D& T2
SeAEYIRTE PISK AR 24 T B B A 78 5 T 4H g B/ A

yin

HAEMIA (photobiomodulation, PBM) 2 ) FH 41 BT 21 40 i e St 55 VA 952
TRAE LA B (75775 WFFCEE0 PBM ZE 5 MUE . DO a0 Rk, 4E%%
U TP 5% T8 AT 8 9 A S PR B L O ROIE 5 TR A B R T A TR AR T 4
(mesenchymal stem cells, MSCs) & R4, BA BHIRFEH A Z M54k
ERE, TIVERE. MR B2 R B . RiFRIRE . MSCs BT 1A
B ARE T, DA SAR S8 J5 1A RN G2 18 45 ' FE A LA W PR3 1 400 M v 9 25
BRI N /7o PR e MWK 25 51 2 MSCs D Re b fig S LA 5 e 3e, anfy
LRY MSCs %52 i LB PR 58 1 AN R e 2E 08 PR T4 B yR T P A R L A
WEFCAR I, PBM AT U038 PR3 A0 X 55 I A SR AT 2, 8 bl JR i A 7R R 3%
AEBE_FIEWP T4 K 7 (stem cell factor, SCF) A5 40 AT A K F-1a
(stromal cell derived factor-lo, SDF-l1a) 7KF. fERGHERAN -, FRATLAE HER IR 1)
B B8] 75 S5 T-40 2 (bone mesenchymal stem cells, BMSCs) HF X %, #it 680
nm ZLGRET B0 mil 251 T BMSCs HIDIRE, #ETHRFT PBM X BMSCs i #%
TEF, DA s 40 M v o 7 32 (7 R %
1. FFFTEP

ASLIGFI ] 680 nm LLIGHRFL PBM Xt sl 5444 T BMSCs 4G /7. T,
TR IRE A, SRR LA R 4 1F N BMSCs (I/EFIMLET, A
50 i MU PR B0 MSCs i SR AN RIS M £ i FLIB T R 3R gt L 5 7 1%
2. R

(1) JFABEIF BMSCs M2 7€ : 68 T A% BMSCs HI4H ML A A R
YU ARAS I AR F7 1) BMSCs £ [ bR G R IE T L«

(2) PBM X} BMSCs 4 g /1 B 520 - A H] CCK8 246 AN R 7715 ) 680nm
2156 (1 J/em?, 2 J/em?, 4 J/em?, 8 J/em?) X m=fEsk 4~ BMSCs 4 /115
M o

(3) PBM Xf BMSCs JHT-[{EH: FIH Annexin V-PI 44, Jit 4R &



Western blot #7ill 680 nm £Lt5% = % 2541 T BMSCs 1 T HI 52

(4) PBM X} BMSCs i I1EH: 4 RIIR S5 . Western blot £l
680 nm ZLJ6% R HE S5 A BMSCs iL #2152 .

(5) PBM 4% BMSCs HITEHIHLAIRTFE: FH RT-PCR £l 680 nm £L)¢
XF iS4 BMSCs () SCF. VEGF. CXCL12 (SDF-1). CXCR4 £/l IL-6. TGF-
B mRNA FRIEMIFM; F| A Western blot & 680 nm £L )¢ =25 £F = BMSCs
(1] CXCR4 #1 PI3K/AKT £ 1R IE B0 F A PI3K #II77] LY294002 it — 5
iE PI3K/AKT i@ #2752 5 680 nm £0)¢ 1% BMSCs A=Y Th e FE

3. IARGR

(1) e P8 F AR F2 0 BMSCs ek EE A K, SRR
T AT M AAE s 0 2N40 M AR 45 S B MSCs 8] 78 53 T4 B FH 14 s 254 CD90 Al
CD44 ik, FATERREY) CD45 Al CD103 2AKFEIE, FFE MSCs G MEs
2o

(2)  EBEEAETS BMSCs i /1 RS, 457 680 nm ZIDGEH (2
Jlem?) J5 BMSCs 403 7780 WL &

(3D WG A I T 85 R BoR, =i et BMSCs T2, 1M 680 nm 4L
JEREMS NI = BE & F T BMSCs T, [Fl Western blot £l &5 2R 7R, 680 nm
ZLOGRENS N I = BE U5 3 /) Bax/Bel2 HUAE T o

(4) A RIIRE SE 56 & B s i A BMSCs iE#2, 1 680 nm £LY:REW it
= SR BMSCs H3E#, 7 HAR BT HH < 2 MMP2.MMP9 Al N-cadherin
k.

