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BK channels in human periodontal ligament fibroblasts
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ABSTRACT
The periodontal ligament ( PDL ) is the fibrous connective tissue which connects the cementum to the alveolar
bone and consists predominantly of PDL fibroblasts as the main cellular component. PDL fibroblasts respond to
mechanical stress via a specific signaling system with surrounding cells which in turn, results in the regulation of
bone-matrix resorption and formation. Mechanical compression force is known to induce a reduction in the number
of PDL fibroblasts. However, the precise mechanisms by which applied forces produce reactive changes in PDL
fibroblasts remain poorly understood. Previous studies have reported that certain stretch-activated ion channels
are able to convert extracellular mechanical stress into intracellular signals. In the present study, we evaluated
stretch-activated ion channels in cultured human PDL fibroblasts. Patch clamp experiments revealed that cultured
human PDL fibroblasts exhibit a stretch-activated potassium current with a single channel conductance of 275.4 pS.
This potassium current is activated by membrane stretch and by an increase in the concentration of intracellular
calcium. Our electrophysiological experiments indicated that the channel responsible for this current is likely to be
a large conductance, calcium- and voltage-activated potassium channel ( BK channel ). Reverse transcription-
polymerase chain reaction (RT-PCR) revealed the existence of BK channel mRNA in cultured human PDL
fibroblasts. In summary, our results reveal that cultured human PDL fibroblasts exhibit functional BK channels.
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TV OMMEMERE SRR T, BB A NE L EEE % 5. Flo, BIEFOES BRHIE 5 1352l
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T556, TEFNaY LREDY I N OREE IR
T 2556, MREOMBIUKTT 55670 ED RS
TWo., RRZ, AT % 2 VOIEHSHIRE O R
\ZHefF79 5 stretch-activated BUIHAZ TN - 72 ) %
RN RGER AR T DREZ B L TNDHEE XL
U TE Y, Large conductance, calcium- and voltage-
activated potassium channel (BK ¥ %/1) < TRP
(Transient receptor potential) 7 7 X U —, Acid-sensing
ion channels, Piezo proteins &35 ST 5410,
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2-1 fRALEE

HAE VL Clonetics® Human Periodontal Ligament
Fibroblast Cell Systems (Cambrex) Ot kiR
MR 2. MR ORFREIZEEARE I TH 5 Clonetics®
SCBM™ Stromal Cell Basal Medium I(ZHSINAF&
kN T& % Clonetics® SCGM™ SingleQuots® % ¥
L 72 B588 TV, 37°C, 5% CO, DERMF THINE &2 8E
BT, MRIIF Ry athB A — 7 VER# (SIGMA)
lc_X=v1 v (Life technologies), A hL 7 K< A
v v (Life technologies), ZEVULERZ% L 7z Cellect® Fetal
Bovine Serum (MP Biomedicals) % ff&IRENZI0
Z330 pg/ml, 30unit/ml, 10% (2722 L 5@l
TEEBIR TIT o 72, FEBRITIE, M3 RO HIIL %
iz, FEBRZAT O ERTOMRIT, HERILOEIC/NE <
FolehN—T 7 AP X5ED, 0 RICHIlL 27
L7z

22 FyRIIERBEE

K it D¥.—F v 1 VEDRIL patch-clamp A IR
Axopatch 200B amplifier (Axon Instruments Inc) %
AWTCitdk L7z, BT —# 13 10kHz TH > 7Y 7
2TV, IRWT2kHz Tr—/S27 4 L4 Y o 7 i
ZfT-7z. Na rich I O#AIE 140mM NaCl, SmM
KCL, ImM MgCl, 1.8mM CaCl,, 10mM HEPES (pH
74) & L7z, K rich iD#EIEL 140mM KCl, 1mM
MgClL, 1.8mM CaCl,, 10mM HEPES (pH 7.4) &
Lic, BA—T RICAIZE Lo e DRI I 2 Ve v
ICEEL, 37°Co Na' rich VK TN L 72. K’ rich
WRCHABEZT T2 L Te 7 ARy B 2 Mifu R 12
P S EBANLRIEICT S 2 & THleRm 2% L,
i & B OEHN 16 QLLEDOF A > — V2L
T5., ¥HV—NERZRICEBANOREZERICEL,
W\ TR Z K rich #RICZEH L, cell-attached
patch—clamp {EIC TEBRZBE L 72, 7AWy F

