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Effects of Culture Environment pH on Osteoblast Cytokine Production

Eiko Kuropa'!, Kimiharu Hirosg?, Naoki Saton' and Kazunori Fukur'

The aim of the present study was to investigate the effects of the stress factor cell
culture pH on osteoblast cytokine production using human osteoblast-like osteosarcoma
cells (Sa0S2).

After initial culture at pH 7.0 of a monolayer of SaOS2 in Dulbecco’s Modified Es-
sential Medium buffered with 50mM-HEPES, pH was adjusted to 7.8 and culture was
continued. After a fixed period, total RNA was collected from the SaOS2 and reverse
transcription was performed. Messenger RNA expression of the osteotropic cytokines,
transforming growth factor-81 (TGF-£ 1) and interleukin-11 (IL-11), was analyzed
using real-time polymerase chain reaction with glyceraldehyde-3-phosphate dehydro-
genase as an internal control. TGF-£1 yield in SaOS2 cell culture supernatant was
determined using ELISA.

Sa082 production of TGF-£1 transiently increased as cell culture pH increased
and production of IL-11, a bone resorption promoter, was simultaneously induced. Pro-
motion of IL-11 production was inhibited by anti-TGF-# 1 antibodies.

These findings indicate that pH stress on osteoblasts may affect bone remodeling
and that a mildly alkaline environment promotes osteoblast production of TGF-£1,
which plays an important role in bone metabolism. Auto-feedback is also indicated,

comprising promotion of I1.-11 production through the autocrine system.
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AZANZ L RZEHEFMEr DY A b4
VOEEFEND D, I, Neidlimger-Wilke 5?
BIEREFMIIF LA =ZANA L 2B %3
Z & TR 5D TCF-B DREEENGFEI NS T
EERLTWS, LALAEDS, RIEMIBIZHNT
ZACT 3 RIER T OB pH 256 XT3 B F e
NOFEIZDNTOMEHIARZ D0,
BEMIUIZ DY A bh A v aEEL, 4 —
MUY HBNINT ) Y OREN UEREN
ERAREAERZLTWBEY, Z2D5 5 TGF-41
R IEER T2 2 LAV SR T 59,
—%, IL-1LEEBIN AR ET 554 P A4 v &
LTHIG N T3, X512, TGF-B LA %
IL-11EESER T TH 5 2 & RE ST 59,
LALAERLEIEZ ML 2BEHEOVEDTH D
pH A KIETEFMBE»L DAL v H 4y, &D
DY TGF-p DEAEIZ G 2 5 B2 DOV TOME
BARZRSh Tk, 22T, KifETIRE b
BB ARENE E FH O 2 b L ZDBERDO O
DT H HIGEBE pH OREIZOWTHRET L7,

e
MEtEmE

U= -3

Fetal Bovine Serum(FBS, SIGMA, St. Louis,
MO, USA), Tris-EDTA buffer (TE, FIffis | &
% , HA), Dulbecco’s modified Eagle’s medium
(D-MEM, SIGMA), PBS-Tween buffer(PBS-T,
HAKBIE R, HA ), Anti-TGF-81 Antibody
(R&D Systems, Inc, Minneapolis, MN, USA),
Ammonium pyrrolidinedithiocarbamate
(PDTC, SIGMA) # 7=,

2. BEEME

fifzid v bEFMaAk g PIEN L Sa0S2%
W7z, SaOS2iFEZR60mD 7T XA F w7 ¥ v —
L (IWAKI, ®3, HA) &M, 10% FBS &
M D-MEM 2 CEEICHEVER L, HEAE
B L 7z Sa0S82i%, pH7.0, 7.2, 7.4, 7.6, 7.8i
FAEL 2 1 % FBS % M50mM-HEPES #%
D-MEM (2 55#th & &3 U, J € O e i 15 32 14,
SaO0S2#ihaA & total RNA A RN L 7=,

