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[HE] BR il a2k B m kA5 7R (PROTAC) 4311 AR AR AR AL Ty, 25 S8 AKX R i Jeg A B g
B T P R TR A B T A AT IR (NAD O ) AR 14 o 33k DAARER B3k i 45 48 NPT-B2 19 1 8 L 90K R IR RAE, 8T
NPT-B2 1 = FOBAR 1% (HPLC) Kl 777, LA CCK8 12 I [ fe i B vk 43 51|75 %€ NPT-B2 Fl AR 1 441K KL (B2-BSA-NPs)
X 96 200 L P 18 35 M T A P, R 24 e R S - A0 W e ol R A W 5 RS B (NAMPT) R . 255R HPLC rik&tk R
U, R ISCRAF ST E BR . GOKRRI12 A 55.48 nm, F{V—12.9 mV, 1R 94.74%, 2255 8.61%, NPT-B2 X/ J5i
I 40 B 1Y) 1Cs 24 61.16 nmol/L, [A] B H. NAMPT [ fi# 1 JH . B2-BSA-NPs X Ji& Ji7 9 40 g 1) 1Cso 4 41.21 nmol/L, *F
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Construction of albumin nanoparticles loading PROTAC and its inhibition

effect on NAD" in glioma cells

WANG Hongbo', GUO Lingyi', CHI Wenya', BIAN Kangging', ZHOU Wenbo', YU Yuan'?( 1. Department of Pharmaceutical
Science, School of Pharmacy, Naval Medical University, Shanghai 200433, China; 2. Key Laboratory of Biosafety Defense(Naval
Medical University) , Ministry of Education, Shanghai 200433, China)

[Abstract] Objective To prepare and optimize the formulation of Albumin nanoparticles loading PROTAC molecule and
observe the inhibition effect of nanoparticles on the proliferation and NAD" metabolism of glioma cells. Methods ~Albumin
nanoparticles loading NPT-B2 were prepared and characterized with a thermal driving method, and the prescription was optimized.
An HPLC method was established to determine the content of NPT-B2. The proliferation inhibition of NPT-B2 and B2-BSA-NPs
on U251 cells were investigated by the CCKS8 method, and the degradation effects of NPT-B2 and B2-BSA-NPs on NAMPT in
glioma cells were investigated by western blotting. Results The HPLC method was stable, with good linearity, precision, and
recovery rate. The nanoparticles had a particle size of about 55.48 nm, a potential of about —12.9 mV, an encapsulation rate of about
94.74%, and a drug loading amount of about 8.61%. The ICs, of NPT-B2 on glioma cells was 61.16 nmol/L, which had a
degradation effect on NAMPT. The ICs, of B2-BSA-NPs on glioma was 41.21 nmol/L, which had a very significant degradation
effect on NAMPT. Conclusion Albumin nanoparticles loading PROTAC molecules were constructed. The prescription was
optimized to improve the drug encapsulation rate, and the low water solubility of PROTAC molecule was improved, which had a
significant inhibitory effect on the proliferation and NAD" energy metabolism of glioma cells.

[Key words] Glioma; Nanoparticle; Albumin; PROTAC; HPLC
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LB PR T 5[] B2-BSA-NPs., WfAb B (145 2H 13 00t
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VW, i 0.22 pum JE B JE HPLC A&, LA 04 T F2
A SXTREREE C BEATEME IR I ] A bR 4R
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F5 HAE Ty B B ZH, PBS 1 R 28 110 IR 4H (=
3). BEF 72h 5 hA CCK8 IXFIEH 1 h, R
KW SCREE A, ¥ 1.2 AT ANHEIE 77, 231
YRS 1 R ER I 1C 00

WO A I Uys 200 0078 T B 5040 A2
Jadl 12 flbk . BWE SRR EE NPT-B2 i RE 375t
VE R SERR A, A Iy s 3R 584 %) A (n=3) . W%
B 72 h JE RN A (1, e 1.2 HhaR B A
Y il NAMPT &R0 o

