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B, 0% . 5% . 10% . 15% F120 %6 Fir A 2H K B 240 M 240 i A% S AR HRObR 0% ok % 1 R B 400 0 B
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Effect of parthenolide on apoptosis of chondrocyte under
mechanical stretch stress by inhibiting Piezo1l expression
and its mechanism

MA Xuan', YANG Kaixiangz, DENG Hai?, HUANG Yuchengl
(1. Department of Orthopedic Trauma, NO.4 Hospital, Wuhan City, Hubei Province, Wuhan 430030, China;
2. Department of Articular Surgery, NO.4 Hospital, Wuhan City, Hubei Province, Wuhan 430030, China)

ABSTRACT Objective: To discuss the effect of parthenolide (PTL) on the apoptosis of the chondrocytes
under mechanical stretch stress by regulating the expression of piezo type mechanosensitive ion channel
component 1(Piezol), and to clarify the related mechanism. Methods: The chondrocytes were divided
into 0%, 5%, 10%, 15%, and 20% stretch groups according to the stretch variable. Additionally, the
chondrocytes were divided into control group, 20% stretch group, 20% stretch-+5 pmol-L ' PTL group,
20% stretch+10 pmol-L ' PTL group, and 20% stretch+20 pmol-L." ' PTL group. The Piezol short
hairpin RNA (shRNA) interference lentivirus (sh-Piezol) or shRNA-NC lentivirus were used to infect the
chondrocytes, and the chondrocytes were divided into sh-Piezol group and sh-NC group, and also set up
blank control group. The chondrocytes were also devided into 20% stretch group, 20% stretch--PTL
group, 20% stretch-+sh-Piezol group, and 20% stretch+sh-Piezol++PTL group. Hoechst 33258
fluorescence staining was used to observe the morphology of the nuclear in various groups; flow cytometry
was used to detect the apoptotic rates of the cells in various groups; spectrophotometry was used to detect the
cysteinyl aspartate specific proteinase (Caspase) -3 activities in the cells in various groups; CCK-8 method
was used to detect the proliferation rates of the cells in various groups; Fluo-4/AM fluorescent probe
method was used to detect the calicium ion (Ca®" ) levels in the cells in various groups; real-time
fluorescence quantitative PCR(RT-qPCR ) method was used to detect the expression levels of Piezol
mRNA in the cells in various groups; Western blotting method was used to detect the expression levels
of Piezol protein in the cells in various groups. Results: The Hoechst 33258 fluorescence staining resuts
showed that as the increasing of stretch, the number of the chondrocytes with fragmented and densely
stained nuclei in 0%, 5%, 10%, 15%, and 20% stretch groups were gradually increased. The flow
cytometry results showed that compared with 0% stretch group, the apoptotic rates of the chondrocytes in
5%, 10%, 15%, and 20% stretch groups were significantly increased (P<C0.01) ; compared with
control group, the apoptotic rate of the chondrocytes in 20% stretch group was significantly increased ( P<C
0.05); compared with 20% stretch group, the apoptotic rates of the chondrocytes in 20% stretch+
5 pmol-L ™' PTL group, 20% stretch+ 10 pmol-L~!' PTL group, and 20% stretch+20 pumol-L~' PTL
group were significantly decreased (P<C0.05); compared with 20% stretch group, the apoptotic rates of
chondrocytes in 20% stretch-=PTL group and 20% stretch-sh-Piezol group were significantly decreased
(P<C0.05). The spectrophotometry results showed that compared with 0% stretch group, the Caspase-3
activities in the chondrocytes in 5%, 10%, 15% , and 20% stretch groups were significantly increased (P<C
0.01) ; compared with control group, the Caspase-3 activity in the chondrocytes in 20% stretch group was
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significantly increased (P<C0.05); compared with 20% stretch group, the Caspase-3 activities in the
chondrocytes in 20% stretch+5 pmol-L."' PTL group, 20% stretch+10 pmol-L "' PTL group, and 20%
stretch+20 pmol-L ! PTL group were significantly decreased (P<C0.05). Compared with 20% stretch
group, the Caspase-3 activities in the chondrocytes in 20% stretch-=PTL group and 20% stretch+
sh-Piezol group were significantly decreased (P<C0.05). The CCK-8 method results showed that
compared with O umol-L ' PTL group, the proliferation rates of the chondrocytes in 40.00, 80.00, and
160. 00 pmol:L ! PTL groups were significantly decreased (P<C0.05), indicating that 20. 00 pmol-L *
PTL was the maximum non-toxic concentration. The Fluo-4/AM fluorescent probe method results showed
that compared with control group, the Ca®" level in the chondrocytes in 20% stretch group was
significantly increased (P<Z0.05) ; compared with 20% stretch group, the Ca®" levels in the chondrocytes
in 20% stretch-+5 pmol+L ™" PTL group, 20% stretch+10 pmol-L "' PTL group, and 20% stretch+
20 pmol-L.~ " PTL group were significantly decreased (P<<0.05); compared with 20% stretch group, the
Ca”" levels in the chondrocytes in 20% stretch--PTL group and 20% stretch-+sh-Piezol group were
significantly decreased (P<C0.05). The RT-qPCR results showed that compared with blank control group
and sh-NC group, the expression level of Piezol mRNA in the chondrocytes in sh-Piezol group was
significantly decreased (P<C0.05). The Western blotting results showed that compared with control
group, the expression levels of Piezol protein in the chondrocytes in 20% stretch group was significantly
increased (P<C0.05) ; compared with 20% stretch group, the expression levels of Piezol protein in the
chondrocytes in 20% stretch-+5 pmol-L "' PTL group, 20% stretch+10 pmol-L."' PTL group, and 20%
stretch-+20 pmol-L.~' PTL group were significantly decreased (P<C0.05) ; compared with blank control
group and sh-NC group, the expression level of Piezol protein in the chondrocytes in sh-Piezol group was
significantly decreased (P<C0.05). Conclusion: PTL can inhibit the apoptosis of the chondrocyte
induced by high-intensity cyclic mechanical stretch stress, and its mechanism may be related to
inhibiting the Piezol-mediated Ca®" influx-induced apoptosis.

