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<2 52 Fdotd s #Me 52 ANYHHF1, UF 8 FUVIE E=dE 2
=3
=

ofL|2t Z7IMZE THEOoiU= 71E 8%t 7|3 & StHOICL s =2 5=
OHEMERL & Mo oSt ZEMEZ0| Qs ddde XIS, LSt B0
=Xdd (bone remodeling) 282 AHX[A ECt Aot S 87|

receptor activator of nuclear factor-«B ligand (RANKL)O| 2J8lf &23}x/0f iz 7|2
CHHMZ7E 20f AOist 37|ol CHHMEZE O|F= SFE XL Uk d=ot
OSMEE integrin avB30 2|8 O FEE = actin ringg F’d5t1, protondf
Ttz A0 ofsl o St A[XHEICE

Autophagy= Helatd, MEfsHE x=d SN =EQstALE 780 287t Ue

S MN7st= nPEoICt It=$t autophagys = HS UAA7|E AeZ EAgd

A
|

2 3= 930 ogt ZAMOM autophagyll O =FHES UFD, LPSE
AO|AM autophagy XA Q! 4-PBASt lycorinel| ZIHE 201510 LSS 2|

a
= S TRl tiet 7= SES MAISHALE

Keywords. osteoclast, autophagy, LPS, inflammatory bone loss, 4-PBA, lycorine
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2l 32 FE% Us =2 HWE S0t mdste MEME (osteoclast)t MZ22
i E M-d5t= ZEME (osteoblast)Of| 2o Lz Hda AEEZ v=SI= Off <K
SX 0l Z=Z|0|C} [Boyle et al, 2003]. ‘&&Ql HEfOM = DHEMERF ZEMES| #HO
2 xFEE0 ddet ME FXSHA EX[2H ="t HE7] ofde 4% oAE=A
2ol Ko 4o oot Mol Fdealt, PHdAel gEutgo=z Qs mbEMEZo £
ot gdol F7t5t0 st & 7t REEM SOUHES02 22l & EEE 0|5k
A =Tt [Raggatt and Partridge, 2010]. ZEEAMZOA FefE THH/CHA N7}

macrophage colony-stimulating factor (M-CSF)Q} receptor activator of nuclear factor-kB
ligand (RANKL)2| At=2 oM™ ogf HAHE HAN LS 713 mEM=Z7F J4Ernt
[Roodman, 2006]. A& 2d M2 M=E FH8EQ Lipopolysaccharide (LPS)= FSA|

£ E2{£0|1, proinflammatory cytokineg EM3IA7] FTESS FUSE HEH
=29lH [Henderson B and Nair SP 2003], Ctst I+ ZN=S Sl OtaM=EQ &2
E XE9Ctne LK UL Fof EZ0| LPSE FOSHA EH dMdaF (RO
=MZS 237t REETEM TEMZ o 290 S7HE[0f [Sul et al, 2017; Sul et
al, 2019; Itoh et al,, 2003] CHE|Z HA 0| S7t=|l=Hl [Orcel et al, 1993], in vitroO| A LPS
o 2it= mEMIZE gt 2HESH0] F7HX| 2ot LIe A2 2 Ha{M RUCL LPS At
= OIFO| RANKLE| At55 2 ME= LEMZEZO YJ0| IA St X2 [Sul et
al., 2017; Park et al,, 2015], LPS2} RANKLS| At=0| SA|0] FO{X|A & o= DEAMZE
o HMHE AN AMSt= A2E 2Ot [Takami et al, 2002] LPSE ItEMZO| M4 S
S7tAZ17]= Stit TTMZo|= AH85HA| Y= A2 o 5= UCH

Autophagy= SE27F DZEAS W MEe dES STUAZI= 7IH22 HZ 5T

MAEE 2EsHAY, 7|50 0ld0] A= MzZE FddE5S MAY Moz AAE o
Ct. PhagophoreE &4d5t1, lysosomelt?| &2 & WE2S0| dl, MAIESH= 1
HE N MZol &od0| FXIZ[EE autophagy 20| X7t A2 8¢ oz HE
of JQIol Ee= A2 oM bk AMEel FWRIEMAEZHY OO0|E(genome-wide
association data)0i| =™ autophagy’l =CHES ZEF #EHO0| Y= A= EHHAH U
0| [Zhang et al, 2010] , autophagy®t =AtZol= 7128 = RUCE /n
vitro 0| M autophagyE AXSt= PI3K AMA & StLEQ! nocodazole X 2|A| HtEA|
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ZEO| podosome belt 40| A& FESIO mtEMES =Y

wortmannin 1} LY301497 GA| EMZ0 9ot & S+ &
- o
= =

2 X35t [Tietal, 2015]
& 20t OfL|2} [Sato et

al, 1996] HHAEE O0p9A DHoM SWEE ZAMES oYsls o=z Hof
autophagy SRS IFEAMZO| MO FLS OFCHs HS ¥ £+ UCh ok oz
o

autophagic cargo &2l SQSTM1 (p62)0f S HO|7} RAUE|TH NF-kB2| 2ok &d
O IEMZES =Xt /40| F7}5t= Pagetic disorder 7t FEE|1 [Helfrich and
Hocking, 2008; McManus and Roux, 2012], autophagosome &-d1t ZHH =l ATG52F ATG7
of 27t 42 Al TrEMZel 7|50 S DXz A2z E4XM UL [DeSelm et al,
2011]. Myeloid A¥@ EO0|M2Z ATG5L} ATG72 ZEAIZ|H THEAMZS| ruffled border

7 H7|s2 StX| Rl & S+ &3O LA LT F7HE|D [DeSelm et al,

2011], MAILC3AE knockdown A|Z|H actin ring %*éj% Xlsh & g7t dakl=s A
O LIEFHLCE [Chung et al, 2012]. EE3F [Lin et al, 2013]0f 2™ FOrE[A ZES S
XHOIAIM THEMZEZF B7tE =0 autophagy P8 27| EHAOf| phagophorel| AIEHOf 2
0j6t= beclin1dl Atg70| 0jdt= Ao 2 HO} autophagy?t THEMEZSl = S50

g2 iRt He & & Yrk

-Phenylbutyric acid (4-PBA)= XM&EA S2E 2420 (urea cycle disorders)7t 4
= XA MFALZ 250-300mg/kg/d 0 Al X2 ZIE EO|&= FDA 59 %E

O[Tt [Maestri et al., 1996]. 4-PBAE 77t 400 mg/kg/d sE2 FOSIAS M HEEOAM
AN s E |5t A2Z ZQIE|}YD [Lin et al, 2009], 4-PBA= ammonia scavenger
EXMo| At histone deacetylase AX|A|, endoplasmic reticulum (ER) stress ||
[lannitti and Palmieri, 2011; Kim et al,, 2013], &YX ZAQ &S ol A2 E AKX
ULt [Gilbert et al., 2001].

Lycorine2 Lycoris radiata (Amaryllidaceae)0lA| =ZEl pyrrolo phenanthridine ring-
typel| YZLZO0|EZ, & FZF [Citoglu et al,, 2012], free radical M [Ghane et al,, 2018]
HFO[2{ A [Liu et al,, 2011], &= 1} [Cao et al, 2013; Jin and Yao, 2016]E 7tX|11 @

oM 2 582 718 St =2 ABELD /UCEH [Zupkd et al, 2009]. ZXHd

ZHO|M lycorine2 NF-kB &dS AMStL [Park, 2014], p382 &4, STAT &d3t
Sl LPSE |EE AF2 HAAZICH [Kang et al, 2012]. #8F OfL|2} lycorine
HMGB12| £3E &5l autophagyEs XISt [Roy et al, 2016], MAPKE HHI5H0 A
o olst EAdE OYste A2 LA UCH [Chen et al, 2015].

