2% %4 Acta Pharmaceutica Sinica 2023, 58(8): 2415-2423 © 2415 -

SR RS SRR & E B A A R s i i 3 42N BR B M R T
KRRV SZNE R AL 5T

BRI, FHEAL hOH, TR

(1. B RCAMERE 1, Y195 B At 210008; 2. BE AU R 2EEE B IR 1 I BE B, w5 T B BE B, Y175 B A€ 210019;
3. B RS A RE R SRR, TEJF I AT 210023; 4. ITIRE AWk 28 500 1 AW 2 2 2 RS 1 35 v B AR M BB
FLBE, YLI5 B 5L 211899)

FHEE: JIOUJHE 2 A DR 4 I o 2 R TR 3%, (R ECE T A AR Q5 M i 0675 R s AT i Tk — B0 9t . BR T AL
W A7 B, L A EE AL 75 0 G 7 2L R A0 A 1) e R T B A G 2 Sy WA v I UK B 15 3 D IS PR B L 43l 11 i i 4L 4 b
WA A 5 /0N BRL B PR IR DG 1Y 2 (M 2 W A F, AR 9 56K 20 2 6 JERE C5TBL/6T 42 /N BRBE L 73 N IE I 4l
(control diet, CD #H). A fll] 2 H #7 25 2 K (destabilization of medial meniscus, DMM) T AR 2H . & IE ¥k & 41 (high fat
diet, HFD #1) & /&l 4k £ i DMM F AR 41 (HFD+DMM 41), 541 5 /N . CD #1 DMM 20 M2 3% % L4 8L, HFD Al
HFD+DMM M2 75w Jlg ikl . 267N B 10 A 8 I 3E47 DMM TR BB TR - BRI IE & 4R I 3 Ak & 4L/ U
i 2R 2R A0 (exosomes, Exo), HEAT AP %58, 2 EhRidif kit . SRG, AWK 15 H 6 i e C57BL/6J /N R BE AL
43 A DMM 41 .DMM JiJE i) 651 105 20 23 0 i AR 7 54 41 (DMM+HED-Exo 4H) & DMM Jif 15 % /I 5838 17 401 i A 3 4
S (DMM+CD-Exo 4), 4340 5 X /N . DMM-+HFD-Exo 41 5 DMM+CD-Exo 2H./)> BUBEAT S s 44 2 i ko 5, 4
JA— R (BRI 100 pL, WEEA 1 ng-ul")o AT 580 P48 R F1 S 06 0 72 35030478 7 o K% S0 B A0 31 25 D1 2 IR e
(#LHE S TACUC-D2204005). FTA 4150 A /N BT 18 J] i 2% 1k S5 B 2 35 B0 4l 2133 4T 18 5, 4T micro CT A&,
DS AR o B /N DR JELRE RN AR N B R SRS TR SRR A IS, R 4 pm AT B, 34T
H&E K AL O [E 4 G th, WiEE/NRIB ST A SIS, SRR, H5IEF R EAME, @RS ek
5 I AN BRI PR A S T 2% FR B AR Ak, R BN TCE Mankin B2 3500, FCR R IR, BN B R ALIEn; iE
JHELH Z AN PR BE N DMM F AR S ZCH R b, (AN E R R ERAE. Pk, SRR S I ol oL 2
HNEE DMM F AR G5 3 104 52/ BRI G 495 PRI DG 1T 28, AL 55 18 M 2EL 23 9 b A el J G 71 1 ot A2 R 45 A 3 3 SR Tk

FERIE): IR R, AR, BE WG4 A, B TR ST &

E 422 RI66 ERFRIRES: A XEYRES: 0513-4870(2023)08-2415-09

Effect of obesity induced by high-fat diet and adipose exosomes on
knee post-traumatic osteoarthritis caused by destabilization of
medial meniscus surgery in young mice

WU Li-tong', LI Bao-chao’, YAO Bo', HUA Zi-chun®*

(1. Nanjing Foreign Language School, Nanjing 210008, China; 2. Nanjing Stomatological Hospital, Affiliated
Stomatological Hospital, Medical School, Nanjing University, Nanjing 210019, China; 3. School of Life Sciences,
Nanjing University, Nanjing 210023, China; 4. Jiangsu Society of Biochemistry and Molecular Biology and Nanjing
Genrecom Laboratories, Ltd., Nanjing 211899, China)

