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(2] BB - IR IEE A S19563) )19 i (methylene blue-mediated photodynamic therapy, MB-PDT) RET %S 7 A R 414U FLu
AR R T R R . F30E - pRAbSE R, REEOEANIES O 3 4H . XTIHA (Control 4 ), ARIARIY; MBAH, H%Z MB A
B, MB-PDT 41, MB A HOCALRE, A5 0025 2L 40 ) 98 T2 DL S SR T ARSGBE D 8 . R ey, i IERHEN 22 8541 SD K |
SRR 58 — B 7 DR et oF R B0m 5 S A R 98, 6 FJG 12 RORR B MR A L 290 A i B iR T B R R P8 AR (scaling and root
planning, SRP), {77 /GkENL % 3 41: SRP 41, (UHARLERRALEE; MB 21, {UHWwER 4k MB 4B, MB-PDT 4, SEHGRI &
JARIT, BRRAIT 1R, A KRRAEEZIGIT 3 MRS, RISy 986595 1 Micro CT 35 K8 3 45 41K R il 28 21 o g 240 e #)
TS SR R Ok T GE8R - RO A5 R /R 10 pmol/L MB Fi1 40 J/em® B RALA nI 52 50% UL EEVEAIsET:, Hik
B MB-PDT i S B g i % A R T BL R e WIS, A1) MB-PDT 5 5 E i 4R o (2 Y T B R Ba/ MR T2 25 R Bel-2 A LA 1
W WHNSERERER, % MB-PDT B 5, SAEF FIA b RIE Bt A 012, 1 SRP 4180 MB 41K B F 41410 p iR i Y
B A LT, Micro CT 45 7% MB-PDT 20 K Ui 4 Bl W e # FE ¢ SRP 4 MB #if%2  (P<0.05), Tiii SRP 41 f MB 1K
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In vitro and in vivo study of apoptotic macrophages induced by methylene-blue-mediated photodynamic
therapy in periodontitis

JIANG Chun-lan, CHENG Hui-juan’, JIAO Ting"
Department of Prosthodontics, the Ninth People's Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai Key Laboratory of Stomatology, Shanghai Research
Institute of Stomatology, National Clinical Research Center of Stomatology, Shanghai 200011, China

[Abstract] Objective - To investigate whether methylene blue-mediated photodynamic therapy (MB-PDT) can induce the apoptosis of macrophages in
periodontitis, and simultancously reduce the bone absorption. Methods * For in vitro treatments, cells were divided into three experimental groups: control
group, no treatment; MB group, methylene blue treatment; MB-PDT group, MB and laser irradiation treatment. Then apoptosis and apoptosis related
genes were detected in each group. For in vivo treatments, periodontal disease in SD rats was orthodontic ligature and periodontal pathogen induced at
the first maxillary molar. After 6 weeks, the ligature was removed and all animals received scaling and root planning(SRP) and were divided according
to the following treatments: SRP group, saline solution; MB group, phenothiazinium dye; and MB-PDT group, MB and laser irradiation, once a week.
All animals in each treatment were killed after 3 weeks. Immunofluorescence and Micro CT analyses were used to detect the apoptotic macrophages
and alveolar bone resorption in periodontal tissues of rats in each group. Results - /n vitro experiments showed that the combination of 10 pmol/L MB
and 40 J/cm’ light dose could kill more than 50% macrophages, and the apoptosis of macrophages induced by MB-PDT in this mode was most obvious.
Meanwhile, MB-PDT increased the expression ratio of proapoptotic gene Bax /antiapoptotic gene Bc/-2 in macrophages. In vivo experiments showed that
the macrophages infiltrated in tissues with periodontitis were apoptotic after MB-PDT treatment, while no obvious apoptosis of macrophages infiltrated
in the periodontal tissues of SRP and MB rats was found. Micro CT analysis showed that the alveolar bone resorption in MB-PDT rats was less than that
in SRP and MB rats (P<0.05), and there was no significant difference between SRP rats and MB rats. Conclusion - MB-PDT can induce the apoptosis
of hyperproliferating macrophages in periodontitis and reduce the bone absorption. Compared with SRP, MB-PDT is an effective adjunctive treatment of
periodontitis.
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7 R0 L o 5 RS B 2 Jo) 34 65 4 1 R P S B0 . TR
I, i =5 A 2R R G g3 A T 3 B R R A AR
EREAINEIE A — R RGN, EXFRIAA . KRR
kA RSN, —JH, EVEARIE A £ E A Rk
ARG E ARy, KAEDHIRE, 4EFE JEH LR
A B—JiwE, e S REai (RS A 4,
BREFAEANNE . R AR SR ) AHEVERT, ik
% (IL) -1, TL-6, MRIRZERE F o (TNF-a), #i5IREH
E, (PGE,) FiH (b4, F3F AL RIER BT
R ™Y, sk, Miyajima 25 8 K LA JE R AL d
G AL ANNE / B A e fiok & B Dk st AR AL O 0 4 2K Js L
F5 DR ML Y RIE