2 AT XM= autophagy’t LPSE FE & ObEMZE 81 & 240 207F oY

2

Wy o Q 0ot
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FOISE D, 4-PBASL lycorineO| LPSZ R autophagy?t TFEMZ ZHMHS oF
=X dMe 22X HAHLES Solf 2Rl E ATt
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1. A2k 5 HYX]|

10% fetal bovine serum (FBS), penicillin, streptomycin, a-Minimum essential medium (a-
MEM) = Welgene (Gyeongsan, Korea)OilAl TSI 20, Opti-MEMZ Gibco (Grand
Island, NY, USA)0|A{, Recombinant mouse M-CSF and RANKL 2 R&D SystemsAf
(Minneapolis, MN, USA)OA FSIRACE  3-methyladenine, LPS, MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide), Leukocyte acid phosphatase (TRAP)
kit, Mayer's hematoxylin, toluidine blue, Bafilomycin A, diphenyl iodonium (DPI)2 Sigma
Aldrich (St. Louis, MO, USA)2| M&2 AHE3ISULE. 4-PBA, HRP-conjugated 2K &4, small
interfering RNA (siRNA) against ATG7 (sc-41448), scrambled siRNA (scRNA, sc-37007),
Small interfering RNA (siRNA) against TRPML1 (sc-44520)1t MitoTEMPO= Santa Cruz
Biotechnology (Santa Cruz, CA, USA)O| A, lycorine2 Chengdu Biopurity Phytochemicals
(Chengdu, Sichuan, China)AtOAl T RSHRACE Dentine slices?t Ratlaps EIA kit=
Immunodiagnostic Systems (Fountain Hills, AZ, USA)AIOA] FFOSHRA S BAY 11-70822t
JSH232 Calbiochem (Darmstadt, Germany)l| HME2 AE3IRACE Osteocalcin EIA, &
Biomedical Technologies (Stoughton, MA, USA)ALOI| A Alkaline phosphatase kit= BioAssay
Systems (Hayward, CA, USA )0i| A, Cathepsin K activity assay kit= Abcam (Cambridge, UK)
A FOHSHRCE  N-(Biotinoyl)-N'-(iodoacetyl) ethylenediamine (BIAM)2 Invitrogen
(Carlsbad, CA, USA) ME2 AMESHELCE

MCP-1 (coating and detection)0| CH®t A= R&D System (Minneapolis, MN, USA)Af
O M, LC3B (#2775), lamin B1 (#13435)= Cell Signaling Technology (Danvers, MA, USA),
p62 (HO0008878-M01)= Abnova (Taipei, Taiwan), TFEB (A303-673A)= Bethyl Laboratories,
Inc. (Montgomery, TX, USA), TRPML1 (ACC-081)2 from Alomone Labs (Jerusalem, Israel)
AHO| A, B-actin (A5441)2 from Sigma Chemical (St. Louis, MO, USA)O| A T ASHSACE NE-
PER nuclear and cytoplasmic extraction reagents 2t LightShift Chemiluminescent EMSA kit
+= Pierce (Waltham, MA, USA) ME&2 AMEStZ 1, 2'7'-dichlorofluorescein diacetate
(H2DCFDA)= Thermo Fisher Scientific (Waltham, MA, USA)O| Al L0435} LT

M-MLV reverse transcriptase@} SYBR Green Real-Time PCR Master Mixes 2Promega
(Madison, WI, USA)0| A, QlAzol reagent=QIAGEN (Hilden, Germany), Lipofectamine 3000

9



1t MitoSOX Red+ Invitrogen (Carlsbad, CA, USA)O| A T &5t0] AL SHRILCEH

2. MESEN AHAJMA

deds=2 10349 C57BL/6J, &7 mouseE  AIE3H(H SACYSE W
Immunomodulation Research Center (IRC) SEAISAOA AIRSIQUCE ZE MY S22
SMOfstm RCO SEEHREVZ] (ACUQ)C| ™o et +HWSIF o, 2t HE9|

¢ ID= L3t ZLt

# UOU-2014-010, deis=22 FAHRIZE 332E : PBSE FOg IET (n=5),
(5mg/kg)E FOI3t OF (n=6), LPSQ} 3-MA F0f (n=3)22 LI+0| THSGACL & 3F
=5 W FAE AASHRAC

# UOU-2014-014, Hs=22 FAQ2 O3t 20| LI=RUCt : PBSE T3t iz
(vehicle) (n=5), PBS? 4-PBAE FO0{5t 1F (n=6), LPSE T IEF (n=6), LPS2} 4-
PBAE FO0{ot O1F (n=6) & 41822 LIFR1 LPSE 5mg/kgll S22 S FAL
E 2 A[SIRULCE LPSQt PBSE YFLO| SHRHAN =Z Lf FALE AHSIRALL [Gao et al,
2007], 4-PBAE 240mg/kgll ¥OZ HCIIt NaOHZ pH 748 %= = O 22 Y =
AHE AlSHRICE LPSQL PBS, 4-PBA= 2t Of2[T 200ul¥, 337t F045tQICEH

# HSC-15-11, PBS & (n=5), PBS2} lycorine &0 (n=5), LPS (n=5), LPS2} lycorine &
O (n=6) & 4AE2=Z LIF0] H™AZ TIAHSIALL LPS= 5mg/kgll SE2 200ul2 €
A

Hu

MASENH (PBS)O| =0 LF Lo SHHM =Z L] FALE SHRID, lycorine 6mg/kgll &
T2 2E ZT INHCD INNaOHE pH728 & = O[S0 oHH =L Lf FALE Al
St F 3F7tel Ay 7|ZkE AMRACL

A= 2 A8l Fdste RER [HE[ES

S
F0{7} Y mouses O|AtSpEFA ZAIHEMH
MZESH = 10% PFA (paraformaldehyde)0i 173}
SkyScan 1176 System (Bruker-Micro CT, Kontich, Belgium)
mineral density, BMD)E ZH7ESIRUCE AT 6.9um, FAE 77-255 mg/ccoﬂ*‘l 2
TSR0, SiHE (trabecular bone)Q| B4 HelE= HEEO| ELHE X|FQl 0.1mm Of
BHOMEE 1.6mm FHO iYst=e 22 2MIRACE F 75~125702] tHE SE20|EE
AHESI0 CTan AZEQO{E AFR3H bone volume fraction (BV/TV), trabecular thickness
(Tb.Th), trabecular space (Th.Sp.), trabecular number (Tb.N), bone mineral density (BMD)Z
ZHSIRUCE O|F CTvol 2ZEO] (ver 1.11 ; skyscan)E ArEdl 3kt O|O|X|E T3}

njo
o
0
_O'_I-
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ALt

MHW 2 54 EX|XQ CTX-1 (collagen-type | fragments)2 ZH38}7| Qs NS
AHE3IR 10 RatLaps EIA assay kitE ARESHO] KM ZALQ| X[A|0f M2t ZHSIAACH & LY
osteocalcindt ALP (alkaline phosphatase)E H7E5t7| ®I8H osteocalcin  EIA  kit@f
colorimetric kinetic determination kitE2 AF238I¥ 10, MCP-12] B2 sandwich ELISA EiH

