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HSP27 CONTRIBUTES TO ESTROGEN REGULATION
OF OSTEOBLAST APOPTOSIS
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Estrogen may promote osteoblast/osteocyte viability by limiting apoptotic cell death. We hypothesize that hsp27 is an estrogen- regu-
lated protein that can promote osteoblast viability by increasing osteoblast resistance to apoptosis. The purpose of this study was to

determine the effect of estrogen treatment and heat shock on TNFa -

induced apoptosis in the MC3T3-E1 cell line. Cells were treated

with 0 - 100 nM 178 estradiol (or ICI 182780) for 0 - 24 hours before heat shock. After recovery, apoptosis was induced by treatment

with 0 - 10 ng/ml TNFe. Hsp levels were evaluated by Northern and Western analysis using hsp27, hsp47, hsp70c and hsp70i -
reagents. Apoptosis was revealed by in situ labeling with Terminal Deoxyribonucleotide Transferase (TUNEL). A 5 -

specific
fold increase in

hsp27 protein and mRNA was noted after 5 hours of treatment with 10 - 20 nM 178 estradiol prior to heat shock. Increased abundance
of hsp47, hsp70c or hsp70i was not observed. TUNEL indicated that estrogen treatment also reduced (50%) MC3T3-E1 cell susceptibility

to TNFa -
ished the protective effects of heat shock and estrogen treatment on TNFe -
apoptosis, and estrogen treatment increases hsp27 levels in cultured osteoblastic cells.
apoptosis and may be manipulated by estrogenic or alternative pathways for the improvement of bone mass.
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induced apoptosis. Treatment with hsp27-specific antisense oligonucleotides prevented hsp27 protein expression and abol-
induced apoptosis. Hsp27 is a determinant of osteoblast
Hsp27 contributes to the control of osteoblast
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gol gt 02 AZFE I QITE. FA7EA] ZZA| 9k A
EoA o] 71e] HEe] FHEHAE AT MCIT3EL A
EFE o] &3 AT A NFwBe] SA3lel| o)t A ZAME 7]1H
o] B Fo] T,

ZTM E} TAHE] A EAVE Ao A <) estrogene] 2HE-2
B2 #4E fEsty e os 2FAEY 44 4TS
A= AYE, S WA 9] F22] o)A estrogenol] <Js] Z
o] Wale & 9l7] wjEol Aoz Az A2 Aee gl
= ZEAEY 7 FHE YElle T8 AEE AMEEHY
Atk o] 9} 7+o] estrogen Al EANE 2He-of] HA Ho] F o =
ZAESY ALY 2 AT £ Y= AoE AztE =Y o
SR AR TEY A AZAVE 4] ZAHET T 2
ZE TP, AA| Ao A& ok 3} o 25 o] estrogeno] A 51E 7
ol ZA L] A EAPE O] theF A E =2 o] 9} 72 estrogen

of o NEAPE 2L g 7S Tt o] FolAE A
S 2 BzE e hsp2ro] ZaA Z o Al EAFE 2o AH-oh=
estrogenoﬂ AP = hul A olo] vhe Ao whape® B o Loj A
T AT UM AN "8 A4S 55k
hsp279] W& & F<ldte] By MC3TIEL Al EFE o] &5}o]
estrogens] )& A 2ARE 2ol nlA & hep27e] 48718& Tt
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1\ zA 3lehE24: 200g] A A=<l Fisher 344 Wi A 7
ol Al hsp27¢] W oA F-E Felstr] 9Jste] Hz2 319
= Atk WA =55 A3 skl 10% formalinel] 4 241 7+
ot 743 3 100 mM phosphate buffer (pH 7.3)ol] X 343}t
10% EDTAE o] -&-3ted &3]ata 5 um o2ty o AH-2 A%}
3l toluidine blue (pH 5.5)% o] &-3ted Zt7+e] HHS A 5]
AzxF, AR 2 FZXARE g9l5t9] 3 normal goat serum L.
2 blockings} 27 A 2 8 3 affinity purified anti-hsp27 antibody, nor-
mal rabbit serum &2 PBSZ 1-24 A|7F EoF Ratalsith A3 &
TE ¥ ES 1:2502] horseradish peroxidase - conjugated goat anti -
rabbit antibody (Vector) 2.2 #-2+3}93 32 AEC chromagen (Zymed,
South San Francisco, CA)S o]&-3tof #2319t}
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A 8] o 10% FCSe} penicillin/streptomycin 5] 3HA8 A &
z;; 3l aMEM-E AF2-35}e] MC3T3 - EL A| & 37C, 5% COz 9] %
oﬂ A Hl ok 3¢ k9. WA 10% charcoal stripped serum (Hyclone)

