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Abstract Glioma is a serious brain disecase that seriously endangers human health. Early diagnosis and
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therapy of glioma play a vital role in improving the survival of glioma patients. Currently, the diagnosis
of brain glioma mainly relies on advanced instruments such as magnetic resonance imaging and computed
tomography, which is difficult to accurately identify the margin of brain tumor and guide intraoperative
surgical resection of the lesion. Moreover, due to the limitation of blood-brain barrier, the concentration of
drugs into the brain tissue is very low, which is difficult to achieve good therapeutic effect and has serious side
effects. In recent years, the rapid development of nanotechnology has brought new hope for accurate diagnosis
and therapy of glioma. With the advantages of high sensitivity, high specificity and multifunction, the new
functional nanoprobe has been successfully applied in the research of multimodality diagnosis and treatment
of glioma. This article mainly introduces the recent advances of nanoprobe for precise diagnosis and treatment
of glioma, focusing on the nanoprobes passing through the blood-brain barrier, multimodality imaging-
guided glioma margin identification and imaging guided precision glioma treatment. The preparation and
surface functionalization modification of nanoprobe, as well as for glioma imaging and treatment are further

discussed. Finally, the opportunities and challenges faced by functional nanoprobes in the clinical application

are prospected.
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Fig. 1 Biomimetic nanoprobe with crossing blood-brain-barrier performance for active-target near-infrared fluorescence

imaging of glioma
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XA AR S| S RB REA GaR T

[9]



134 BRI, A DHREACANRIRE T T IR TR R HE 2T BT S 9

A, S IR R AL o RIS, AR 1A
T MAER A AR (A R AR A - 52
WY, G A v IR 4R 3 AR AT D S B B R3S T
I R Ak -

5 INESRE

ARG T IR [E A AT FT /N D e
AR IR A i 5 JR8 R THE2 T — 1Ak 3 T A
FUBERE, H R T HORIRENES ML FERE . 2 A
SHARRET R AR T 297 — R PR IR e
=JTH AR BARGUKEAR R 7L 529T %
AR, oA i B R (A HE 27 SR 0t 1
Ho, EGORPREHEIE— 2D I RIS AN A6 2
W 2Pk B, GOKMRER NI
2 A M L PR AL ) S B ) L. BT 0
AR BN R G0 K 2 AR AP 5 R s 24 0 M B A
R IEAHEHE, WOREATHI R AR SCIR 0T 7T, 1A
FIAEYFBIEIE T — B0 0. LR, 9PKRIRE I
DRI RT 42 1) 26 A AL Bl PR AL (1 G BEIA 1Y
DA PR ORERET (RIS . R ai . #E1A
O3 BRI HAR R T S BRI R e A
NEE. f)a, HUORTE R IENIRKIE 24
FR AR BRER. TR E B,
Il 2 s BHE AL R HES A K BR AT HE A IR
AR 0 5 R AR

2 % X u

[11 Gollapalli K, Ghantasala S, Atak A, et al.
Tissue proteome analysis of different grades of
human gliomas provides major cues for glioma
pathogenesis [J]. OMICS-A Journal of Integrative
Biology, 2017, 21(5): 275-284.

[2]  Tyler B, Gullotti D, Mangraviti A, et al. Polylactic
acid (PLA) controlled delivery carriers for
biomedical applications [J]. Advanced Drug
Delivery Reviews, 2016, 107: 163-175.

(3]

(7]

[9]

[10]

[11]

[12]

Au JL, Yeung BZ, Wientjes MG, et al. Delivery of
cancer therapeutics to extracellular and intracellular
targets: determinants, barriers, challenges and
opportunities [J]. Advanced Drug Delivery
Reviews, 2016, 97: 280-301.

Uhl E, Zausinger S, Morhard D, et al. Intraoperative
computed tomography with integrated navigation
system in a multidisciplinary operating suite [J].
Neurosurg, 2009, 64(5): 231-239.

Senft C, Bink A, Franz K, et al. Intraoperative MRI
guidance and extent of resection in glioma surgery:
a randomised, controlled trial [J]. Lancet Oncology,
2011, 12(11): 997-1003.

Pino MA, Imperato A, Musca I, et al. New hope
in brain glioma surgery: the role of intraoperative
ultrasound [J]. Brain Sciences, 2018, 8: 202.

Chen QW, Wen J, Li HJ, et al. Recent advances
in different modal imaging-guided photothermal
therapy [J]. Biomaterials, 2016, 106: 144-66.
Stummer W, Pichlmeier U, Meinel T, et al.
Fluorescence-guided surgery with 5-aminolevulinic
acid for resection of malignant glioma: a
randomised controlled multicentre phase III trial [J].
Lancet Oncology, 2006, 7(5): 392-401.

