors.
Biosensors, 13, Article 83. https://doi.org/10.3390/bios13010083

Huang, Y. and Mason, A.J. (2013) Lab-on-CMOS Integration of Microfluidics and Electrochemical Sensors. Lab on a
Chip, 13, 3929-3934. https://doi.org/10.1039/c31c50437a

DOI: 10.12677/acm.2026.1641738 4658 I A [ 2 3k


https://doi.org/10.12677/acm.2026.1641738
https://doi.org/10.3390/cimb45040200
https://doi.org/10.1002/smtd.202301406
https://doi.org/10.1063/5.0189413
https://doi.org/10.1039/d2lc00852a
https://doi.org/10.1002/adma.201905311
https://doi.org/10.1002/pmic.202000060
https://doi.org/10.1126/science.1188302
https://doi.org/10.1039/d2lc00640e
https://doi.org/10.3390/bios14060266
https://doi.org/10.3390/bios11030080
https://doi.org/10.1016/j.aca.2016.02.026
https://doi.org/10.3390/bios15020076
https://doi.org/10.3390/bios11080292
https://doi.org/10.1016/j.bios.2019.04.032
https://doi.org/10.1016/j.bios.2021.113026
https://doi.org/10.1016/j.bios.2020.112447
https://doi.org/10.1021/acsami.4c01158
https://doi.org/10.1016/j.bios.2021.113660
https://doi.org/10.1016/j.bios.2021.113684
https://doi.org/10.3390/bios13010083
https://doi.org/10.1039/c3lc50437a

SRR

[31]

[32]

[36]

[40]

[43]

[44]

Wan, L., Li, M., Law, M., Mak, P., Martins, R.P. and Jia, Y. (2023) Sub-5-Minute Ultrafast PCR Using Digital Micro-
fluidics. Biosensors and Bioelectronics, 242, Article 115711. https://doi.org/10.1016/].bi0s.2023.115711

Lin, Z., Rao, Z., Chen, J., Chu, H., Zhou, J., Yang, L., ef al. (2022) Bioactive Decellularized Extracellular Matrix Hy-
drogel Microspheres Fabricated Using a Temperature-Controlling Microfluidic System. ACS Biomaterials Science &
Engineering, 8, 1644-1655. https://doi.org/10.1021/acsbiomaterials.1c01474

Gokaltun, A.A., Mazzaferro, L., Yarmush, M.L., Usta, O.B. and Asatekin, A. (2024) Surface-Segregating Zwitterionic
Copolymers to Control Poly(Dimethylsiloxane) Surface Chemistry. Journal of Materials Chemistry B, 12, 145-157.
https://doi.org/10.1039/d3tb02164¢

Aye, S.S.S., Fang, Z., Wu, M.C.L., Lim, K.S. and Ju, L.A. (2025) Integrating Microfluidics, Hydrogels, and 3D Bioprint-
ing for Personalized Vessel-on-a-Chip Platforms. Biomaterials Science, 13, 1131-1160.
https://doi.org/10.1039/d4bm01354a

Sackmann, E.K., Fulton, A.L. and Beebe, D.J. (2014) The Present and Future Role of Microfluidics in Biomedical Re-
search. Nature, 507, 181-189. https://doi.org/10.1038/nature13118

Stenken, J.A. and Poschenrieder, A.J. (2015) Bioanalytical Chemistry of Cytokines—A Review. Analytica Chimica Acta,
853, 95-115. https://doi.org/10.1016/j.aca.2014.10.009

Zhang, C., Shi, D., Li, X. and Yuan, J. (2022) Microfluidic Electrochemical Magnetoimmunosensor for Ultrasensitive
Detection of Interleukin-6 Based on Hybrid of AuNPs and Graphene. Talanta, 240, Article 123173.
https://doi.org/10.1016/j.talanta.2021.123173

Chen, P., Chung, M.T., McHugh, W., Nidetz, R., Li, Y., Fu, J., et al. (2015) Multiplex Serum Cytokine Immunoassay
Using Nanoplasmonic Biosensor Microarrays. ACS Nano, 9, 4173-4181. https://doi.org/10.1021/acsnano.5b00396

Phillips, T.M. (2001) Multi-Analyte Analysis of Biological Fluids with a Recycling Immunoaffinity Column Array.
Journal of Biochemical and Biophysical Methods, 49, 253-262. https://doi.org/10.1016/s0165-022x(01)00202-0

Portmann, K., Linder, A. and Eyer, K. (2024) Stimulation-Induced Cytokine Polyfunctionality as a Dynamic Concept.
eLife, 12, RP89781. https://doi.org/10.7554/elife.89781.3