= Ar85t0] TISHALE

3. IEMZE 23}

HI

4-5FHE C57BL/6) F|o| HEED dE2ERH ZMEE XMFSHD 10% FBS7H BF
Zl a-MEM HiX|O| M-CSFE E20 37°C H{7|Of A
AMMZE A5 MAUSIRACH TFEMZEZRO| £33t
(40ng/ml)2 40A|Zt =0 X 2|3t1, o|F M-dE mETFMZE0 M-CSF (30ng/mh)2t LPS
(50ng/mE XN2|5t1, 3-MARL 4-PBA, lycorineS s HZ XN2[5l0] 48A12H S0t Hi kSt

L QHSO{ZAl TIFEMEES 3.7% PFAER 1I™A|Zl & TRAP 2oz HAMEIo sHo| 37

AZH BRFSIACE 3 T SEHE O

O|AQI mEMEO| IH=E Z=HSIRUCE [Van et al, 2013]. Est TS M EO| XMW} ZAS
Z-ID, otM|Z2Y JHX| 0 Q= ol J|=E FSIQILCt [Okayasu et al., 2012].

4. NIZSEE F (MTT assay)

NzdEZ MTT 2HdE=2 JFFESIRULCL M=ZE MAHst =T MTT  (3-@4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) (0.5 mg/mhE HE7}StD 3A[ZH
S0t 37°COl A HHLSIRICE DMSOO| 2lsff MTT7t formazan2 2 &zl LS ELISA

readerE O|23l0 540nmOlA| SEEZE ZHSIRULE

A& £’ (Bone resorption assay)

ok

5. =M=

o=MIZo dE A7l 28 dotE =90 mIEMZE 7|1F 53
(resorption pits)0] @EE|0f, 50| Skl BEE 5L 1999].

=
M2st IZNZE 9HS7] 98 M-CSFe} RANKLE E£3}1=

Hj
o
N
w
N
ne
10
ox
I
ro
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O=MZS ool g2 32 MZES o2 =490 ZOFELtL M-CSFeE LPSE
XNElstd 3-MA, 4-PBA, lycorine2| 750 2t 47t BiFS oF 7 JOHE Z=Zb9(of
U= IEMEE 37% PFAZ 17 = TRAP SMZ A3t 0|2 20{JA= MEE
HoiLtZl 2Ish 1M NH,OHE ME|std ZFMTSS AY}CL TDWE MAETH = HOotE
ZZ+E Mayer's hematoxylint 0.5% sodium borate?t S0 U= 1% toluidine blue 8%
ALE35t0] gMot £ db|Zez HYE g45S BESIUL 845 HE2 Image

>
E

E%I‘H% AH83510] 245t

6. RNA F= 9 quantitative polymerase chain reaction (q-PCR)

Z RNAE TRIzol A2 AL MZZEEH FESI}LD, 1 strand cDNAE random
primer & M-MLV SGTA 242 HHAA|IZICE gPCREZ SYBR Green Real-Time PCR
Master Mixes?t HE3t primerE AMESIR L, StepOnePlus ™ Real Time System=
AHESE0] EABIYCE 185 rRNA (RPS) SFA= MONS XLl H3sto] ZZEA|ZICH
RPSQt H|uoh HOHQ copyre 2429F 0|83t A LSIACE HHOAM A%t

|

primer =2 Table 11} ZC}.

Table 1. Specific primers used in PCR and real-time quantitative PCR (RT-gPCR) analysis.

Gene name Forward Sequence 5'-3' Reverse Sequence 5'-3'
ATP6v0d2 AGCAAAGAAGACAGGGAG CAGCGTCAAACAAAGG
Cathepsin K GGGCCAGGATGAAAGTTGTA CACTGCTCTCTTCAGGGCTT
Calcitonin

AGTTGCCCTCTTATGAAGGAGAAG GGAGTGTCGTCCCAGCACAT
receptor
DC-STAMP TCCTCCATGAACAAACAGTTCCAA | AGACGTGGTTTAGGAATGCAGCTC
NFAT2 AATAACATGCGAGCCATCATC TCACCCTGGTGTTCTTCCTC
TRAP GACCACCTTGGCAATGTCTCTG | TGGCTGAGGAAGTCATCTGAGTTG
ATG7(RT-PCR) CAGTTTCCAGTCCGTTGAAG GGGTCCATACATCCACTGAG
ATG7 (gPCR) CCTGCACAACACCAACACAC CACCTGACTTTATGGCTTCCC
TRPML1 ATCTACCTGGGCTATTGCTTCTGTG TGTCGTTCCGTTGATGAGTG
RPS ATCAGAGAGTTGACCGCAGTTG AATGAACCGAAGCACACCATAG

12
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NPEMAES 5 A7 flof otd 22d 27[8 (RZEALHeF A7FEosi NS

acridine orange (AO)E AHE5I0] EAMSE = flow cytometry2 FSIRALE [Bil et al., 2010].
AOE dES E&= 27| SEHE, MY3tE 70| FHE0 g2 Moz A2
WO AOR GME MImOojM MZHEHZ2 HH2 SMoz H2 SElg HMo=z HO|LD
HMMdo| s A amyd A7[E0] XD Qs A FEZOo| H|FBtoh A0
Tug/mle L= M=ZE 2027t GAMStD, 2Ho MZ IHEEZ AKX flow cytometer=

8. Cathepsin K &M

BMM (bone marrow derived macrophage) (2.5x10° cells/well)& M-CSF2I RANKLE
40A|Z7tECF HIZA|A HIFEMZE FMIANE 22HA|Z =, 48A17FSQH M-CSFRF LPS, 4-

PBAE Z0f HIY = 43S 0] 240 Attt dSHS 08 & 7|t
=42l Cathepsin K activity assay kitE AF&SI0] ZH|El cathepsin KO &85 FE3IRULL

9. Electrophoretic mobility shift assays (EMSA)

BiotinO| %=l NF-kB, NF-Y double-stranded oligonucleotidesE Bioneer Co.(Korea)Of|A{
eHISHRALEH ; NF-kB, 5'-agttgaggggactttcccagge-3' ; NF-Y, 5'-gaccgtacgtgattggttaatctctt-3'.
OFEMFTMZEO| LPS (100ng/mNE AF=A|ZI = M ZAFQ| X[A[0f 2t NE-PER nuclear
and cytoplasmic extraction reagents& AM&30] MZO| SHE FESIRACL FEELSS
I3l 1x binding buffer (50 ng/ml poly(dl-dC), 0.05% Nonidet P-40, 5mM MgCl2, 10mM
EDTA, and 2.5% glycerol)of| biotin0| 2=l BX DNAQL 3 FZE 3ug2 €0 2027
M0 WXStALCt HS0] B MES 0.5x Tris borate / EDTA bufferE AtE, 6%
polyacrylamide gel &0AM T7[Es StRACE ©7|FS0| EH gel& charged nylon
membrane (Hybond-N+)2 & transfer 2t & membrane=2 crosslinking ot 117dA|ZAC

0|2 HRPZ} 2 streptaviding 7|22 ArE5t0] Z45IRALt
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10. Western blot