Abstract: Obesity is an important risk factor related to osteoarthritis, but it's role in post-traumatic
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osteoarthritis on young people need to further study. The internal mechanism except the mechanical loading may
be associated with adipose exosomes. To examine the effect of obesity induced by high fat diet and adipose
exosomes on knee post-traumatic osteoarthritis caused by destabilization of medial meniscus (DMM) surgery in
young mice, 20 6-week-old C57BL/6J mice were randomly assigned to the control diet group (CD, n = 5), the
DMM group (n = 5), the high fat diet group (HFD, n = 5) and the HFD plus DMM group (HFD+DMM, n = 5). The
CD and DMM group were fed with a control diet, and the HFD and HFD+DMM group were fed with a high fat
diet. We did the DMM surgery and the sham surgery on the mice when it was 10 weeks old. Extract obese and
normal adipose exosomes, identify exosomes in vitro, and proceed fluorescence imaging in vivo using DiR
staining. DMM+HFD-Exo group and DMM+CD-Exo group were injected the exosomes from the tail vain once a
week (100 pL per shot with a concentration of 1 pg-uL™"). Second, 15 6-week-old C57BL/6J mice were randomly
assigned to the DMM group (n = 5), the DMM plus obese adipose exosomes group (DMM-+HFD-Exo, n = 5), and
the DMM plus control diet adipose exosomes group (DMM+CD-Exo, n = 5). Animal welfare and experimental
process are in accordance with the regulations of the Experimental Animal Ethics Committee of Nanjing University
(IACUC-D2204005). All mice were sacrificed at the age of 18 weeks, the knee joints of the mice were harvested
and fixed. We used micro CT to examine the samples and measured the bone volume/tissue volume, trabecular
thickness, trabecular number and trabecular separation. Then the samples were decalcified and embedded in
paraffin, and 4 pm thickness sections were stained with H&E and safranin O/fast green to observe the histological
changes of the knee joint. The results showed compared with the control diet group, high fat diet induced obesity
can aggravate the pathological changes of the post-traumatic osteoarthritis caused by DMM surgery, which shows
in having a higher Mankin score. The surface of knee articular cartilage in the HFD+DMM group was rough, and
the subchondral bone has an increase in bone sclerosis. Compared with the DMM group, obese adipose exosomes
can exacerbate the pathological changes of the knee articular cartilage, while not influencing the subchondral bone.
In conclusion, high fat diet induced obesity can aggravate the post-traumatic osteoarthritis caused by DMM surgery
in young mice. The obese adipose exosomes mainly affect the surface of the knee articular cartilage.

Key words: high-fat diet; obesity; adipose tissue; exosome; post-traumatic knee osteoarthritis
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Figure 1 The first animal experimental scheme. The high fat diet
(HFD) group, the control diet group (CD), the destabilization of
medial meniscus (DMM) group, and the HFD plus DMM group
(HFD+DMM)
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Figure 2 The second animal experimental scheme. The adipocyte
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Table 1 The modified Mankin score

Cracks into the calcified layer

Cartilage integrity Score Chondrocyte Score Proteoglycan loss Score  Tidemark integrity ~ Score

Normal 0 Normal 0 Normal 0 Complete 0
Surface irregularity 1 Increase in whole area 1 Mild loss 1 Missing 1
Surface irregularity and pannus formation 2 Increase in local area 2 Moderate loss 2
Cracks into the transition layer 3 Decreased significantly 3 Severe loss 3
Cracks into the radiation layer 4 No staining 4

5

6

Complete destruction
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Figure 3 Changes in body weight and adipose tissue of mice in
each group during the experimental period. A: Representative
photos of mice treated with either CD or HFD for 12 weeks; B:
The average body weight of CD and HFD mice; C: Representative
photos of the adipocyte tissue of CD and HFD mice. n = 5, x £ s.
P <0.001
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Figure 4 The morphological changes of the knee joints of mice

in each group (n = 5)
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Figure 5 The knee joint osteoarthritis (OA) is exacerbated in obese mice induced by HFD. A, B: Representative H&E staining images (A)

and SO staining images (B) of the sagittal plane of the knee joint in each group. Scale bar: 100 pm; C: The modified Mankin score of the

cartilage. n=5,x £ 5. 'P<0.05,""P<0.001
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Figure 6 Morphological changes and quantitative analysis of the subchondral bone of the knee joint in CD, DMM, HFD, and HFD +
DMM group. A: Representative reconstruction images of the micro CT analysis of trabeculae of knee joint subchondral bone in each group;
B-E: The value of BV/TV, Tb.Th, Tb.N and Tb.Sp of knee joint subchondral bone. n =5, X +s. "P < 0.05, "P < 0.01, ""P < 0.001. ns: P >
0.05. BV/TV: Bone volume/tissue volume; Tb.Th: Trabecular thickness; Tb.N: Trabecular number; Tb.Sp: Trabecular separation
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Figure 7 Characterization of CD and HFD-adpocyte derived exosomes. A: TEM analysis of CD-Exo and HFD-Exo. Scale bar: 100 nm; B:

The exosome-related protein markers CD81 and TSG101 were measured by Western blot; C: Particle size and distribution of CD-Ad-Exo

and HFD-Ad-Exo analyzed using nanosight tracking analysis. Ad-Exo: Adipocyte exosomes; CD81: Cluster of differentiation 81; TSG101:

Tumor susceptibility gene 101
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Figure 8 Fluorescence imaging of DiR-labeled CD-Exo and

HFD-Exo in knee joint area after 24 h of intravenous injection. A,
B: Imaging of CD-Exo distribution in knee joint; C, D: Imaging of
HFD-Exo distribution in knee joint

T, R A fR AU 7 MMPI3 R i .
HFD Jlg [l 2043 4b B 45 R 5 Bk 45 SR A, K F Ak s
PRAMHIF GW4869 1T LA 82k fif ik A2 4k (] 9D).
54 HMEBEBERFAALRINR AN ANGHEREATREN
micro CT 7347 WK 10 frow, OB G s T E X
5 (E 10A), FEx4E & 240/ R /N RS EO AT 2= 5
#r (K 10B~E). #H#F DMM 21, DMM+HFD-Exo 1
BB AR AR 40 B T 5, DMM+CD-Exo 28 1A 43 31
WA AR, ZR LRI E L (P>0.05). A,
DMM-+HFD-Exo 4 /) i AH Lt DMM 4 & /N 24 H 15
T (P < 0.05), H /NG5 85 BE FEAR (P < 0.05).

it

B 2 KR, MNTAETEAKCFEARET EF, A
I FIR G M AE R o AT 28 5 15 i 1A
Wi 3 22 1 AT IS S B AR, T EE D E R R
AW o KA 7T BN, BE R TS DA S B AL
AT 038 4 0 PR 1 21 TNF-o0 AT IL-18 00 258 56 459
(R . DMM F A F0 0045 1 B 51T 98 B i F 11
PRl Z — . ARWEFCIE T 12 A5 RIS R Th B sh
JEREASE AL . 5 IE F o B AR LL, o i ok & 4L R
KA BT 2 0% . DMM F AR s i 1
SRR /IS BRI O (R B AR Ak, ELFE IR B N O R T
WL 5, R M AR T, A 40 O DKV B Ak B i AR
RE % B 2 0 0K L8955 B AR 4K . Micro CT 3K B, DMM
FARU IR B HE NSRS RSO s R 2
B e ST INE, SR R4 T R TR
(B B A, K T R AR SR A, XA
I 5 H AR AT T G L JRE %o 2 A IR DR T AR ) S e R AR —
OB PR T > AR R 0 A M T K.
1, AR AR TS 7 /0 A B, B Lk SR 6 493 P R O 4 4%
AT S0 o

REJRE 5 O A I 19 XAk e 1] R L% 3 A7 7 Tt 5436
W, EFELE OA K e b I AE H C & 0k VF 22 W 9 25 IR
S, BERERR T BEHE A A ) £ EE OGS Sf LAAE, B R
T AR AR RS S AN E OASY . T
RE T 25 E ARG, A5 b7 A 20 O i 72
P T SEEL, H AT AN TE 2 . AN UMA R T2 AR AE
T4 VR H R A A B Ah BRI, HO 4 7E 30~



2422 -

25% %4k Acta Pharmaceutica Sinica 2023, 58(8): 2415-2423

A
m
I
T
B
g
e
ol
c3
b
w2
C 15m= D
£ 10+
2 . ) .
= MMP13 | ¥
s
=
Tubulin | W e -
0 L] L] L]
& & Con IL-13 HFD HFD+GW
& &
X N
03\ N

Figure 9 The knee joint OA is exacerbated by Ad-Exo from obese mice induced by HFD. A, B: Representative H&E staining images and
SO staining images of the sagittal plane of the knee joint in each group. Scale bar: 100 um; C: The modified Mankin score of the cartilage.
n=5,x+s P<0.05; D: The effect of GW4869 (GW) on the chondrocyte metabolic protein marker Col 2 and MMP13 in vitro (n = 5), and
the protein levels of Col 2 and MMP13 in chondrocyte was detected by Western blot. Col 2: Type II collagen; MMP13: Matrix metallopro-

teinases 13
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Figure 10 Morphological changes and quantitative analysis of the subchondral bone of the knee joint in DMM, DMM + HFD-Exo, and

DMM + CD-Exo group. A: Representative reconstruction images of the micro CT analysis of trabeculae of knee joint subchondral bone in

each group; B-E: The value of BV/TV, Tb.Th, Tb.N and Tb.Sp of knee joint subchondral bone. n = 5,X + 5. "P < 0.05
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