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Abstract: Drug-induced long QT syndrome (LQTS) has become an important clinical research topic, and the
occurrence of acquired long QT syndrome (acLQTS) is mainly caused by drug inhibition of the human ether-a-go-go
related gene (hERG) channel. The hERG gene encodes the o subunit of the fast-activating delayed rectifying
potassium ion channel (Ikr), which plays an important role in the process of action potential phase 3 repolarization
and is also the target of most antiarrhythmic drugs. The purpose of this study was to investigate the effect of
hydroxyrutaecarpine (HRU) on the hERG channel and to evaluate its cardiotoxicity. The whole cell patch clamp
technique was used to detect the effects of HRU on the current and kinetics of the hERG channel, and to confirm
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the binding site on the hERG channel. PCR was used to determine the effect of HRU on hERG mRNA expression.
Western blotting was used to detect the effects of HRU on the expression of hERG protein and transcription factor
Spl. Immunofluorescence was used to confirm the effects of HRU on localization and expression of hERG protein
and transcription factor Spl. Studies have shown that transient HRU can inhibit hERG current and shorten the
inactivation time constant. Its binding sites to the hERG channel are F656 and Y652. After incubation for 24 h,
HRU can reduce the expression of hERG protein, inhibit the hERG current, reduce the level of hERG mRNA,
and reduce the expression of transcription factor Spl in the nucleus and hERG protein in the cytoplasm.
Immunofluorescence experiments also showed the same results suggesting that the inhibition of Sp1 expression by
HRU is the cause of the decreased expression of hERG mRNA. In conclusion, the acute inhibition of HRU
accelerates the channel inactivation process and reduces the inactivation time constant by binding to the F656 and
Y652 sites in the hERG channel, thus reducing the hERG current. In addition, HRU also inhibits the expression of
hERG protein, mainly by inhibiting the expression of transcription factor Sp1, the transcription function of hERG
channel protein is down-regulated, so that the hERG protein is reduced.
Key words: hydroxyrutaecarpine; hERG; transcription factor Sp1; acquired long QT syndrome; arrhythmia
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Figure 1 The effect of hydroxyrutaecarpine (HRU) on the human ether-a-go-go related gene (hERG) channels current after instantaneous

perfusion. A: Protocol and representative current traces under control or HRU-treated conditions in hERG-HEK293 cells; B: Normalized I-V

curve of the hERG tail current; C: Dose-response curve, the inhibitory effect of HRU on hERG increased with the increase of dose; D: Half
maximal inhibitory concentration (IC,,) curve of HRU inhibition of hERG channels. Student's t test, n = 8, x +'s. P < 0.05 vs control (CTL)
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Figure 2 The effects of HRU on the hERG channel kinetics after instantaneous perfusion. A: Voltage-dependent activation curves for the

control and HRU group (1 and 10 umol-L™); B: Voltage clamp protocol, representative current traces for steady-state inactivation; C: Nor-

malized steady-state inactivation curves before and after exposure to HRU; D: Voltage clamp protocol and representative current traces for

the onset of inactivation; E: Time constant of inactivation curves; F: Voltage clamp protocol and representative current traces for recovery;

G: Time constant of recovery curves. Student's t test, n =8, X +s. P < 0.05 vs CTL
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Figure 3 Effects of HRU on hERG channel action sites. A: The HRU was docked into the binding site of the hERG channels, the HRU
binds to the active pocket of hERG; B: Examples of WT hERG current traces and normalized I-V curve of the hERG tail current; C: Examples
of Y652A hERG current traces and normalized 1-V curve of the hERG tail current; D: Examples of F656V hERG current traces and normalized
I-V curve of the hERG tail current. Student's t test, n = 10, X +s. "P < 0.05 vs CTL
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Figure 5 HRU reduces hERG protein levels and hERG current after incubation. A, B: Western blot results and statistics for hRERG expres-
sion levels (n = 5), one-way ANOVA; C: Protocol and representative current tracing on the hERG current under CTL group or HRU-treated
24 h; D: Normalized I-V curve of the hERG current. Student's t test, n = 10, X +s. P < 0.05 vs CTL
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Figure 6 HRU reduced hERG and Sp1 expression levels. A, B: Representative bands and statistics of Sp1 after HRU incubation for 24 h;
C, D: Representative bands and statistics of hERG after transfection with a Sp1 siRNA; E, F: Representative bands and statistics of hERG in
cytoplasm; G, H: Representative bands and statistics of Spl in nucleus, one-way ANOVA; I: Immunofluorescence showed reduced hERG
and Sp1 expression levels by incubation with HRU, green represented hERG protein and red represented Sp1 protein. Scale bar, 50 um. n = 3,

X+s.'P<0.05vs CTL



ZEAHAESE: HULIA hERG JHEIE PP #7252 2R B8 ORI o Ml 22 4

1373 -

Ui B HRU 5 hERG i i# [ 45 & i 5 & Y652 Fll F656,
0] T hERG @ IE 1) FF UL FE . 259 F% T 5% hERG
I T RE, B0 hERG & AR & . g i 2, IX
2 S HORAE acLQTS I HE ZJH [N 2 —. hERG @&
WA BCE A E R © 67T P9 ) 135 kDa ) &
AR B @ £ 155 kDa 58 4 B 34k N Rk
RN, HE PR . hERG AL T 7935~36 3 (K7
BN PR SR R mRNA H A%, 78 PR B
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iz =5 (anterograde trafficking defects). #% % 5% X 1
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[ Hsp70. Hsp90 7E Bt b 72 wp e & 22 i = 1E H «
HRU 5% & 25 253011l hERG & (A FY 3%, R B sE it ek,
Ui B3 HRU 0 (4 /2 Th e 7 hERG B - 15 M 41 /i 14
SO B URAIE 52, B 5 Spl 7E hERG () % s it f&
i 2] 5 B 4 P, A S5 8 A Western blot J %% £
Y% 9 SpL R4 B P hERG 28 [ 38 15 4 B i FRAIK,
O Rt 5 2 AR FF—F, YW HRU 2 i T i
SpL i ek /> 5 ok AR, k1T R 35 4% hERG IAEFH o 45
L ATIR, HRU X hERG 18 18 o i 1 FH = 22 ad i
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hERG 18 T& ) K 38 41 i) 4 F = 228 o e MK 4% s R 1
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