NTAESE, 6B 7197 (photodynamic therapy, PDT)
25 J8 2 e (0 B2 CLER S T A AT 458 7, PDT 3
TICBFEE 4 3 K AR 2O RS R IG L 5 R sE 4 i
S A, JCIE LI R 5 A B R 7 A T AR
JR oy, A E R R 2 A SR R e A T
JZ T PDT At (i JC e ml L 46 . © Wy Mg g gu ik, 4nilk {f
HE (methylene blue, MB) FlH 5 O, @FELH 2,
@ MEM LR ERTEY ., OUNRE S, Bed B T IR
TRIT A 8 R SR o ] B 2R 1 e B A oy g e
H AT, KEPIEE) D 0F R R T8 TR R IR 2 HRTT
F R TR, Hrh Moreira % ™ % Bl MB Ay $ 1y
PDT (MB-PDT) HfiBhiayT o i & 5 sl FR T EVAAR
FIART -4 A (scaling and root planning, SRP) Lh#g,
TR ARSI E (probing depth, PD) JE{EHF
J4e B (PD = 7mm) sRFHE, R DZF®RD T
OB ORI A RaE, TR T IL-16/IL-10 Lk
{6 MHLA EBFFE S AT PDT GE& B E0EH T4 I R4
bk FESEGE N JRE AR, A 00 2 ] 2H 2R A e SR
EM.

Kb, A EEHER MB-PDT R4 B34 M RA
Uit S A BV AN R O8] o A R

1 HHS%HE

L1 S8R 2%

MB (Sangon Biotech, ), 660nm — % 4 B
Je (300 mW, B BHE, i E ), RPMI-1640, fff
#% M5 (phorbol-12-myristate-13-acetate, PMA) (Sigma-
Aldrich, ), FHdE 3. EDTA & QA& (Hyclone,
FHE), KA (BI, LAasl), MTT (Sigma-Aldrich,
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£ E ), Annexin V-FITC JET-# M7 & (YEASEN,
E ), TRIzol ik #| & (Sigma-Aldrich, £ [EH ), K FIX
78 (TAKARA, HA), SYBR (YEASEN, wi[H), 4i
M ks R, 4nig st #E Ak (Coming, 3 ), CO,fHim
Fi 4 (Thermo Forma, E[E), % LGB, €6 R R
Bi (Zeiss, fH[E), /mEHEEB.OHL (Eppendorf, fE[H),
Roche LightCycler” 480 I PCR System (Roche, %it:), %
P 5 JC—PL CD68 /N P K B B P P ik (Abcam,
), Pt Cy3 bric tl 2EHu/h L 1gG (H+L), TUNEL
JH T A MK 5% & (YEASEN, i[5 ), Micro CT 44X
Latheta LCT-200 (Aloka, HA), =#i&EH¥{: VGStudio
MAX2.2 (Volume Graphics, fEH[HE),

