a4 3 b

2017 % 5$62% S 9H: 859 ~ 870

BERRBFEESIT AR TR

€?K¢Eﬂ%)*uﬁ

SCIENCE CHINA PRESS

i Ie 21 s A ) R o BRI 52 0k e

#EE, TFAT, kAkm

IR IR R 2 A=A T SRR R4
T [A 45 DTk
* P& A, E-mail: cyzhang@sdnu.edu.cn

e, T 250014

2016-11-30 Wit i, 2017-02-03 14 [[], 2017-02-10 #57, 2017-03-10 W2 i & 7=
[ RS 77 AR B} 2 Fk 4 (21325523) AN} 47 38 2 o5 40088 A1 P BA 11401 (2015RA4024) 7% B

Tl
i 8 x4 76 7 R RL i — 2R 4 .

fi B AR R KRR E AT RRA. W ENRTS %mﬁ%%
i 68 A 400 A 76 40 o AR SRR U A B T R B9 0 W AR I R

TR AR R S
BIT. FEK, WF&

Wy 7 A B AR O AR KR, R A B DR B R ﬁxﬁaﬁﬁ%%%fi%ﬁ A 7 AT T

AWG®, FENMAT G, Bk, JObaimk, LFEOL, R\ R 2 84, whx
EWRET BT RE.

W, I3 Joe 5 £ AT S A A I

Kol R AR

Jib g 2 A= W 1A P9 2 S0 A0 I Sl e A o R R
ﬁ%ﬁ%%i%“i@ﬁﬁ%@%ﬁ?%%%%
TFHRET . BRI | R R IR AR 1 R L
D2 IR S E | A IR IR R 4 K B A R 1231, HL
W%%@mM%mfﬁlmﬁﬁ%iﬁﬁikmﬂ
5, SECA NS AT SRR, DL
RIE B A YU B 25 I 2w Heoh AgM ™) i ™
16 NARGERE, i A EIET A E BRI, K
WEFEUESE, 192 W A IR 7 2 B iR e 5 AR
PET 3R B A Bk R Bbgsd A= W s 75 0 1l R
BRGNS A JAE I PR 2 T FTYA T 1 3a B sk 1,

P A Wy b 7R 0 AR e A RN R R R
P I A B A B A Rk . BRI, S RIATLAAR XS e 4 i S
O T 7 A T v B — 2 ) e Ak A AR A A
Fige BB A . I . RIS, AT s
Je WA AE AR, IR FH T I R g 1 S HH 2 T L 3R
I s I AN TS . [ 19634F Abelev & BRI G &
119 19654 Gol dfil Freeman % i Bt Ji 5 1, fi

S, EIE, BB 4, AR EURI,

%ﬁ%%ﬂﬁé’/\%*ﬁ

AT i, BT

Je8 M Wb 2 0 R R I 4 N IR RZ2 8. Y
JfIRg A AR AR AT A R W (1) P ded 4 A 9 A=
B, W miRNAM iy g U9 0 5 S [N - g
miRNAZE — 2 JE 4 S /N s+ A RNA, S 553 )5
FE PR 22 iR 4, miRNA Y S 263k 5 9 i 25 9 0
4 S A R S i s ) A o 10T, ok il — A A% 4R 1
W SR, TR 2 R S TTAGGG R il 78 Y (6 K
TR Vi, I 40 1 A5 AR SO, AR R AN N, Sk
Mg G TE, SR A LR, 5 K&
i (192021, A S 7 R 5 0 RS R — MRS A R
FL, ARSI SRR 3% 5% B s I ) S Rak ] &
FURIE LT RPR I KA. (2) MR 4n e iy Ak
Yrkr & W, a0 b Rz BT (EMA)ZE RN 8 IR g 5
(CEA)?1%:  EMAJE AL AP S 17 3R A1 12 B i) —
WEEE 1, WAy b R IR R i A i 1), CEAPCLR
N2 B 9 v o 5 ORI — R R PERE B L, R 32 e
SACTREE R, VR b B VR R i AR YR
T8 i 18 9 (A 27,

