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Abstract: Cancer seriously threatens human life and health, it is urgent for the development of rapid detec-
tion, precise localization and effective treatment of tumors. Chemical fluorescent probes that are sensitive to tumor-
specific microenvironments have important significance in tumor theranostics and a variety of such probes have
been developed. In this review, we classified chemical fluorescent probes that are sensitive to tumor microenviron-
ments according to biological characteristics and microenvironmental changes while combining spectroscopy or
response mechanisms, and systematically introduced the research progress of chemical fluorescent probes with

sensitivity to hypoxia, low polarity, high viscosity, abnormal pH values and abundant reactive oxygen species in

tumor microenvironments, in order to provide references for the development and applications of these probes.
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Figure 1 Mechanisms for detecting nitroreductase (NTR) of HNT-NTR and Cy-NO, (A) and chemical structures of fluorescent multiva-

lent probes 1-3 (B)
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Figure 2 The detection mechanism of RHC-NO,
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Figure 3 Detection mechanisms of 4, NTNO (A), chemical structure of Asp-1NO, (B) and detection mechanisms of hTP-NNO, (C)
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Figure 4 Design strategies of probes 5-7 (A) and chemical structures of 8-10 (B)
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Figure 5 The design strategy of probe 11 targeting Mcl-1 (A)

and structure-based drug design of probes 12-14 targeting PDEJ
B)
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Table 1 PDEJ binding affinity and in vitro antitumor activity of
Probes 12-14

. IC., /umol-L"
Compound K,,/amol-L" ViA PaCa—2ﬂ Capan1
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Figure 6 Design strategies and chemical structures of probes targeting HDACs (A) and the mechanism of GN3 detecting EGFR (B)
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6O 1% 240 G JBE, S LR T 4 s 7 = i Y Tl A AN b
1, FEREE IR R AR TN R R ES AR (AS49) 4HEH.
3.2 3R pH Mo R B AR §

B T R ) pHARER b, AT T HAh
RUIR pH Wi S GRS . Xu 250 MRS T WA R
I3 FE 3 R RO OGR4 PSIOH A1 PSIBOH (&
12A), BB 2L B W A=) &R 48 R PE pHe 24
pH B A8 9 2 1 I, PSTOH 1 5 K 1 % 55 U K A
435 nm {2 604 nm, H H & ") pK, 4 6.6 I-1E pH A
6.2~~7.0 P4 /E H £ 1k i 157, 4 1 3 M 0 % ol A D
)% 51 S Y HeLa 41 A0 /) pH 224k . Wang 25N 1T 5]
N T TR 5 P ¥ 1 19 31 T % pH BRI 7K I PR EE 20
(B 12B). iZEREHH pK, N 5.79 + 0.14, B 4 %W pH {H
BT i, A R IR A e i B R A B 3 ARk,
B Th N F HepG2 Al HeLa 40 il 4% .« UL 4b, %R %F
M gEF 5 V2 OB, R 3k (Y R AR S, v
TR A S ERE, BRI . Li Y15 3
1387 784 pH R ¢ Y R £ pH-DCN (& 12C) /K % M
75, 1E pHAE A 4~ 12 I 8O, U FEAE R 2R 85 v U,

ZIRET G BRI B PR L AT M R AR e T R, RE
o 00 4 PN AR [ ) pH KT, X 43 B R 5 O 4
Chakraborty %5/ i 23k ) Vilsmeier-Haack J . —
B 1L I A PS-OMe, it FH 5615 21 “FF 5 7 205 b 4R
£ PS-OH (&1 12D), F T 15 0l Jirb 988 441 A 98 2 3 #2 H pH
ERBIEZN.
3.3 WEMR RSk B BZES NN EE S8 pH KR
BRANK pH BUBE HIEREE Ab, AATTEE X Jivsd mh I At [
M pH BB, BETE 70 R R B ERER . 4, Niu
G R T 208 9O ERE NPCF (BT 13A) % SO,
A pH AE H A BUE M NN . 1% RE X HSO, R I H
R (KPR 4 22.7 nmol-L™), H 24 pHAE M 9.21
B& M 4.26 B, JLTE 610 nm &b ) %€ 't 5 5 12 35 38 i, v]
DLIE i X0 48 A X 3 i 55 1 4, Dy )
ST AL T M S A T H . She TR IR
T T g SR T HLS AN HC A AL 4L AR O B A
CyO-DNP, A T i (1 - 82 Wi o 12 4R % BL 2,4- 7
FE R IR B (K 13B), £ H,S fEE 41 T,
CyO-DNP #{k4 CyO, 7 663 nm 4b & 7 H 35 Z1 92 5,



+ 2188 -

242 %4} Acta Pharmaceutica Sinica 2023, 58(8): 2180-2192

OH

PSIOH
(B)

©

CHs
pH-DCN

CHj

PSIBOH

"OH

CHj
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Figure 13 The chemical structure of NPCF (A) and the detection mechanism of CyO-DNP (B)
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Figure 16 The mechanism of HCIO detected by fluorescent probes. A: FH-HA; B: PTZ-Et; C: NASF
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434 REEEMEMMBERIIRET Zhang FPE T
Si-Z' FFA L5 R T B T 2R ER PSIR (B 19), 4R
BT PRI % 2R AT S i 1 4 (HCLO - OH ATONOO ) &
AE N-F2 A0 S SO, 680 nim Ak () 5% Y 5 i 4. 35 3
T, B 8% S I NT g A4 o Y T Ak I o 1 R AT I
Pk RBUSAR, HBEiM0 5 1 5 20 B R 20 ZU AT X 4%

COOH
A “’ OH

No TICT N-deacylatio

RH-OPB
S NH WPET SN-oH~PET
SN hROS \r
_——
O \ L~ (HCIO,-OH,0NOO) ~ ~ 4
| /\ |
PSiR PSiR-OH

Figure 19 The mechanism of highly reactive oxygen species
detected by PSiR
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