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Paeoniflorin regulates miR-181a-5p derived from skin fibroblast-derived
exosomes on the photoaging of keratinocytes HaCaT induced by medium-wave
ultraviolet radiation
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Abstract: Objective To investigate the effect of paeoniflorin on the photoaging of keratinocytes induced by UVB through regulating
miR-181a-5p in exosome (Exo) derived from human skin fibroblasts (HSF). Methods Using HaCaT cells as the research object,
diveded into the control group, model group, paeoniflorin group, HSF-Exo group, paeoniflorin + HSF-Exo group, OE-NC group, and
OE-miR-181a-5p group. The expression of miR-181a-5p mRNA was detected by qRT-PCR. The proliferation of HaCaT cells was
examined by MTT assay. SA-B-Gal staining method was implemented to detect the senescence of HaCaT cells. Flow cytometer was
used to detect the apoptosis of HaCaT cells. DCFH-DA probe was used to detect the level of ROS in HaCaT cells. ELISA was employed
to measure the content of SOD, MDA, IL-6, IL-1 and TNF-a in HaCaT cells. Western blotting was implemented to detect the protein
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expressions of p16, p21, COL1A1 and MMP-1 in HaCaT cells. Results Compared with model group, growth rate, content of SOD
and COL1A1 in the paeoniflorin group, HSF-Exo group, paconiflorin + HSF-Exo group were increased, while the proportion of
senescent cells, apoptosis rate, ROS fluorescence intensity, content of MDA, IL-6, IL-1B, TNF-a, the protein expression of p16, p21,
MMP-1, and miR-181a-5p expression were decreased (P < 0.05). Compared with paeoniflorin group and HSF-Exo group, growth rate,
content of SOD and COL1A1 in the paeoniflorin + HSF-Exo group were increased, while the proportion of senescent cells, apoptosis
rate, ROS fluorescence intensity, content of MDA, IL-6, IL-1pB, TNF-a, the protein expression of p16, p21, MMP-1, and miR-181a-5p
expression were decreased (P < 0.05). Compared with paeoniflorin + HSF-Exo group and OE-NC group, growth rate, content of SOD
and COL1AL1 in the OE-miR-181a-5p group were decreased, while the proportion of senescent cells, apoptosis rate, ROS fluorescence
intensity, content of MDA, IL-6, IL-1B, TNF-a, the protein expression of pl6, p21, MMP-1, and miR-181a-5p expression were
increased (P < 0.05). Conclusion Paconiflorin inhibits UVB-induced photoaging of keratinocytes by regulating HSF-derived Exo
miR-181a-5p.
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Fig.1 Transmission electron microscopy was used to
observe the morphological characteristics of Exo (A), and
nanoparticle tracking analyzer was employed to measure

the diameter of Exo (B)
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25 +HSF-Exo 4. OE-NC A A, OE-miR-181a-
5p A miR-181a-5p Fik W ETHE (P<0.05), UL
% 1.

#1 KA HaCaT ZBPAH miR-181a-5p FIALLE ( x+s, n=6)
Table 1 Comparison of miR-181a-5p expression in each group of HaCaT cells ( xts,n=6)

20531 miR-181a-5p Fik
ot 1 — 1.00+0.01
R — 5.324+0.58"
AJUHE 30 pmol-L™! 3.161+0.43%
HSF-Exo 100 pg-mL™! 3214+0.41%
3245 +HSF-Exo 30 pumol-L™'+100 pg-mL™! 1.93 £0.24#4@
OE-NC 30 pmol-L™' A3 +100 pg-mL~" OE-NC HSF-Exo 1.96+0.25
OE-miR-181a-5p 30 pmol- L' Aj## 4100 ug'mL "' OE-miR-181a-5p HSF-Exo 4.08+0.53"4

SxfHA R "P<0.05; SHEBALE: *P<0.05; SATAEHAHLE:

. "P<0.05; 5 OE-NC 4 tt#: *P<0.05.