HiFEl MZE X7 PBSE WOE = MFSHY FZHE5AH (50mM Tris-HCI, pH 8.0,
150mM NaCl, TmM EDTA, 0.5% Nonidet P-40, 0.01% protease inhibitor mixture)0i
OAIZICH MEZR2EE FE0 CHIA2 SDS-PAGEE &510] geld| 27|HE LtEs] &
2 nitrocellulose membrane2 = FA4ELE membrane2 1A[ZFE2H 0.05% Tween 200|
gtEl Tris-buffered saline®fl EXRE =0 &HOZ blocking AlZAFL, LC3, p62,
TRPML1, TFEB, B-actin, lamin B10| CHot &HE &0 4°CO|A overnight incubation
AAZLE 0|20 Membranes MOIE &, HRPZF 20{UA= 2& Xz 1A S

incubation A|Z|11 chemiluminescence substrateS O| &30 i AMSHCH

el

11. Transfection and siRNA

M-CSF2} RANKLZE 40A|ZtEQt BiIRFAIZI BMM MIZOf ATG71t TRPML12| siRNA,

=P C2 AME%H scrambled siRNAE lipofectamine 30001 410 =22 THE

transfection SIICE 2249 M|ZE Opti-MEMOIAl 3.75ul £&F9| lipofectamine 3000

AMH B = siRNARF ME|SIF LI, transfection & M-CSFRI LPSE ANZ|sty
5

AlZto] datet = Zat 245 SRl

ot

f

=1

oz

—

12. Intracellular, mitochondrial /444 % (ROS) 5%

Intracellular ROSe=  2'2'-dichlorofluorescein  diacetate  (H,DCFDA)S  AL3}0,
OJEZE2|0toA MEE ROSE mitoSOX Red mitochondrial superoxide indicatorg
AHBSHY ZFBIRACE M-CSFRF RANKLE 40A[7tESQH HY YD MbEM M ZEO| M-CSFet
LPSE X222 F CI2 MHEZE MHO{LRUCE O|= H,DCFDAR} mitoSOX RedZE Ztzt
XNz2|sto] 37°CoM 3027 Hi St flow cytometer2 2 BtCt

13. 7I2EA|HESH0| o8t MSIEl TRPML1 HE

M-CSF2t RANKLS| A=22 B2 HOFEM™PMIZO| M-CSFR} LPSE =238 {FLot
lycorine (1.6uM) 7.F Z=Z0| a2t o|S7t |



W A0 SZAAZICH AtotEl CHHE HAEZ 2I8iA = N-(biotinoyl)-N'-(iodoacetyl)
ethylenediamine (BIAM)O| ZJtEl F&=2bF W (50mM Tris-HCl, pH 7.5, 150mM NaCl, 0.5%
Triton X-100, 10ug/ml aprotinin, and 10ug/ml leupeptin)@| At274 |7 |0{0OF &}7|0j

202t H2 RELE Ha A0 L=EAH MAE HASECL SZAE M=
FEot=og 4ol RA|I7|D HIAKZAH  (immunoprecipitation, IP)% Mg, FEE
CHEO 1 M= TRPMLIE EO{ELL O|= BIAMO| £0{%l= HASEHM= HRPZ}
E0UA= 24 SH = HiY £ YL

14. SAXzZ|

2= A2 MY oy vtE5QIc ¥ Zib= mean + SDE HAISIQICH £ 1
ALO|2] X0l ttest2 ABSIU2M, M 0|2l HO|A = one-way ANOVAE 3ot
% Bonferroni posttest® £ {olME ZASOISUCt LSt M2 CHE FIHo| MEQIX}
7to| HokZ =QIstY| 2{siA Two-way ANOVAE HSIQLCH ZE Z2 p < 0.050]A

ALt

[N
iz

_

S7Xoz Qo3 Aoz wolctn

0_>'L
Ot
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4z
1. LPSOf| 2|3t mf=ME FE2}2} autophagyl| ¢#d
1.1 LPS Off 2Jot mtZ M= 23} 57t
OETFME (pre-OC)OH| CHSH LPSS| AHFHCl IS =0loty| 8] CHE M=o
IS HiASt ZANAM, LPS7t TFEMZL A dut WSS SItAI7[=X|E YOLE /UL
O EAFl Hiof| =M™ LPSQt RANKLE| At SAOf FAH EH LEMZE 235
28|28 AH|BtCD SH0] [Takami et al, 2002], RANKLE FHX{2| 0] 7|2 Tt A =0
LPSE KN2|SIRALCE LPS X2| 48A|Zt = tartrate-resistant acid phosphatase (TRAP) ¥
CHAMZ 7= =Qlst AL}, LIPS sk QEXNCE FTI7HEES & = U/JLD, DSM =2
ZCy AF S HN g82X|=2| 4 RANLKLO| olsf ddEl mEMZ Efts O HE7t
X2 LPSO| ofsf B7tEle AS Y = JURULH (Fig 1A). CHE22 LPS7t & FE
S7tAZI =X LOtEZ| 8] d=xot OEME (mature OCO)E &OFEZZE (dentin
disc) %o HHO*OPMJ_ izt Ho Al 53 940| B7tE= A2E HOt (Fig 1B)
LPSE= mtEMZO &dE S7MZEE & = AT

=

Autophagy= IFSAMEZS| =2 7|
al, 2011; Xiu et al, 2014] TNF-a &%
autophagy”t 1'-*013“3—7'— P
autophagyS gdds
autophagy &
A A A 1 3—MAE It
Fig 2BOJA =Qlgt = UAXO0| 3-MA X2
calcitonin receptor, DC-STAMP, ATP6v0d22]
URULE EBH 3-MAE LPSO| Qs FEE|+=
LPSZt mEM| =0 OjX|=

G0l El

jrn §

=M Ze d=H 01I
AL

Al LPSOf

S AT

=T o
(Fig 1B). 1 Ct& 0|
I8, pHOl et

a

acridine  or
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H LTt Autophagy
2 AESIRJA (Fig 2A),
7H=l TRAP, cathepsin K,
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[
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U HE & =

Ao

mo Hu

A

utophagyOil 2|%t
S A7H83 Hixﬂ

angeg A



(autolysosome)E FMSt FACsZ2 ZHFSIRALCH (Fig 20). LPS X2| 48A17t 2
78S aM7t 2EEJAD, 3-MA NM2| Al X7FEsiAN7 d4EE & = UAUCL

KEZbZE A AK| (autophagosome)dt AHZFESHAKC] &2 = bafilomycin A1 HE|A|
FAISH IEHE HOlE ZASZ HOt LPSE autophagys S ECZN OFESMZE HYS
o

13LPSE REE = HEUXM autophagy AHHHQ 3-MA 2| &1}

Autophagy QXMAQl 3-MA KX2Z|A| PSE REE LESME H-d0| MANES /n wvitro
oA =Rt 7| WMo, A W mEMzZ gdo ANM 3-MAS =RItE
SHOISHEQCH FBH BAMOA autophagyll FaFs Qlst7| s FO|A LPSE
U E ZY/ALCE LPSE FOost Fot
= BEEX| QAKX LPSE FALSH

LS
JENA sfHZo A0 64X10f71| S7tElg & £ QURACE 20t OfL|Z} bone volume

>O_'_

(BV/TV), trabecular thickness (Th.Th), bone mineral den5|ty (BMD) €f0| CHZEF1t H| W S}Ho
ZAEAD trabecular space (Tb.Sp)E= B7tEY=H, 3-MAS E0TH B LPSO| ost
=240 QoA AMES € = UR/UCH (Fig 3A). £t =Xt ZNE Sl
OEMIZO =XtE =QSHEJUES M, 3-MAZF TIHEMZES & ZF0F= ARLE HOL
(Fig 3B) autophagy AXl= BS5E =285 H&AZE = UASS HQSHALL
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Figure 1. LPS increases the number and activity of OCs in vitro