A A 2 J\Iﬁt}t‘f} phenol red free mediadl A 24A) 7} =<t A tj

okS A3} 5% of eF-&-of] ¥ 10mM stock solutionS- o]
g a}oq Hlj oF el o) O 100 nMe] =% 2 343} 17 festradiol(BEz,
Sigma)-- 0-24 A) 7+ &F Fod sl T uj 98- 7] & 425 incubator
oA 247k FF G2 (heat shock) 2 A3 kgl o DAl Al
8 3 3|7 Bk A L 9 3] E7)E F 3 RNAS proteing 323}
Stk INFeZ: Fofsto] Al EAPE S FE3k31EH 0-20ng/ ml
o] TNFeZ thz<2 v 4| oF A1 2] Hj Aol 22} Fof 313
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3. HSP 2&le) =4 Hspe) el S o
% WS RIPA buffers o] &3}
o

TNFa F-ofo] wel S4 =t F
o] FZ3ke] micro BCA assayE o] &3t ¢ 4%tk 7
10 pg o) T A S 10% SDS - PAGES o] &-3to] A 719 5S A3}
311 2 ™ methanol - based bufferE ¢] &35l YEZAZZ X fil-
tero] o] 43 TH. ImmunoblottingS A A ¥ rabbit anti-hsp27
antibody® 9} hsp47, hsp70 cognate, hsp70 inducible, hsp90
(StressGen: Vancouver, BC)dl] tf 3 monoclonal antibodyE- o] &3}
o] BlottoE A}£-3}$1 2 ™ Horseradish - peroxidase conjugated sec-
ondary antibody (Vector; Burklingame, CA)S ©]£3}o] immuno-
complex(ECL, Amersham, Arlington Heights, IL)2] chemiluminescent
dectectionS A3} 3}t wi kA £ 2 F¥ acid phenol &S
o]&-3led RNAS F% 319+ cold PBSZ 33] A% 3 & guani-
dine isothyocyanate buffero] =¢ A8} tH). RNAS] L&
spectrophotometryS 0]-2-3}e] OD 26004 =4 &} th. 10 <]
RNAZ- 1.0% agarose formaldehyde denaturing geloll A A 7] 455

A& st o™ o] gelS Whatman' s paperol| 4] A2 A]71 ¥ DEPC
H.OZE ©]8-3}o] rehydration A]Z t}. Prehydration % gelS- hsp27,
hsp683} hsp862] [#Pl-adCTP random primer labeled mouse cDNA
probeS o] &-3le] EA] 37, 65Coll A 1x SSCE o] &3} A
Hatg o, A7paabA AFzlS 2 she] Scionics PC image
analysis software (Scionics PC, NIH, Bethesda, MD)E o] &3] =
3k

4. Antisense oligonucleotide =] 2]: Murine hsp27 cDNA2] A 36bp
o gt S - oligos (5 -CGCGGCGCTCGGTCATGT and 5'-
GCAGCAGCGAGAAGGGCA)Z 3§14 3151 th 80% A = confluentst
Aefol A N EZE PBSE Al g AlAEL 0-20 nM T2
oligonucleotideE ¥ 3}3F azMEM2 ujj kol of] Fof 5} 2/\] 7k
Az} 5 10% ko] serume 3 & wkA) —,—E]-o]— 1T 3 A
= estrogenJJr vehicle z{ﬂ 39y A E Y3k A E
AP S frat7] 918l TNFes Foskgith

