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The Fffect of Estrogen on Type 2 Collagen Levels in the Joint Cartilage of

Post-Menopausal Murine Subjects
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Abstact: Cartilage degradation frequently ocewrs duriog the postmenopausal period due to a decrzase n type 2 collagen
and constituies 2 condition atfected by the Jeveal of estrogen in the body. The narpose of this study 15 w prove tat such post-

7

menopausal reductions in sstrogen levels influcnee the type 2 collagen expression in cavtilane, Qophoreclomics wore per-
formet on 34 Radus norvegicns subjects aud sach of which was subsequeatly assigued e one of six different groups.
1 7f-2smadial present in the blaod of the subjects was examined by means of ELISA technique, while the sxpression of
NME- 3 and type 2 coltagen in thelr knes joint cantilage was assessed iImmunohisiochemically, A significant pust-oopho-

pectinny tecrsase of 17B-estadiol was tetected in subjects (p=0.05), while the expression of MMP-13 increased apprecis-

-
PR

Bly {p <003y and o marked decrease m yp

collugen expression acewrred {(predl03). The reduction m | 7f-sstradiol pro-

mioted an increase in the exprosston of MMP-13 and a decrease in type 2 collagen expression.

Kev word: | 7i-estrudiol. MMP-13, Type 2 collugen

Intraduction
5

Reduction v type 2 cotlagen is freguently encountered in postmeno-

povisal wornten suffering from ostsowthrits. Type 2 collagen is disoibui-

el acrasa alt layers of Wthe cortifuge, esspecially i the superticial fayer
Therefure, & raluction in the leve! of tvpe 1 collagen can be used as an
indicator of jeint curtilage degradation. Colligen creates mesh formation

as asupport Lo cartilage, cnabling it to withswend wensile Toree, shearing

furce and comprsssion fores'’. Studies have shown that reductions in
blood extragen bevels veduce the catilage collogen synthesis in joints™.
In postmenopausal wemen, the fovel of csuogen in the blood is reduced,
thereby affecting the svathiesis of chondrocyte collagen. Eprdemiologi-
cal studies conducted m Australia und the U.S. A, have ndicated dhat os-
teoarthrits s more prevalent among postmenopausal women than in
men. However. the mechanism of type 2 collagze reduction related to
this comdition in pashmenopatsal Women remains unclear

Rypurts from varipus countrics contained similar dats indicating that
waren sufter o a greater extent teom esteearthotis than do men. In
2013, the global prevalence of osteaarthrins among the people aged
ovir 60-vuars-old stoud 4t 9.6% Tor men, bur the aamber is almost twice

for women, at 18%6. Australia reported that the total number of suffecers
of fhe comdition within s populaion amotitted fo 4 mailing, In 2016,

the cxpenditure for the weatment of medica! conditions related to usten-

Comespondence o Dy, Ferdik Abdul Rantam, Stem Celis Research and
DNevelopment Cenler, Universitas Airlangga, Tuboratory of Viralogy and
Immunalogy. Nepartment of Micobiofogy, Fioadly of Velevinary Medicine,
Universitas Adchingga, Kampus C, J1 Mulyorgjo, Surabayi. Fast Javi, 60113,
a; Phoner 1623139027385 Emuil: berdik-necg khoanaicacod

Inglonesi

arthritis totated V1SS 5.8 billion. [n 2013, 77 million Americans sullerad
from vsteoarthntis, with a male to female vatio of 1.3, of which L3
million (13.6%] requiting surgical intervention, imcluding joint replace-
mant surgery, at a cost of USS .35 hillion per annum™.

Materials and Methods

Location

This study was vonducted ac the Experimental Animal Sustenance
Unit. Pathology Luboratory, Fuculy of Vetenmary Medivine and at the
n University on February —

fTsy,
oo

Faculity of Science and Technology, Alrlun
May 2018, This research was conducted in

ordance to the procedures
that are already authorized by the Resswreh Ethics Commission. Faculry

ol Veterinary Medicing, Airlangga University, with authorisation Num-
ber 246/UN3.1.6/8P/2018 and Ethical Clearance Number 2.
KE.B1.01.2018.

