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Abstract: During fluorescence-guided cancer surgery, ultra-pH sensitive (UPS) fluorescent nanoprobes has
multiple advantages such as real-time imaging procedures, ultra-high imaging sensitivity as well as broad tumor
detection specificity. UPS nanoprobes stay at "OFF" state at higher pH and turn into "ON" state at lower pH with
emission of strong fluorescence. Moreover, the transition pH points (transition pH point, pH,) can be precisely
controlled by structural-based strategy. One of the previously-reported UPS nanoprobes showed good imaging
effect. However, it is still not clear about the effect of pH, on cancer imaging efficiency of UPS nanoprobes and to

further identify the optimal UPS. In this study, we synthesized a series of UPS nanoprobes with pH, at 4.5, 6.2, 6.6,
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7.8 by adjusting the hydrophobic blocks of UPS polymers. Each nanoprobe showed excellent stability in "OFF"

state by dynamic light scattering and uniform morphology observed by transmission electron microscopy. In vitro

imaging characterized the ultra-pH sensitive fluorescence transition of each probe. /n vivo imaging results

identified two UPS nanoprobes (NP-6.2 and NP-6.6) with superior tumor imaging effect. All animal experiments in

this study were approved by the Animal Ethics Committee of Peking University Health Science Center and were

strictly followed by the welfare regulations of laboratory animals of Peking University Health Science Center.

Therefore, this study has explored the effect of pH, on the cancer imaging efficiency of UPS nanoprobes and

provides a new idea for design of the other cancer microenvironment-responsive polymers.
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A: Formation and dissolution of ultra-pH sensitive

Figure 1
nanoprobe. B: The structure of ultra-pH sensitive fluorescent nano-
probes with different hydrophobic blocks and various pH transi-
tion points (4.5, 6.2, 6.6, 7.8)
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10 nm, & 555552 nm.
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Br macroinitiator. B: Synthesis of ultra-pH sensitive materials. C: Synthesis of ultra-pH sensitive fluores-

cent nanoprobes. DCM: Dichloromethane; TEA: Triethylamine; AIBN: Azobisisobutyronitrile; TPMA: Tris (2-pyridylmethyl) amine
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Figure 3 'H NMR spectra of different ultra-pH sensitive fluorescent nanoprobe materials. A: NP-4.5; B: NP-6.2; C: NP-6.6; D: NP-7.8

Table 1
cent nanoprobes. n = 3, x = 5. PDI: Polydispersity index; CMC:

Characterization of different ultra-pH sensitive fluores-

Critical micelle concentration

M Particle Zeta-potential CMC
Probe " . PDI r
/kDa size/nm /mV /mg-mL
NP-4.5 31.0 30.69+0.2 -0.07+0.20 0.29 0.002
NP-6.2 244 32.10+0.5 0.03+0.11 0.29 0.001
NP-6.6  27.1 35.32+0.5 0.96 + 1.34 0.33 0.001
NP-7.8 22.1 4513+1.2 0.15+0.59 0.19 0.002
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Figure4 A:Transmission electron micrograph ofultra-pH sensitive
fluorescent nanoprobes; pH > pH,. Scale bar = 50 nm. B: Transmis-
sion electron micrograph of ultra-pH sensitive fluorescent nano-
probes; pH < pH,. Scale bar = 50 nm. C: Size of ultra-pH sensitive

fluorescent nanoprobe in 10% fetal bovine serum (FBS). n=3,x +s
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Figure 5 Normalized fluorescence intensity of ultra-pH sensitive

fluorescent nanoprobes in different pH values
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Figure 6 Imaging effect of ultra-pH sensitive fluorescent nano-

probes in vitro
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Figure 7 Imaging effect of ultra-pH sensitive fluorescent nano-

probes in vivo. ICG: Indocyanine green
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Figure 8 Ex vivo imaging of the organs from 4T1-bearing mouse

Lung Kidney Brain

models with different ultra-pH sensitive fluorescent nanoprobes
and free ICG after 24 h
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nanoprobes and free ICG. n=3,x 5. ""P<0.001 vs other organs
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