|

5. M A& ] 24 TNFa 2] £ hsp 3 F9] A& S
A= A E £ trypan blueS o] &3] F4 Aatsldt.
zkzte] Al ol A 5314 SA 63l on Wt ke ekt

=

6. DNA fragmentation2] £41: A FALE S E21517] 98] DNA
fragmentation& ©]&-5}$3 =6 biotinylated nucleotides?] terminal
deoxyribonucleotide transferase incorporation(TUNEL, Trevigen,
Rockville MD)& A&} fragmented DNAS 2439t N XI5
< charcoal stripped serumZ %313} phenol - red free mediaZ ©]
23} 4 well glass Bj oslideS AF-g-3}o estrogen, vehicle 2 & A
2= A3k & 816 A7+ E91 0- 20 ng/ml TNFe =+ 0 - 600 nM
staurosporine= ] 2] 5} 3 t}. Coverslips cold PBS=Z A 23l 5 17
A5} fragmented DNAS] enzymatic labelingS- A]3) 5} 4t Well
T AA A E *9} Fd W Bole Al xe 5 Af ALt
Aom A EAPE S Hol A X9 H & ALtettn = 5).
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Z 9 A Z(bone lining cell) 9} 224 3 9] hsp279] 1t
] 751%_,__4 Wz A5 e A} /k7:]}\]— o tg jo}
o 2 FYMES} ZZHE R oA hsp27e] 2L &
AL ZAE F9ol A = anti - hsp27 34| & A4 A&

T UL THFig. 1).
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2. MC3T3-E1 4] Z ol A hsp27, hsp68, hsp86 mRNA<] 1H&l

Hsp27, hsp682} hsp862] [#P]-adCTP random primer labeled
mouse cDNA probeE o]} hsp27, hsp683} hsp86 mRNA2] 1t
5 FFsAh 2 Q)N A= hspe] dd o] HAH A kot
At A& A8 e 7A$-(HS) hsp27, hsp68} hsp86 mMRNA2]
W o] A = 3 thFig. 2).

3. MC3T3-EL Al| & ¢l| A estrogendl] ¢] 3} hsp27<] W& =4

Yx2] A MC3T3-EL Ao 5A]7F E91 0, 2, 20, 100 nM 178
estradiol(BE2) & o5} 22 425C ol A 2417+ E<t EX B & 715k
& ) hsp27¢] W o] Z 7} 9l rhFig. 3).

4. Estrogen Fof o] 2] gk hsp27 5! 7] €k hspe] &

MC3T3-EL A 3o 20 nMe] BE-S O(lane 1), 2(lane 2), 5(lane 3),
8(lane 4), 24 A 7}(lane 5) F<t FoJ 3 3 425Col| A 247k F<t
A g S At 3A7F B¢ 3| B2 F H hsp27, hspd7, hsc
(heat shock praotein 70 cognate), hsp70i (inducible hsp70)2} hsp902]
e o] F&E QT (Fig. 42), A8 A 5A7F ¢ 2 nM o] A+e]
FTEE Fo s w @A g hsp27e] F7Ht FE 53
om A E YA & 7F-(37C) hsp27e] o] A5
A ekgktHFig. 4h).

5. g2 % MC3T3-E1 Al 34 hsp27 & o] tj 3t estrogen
antagonist2] <3 3F
A wfjekele] 0-100 nM Ex o
20 M BEz0] 9] &} hsp279] Z7}7} 2
TE Fo Al o]9] S HEEA

ICI1827808 Eo43}9 < o
Z—.._LH 21 0 1} taxmoxifene] 12
% 2k ThH(Fig. 5).

6. TNFav} staurosporine #1 2] 7} MC3T3EL A 32 9] AP el v 2] = G 3k
A ] 9Fol] A MC3T3-EL Al o) APES 28 4= 9l =) (Fig.
5), 7= 2] TNFal} staurosporine o] A] & Rz A L) 4=
7 EAS ZadE A #FE 4 I O UFig. 6a), estrogen
%= TNFar} staurosporinedl] ©] sk A| ZAPE S 7H2A)7]= A
o] 3= 1 th(Fig. 6b).