Cong, L., Wang, J., Li, X., Tian, Y., Xu, S., Liang, C., et al. (2022) Microfluidic Droplet-Sers Platform for Single-Cell
Cytokine Analysis via a Cell Surface Bioconjugation Strategy. Analytical Chemistry, 94, 10375-10383.
https://doi.org/10.1021/acs.analchem.2c01249

Surappa, S., Multani, P., Parlatan, U., Sinawang, P.D., Kaifi, J., Akin, D., et al. (2023) Integrated “Lab-on-a-Chip”
Microfluidic Systems for Isolation, Enrichment, and Analysis of Cancer Biomarkers. Lab on a Chip, 23, 2942-2958.
https://doi.org/10.1039/d21c01076¢

Abreu, C.M., Costa-Silva, B., Reis, R.L., Kundu, S.C. and Caballero, D. (2022) Microfluidic Platforms for Extracellular
Vesicle Isolation, Analysis and Therapy in Cancer. Lab on a Chip, 22, 1093-1125. https://doi.org/10.1039/d21c00006g

Guimarées, C.F., Cruz-Moreira, D., Caballero, D., Pirraco, R.P., Gasperini, L., Kundu, S.C., et a/. (2023) Shining a Light
on Cancer—Photonics in Microfluidic Tumor Modeling and Biosensing. Advanced Healthcare Materials, 12, €2201442.
https://doi.org/10.1002/adhm.202201442

Abdulla, A., Zhang, Z., Ahmad, K.Z., Warden, A.R., Li, H. and Ding, X. (2022) Rapid and Efficient Capturing of Cir-
culating Tumor Cells from Breast Cancer Patient’s Whole Blood via the Antibody Functionalized Microfluidic (AFM)
Chip. Biosensors and Bioelectronics, 201, Article 113965. https://doi.org/10.1016/1.bi0s.2022.113965

Zhao, J., Han, Z., Xu, C., Li, L., Pei, H., Song, Y., et al. (2023) Separation and Single-Cell Analysis for Free Gastric
Cancer Cells in Ascites and Peritoneal Lavages Based on Microfluidic Chips. eBioMedicine, 90, Article 104522.
https://doi.org/10.1016/j.ebiom.2023.104522

Mun, B., Kim, R., Jeong, H., Kang, B., Kim, J., Son, H.Y., ef al. (2023) An Immuno-Magnetophoresis-Based Microflu-
idic Chip to Isolate and Detect HER2-Positive Cancer-Derived Exosomes via Multiple Separation. Biosensors and Bio-
electronics, 239, Article 115592. https://doi.org/10.1016/j.bi0s.2023.115592

Huang, Y., Liu, Z., Qin, X., Liu, J., Yang, Y. and Wei, W. (2023) Ultrasensitive Detection of Gastric Cancer Biomarkers
via a Frequency Shift-Based SERS Microfluidic Chip. The Analyst, 148, 3295-3305. https://doi.org/10.1039/d3an00535f
Witkowska McConnell, W., Davis, C., Sabir, S.R., Garrett, A., Bradley-Stewart, A., Jajesniak, P., et al. (2021) Paper
Microfluidic Implementation of Loop Mediated Isothermal Amplification for Early Diagnosis of Hepatitis C Virus. Na-
ture Communications, 12, Article No. 6994. https://doi.org/10.1038/s41467-021-27076-z

Ji, Y., Li, F,, Qu, Z., Wang, X., Cui, P., Deng, G., et al. (2025) Combining Nanobody Generation Platform, 3d-Printed
Microfluidic Chip, and Smartphone Detection System for Monitoring Emerging Virus-Caused Diseases. Biosensors and
Bioelectronics, 290, Article 117972. https://doi.org/10.1016/j.bi0s.2025.117972

Liu, J., Wang, H., Zhang, L., Lu, Y., Wang, X., Shen, M., et al. (2022) Sensitive and Rapid Diagnosis of Respiratory
Virus Coinfection Using a Microfluidic Chip-powered CRISPR/Cas12a System. Small, 18, €2200854.