1.2 AT

H THP-1 40L& 10% A4 i i e 1% ¥ 5555 H 1
RPMI1640 A #%35ik, T 37 C. 5% CO, K i@ FEERY
Brprp %, AR EOR AR % 4 5 x 10/mL J5
B, KA R EE A 100 ng/mL PMA ) RPMI-1640
SEARFMMAB.OE BN, HWRITIRE), 6 fLikds:
fLhn2mL (100 75 400 / £L), 96 fLAMA 100 uL (5 75
g/ AL), EEmEBFAPHERES, ShEERNE
WE L,

1.3 MTT b 26 I w4 i 7 e

FEFRAE 96 fLA NI B4 5 MB (0, 5, 10, 15,
20 pmol/L) HFFHE 10 min, FFEILNEEFRMK, H PBS
PRk 2 38 J e N s A i m ik K 660 nm 4% (40 J/em?)
M, BEJEEE T MTT 45, EWE4nigs: PDT {&)T e dks:
T CO, WEFEEC & 24 h, FHRILNEFIR, FILMA
MTT % #& (5mg/mL) 20 uL, RPMI-1640 %% 35 % 80 uL,
37 CHRSEEOEWE R 4 h, ZKIb55E, FEAAN LER. &
LA 100 uL DMSO, 42 R AK# 4 7% 10 min, { H 755>
ViR, B4 490 nm K, 7R RGIDE Gy A0 ML bl e % FL
WOCEE (D) {H., fFFif% =504 DE - EAXHA D
{6) / (x4 B4 D fE — zS A IREL D ) x 100%,

1.4 PRAD VRN ks

B SRR 6 4L Ak N Y B W 4 g 5 MB (0, 5. 10,
15 umol/L) J:[E]HEFH 10 min, FFEHIFLANREFEH, FH PBS
R 2 3 i A Ji i 660 nm {1 G (40 J/em®)
4F, 6 hJ5LA Annexin V-FITC 8 T-ASMN IR 7 & 004 79 4y
o, RO E e FUEE B VRIS o KA T,

Vol.38 No.12 Dec. 2018



1.5 JTTHIDGHE P&k s

B R AE 6 AL A PN I B W AR M 4 b 3 4L R
(control) 4, ANEEZIRIT: MB AL, H 852 ) & 71 Bl
MB b2 ;s MB-PDT 41, #:% PDT, EWE4ifiEg4 PDT iR
F¥ (MB 10 pmol/L, {4 J¢ 40 Jem®) 0, 3. 6. 12 h J5,
Sy BIWCEE b TE OB R 4 i, A TRIzol 24 fi 40 i, W
B a0 M 2R R, 1R I mRNA, ¥ 5% B cDNA J5 it
17 real-time PCR, #5 Wl {&& B 12 2% K] Bax ( LSl
5-GCCCTTTTGCTTCAGGGTTT-3", T ;544 5-TGA
GACACTCGCTCAGCTTC-3") FJEAT-# K Bel-2 (i
54k 5-TGAAGTCAACATGCCTGCCC -3', R4k
5-GCTGATTCGACGTTTTGCCT -3') [HFikiEMH, NE
HHh NAPDH ( 51424 5'-CCACTCCTCCACCTTTG
AC-3', Fi§ol4 5-ACCCTGTTGCTGTAGCCA-3),