&p<(.05; 5 HSF-Exo 41LL#: @P<0.05; 57721 +HSF-Exo 21t

P < 0.05 vs control group; *P < 0.05 vs model group; £P < 0.05 vs paconiflorin group; @P < 0.05 vs HSF-Exo group;"P < 0.05 vs paeoniflorin + HSF-Exo

group; *P < 0.05 vs OE-NC group.
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B (P<<0.05), W3 2.
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* 3.
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OE-NC #H#, OE-miR-181a-5p HIHT-F L ETH
i (P<0.05). WK 3. %4,

2 K4H HaCaT MRE-HIBIERELE ( x+s, n=6)

Table 2 Comparison of proliferation rates in each group of HaCaT cells ( Xts,n=6 )

2H ) wE TR /%
papiict — 100.00£0.00
it — 30.1145.29
ATUH 30 pmol-L™! 61.29+7.64"
HSF-Exo 100 pg-mL™! 63.44+7.89%
Aj %1 +HSF-Exo 30 pmol-L™'4+100 pg-mL™! 88.17 £9.34#@
OE-NC 30 pmol- L™ 2525+ 4 100pug-mL~! OE-NC HSF-Exo 90.32+9.87
OE-miR-181a-5p 30 pmol- L' AjZ5HF + 100 ug-mL ™" OE-miR-181a-5p HSF-Exo 46.24+6.43"4

XA "P<0.05; SEAAE: *P<0.05; HSATAHEFALILE: 4P<<0.05; 5 HSF-Exo AlLE: @P<<0.05; 545254 +HSF-Exo 4Lt

. "P<0.05; 5 OE-NC 4 tt#: *P<0.05.

*P < 0.05 vs control group; P < 0.05 vs model group; £P < 0.05 vs paeoniflorin group; @P < 0.05 vs HSF-Exo group;"P < 0.05 vs paeoniflorin + HSF-Exo

group; “P < 0.05 vs OE-NC group.
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Fig.2 Detection of cell senescence in HaCaT cells using SA-B-Gal staining method (x400)
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%3 B HaCaT MIFZMAELLHILLE ( x5, n=6)

Table 3 Comparison of the proportion of senescent cells in each group of HaCaT cells ( Xts,n=6)

51 WEE 22 A LA/ %
oy — 3.81+0.89
it — 56.34+5.92"
ATUIH 30 pmol-L™! 38.52+4.18"
HSF-Exo 100 pg-mL™! 37.96 +4.08"
3245 +HSF-Exo 30 pmol-L™'+100 pg-mL™! 19.49+3.21#%@
OE-NC 30 pmol-L™' A5 #4100 pug-mL'OE-NC HSF-Exo 18.75+3.16
OE-miR-181a-5p 30 pmol- L™ 2524575 4 100 pg-mL ™' OE-miR-181a-5p HSF-Exo 41.07+4.76"4

HXHRALEE: "P<0.05; SRAALLE: *P<<0.05; SATHTALLE: “P<0.05; 5 HSF-Exo 4lLLEL: @P<<0.05; 5221 +HSF-Exo 4t
#: "P<0.05; 5 OE-NC 41t “P<0.05.

P < 0.05 vs control group; *P < 0.05 vs model group; £P < 0.05 vs paconiflorin group; @P < 0.05 vs HSF-Exo group;"P < 0.05 vs paeoniflorin + HSF-Exo
group; *P < 0.05 vs OE-NC group.
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Fig.3 Flow cytometry detection of apoptosis in HaCaT cells
*4 K4 HaCaT MRAT-RLLE ( x5, n=6)
Table 4 Comparison of apoptosis rates of HaCaT cells in each group ( xts,n=6)
5 K PTHR/%
X HE — 1.6910.43
Y — 42374475
AIHH 30 pmol-L™! 31.05+3.83"
HSF-Exo 100 pg-mL™ 30.86+3.62%
Aj%jH +HSF-Exo 30 umol-L™'+100 pg-mL™"! 142742 49%@
OE-NC 30 umol- L' AjZ§4F +100 ug-mL~" OE-NC HSF-Exo 14.59+2.54
OE-miR-181a-5p 30 umol- L' Aj2451F 4100 pg-mL ™' OE-miR-181a-5p HSF-Exo 354314344

EX AR "P<0.05; SR *P<0.05; SATAHAE: “P<0.05; 5 HSF-Exo AL @P<<0.05; 57541 +HSF-Exo 4HH
#: "P<0.05; 5 OB-NC #4ltu#z: *P<0.05.

