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Retinoic Acid Potentiates Nitric
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Retinoic acid (RA), a metabolite of vitamin A, is known to regulate dedifferentiation of rabbit articular
chondrocytes. The regulatory mechanism of dedifferentiation by RA is not yet understood. Thus, the
effect of RA on the regulation of nitric oxide (NO)-induced dedifferentiation was investigated in rabbit
articular chondrocytes. RA caused loss of the differentiated chondrocyte phenotype as demonstrated
by inhibition of type II collagen expression and proteoglycan synthesis. RA also accelerated NO-in-
duced dedifferentiation in rabbit articular chondrocytes as detected by expression of type II collagen
and Sox-9 using Western blot analysis and production of sulfated proteoglycan using Alcain blue
staining. Further, RA potentiated NO-induced activation of ERK. Inhibition of ERK with PD98059 (PD)
recovered the expression of type II collagen and Sox-9 and production of sulfate proteoglycan in
NO-induced dedifferentiated chondrocytes by RA treatment. Our findings suggest that RA accelerates
NO-induced dedifferentiation of rabbit articular chondrocytes via the ERK pathway.
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Cell culture

2% New Zealand White F9] E7& A}43ld] FE&7
Ao A= 245 E83) A F, 50 ug/mle] streptomycin,
50 units/ml9] penicillin®] ¥ Dulbecco’s modified
Eagle’s medium (DMEM, Gibco-BRL, Gaithersburg, MD) o
collagenase 02%7} SI=& 410} 37CE A== CO; in-
cubatordl| A 7217 Bt 23S AEXE Edte 4GS AlE
sttt AMEZ FEAoH A4E2(1,000
rpm, 10%)3e] SAZHS Ttk 2e HEE 10%9] FBS
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(Fetal bovine serum), 50 ug/ml9] streptomycin, 50 units/ml
] penicillin®] ¥ Dulbecco’s modified Eagle’s medium
(DMEM, Gibco-BRL, Gaithersburg, MD)ol| 4] 5x10* cells/
dishe] =2 wfFstoint. W FE o] &l g W wAl S 3
o, A WEF} o 70-80% A% LS W, ke Azleh
A

Western blot analysis

50 mM Tris-HCl, pH 7.4, 150 mM NaCl, 1% Nonidet
P-40, 0.1% Sodium dodecyl sulfateE Z 33+ bufferel] TheFgH
protease inhibitor [10 ug/ml leupeptin, 10 ng/ml pepstatin
A, 10 pug/ ml aprotinin, 1 mM 4-(2-aminoethyl) benzensul-
fonyl fluoride] 9} phosphatase inhibitor [1 mM NaF, 1 mM
NasVOy| S #7138t & lysis bufferS A3t T A& lysis
ARt o] S A-S 8% SDS-polyacrylamide gelol H71%&
319 Nitrocellulose Zt2.2 o] A Zth Fo Y=} &4 type
II collagen (Santa Cruz, CA, USA), Sox-9 (Santa Cruz),
PERK (Santa Cruz), actin (Santa Cruz)¥} ©]z} &5 &<l
% X-ray filmol| 7HEA 7

Determination of chondrocyte phenotype
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blue staining solution®.Z 12A]17t o]’ G4tk 0.1 N
HCIZ F ¥ A% 5 4 M guanidine HCl& %1 o 12
A7t A= shakingdt ATt 96 well platee] <F 1
A Yola ELISA readerolA 600 nmZ F3%= %k% =4
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Immunofluorescence staining

g AZAEE 35% paraformaldehydei 10% &<t
e 1BAFH o, 1B E A EE PBSE F W FA &
% 01% Triton X-100 o] &3l A2 EAAH S o F

o 28" AZE T AL 5 oA GAFAQ type
I collagen (Santa Cruz)¥® WHEAIZ oW, Al W FAIg H
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AZT 7 A g F, 23 3 A stel A AE Y
type I collagen®] &S &1t