3. AU T xR7 72 —EiEM (ALP &)

ALP WEYEDOBEIE 1%, FBEFEERE pH 12 C240F

Al

K
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MBS 3 % 1T > 72 SaOS2Mifg # A & IE/K T 2 [H
P, 0.2% Nonidet P-40% FV#lifa# EIUL L 7=,
[BUR L 7=, AR L /2% ALP WIEEIED
#hte U7z, ALP #5114 p-Nitrophenylphosphate
ARE L U7z Lowry 5 OFHBEIZHEVEIE L 72,
TxbbB, 1mM D MgClok&¢00.7M 2-Amino-
2-methyl-1-propanol (pH10.2) #% KB % & 0k
EL, SMifEs oYL 72308 & 4 37 CIc T
ISHEFT 72, ALP #1413 p-Nitrophenylphosphate
Inmol % 1 IR T 2MREEA 1 22y
b U7, &7, ALPWEMHEMHIERAR D & 3
2 &3 Bradford® O EIZHES 72,

4. Sa0S2 (Z#1T 5 DNA SRHE

H AR pH 281 5 Sa0S820) DNA A%
BEld PHlthymidine OHI VD IAABEIZ K D RK© 7=z,
Sa0S82%, 24X HNF v — 7L — bICFELHE
JEAEH T % £ THREEIT -7, HEEZBR L
Sa0S2id, AFEpH ICTE L 2R HITER L24
GRS A AR U 7, B3 T 3 RIRTIC 10X
72 D 18.5KBq @ [PHlthymidine # VEI0 L 7=, 1=
XN MH2I30.2% SDS IZCAME T 5 Z & Tlal
L, ZOBHEEEERE VY FL—Yarvhy
v s — (LSC500, Aloka, W, HA) (ZTHlE
(7=

5. RNA[ER & real time PCR

Sa082%5 5 D total RNA 127 = / —LiEIZT
EIUX U 7z, [@ RNA % ReverTra Ace qPCR RT
Kit (TOYOBO, KR , HA) % W WEE 41T >
7zo WERBIZX DB SN cDNAIXTGF-81&
IL-11% % —7%" v b & L 7= real time PCR %475
7zo  Jdl PCR & SYBR® Green Real time PCR
Master Mix-Plus- (TOYOBO, Kk, HAX) %
vy, 95C60Fp, 95°C15%, 60C15%, 727C45
FOIEIERTE % Applied Biosystems 7500 system
(Applied Biosystems by Life Technologies,
B, OF) 12T409 4 2 fro7z, M, 4V 52—
Frary e —)Lid G3PDH & W/, &7 7
A —DY =XV A%EK1LIIRNT, real time
PCR W /27" 4 = —I% ABI Primer Express
I2&k D 7/ 4 DNA HROBIRSHEZ 580k 5
ISR ET & AT o 72. PCR EWE, MR HHRO 75t
IZEkoT, M= =7y FEMITHBZ LIZKD
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real time PCR (CAWWA-&ES Z 1 v — DIEEECS]

Real-time PCR TGF-f1 Forward :

Reversge
IL-11 Forward :
Reverse
G3PDH Forward :
Reverse
*
15 = * —/ —‘
— * —I ——
=
ig i ] _L L
a
B
oo
£
=)
< 05 -
@
%
=
0
7.0 12 74 7.6 18
Medium pH
* :p<0.05
1 BEFIREpHIZH (T 55a0820ALPEN
Sa082i3, 1B KpH#pH7.0% 5pH 78124 %
&9 P L - Kb T4 B 5 L A2 R, APLIEE
EUIELE, 77 713 EBELESDEEL T3,
HERR L 7=,

6. Enzyme Linked Immunosorbent Assay
(ELISA)

SaOS2MIEE FEPIZHE T 5 TGF-p1EA &
& ELISA (Quantikine® Human TGF-81:
R&D Systems, Inc, Minneapolis, MN, USA)
CEDEBLE, Thbb, 2000 L OEELERE
{ZIN HCL %40 L il # B LB % 47\ £ D 1%,
1.2N NaOH/0.5M HEPES #40 L 70 L F Al
L2zdDxaHERAB L La, HEEHI6TD
ELISA 7L — MIZWI LA & BB & ¥ 7= 1%,
HEXE3 L TREFPDO TGF-6 LIRE % &l
L7,

7. #HEto

AEZMEIZIE, Mann-Whitney U-test % 1T
W, HREAKES% THEIFRNARERH 5 & HE
575

(21)

TTAGCGCCCACTGCTCCTGTGACA

: TGAGAAGCAGGAAAGGCCGGTTCA
GGCATGGTGGCTCACGCCTGTAAT

¢ CCGGTCTCGAACTCTTGGACTTCAGTGAT
TGGCATTGCCCTCAACGACCACTT

¢ CCACCCTGTTGCTGTAGCCAAATTCG

*
*
g 1200 & —‘
X
= 1000 4
5]
800
=
£ 600
% a00
Z 200 |
0 - - -
Cont. 7.0 7.4 76 7.8
Medium pH
* - p<0.05
E2 EHFRBpHOSa0S2ODNASHAE