(A) BMMs were prepared and incubated with M-CSF (M, 30 ng/ml) and RANKL (R, 40 ng/ml)
for 40 h, washed thoroughly, and incubated further for 48 h with LPS at the indicated
concentration or RANKL in the presence of M-CSF. Cells were fixed and TRAP-positive
MNCs per well were counted. Thereafter, more than 70 TRAP-positive MNCs in each culture
were randomly selected, the area, and the maximum diameter of the formed OCs were
measured. The fusion index was presented as the average number of nuclei per OCs formed
in the cultures, which indicted the number of cells that participates in fusion. The
representative photos are shown. Scale bar; 200 um. (B) Mature OCs were incubated on
whole dentine slices with M-CSF and LPS with or without 3-methyladenine (3-MA, 3 mM)
for 3 days. Slices were stained with Mayer's hematoxylin. Representative photos of
resorption pits formed by LPS-induced OCs are shown. Scale bar: 50 um. Resorption pit
areas were measured. Results are expressed as means + SEM of 3-6 cultures per variable.
**p < 0.01; ***P < 0.001 compared with vehicle (V)-treated cells. #P < 0.05; ##P < 0.01;
###P < 0.001 compared with LPS-treated cells. Similar results were obtained in three

independent experiments

19



>

g

cell viability (%)

400 40
— e 40
o 5 g
% 3004 2 30 % 30
g g g
a 200] M 520 LR #
E 5 B
~ 100] = 10 =10
: : : 3 & &
\s LPS LPS+3-MA
ol . ol .
LPS LPS+3-MA LPS LPS+3-MA LPS LPS+3MA
5 %% 5 800
] A
3 400 8
= 5 600
o o
e 3004 ## & 100
E 2004 § i
8 1001 e
2 &
LPFS LPS+3-MA LPS LPS+3-MA
\ LPS
20.5% = 303%
<
; b '
3 : (-5
a, -
g o
& &
- o]
et T ”
FITC-A FITC-A 1
il
340
LPS+3-MA LPS+BafA1 & ®
o
28.5% = 24.6% §
< 20
< § < o
3% b 67 £
%
3 e 3 il ‘
q a.
% 2% ®
: [ g & T T T T
@) @ L™ LPS - + + +
: y 3MA - 5 + -
g e - : * N
FITC-A FITC-A

20



Figure 2. LPS induces autophagy, increasing OC formation

BMMs were prepared and incubated with M-CSF (M, 30 ng/ml) and RANKL (R, 40 ng/ml)
for 40 h, washed thoroughly, and incubated further with LPS (50 ng/ml) and M-CSF under
the indicated conditions. (A) Cell viability was measured by MTT assay. Pre OCs treated
with LPS were incubated with or without 3-MA (3 mM). After 48 h, cells were washed and
incubated with MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide) for 3 h
and lysed in 50% dimethylformamide. Absorbance was determined at 595 nm with a
microplate reader. (B) RNA from cells stimulated with LPS with or without 3-MA (3 mM)
for 24 h was analyzed by gPCR. (C) LPS-induced AVO formation was analyzed by flow
cytometry. FL-1H indicated green color intensity (cytoplasm and nucleus), while FL3-H
showed red color intensity (AVO). As a positive control, LPS was added with bafilomycin
Al. ***P < 0.001 compared with vehicle (V)-treated cells. ##P < 0.01; ###P < 0.001
compared with LPS-treated cells. Similar results were obtained in three independent

experiments.
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Figure 3. Effect of autophagy inhibitor 3-MA on LPS-induced bone loss

(A) Mice were sacrificed 3 weeks after the first LPS injection. Representative uCT images of
distal mouse femora 1.0 mm from the growth plate of mice treated with PBS (n = 5), LPS
(5 mg/kg/week) (n =6) and LPS +3-MA (5 mg/kg/d) (n = 3). (B) To examine TRAP-positive
OCs /n vivo, mouse femora were excised, cleaned with a soft tissue, and decalcified in EDTA.
Representative histological sections of the distal femoral metaphysis of mice from each of
the 3 groups were stained for TRAP to identify OCs (indicated by arrows) in order to
calculate OC.N/BS (OC number divided by total bone surface) Scale bar: 50 um in the
representative photos. Inset showed higher magnification of the image. *p<0.05;
*p< 001, **p<0.001 compared with PBS-treated mice. #p<0.05 ##p<0.01;
###p < 0.001 compared with LPS-treated mice.
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2. AutophagyE X3liSt= 4-PBA7L LPSE SEE & 240 OX|=

of
oo

21LPSE2 ST &l ZAM0A 4-PBA L &1}

LPSE REE FFY S2H0M 4-PBAS BIHE 2*8'6+7| Sl FOlA Lps et Erd
=9 4-PBA & 3 T FAlR 2, Mot LPS £ =
Hotol= Bt Ct. Ol% HHElZ= $%6H x-ray 2YS THSIAD 4-

PBA £ 120mg/kg, 500mg/kg 2 FAtst ZELH 240mg/kg 22 FALsH ZO|A LPS 2
=2

2w 0

_

FEE = AM0| JHE BO| 3EEE AZ =QISIALCE (Fig 4A). £ uCT & AFESHY
sfHEC S2LUEE FFo Zaf LPS o RO ol vXt SA4A0| FEE[ASH 4-
PBA &

rn =
= T

Fo0ist 2o A= LPSO| 2ot & AH0| 3| 5E[= A2 E LIEFSLCE Bone volume
a2

LPS Off olslf 2ol UA =OFX|L, 4-PBA

(OC.N/BS)2| 75'% LPS

Mol & = = Xt
Eo0| ofsi B7ISHX|TH 4-PBAE SOt HdAs AT = QIRULH (Fig4C). 2UHCE 4-
=
_I?I_

el
=
A
o Ir
0
_|
>

-1 (C-telopeptide
of type | collagen)?| =& €& WO|A =I5, LPS FOA| S7HEl +=X|7F 4-PBAO]|
ol =Z0E= A2 SHRULCE SHXIZE in vivo & dd 0OrHQ  ALP(alkaline
phosphatase)2t osteocalcin 2 LPS 2F 4-PBA FO{A| H37} Ql= 22 HO} 4-PBA =
OEM =T FekE DXt A2 & 5= URUCE ETH 4-PBA = LPS Off 28 S7tkl=
%*4 MCP-1 2| &l E0 F2ZMN LPS Of oot FHAUET H8E FO0&EL= A2

OI5H AT (Fig 4D).