(5) RT-PCR fril45 R 2R, mibEs T SCF. VEGF. CXCL12 (SDF1),
CXCR4 1 TGF-B mRNA FRiE/K - FF%, IL-6 mRNA RIEKF-FE; 1M 680 nm
LEYCRENS I BB i mRNA RIA MR

(6) Western blot 25 R KIS FEZH AL, mibi#iHl T CXCR4. PI3K A
AKT HEHMFEIE, T 680 nm ZLGAEM L1 =kl 251 T CXCR4. PI3K 1 AKT
HHERE; PBK #0075 LY294002 AXPHET 7 680 nm £ #t mbl 264 T
BMSCs FI3EFEFERAE A, M HAH] T 680 nm L0621 =b% %4+ T BMSCs H
PI3K fil AKT & HAMEIZE.



4. LR

(1) PBM fRitmbEskfF i BMSCs 40ii% /AR, Ml mkEis Sm
BMSCs T, HAEH A g5 PBM il BMSCs #5iE )8 /2 i CXCL12(SDF1)
Fl CXCR4 &3R5 K.

(2) PBM HJfgilid PI3K/AKT 15 5 i K 4555 sl 24445~ BMSCs 28 fitdi%
Jiv T EBEDIRERIEIER .
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FeAEYAN EREN TR TN &R 1T PIBK/AKT



Abstract
Effects of Photobiomodulation on Bone Marrow Mesenchymal Stem

Cells under High Glucose Condition through PI3K

Photobiomodulation (PBM) is a method of using red or near-infrared light to
prevent and treat diseases and promote the recovery of the body. Studies have shown
that PBM has obvious effects on regulating blood glucose, improving insulin resistance,
delaying retinal degeneration and other diabetes and its complications. mesenchymal
stem cells (MSCs) are undifferentiated cells with self-renewal and multi-directional
differentiation potential, which can be isolated and cultured from various tissues such
as bone marrow, fat, umbilical cord and so on. The homing and differentiation ability,
low immunogenicity and immunomodulatory effect of MSCs make them have great
application potential in diabetes stem cell therapy. Diabetic hyperglycemia can cause
MSCs dysfunction and its microenvironment changes. How to protect MSCs from the
adverse effects of hyperglycemia environment is of great significance in diabetes stem
cell therapy. Some studies have found that PBM can improve diabetic retinal vascular
degeneration and increase stem cell factor (SCF) and stromal cell derived factor-1a
(SDF-10) in serum and bone marrow supernatant of diabetic model mice levels. On this
basis, we took bone marrow derived bone mesenchymal stem cells (BMSCs) as the
research object to investigate whether 680 nm red light could improve the function of
BMSCs under high glucose condition, and further to explore the regulatory effects of

PBM on BMSC:s. It provides new ideas for the treatment of diabetes stem cells.
1. Objective

In this study, 680 nm red light was used to explore the regulatory effect of PBM
on the cell viability, apoptosis, migration and other biological functions of BMSCs
under high glucose conditions, and to reveal the mechanism of PBM in regulating
BMSCs under high glucose conditions, so as to provide ideas and methods for
improving the adverse effects of high glucose environment on MSCs and improving

their therapeutic ability.



2. Methods

(1) Identification of primary cultured BMSCs: The morphology of BMSCs was
observed under a light microscope and the expression of surface markers of BMSCs
was detected by flow cytometry.

(2) The eftects of PBM on the viability of BMSCs: CCK8 method was used to
detect the effects of different doses of 680 nm red light (1 J/em?, 2 J/em?, 4 J/em?, 8
J/cm?) on the viability of BMSCs under high glucose condition.

(3) Flow cytometry and Western blot were used to detect the effects of PBM on
the apoptosis of BMSCs under high glucose.

(4) Effects of PBM on the migration of BMSCs: The effects of 680 nm red light
on the migration of BMSCs under high glucose condition was detected by cell scratch
test and Western blot.