SURKER: R, E7H, SREM. MR Wrbs &0 i 18 R SR B s gE e . FlA%iE 4, 2017, 62: 859-870
Xu A J, Wang Z Y, Zhang C Y. Advance in development of methods for sensitive detection of tumor-related biomarkers (in Chinese). Chin Sci

Bull, 2017, 62: 859-870, doi: 10.1360/N972016-01326

© 2017 (HpIERIE) Atk

www.scichina.com  csb.scichina.com




a4 % B B 2017HE3A F62% LoH

e GE B IR A W A ARG I 5 1 T R T AR
2H UL AR PRI & W S P AP35k e Ty
%ﬁﬁﬁizﬁﬁ ) SRR | FERH LA B S B0 P A

S AT R 3 T he s 8 it e I D=
A2 R G343 e ity i (367381 ,ﬂ,pchz,[sgql]\ B

A I AR 2SR TR 40 KA R (RN 40 K 42 i
RO RGNS &, RIET —RIIHI
R 7595, DR B 2 L BT M A BUS
FIWr St 737 TR ARSCESAR UGS B TAE, X
AT SR iR b RS RS I D 3k B9 OE S 2 JRE R AT R 4x THI
ik

1 v A b S R 5 14

1.1 Hetaik

H:é‘?%ﬁﬁ‘ﬁ?ﬂlﬂ:E‘J%ﬁ’é%%ﬁi%ﬁu%ﬁ
frEfm o, BARR, EWASAREIA. #

(4 Ll £ 43 B 32 ) FH 40 oK 4 0 3R T DD AAR 5 1) ol 2 Ry
PO Zhang A 40 YR 45 B0h 4 (exponential am-
plification reaction, EXPAR)FIZN K 4/ 519 1L € 1
FAZE A, FH TR0 By 20098 40 i PN A9 G S IR 7. Rl L
FToR, e SN FAFTE R, XUEE DNAJE ¥ 78 #% iz 41
I 111 (Exonuclease 111, Exo )AVE T 48 Hy Bk
DNA. Z 45 DNAT] 5 DNARRZS &, 1E NI W
SR A B0 N, 7 A BAT Y20 N Y A7 15 R 8L
HEDNA. B J5 7891 20 8 VIR T 0 sh 906 2066 1 46
R, 72K BTDNAGIY). HiDNAG|#6E 5 DNA
BiMR 25 &, JHsh# — i R A M UG IR, =4 K
DNAS|¥). ZDNAS| ¥l fE A5 B E, 5HI48 M
/\émﬂeé%ﬁ%(AuNP)LE’JDNAE%M“ﬁU%kx T
AUNPREE, BB RO R A, XA LT
B hRid, V‘]HET@L, K I BR AT 3£3.8 pmol/L, 34

B F 3 T AUNPRI AL S8 b 6 75 3 = 4 B 2.
W RS gk AR 45 A, BT T g s

S
3 5

Transcription factoN!arget

*Fw 1
st
Polymerase | Template
5 oy

3 ¢ Nicking 5'

X

enzyme
5! J
ST 3

3 e ¢ 5'
5 3

3-_‘1['1111'[_ =

Release

@ n~F pso “» Exoll

Bl 1 FETEXPARM RGNS 5 PR TR e 0

@ Polymerase

T Y
3 &
Exo 111

5 el = = 3
) pm—

Template Nicking
Polymerase | enzyme

Template
X F No ampnﬁcauon
3}% mu
¥
/ 0:”
‘JJIW
L 2

< Nicking enzyme

Figure1l Schematicillustration of EXPAR-based colorimetric assay for the detection of transcription factors™
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Figure 2 (Color online) Schematic illustration of sandwich immuno-