1.6 255 2P B o8 Pl SRR e

SD KL (SPF %) 12 2, Mk, 3 Ak, B EilER
AR B E S LN R B S5 s O fe ik, e
AT VF R IES 2 SCXK (i) 2013-0016, {1 A]
WE5 4 SYXK (§7) 2016-0016, i 3ok AU - & 56 — & o
S0 M B 22 S5 F LN O R EOw B (A (R Nk 2. 1L B
HEBAF AR 111, #REE 1 x 10°CFU/mL iR A Hik)
Bl KRB A RER, 6 85, Rl 12 A
KEAT SRP JERtidLoy A 341, 414 R, © SRP4: (X
HAEER k%, @ MB 4 (XH MB 48, @ MB-PDT
. GRIANTESE 0.1 mL 5T Sk B4 10 g/L 1Y) MB J5 it
M7 8 3 min, BEA K 660 nm, 300 mW [y AR HOG
FTRTT, B REMET A, b & e 10 s, Hpdg
Wi BRI 1 min, PDT J&Y 458 11k, 4897 3 HJEAb%E
B KE

L7 ZF R g i g eI

RegE 3 RKREUG, RBE LAUEIRA, 4% 2R
B E, AU R, B S KSR A TUNEL F6 k¢
BT G €0 AR I - 2K Bl 9 E 24 Jo A 2 vl I gt 4 i )
ff 0L, —PLCD68 TRk 4 CHF il i, —Ht TAFIK
37 CHFE 1 h, TdT B LE#K 37 CHFHE 1 h, DAPI 4ei%
Smin, HfFIRVOLRAEE TR,

1.8 Micro CT £l 5 hY F WM

ReFERBUE, RE LAEARA, Micro CT F4ii 8 &
B, it Latheta V3.52 % f P & 21 K BRUSE — B8 oF
AT HRR R 2 S 2R O A S TR o R R, R R
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VGStudio MAX2.2 = 4 Jt s M |- A,

L9 Sl Jj ik

J JH SPSS19.0 Bk B AT Ze T 22 0 B, & 4 S48
BB IER A, Hxts For, 2 HAEAR R H LR
k%, ZAREAR R ECR F R R 200, X4
LRV K 7 A T3 257 PERE R LSD R BRAT R ELE, 24
20 TR e 75 25 AN S IR 2R ) Tamhane's 72 456477 3 LR
P<O.05 FoRZERAGHFE L.

2 BER

2.1 PDT X} Fowgdmfire 3P i1

BRI 5 AR E MB (0, 5, 10, 15, 20 umol/L)
HWEHE, KIBEHE MBIk B, MigiEtE TR, BN
A 5 AH R 9 BE MB W27, £ PDT {597 5, 4HMuiE
BMB H B2 T M HBEE MBIk &5 &, MB-PDT 4
YT ) R WE T R, 24 MB R EEZA 10 pmol/L i}, MB-
PDT 4 50% LA _ERI 4 & A 501, gl B4 (MB
3 0 umol/L, ¥ 7y 40 Jem®) B A it B 41 i i ) B I
(B 1),

1509 @40 Jem?
-8 MB

= 10H) - MB-PDT
=
2
g 0

] T T T T 1

0 5 (4] 15 20 25

MBie A pmolL)

1 PDT 34 E4RAEHIFIEIER
Fig 1 Toxic effect of PDT on macrophages

2.2 PDT R ASM AN T 500

2vh, SESOEFRNFH TR, ARSI
Seami, FEE MB ik B3R, MB 4 E VR gH iR JF A& & A
B IR%E M H T, /e MB-PDT 44, 24 MB < 10 umol/L
I, Bl MB i BRSO, B A e P O T e
Jins MB 2 15 pmoV/L Ihf, W 40 LAY R T 550 1 B, i
Satanle s Lok, Aot A (MB 24 0 pmol/L,
Heh 40 Vem®) IS SIS ENEARIIASE K JA T,
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0 umol/L 5 umol/L 10 ymol/L 15 umol/L

2 PDT BEASNERYAT (Zeiss, x10)
Fig 2 Apoptosis of macrophages in vitro induced by PDT (Zeiss, x10)

MB

MB-PDT

2.3 PDT XU g2l 9 C2AH 3G K P B iR mil f0, 3, 6, 12h, fRPATZHEA Bax ik T W Mg
EWEANiR 2t 8h ) (MB 10 pmol/L, it 40 Jem®)  [Al Bel-2 fE MB AbBR)S 0 h Rk W, 1fi T3, 6, 12h)5