Study Subjects

This study was an experimental animal madel smdy with Rund-
omized Post-Test Oaly Control Group design. Samples of this study was
femule Rattus norvegicus {Wistar strauy. obtainsd from Experimental
Animal Care Unit at Unversitas Gajuh Mady, Indanesia. The inclusion
criteria wers fumale rats aged 3 months with approximate weight of 200
g and have never beesn pregoant. Exclusion cateria were sick rats during
the swmples recraitment. Drop-out criteria were nfected rats atter the
Sham procedure ar oophurcctomy proceduce,

There wers 6 groups i fhis study. Sample size of vach group was
calenlated using Lemeshow formula and corrected with Higgms formuly



1 Hard Tissue Biology Vol 2R{3): 245-230. 2013

to anticipats the wop-out”™, Sample size aceded Tor cach group was ¥
et and the total samples for this stady was 34 rafs. At first, total sam-

-

ples waie wundomiby divided o 2 groups, somwol goup amd interven-
Tt grodgp. After that, Sham progedure was done on the conwel groups,
while the bilateral aopharectomy procedire was dooe on the ervea-
tion groups. Atter the sirgery, <amples in sontrol and interventinn group
randamly divided into 3 groups, samely €1, C2, and C3 group tor the
control grevp, wnd L, 12, and I3 group for the uterventian group. Sub-
jects in Cland H group were observed for 4 weeks and then sacriced,
subjests in €2 and 12 group ware obsorved for § wocks and thon saeri-
fued, subiects w €3 and 13 group were ohserveil for (2 weeks and then
sderifived,

3

ce ot samples” intra-cwrdiae blood was
aapirated, amd then the binod was centrifuged for 3-5 minutes witl

During saceiice procadure,

3,000% rotation per minute. The obuined sevam wus then tsed to evalu-
ate | TR-ustradiol leve! asing FLISA method (Rat Estrogen TLISA Kit,
Cat.No EOLT70 Ra, Bloassay Technology Laboratory, Shangbal, China).
Cwrtiluge on the knee joint was also obtumed duving the sacrinice proce-
dure, and then presorved nthe 10% fermalin Tor immueohistochontistry
svaliation of MMP-13 and rype 2 collagen sxpression by using specitic
ki {Rabbit ant-Rar MMP-123 polyclonal and Rablni anti-Rat Collagen
Type 2 Palyetonal Antibody, BIOSS antibodics inc,, Massachusutts,
USA).

FLIN G Examination Procedure

The ELISA examutation mvalved the following procedurss. All rea-
sonts, sundard solutions and samples were propared al vosim lemperu-
ture. e hundred @l of standard selution was powed into a standard
swell and 100 gl of sample into a sample well, betors adding 10 yl biotin
conpuzied unti B antubody, The diuied anttbody was previously incu-
Datod for 15-18 howrs in 47°C wmperatwe, After that, 30 pl of streptavi-
din ~HRP was adeded o the standard well prior to sealing it w prevens
leakuge and the well was incubuated Jor 60 minotes af 37°C. The seal
was wpeocd aml the plate was cleaned five times with a buffer before
subpierging it in .35 buffer solutian for between 30-50 seconds. The
plade was eleancd again fve dmes with baiter solution and the area
aretnd the plate was cleaned with absorbent paper.

A anl B substrate solution wis added o sach well and then the wells
were ineuhated Tor ten mimutes at 37°C unbl the colar changed. Then
the stop solution was added, and the eosalt was read at 430 am wave-
length. The O (Dptical Density) value was measured after 10 mimres,

Famunohistochemical Statning
The histological specimen was deparaffinized and submerged in
xylal selaion o Gmes for 3-3 minutes on cach occusion n order Lo

sradeate the endogenous perovidase present, The specimen was then

placed in absolure eihano) soluten three tmes lor 1-3 minutes, befons
heing bathed twice in 702 cthanol Tor the same duration. T was subse-
auently washed three tmgs asing aqua bidestylaty, while the slide bar-
der was cleaned with sbsorbeut. Drops of hydrogen peroxide 3% ware
aedded betore boing incabated al room temperatire for five minutes. The
specimen was then washad three times with PRS 3 aod the shide border
clennad. Diops of D.023% trypsin wers added aod incubaed at 37C tor
six minutes belore cio

aning was carricd oul three umes with aguabides.
zatzl. Drops of Ulna V
vere added and ncubated ar roem temperanue tor Gve nunues.

tvilata, T andition, the shide borders wars ¢
Block
Deaps ol diluted monoclonal {1:HIB) were then udded, incubated at
roum Temperature for 2530 minutes, poor o washing thres times with
PBS and cleanimyg of the shide berder wath absorbent was completed.

246

Drops of Primary Antibody Enhencer appropniate to the examination
congerned were added and incubated al room temperatdis tor ten min-
wies. After washing three times with PBS, Jdrops of Horseradish Pevoi-
dose (HRP) potymer were added and menbated b room temperaiire fo
L5 minutos. Atlst washing thrse Uimes with PRS, the shide border was
vleaned.