Sa0S2id, HHMGPHAT.OH BT8I2% 5 &k 5
L BT, 24IFMIES R U -, DNAG MG+
[FHIthymidine® Bl 0 JAAKEED 6 Bt L7z, 275 7
BEEEESDARL T 3,

i S

1. EF|IREE pH P RIFTT Sa0S2 D ALP J&EM

& DNA & HiBE

FFIIUOHIC, SaOS2MfaDREEIRE pH %
HXEBOTILAY) T+ AT 78 —HEMEIZD
WTRET L7z, ZOMER, BERE pH O LRL
LB, TAAN IR T 78 —YEEN ERL
72 (B1). &g, H—FMHickir % DNA A
B % PHlthymidine DB D JAABED 5 #ET L 72,
ZORER, BBEREDHL EFT3IZORT,
DNA AREEAME T L7z (K2),

2. EHEEE pH OE{bIC& 3 TGF-B1 DEE

WEREpH DO ZE{LIZ & % Sa082» 5 D
TGF-B 1B 4L ORI 2 AL % real time PCR &
ELISA TR #1T > 72, 7 DGR, KIEHEIFRH
DAY bu—L%1&L72EOpHT.6& pH7.8IC
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3 Cont.

TGF-A1 =l

A H7.8

[Fotdsdn ] Lt
4 -
35 4
3 4
2.5
2 4
15 A
1 4
0.5 4
0 -
2 5 4 6 12 18
Time (h}

3 TGF-B1-mRNAMESE
Sa082(3, pH7.6, pHT7.8( K Ht T2~ 181 [ 45 3%
BT 70, WIE T #HRNAZ R LTGR-8 1% &% —
45w b & L #zreal time PCRE{T =72, 77 713
EfEESDAERL T3,

400 4 i ¥
= 300 4 ’ ’ 1
E hd
E 1
= 200 4
[
o
=
100 A
0
7.2 7.6 7.8
Medium pH
* :p<0.05
4 HEEEPOTGF-B12

Sa0S2i2, pH7.2, pHT.6, pH78®1ﬁﬂJT3ﬂﬁm

BB AT - 72, B54% L OTGE- g 104
ELISAIZ & ﬁJ"t'qth,f- 75 TG +SDE £
LTS,

B35 mRNA BHILICHWT, K33/ T
pH7.8T3.0f%, 6FEEITiL pH7.6T36f5D TGF—B 1
O mRNA DR RS hz (K3).
7= [EARIZ Sa0S20D 153 L& D TGF-p 1@;&9;
sEBICHEMLZ (K4),

3. EHEIREpH OZEEICK

I

B3 B8 pH O &b & % Sa082% & @ IL-
11mRNA O FEB DR Z (L % real time PCR
TR EIT - 770 T OHE, TGF-B1& Ak
pH7.6& pH7.8I2% 1} 5 mRNA FHILIZH T,
K53 3HERI T pH7.8T3.8%, 6 BTk pHT7.6

% IL-11mRNA @

(22)
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I Cont.
[ Fold/dn ] I-11 E E:;:
"
6 A
5 1
4
3
2
Ul O TH 1N (e
0= 2 4 6 12 18
Time (h}
E5 IL-11-mRNADE4S

Sa0S2id, pHT.6, pHT.80) K T2~ 181 [ k3
AT - 72. KW T #%RNAZ BN LIL-11% # —
4y b & Lizreal time PCR#x1T- 7. 77 713
BE+SDAEELTWA,

T5.91% @ IL-110> mRNA O F B AL X 77z
(®5).
4. HFLTGF-B1 kAN RIFT Sa0S2 H5 D
IL-11 DEEA I
TGF-B LR IL-110F 54 VF 2 —H—Tdh
HTZENHENTNWS, ZIT, BEREpH D
IS & 0 A XNz TOF-R 123 EHNE A 5 D
[L-110E4 2B 5§ 5 » % Hik + TGF-B 1k
EROWTRET Lz, 2OfR, PRGENEICsH
THAIZIL-11mRNA O REIH A0 5 h 7z
(X6).
5. PDTC (&% TGF-B1 M mRNA =
HIRaSE 2 b L 2O EDTdH SIEEBEIE pH O
EACK BT FN T VAT T Y g v afERT
% ¥k LT NF«BHZEHITH 5 PDTC % HW»
BET L7z, T OMR, EBERE pHT.6IB 1T,
7 DPRERFRIZ TGF-5 ImRNA OREBIIER
R R (X7).

