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Abstract Circadian rhythm is deemed a cyclical phenomenon of lives, while metabolic reprogramming

exists in cancer cells at large. Some researches have found relationship between circadian and metabolic regula-
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tion. Niclosamide, a traditional anti-worm drugs, armed with properties to uncouple oxidative phosphorylation, is
marching to the researching field of anti-tumour drugs. To illuminate mechanisms of its anti-tumour properties, cell
counting, reactive oxygen species and apoptosis assay were performed to find that niclosamide could inhibit pro-
liferation and promote apoptosis. Clock, Per, Dbp were selected as circadian differential expression genes through
bioinformatics analyses, and expressions of these proteins were in disorder by Western blot, especially CLOCK,
after treatment with Niclosamide. The study went deeper into discussing relevance between circadian disorder and
metabolism through seahorse analyses and metabonomics analyses. Intracellular oxidative phosphorylation was
tested to be suppressed after treatment with niclosamide in a concentration-dependent way. Besides, the importance
of fumaric acid in mechanisms of niclosamide’s anti-tumour effect were also found. Western blot was performed to
figure out that BCAA (branched amino acid)-related protein were inhibited after treatment with niclosamide, and
combination of niclosamide with knockdown of CLOCK could further suppress the expression of BCAT1 (branched
chain amino acid transaminase 1). Taken altogether, this research displayed that niclosamide could contribute to

maladjustment of BCAA through circadian disorder to suppress tumour, which had a promising future as a new star

of the anti-tumour.
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Proliferation levels after treatment with different concentrations of niclosamide were detected through cell counting assay. ****P<0.000 1 compared

with DMSO group.
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Fig.1 Niclosamide inhibited proliferation of SGC-7901 cells
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A: the level of reactive oxygen species was measured utilising flow cytometre; B: apoptosis rates of gastric cancer cell SGC-7901 after treatment with
Niclosamide were determined trhough flow cytometre. ***P<0.001 compared with DMSO group.
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Fig.2 Niclosamide induced oxidative stress and promoted apoptosis
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Circadian DEGs (differential expression genes) were displayed in boxplots by means of bioinformatics. *P<0.05, **P<0.01, ***P<0.001 compared with normal

group.

E3 £MEEFohiHEERFER

Fig.3 DEGs were selected by means of bioinformatics
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Fig.4 Circadian-related protein were disordered after treatment with Niclosamide
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Level of oxidative phosphorylation was detected with XF96 Seahorse Extracellular Flux Analyzer, and basal respiration, maximal respiration and ATP
production were calculated. *P<0.05, ***P<0.001 compared with DMSO group.
ES SUREHIRE AT ZBBE A E L EER IR 1R

Fig.5 Niclosamide could retard oxidative phosphorylation pathway



822

WL -

2.6 REBFDMRHEMRERGEREX SR
SGC-790140AE A9 Ma

AR A B AR EoR, AWIER G, =%
FRAGEA B P2 WA I R . SRR . BRI RIR. BE
1R LA R AR P2 WINADH) 2 3 R, 33278 R
e WL 52 2 BH B4, HANE ERERAAR 25— 0
JSE [ 7= R0 2 W -6- TR R ¥ 35 T s, IR A SR M I
f AN 1 FLER M AR A BT ETH(E6A). AH
KBRS T FRARHH 9 P 2 8] A DS PRk
K Z(K6B). LA, PLSDAZ T 45 B (K6C) &, B
X6 B 2H 5 00 25 20 AE 32 BAr 1 43 5 B R.(90.7%),
BV AL TR A 1 2 5 ) o 3 5t AR R KB T L (VIIP)
BE— 2 T AL AR TR AL, JE B R R X T4 [ B A

(A)

Scores plot

oy ) B EAT B AR R R e J1(KI6D), HEos SURH AN i
Xof B g HHTC A B H T i 48 A B IR A 3 B 1) = 4
DA SRS M T SR B R AL VA T B R A FE R vT
ITHE, X5 EiRiE D RE AR S5 RARTT .
2.7 AYISCLOCKTES M B & 1ERA X%
EHRFTIEKFHIZ M

Western blot 525 45 JL .7k, BCAT1. BCAT2.
BCKDK %5 37 8 4 B AR 1T 4% 0 B A 1R TA /K P 1
Z F W] B HI(E7A), BCAT2 T F iR R 4
R R B SRR, Ja 8 N S A T &
BRI 2 —M) BCAT288 H 1) R -5 8 4 18t 4 i
AG G — B> . fE B ESGC-79014H il H R A%
ClockJ5 KrMBCAT1 13 IE /KF, K IMBCAT1/EmAK

B

Acetyl-CoA
Glucose 6-phosphat
eose

Fructosc 1,6-bisph
FAD

NADH

&
©Ni Fumaric acid [ ] ]
N Citric acid ° oo
L-Lactic acid ° [ [ ]
<~ Malic acid ° Bl High
9 NAD ° ([ ] I
Nl o Succinic acid ° oo
c o
3 NADH ° EE
-
g < o Fructose 1,6-bisph ° [ ] ]
=]
g (o] FAD ° (1] I
g N Guanosine monophos ° HE Low
o o
Adenosine monophos | @ [ [ ]
4 Glucose 6-phosphat | @ [ [ ]
Acetyl-CoA | @ [ [}
o
‘ T T T T
T T T T T 05 1.0 15 20 25
-10 -5 0 5 10

Component 1 (90.7%)

Ar ISR INZ T 2 A, B: ARSI A R AN R R IR AT A5G C: PLSDAZ M élIa) 2 5%, D: PLSDAZM 41 2 7

AR L HE B (VIP) S

A: metabolites and its different expressions were shown in heatmap; B: relevance degree among expressions of different metabolites were displayed in
correlation heatmap; C: trends of distinctions were shown with PLSDA analyses; D: metabolites of differences and their VIP (variance importance pro-

jection) were displayed with PLSDA analyses.

Fig.6 Niclosamide disordered metabonomics in gastric cancer cells
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A: the level of BCAA-related proteins were detected utilising Western blot; B: the level of BCAT1, typical protein of BCAA, was detected utilising

Western blot with combination of shCLOCK and niclosamide.
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Fig.7 Niclosamide inhibited levels of BCAA-related proteins and suppressed BCAT1 by down-regulating CLOCK
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