KEYWORDS Parthenolide; Piezo type mechanosensitive ion channel component 1; Mechanical
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10° TU-mL ")y b i A OC A W) $0R A7 RS\l 4R
it sk &G (A5 Flexcell-5000) W A 3 H
Flexcell A7), CO, i3 H (B . 311) i~
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43 A sh-Piezol 41 Fl sh-NC 41, 55 15 B 45 [ 0 B4l .

W B, fim A 5 mg-« L " Polybrene i ¥ Jk5 7 &% 4,
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8 B A5 R A, RN R AR S AL, R FH AR
AR 3 K 405 nm AR RO EE (A) fH, AR AR 1 A
A FIRR A e B 22 bR R, A A 4 A i
Caspase-3 i 4 . Caspase-3 i ¥ = 32 55 fL. A {H /%)
ML A{H .
1.9 CCK-8%#m &mmuigsaf WES St
K 40, DL FL 3 X 10° 40 i 1l 5 1 1 b &2
96 fL 40 ML B FE b, B TRFEM TR, HT0.
1.25, 2.50, 5.00, 10.00, 20.00, 40.00, 80.00 F
160.00 pmol-L ™' PTL 4 ¥ 36 h, Jfi% & 25 H 1L,
PRET4 h B #5520k, &AL A 10 uL CCK-8 T.4E
W, 37 CWidE 4h, R Z U 6e s br A0k K
450 nm Ab A . A R = [ (LHEm AL A
H—-—=HfLAMHE) / (HBAAME-—=HILA
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Red arrows showed apoptotic cells. A: 0% stretch group; B:5% stretch group; C: 10% stretch group; D:15% stretch group; E:20%

stretch group.