A 5T e 1 2 43 B J5 ¥ # >k F GraphPad
Prism 8( GraphPad Software, San Diego, CA) iT%# .
W4 2 [B] 0P8 59 Eb 4% R Unpaired Student’s T-test,
Z A A s LR ] One-way ANOVA, P<0.05,
P<0.01 FREFHAGI2#E L.
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W 1A iz, NPT-B2 X} Uys, 40 L4 1Cs, {4
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2.2 HPLC iM% B2-BSA-NPs ' NPT-B2 #54-%
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[E 2 B2-BSA-NPs & NPT-B2 & &ER HPLC /5%
A. BSA-NPs {435 [&]; B X IR 5 435 K]; C. B2-BSA-NPs {4,i%[&]; D. NPT-B2 % HPLC #rifEfZR (n=3)

H1 % 1 A%, B2-BSA-NPs 764K, 7, @& =4k
JE AR ELA B RS R B, H TRRS 2% B A H RS 2
B RSD fH¥/NT 5%, H3& 2 A %1, B2-BSA-NPs
FEAR . s =R B LR AE 95% ~ 115% 18
Bl N, H RSD {HI/NT 5%, M%7 184 5 a] 5¢,
A TRE S T NPT-B2 & & 090 5E .

#F 1 NPT-B2 B9 HPLC /53R B E (MeantSD, n=3)

) H PIkG % B H ()49 i
Jink
(ng/ml) MILEESTS RSD MIFESH, RSD
(ng/ml) (%) (ng/ml) (%)
12.5 11.78+0.04 0.34 11.78+0.02 0.20
50 50.47+0.14 0.28 51.29+0.70 1.36
80 82.18+0.11 0.14 82.91+1.00 1.22

% 2 NPT-B2 ) HPLC 75 AR ENEIE (MeantSD, n=3)

it UEGS Samfies RSD
(ng/ml) (ng/ml) (%) (%)
25 25.97+0.45 103.89+1.81 1.74
50 56.77+0.08 113.54+0.17 0.15
80 89.06+0.24 111.33+0.30 0.27

2.3 B2-BSA-NPs # 4k 5 4kAL
23.1 A[EZG5E % B2-BSA-NPs fifs , fu 334
TRy R AR

AN 3 TR, B AR H B BRI, B2-
BSA-NPs FiA2 28 K, 45 5B Wi/, 2245
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w oA
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2y hife fER Bt
(wiw) (nm) (%) (%)

1:30 33.18+0.60 99.53+0.75 3.21£0.02
1:20 55.48+5.29 98.06+1.69 4.67+0.08
1:15 77.67+1.42 96.75+1.31 6.05+0.08
1:10 86.86+1.50 94.41+1.28 8.58+0.12
1:5 109.40+0.71 29.13+1.75 4.86+0.29
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R ais ROl
37°C,1h 86.15+2.84 73.25+1.83 6.66+0.17
37°C,2h 54.92+1.61 94.74+£1.25 8.61+0.11
37°C,3h 52.15+£2.69 96.85+0.57 8.78+0.05

70 C, 3 min 54.29+0.68 47.33+2.31 4.30+0.21
70 °C, 5 min 76.04+1.12 51.52+1.82 5.23+0.17
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XF Uys; H NAMPT EAT 5l 2 iR .

A B

~ 25 300 000

S

< 20 A ﬂ

2 s N\ 200 000

B

R 10 [ it ’ \

i [\ =100 000

s /

o) 0 j 0 hN

0.1 1 10 100 1000 10000 =200  —100 0 100
Hif% (nm) FLA (mV)
3 B2-BSA-NPS fUfifR. Zeta BRAFIESTEBEE S
A. B2-BSA-NPs [{5i4% &; B. B2-BSA-NPs [ Zeta AL {3 [&]; C. B2-BSA-NPs [i% 5 L85 18
A
100 -
S sof IC,=41.21 nmol/L
= B
60 - W (nmol/L) XFHR4L 0.1 1 10 100 1000
.............................................. _
40 NAMPT I §
=
20+ GAPDH D G GEEED GEEES Smmg) SESme
L ]
0 1 I 1 1
1 10 100 1000 10 000
254U (nmol/L)
Bl 4 FREIREH B2-BSA-NPs Xf U,s; HI1EH
A. B2-BSA-NPs Xf U,s, 4HA 72 h 5 BYAIAEIE I #128; B. B2-BSA-NPs X Uys; 43155 72 h J&5 Uss,
AHffrf NAMPT fif§ () (Mean+SD, n=3)
3 g FBCRE B ) 2 [ PR ARB RT3 G, PROTAC 43