*P < 0.05 vs control group; *P < 0.05 vs model group; £P < 0.05 vs paeoniflorin group; @P < 0.05 vs HSF-Exo group; "P < 0.05 vs paeoniflorin + HSF-Exo
group; “P < 0.05 vs OE-NC group.
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2.5 #%&4A HaCaT MRRE ML RURELE
SRR HhEL, A5Z5FE4H. HSF-Exo 2H. Aj%4

2.6 %&%H HaCaT ZHBE IL-6. IL-1p. TNF-a ik
A

H +HSF-Exo 41 ROS 5% . MDA & & i % % BRI i, Aj251F4l. HSF-Exo 4. ~j#
fiX, SOD ®#E T+ (P<<0.05); H5AjZ5#H 4. HSF-  H +HSF-Exo 41 IL-6. IL-IB TNF-o & &R ER
Exo A Lb#:, 2251 +HSF-Exo 41 ROS %G & (P<<0.05); S5Aj#jF4 . HSF-Exo ZHEb#:, Aj

MDA & & & F KA, SOD S EEETE (P<
0.05); S5Aj#H +HSF-Exo 41. OE-NC #iALt,
OE-miR-181a-5p #H ROS 658/ . MDA & & i 3%
FtE, SOD BERK (P<0.05). WK 4. %S5,

2451F +HSF-Exo 41 IL-6. IL-1B. TNF-a & & &% [%
ik (P<<0.05); 5745253 +HSF-Exo 41. OE-NC 41
tb#¢, OE-miR-181a-5p #H 1L-6+ IL-1B. TNF-0 & &
BETE (P<0.05), WE 6.

Aj 5+ +HSF-Exo

AjE HSF-Exo

g

OE-NC

OE-miR-181a-5p
4 DCFH-DA R$H#&30 HaCaT 4 ROS 7KF (X100)
Fig. 4 Level of reactive oxygen species (ROS) in HaCaT cells detected by DCFH-DA probe (x100)

%5 &4 HaCaT A ROS KHIBE. SOD. MDA LEER ( x+s, n=6)
Table 5 Comparison of ROS fluorescence intensity, SOD and MDA in each group of HaCaT cells ( xts,n=6 )

21 51 WwEE ROS %¢)630/%/RFU  SOD/(U-mL™)  MDA/(nmol-mL™)
X — 93.24+24.72  135.46+14.91 34.73+4.24
LAY — 339.87+34.29°  42.37+7.38* 88.56+8.94"
AT 30 pmol-L™! 256.29+30.54*  83.59+10.15* 64.29+6.53"
HSF-Exo 100 pg-mL! 249.61+29.93%  84.15+10.49% 63.85+6.14"
Aj25# +HSF-Exo 30 umol-L'+100 pg-mlL™! 153.20+27.32%@ 119,68 +12.56"%@  42.19+5 39%@
OE-NC 30 umol L Aj25H 100 pgmL ' OENCHSF-Exo ~ 152.93+26.87  120.03+12.87 41.89+5.08

OE-miR-181a-5p 30 pmol-L™ ~AjZ4F 4100 ug'mL™" OE-miR-181a- 298.76+32.64"4 73.08+7.86"4

5p HSF-Exo

68.71£8.16"™4

SRR "P<0.05; SEHALLEL: #P<0.05; SATZHALE:
#: "P<0.05; 5 OE-NC 4lLb#z: “P<0.05,

“P < 0.05 vs control group; *P < 0.05 vs model group; &P < 0.05 vs paeoniflorin group; @P < 0.05 vs HSF-Exo group; "P < 0.05 vs paeoniflorin + HSF-Exo
group; 4P <0.05 vs OE-NC group.

&p<0.05; 5 HSF-Exo 41tL#: @P<0.05; 5752459 +HSF-Exo 41tk

6 BLH HaCaT ZBPE IL-6. IL-1B. TNF-a FikLEE ( x+s, n=6)
Table 6 Comparison of expression levels of IL-6, IL-1p, and TNF-a in each group of HaCaT cells ( Xts,n=6 )

2051 W IL-6/(pg'mL™")  IL-1B/(pg'mL™") TNF-a/(pg-mL™")
X i — 9.86+1.46 53.94+8.12 24.39+2.85
FETY — 31.06+3.93 138.27+14.86  62.51+6.47"
AP 30 pumol-L™! 23.82+2.87% 97.64+11.62%  4425+4.76"
HSF-Exo 100 pg'mL™! 22.76+2.65" 98.13+11.35%  43.87+4.63"
A5 245+ 4+ HSF-Ex0 30 pmol-L 4100 pg-mL ™! 14.254+1.98%@ 735849 86"@ 29 6343 84#&@
OE-NC 30 pmol- L A2 4100 ug-mL ™ OE-NC HSF-Exo 13.94+1.73 74.26+9.93 30.184+3.71

OE-miR-181a-5p 30 pmol'L™! 252554100 pgrmL "' OE-miR-181a-5p 28.36+£3.45'A 11451413214 51.26+5.83'4

HSF-Exo

EX AR "P<0.05; SR P<0.05; SATAHAE: “P<0.05; 5 HSF-Exo AL @P<<0.05; 57541 +HSF-Exo 4HH
#: "P<0.05; 5 OB-NC 4tz “P<0.05.