DOI: 10.12677/acm.2026.1641738 4659 I A [ 2 3k


https://doi.org/10.12677/acm.2026.1641738
https://doi.org/10.1016/j.bios.2023.115711
https://doi.org/10.1021/acsbiomaterials.1c01474
https://doi.org/10.1039/d3tb02164e
https://doi.org/10.1039/d4bm01354a
https://doi.org/10.1038/nature13118
https://doi.org/10.1016/j.aca.2014.10.009
https://doi.org/10.1016/j.talanta.2021.123173
https://doi.org/10.1021/acsnano.5b00396
https://doi.org/10.1016/s0165-022x(01)00202-0
https://doi.org/10.7554/elife.89781.3
https://doi.org/10.1021/acs.analchem.2c01249
https://doi.org/10.1039/d2lc01076c
https://doi.org/10.1039/d2lc00006g
https://doi.org/10.1002/adhm.202201442
https://doi.org/10.1016/j.bios.2022.113965
https://doi.org/10.1016/j.ebiom.2023.104522
https://doi.org/10.1016/j.bios.2023.115592
https://doi.org/10.1039/d3an00535f
https://doi.org/10.1038/s41467-021-27076-z
https://doi.org/10.1016/j.bios.2025.117972

SRR

[63]

[64]

[65]

https://doi.org/10.1002/sml1.202200854

Hong, S., Wang, X., Bao, Z., Zhang, M., Tang, M., Zhang, N, et al. (2023) Simultaneous Detection of Multiple Influenza
Virus Subtypes Based on Microbead-Encoded Microfluidic Chip. Analytica Chimica Acta, 1279, Article 341773.
https://doi.org/10.1016/j.aca.2023.341773

Luppa, P.B., Miiller, C., Schlichtiger, A. and Schlebusch, H. (2011) Point-of-Care Testing (POCT): Current Techniques
and Future Perspectives. TrAC Trends in Analytical Chemistry, 30, 887-898. https://doi.org/10.1016/j.trac.2011.01.019

Wang, X., Hong, X., Li, Y., Li, Y., Wang, J., Chen, P., et al. (2022) Microfluidics-Based Strategies for Molecular Diag-
nostics of Infectious Diseases. Military Medical Research, 9, Article No. 11.
https://doi.org/10.1186/s40779-022-00374-3

Zou, Z.,Luo, X., Chen, Z., Zhang, Y.S. and Wen, C. (2022) Emerging Microfluidics-Enabled Platforms for Osteoarthritis
Management: From Benchtop to Bedside. Theranostics, 12, 891-909. https://doi.org/10.7150/thno.62685

Wang, J.,Li, Y., Wang, R., Han, C., Xu, S., You, T., et al. (2021) A Fully Automated and Integrated Microfluidic System
for Efficient CTC Detection and Its Application in Hepatocellular Carcinoma Screening and Prognosis. ACS Applied
Materials & Interfaces, 13, 30174-30186. https://doi.org/10.1021/acsami.1c06337

Nasseri, B., Soleimani, N., Rabiee, N., Kalbasi, A., Karimi, M. and Hamblin, M.R. (2018) Point-of-Care Microfluidic
Devices for Pathogen Detection. Biosensors and Bioelectronics, 117, 112-128.
https://doi.org/10.1016/].bi0s.2018.05.050

Arshavsky-Graham, S. and Segal, E. (2020) Lab-on-a-Chip Devices for Point-Of-Care Medical Diagnostics. In: Bahne-
mann, J. and Griinberger, A. Eds., Advances in Biochemical Engineering/Biotechnology, Springer International Publish-
ing, 247-265. https://doi.org/10.1007/10_2020 127

Moro, G., Fratte, C.D., Normanno, N., Polo, F. and Cinti, S. (2023) Point-of-Care Testing for the Detection of Micrornas:
Towards Liquid Biopsy on a Chip. Angewandte Chemie International Edition, 62, €202309135.
https://doi.org/10.1002/anie.202309135

Hong, J.M., Lee, H., Menon, N.V., Lim, C.T., Lee, L.P. and Ong, C.W.M. (2022) Point-of-Care Diagnostic Tests for
Tuberculosis Disease. Science Translational Medicine, 14, eabj4124. https://doi.org/10.1126/scitranslmed.abj4124

Zhang, Z., Ma, P., Ahmed, R., Wang, J., Akin, D., Soto, F., ef al. (2022) Advanced Point-of-Care Testing Technologies
for Human Acute Respiratory Virus Detection. Advanced Materials, 34, €2103646.
https://doi.org/10.1002/adma.202103646

Hu, J., Cui, X., Gong, Y., Xu, X., Gao, B., Wen, T., et al. (2016) Portable Microfluidic and Smartphone-Based Devices
for Monitoring of Cardiovascular Diseases at the Point of Care. Biotechnology Advances, 34, 305-320.
https://doi.org/10.1016/j.biotechadv.2016.02.008