ReB )5, fRHTZHE Rl Bax Fik e lEAL (0, 3h), BEER Rk Ll (B 3A, 3B), {RJATHE A Bax SHMA T4 A

%Lﬁ(&l2m MR K Bel-2 /£ 0, 3, 12h W3R Bel-2 (FRIKLL{EE MB-PDT AL B S (1) 4 AV ) % b
PEAS, MifE 6 hikt 2k T, MB AL E R fE LB ) T, ififE MB i 524K (B 3C),

5 . A 204 B f ) C
O Control " O Control ] o ; O Control

= .| W MB I e B MB ! z T mMB

2 41 @ MB-PD & 1.5 B MB-PDT L G % B MBI

» i ra 44

7 E 10 =

= 5] = <

& - = ’ Z 2 i

B - ; = 054 I H E H

:;E:, i k! :1:3 % ;: k! 2
,,ﬂ-ﬂ [mfl ﬂl HI oL M o Clabl Mak Malkd M

0 h ih 6 h 12h 0h ih 6h 12h Oh 3h 6 h 12h

#:: A. Bax mRNA ( * P=0.001, °P=0.030, °P=0.000, “P=0.023, ©P=0.000, °P=0.006, L Control £ Lt #¢ ); B Bel-2 mRNA (“ P=0.000, *P=0.000,
¥ P=0.004, ©P=0.000, °P=0.021, °P=0.032, “P=0.026, 5 Control 4 Lt # ); C. Bax mRNA 5 Bcl-2 mRNA [y Lk {§ (°P=0.007, °P=0.001, “P=0.002,
“P=0.037, °P=0.002, °P=0.012, ®P=0.005, 5 Control 4HLL4%).,

B 3 PDT S ERMETHXERNRE

Fig 3 Expression of apoptosis-related genes in macrophages induced by PDT

2.4 PDT X} RKESF LS Lo i I 1256 i AR R E 35OH A, "I WL, SRP Jz MB 41 KBRS
Bl 4 dilE oot g%, eSOt BRI RS EREAIRIEECE £ T MB-PDT 4K, HAW

bRy, SROTICHAINBIR TN Gtk DNA JUBEIRT ™ 125 i MB-PDT 2 WLISER) EVEANM AR ED o A A T ORI,

MB-PDT

W #ikoR LRETS,
4 PDT iESARKEFEAR T ERMMAT (Zeiss, x10)
Fig 4 Apoptosis of macrophages in rats with periodontitis induced by PDT (Zeiss, x10)
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22 SRP /YT JG I SD Kbl b AR — B 2 I A AR R
5 5 2 2 A T 2 [ A 2 BR824 (1,596 +0.025) mm,
MB /897 Ja ok (1.488+0.087) mm, MB-PDT /837 J5 h

SRP

1 mm

5 Micro CT 3#i/a =R SR E PDT X FF i A HI{E R
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(1.046+0.0345) mm, MB-PDT 41 Kk R |- & 4 — B&
o R B B W e B A R IR T SRP ZH &% MB 4 (P=0.000,

P=0.003), ifii MB 4] 5 SRP 4 i) % & ¢ 4t it 2% & S

(P=0.601) (I&5),

el
1 mm

1 mm

Fig 5 Inhibition of alveolar bone resorption by PDT through 3D reconstruction after Micro CT scanning

3 itig

ZJERIRTT LB SRP e i R A A ke . (AL
WHETT AR )RR, SEpis . oF FESOR TR A JE Bk eH 2L
SRR T RE AR A AL o R T i A O, Al
SRP Lk, AHBILA PDT (15 SRP JAY T4 R R T80 2