Drops of the chromngen {20 1T ml substratet i acoordance with
the praposed cxamination wore added and incubated at room tempery-
turs for 5-15 mimuies i a dackened room, prior to washing thres times
with aguubidestylata and clzaning, Staning with Mayer’s hematoxylin
solution, incubation at room tomperatuee for 6-15 muutes and washing
three times with running water was carcied oul, before bathing in water
for ten minutes s the fnal cleatimg. The resolts ware dried and placed

an a nierescupe ubjoet glass.

Stadistical Analysis

All data acguired i this study was analyzed using SPSS Version 21
Shapiro-Wilk test was used o aalyze the homogenelty of the data.
Munn-Whitmey test and Kruskall-Wailis test were used to analyze the
difference in 1 7f-cstradiol and type 2 callagon expression between
groups, Brown-Forsythe test and Games-Howell test were usad to ana-
lyze the dillerence i1 MMP-13 expression betwzen groups.

Resalts

Table | shows the resulls of | 7R=estadin] level measured by ELISA
1 the control and intervention groups, The estrrbol lev el was decreascd
signiticantly in the wtervention group compared to the voniral group
(ref03). Thore was sigmificant difference betwaen C1and [T (p=0.013).
Thure was sigmiticant difforense botween C2and 12 {(p—0.030) and ba-
tweet O3 and 13 (p—0.04%), although there was oo significant differsnce
between the subgroups in the nte

enbion group. The asphereetomy
procedurs resultad in a sigmificant reduction 1 the level of cstradiol,

Tahle 2 contaims the results of MMP-13 expression sing immuno-
histochemistry methods. Tt was foand that MMP-12 sxpression in-
credsed significantly in the imtervention group {p-0.03), but there was
no difference hetween the muwrvention subgroups {11, 12, 13), There
wasn't significant diffcrence botween Cand TH p=0.107), but thore
was significanl differenve banween C2 and 12 (p—0.012) Thers was sig-

1

niticant diflerence bowween C3 and 13 (p=0.002)% 1L wus comcluded that

wophorestamics cause incroased MMP- 13 Tevels in cartidage,

o
e 4 o

Table 3 shows the results ol Ly allagen expression using an im-
munohistochemical meathod. Tt was fownd that there was a significant
devrsasz m fype 2 collagen tevels i the intervention group compared to
the contol mroup (p<uil3) due to the perfomming ol vophorceiomies.
There was significant ditfference betwesn C1and 11 (o=0.002). Thers
wast 't sigmiticant differsnce between C2 and [2 (p-0.067) buat there was

sigaificant differenee O3 and 13 (p={L1004),

Discussion
Estrogen is synthesized mainly in the ovaries and adrenal &

About 9E-99% circulats around the body 10 a Torm bonded w the carrier
protein, p-globuling also referred as sex-hormone-binding globulin
(STIBCE). The remaining 1-2% of free or unbounded hormones can eater
the targer cell and bind with a specific receptor, idicing bielogical ef-
fect®

Classic estrogen consists of estrone {E)), estradiol (E;) and estriol
(E3). Far women, 1 7f-estradiol is very important in nuintaining the
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Table L. Levil of 17 3 cstradiol

Lavel o 17 [ Fstradiol (R2)

Croup s = = P

. % sh Madian Min Max

Control 4 weeks (€10 PR B 1.539% uA33! 1238 12783

Contral & weeks (C2) 5441 0.797 #2104 7204 10,005

Control |2 weeks (U3) %125 1.3ud ToRs 7456 11.341 )
e g 9.001%

Intervention 4 wecks (L) 1976 L4 7.528™ 6.334 2,802

Interventinn § weeks (12) 7201 1150 650" 397 REl4

Tntervention 12 weeks (13) IRES 0422 7.458° 5.243 7.436

g 0,05 was Considered statistivally signticant (Kruskall-wallis ¢
s were sigmifcantly different (P < 0.03) trom cach other (Manu-wintucy test)

Values 1 a colums with different superser

0

Table 2. Expression of MMT-13

Lxprussion of MMP-13

Groups = > P
1 5N Min Max
Conttrol 4 weeks (C1) 264" 0.86 1.4 X
Coutrol § wecks (C2) Lo7 Liln 0.4 36
Control 12 weeks {C3) 136" .02 0.2 3
- e - (kI
Intervention 4 weeks (1) i 13 28 K0
tntcovention 8 wochs (12) 5,33 224 3 Loy
Intervention 12 weeks {13) LA 081 2.6 5.2

S L0 was constderod statistically significant (Brown-Fursythe tost)
Salues i colamn with difforent superseripis wore sigonificanty different (P < 0L05) from cach other (Games-Howedl tesn)