Guo B, Sheng Z, Hu D, et al. Through scalp
and skull NIR-II photothermal therapy of deep
orthotopic brain tumors with precise photoacoustic
imaging guidance [J]. Advanced Materials, 2018,
30(35): e1802591.

Zhu MT, Sheng ZH, Jia YL, et al. Indocyanine
green-holo-transferrin nanoassemblies for tumor-
targeted dual-modal imaging and photothermal
therapy of glioma [J]. ACS Applied Materials &
Interfaces, 2017, 9(45): 39249-39258.

Baumert BG, Hegi ME, van den Bent MJ, et al.
Temozolomide chemotherapy versus radiotherapy in
high-risk low-grade glioma (EORTC 22033-26033):
a randomised, open-label, phase 3 intergroup study
[J]. Lancet Oncology, 2016, 17(11): 1521-1532.
Stewart LA. Chemotherapy in adult high-grade
glioma: a systematic review and meta-analysis of
individual patient data from 12 randomised trials [J].
Lancet, 2002, 359(9311): 1011-1018.



10

£ M

54

N 2020 4F

[13] Pinto MP, Arce M, Yameen B, et al. Targeted brain

[14]

[17]

[18]

[20]

(21]

[22]

delivery nanoparticles for malignant gliomas [J].
Nanomedicine, 2017, 12(1): 59-72.

Wanjale MV, Kumar GSV. Peptides as a therapeutic
avenue for nanocarrier-aided targeting of glioma
[J]. Expert Opinion on Drug Delivery, 2017, 14(6):
811-824.

Karathanasis E, Ghaghada KB. Crossing the barrier:
treatment of brain tumors using nanochain particles
[J]. Wiley Interdisciplinary Reviews Nanomedicine
& Nanobiotechnology, 2016, 8(5): 678-695.

Xie J, Lee S, Chen X. Nanoparticle-based
theranostic agents [J]. Advanced Drug Delivery
Reviews, 2010, 62(11): 1064-1079.

Gao DY, Hu DH, Liu X, et al. Recent advances of
functional nanomaterials for photoacoustic imaging
of glioma [J]. Nanoscale Horizons, 2019, 4(5):
1037-1045.

Gao XH, Yue Q, Liu ZN, et al. Guiding brain-
tumor surgery via blood-brain-barrier-permeable
gold nanoprobes with acid-triggered MRI/SERRS
signals [J]. Advanced Materials, 2017, 29(21):
1603917.

Wang YN, Chen M, Alifu N, et al. Aggregation-
induced emission luminogen with deep-red emission
for through-skull three-photon fluorescence imaging
of mouse [J]. ACS Nano, 2017, 11(10): 10452-
10461.

Cui Y, Zhang M, Zeng F, et al. Dual-targeting
magnetic PLGA nanoparticles for codelivery of
paclitaxel and curcumin for brain tumor therapy [J].
ACS Applied Materials & Interfaces, 2016, 8(47):
32159-32169.

Xu HL, Yang JJ, Zhuge DL, et al. Glioma-targeted
delivery of a theranostic liposome integrated with
quantum dots, superparamagnetic iron oxide, and
cilengitide for dual-imaging guiding cancer surgery
[J]. Advanced Healthcare Materials, 2018, 7(9):
el1701130.

Reddy GR, Bhojani MS, McConville P, et al.
Vascular targeted nanoparticles for imaging and
treatment of brain tumors [J]. Clinical Cancer
Research, 2006, 12(22): 6677-6686.

(23]

(24]

[25]

[26]

[29]

[30]

[31]

[32]

[33]

Zhao L, Zhu J, Cheng Y, et al. Chlorotoxin-
conjugated multifunctional dendrimers labeled
with radionuclide "'I for single photon emission
computed tomography imaging and radiotherapy of
gliomas [J]. ACS Applied Materials & Interfaces,
2015, 7(35): 19798-19808.

Shevtsov MA, Nikolaev BP, Ryzhov VA, et al.
ITonizing radiation improves glioma-specific
targeting of superparamagnetic iron oxide
nanoparticles conjugated with cmHsp70.1
monoclonal antibodies (SPION-cmHsp70.1) [J].
Nanoscale, 2015, 7(48): 20652-20664.

Fan KL, Jia XH, Zhou M, et al. Ferritin nanocarrier
traverses the blood brain barrier and kills glioma [J].
ACS Nano, 2018, 12(5): 4105-4115.

Johnsen KB, Burkhart A, Thomsen LB, et al.
Targeting the transferrin receptor for brain drug
delivery [J]. Progress in Neurobiology, 2019, 181:
101665.

Tang W, Fan WP, Lau J, et al. Emerging blood-
brain-barrier-crossing nanotechnology for brain
cancer theranostics [J]. Chemical Society Reviews,
2019, 48(11): 2967-3014.

Abbott NJ, Ronnback L, Hansson E, et al.
Astrocyte-endothelial interactions at the blood-
brain barrier [J]. Nature Reviews Neuroscience,
2006, 7(1): 41-53.