7. Hsp27¢] 23
n 2= g
&g A MC3T3-EL 4| ol tjj 3t
A 2 hsp27¢] el o] 8] 7ha &
o|t MCIT3EL Al 2.9 A& 7HA %

A7 G4 2] F MC3T3EL A 9] A &8 o
antisense S-oligonucleotide=]
1912 (Fig. 7a), TNFa 2] 2] ol
2 = U HFig. 7).
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B A9 MC3T3ELS o] &3t A9 A uiA FriFe &
714 %(organ culture)Z} SMER 14 A Lol A estrogen A 2] o] <] 5t
F 243} 22A A hsp2re) Bao] Z7h 5 Azt U
SESTHY. Estrogens @502 f o Al 2504 hsp27e] 2
S 27 AE Ao dEA ok RHOR B A4
B MC3T3EL Al T A A 29 -3k hsp27e] wd S7}
W =2 otk

Estrogen antagonist®] ICI 182,780 £ = estrogenol] €] 3k & *] ]
hsp27¢] 2712 A A= £ P=d 735 (1006]), FA| 7+ A
A (@A 7H A & ICH 182,780 APE A 49 dA S S717F &
2 5]0] 2 917 o] antagonist ool o3 A EAVY A3} 4]
o] B& Ea+S 7hA ghA) vk ovarian cancer cellS o] &3 0] ¢
AT Aol dX 5 o2, Tamoxifen strainzt A#H Zo
remodeling< *'éfjt?} Z Z 7o tf gt estrogene] 7 o] Wi = =

71AS Holeu®, B o Fo A+ tamoxifene] Fof 7} estrogeno]
o3 hsp27e] d F7HE AAsthe AFHE eRfARE dA 7L
2] tamoxifenc] estrogenOﬂ o3 M EAPE Y] JA| S A

4 5 AT HEeA &2 A o2 dEA A

A 7EA o] AT A F= MCITIEL Al T A o 7] o] o]t
o] estrogeno] hsp27¢] W& S Z7HA 714 W AA 4 3l
th ZFA E A EF A hsp272] promoter+ estrogen 7H4=Ad o]
A= AL = GHA L =], 20 M fEE o] &-3fo 5AIZF 5<¢F
AAAE AdsgS W SMER14 A Z o] chimeric reporter con-
structsE transfection 39S wf AALe] Z7}7F FAFH AT
parental ROS17/28 A| Lo A= =715 YEhA] &= Ao &
EﬂX]J_ 24T} 24 Promotor “3-ol A estrogen response element (ERE)
o4 Q1S SPL -9 9} Zro] #H-&-3ho] estrogenel] o] g X
= FIA T 3 o 7)o 3 7] e Ql HETLe] 2
AT, Hop2re] dalo] mA e A
¥ ] 2870 vl QAR hsp279] 914FsH(phosphoryla-
tion)= hsp279] 7159 A o|EE o] 7)o v X+ estrogene]
Bl gt Fg o] Z st AtE T

Hsp27-& caspase 92| &A1 35 A sto 2 M A EAME ZH8-&
ZAs= 202 4 9. Estrogen 2P O 2 018 ZA| L9
M EAPE o] Z7HATHE BA7F Sl o ZA o)A hsp27e] %
o] 2FAEUY 2 FHA XA Ha] mekstAY A9 §le A
OF Kol Z P A A ALY fA o ZZA T
] hsp279] -7k Atk GFs v A= A0 2 A 7teT

MC3T3-E1l A E=0)| A estrogene] Fo] & 39 TNFay} stau-
rosporine®] Folol & B3t GAE XS N ASES 5
771 Aol HZE A= o hspol Ul st 0] &7 §le

AOE Hol o] x| hsp27dl] &gt Ao E oAz B3t
A& Ao 3] %S MC3T3EL Al 2ol A, & hsp270] §l= 745
o= estrogen®] Foi7} Al o] o] JF5 vIAA B2
IE o]E A= AoRE AZHT B

AT Ao A
MC3T3EL A o] thaF 2A 2] Alal 5 hsp2? But o) 2} hsp6s,
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hsp 47, hsc, hsp 70i, hsp 90 & hsp86 mRNAS] & o] =7}5|of 9]
o] olo et & A1y} FRstE e ArgH