Table X, Exprassion ol ype 2 collugen

Expresson af Type 2 Collagen

firoups = ; . B P
X s Mudian Min Max
Control 4 wezks {C1) 7.23 2.84 .60 3 1
Conteol ¥ wesks (72) 304 3.29 480" 1.4 12
Cuntrol 12 wiks (C3) 6.51 289 400 2 1 _
I § f).0un®
Tntervention 4 weeka (111 3.22 0.9y U] 2 5.2
[itervennon ¥ wseks (12 258 125 LT L6 4
Inzervention 12 wuiks (13) 2.18 0.43 2.60 0.6 3

+

P < 003 Wi considersd statstivally sigmbcant {Kruskall-wallis test)

Vilues t a coinnn with filTerant superseripts were significantly different (P < 0.03) from sach other { Munn-whilrey Lest)

physiologic tunchon of reproductive srgans, especially w the growth of
Totlictss, and play un imporiant role in sexual development. Known pe-
siphueral cffects of this hormons are mamtaning sceondary sexual char-
acterisiics stimulation ot hepatic protein synthesis such as venin substrate
and globulin bound by <ex hormone, The latest development showed
that this hormane also maintains a good bone trabeeular structare .

The hormone 17@-estradiol 13 more potent than estrone, o fhe level
ol 1 7f-estradiol booomes a marker for meropause. Estrone only has
150 of 17[-ostradiol biological poteatiul and cstriol |30 of | 7p-cstea-
diol poienrial”,

Estrozen und hypaphyseal gonadotrophic hormone siimulated the
proliferatiom of granulous cells, mainly fur follicuiar growth and vocyte
development. The main effecis of sstrogen on gemntal tssite include: (1)
mducing endometnial probiloraion m the wierus, (23 milueneing the pro-
ductinn of cervical secretion until it attains lts maximum level at the
nd-point of the menstrual cyele, and {3) maotaiming the awcosal sur-

face of the vaging in a healthy condition by a process of vaginal epithe-

T mararsation™.

Extragenital effevis including secondiny sexual charactensiie devel-
apment (cstrogen constitutes the domenant stimulus m breast devetop-
ment at the onset of puberty), induction ot protein synthesis {Sex hor-
maone-hinding globuln and renm subsine ), naintenance of bone
structure and preventian of osteoporosis. In menapausal women, the
level of estradiol is frequentiy veduced leading to osteoparosis. This
mracess is also hought w alleet cntilage in asteparthritic patients”.

Menupause represents the cessaoon of the menstraal cycle in women
tue to the reduction io the level of sstrogen. The postmenopausal period
15 NG CoMMencing at e cessation of menstauation until 12 monts k-
=

Estrogen plays a major mle w the functionmg of the genital organs,
including: sexual diffrentiaton and sexoal reproductive orean develop-
ment, in addition to exerting an extragenaal =ffect on the endometrium,
brgast, non-joint bone and cartilage”’. Estrogen alse acdvely maintains
thi: homeostasiy of bone and cartilage, especially in postmenopausal os-
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tcomrthiitie women . To experimantal subjects, ouphorectomies cause an
werease o cartifage tamover and erosion of cartiluge swiaces. Howev-
ar, e mechanisms of this condition wre stil unclear™,

This study showed that thos was & sigaificant pest-vuphurcetomy
reductiont w L7 ssteadiof in the expernnenal aubjects comparad to that
Iollwing the sham procedure (prL05) Tr also indicated an fuerease m
NMAP-1 3 cxpression in coplarectomized subjects conipured to those
uudergnme the sham procedurs (pril0z1,

According o the study by Lo et al., esnogen conlbd inhibit the TGF-B
simualing pathway, Tnomenopausal coadition, in which estrogen level s
decrzasad, the TGF-P signaling pathway would bz disinbibited”, The =t-
fect ol imereasing TGF-P on chondroprogenitor cells s RUNXZ cxpires-
sian v e nielsl, A increase i hypertrophic chondroeyte cells is com-
monly causzd by RUNXD expression. As an intracrine, RUNX2

stimualates daffvrentabion oy

s chondvosyte hyperwophy™ ™, Uyper-
vophic chondrooyte expresses severgl prateing, namely: alkaline phos-
phatase {ALL), vaseular sndothelial growth factor {VEGE), osteopontin,
matrix metalloprotease 13 (MMP-13). The elfeot of mercased MMP-13
expression is the degradution of cullagen, resuiting o reduced expres-
siont of rype 2 collagen i the joinn cartilage of the suls_inuts”‘.