Abbott NJ, Romero IA. Transporting therapeutics
across the blood-brain barrier [J]. Molecular
Medicine Today, 1996, 2: 106-113.

Jia Y, Sheng Z, Hu D, et al. Highly penetrative
liposome nanomedicine generated by a biomimetic
strategy for enhanced cancer chemotherapy [J].
Biomaterials Science, 2018, 6: 1546-1555.

Jia Y, Wang X, Hu D, et al. Phototheranostics:
active targeting of orthotopic glioma using
biomimetic proteolipid nanoparticles [J]. ACS
Nano, 2019, 13(1): 386-398.

Gao XH, Qian J, Zheng SY, et al. Overcoming the
blood-brain barrier for delivering drugs into the
brain by using adenosine receptor nanoagonist [J].
ACS Nano, 2014, 8(4): 3678-3689.

Gao X, Wang YC, Liu Y, et al. Nanoagonist-



Ll B, 55 DIRECARIREN TG B TR RS HE 12T BT ek e 11

[34]

mediated endothelial tight junction opening: a
strategy for safely increasing brain drug delivery
in mice [J]. Journal of Cerebral Blood Flow and
Metabolism, 2017, 37(4): 1410-1424.

Carpentier A, Canney M, Vignot A, et al. Clinical
trial of blood-brain barrier disruption by pulsed
ultrasound [J]. Science Translational Medicine,
2016, 8(343): 343re2.

[35] Wu MY, Chen WT, Chen Y, et al. Focused

[38]

[39]

[40]

ultrasound-augmented delivery of biodegradable
multifunctional nanoplatforms for imaging-guided
brain tumor treatment [J]. Advanced Science, 2018,
5(4): 1700474.

Wu M, Zhang H, Tie C, et al. MR imaging tracking
of inflammation-activatable engineered neutrophils
for targeted therapy of surgically treated glioma [J].
Nature Communications, 2018, 9(1): 4777-4783.
Wang Y, Huang R, Liang G, et al. MRI-visualized,
dual-targeting, combined tumor therapy using
magnetic graphene-based mesoporous silica [J].
Small, 2014, 10(1): 109-116.

Duan S, Yang Y, Zhang C, et al. NIR-responsive
polycationic gatekeeper-cloaked hetero-
nanoparticles for multimodal imaging-guided triple-
combination therapy of cancer [J]. Small, 2017,
13(9): 1603133.

Sheng ZH, Guo B, Hu DH, et al. Photoacoustic
imaging: bright aggregation-induced-emission dots
for targeted synergetic NIR-II fluorescence and
NIR-I photoacoustic imaging of orthotopic brain
tumors [J]. Advanced Materials, 2018, 30(29):
1800766.

Kircher MF, de la Zerda A, Jokerst JV, et al. A
brain tumor molecular imaging strategy using a
new triple-modality MRI-photoacoustic-Raman
nanoparticle [J]. Nature Medicine, 2012, 18(5):

[43]

[44]

[46]

829-834.

Shang W, Zeng C, Du Y, et al. Core-shell gold
nanorod@metal-organic framework nanoprobes for
multimodality diagnosis of glioma [J]. Advanced
Materials, 2017, 29(3): 1604381.

Lin X, Xie J, Niu G, et al. Chimeric ferritin
nanocages for multiple function loading and
multimodal imaging [J]. Nano Letters, 2011, 11(2):
814-819.

Hu D, Sheng Z, Zhu M, et al. Forster resonance
energy transfer-based dual-modal theranostic
nanoprobe for in situ visualization of cancer
photothermal therapy [J]. Theranostics, 2018, 8(2):
410-422.

Gholami L, Tafaghodi M, Abbasi B, et al.
Preparation of superparamagnetic iron oxide/
doxorubicin loaded chitosan nanoparticles as a
promising glioblastoma theranostic tool [J]. Journal
of Cellular Physiology, 2019, 234(2): 1547-1559.
Ghorbani M, Bigdeli B, Jalili-Baleh L, et al.
Curcumin-lipoic acid conjugate as a promising
anticancer agent on the surface of goldiron oxide
nanocomposites: a pH-sensitive targeted drug
delivery system for brain cancer theranostics [J].
European Journal of Pharmaceutical Sciences,
2018, 114: 175-188.

Ruan S, He Q, Gao H. Matrix metalloproteinase
triggered size-shrinkable gelatin-gold fabricated
nanoparticles for tumor microenvironment sensitive
penetration and diagnosis of glioma [J]. Nanoscale,
2015, 7(21): 9487-9496.

Tsai YC, Vijayaraghavan P, Chiang WH, et al.
Targeted delivery of functionalized upconversion
nanoparticles for externally triggered photothermal/
photodynamic therapies of brain glioblastoma [J].
Theranostics, 2018, 8(5): 1435-1448.