Liu, S., Yu, T., Song, L., Kalantar-Zadeh, K. and Liu, G. (2025) CRISPR/Cas on Microfluidic Paper-Based Analytical
Devices for Point-of-Care Screening of Cervical Cancer. ACS Sensors, 10, 4569-4579.
https://doi.org/10.1021/acssensors.5¢c00863

Shin, S., Hahm, Y., Jeong, Y., Kim, Y., Park, J., Yang, J.H., ef al. (2026) Formation of an Endometrial Epithelial Mon-
olayer in a Microfluidic Device with Human Tissue-Derived Endometrial Organoids. Lab on a Chip, 26, 830-841.
https://doi.org/10.1039/d51c00278h

Jeong, S., Fuwad, A., Yoon, S., Jeon, T. and Kim, S.M. (2024) A Microphysiological Model to Mimic the Placental
Remodeling during Early Stage of Pregnancy under Hypoxia-Induced Trophoblast Invasion. Biomimetics, 9, Article 289.
https://doi.org/10.3390/biomimetics9050289

Bashant, K.R., Vassallo, A., Herold, C., Berner, R., Menschner, L., Subburayalu, J., ef al. (2019) Real-Time Deforma-
bility Cytometry Reveals Sequential Contraction and Expansion during Neutrophil Priming. Journal of Leukocyte Biol-
ogy, 105, 1143-1153. https://doi.org/10.1002/j1b.ma0718-295rr

Li, Y., Huang, Z., Xu, L., Fan, Y., Ping, J., Li, G., ef al. (2025) UDA-Seq: Universal Droplet Microfluidics-Based Com-
binatorial Indexing for Massive-Scale Multimodal Single-Cell Sequencing. Nature Methods, 22, 1199-1212.
https://doi.org/10.1038/s41592-024-02586-y

Veith, 1., Nurmik, M., Mencattini, A., Damei, I., Lansche, C., Brosseau, S., et al. (2024) Assessing Personalized Re-
sponses to Anti-PD-1 Treatment Using Patient-Derived Lung Tumor-on-Chip. Cell Reports Medicine, 5, Article 101549.
https://doi.org/10.1016/j.xcrm.2024.101549

Govindasamy, N., Long, H., Jeong, H., Raman, R., Ozcifci, B., Probst, S., et al. (2021) 3D Biomimetic Platform Reveals
the First Interactions of the Embryo and the Maternal Blood Vessels. Developmental Cell, 56, 3276-3287.¢8.
https://doi.org/10.1016/j.devcel.2021.10.014

He, C.,Ma, H., Zhang, T., Liu, Y., Zhang, C. and Deng, S. (2025) A Microflow Chip Technique for Monitoring Platelets
in Late Pregnancy: A Possible Risk Factor for Thrombosis. Journal of Blood Medicine, 16, 15-25.
https://doi.org/10.2147/jbm.s490649

DOI: 10.12677/acm.2026.1641738 4660 I A [ 2 3k


https://doi.org/10.12677/acm.2026.1641738
https://doi.org/10.1002/smll.202200854
https://doi.org/10.1016/j.aca.2023.341773
https://doi.org/10.1016/j.trac.2011.01.019
https://doi.org/10.1186/s40779-022-00374-3
https://doi.org/10.7150/thno.62685
https://doi.org/10.1021/acsami.1c06337
https://doi.org/10.1016/j.bios.2018.05.050
https://doi.org/10.1007/10_2020_127
https://doi.org/10.1002/anie.202309135
https://doi.org/10.1126/scitranslmed.abj4124
https://doi.org/10.1002/adma.202103646
https://doi.org/10.1016/j.biotechadv.2016.02.008
https://doi.org/10.1021/acssensors.5c00863
https://doi.org/10.1039/d5lc00278h
https://doi.org/10.3390/biomimetics9050289
https://doi.org/10.1002/jlb.ma0718-295rr
https://doi.org/10.1038/s41592-024-02586-y
https://doi.org/10.1016/j.xcrm.2024.101549
https://doi.org/10.1016/j.devcel.2021.10.014
https://doi.org/10.2147/jbm.s490649

	微流控技术在疾病标志物检测中的应用与前景
	摘  要
	关键词
	Applications and Prospects of Microfluidic Technology in Disease Biomarker Detection
	Abstract
	Keywords
	1. 前言
	2. 微流控平台的设计及工作原理
	2.1. 核心结构
	2.2. 基底材料
	2.3. 辅助功能组件

	3. 微流控芯片用于炎症相关检测
	4. 微流控技术用于肿瘤生物标志物检测
	5. 微流控技术在病毒检测中的应用
	6. 总结与展望
	参考文献