Soverul studies showed that administration of 1T70-estradiol would
deerease osteoclast activity by TR activation, resulting i new bone
tormation and fype-1 collagen synthesis. Marsover, gstrogen or the re-
ceptor activation would upregulate ostzoblast formatinn ™. New bone
formation weuld lucrease subchondeal bone dessty which i tuen will
decrsase the prabability of OA. Another mechanism how estrogen nmy
be protective Lo joint cartilags is by downrczulation of inflammatory cy-
tokines. Estagen wdiibits the farmation of pro-inflammatory cytokines
stich s 1010 and TNF-r and modulate the sxpression of anu-inflan-
matory eyiokine kke TL-10, independent from ihe TIPA axis”™. The pro-
diction of MMP-13 is affected by sail pro-icfammatory cytakings'™,
This, estrogen would decreass the expression of MMP-13, a3 deman-
strated by Claassen cial'™,

Turner et al. demoustrated that oopharectonues conductad on sheep
Tad u sygmiticant etfeot on the aggregate modulus and shear modulus of
articular cartilage, without any change lo cartilage thickness”. Christoau
et al towsd post-pophorectomy increased cactilage degradation and «de-

tevied CTX it motse wnne™. In pastmenopatisal wonien, there iy an
increase cartilage Jegradation and tuercased CTXO T oxerstivn o the
urine which impraved after the administering of levormeloxifzoe
{SERM)™.

Agdersen ct al, found that auphorectomized vats had ercased joint

cartifags erosion‘degradation due to estrogen depletion and the adminis-
ruton of exogenous estrogen or SERM would inhibit the rate of degra-
dation”". However, it didn’ cxplain the axact mechanism of how cstro-
gett depletion would fzad to mcreased cartilage fomover ag we aimed in
our study. Our study Found the sinnlar resull tal sapharectomy would
deersase the fovel ot cstrogen, The decrease of cstroger in twm would
lzadd (o mersese the expression of MMDP-13 which degrades the type 2
collagen in the jeime cartiluge.

Cartifage is formed by chandrocytes and its extracelinlar matrix
(ECM). Cartilage degradanon will cause tirnover type 2 eollagen, be-
cause forms a collagen mesh which determinges the strength of the carti-
fage'™, The type 2 collagen content of  cartitage amounts 1o 90-93%
with fhe cesnlt faat s degradation will 2

Thers are 28 types of MMP contained in body tissue, but 1t is mainly
MMP- 13 which imduces the cartilags to degrads type 2 collagen™,

eaken the cartilage

MMP-13 s alse produced by the synovial cell, puaerophage and chon-
drocytes influcneed by TL-1 and TNF- ™ Numbar cludy showsd that

1 2843 ): 245-250, 2019

inflammation intlucnecd 10-1 and TNT- @ production and causea in-
creasing MMP= 137 This study showed thar the decrease of | 7B-estra-
dind vesulted m efevared MMP-13 expression m eartifage (Tuble 1}
MAP micehanism will induee enzymes to destroy organ matey, wmelud-
ng oxidant, disulfide, alkylating ageot, via a switching mechusn. o
gamt eantibage, (s process is mamly due ta oxudant aciivacdon which
destreys evtlagen protein™, Theretore, 1 7p-osteadiol affested type 2 cal-
lagen levels in cartilage leading o an increased risk of ostevarthiitis on
pn".una‘nnp.-ms:ﬂ \a'nmenw

The study by Asano ¢t al, (20061 tound that the production of MMP-
13 in the synovinm is affected by levels infanenatory cytokines, 1L-1
and TNFwa. Thus, nssue milanmaton would merease MMP-13 expres-
sion'” Qur study showed that cstrogen lovel depletion alse imercascs
MMP-13 expression trough hypertropluc chondrocyte formation. Fur-
ther study 1s needed 1o assess whether this phenomenom is primarily
causzid by inhibition of TGF-P pathway or by the ant-inflammatory of-
fect of estrogen.

Oither stk

and the incidencs of OA. Bstrogen in the body koep the musele mass in-

= foundd that there 18 a conclutton hetweon migscle miss

tact, and 16 post-menopatse wonen, when the sstrogen level 15 deplet-
ed, the muscle mass s redused as well™ ™ Tlawever, inour study, wa
did not evaluats the effect of musele mass. Further study needs to be
tong to determine the dominant factar of the OA, whether it iy the mus-
cle mass o the increase In MNP-13 and deercase o collagen-type 2.

Tn conclusion the decreass in [ 7P-estradiol will decreass type 2 col-
Lagen dough the merease of MMP 13 on jonu cartilage.
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