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(P <0.000 1) reduced NO secretion ( P <0.001) increased urea content ( P <0.000 1) decreased M1—elated
inflammatory factor tumor necrosis factor-alpha ( TNF-at) ( P <0.001) and decreased secretion of white blood cell
interleukin( IL) 4 ( P <0.001) ; M2~elated anti-inflammatory factor IL40 secretion levels increased ( P <0.01)
and IL-H2 secretion increased ( P <0.05) Furthermore co-eulturing with frozen-thawed PRP significantly promoted
cell migration and enhanced vascular formation efficiency surpassing the effects of fresh PRP and being comparable
to activated PRP ( P <0. 01) . Cell viability assays and CCK-8 proliferation experiments also showed a significant in—
crease in the proliferation rates of 1.929 and HUVEC co-eultured with frozen-thawed PRP ( P <0. 01) . Conclusion

After being cryopreserved at —80 °C PRP has been proven to significantly enhance cell migration differentia—
tion and proliferation capabilities while inhibiting the production of inflammatory factors and promoting M2 polari—
zation of macrophages. Therefore low-temperature cryopreservation can be considered as an effective method for
PRP preservation.

Key words plateletrich plasma; cryopreservation; macrophage polarization; wound healing; angiogenesis



Acta Universitatis Medicinalis Anhui 2024 Jul;59(7)

* 1151 -

o

o7 2- ( 2-aminoethoxy—
diphenyl borate 2-APB)
2-APB
2APB PKCa/HIFda H,0,
1
1.1
1.1.1 C28/12  ATCC
10% 1% -
DMEM 37 C 5% CO,
1.1.2 DMEM N
( 12324181,
2251344) ; CCK-8( :
BS350B) ; H,0,.2-APB( Sigma-Aldrich
17722844 .524958) ; - N
RIPA SDS-PAGE (
: C0222. C0201.
P10013B.PO015A) ; B-actin ( Abcam

ab8226) ; PARP ( Cell Signaling Te-

chonogy : 9532) ; PKCa~ pPKCa (
Santa Cruz : 5¢8393. 5¢377565) ; HIFd«
( Abcam : ab51608) ; DAPI. ROS
(
C10061.S0033S) ; N
.CO, ( Thermo Fisher : Cyt—
oFLEX.800TS. 371Steri-Cycle) ; (
Zeiss : AxioVert. Al) o
1.2
1.2.1 CCK=8
C28/12 96 6
2 h H,0,( 050100200~
400500 pmol /L) 24 h 100 l

10 ! CCK8 37 C 1h

H,0, . 9
H,0, 2-APB(0.50.100.,200.300 jwmol/
L) .

100 pl 10 pl CCK-8 37 C

1 h. 490 nm

2-APB o
1.2.2 Control
“H,0, .2-APB H,0, + 2-APB
Control H,0, H,0, 2-
APB 2-APB H,0, +2-APB H,O0,
2-APB.
1.2.3 24 h
1.2.4 TUNEL
C28/12 24
Co, 80%
24 h
PBS 4% 30 min
5 min TUNEL 37 C
60 min PBS 3
1.2.5 Western blot
C28/12 6
80% 24 h
30 min 4 C.
13 200 r/min 30 min
100 C o Marker
10% SDS-PAGE
200 mA PVDF o 5%
3h 4 C
1 h TBST 30 min 10 min |
Tanon Imaging System o

1.2.6 Annexin VFITC/PI

C28/12 6 80%
24 h
2.5 wl Annexin VFITC PBS
30 min; PBS 1 000
r/min 10 min PBS 2 0.5 ml PBS
2.5 ul PI
1.2.7 ROS C28/12 6
80%
24 h 1:1000 DCFH-
DA. 4
C 1 500 r/min 5 min.
DCFH-DA 37 C
20 min 1 500 r/min 5 min



- 1152 -

Acta Universitatis Medicinalis Anhui 2024 Jul;59(7)

DMEM 3 .
ROS o
1.2.8 C28/12
24 24 h
Control  H,O0, H,0, +
BIM-T 4% 30
min 0. 2% Triton X400 10 min 1% BSA

1h 1:500 HIFHa 4
C 1 h DAPI 5
min
1.3 GraphPad Prism 8.0

o X £ o
P <0.05
2
2.1 APB H,O0,

CCK-8 H,O0,

o H,0,

24 h H,O0, 400
pmol /L (F =
406.20 P<0.01) . 400 pmol/L

H,0, o H,0, ( 400
wmol /L) 2-APB ( 0,50, 100, 200 300
pwmol /L) 24 h H,0,

2-APB 2-APB

100 pmol/L (F=235.80 P

1 2-APB H,0,

A: CCK-8 2-APB  H,O0, C28/12 , B:

¢:2-APB  ;d:H,0, +2-APB Control D ¥¥P<0.01;  H,0,

<0.01) o 100 wmol/L 2-APB
o 1A,
2.2 2APB H,O0,
2-APB  H,O0,
o Control
; H,0,
; H,0, H,0,
+2-APB H,O0,
o 1B.
2.3 2-APB H,O,
2.3.1 TUNEL TUNEL
Control H,0,
H,O0, H,0, +2-APB
H,O0, o 2A,
2.3.2 2APB H,O0,
Cleaved-PARP Western blot
o Control
H,0, CleavedPARP (P<0.01)
2-APB
(F=10.10 P <0.05), 2—
APB H,0, Cleaved-PARP
o 2B.
2.3.3 2-APB  H,0,
2-APB  H,O0,
o Control H,0,
(P<0.01) 2-APB
(F=114.80
P <0.01) , 2C.,
C28/12 x200; a: Control  : b: H,0,
(M p<0.01



Acta Universitatis Medicinalis Anhui 2024 Jul; 59(7) * 1153 -
2 2-APB  H,0,

A: TUNEL x 200 A TUNEL A ; B: Western blot
Cleaved-PARP 0 Ce ;a: Control ;b H,0, ;c¢:2-APB ;d:H,0, +2-APB ; Con—
trol (1 **P<0.01;  H,0, :#P<0.05 *P<0.01
2.4 2-APB H,O0, ROS 2.5 2-APB PKCo/HIFd

2APB H,O0, ROS H,O0, Western blot
o Control H,0, ROS 2APB  pPKCa HIFd« o
(P<0.01) 2-APB Control H,0, pPKCa(P <0.01) HIFd«
ROS (F=52.99 P<0.01) 3. (P<0.05) 2-APB



* 1154 -

Acta Universitatis Medicinalis Anhui 2024 Jul;59(7)

3

a: Control  ;b:H,0, ;c:2-APB ;d:H,0, +2-APB

pPKCa( F=24.56 P <0.05) .HIFda

(F=6.85 P<0.05) 4A,
PKCa  HIFda
PKCa BIM-I (1 wmol/L)
H,0, HIFd o
4B, 2-APB PKCo/HIFH o
H,0, .
3
8
9
10 112

ROS
Control 1 **P<0.01; H,0, 1 #P<0.01
13
2-APB
ROS 4,
2-APB 7( tran—
sient receptor potential melastatin 7 TRPM7)
T 2-
APB TRPM7PKCa-NOX4
6
2-APB
H,0,
2-APB H,O0,
HIFd o
¢ HIFd «

HIFda



Acta Unversitatis Medicinalis Anhui

2024 Jul; 59(7) « 1155 -

4 2-APB  H,0,
A: Western blot pPKCa HIFd«
Control  ;b:H,0, ;c¢:2-APB ;d:H,0, +2-APB ;  Control
. S PKC HIF o
PKCa HIFH «
H,0, ROS
pPKCa  HIFda« 2-APB
H,0, ROS pPKCa
HIFH « PKCa BIM-]
HIFda o
2-APB
H,O0, PKCa /HIF o

o

pPKCa HIFHda (n=3)
: B: BIM-1 HIF-o x 400; a:
:"P<0.05 **P<0.01; H,0, :#P<0.05

Bock F J Riley J S. When cell death goes wrong: Inflammatory out—
comes of failed apoptosis and mitotic cell death J . Cell Death
Differ 2023 30(2) :293 -303.

Liu N N Huang Y P Shao Y B et al. The regulatory role and
mechanism of IncTUGI on cartilage apoptosis and inflammation in
osteoarthritis J . Arthritis Res Ther 2023 25( 1) : 106.

Zhang Y Tang Y Tang X et al. Paclitaxel induces the apoptosis of
prostate cancer cells via ROS-Mediated HIFda expression J .

Molecules 2022 27(21) : 7183.

Zhang ] Hu' Y Wang Z et al. Hypoxia-inducible factor expression
is related to apoptosis and cartilage degradation in temporomandib—
ular joint osteoarthritis J . BMC Musculoskelet Disord 2022 23
(1):583.