% =

FBERPREERIC & 2 BEBERICRAR L ED
HEEEORIEDNRD 6h b Z ENH 6N TN 5,
ThabbEEEERES I OENERICALE R 72
5L, HEERDALLTHEFISH L TERRA LR
BAEZ TR BMENEL NS, —T7, K
PREBRITZ BT, HEROEITICED 7Y
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I_ *
1
2 4
1 4
0
Madium pH cont. 1.6 7.6
Anti-TGF- £ 1 antibody = - +
(101 g/ml) * :p<0.05

6 Anti- TGF-B1 antibody?* # & {F §IL-11TmRNAS
BADOEE
Sa082%, pH7.60 K b IZAnti- TGF-£1 antibody
AL 6 RFMEEHE & 4T - 7z, B538% T HERNAE
B LTGF-21% 4 — 4 «w | & L 7zreal time PCR
BT, 77 2IETPEEESDEEL TS,

gl

0.5 4

0
Medium pH Cont. 76 7.6
POTC . = +

€50 4 Mfml)
* :p<0.05

7 PDTCHHLIFTTGF-B IMRNAFKRADHE
Sa082%, pH7.6MEHIIZPDTCA ML 1 nEf# kS
FAIT - 7o, KPR T HRNAZ O LTGF-81%
#—4y b & LUireal time PCREZ 1T 27, %7 7
M +SDAE L TS,

DHIZHERTAZ ENREINTWVAY, OFERNIE
P4 GBRRERICKE I A TR DY, REH#KD
A BBRBEA PV ABEIATOEEEZ 5,
pHDOZLE ZDOEDTH Y, ARk
Bl Uk A 84 5 2 T B AR R E h
TWw5?, 2 LT, flifast pH OZ B Mk i xd
U Nat/H* ik R DML &2 & 7256 LA &
WELEEZTWBREEZILNTVE?, LaL,
BOGEICEBE A RE AR L Th BT B

BB pHA B KIET MDY 4 4 v EEE « BHIE, 223

35 ZN5 pH OIS KIETTHEL BT L 72
IR D RN,

BEMAE» b EESADI A b4 VL, BY
HIRRE & & 5V IidEEMRicS LA -2 ) VB
50337 2 ) Y ORE T UENEBNCER 258
EREZLTCWS, 2D 5B TGF-8 LT BRI
TEERICERTAZ ERRENTWEY, Thé
RS, BRI AEEST B9 A4 b4 LT
IL-113 3 5 Z &M RN T3, 20D
TGF-51& IL-110 > FR#E x4 5 EH I
FNEFNRSHEIIHHEDTH 55, ET,
TGF-B 12t F Mk M g ic s o 2 B 1 &
IL-11FEA SRR FTH 5 Z Ll T 59,
o T, KBRS pH OZIZ & 3 BF a0
HERIRE A E 2 5 7-0I12 TGF-p1& IL-1110 %
HURRET 72,

B ORED B S48 & U T ALP WG
HEE & DNA AEBEIIED & 59, 22T, 5
%ﬁﬁpHmﬁm‘%"hB%W@%%éﬁﬂ
L7z, Z DOFEER, FFERE pH O EFHTIKAERIIC
ALPWEMIE ER U 2 & 36 M1 DNA &8
Bl NS, T Lo, BEREELTIL
AV RT X5 Z L I3EHMEE MLx e B
ZEBNRENTZ,

TGF-p I3 BB ICEE L ZE 2 R=TH 4 b
A4 vELTHISGNTWSY, 2 LT, TGF-P
IREA il 5 A SRS, BRES IIEE
KHEETAZ Er#HE LTS, — K,
TGF-p LIZ Bl % 5 LFET 534 b 4( v
DUOEDELTETFONSY, 2T, HEREA
pH OZAIZ & B2 FFMIaD 7 {LEEEIZ TGF-81
D5 LTRSS EL bz, £oTC, B
LR pH OZE{LIZfES Sa0824 5 D TGF-41
BEAIZDWTHE L 7=,