Estrogencl] €]t Al ZAME 22 o] 7k 71H = *ﬁﬁéﬁi
o 2 7FR] £579] Al E) A estrogen o7} TNFa 9]
2T E AL R dH Ao, T E 7)1 A 0 E = estrogen
} Nitric Oxide(NO) 22 & & 4 dt}. NO+= cytokine] =
o =2 S opm Tkl oF ZF A X ¢] mechanical strain
ol Y-S A= 74°i AL 3l om, estrogene] A ¥
2 Nitric Oxide Synthase?] 8-S 7FAAA A EZAIE ] frof
g5k AR HAE A I, Estrogen Fofof o] gk I 1
NO2] =719} NOol| 2%t PC12 Al AME HFA] @ 3}o] th3sh B
7 AR, o] o th 2 0 7 H o] thE Aol A MC3T3-EL
A ZAA = NOZF Al ZAME & HXA7)E A5 237 BAE
1 %)o? HAY 714 estrogeno] Al EAFE o] JA| ol v] 2= 7] A o
sl A = ato] B Aol

AEHLE A2 4 240 o7 23] 2 WA= estro-
gend] Qe o] B A4 2 AFHE Kol
Estrogen T SHBAE AN AZAEE S Ao
E AL JEd®, o) o] ¢ 2 Al EANE
ZAEG A E Fo] APH 2ol o] FHE Hof Frt
229 Pz 202 332 T
]7(101 Eay =t olt 74 oz ol—‘:;]x]
Folo ot YA TUhe 2EAEe fr”é% S7HAIA ol
upet Al ZAFE O] oA ol o] AolgtE Bzt ok & A
o ARE Tl FF =7 Zmﬂ AAAM ZEAE} FHE

= estrogene] & 4 7%
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Immunohistochemical localization of hsp27 in bone. Adult male rat tibia was decalcified and prepared for immunohistochemical localiza-
tion of hsp27 using rabbit polyclonal anti -hsp27 antiserum (2:50 dilution) and AEC chromagenic identification via a biotinylated-conjugat-
ed secondary antibody. Hsp27 is localized within cells lining bone (large arrows), but absent from osteocytes in bone (small arrows).

Expression of heat shock protein mRNAs in MC3T3-E1 cells. 15 g aliquots of total RNA extracted from MC3T3-EL cells grown at 37°C
(C) or heat shocked for 2 hours at 43°C followed by 3 hour recovery at 37°C (HS) were separated by denaturing agarose gel (1.2%) elec-
trophoresis and transferred to nitrocellulose membranes. Hsp27, hsp68 and hsp86 mRNA was revealed by probing with [?PJ-labeled
cDNAs encoding hsp27, hsp68 and hsp86. For each transcript, a constitutive absence was revealed and induction was observed follow-
ing heat shock.

Effect of AE- treatment on the steadystate abundance of hsp27 in heat shocked MC3T3-E1 cells. 10 g aliquots of total RNA from cells pre-
treated for 5 hours with 0, 2, 20 or 100 nM AE: (as indicated above lanes) were separated by electrophoresis in a 1.0% agarose formalde-
hyde denaturing gel. The gel was stained with ethidium bromide and the UV transilluminated image was photographed (bottom panel).
The gel was dried, rehydrated, prehybridized and hybridized with 0.5x 10° cpm / ml [2P]dCTP - labeled mouse hsp27 cDNA. After wash-
ing in 0.5X SSC at 65°C, hybridized RNA was identified by autoradiography. A 24 hour exposure on Kodak XAR film is represented here.

Heat shock protein expression in MC3T3-EL1 cells following estrogen treatment.

a) 10 xg of total protein lysates were separated on 10% SDS PAGE, transferred to nitrocellulose and probed with antibodies specific for
hsp27, hsp47, hsc (heat shock protein 70 cognate), hsp70i (inducible hsp70) and hsp90. MC3T3-E1 cells were heat shocked for 2
hours at 42.5°C and allowed three hours recovery before lysing. Prior to heat shock cells were pre treated with 20 nM BE2 for 0 hours
(lane 1), 2 hours (lane 2), 5 hours (lane 3), 8 hours (lane 4), and 24 hours (lane 5).

b) Estrogen enhancement of hsp27 expression is maximal between 2 and 10 nM 8. Cells were pretreated with 0 - 100 nM BE: for 5
hours preceding heat shock. Unstressed cells (37°C) do not produce hsp27. When pre-treated with BE, hsp27 abundance was
increased.