Zara S Macchi V De Caro R et al. pPKCa mediated-HIF o acti-
vation related to the morphological modifications occurring in neo—

natal myocardial tissue in response to severe and mild hyperoxia



* 1156 ¢ Acta Universitatis Medicinalis Anhui 2024 Jul;59(7)

J . Eur ] Histochem 2012 56( 1) : €2. 11 Wang B W Jiang Y Yao Z L et al. Aucubin protects chondrocytes
6  Zhou R Chen Y Li S et al. TRPM7 channel inhibition attenuates against IL- B-induced apoptosis in vitro and inhibits osteoarthritis
rheumatoid arthritis articular chondrocyte ferroptosis by suppression in mice model J . Drug Des Devel Ther 2019 13:3529 -38.
of the PKCa-NOX4 axis J . Redox Biol 2022 55:102411. 12 Cui T Lan Y Lu Y et al. Isoorientin ameliorates H, O, -induced
7 MaG Yang Y Chen Y et al. Blockade of TRPM7 alleviates chon— apoptosis and oxidative stress in chondrocytes by regulating MAPK
drocyte apoptosis and articular cartilage damage in the adjuvant ar— and PI3K/Akt pathways J . Aging ( Albany NY) 2023 15( 11):
thritis rat model through regulation of the indian hedgehog signaling 4861 -74.
pathway J . Front Pharmacol 2021 12:655551. 13 Slowik E J Stankoska K Bui N N et al. The calcium channel mod—
8  Ouyang Z Dong L Yao F et al. Cartilage-related collagens in oste— ulator 2-APB hydrolyzes in physiological buffers and acts as an ef—
oarthritis and rheumatoid arthritis: From pathogenesis to therapeu— fective radical scavenger and inhibitor of the NADPH oxidase 2
tics J .Int J Mol Sci 2023 24( 12) : 9841. J . Redox Biol 2023 61:102654.
9 Pistritto G Trisciuoglio D Ceci C et al. Apoptosis as anticancer 14  Rosalez M N Estevez¥regoso E Alatorre A et al. 2-Aminoethyldi-
mechanism: Function and dysfunction of its modulators and targe— phenyl Borinate: A multitarget compound with potential as a drug
ted therapeutic strategies J . Aging ( Albany NY) 2016 8(4): precursor J . Curr Mol Pharmacol 2020 13( 1) :57 -75.
603 -19. 15 Xia J Ozaki I Matsuhashi S et al. Mechanisms of PKC-Mediated
10  Kulbay M Paimboeuf A Ozdemir D et al. Review of cancer cell re— enhancement of HIF « activity and its inhibition by vitamin K2 in
sistance mechanisms to apoptosis and actual targeted therapies hepatocellular carcinoma cells J . Int J Mol Sci 2019 20(5):
J .J Cell Biochem 2022 123(11) : 1736 -61. 1022.

2-APB inhibits H, O, -induced chondrocyte apoptosis

through PKCua/HIF4 « signaling pathway
Ouyang Ziwei' > Dong Lei’ Wang Yan'® Cheng Yuanzhi' > Zhu Rendi' > Zhou Renpeng' >
Zhao Yingjie' > Hu Wei' >
('School of Pharmacy Anhui Medical University Hefei 230032;°Dept of Clinical Pharmacology
The Second Hospital of Anhui Medical University Hefei 230601)

Abstract Objective To explore the effect of 2-aminoethoxy-diphenyl borate( 2-APB) on H,0,-induced chondro—
cyte apoptosis and its mechanism. Methods The experiment was divided into control group H,0, group 2-APB
group and H,0, +2-APB group. CCK-8 method was used to detect the cell viability of each group; The effect of 2—
APB on the morphological changes of chondrocytes induced by H, 0, was observed under microscopy; TUNEL meth—
od and flow cytometry were used to detect chondrocyte apoptosis; Flow cytometry was used to detect Lipid reactive
oxygen species ( ROS) ; Western blot was used to detect the protein expressions of Cleaved PARP p-PKCa and
HIFda in H,0,-induced cells by 2-APB; Immunofluorescence was used to detect the fluorescent expression of HIF-
la in cells induced by H,0, by PKCq inhibitor BIM-. Results 2-APB inhibited H,O,-induced apoptosis in chon—
drocytes and the inhibitory effect was the most significant when the concentration of 2-APB was 100 pmol/L ( F =

235.80 P <0.01); 22-APB could inhibit the positive rate of H,0,-induced apoptosis of chondrocytes ( F =

114.80 P <0.01) and the level of ROS ( F =52.99 P <0.01) . and inhibited the expression of Cleaved-PARP ( F
=10.10 P <0.05) pPKCa ( F=24.56 P <0.05) and HIFd« proteins ( F =6.85 P <0.05) . The PKCa in—
hibitor BIM=] could inhibit the increase in HIF-H o fluorescence intensity caused by H,0,. Conclusion 2-APB
can inhibit chondrocytes apoptosis induced by H,0, through the PKCo/HIF4 o pathway and thus protect chondro—
cytes.
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