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Effects of Mechanical Stimulation on Polarity of Macrophages

CHI Guanghao'*, LI Banruo', WU Wei', HAO Min', MA Jian’, QIU Longshun'

(1. Department of Spine Surgery, Hanzhong Central Hospital, Hanzhong 723000, Shaanxi, China; 2. Shanghai
Key Laboratory of Orthopaedic Implants, Department of Orthopaedic Surgery, Shanghai Ninth People’ s
Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200011, China; 3. Health Center of
Ping’ an Town, Zhenba County, Hanzhong 723000, Shaanxi, China)

Abstract: Objective To explore the effect of mechanical stimulation on polarity of macrophages. Methods

RAW264. 7 cells were stimulated with tensile stretch at various amplitude and time, then cell viability was
assessed with cell count kit-8 (CCK-8) for determining the stimulation parameters. RAW264. 7 cells were induced
to M1 type, then tensile stretch at 10% amplitude and 2 Hz was applied to M1 cells. CCK-8 and flow cytometry
were used to detect the effects of tensile stretch on cell activity and apoptosis. Quantitative real-time polymerase
chain reaction (gRT-PCR) was used to detect the effect of tensile stretch on M1 type macrophage related gene
expression. Results After stimulation for 3 hours, tensile stretch at 15% or 20% amplitude and 2 Hz significantly
inhibited cell viability ( P<0.05), while tensile stretch at 10% amplitude and 2 Hz did not inhibit the viability of
RAW?264.7 cells ( P>0.05). Tensile stretch at 10% amplitude and 2 Hz neither inhibited viability nor cause
apoptosis of M1 type macrophages. The expression of inflammation-related genes including interleukin-18( IL-1B)
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and tumor necrosis factor-« ( TNF-o) of M1 type macrophages was significantly down-regulated with tensile

stretch at 10% amplitude and 2 Hz ( P<0.05). Conclusions

Mechanical stimulation at 10% amplitude and 2 Hz

can inhibit M1 type macrophages and promote the polarization from M1 to M2. Mechanical stimulation may

become a method for treating inflammation-related diseases.

Key words: macrophage polarization; tensile stretch; mechanical stimulation; cell viability; cell apoptosis
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Fig.2 Effects of 2 Hz tensile stretch with various

amplitudes and time on cell viability
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Fig.3 Effect of tensile stretch at 10% amplitude and 2 Hz
on apoptosis and viability of M1 type macrophage
induced by RAW264. 7 cells

2.3 REEFERNE

qRT-PCR 453 /R, RAW264. 7 41 L1 T K Bl
() M1 75 I 200 B 48 S 6 ) TL-18  TNF-a0 5% HR 4,
A 0k B 210, 17 10% W8 BE 2 Haz 5k R 28 ) 5
M1 B RELN A 3 h S5, 40 AE RE L IL-18
TNF-a A5 5 M1 Y F 540 i A He e B REAIG
(P<0.05) , LIl 4, PRI, AS SCHEDN, 5K 0 22 il Ea]
DIl M1 B B w20 i, AR ful HG e i R ) M2 Y
etk

3 Wis5s®

FEATIGE Y, 1 Sl FHAS [R] R B | B 1) %) ) 2
sk I A A R A, RS A R R B R &
L, 10% WEFE |2 Hz J7275K 0 AR R 3 h X I 4t A
TEPEBCA R BCPE S5 22 55 3 vk Bz ol S 4
HE— 0 P 5K 0 28 0 M1 S A, 45 Rk

TNF-a IL-1b
I5F 150
K10k 3
i %100
' &
: :
5F 50
Z Z
£ £
0 0
Ctrl 0 3 Ctrl 0 3
i [E)/h i [E]/h

B4 10% M8 .2 Hz 5K 3F M1 B 5 Ik 20 B ¢ JE
EFEEFRIZRFMm( " P<0.05)

Fig.4 Effects of tensile stretch at 10% amplitude and
2 Hz on expression of M1 type macrophage

related genes

W1,10% W& EE 2 Hz Jy2p sk 2%t M1 BB W 40 i 1%
PEBCA 0 (HIERERS I M1 ARAE R 7B H Rk
PR, AR SCIA Ry, 5 I A8 il mT LA ] M1 750 [ s 24
ffL, P REQE (S H 1) M2 RYFEAR R Sk 4
JiE A SCHEI 1 — R TT F B .

VAU G 28 B 26 1 20 B0 23, 5k 400 R A 48
SEAH PR P 5 AR A MO AR Y g
20 B P LABIAS IR SR AR Ak A R R Y M1 B sl 48
() M2 AUUOT ML Y AR s 2 B TR y
WO, A WA R P38 TNF-o 1L-18 45, &
PiIEw 414, M2 B E W40 iy 1L-4 1L-10, 11-13
AL TR HDSE 4 WA TL-10 0 fH) 46 RE AN AR 9 R
7Y SE RN A R RAE M R,
A28 /Y M1 AY B W3 40 B, 4 1 e 40 42 1y M2 Al
BEALIF I JAE T4 8 , 1T BB LA 98 iE 1 1090 114
HEIRT B

F W20 LA o B S S R i) S8 B A T
EHMRZHAL T, LA 2RIk, R E w4
LT RE T ¥ 8 A A AR BT B, A R 8
DIIRTSA £ (19 R A R — A HE IR 9T T B
I 40 O R 905 (AR A0 A8 v ) A% A, A A 281
IR A Ak, TR B 2 M, B 2
FEVEIR T B TRE AR IR AL [ S A W28 1k 19 i 2
SR TS A N SRR A S T I I A i A 9
iE O MBI I RE 05 10 A A0S 4 S S B
AP R PR R EEAME M, A, AT A
Sy, BRI R AT LR R R A E SR, 2