Bl 1 Hoechst 33258 Y4 & WL 4K & 40 M AR BL (< 100)
Fig. 1 Morphology of nuclear in chondrocytes in various groups observed by Hoechst 33258 staining( < 100)
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Fig. 2 Apoptotic rates of chondrocytes in various groups after treated with cyclic mechanical distraction stress detected

by flow cytometry
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Fig. 3 Apoptotic rates of chondrocytes in various groups after treated with PTL combined with cyclic mechanical

distraction stress detected by flow cytometry

© o o o
% Jaz1 Q22 s Jaz1 Q22 s Jaz1 Q22 S Jaz1 Q22
342% 15.82% 0.58% 8.10% 0.58% 7.27% 2.16% 4.89%
~ ~ ~ ~
= s = E
© © © ©
s e e 2
—_ —_ o —0 —
a2 a2 a2 a2
< < < <
e 2 e 2
® £ e 2
Q23 Q24 Q23 Q24 Q23 Q24 Q23 Q24
= 16041% 2034% < 81.06% 10.27% T 8523% 6.92% T 8836% 4.60%
e 2 2 2
1034 105 108 107 108 1034 105 108 107 1087 1034 105 108 107 10° 1034 105 108 107 108!
Annexin V-FITC Annexin V-FITC Annexin V-FITC Annexin V-FITC

A:20% stretch group; B:20% stretch+PTL group; C:20% stretch+sh-Piezol group;D:20% stretch-+sh-Piezol +PTL group.
B4 WALRABNIERTRRLESHARFHRATR

Fig. 4 Apoptotic rates of chondrocytes in various groups after infection of lentivirus detected by flow cytometry
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Fig. 5 Apoptotic rates of chondrocytes in various
groups after treated with cyclic mechanical distraction

stress
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Fig. 6

groups after treated with PTL combined with cyclic

Apoptotic rates of chondrocytes in various

mechanical distraction stress
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Fig. 8 Activities of Caspase-3 in chondrocytes in
various groups after treated with PTL combined with

cyclic mechanical distraction stress
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Fig. 9 Activities of Caspase-3 in chondrocytes in various

groups after infection of lentivirus
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Fig. 10 Proliferation rates of chondrocytes in various
groups after treated with PTL combined with cyclic

mechanical distraction stress
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Fig. 11 Levels of Ca*" in chondrocytes in various groups after treated with PTL combined with cyclic mechanical

distraction stress detected by Fluo-4/AM fluorescence probe method

2.6 Xmumid Piezol mRNA £#FKEF 5251
XA (0.99+0.03) F1sh-NC 21 (0.9540.05)
I #, sh-Piezol ZH %k 15 4 ffd th Piezol mRNA ik
KA (0.2040.08) BIEFEML (P<<0.05).

2.7 BARFMIF Piezol G REXEAKFE SN
MR LB, 2000 B0 2 B 40 i v Piezol #E

KAKE B (P<<0.05); 5 20% Fi il thds,
20% $i ff + 5 pmol- L™ PTL 20 . 20% #i ff +
10 pmol+L=" PTL £ f1 20% $i {#H +20 pmol-L~"
PTL 2 %8 40 Ml b Piezol 25 1 335 /K 7 1 B L [
il (P<<0.05). H2s X4 (0.43+0.05) F1
sh-NC 41 (0.42+0.06) %, sh-Piezol 4l #



hoOJE, A UNEAE N R SE ) Plezol 2 ik 0 HLBLES 3K B 0 4 F R AR 0 B R T s K L) 1629
300000 = KL HUBOHE 7835 S 3 RNA (microRNAs,

200 000

Level of Ca*

100 000

‘P<C0.05 compared with control group; “P<C0.05 compared

with 20% stretch group.

B 12 PTLIBCE A BN EE 30 A 1E U & AR
M+ Ca® kP

Fig. 12 Levels of Ca® in chondrocytes in various
groups after treated with PTL combined with cyclic

mechanical distraction stress
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Fig. 14 Levels of Ca*™ in chondrocytes in various

groups after infection of lentivirus
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Fig. 15 Electrophoregram (A) and histogram (B) of
expressions of Piezol protein in chondrocytes in
various groups after treated with PTL combined with

cyclic mechanical distraction stress
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Fig. 16 Electrophoregram of expressions of Piezol
protein in chondrocytes in various groups detected by

Western blotting method
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