assay and silver amplification for the detection of human CEA using
AuNP tags’®!
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Figure3 Schematicillustration of the hairpin probe-based rolling circle amplification (HP-RCA) for miRNA assay!*”
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Figure 4 Schematic illustration of a telomere-triggered isothermal
exponential amplification-based DNAzyme biosensor for the detection
of telomerase activity™”
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Figure 5 Schematic illustration of telomeres-induced two-stage iso-
therma amplification-mediated chemiluminescence assay for sensitive
detection of telomerase activity®!
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Figure8 (Color online) Schematic illustration of single QD-based biosensor for telomerase assay!*?
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Tablel Comparison of the methods for the detection of tumor-related biomarkers
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Tumors are formed by the unlimited proliferation of normal cellsin living body and pose a serious threat to human health
with high morbidity and mortality. Tumor-related biomarkers are a class of substances resulting from the tumor cell
formation, release, or the body’s response to tumor cells, which are generated and increase during tumor development
and proliferation. Tumor-related biomarkers may be divided into two categories:. one is inside cancer cells (e.g.,
microRNA (miRNA), telomerase and transcription factor) and the other is on the cancer cell membranes (e.g., epithelial
membrane antigen (EMA) and carcino-embryonic antigen (CEA)). Tumor-related biomarkers may reflect tumorigenesis,
progression, and the responses to drug treatment. Consequently, the sensitive detection of tumor-related biomarkers is
essential to early clinical diagnosis and therapy. Polymerase chain reaction (PCR) and immunohistochemistry technique
have frequently been used to detect tumor-related biomarkers, but they are usualy laborious and time-consuming. In
recent years, sensitive detection of tumor-related biomarkers has become a hot area, with great progress having been
made. A variety of methods including colorimetric, mass spectrometry, fluorescent, chemiluminescent, surface enhanced
Raman scattering (SERS), electrochemical and single-molecule detection approaches have been developed for sensitive
detection of tumor-related biomarker. Colorimetric assay has significant advantages of visualization, simple operation,
high sensitivity, and no need for delicate instruments. The advantages of inductively coupled plasma mass spectrometric
(ICPMYS) include low detection limits, low matrix effects, large dynamic ranges and high spectral resolution for elements
and isotopes. Fluorescent method allows for the homogeneous assay of hiomarkers in solution with significant
advantages of simplicity, low cogt, high sensitivity, and safety without the requirement of radioisotopes. Chemiluminescent
assay does not require an excitation laser, and the signal interferences from the background can be efficiently avoided.
SERS is characterized by its capability to identify target analytes with an information-rich vibrational spectrum, and its
narrow well-resolved peaks alow for simultaneous detection of multiple targets. Electrochemica method has the
advantage of simplicity, low cost, and high sensitivity. In comparison with conventional ensemble measurements,
single-molecule detection possess distinct advantages of ultrahigh sensitivity, good selectivity, rapid analysis time, and
low sample-consumption. These methods have been successfully applied for sensitive detection of DNA, miRNA and
proteins with high sensitivity and good selectivity.

In addition, we give a new insight into future direction of tumor-related biomarker assay including: (1) the
construction of novel fluorescent molecular probes which consist of nanoparticles (e.g., quantum dots) and biological
recognition molecules (e.g., peptides, antibodies, and nucleic acids) for the detection of tumor-related biomarkers by
taking advantage of the unique optical properties of nanoparticles such as tunable light emission, high brightness and
multicolor excitation; (2) development of aptamer-based portable biosensors for the detection of tumor-related
biomarkers by taking advantage of unique characteristics of aptamers such as convenient synthesis and controllable
modification, high binding affinity and specificity, good stability, low toxicity, rapid tissue penetration, and low
variability between different batches; (3) improvement of detection sensitivity through the introduction of amplification
approaches such as isothermal nucleic acid amplification and hybridization chain reaction; and (4) the use of optical
sensing and imaging techniques for simultaneous detection of multiple biomarkers by taking advantage of their unique
properties such as high sensitivity, non-use of radioactive isotopes and multiplex detection capability.

tumor -related biomarkers, cancer, cancer cells, sensitive detection, analytical methods, future direction
doi: 10.1360/N972016-01326
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