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[ Abstract]  Objective To study the role of M2 macrophage-derived exosomes (M2-exo) in osteogenic
differentiation and Hedgehog signaling pathway of mouse bone marrow mesenchymal stem cells (BMSCs) under in vitro
high-glucose and high-insulin conditions. Methods RAW 264.7 cells were induced toward M2 macrophage polarization
and then M2-exo were extracted and identified. Immunofluorescence assay was performed to detect the internalization of
M2-exo by BMSCs. BMSCs were divided into the normal control group (Control group), the high-glucose and high-
insulin group (HGI group), and the HGI with M2-exo intervention group (HGI+M2e group). BMSCs in the Control
group were cultured in osteogenic inductive medium with 5.5 mmol/L glucose, but no insulin or M2-exo. BMSCs in the
HGI group were cultured in osteogenic inductive medium with 25 mmol/L glucose and 174 nmol/L insulin. BMSCs in the
HGI+M2e group were cultured in the same medium as that of the HGI group, with the additional treatment of 6, 30,
60 pg/mL M2-exo, respectively. After osteogenic induction for 7 days and 14 days, alkaline phosphatase (ALP) staining
and alizarin red staining were performed respectively to assess the osteogenic differentiation potential of BMSCs from
different groups. In addition, BMSCs in the Control group, HGI group, and HGI+M2e group treated with 30 pg/mL M2-
exo were examined with qPCR after osteogenic induction for 14 days and Western blot after osteogenic induction for 21
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days to assess the osteogenesis and the expression of Hedgehog pathway-related genes and proteins. Results M2
macrophage polarization was induced successfully, with highly positive expression of CD206, the M2 polarization surface
marker. The M2-exo had the typical structure of round or oval-shaped bilayered-membrane vesicles. The diameter
distribution of M2-exo ranged from 50 to 125 nm (accounting for 99.14% of all M2-exo0). M2-exo samples showed
positive expression of exosomal markers CD9, CD63 and CD81 proteins. Immunofluorescence staining showed that M2-
exo were taken up and internalized by BMSCs. After osteogenic induction for 7 days, the ALP activity of BMSCs in the
HGI group was lower than that of the Control group. After interventions of 6 ug/mL, 30 pg/mL, and 60 ug/mL M2-exo,
the ALP activity of the HGI+M2-exo group was significantly increased compared with that of the HGI group (P<0.05).
After osteogenic induction for 14 days, the number of mineralized nodules in the HGI group was lower than that in the
Control group, and after intervention, only the HGI+M2e group treated with 30 pug/mL M2-exo showed higher level of
mineralization than that in the HGI group (P<0.05). qPCR analysis revealed that the expression levels of the osteogenesis-
related genes, including Runx2, Alp and Ocn, and Hedgehog pathway-related genes, including Glil, Smo and Ptchl, were
downregulated in the HGI group, all being lower than those of the Control group to varying degrees, while 30 ug/mL M2-
exo treatment could promote the up-regulation of these genes, showing significant difference in comparison with their
expression levels in the HGI group (P<0.05). In addition, Western blot analysis showed that the expression of the
osteogenesis-related proteins, including RUNX2 and COL1A1, and GLI1, the Hedgehog signaling pathway protein, was
down-regulated in the HGI group, while the expression of COL1A1 and GLI1 was up-regulated after 30 ug/mL M2-exo
treatment, showing significant difference when compared with that of the HGI group (P<0.05). Conclusion High
glucose and high insulin had inhibitory effect on the osteogenic differentiation potential of BMSCs. After intervention
with M2-exo, the Hedgehog signaling pathway in BMSCs was activated and the osteogenic differentiation potential was
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enhanced, suggesting that M2-exo might have therapeutic potentials for the treatment of diabetic bone disease.
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Table 1 Primer sequences used for real-time PCR analysis

Gene Forward primer (5’ to 3') Reverse primer (5' to 3') Product length/bp
Runx2 ATGCTTCATTCGCCTCACAAA GCACTCACTGACTCGGTTGG 146
Alp CCAACTCTTTTGTGCCAGAGA GGCTACATTGGTGTTGAGCTTTT 110
Ocn CTGACCTCACAGATCCCAAGC TGGTCTGATAGCTCGTCACAAG 187
Glil CCAAGCCAACTTTATGTCAGGG AGCCCGCTTCTTTGTTAATTTGA 130
Smo GAGCGTAGCTTCCGGGACTA CTGGGCCGATTCTTGATCTCA 101
Ptchl AAAGAACTGCGGCAAGTTTTTG CTTCTCCTATCTTCTGACGGGT 164
B-actin GGCTGTATTCCCCTCCATCG CCAGTTGGTAACAATGCCATGT 154

Runx2: Runt-related transcription factor 2; Alp: Alkaline phosphatase; Ocn: Osteocalcin; Glil: GLI-Kruppel family member GLI 1; Smo: Smoothened, frizzled

class receptor; Ptchl: Patched 1.
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Fig 1 RAW264.7 macrophage cells were induced for polarization toward