Z DOFER, real time PCRIZ¥1F % mRNA @
BT T, BERE pH O FH 2V TGF-81
@ mRNA ORF Mg IR (X3),

X 5IZiF, 1% EEhO TGR-R1ORELERE R
BHREIZHEIML T3 Z &% BLISA KDL 7=
(X 4), SEERIZB T 2 BITEET T ILOH
HTE, HIESMTE X N 2 M TE SIS 6 D
TGF-8 DREIBH E 589, /2, FHETIC
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TGF-8 #1535 Z L TILBHK EHET S Z
LEMEESNTNEY, Thbd, BFMEICE
WTZDOBREAFI 7L H VANCHEF X B Z L,
B & 2T 2T REME S RE S N5,
IL-114F, AW E5 T 594 PAa4 &L
THIBNTWAY, 77, IL-11LXEHMiEs, 5
BEE XS ZENREINT B2, X510,
IL-1125 5 M O T & {2 3E U-B TERR & $Hl4
ZHHEAZ L DI LWL NI R T N BB, —
75, RENLERE A A & 0 TL-115EE 1 B R
ICEEAEY A A4 U THBTGF-B, IL-1a’k
Eltk DX 3 Z e AME I N T35,
112, Yashiro® 5 iE TGF-8 2 & b BEIRHEH AL A
50 IL-110 4 % TGF-R1AFE T3 Z L &
R LT3, 27T, SaOS2i2 k1) % KER
BpH O _ERICEVWESE X7z TGF-R108 4 —
oY Y DRES L IL-110 A 22§ % W
PENE Z bz, SaOS2DILEREE pH % LF &
% & TGF-B 1mRNA O FEHALHEIZHEL, TL-
1ImRNA ORBAEE X N7 (K5), 561,
Z O IL-11mRNA B HE 23 5 # R IE pH O L
FIZPEWEEL X TGF-B1 (K4) 2&5 3
D EHERT 5729, PiTGF-B 1k % w7z
BMBAEIT o7z, ZOMR, ¥ TGF-B 1PN
HTAERBICIL-110OEEM IR SN/, ZOZ L
i, BEMBICENT BESELEL -
TGF-B1DEAZ#HEBRT 57201 -2 ) D
FENUIL-IOEE2FEHTE L0 2 H T 4
T T 4= Ny s DIFENBRSTAB I N5,
SaOS2ic ks i} 2 EBRHE pH DEIZ K B
TGF-R 1D EARERE 2 45— LT,
BER T CTH 5 NF-£B DB 52D\, PDTC
FHAOWHEBEER AT - 77, TO/E, NF-«B
EHHERTH 5 PDTC &, HEERE pH O L
FI2k 3 TGF-L1OEAEIHILZ (K7),
DT &L, MEAZ P LAIZEBYA P A4 VD
BEAEIE NF-e BIIRTFINICFEE SN 5 Z & 278
B35, FHE, ML BB NF-£B 2&EELL
RIERIGAFBET I L RHONTVED, F7-,
NF-¢B i TGF-R1EAIC BT 5 EHEH A A 7 4
I—-R—-ThdD", X517, HIkdH 5 Z &I
IL-111% NF-«B OFE 2R & &5 Z LS

-
—

K

(24)
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2
(R0

ek oTNWBY, Thbb, EEEE pH OF
B X 0 EHIL XN NF-kBDO Y 7 F Lt
TGF-B EEILEIZEHL 2DDZEDOF—~ 2 ) v
DFEREL X N7z IL-1155 NF-£B D WE M % #1H]
FTBHEENIIHTT AT T4 — F¥y 2 DRHEE
TURMCBWTHFET S Z L 2R RET 5,

&

K FEBR B pH © L HE, Sa0S2i B 1) 3
TGF-B81% IL-110> mRNA O % % £ U =,
X 512, Sa0S2m e L 7= TGF-BlixkA — b2
)Y DFRAEN LU IL-1108EE %70 L 72,

E i [

BadER 512h 7D, FMREETT 515570 THH
BT E F L2 AR R B A ORI L 27
5YBF I B O AE B S T A 22 R OD RSB 7 1 P <
o 7= LT

%

KX OEEG R, Ho2[ PP S (FR23411
A128 BB iICknTHREL.,
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