AR N O W B | V3K AL R E 2 < CRAAIL 72,

FHIEAN Ca?t B & K" &Eift & OFHBIBIFRIL, inside-
out patch-clamp {EIC TRIE L7z, kil & [FEEIC S
VIV EFR L T2tk, WEIRIR Z1ERE Ca?t IBENRE v
Toh D K rich-Ca* free IRICEHT 5. BMRA ML
PHBEEN D HRNCEE) XK 5 & inside-out TR & 72 5.
D%, WEEE Ca? JEED 1 X 10°M THh 5 K' rich-
pCa8ik, BX U1 X 10*M TH % K" rich-pCad ik &
TER L EHRZHE L 72, K' rich-Ca?* free K DFLEIL
140mM KCl, 1mM MgCL, SmM EGTA, 10mM HEPES
(pH 74). K' rich-pCa8 & DAL 140mM KCl, 1mM
MgClL, 0.156mM CaCl,, 1mM EGTA, 10mM HEPES
(pH 74). K' rich-pCad & DRI 140mM KCl, 1mM
MgClL, 1.06mM CaCl,, 1mM EGTA, 10mM HEPES
(pH 7.4).

BT — % OFENTIE pCLAMPY (Axon Instruments
Inc) I TIT o7z, T — X IX I E HFEHEEZE TR L .
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Chain Reaction) %
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A ~— (forward primer: 5’-ATG TTT GCC AGC
TAC GTC CCT-3’; reverse primer: 5-TCG CCA
AAG ATG CAG ACC A-3) Z@EHL7z. h—%
RNA X TRIzol® reagent (Invitrogen) IZTE ki
FRAEHMAE L D L 72, RS (RT) V& Superscript IIT
reverse transcriptase (Invitrogen) ZHW{T-o7z.
PCR /% Platium® Pfx DNA Polymerase Z V>, three-
step cycle i (B\VEM:94°C 15%, 7=V 7 55C
309, HELIS68C T5F), 3544 7)) 1T ThafTL 7z.
PCREEMNE 1 % 7 4 v — A7 )VEKIKE &2 T 214,
TFVTLT v A FTREZTWT UH VT A FIT
TFo#k L 7z,
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B 1. 8535 v b RESHIE TR SN D v v 7 VT X ROVETROMIaE AR X 521k, cell-attached patch-clamp {EIC &> THIZE 2T o7z,
patch-clamp B 2 KA ERER M X W B IR o e L, BMNEZREIC L ORETER 2AE L 2. BEAMIT +40mV. A W5IE

M a) 0ecmH0, b) 30emH,0, ¢) 50ecmH,0 2R8I D> v 7 VF v 2 VERONER. B : B O#EZR (NPo)
WZTHEH, 0emH,0 TORNOME%Z 1 &L, 30cmH0 38X O 50cmH.0 DB MR 2 FHxt

H 8 1345 B2 T 0 BARRRR / (BRIRFR -+ PAIRERT)

— &M (emH,0) 5L, B

L LTHEH (relative NPo). %% OIFHAHIR— v FOfEEET (n=9).

BRN LS BRIN., T TEMETIIZORE 2
AUETE R RO LEIRICOVWTRETLZ & &
L7z, 1 i&Z oEF oMM RICH 2 Kk Z
RLTCHERTH S, MELZHET 58 (0 emH,0) @
BIOfERL 1 L35 L, fAxBE D% (relative NPo)
1% 30emH,0 T F54.1 £ 30.7 (n=9), 50cmH,0 T

124742 £ 2194 (n=9) L KRELRDEMEERL 2.
1T LR BIBNICIEET B A A4V F ¢ FMTHEHTH Y,
FORERZ NNy FTORNERDOIEILDENRKEL RS,

FD%, FOMEROERICEAL TIX, F— vy FIcH¥E
T HRIEETOR OEREFEATIIVRS 7 7 2
rTZ el (K1-B). Zo7770»56%, BE
DR E L IRDITHENBH HFER PR E < IR DFHEDVR S
niz.