PDT AR HHET 3 AN e, Selisfnga"”,
7 NI T 1= 18 WA E{ O S O R Y 7/ RS ¥ a2
BIAHELE 0.2 um, X SLREMECRUE T PDT A& lARETT X
W sy 1. ARl s B ", PDT PR A CL&
PEVE B o R SO B AR By, lan iRk A L A8
FEH RIS G R e ", [RIE, PDT ik al{5BR R4y
B85 s, Ry YR MB, & —Fh g Sk ek
#il, T RIERRAEY, BIERHE, dIEfEEsE, MB ]
5RO Z 8RR 45 &, AEBOE IS PRI E 1 i
(RUAEISEEE Al ) & Ats ™. EVEARN AT LR 40 4 AR £ bk
(lipopolysaccharide, LPS) #4if, 4n2f-iin bk 2 R g £ 4k,
—Fh “Z4” TLR4 fofk =, ik, MB mllitsh A LPS §
lf) LR, Lam 25 * gF— 25 HF 52 % B0 R NRK A 147 179
SIS IR 2 M B BRI R, HE S
WA A s 2 FH SRR R BUA T B/ N AR PN B
AfRSE, d ek U TE R RN D T R 4IRS
P RN N BT BT 5 [ Rl R

AU 45 B o MB-PDT w[ 155 {if {4 4 B W 20 i kA
JHT, IR T JE N Bax SH00HT-JE N Bel-2 fI 3%
IKEL(E s i dial MB i ErEAn i g st e A, (B E
etk M 5 3 R M R T O, RS TR R T
Bax SHMPATHE K Bel-2 (LGB, [RIFE, 7R KRB 8 R A5
Rk, MB-PDT i 5 J& 20 23 v ook B S8 5 Y B4R i & A
QT FEANE] T A G R . X I AL T REAE BT
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TNF-o Fil PGE2 2 58 Wy g 5 TEAH R0 RAER 1 =, i
LAY MB RTT AR B A F W, BB PDT R A4%1E
TSRO A SO B Bah, IR ™ KB
T JE 7 A AR TLR-4 (26K 838w THRRIES AR E
# o TLR4 &A% RAEAMNan BV e, rp PR dnigry &
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AHFEWIAF PDT (RIS S5 RIBTT P RCR AT, TifE
RZRVE T JE RAIATT AN RERR AR Z2 G0 ] 5 o5 A F e
Rz s ik s 5 (R 2Rk OF JH R R R 3k TLR4, Jefi
FIARE ST AT LA 0] RAEANNE, ATIFEALIE AN T80 5%,

A R 6 A AR KRB AEFRIBIT OB
PDT wJ FH. ik rf JE Fibi 04 8 BBl & ik i (PD<<S mm) f8,
R W, AR AN R BE L R PP A JE L il 45
(5 mm<PD<8 mm) & 5 8 & W, FH5EMX f fE
S o PR A 5 BBl 8% N AF AR A [R] BRI R2 IR G B 9T
AN A R (6 3h DiETT 1 B AR S HOE T R
KA Pyl <10 um BYAHEE ) . pH B FA H I 4 00 5 A
o [RIE, AHEF ™ H5H L PDT [k 5 2 5 Sl i vl
W, (visible, VIS) Y% 4M&k (ultraviole, UV) F$:H
SHASURBCRCHGRH, Bl T A A 2R, BHERR
il T B R B, A S B TCRTRIT 45 R . Lucky
2 BV ) 1 % ¥ 48 >k Bz (upconversion nanoparticles,
UCNPs) BUTLL40 (near-infrared, NIR) E¢4E#H0pk n] i
fedes AT Wot, B Tt EEH SRR, it N
KT PDT *f H etk anfi s i R 7

B, AR T DIBTT A J8 S SRR (4 J& Bl R Y
THF 0 B R LA G IO 27305 SR T 1 41 2 S A B AR N
BRI, H i JCROn o JE 2H 23 v 3500 i A e B B 5 1 R 9
YNSRI RE D, BN AR NES &,
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