(5) The effects of PBM on the expression of SCF, VEGF, CXCL12 (SDF-1),
CXCR4 and IL-6, TGF-f mRNA in BMSCs under high glucose condition was detected
by RT-PCR. Western blot was used to detect the effects of 680 nm red light on the
expression of CXCR4, PI3K/AKT proteins in BMSCs under high glucose. PI3K
inhibitor LY294002 was used to further verify whether PI3K/AKT pathway was
involved in the biological function of BMSCs regulated by PBM.

3. Results

(1) Under light microscope, the primary cultured BMSCs grew in a swirl and
adhered to the wall, and the cell morphology was fusiform and fibrocyte-like. Flow
cytometry showed that the positive markers CD90 and CD44 of MSCs were highly
expressed, and the negative markers CD45 and CD103 were low expressed, which was
consistent with the immunophenotypic characteristics of MSCs.

(2) The cell viability of BMSCs decreased significantly under high glucose
condition, but increased significantly after 680 nm red light treatment (2 J/cm?).

(3) Flow cytometry showed that high glucose promoted the apoptosis of BMSCs,
while 680 nm red light inhibited the apoptosis of BMSCs induced by high glucose.

Meanwhile, western blot showed that 680 nm red light could down-regulate the increase

VI



of Bax/Bcl2 ratio induced by high glucose.

(4) High glucose inhibited the migration of BMSCs, while 680 nm red light could
promote the migration of BMSCs under high glucose condition, and promoted the
expression of migration-related proteins MMP2, MMP9 and N-cadherin.

(5) RT-PCR results showed that the mRNA expression levels of SCF, VEGEF,
CXCL12 (SDF1), CXCR4 and TGF-f decreased and the mRNA expression level of IL-
6 increased under high glucose condition. 680 nm red light could inhibit the effects of
high glucose on the expression of these mRNA.

(6) Western blot results showed that compared with the control group, high glucose
inhibited the expression of CXCR4, PI3K and AKT proteins, while 680 nm red light
could promote the expression of CXCR4, PI3K and AKT proteins under high glucose.
PI3K inhibitor LY294002 not only blocked the proliferation and migration of BMSCs
promoted by PBM, but also inhibited the expression of PI3K and AKT proteins in

BMSCs promoted by 680 nm red light under high glucose condition.

4. Conclusion

(1) PBM can promote the viability and migration of BMSCs under high glucose
condition, and inhibit the apoptosis of BMSCs induced by high glucose, which may be
related to the inhibition of inflammatory response and the promotion of CXCL12
(SDF1) and CXCR4 expression in BMSCs.

(2) PBM may regulate the cell viability, apoptosis, migration and other functions

of BMSCs under high glucose condition through PI3K/AKT signaling pathway.

Keywords:

PBM; BMSC:s; high glucose; migration; PI3K/AKT
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PBM {E AW B A LR B S V69T T B A I SO e SE, i
AR SRR Oy i 20 i P SR AT PR R TR 7 v R B R A (¥ O FH A 35t
WEFCHRIE PBM E VT ILRE . SO 1 5 SRR SR ) R AT P05 28 S M PR
Fo FF RE DT T B A B BT R, 7 B PBM b BA 1% £ R R 40 i A= 127 ThiBE
IYEF . MSCs H A HIRFEHF 2 71008 e 4= 5 kI, FIAEBE. IRWi. i
W ML B . B 3R3R15; MSCs FTfillE 1A SN2 fk g 77 UL R HAR o
JE P AR S R T 1 P A O PE T 0 M v 7 R 20 BRI NS 70, B Wt SR IEAE
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HAEMAT (Photobiomodulation, PBM) Y FRMKAEEEOEITI% (low energy
laser therapy, LLLT), fi& 8416 ET 4T 4 X S5k 1) B F o6 4% e 4 e sk 4 4
TATE ARV E ThRE I — R4 AT IRIT 7R« PBM il KyGHl— M
600~700 nm 1 780~1000 nm, JEJSEHIHH THZF AT LAE 1 mW £ 500 mW Z [A]32
14, T HL i K G B O B R @ M, AN SO 2 5 R AR R G
P45 o PR, VA — Bl AR NIRRT 75725, I R L FH Rt B A 52 31 A