*P < 0.05 vs control group; *P < 0.05 vs model group; £P < 0.05 vs paeoniflorin group; @P < 0.05 vs HSF-Exo group;"P < 0.05 vs paeoniflorin + HSF-Exo
group; “P < 0.05 vs OE-NC group.
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2.7 #&%tH HaCaT ZHfEH pl16. p21. COLI1Al.
MMP-1 EHFRIALLE

SRERIH L, AjZH4H. HSF-Exo 41, Aj%
#+HSF-Exo 4 pl6. p21. MMP-1 & (AR Rk
B RERIC, COLIAl EARZREEE & (P<
0.05); 57524141 \HSF-Exo 4 L%, A5 245 +HSF-
Exo 41 pl6. p21. MMP-1 & [N 2R1A & 5 3 %
fik, COL1A1 & EAMX RIA & B E TS (P<0.05);
5525254 +HSF-Exo 4. OE-NC ZHIt%:, OE-miR-
181a-5p # p16. p21. MMP-1 & FAMX FKik & 8 F
JtE, COLIAl HEAMXNREEEFRK (P<
0.05), WK 5. &7,
3 Wie

B RAE AR B4k 0 2 Hh R R 32 A2 5 1 28 —
TERHZE, AW A B =0 AR Gt A4 A
HHMRERGIN, R E R T K UV, £l UVB,

pic " D -

P2l R SR S e - 18X 10

COLA S e o o S0 B o 130105
MMP-1 e D S0 S0 v ov S0 52 10
Bactin S SR IR D SN OB W ;.

A B C D E F G
A-XHHR, B-#EM, C-Aj2451F, D-HSF-Exo, E-Aj%§F+HSF-Exo,
F-OE-NC, G-OE-miR-181a-5p-
A-contro, B-model, C-paeoniflorin, D-HSF-Exo, F-paconiflorin +
HSF-Exo, F-OE-NC group, G-OE-miR-181a-5p.
5 Western blotting #Z& 8 HaCaT 42+ p16.
p21. COL1Al. MMP-1 =X
Fig.5 Expressions of p16, p21, COL1A1 and MMP-1 in
HaCaT cells detected by Western blotting

%7 %%H HaCaT 2B p16. p21. COL1Al. MMP-1 EEEMRILELER ( x£s, n=6)
Table 7 Comparison of the relative expression levels of p16, p21, COL1A1, and MMP-1 proteins in each group of HaCaT
cells ( xXts,n=6 )

- . R M R AR
2H 5] WwE ; - - ,
pl6/B-actin  p21/B-actin COL1AI1/B-actin MMP-1/B-actin
X HE — 0.45+0.11 0.18+£0.05 1.08%0.19 0.3140.09
R — 1.3240.18°  0.76+0.12* 037+0.11* 0.98+0.17*
AU 30 pmol-L™! 0.92+0.16¢  0.57£0.09* 0.62+0.13% 0.7440.14*
HSF-Exo 100 pg'mL™! 0.894+0.15%  0.5440.08% 0.67+0.14 0.7140.13*
A2 +HSF-Exo 30 pmol-L+100 pgrmlL! 0.61+0.13%4@ 0.2540.06"%@ 0.93+£0.18%@ (.42 4+0.]11#4@
OE-NC 30 pmol- L1 A245E4-100 pgml ! OENCHSEExo  0.58+0.12  0.234+0.06  0.89+0.17 0.3840.10
OE-miR-181a-5p 30 pmol'L™" A7 54F 4+ 100 pg'mL™ OE-miR-1.17+0.17"4 0.63+0.11"4 0.44+0.12"4  0.84+0.16"4

181a-5p HSF-Exo

Sxlie bz *P<<0.05; SRR *P<0.05; S5AT4TFALLE: 4P<0.05; 5 HSF-Exo ZlH#:: @P<0.05; 572525 +HSF-Exo 41t

. "P<0.05; 5 OE-NC 4 tt#H: *P<0.05.

*P < 0.05 vs control group; P < 0.05 vs model group; £P < 0.05 vs paeoniflorin group; @P < 0.05 vs HSF-Exo group; "P < 0.05 vs paeoniflorin + HSF-Exo

group; “P < 0.05 vs OE-NC group.
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