3-2 ’/‘Jﬁ)lx?""(’*}b%:ﬁo)ﬁ%ﬁ%ﬁﬂo)iﬁﬂi
WIZ, ¥ INTF ¥ R VETROBEEMKFEICE L T
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KRELL TN E, a7 22320241 10.6
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TOaVE 5 o AOYEEE AW TR ERZ H
L 7R, ZOE M@V/7W?¥$W:/575/X
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B2 v INF v xVEFROBEEMEFE. cell-attached patch-
clampiEIC X o THIE L7z, A JEEA D) +40mV, b) +60mV,
¢) H80mVIZRIT 5 v v 7 VT ¥ RVERORERF. B: Eii—
EIEH . +40mV (n=4), +60mV (n=4), +80mV (n=3) T
OYHERE, HRISEE COEEEREZ VRN RE
ko> TROEEFERTH Y, NTERE pA) =0.2754%
JEFEAL (mV) —0.4739. YV TV F v Rar sy v Alk
275.4pS. C: BAOfEZ (NPo) —EIE (mV) Rk, B D fERIX
A FBAL T OB (BARFRE+PARERD) 1 THEM. +40mVTO
BHOMERZLE L, +60mVis X O+80mV oD BH M HER Z AR GHE &
U CHiH! (relative NPo). 4% OFFARILIF—/ S F DR &
KT (n=4).
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L7z (M2-C). 20753716 %, BEEMPKEL
T2 BITHEVBE DR DK E < BB EHEI RS L.

3:3 HBEACaY EELSVITILF v RILERDEE
stretch-activated B 4 4 > F ¥ RV TRE R v
TNFXxxnNarsZ 77 25008 L TiE
BKF¥ V23 5. BKF ¥ x/OFR L LTIt EiT
DISMTHIREN Ca®* IBE D EF B OMEOE AL b 72
LIz ENFEINTWDE Y, Zokdkic, MEN
Ca" BE LV VI NVTF v XVEROEEZ R L 72
(X 3). MfaN Ca® BEZTEOREICHE L ERL
HIES 57T, inside-out patch-clamp 7% % EER
L7z, MIFEN Ca? JBEED pCa8 (1 X 10°M) &KW
A (K3-A-a), 88X UpCad (1 X 10*M) &EW
56 (M 3-A-b) TOBNfEREZEZ LT, pCa8 TH
BOmERZ1 95 &, pCad TOMXHIEE O#ER (relative
N%)ﬁ2%0+1&7(w® EREL D A
wL7e (K3). RIRO@EY, KEMNITHEET DA
ﬁy%?*wu@ﬁfkw,%@ﬁﬁ%ﬂ/%fwﬁ
AfEROIXLHOENRKRELRD. 208, BAOMHERD
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a
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800+
400+
0 Y

pCa 8 pCa 4

B 3. Mg Ca> BE L v > ZVF v XVEROBM. inside-out
patch-clamp £ & o THIER %217 o 7z, BEEAIE +40mV. A : ff
g PN Ca®* 2 B 2 a) pCa8 (K'rich-pCa8 ik % i ), b) pCad
(K*rich-pCad iR &6 ) 1CH81T 5 v v 7V F ¥ R VBT O
5. B: BRO#ESR (NPo) —HIRIN Ca>* B (pCa) HiE. BIA
eI B E T OBAREH / (BRARERT + BARER) (2 TR, pCa8 TORFN

ef% 1 &L, pCad DORMHERZANRHE L L THI (relative NPo).

£ 2 DI HIRILFE Sy FORERERT (n=d).

1.25 —
1.0—

4. RT-PCRAIC X 55538 b M RIRIEHINE To BK F ¥ /L D3
Offei®. Hpd: &b b HfREHIE - D L 72 mRNA 435
HL, ZD#%IZPCR #f7->72L—>. NRT (Non RT control) :
Begg v N ARESIAE D SHIH L 72 mRNA 2543120 F
FEPCR %#1To7 L —>. NTC (Non Template Control): mRNA
IHERAET, WiHEE EPCREfT>72L— . PCRAD T T4 ~—
1L PCR FEWH 1.25kbp 12722 X O ICEKFH LIz EH L 7.