M, . R B L AR 1 B R
CHI Guanghao, et al. Effects of Mechanical Stimulation on Polarity of Macrophages 743

A [R) %) 1) e R A 20, e — ol 0 A HL ol 4 19 2
A, TEd A I 2 I A i 1 35 b 38 R o
ZMTE L (ML) AR AL (M2) 1) i e
AERIRERTR, AT BR AR N R T A M 4l R A SURR S
MUk Z B IR ), o P B AT MR L U8 2 SR
11T, . W 40 L 25 8 T 45 P 0P 35 R mT e O
SCEZFhIIRER AL, T E IR AN I R A & A,
I AT A AR AT 2 M AT ST AR R A

7 5 O B W 240 e AR PR AT R AR
I3 240 L DR B 53 A Ak i i A X A b = SO AT
RIIRee AR . WS ER WY P S MR I K N 2
W2 LA B S A FH 1T s s 8 e 1y A 25 A1 3 4%
JRE N ARSI 45 R 10% IR B 2 He Sy
K 7 AR X A L ) AR GRS P AR R e, 2 X R
9 M1 2R EREEK N 78 3 h R IR, 7EHE N 25505 1
RAEFEN TL-18 ' TNF-a B3R 35 BH 9k 55 , il mT LATA
SRy 3 A R N AR S M ] M2 Bk, dEaE AR
SEHGEE AL AT DAHED , X T T RAE R A, 18
MIESA M RIEH

ARSCHI A CCKS 4N T PCR 5250 %t M1 Al
M2 Y 5 20 AR Ak 9 R A T (T A B AR, SEER R
B 738 24 0 0 2 mT AR M 78 0 20 i 4
PR BE PR 38 Wl T A7 CE 98 R AH SG3vs v AT g
AIRITIE, SR, A SR AR AE R 14 JRy BR
O LI TR SR 5T, I A 2E 1T 3h WA T 1F
58 ;@ AR 7 27 il ok 10 40 i 32 AU ) 52, I
RBFFRILATERHLE; @ T RIMA R 2/, A
FETRNAR e 5 U) A AR SC RS 5 N AR
XF B R A SR PR B 5, A e SE g AR TR
Wit — W58 LR,

25 LR A 3G S A 2 5 7 AR SO v 4
LR P P 5 A P & 3, 38 4 %) 7 2 i mT LA A i
M1 Y B W3 40 L DL K 5 0E R TS R R ik, IRE,
F T REAE JIE PR R BRI TR

S Xk

[1] WYNN TA, CHAWLA A, POLLARD JW. Macrophage
biology in development, homeostasis and disease [ J].
Nature, 2013, 496(7446) . 445-455.

[ 2] HUANG J, CAI X, OUY, et al. Resolution of inflammation

[10]

[11]

[12]

[13]

[14]

[15]

in periodontitis: A review [ J]. Int J Clin Exp Pathol, 2018,
11(9) ; 4283-4295.

GUILLIAMS M, GINHOUX F, JAKUBZICK C, et al
Dendritic cells, monocytes and macrophages: A unified
nomenclature based on ontogeny [ J]. Nat Rev Immunol,
2014, 14(8): 571-578.

HU Z, PEI G, WANG P, et al. Biliverdin reductase A
(BVRA) mediates macrophage expression of interleukin-10
in injured kidney [J]. Int J Mol Sci, 2015, 16(9) : 22621-35.
MOSSER DM, EDWARDS JP. Exploring the full spectrum
of macrophage activation [ J]. Nat Rev Immunol, 2008, 8
(12): 958-969.

GIBBINGS SL, THOMAS SM, ATIF SM, et al. Three
unique interstitial macrophages in the murine lung at steady
state [J]. Am J Respir Cell Mol Biol, 2017, 57(1) : 66-76.

LEWIS CE, POLLARD JW. Distinct role of macrophages in
different tumor microenvironments [ J|. Cancer Res, 2006,
66(2): 605-612.

CORNELISSEN R, LIEVENSE LA, MAAT AP, et al. Ratio
of intratumoral macrophage phenotypes is a prognostic
factor in epithelioid malignant pleural mesothelioma [ J].
PloS One, 2014, 9(9) . e106742.

KERSCHENMEYER A, ARLOV O, MALHEIRO V, et al.
Anti-oxidant and immune-modulatory properties of sulfated
alginate derivatives on human
macrophages [ J]. Biomater Sci, 2017, 5(9) . 1756-1765.
GAFFNEY L, WARREN P, WRONA EA, et al
Macrophages’ role in tissue disease and regeneration.

chondrocytes and

Results and problems in cell differentiation [ J]. Results
Probl Cell Differ, 2017, 62. 245-271.

SIOUTI E, ANDREAKOS E. The many facets of
macrophages in
Pharmacol, 2019, 165 152-169.

AMERONGEN MJ, HARMSEN MC, ROOIJEN N, et al.
Macrophage depletion

rheumatoid arthritis [ J ]. Biochem

impairs wound healing and
increases left ventricular remodeling after myocardial injury
in mice [J]. Am J Pathol, 2007, 170(3) . 818-829.
ORECCHIONI M, GHOSHEH Y, PRAMOD AB, et al.
Macrophage polarization: Different gene signatures in M1
(LPS +) vs. classically and M2 (LPS -) vs. alternatively
activated macrophages [ J]. Front Immunol, 2019, 10. 1084.
RICH A, HARRIS AK. Anomalous preferences of cultured
macrophages for hydrophobic and roughened substrata
[J]. J Cell Sci, 1981, 50 1-7.

ORIHUELA R, MCPHERSON CA, HARRY GJ. Microglial
M1/M2 polarization and metabolic states [ J]. Br J
Pharmacol, 2016, 173(4) : 649-665.



