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ABSTRACT Objective: To investigate the mechanism by which sonodynamic therapy (SDT) initiated the mitochondrial calcium in-
crease in macrophages. Methods: THP-1 monocytes were differentiated into macrophages by adding PMA. For SDT, ALA was used as
sonosensitizer. Flow cytometry was used to certify the SDT-induced apoptosis of macrophages. Real-time detection of mitochondrial Ca*"
indicated by Rhod 2/AM was applied. Whole cell lysates were aquired. Bax, Cleaved caspase3, voltage dependent anion channel 1
(VDACI) and inositol 1, 4, 5-trisphosphate receptor III (IP3R-III) were separately detected by Western blot. Primary antibodies against
VDACI were used for immunoprecipitation to analyze interactions between VDAC]1 and IP3R-III. 4,4'-diisothiocyanostilbene-2,2'-disul-
fonic acid (DIDS) and 2-aminoethoxydiphenyl borate (2-ABP) were separately used to inhibite functions of VDACI and IP3R-III, real-time
detection of mitochondrial Ca*" was conducted again. Results: Compared with the control group, only SDT induced obvious increase of
cell apoptosis (P<0.001). Compared with the control group, ALA showed no significant effect to mitochondrial Ca* level, ultrasound in-
duced obvious increase of mitochondrial Ca*" level, SDT led to rapid and sharp increase of mitochondrial Ca*" level which sustained at
high level even after ultrasound exposure like the ultrasound group. Compared with the control group, ultrasound showed no obvious ef-
fect to the proteins, ALA induced marked upregulation of VDAC1 (P<0.01) and IP3R-III (P<0.05), SDT led to significant upregulation of
Bax (P<0.001), Cleaved-caspase3 (P<0.001), VDAC1 (P<0.01) as well as IP3R-III (P<0.05). Enhanced interactions between VDACI1 and
IP3R-III were observed in ALA and SDT groups(P<0.05). SDT-induced increase of mitochondrial Ca* level were markedly weakened by
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DIDS and 2-ABP. Conclusions: During the course of apoptotic SDT, ALA induced the upregulation of VDAC1 and IP3R-III, as well as the

enhanced interactions between the proteins, thus building lots of channels for Ca*" transiton between endoplasmic reticulum and mito-

chondria. While the main function of ultrasound is to trigger the opening of these channels, thus leading to the rapid calcium increase in

mitochondria. This may be an important mechanism of the following mitochondrial apoptosis pathway.
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Fig.l SDT increased the apoptosis of THP-1 macrophages
FARKEBMARNARBTEER,Ql KFRRIFIEMAM, Q2 KSR REIATHAME,Q RIFRRFEMHM, MU KERKEHBATH
B B 4RBR RS T B, ***P<0.001 vs X BB, ns P>0.05 vs I R4,

Note: Data were expressed as x+ SD, n=3. A Apoptosis rates detected by flow cytometry, Q1 area represents necrotic cells, Q2 area represents late

apoptotic cells, Q3 area represents living cells, Q4 area represents early apoptotic cells; B Histogram of cell apoptosis rates. ***P<0.001 vs control group,

ns P>0.05 vs control group.
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Fig.2 Results of real-time detection of mitochondrial Ca*
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FiARSTRE S G VDACT Fil IP3R-IIL JEF746 0 o 5 5 B 7m, 5 %)
MRLHAN L, A8 4] R S H B A9 2 H A A 5 VR (P>0.05) ,
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- = 354 L
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Fig.3 Results of Western blot and immunoprecipitation
7E:A Western blot #&i1] ALA #B7#0 SDT Xt Bax, Cleaved caspase3,VDAC1 #1 IP3R-III FRix = K200 ; B Western blot £ R %1t E; C & it
WM ALAEBFSFN SDT Xt VDACI 5 IP3R-II A EAE MR D SRR TR ERMGITE. S3RALLE, *P<0.05 vs JHRAH, **P<0.01 vs
XFERZH , ***P<0.001 vs XFB8ZH, ns P>0.05 vs XFER4H
Note: Data were expressed as x+ SD, n=3. A Effects of ALA, ultrasound and SDT on expression of Bax, Cleaved caspase3, VDAC1 and IP3R-III tested by
Western blot; B Histogram of Western blot; C Effects of ALA, ultrasound and SDT on interactions between VDAC1 and IP3R-III tested by
immunoprecipitation; D Histogram of immunoprecipitation. *P<0.05 vs control group, **P<0.01vs control group, ***P<0.001 vs control group,

ns P>0.05 vs control group.
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Fig.4 Inhibition of SDT-induced mitochondrial Ca*" increase by DIDS and
2-ABP
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BRI LA AT B[] 18 1A (MC U ) HE AR R, DA A 5 99 5]
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LRRiR Ca* KFRA B T4, i ALA AT figsifk T Ca>
Sz s BOVE o

SERTIITIFSE B ZE 52 T VDACT X4 iR T 12 1 2
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B . 245 R R ,ALA 7EAR 5] Bax SRR AN Cleaved
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SR BN, ALA RFAESE T VDACT 5 IP3R-II AH E/EH
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25 LR, ALA KRR T B AR5 17 VDACL Al
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PR RSN L BUE AL finiE . LM O SDT bl o
45y T R AR e P Ao 345 9 114 75 A B0k 3 T R B 1Y
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