FERICBEL T, [F— "y FicHkT 2 EEM TOR
AR ER AR 7 7 2HvWRTZEELE
(X 3-B). 2077705, MEA Ca* BENE <
ROICHENB O fERDP K E R DRI RSz,

34 BK Fy¥RILDBIEFHRIEDORESR

BK F ¥ R VERE b N R ISR L T\ 5 20
E 95 % RT-PCRIEICTHER T2 A (K4,
FHEBY ODRKE X (1.25kbp) DO/ RBFERT D Z
EBTETZ, Lo T E L MRREMIEICIZBKT v
FOVIRFEE L TWAH Z ML 72,

4 & ¥

cell-attached patch-clamp £ &> THIEL 72
VINTF X FVERNBEDA A U NCHKT D0 EFE
T 5T, MIENOA 4 U ARROBERIBIBEIC D,
BEOHBENA A AR ZRE L oG 2R ~Tc & 25,
RPN K 21X 120 ~ 171mM, MBS Cl RS
3~80mM & DHENRRZRINTNEEY  Znbo
W&, SEEA L 72 K rich #i8D AL % 7212 Nernst
DR, (A A A DEFE)

E.. = RTzFIn([A]lJ[A]l) R: # AEE, T: Huxt
RE, z: AF v OfMi¥, F: 7777 —EHK
FRWEEEMN R TS &, B 448 ~ +4.98mV,
o -103.8 ~-16.0mV £ 72 5. X - T, 4hlE%
ENTBHROWEEMIZ+1.72mV (K 2-B) LY K

B THD LHERIND.

K Z2@8+TF ¥ 3x1VT, LErbKRERav o8y
Z%RTHLDOELTIHEBKF ¥ R BEIND.
37CIEBITDBKF ¥ R NVDY VT VF ¥ F)ay
2R ZTK300pS EORERDH Y, SlElDER
RO 2754pS (K 2-B) Widig&sH T2, £k,

EEN PO ST 213, BOMERIHEALTEY
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(¥ 2-C), ZoFHEbIBED BK T ¥ NVOHE L
BT 29, BKF ¥ RVITHIEAN Ca?t B E EF7C
PRI X IEHEAL T2 KT ¥ 200 5 bigb KE 7R
(Big) YV I NF xRN BT E A EHEOLD
Z$8 L, Large conductance, calcium- and voltage-
activated potassium channel & % FE (341 % 1617,
X o TARIIZE CEBZE SN ERN BK F X 1 /VHET
HAIUTHIEA Ca?* B EH 3513 E B DR EE K
T ORI AR T LTSN, FEZORBIIX 31T
RLTe X 9IRS N, £, BKF ¥ VT Lo
Koo, FIEREOMRIC K> TH ¥ VOB LR
BT D45 (stretch-activated) H#ESNL TS0,
AWFFE T H EBANORRIEDP K E 72 51X EH DR
RS DL B lcENDG, AWSE TR I NCENR
i BK F ¥ xVvHsROER LHEES D (K1),
AL T patch-clamp 5 & VW 9 EBRAERZAITIED
fitiz, RT-PCR{E& W5 AL FIEIC L - TH BK
F v XNVOFELER LT (K4), ZHE THEHMS
B, BREETHMEEIC BK 7 ¥ RV BHE
LTERY, £, F v /VEFIEBLFIOHNE, K
REDFHEREL LTI LbHEINTND. LA,
FRHEFAIAE CORBUIRED.OIE TOWME BRI D
DHT, HIREOHMELEML T H 2 iR EME ToHmE
D DT, FD%, AFFRIEREMZO BK 7% %
L TOPID TOWRETH D L Bbi 10161820,
—MRENC K F v ROVOBOMERPERT D &, K
BT AR TR 7 R 25281025, ZORER,
DA A > F ¥ FVOHBE N E BRI E R KO,
BACHICHERESEC 7 AR b — 3 R Lo T o 25k
DO bLEINDL T ERTREINDG, 208, THET
fExOMRTK 5% RV EHFERE - TR —2 2D
BARIEDOIFZENR ST E T2, K F ¥ R /L OB O RN
HART 5 L MAEIER - ) v/ BR - SRR T
TR M=V R, WA - BRI ERL T
TR = 2EAP L, ERSERIEFZEIC K> T TR
R =Y Z 3R B HRD ™ 2 2 Yun 519
VLE RS ORRFESE AL BK v * VBl D A2 & 555
ZET, TARN—VADBEML T &L ORELIToTWD,
WRHE EZAERICBWTIE, BENEZERASES L
F b 7 < FEEMEREAIZ O 7R b — 2 AR S U
%67 ARFZE THARBEAIIEIC X BK F ¥ RV HMELE
LTWAZEPHLNICR-TELY, BIESICLY
BRI ORI DA 23 7o b S, BK ¥ 1L
OB OMERBIERL TR b —Y ARFEI N TN DL EN
MBI NIz, 72721, BK I v X VOB AR OZL
MEDESREI VKAV Y —FENLTTH
F—=Y 22 b 6T OB L TE, WETEN, @
AT F v RVEA AV ZET T L IREREE R DTENR,
Z OB E U TERK O LA Ca* F v RV H LT