Statistics
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(Fig. 2B) type I collagen 2 Sox-9¢] W& &go] t] 8 743}
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A AEA 2 ZF dx2e A} v P& 9 type I
collagen®] W gFo] <k 250 ZrA 319 W (Fig. 2A. right
panel), Sox-9¢] - oF 5 = WA Fo] Fadshs As &
A& 5 3 &’iE}(F ig. 2B. rlght panel). Western blot analysis
S Sl 2 27 Fe image ] T2 S T3l FAI3)
3} A th(Fig. 2A and B. right panels). £3F A2 FFAqA &
o &340 RAY a7E dAFat] Hstel Wy 3 A4
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A B Fig. 1. RA accelerates NO-induced de-
differentiation. = Chondrocytes
were untreated or treatedwith 1
UM RA without or with 1 mM
SNP for the indicated time peri-
ods (A and B). Accumulation of
sulfated proteoglycan was de-
termined by Alcain blue
staining. Primary chondrocytes
were untreated or treated with
1 uM RA without or with 1T mM
SNP for 24 hr. Accumulation of
sulfated proteoglycan was de-
termined by Alcain blue stain-
ing (C). The data represent a
C typical experiment, and similar
results were obtained from four
independent experiments (A-C).
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Fig. 2. RA promotes NO-induced de-
differentiation. Primary chon-

A i drocytes were untreated or
B L0 e treated with 1 M RA without

0 1 3 6 12 24 RA(1uM, hr) 14 or with T mM SNP for the in-
B S S s s == Type |l collagen ] dicated time periods (A and B).
- S S0X-9 | Expression of type II collagen

and Sox-9 was determined by
Western blot analysis (A and B.
left panels). Expression of actin
was used as a loading control
(A and B). The relative amounts
B 19 - of type II collagen and Sox-9

W Type || collagen

— - e w Actin

Type |l collagen or Sox-9fActin (Ratio)

0 1 3 6 12 24 RA(1uM, hr)

- 4+ 4+ 4+ 4+ 4 SNP(ImMM) é . p, Osoco were quantified by densito-
0 1 3 6 12 24 RA(1uM hr) < . metric measurement (image J)
- e — Type || collagen % 0.8 1 . i (A and B. right panels). Rabbit
- — —— Sox-9 Uz 06 1 , articular chondrocytes were un-
S - B 6. £ 1 treated or treated with 1 M RA
E by without or with 1 mM SNP for

3 DR 24 hr (C). Expression of type I

Foo- collagen was determined by im-

-+ + + + + SNPUIMM) ed
0 1 3 6 12 24 RA(1uM,hr) munofluorescence staining (C).

Cc Data are presented as results of
a typical experiment and as
mean values with standard de-
viation (A-C). *, p<0.05, * <0.01
compared with untreated cells.
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Fig. 3. RA accelerates NO-reduced the activity of ERK. Cells were untreated or treated with 1 uM RA without or with 1 mM SNP
for the indicated time periods (A and B). Expression of pERK was determined by Western blot analysis. Expression of actin
was used as a loading control (A and B. left panels). The relative amounts of pERK were quantified by densitometric measure-
ment (image J) (A and B. right panels). These data are results of a typical experiment (A and B).
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Fig. 4. Inhibition of ERK activity with PD98059 was recovered RA promotes NO-induced dedifferentiation. Articular chondrocytes
were untreated or treated with 10 pM PD98059 for 1 hr and then treated with 1 uM RA without or with 1 mM SNP for
24 hr (A and B). Expressions of pERK, type II collagen and Sox-9 were detected by Western blot analysis. Expressions of
actin were used as loading controls (A). The relative amounts of type II collagen and Sox-9 were quantified by densitometric
measurement (image J) (A. right panel). Accumulation of sulfated proteoglycan was determined by Alcain blue staining (B).
Data are presented as results of a typical experiment and as mean values with standard deviation (A and B). *, p<0.05, ¥ <0.01
compared with untreated cells.