Effect of estrogen antagonists on hsp27 and hsp70c abundance in B2 treated MC3T3-E1 cells. 10ug total protein lysates prepared in RIPA
buffer were separated by SDS-PAGE (10% total acrylamide), transferred to nitrocellulose and immunoblotted with anti-hsp27 or anti-
hsp70c antibodies. Chemiluminescent (3 - 4 minutes) images are shown. Cells were treated for 5 hours preceding heat shock with vehi-
cle (O), BE, ICI182,780 (ICI), BE2 + ICI, Tamoxifen (Txf) or Txf + BE (as indicated above lanes) and subsequently heat shocked for 2
hours at 42.5C and allowed to recover for 3 hours at 37°C.

Cells cultured in the presence or absence of 20nM BE2 were subsequently heat shocked and after 3 hour recovery the cells were chal-
lenged with 0 - 10 ng/ml TNFe or 0 - 600 nM staurosporine. In the absence of TNFa or staurosporine, confluent cultures were largely
devoid of DNA fragmentation revealed by TUNEL (a). Either inducing agent resulted in significant loss of adherent cells and the presence
of DNA fragmentation in the nuclei of adherent cells (b). BE2 treatment (20 nM) limited apoptosis following exposure to 400 M stau-
rosporine; At 600 nM, the loss of adherent cells prohibited meaningful assessment of cell death.

a) Effect of antisense oligonucleotides on hsp27 expression in heat shocked MC3T3 cells. Cells were treated with antisense oligos in
serum free media for 2 hours, then overnight in complete media and subsequently heat shocked for 2 hours at 37°C (lanes 1 - 4) or
425C (lanes 5 - 8) and allowed to recover for 3 hours at 37°C. Cells were lysed into RIPA buffer and 10 g total protein lysates were
evaluated by immunablotting of hsp27 as described in Figure 2. Cells were treated with 0 nM (lanes 1 and 5), 1 nM (lanes 2, and 6), 5
nM (lanes 3 and 7), or 20 nM (lanes 4 and 8) antisense oligonucleotide. The arrow identifies the hsp27 band.

b) Effect of antisense oligonucleotides on heat shock protection of TNFe mediated MC3T3-E1 cell killing. Antisense oligonucleotides were
added at 0 or 20 nM as described above and viability of cells measured by counting of trypan blue excluding cells after 24 hours
growth in 0 or 1 ng/ml TNFe (n = 4 or 5 wells / point). Heat shock alone killed cells, however, relative protection (28,000 vs 12,000
viable cells) from TNFe mediated killing was noted. Antisense oligonucleotides had no effect on unstressed MC3T3 - E1 cells which
do not express hsp27. Antisense olignucleotides reduced heat shock protection of TNFe mediated killing (28,000 vs. 17,000 viable
cells). Asterisk indicates significant differences (p < 0.05) evaluated by pair-wise comparison.
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bone MC3T3-E1 cells.
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Fig. 3. Effect of BE2 treatment on the steadystate abun-
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Fig. 4. Heat shock protein expression in MC3T3-E1 cells
following estrogen treatment.
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Fig. 5. Effect of estrogen antagonists on hsp27 and
hsp70c abundance in fE2 treated MC3T3-E1 cells.
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Fig. 6. Cells cultured in the presence or absence of 20nM fE2 were subsequently heat shocked and after 3
hour recovery the cells were challenged with 0 = 10 ng/ml TNFe or 0 - 600 nM staurosporine.
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a) Effect of antisense oligonucleotides on hsp27 expression in heat shocked MC3T3 cells.
b) Effect of antisense oligonucleotides on heat shock protection of TNFa-mediated MC3T3-E1 cell killing.
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