22 T I SO 1) 240 e 2 A R e 5 118 e
oz —, AR AR R 5 kR,
AR5 PR T SR U Ry E 171 7 128 24 ) e
JeXt GBM 7= A= )32 T 251, 45 R4 40%,
UL Bk GBM fhI7 R0 14 37 HE s FUBE 7 32 (R BIF 5
LA B2 X IR LA PR 1 5 R o ) R
FRGHRHE, T 150 NAD RIS e R i iA T A0 B2
05, NAD A B iy B T - R e T A2
A E (NAMPT) A3 6E T-98 NAD e =G
SCHEA IR, A SN BUR RE . H RTIE AR IR
1T B350 /) NAMPT #1146 5147 FK866. GMX1778.
GMX1777 4, H 45 20 fitd #2 1a] 55 1 40 it /)N A s
> WL L O A 3 A e 1 B R R

TR (25 A TR ERERER B3 12 R S R
TR =3B, FEds SRS A4 1, W) i 4 2
E3 12 RS POl 2R Z F1b, &l it & A
IR R G R . A ZE X B A5 Y PROTAC
43 NPT-B2, % 5 A il I 5 97 40 At 48 4 3t 4 LA
Kb 40 i rh NAMPT (it . A 7ok 2y
VKV 25 A1, S5 1R e IR 40 rp Rs 5
PERGERBHILA, DLAF I3 2 228 NPT-B2 il 5
YKL, i PR PRI T AT TR R L
T FUAL, Nab-FiAR | pH BERAEN, AR5
1R L BSA KA T BT O, IR 1] Y
TBREE N 4, TR K 25 8 S TR R I 2
i 3 g KA B U FH AR 2 7E BSA g5k,



2SR SRS 2023 4F 10 H25 H 418 10
Journal of Pharmaceutical Practice and Service, Vol. 41, No. 10, October 25, 2023 599

fRab 5 i 2 B A R ARk AR 2
55.48 nm, BE/INARE AR A KRR PR 21 21 h IR 2
BB FE BN R Z —, R 9ORE AR E T
PROTAC 259 ik 25 | 16 PR 2 R BG, AT
SNV A Ja S48 2 9 Kok T e SR8 iR T I 98 1Y
SERd

[ 2%k

[1] CUDDAPAH V A, ROBEL S, WATKINS S, et al. A neuro-
centric perspective on glioma invasion[J]. Nat Rev Neurosci,
2014, 15(7): 455-465.

[2] GRILL J, OWENS C. Central nervous system tumors[J]. Handb
Clin Neurol, 2013, 112: 931-958.

[3] PRELAJ A, REBUZZI S E, CAFFARENA G, et al. Therapeut-
ic approach in glioblastoma multiforme with primitive neur-
oectodermal tumor components: case report and review of the
literature[J]. Oncol Lett, 2018, 15(5): 6641-6647.

[4] CHOWDHRY S, ZANCA C, RAJKUMAR U, et al. NAD
metabolic dependency in cancer is shaped by gene amplifica-
tion and enhancer remodelling[J]. Nature, 2019, 569( 7757) :
570-575.

[5] SCHOLZ N, KURIAN K M, SIEBZEHNRUBL F A, et al. Tar-
geting the ubiquitin system in glioblastoma[J]. Front Oncol,
2020, 10: 574011.

[6] GUJAR A D, LE S, MAO D D, et al. An NAD+-dependent
transcriptional program governs self-renewal and radiation res-
istance in glioblastoma[J]. Proc Natl Acad Sci U S A, 2016,
113(51): E8247-E8256.