1.1.1 PBM S¥00 L3N B

PBM X #EA L ARSI T B A RDGIR I 28, Aol B, meER
B RE L G S AL RO SR B R SR (8] 45, DGR S BRI REGR RIK IE R e 4 2
PBM ™ AR AR A 40 27 0 1) B Al o
1.1.1.1 PBM KK

PBM it/ A5 (R AR ) 2 808 52 TR A PRI 20 o IR ) € T4 ) IR AT RT3
JEEEE LR LE, PBM I KIE FEA 600~700 nm F1 780~1100 nm. A H 7L
KIN 700~780 nm JEHEIFBAKAE PBM HINA A BER TR, BV E 5HA
& ¢ 4Ll (cytochrome c oxidase, Cox) FIMIOGIE F i) —AMES — 8. fEsL
b L I A e B LD BE LA G HIE L 2, BRUNFERX M Tu FE A AL 2
B ARSI, A A RE Sk, T B AR A (aEH
BT DAE/NT 600 nm I Y AA7E S RT3 PG PBML IR 200%
DRI, 7E SRR R i SR 2 4L 408 1% 4% 600~700 nm 33K Y8 Rl 1RO IR
17 780~950 nm 55 5 K K [ AR08 232 ) 5 i U 58 224 F T SR = Ik 4

[2]
2,

ANERR K IO T B 2 AE AR T AR 2 E T - 2l KB R 420~540
nm FIHOGTER T MSCs J&, HIGHE Sz 24061, W R Z1EH T MSCs, KN
660 nm [RIEOEXT HAEE W R IO HEE ™ Y. Rk, 7EFIH PBM AT EW2
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W TG PRIETT I AR i ROZE B B 0GB BBl R 6 I8 A R R HE LA D e
1.1.1.2 PBM FE R E

“FIEZAERE (D WERZE (Jem®) SR, ©RBOCHIT AR
SAYESH . Resm R — B AR I R NG AEREE KN, BERE T
BWOCEH THHLA R, B AN: fE () =21 (W) <Bf[E] (s) 7]
DAFRIR T ReEZ EITHEAN: BEZEE (Jem®) =IIREE (W/em?) i [H]

(s), Py AR EE, & SXCONRFRAE (ecm®) BO6 TR

o AR T 2R 5 i B {68 P AR i e R AN 2280 ol TN o LA B T A
MIE I, A5 2~12 mW/em? B30 AT RN B kb

BAE IR S AR R AEAR AR g T 20 28 R s 06 H 1« G e e
BN 0.5 T/em? 5L 1 J/em? I, Al {8 BMSCs #8553 B fe A 808 : YelEFIE A 5 Jem?
i, A f# BMSCs ML A 52 4 K [K -7 (vascular endothelial growth factor, VEGF)
(K173 IR 5- 24 U (5-azacytidine, 5-aza) 75 T WLIR M 0 AL IE B B RUR"
7T, ARSI R SRk AN [R] AR 06 B TR Rl LR B BT 1Y) XA 7
BN AEPAL N 628 nm FIEOGHR T, 206 MG B K GE R 22 0.88 J/em? I,
X NS A 4 R ) AR S B R P AL R i, 206 IR Rk 3 0.88 J/em? I iR 1 5
TEREE, TG T 4 Jom? BF, 058 T (2 1 1 F B 2500 2 ) FL 38
o XERRBA NS s R R R T AN S A A R, B A e
L W] B 3 BN LRI BN o XU Js2 REEE “Arndt-Schulz 25, Bl
3553 28] 5 P IR R 00 o o A i i 0 T A SR A, T B R PR R S 2 X R
FL 2 7 AR AP T RS o XL 1) 77 B 285 L AE S BRF FE Fh AR 3 1 UESE . FALR T 2 Tem?
A4 J/em? KI5 IR AT 3 22 HE BMSCs 8958, 8 J/em? R X HL 5l TE W .
SO, T 16 J/em? [ TR U] T BMSCs M5

— AN RAEBACHIBIME (S mW) A EIME (500 mW) 8 Fl 1R 386 AR
ST 59 R IR F B A LURIEAE A o (U Z Ah, WORTRTT W] RER R 35 ik
PRAEAT AR RO, AT R DR A S T e #R AL 27 A SR R R AR . Rk,
FEATH] PBM I 2 Aok £ 36 0 RO R R R ORIE PBM R AT RUE )54 Y T
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