M2 macrophage
A: Morphology of RAW264.7 macrophage cells before and after 10 ng/mL
and 20 ng/mL IL-4 treatment (x100); B: Flow cytometry of M2 phenotype marker
CD206 in RAW264.7 induced by different concentrations of IL-4, *P<0.05, n=3;

C: Immunofluorescence staining of CD206" cells (x100).
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Fig 2 Identification of exosomes secreted by M2 macrophages (M2-exo)

A: M2-exo was examined by electron transmission electron microscopy (TEM)(x10 000); red arrows indicate typical cup-shaped exosomes; B: M2-exo particle size

distribution was determined by nano-flow cytometry (NanoFCM); C: Exosomal markers (CD9, CD63 and CD81) were determined by NanoFCM; positive particles are

shown above the blue lines.



ERE

K FESE: M2 R AR A A PO v b e R A 3R A P T /0 B R 70 o T Ml A R R 67

FEARAGI 2 B, M2-exoi ££ F U4 M 68.25 nm, F-HHRi12
78.35 nm, EE /M F50 ~ 125 nm (7 B0k T 209
99.14%), HEEBOA E 42,14 x10" Particles/mL([€]2B) .
BEAh, SN AAR E FE FICDY . CD63MICD817EM2-exo 1 2
BRIk, [ RN R IgG oM [ (1&12C) .
2.3 M2-exoF] # /)N [RBMSCstREX

JLE3, BrM2-exo5BMSCs 854 h J5, 050
FRic A BMSCs 2 A% BT H BREE 98 GhRic 1 FM A,
FHIM2-exo i BMSCs8 M H% HUHE A P L2315 75 20 Ml %
Jel
2.4 M2-exoifiFZALPiE M

WA S7 A (Fl4), HGI41ALPZA{E T Control£H
(P<0.05). SHGI4IHMLL, 6 pg/mL. 30 pg/mL&%60 pg/mL
M2-exo T T i 14 1] 14 il ALPe (6 B i L (P<0.05) .
2.5 M2-exof@iftH HET A

PER LY S A s 45 R (K]5) $27R, HGIZBMSCs
RO Ak 25 715 B0 B Control ZH i /> (P<0.05), & M2-
exo T TR 48 = T2 1 T IBE ), 3305 ol o 1 2 28 0F
BMSCsHUHE A HiIEH . P30 pg/mL M2-exofEHG 5
HGIgH A L, 22 57A Fiit2ait L (P<0.05), 5 ControlZH i
IS (P>0.05); 6 pg/mL M2-exo 160 pg/mLM2-exott
AR LSS IR AL, (2 SHGI4 M L, 255 8¢
X (P>0.05)
2.6 M2-exoifliEHedgehogls 51 B

qPCREZIMZ5 R (El6A) B, MEiET14d5, 5
ControlZH M tb, HGIZH Hedgehogilll 1% AH & F K GIil
Smo N Prch1 )33k B A S BT Reta s i S HGIZ AL,
HGI-M2eZ U I SE PR [RIFRBE L, o Glin b5k i
2% (P<0.05), Western blot #2553 (Kl6B) Wi, AL i75
521 dfA, S5Control41AH Ht, HGIZ] HedgehogfF 518 1%
AR FIGLITRY R IA I 2 T 1 (P<0.05) 5 MTHGI-M2e4
GLI1 A 5 THGIZL (P<0.05), 3555 Control 41 4H 24 Y
KA
2.7 M2-exof@i#R B

qPCREGIMZE R (E7A) B, B AES14d5, 5
Control41AH b, HGIZH U 43 A A G HE R Runx2 , Alp S
Ocn mRNAZK V-3 1 2 T I (P<0.05) ; M3 THGIA,
HGI-M2e41 L) b RPN R AR BE L, Hof Alp 2 Ocn L1
I E (P<0.05) . Western blot £l 45 5 (%] 7B) 7R,
BLE 521 dJE, HGIZ 40 R 5™ (b P8 FRRUNX2 . 1 1]
W ALAEPRCOLIA LR IE L T Control4H (P<0.05); HGI-
M2eH COL1A13RIL m THGIH (P<0.05), k5] 5
ControlZH #2414 7KF- .

DAPI PKH67

Merged

3 NRBEETRETARIM2ERMAEIMNMERNER, RERE
FEx100
Fig 3 M2 macrophage exosomes were taken up by mouse BMSCs.
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Fig 5 The alizarin red S staining (x5) and quantitative analysis of the effect of M2-exo on the formation of mineralized nodules in BMSCs

*P<0.05, n=3.
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Fig 6 The expression of Hedgehog signaling-related genes and protein

A: The mRNA level of Glil, Smo and Ptchl mRNA were determined by qPCR; B: The protein level of GLI1 was examined with Western blot. *P<0.05, n=3.
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Fig 7 The expression of osteogenic differentiation related genes and proteins

A: The mRNA level of Alp, Runx2 and Ocn mRNA were determined by qPCR; B: The protein level of RUNX2 and COL1A1 were examined with Western blot.

*P<0.05, n=3.
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