[7] ZENG S X, HUANGW H, ZHENG X L, et al. Proteolysis tar-

(8]

(9]

[10]

[11]

[12]

[13]

[14]

geting chimera (PROTAC) in drug discovery paradigm: Recent
progress and future challenges[J]. Eur J Med Chem, 2021, 210:
112981.

BRICELJ A, STEINEBACH C, KUCHTA R, et al. E3 ligase
ligands in successful PROTACS: an overview of syntheses and
linker attachment points[J]. Front Chem, 2021, 9: 707317.
SILVA N 1 O, SALVADOR E A, FRANCOI R, et al. Bovine
serum albumin nanoparticles induce histopathological changes
and inflammatory cell recruitment in the skin of treated mice[J].
Biomed Pharmacother, 2018, 107: 1311-1317.

HOANG B, ERNSTING M J, ROY A, et al. Docetaxel-
carboxymethylcellulose nanoparticles target cells via a SPARC
and albumin dependent mechanism[J]. Biomaterials, 2015, 59:
66-76.

MOCAN L, MATEA C, TABARAN F A, et al. Photothermal
treatment of liver cancer with albumin-conjugated gold nano-
particles initiates Golgi Apparatus-ER dysfunction and caspase-
3 apoptotic pathway activation by selective targeting of Gp60
receptor[J]. Int J Nanomedicine, 2015, 10: 5435-5445.

LIU Y C, HAN Y, FANG T, et al. Turning weakness into
strength: albumin nanoparticle-redirected amphotericin B biod-
istribution for reducing nephrotoxicity and enhancing anti-
fungal activity[J]. J Control Release, 2020, 324: 657-668.
GALLI U, COLOMBO G, TRAVELLI C, et al. Recent ad-
in NAMPT inhibitors:
strategy[J]. Front Pharmacol, 2020, 11: 656.

MENG R, ZHU H M, WANG Z W, et al. Preparation of drug-

vances a novel immunotherapic

loaded albumin nanoparticles and its application in cancer ther-
apy[J]. J Nanomater, 2022, 2022: 1-12.
[KfmE#] 2023-07-12 [fEEBH] 2023-08-31
[AxHmE]  AERR


https://doi.org/10.1038/nrn3765
https://doi.org/10.1038/s41586-019-1150-2
https://doi.org/10.3389/fonc.2020.574011
https://doi.org/10.1016/j.ejmech.2020.112981
https://doi.org/10.3389/fchem.2021.707317
https://doi.org/10.1016/j.biopha.2018.08.106
https://doi.org/10.1016/j.biomaterials.2015.04.032
https://doi.org/10.1016/j.jconrel.2020.05.026
https://doi.org/10.3389/fphar.2020.00656

	1 材料和方法
	1.1 实验仪器和材料
	1.2 NPT-B2对胶质瘤细胞的增值活性抑制及对NAMPT的降解
	1.3 白蛋白纳米粒（B2-BSA-NPs）的制备
	1.4 HPLC法测定B2-BSA-NPs中NPT-B2的含量
	1.5 B2-BSA-NPs的处方优化
	1.5.1 不同药载比对B2-BSA-NPs粒径、包封率、载药量的影响
	1.5.2 不同反应温度和时间对B2-BSA-NPs粒径、包封率、载药量的影响

	1.6 B2-BSA-NPs的表征
	1.7 B2-BSA-NPs对胶质瘤细胞的增殖活性抑制及对NAMPT的降解作用

	2 结果
	2.1 NPT-B2对胶质瘤细胞的增殖活性抑制和对NAMPT的降解
	2.2 HPLC法测定B2-BSA-NPs中NPT-B2的含量
	2.3 B2-BSA-NPs的处方优化
	2.3.1 不同药载比对B2-BSA-NPs粒径、包封率、载药量的影响
	2.3.2 不同反应温度和时间对B2-BSA-NPs粒径、包封率、载药量的影响

	2.4 B2-BSA-NPs的表征
	2.5 B2-BSA-NPs对胶质瘤细胞的增殖活性抑制和对NAMPT的降解作用

	3 讨论
	参考文献