_|_

JIO+

24



2.2 4-PBAOf| o|ot mEMZ 23} K|

In vitro 20| X 4-PBA 7} LPS 2 [ E = ItZ
Helste mrEMPMEESE OtE CF2, LPS £ H0{F0 H=3t OtFAMEZ9|

RANKL &
235 QTSIRULCE LPS XN2| 48 A|Zt
OIS LPS Off Qslf mWEMZ =7

XMelet 42 LpS AME|Znt H[uWsHY
I}

ror ot

ﬂJH

DC-STAMP, ATP6v0d?2, calcitonin receptor

S0EE A= € &= UANACL SHX[T

=
(Fig 5A). 4-PBA = ItEM|ZO| HZEZHO
ojg{st AWE HIYCZE mEM=E g

=
Mzo| B xof XF, segils0Ms Relblst A8 20l A2 LIERRLE

TRAP

T

It NFATc1 |78A g2 XI0|E EO[X|

HALH cathepsin K2 B2 = OHEZEX| AutE AKX (Fig 5C), ZHIEl= cathepsin

K o 2 9l 3 It 4-PBA K2lA| FX

solsig ooz,

OEMZE 2210

3
ZLXOl MSHME 7|2 = L2 NF-kB1 IF NF-kB2 SH™X}7F double knockout =

—

O
inl

=22 AFESIRULE (Fig 6A).

ShRIL|X] Rt

A Hou GQ et al,

NF-«kB &0 &t0iS5t=XE 2l 27| 5 EMSAE A|HSHRACE RANKLE FKXE|E ¢
2[5t mIEMEZE 235 FEot 2

b (lane 2). 4-PBA ME[A| 5= 2IEHLZE (0.5mM, TmM)

NF-kB 7t DNA Of Zgtato] ZOERUACt (lane 3 1t 4). NF-Y = ZEEEE FH=

4-PBA 7} NF-kB &4 XNolist= AKX

0|3t A2 AX|Sl= JSH23 1t IkBa

A2 mtEMZS| 290l ZaE0 Z34F0

2013]. m2tA 4-PBA 7t LPS £ REE|=

_—

NF-kB 7t DNA Of

s

st O QlsfuT| S8 pes It Hoz
a

OlAtSHE OH= BAY 11-7082 2 M ZO| M2|8}SLCE,

| I
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T 9AMH 2&F mEMzel HAE, A0XHE, sg€AFE M5 FOFs A=
SOIZ| A=, 4-PBA b AMHME Z0| N2t d% O oMo ZAE HOIX| gs
AL =2 HO} (Fig 6B), 4-PBA 7 =M 20 O|X|= FO0| NF-kB AN = 2ot A4S

no
+
£Q
i

2.4 4-PBA 0| 2|Bt autophagy A

gSUZ22 Qot Z28F J/E & &40 REEe FOERE HEFQ @—?—
autophagy 7t Z3tE|0f ACtT L2{X QUCt [Lin et al, 2013]. TFHEMZO|A NF-kB A=

autophagy &40 ZtOistCtn E0E|0f QS22 [McManus and Roux, 2012] 4-PBA 7r
NF-kB 2d& X2 2MN autophagy Of EEES OXICH=s 7HEE MTCH M2tM 4-

PBA Ol 2|8 autophagy 7t EOE=X| YOotE7| o R7t=ZAAH| (autophagosome)O|
ddrle S8 QI ERCt HiYot MEZ=RE HHHAZS F5510 LC3 (microtubule-
associated protein light chain 3) &H|E AtE, western blot & Aldst ZA3t LPS
Xe|=olM LC3Il (lapidated form of LC3)Q| &H0| F7tk|= A2 E HO} XH7tEAl 7|H
(autophagic flux)0| 2-d3tE 2 2ol = URULE Bafilomycin AT XE2|A| LC31I 2] HXO|
& A E[=4], 4-PBA = LC3II 2 SHE AKX AZE & = UYLt p62/STSQM1T 2
autophagy 7t ZI¥EO M2t 2oliel= EMEEMN Xpotz4l 7|®o| £ COHE OFHE
AFZEICH [McManus and Roux, 2012]. LPS X 2| A| autophagy 10| ZTIE0f et
p62 7t Eollkl= A2 LtEtG=0|, 4-PBA X 2| Al BtCHe| ANE H ALt (Fig 7A). St
XotEsiamzt ddEle =5 HQlsi27| 5 pH of st AFH=Ql acridine
orange & AMESI0] FACs 2 2MSIRALCE Fig 7B O Al =hQlgh 5= QUZ0| LPS M 2| 48 AlZt
Ol Xt7tE8di4HM 9 HIE0| 61.6% 2 LIEtR=M], 4-PBA MEZ|A| 53.1%2 E0 =
AOZ2 LEGD xZez2Es bafilomycin Al = A8 ApUtEsHam el Wdgo]

ZE0E= AS HOISIRCt [MatM 4-PBA £ LPS 2 RLEE autophagy & HXISHCH=
A2 € = UACLE OS2 OHEM =0 EH?J 4-PBA o =17} autophagy of 2&
[qEX HBHNE7| sl ATG7 STXIE silencing AlFAEJXLCE ATG7 silencing O] 2|3
OtEMEZel M geX|=7t ?:L’tElfﬁl 4-PBA N2| Al © Of¢el H4 ZuE

HOIX| = A2 & = UYL} (Fig 70). NF-kB 7} autophagy O @2 O|X|=
AKX E =2l5t7| 8 NF-kB &2 KtEHS = autophagy O CHEH Eaks

BAY 11-7082 % JSH23 2 AFR28I0 NF-kB AT E AX SIS [ LPS 2 SEE|= LC3I
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2o10| ZAE|=0H 4-PBA 2F NF-kB XA SAl M2| Al ZA207F QI0X|= ARE
LEEFSECE (Fig 7D).
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Figure 4. 4-PBA protects mice from LPS-induced bone loss

(A) Representative images of the distal femurs from X-ray radiograms of mice. (B)
Representative uCT images of distal mouse femora 1.0 mm from the growth plate of mice
treated with PBS (n =5), LPS (5 mg/kg/week) (n = 6), LPS + 4-PBA (240 mg/kg/d) (n =6), or
4-PBA only (240 mg/kg/d) (n = 6). Mice were treated for 3 weeks beginning at the age of
10 weeks. (C) To examine TRAP-positive OCs /n vivo, mouse femora were excised, cleaned
with a soft tissue, and decalcified in EDTA. Representative histological sections of the distal
femoral metaphysis of mice from each of the 4 groups were stained for TRAP to identify
OCs (indicated by arrows) in order to calculate OC.N/BS (OC number divided by total bone
surface) and OC.S/BS (OC surface area divided by total bone surface area). Scale bar: 50 ym
in the representative photos. Inset showed higher magnification of the image. (D)
Biochemical markers of LPS with or without 4-PBA-treated mice. *p < 0.05; **p<0.01;
***p<0.001 compared with PBS-treated mice. #p<0.05 ##p<0.01;, ###p<0.001
compared with LPS-treated mice. Statistical differences were calculated using two-way

ANOVA followed by Bonferroni's post-testes.
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Figure 5. 4-PBA inhibits LPS-induced OC differentiation