W5, flefEOEEE X > TLAI Ca? F v R VITEET 5.
ZOFER, LA Ca® F % R VITYHBICHEE L T2
i/ Mak o Ca* -+ /L (ryanodine receptor: RyR)
LEET D, ZOERIXRyR O AV 7 L@
FICEMTHDLDT, FRH/INAENLSDI N T A
BB b Teb S5, DF D, B TIILECa* T v
FVTERECa? A A 25 Z LS B oFHR (i
Faf) Z TAL (/I afEEE) IEET 59 FThd e
RSN TWE2 2 RO X5 mA LY, BKF v
2D [HIREDOZER] oA v 7y & [FRfER
DEAL=F ¥ XN73FDER] 2L T [HlEED K
FEMETTE] KO [BK ¥ X VEE S TFOER] &
WOTTURNTy NCEBMTLEETHD &b RRES.
MM D K @t il 3 [BK F v R 825501
DER] 26 [7THRR—V 2] £TOED Y ORI
Uik (COWIZIE D THE Y, 4% 0 S 672 5at 3y
S5, FTe, WEHEEFAITERE OREIES O,
PRI I Nd> 5 ) & U CIIMHIERF OEA 113 B 1
DD, IMEIC X DA O KBS EREEICHE S &0
FEECRRRIREE TIIEAREDE DA 72 EDFED b5
T L XD, WHMERFOMIE S I R O MR lC B
THDEEZLNTNDE D, THIEEFORRE T OHHRIE
AR 2/EH S BK F v x V240 L TV 5 ARt
BHY, SHROMEPEGFEIND.

ARSI L AR 2 TR 3 2 F BRI TH Y, Al
U2 T A b= 272 LT X 5 2 EH H OB LH R
HIROWERICE B2 T T, FH L RIFRC, R
DO IR < R E DN S, HRARIESHERE LAS L o AR
OMFUCFEELE RIZL TWD Z EBHIAL TV, #E
TG IEFANER 2 B8 L 72 0F98 T, e A g AR s A
PORIEMEY A R A > Th Hinterleukin-1 8 (I1L-1
B) <°tumor necrosis factor- a (TNF- a) 72 & 73,
25 AR 2> 5 13 interleukin-10 (IL-10) 23
B S RFTORIERKGZ B S ZFTIRE L 725 2 & A3
WEINTNDH i, ERIEREAIE S 1%
B RS M E SR F- D receptor activator of nuclear
factor- k B ligand (RANKL) 73, Z5 [l R B
D B IR E BRI A1~ O osteoprotegerin (OPG) X2
B2 EEF O Runx2 X° Msx2 B3 S s & o
WERDH Y, WEHEEFANEEICHE S wibg o5 s -
WHICHEELTWEEEZLNL TS, ZhbD
WY DR, RIS E O X 9 I 10ES |
T EBINT 2 N OV T OREITE D, AfgET
R L 72 BK 7 ¥ R E- L T S RTREME & &
BESND., SH%OWMEIC L DMAPMFHEIND.

5 FIHMEROERT
MR IE 720,
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