= W, d=AE RAS A2 23, RAE A2 A, 95 WS 24ske 42 A ATH14-1833]. 1
A AdEAEEY 3 dAAITE s 3 & Y gy RA7} freshe 2®37t ol ASHEEEE T4l
ATH4,6,13,2331]. RAE= A& oA A Fob Ax A% ZAs=A Wgs] 9l up 7} glivk webA SNPeF
Gl Aol g-catenin, B-catenin, N-cadherin®] W3S =4 A g5t RAVF §Edle 2239 B3 AsAGAHZE
FANLOZN AEAEY 235 dAste A4S I & st & APe FAUT AZ AL RAS SNPS}
F AATH7]. A A2l A3 RAE SNP7} fedhe 8831 U5 U

NOE AZA LY 253 U ATALS 5@5}_‘5 2% ZR8E AL g9l ‘EL T ATk RAS SNPS 3 A
=AE geA A 1-3]. B4 APIEARIFS Ase T P& o, RAS 93] 74 type O collagen® Sox-99] &&
2 AZAEE NOE A48 Har o] ZA ”}:017‘ NO= F37 proteoglycan?] F4%F 9 g% #aste RS g9
MMPse] &8 fF=31H[27], type I collagene] T8 HF L & 4 9JAtHFig. 1 and Fig. 2). A Z A Eol A ERK- 1/ 29
proteoglycan®] %S THAA7]3[5,28], ¥5 ¥He 2 Al 24

AL gE8E FE81a p3skinased] E42 35 4
S2A AEARY £ % gEsE utEA 2dse

I AE S FE8tH22]. NO9 F94%] SNP= MAP kinase A7
o] Fozn AFAxe £l ¢ 2id oM T8

9 PKC kinase A Z WG HZE 53] Alxo g&3 9 AlX e



T ol

didE g A UeH17,1833] whebM RAVE friedhe €
w5he] A olA p38kinaseﬂ- ERK-1/-2 A5 Hg4 =2
7b Bofstal Sl=A] SNPE 7 Aoz dolr it
B=02 A2l S o), ERKS] 2@ zo] 7] A7
19 2] F 3 Alzko] At §) S7kshe AL A0 &
AT ojst & AF2 SNPE M A2 P2 of oS F=
gAe A Fd & 4 UATH(Fig. 3). ERKS A<
PD98059 A28t type II collagen ¥ Sox-99] & &z}
proteoglycan9] stAEe ol B Ay 7HAHY type
Sox-99] & F} proteoglycan®] /g Fo]
AT

¢

o)

=
4
Y

>

O collagen®
PD98059 %]l <3 tiA] 3 EHE 7)4\3 3o & 4
(Fig 4). o]¢ £ ARE RAV &
ZAGARE7} SNP7} frEdle AEADT
2ol oja) 24 9& AAS WAFE 234} T 4 ek §
g RAS A 2J3l91S o), p38kinased] 24 9
< A & F Yo, p3skinase®] o A|AFQ] SB203580%
A2l g& wf type I collagen? Sox-99] L& ZF} proteogly-
can®] el W3S <l & 4 gl ti(data not shown).
%, o|¢} Z& A= RA o3 #3171 ERK 21%
xqm-ﬂié E—sﬂ ZAHE UEL—E;H_Zr

rlr :to
}-rl
rkfl

/‘1 ERK /\]E %%E ﬂoﬂ PKC kmase?%-
DR Z7F EAE] Wi, $oz2x 9
v O 2 oheksta FAAR! A7 uS
o7 AZdEn ol 22 AT Aie m—oi -‘Jr;‘é‘ﬁ*}
AzAES HP} FAS AJol ojx 7]2AHA A
AHEE S QS Aoz 7|giEh

\:mnN

At =

o] =< AF(UFH e Adoer FxATA
o] A A& whol e E A< (No. 2009-0084569 & 2010-
0003239).
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