BMMs (10 cells/well) were prepared and incubated with RANKL (40 ng/ml) in the presence
of M-CSF (30 ng/ml) for 40 h, washed, and then incubated further for 24 h (C) or 48 h (A,
B, D) with LPS (50 ng/ml) + 4-PBA (0.5 mM, 1 mM) at the indicated concentration in the
presence of M-CSF (30 ng/ml). LPS and 4-PBA were dissolved in PBS as a vehicle. (A) Cells
were fixed after 48 h, and more than 70 TRAP-positive MNCs in each culture were randomly
selected. The area which is surrounded by bold line and maximum diameter which is
indicated by double arrow of the formed OCs were measured. The fusion index is presented
as the average number of nuclei per TRAP-positive MNC formed in the culture. The
Representative photos are shown. Scale bar: 200 um in the representative OC photos. (B)
Cell viability was measured by MTT assay. ns, no significant difference compared with V-
treated cells. Similar results were obtained in 3 independent experiments. (C) RNA from
cells stimulated with LPS in the presence or absence of 4-PBA (1 mM) was analyzed by
gPCR. The expression level before RANKL pre-treatment was set to 1. (D) Secreted
cathepsin K activity was determined in conditioned medium from cells treated under the
indicated conditions. (E) Mature OCs were incubated further on whole dentine slices with
M-CSF and LPS in the presence or absence of 4-PBA (1 mM) for 4 d. After TRAP staining,
the cells were removed, and the slices were stained with toluidine blue. Representative
photos of TRAP-positive OCs and resorption pits are shown. Scale bar: 50 um in the
representative photos. Total pit area/number of TRAP-positive OCs was calculated. *p < 0.05;
**p<0.01; ***p < 0.001 compared with vehicle (V)-treated pre-OCs. #p < 0.05; ##p < 0.01;
###p < 0.001 compared with LPS-treated cells. Similar results were obtained from three

independent experiments.
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Figure 6. 4-PBA impairs LPS-induced NF-kB signaling required for osteoclastogenesis

(A) BMMs (8 x 10°cells) were prepared and incubated with RANKL (40 ng/ml) in the
presence of M-CSF (30 ng/ml) for 40 h, washed, and then stimulated with vehicle (V) (lane
1) or LPS (100 ng/ml) (lane 2) with 4-PBA (0.5 mM: lane 3, T mM: lane 4) in the presence of
M-CSF (30 ng/ml) for 1h. A 100-fold excess of unlabeled probe (lane 5) was used as a
negative control. NF-Y DNA binding activity was measured as an internal control. (B) BMMs
pretreated with RANKL (40 ng/ml) and M-CSF (30 ng/ml) for 40 h were treated with BAY
11-7082 (3 pM) or JSH-23 (10 uM) and then stimulated with LPS (50 ng/ml) and M-CSF
(30 ng/ml) in the presence or absence of 4-PBA (1 mM) for 48 h. Cells were fixed after 48 h,
and more than 70 TRAP-positive MNCs in each culture were randomly selected. The area,
maximum diameter of the formed OCs and fusion index were measured as described in
Fig 5A. **p<0.001 compared with RANKL-pretreated cells treated with vehicle (V).
##p <0.01; ###p < 0.001 compared with LPS-treated cells. Similar results were obtained in

three independent experiments.
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Figure 7. 4-PBA attenuates LPS-induced autophagy in OCs

BMMs were prepared and incubated with RANKL (40 ng/ml) in the presence of M-CSF
(30 ng/ml) for 40 h, washed, and then incubated further for the indicated period with or
without 4-PBA (1 mM) in the presence of LPS (50 ng/ml) and M-CSF (30 ng/ml). (A) The
levels of LC31l and p62 were analyzed after 24 and 48 h of LPS stimulation, with or without
4-PBA. Bafilomycin A1 (30nM) was added 4h before harvesting to stimulate the
accumulation of LC3Il. The quantified levels of LC3ll and p62 are shown normalized to B-
actin. (B) LPS-induced AVO formation after 48 h was analyzed by flow cytometry. Positive
control cells were incubated without FBS for 20 h. Values represent the percentage of AVO-
containing cells of the representative experiments shown. (C) BMMs were incubated with
RANKL (40 ng/ml) in the presence of M-CSF (30 ng/ml) for 40 h, washed, transfected with
50nM of scRNA or siATG7, and incubated further for the indicated periods with LPS
(50 ng/ml) and M-CSF (30 ng/ml). siRNA-mediated silencing of ATG7 was confirmed by RT-
PCR and gPCR. Cells were fixed after 48 h, and more than 70 TRAP-positive MNCs in each
culture were randomly selected. The area and fusion activity of the formed OCs were
measured. Representative photos are shown. Scale bar: 200 um in the representative OC
photos. (D) The formation of LC3Il was analyzed at 48 h after stimulation with LPS, with or
without 4-PBA, in the presence of BAY 11-7032 (3 uM) and JSH-23 (10 uM). **p < 0.01;
***p<0.001 compared with RANKL-pretreated cells treated with vehicle. #p < 0.05;
##p < 0.01; ###p < 0.001 compared with LPS-treated cells. *p < 0.05; ***p<0.001 between

the two indicated groups. Similar results were obtained in three independent experiments.
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Figure 8. Lycorine protects against LPS-induced bone loss in mice

(A) Representative images and relative intensities of the distal femurs from X-ray
radiograms of mice treated with PBS (n = 5), LPS (5 mg/kg/week) (n = 5), or LPS+lycorine
(2.5 mg/kg/d, n = 5; 4 mg/kg/d, n = 5; 6 mg/kg/d, n = 6) were measured using the Image)J
program. *p < 0.05, *xp < 0.01, and *#<kp < 0.001 compared with PBS-treated mice. #p
< 0.05 and ###p < 0.001 compared with LPS-treated mice. Similar results were obtained
in three independent experiments. (B) Representative uCT images of distal femora 1.0 mm
from the growth plate of mice treated with PBS (n = 5), LPS (5 mg/kg/week) (n = 5),
LPS+lycorine (6 mg/kg/d) (n = 6), or lycorine only (6 mg/kg/d) (n = 5). Mice were treated
for 3 weeks beginning at the age of 10 weeks. (C) To examine TRAP-positive OCs in vivo,
mouse femora were excised, cleaned with a soft tissue, and decalcified in EDTA.
Representative histological sections of the distal femoral metaphysis of mice from each of
the 4 groups were stained for TRAP to identify OCs (indicated by arrows head) to calculate
OC.N/BS (OC number divided by total bone surface) and OC.S/BS (OC surface area divided
by total bone surface area). Scale bar: 20 um in the representative photos. *p < 0.05 and
*xxp < 0.01 compared with PBS-treated mice. #p < 0.05 and ###p < 0.001 compared with
LPS-treated mice. Differences between groups were analyzed by two-way ANOVA, followed
by Bonferroni posttests to compare the effect of lycorine (OC.S/BS and OC.N/BS; p < 0.01)
and the effect of LPS (OC.N/BS; p < 0.01) and interaction (OC.S/BS; p < 0.05). Similar results

were obtained in three independent experiments.
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Vehicle (PBS)

LPS

PBS Lycorine PBS Lycorine
BMD[mQ/Cm’] | 513047.006 | 208.3+3173 | 147.2¢8.770% | 182.7+5.250"
BVITV [%] 16.85:0.754 | 17.88:0.264 | 12.07:0.578% | 15.28+0.447"
Tb.Th [pm] 74.38+1.392 | 76.01+1.516 | 57.46+2.518% | 68.71+1.503"
Th.Sp [um] 349.7+10.67 | 355.6+7.538 | 474.6£30.33% | 408.048.441°
CTX [ng/ml] 26.16+0.974 | 24.29+3.068 | 51.37+2.848% | 24.20+1.839"
ALP[UL] 47.2141.239 | 41.07+0.478 | 43.29+5.014 | 33.46+2.062
OCN [ng/ml] 23.54+1.907 | 26.56+0.529 | 26.11+0.561 | 24.85+1.142
MCP-1lpg/mil | 150149156 | 153.3+11.43 | 278.8423.47% | 170.1+34.22°

42



Table 2. Trabecular microarchitecture and biochemical markers of LPS with or without

lycorine-treated mice

PBS (n = 5); LPS (dissolved in PBS, 5 mg/kg) (n = 5); LPS+lycorine (dissolved in PBS, 6
mg/kg) (n = 6); lycorine (n = 5). Data are represented as mean + SD. Differences between
groups were analyzed by two-way ANOVA, followed by Bonferroni posttests to compare
the effect of lycorine (BMD, p < 0.05; Tb.Th, p < 0.01; BV/TV and CTX-1, p < 0.001) and
the effect of LPS (MCP-1, p < 0.05; BMD, Th.Th, Tb.Sp, and CTX-1, p < 0.001) and interaction
(BV/TV, Tb.Th, Tb.Sp, and MCP-1, p < 0.05; BMD, p < 0.01; CTX-1, p < 0.001). ¥ p < 0.01
and @ p < 0.001 compared with vehicle-injected mice. * p < 0.05, * p < 0.01, and " p <
0.001 compared with LPS-injected mice.
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Figure 9. Lycorine inhibits LPS-induced OC differentiation and OC activity in vitro

BMMs (10* cells/well) were prepared and incubated with RANKL (40 ng/ml) in the presence
of M-CSF (30 ng/ml) for 40 h, washed, and then incubated further for 48 h (A, B, D) or 24
h (C) with LPS (50 ng/ml)tlycorine (1.6 uM, 3.2 uM) at the indicated concentration in the
presence of M-CSF (30 ng/ml). LPS and lycorine were dissolved in PBS as a vehicle. Cells
were fixed, and more than 70 TRAP-positive MNCs in each culture were randomly selected.
The area, surrounded by a dotted line, and the maximum diameter, indicated by a double
arrow of the formed OCs, were measured. The fusion index was presented as the average
number of nuclei per TRAP-positive MNC formed in the culture. Representative photos are
shown. Scale bar: 200 um in the representative OC photos (A). Cell viability was measured
by MTT assay. No significant difference was found compared with PBS-treated cells (B).
RNA from cells stimulated with LPS in the presence or absence of lycorine (1.6 uM) was
analyzed by gPCR. The expression level before RANKL pretreatment was set to 1 (C). Mature
OCs were incubated further on whole dentine slices with M-CSF and LPS in the presence
or absence of lycorine (1.6 uM) for 4 d. After TRAP staining, the cells were removed, and
the slices were stained with toluidine blue. Representative photos of TRAP-positive OCs
and resorption pits are shown. Scale bar: 50 ym in the representative photos. Total pit
area/number of TRAP-positive OCs was calculated (D). *p < 0.05, *kp < 0.01, and *x*p <
0.001 compared with PBS-treated pre-OCs. #p < 0.05, ##p < 0.01, and ###p < 0.001
compared with LPS-treated cells. Similar results were obtained from three independent

experiments.
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Figure 10. Lycorine decreases LPS-induced autophagy in OCs

BMMs were prepared and incubated with RANKL (40 ng/ml) in the presence of M-CSF (30
ng/ml) for 40 h, washed, and then incubated further for the indicated period with or
without lycorine (1.6 pM) in the presence of LPS (50 ng/ml) and M-CSF (30 ng/ml). The
levels of LC3Il and p62 were analyzed after 48 h of LPS stimulation with or without lycorine.
Bafilomycin A1 (25 nM) was added 4 h before harvesting to stimulate the accumulation of
LC3Il. Quantification of LC3Il and p62 normalized to B-actin was plotted. *p < 0.05 and
*%p < 0.01 compared with RANKL-pretreated cells treated with PBS (V). # p < 0.05 and
###p < 0.001 compared with LPS-treated cells. Similar results were obtained in three

independent experiments.
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Figure 11. Lycorine reduces TFEB nuclear translocation by attenuating oxidation of

TRPML1 via decreased mitochondrial ROS upon LPS stimulation in OC

BMMs were prepared, incubated with RANKL (40 ng/ml) in the presence of M-CSF (30
ng/ml) for 40 h, washed, and then incubated further with the indicated conditions (DPI, 5
nM; Mito-TEMPO, 100 nM; lycorine, 1.6 uM) in the presence of LPS (50 ng/ml) and M-CSF
(30 ng/ml). Mitochondrial ROS and cytosolic ROS were determined by flow cytometry using
MitoSOX Red after 16 h and using H,DCF-DA after 24 h, respectively (A, B). After 48 h, cell
lysates were prepared (C) or fixed (D). Cell lysates were subjected to Western blot to
determine p62 and LC3Il with the addition of bafilomycin A1 (25 nM) for 4 h. The quantified
levels of p62 and LC3Il are shown normalized to B-actin (C). Cell lysates were labeled with
N-(biotinoyl)-N'-(iodoacetyl) ethylenediamine, and TRPML1 was immunoprecipitated (IP)
from each sample. HRP-streptavidin immunoblotting was performed to evaluate the
reduced form of TRPML1 (E). Cells were transfected with 50 nM of scRNA or siTRPML1 and
incubated further for 48 h with LPS and M-CSF. siRNA-mediated silencing of TRPML1 was
confirmed by RT-PCR and gPCR (F). After fixation, more than 70 TRAP-positive MNCs in
each culture were randomly selected to determine the area and fusion activity of the
formed OCs (D, F). Whole cell extracts, cytoplasmic fractions, and nuclear fractions were
harvested from cultured cells and subjected to Western blot analysis with anti-TFEB Ab.
Abs for B-actin and lamin B1 were used for the normalization of cytoplasmic and nuclear
extracts, respectively. Quantification of TFEB normalized to B-actin or lamin B1 was plotted
(G). *p < 0.05, *=kp < 0.01, and **xp < 0.001 compared with RANKL-pretreated cells
treated with PBS. #p < 0.05, ##p < 0.01, and ###p < 0.001 compared with LPS-treated
cells. tp < 0.05 and tttp < 0.001 compared with scRNA-treated cells. Similar results were

obtained in three independent experiments.
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Abstract

Bones are one of the most important tissues that support our bodies, protect internal
organs, and produce stem cells. To maintain homeostasis, bones undergo bone resorption
by osteoclasts (OCs) and bone formation by osteoblasts (OBs) sequentially during lifetime,
called ‘bone remodeling’. When the balance between bone resorption and bone formation
breaks down, bone resorption rates are increased upon inflamed condition or
postmenopausal women leading to osteoporosis. Bone resorbing cells, OCs were
differentiated from hematopoietic stem cells. OCs are multi-nucleated giant cells by fusion
of mono-nuclear phagocytes. OB /stromal cell-derived macrophage-colony stimulating
factor (M-CSF) and receptor activator of nuclear factor-«B ligand (RANKL) are two
necessary cytokines for surviving and activation of osteoclast. Mature OCs attach to bone
by integrin avB3, then form actin ring to isolated resorption part. Then bone resorption is
initiated by proton and lysosomal enzymes through ruffled border.

Autophagy is self-eating processes removing unnecessary or dysfunctional components
under the physiological condition as well as the pathological condition. It has been
reported that excess autophagy reduces bone mass.

The present studies focused on the role of autophagy in inflammation induced bone
loss. We have looked the effects of autophagy inhibitors, 4-PBA and lycorine in LPS-induced
bone loss. These findings may give basic information for new therapeutic and diagnostic

ways of osteoporosis.

Keywords. osteoclast, autophagy, LPS, inflammatory bone loss, 4-PBA, lycorine
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