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Abstract

Project Code : TRG5180017

Project Title : Investigation on the biochemical characterization and biological functions of

proteoglycans from the cartilage of unossified alter of Cervus timorensis
Investigator : Dr. Peraphan Pothacharoen, Chiang Mai University
E-mail Address : peraphan.pothacharoen@gmail.com
Project Period : 2 years

Velvet antlers are the fastest growing mammalian tissue, reaching growth rates of
approximately two centimeters per day during the growing season. In cartilage and bone
cellular activity largely depends on the interaction with vast amount of extracellular matrix
substances. The chondroitin sulfate proteoglycans (CSPGs) of cartilage are dynamic
components that play major roles in the normal physiology of cartilage and regulate the
biological processes since many of their functions are associated with the glycosaminoglycans
(GAGs), especially, the structure of the CS chains is quite considerable interest. The CSPGs
form tip and mineralized cartilage of the unossified antler of Cervus timorensis were extracted
by GuHCI and CsClI ultracentrifugation. The CS extraction and disaccharide composition were
evaluated by anion exchange solid phase extraction and enzymatic using chondroitinases in
combination of HPLC. A disaccharide composition demonstrated that CSA [GIcAB1-3GalNAc(4-
O-Sulfate)] and di-4S [GIcAB1-3GalNAc(6-O-Sulfate)] are the major disaccharide constituents,
which found in high density gradient centrifugation fraction of both cartilaginous antler tips
(CSA:CSC ratio = 1:1). In addition, we reported for the first time about oversulfated
disaccharide units: CSD [GIcA(2S)[31-3GalNAc(6S)] and CS-E [GIcA(2S)P 1-3GalNAc (4S, 6S)]
containing in low density gradient centrifugation fractions. The biological functions of antler CS
oligosaccharides were studies 1) growth factors interaction analysis on surface plasmon
resonance (SPR) system 2) chondroprotective effects using porcine explant model and 3)
osteogenesis property by bone matrix proteins gene expression analysis. The antler CS
oligosaacharides showed the specific binding affinity toward the recombinant FGF, which has
been reported that plays an important role in the development of bone and cartilage. CS antler
oligosaccharides from Cr and Mc protected IL-1ﬁ induced cartilage degradation. In addition, the
bone matrix proteins (alkaline phoshphatase, collagen type | and osteocalcin) in osteoblast cell

line (hFOB 1.19) were induced by antler oversulfted chondroitin sulfate treatment. CS



oligosaccharides from cartilaginous antler with their chondroprotective and osteogenesis

properties, may be good candidate for therapeutic application for bone and joint diseases.

Keywords : deer antle, cartilage, chondroitin sulfate proteoglycans, oversulfated disaccharide,

chondroprotective, osteogenesis
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WHANEFETITNIRANWINEILNS 3. 81119 mmmsaamm%umuaan wusan nngaen wlu
4 8% ﬁumné’mﬂmm@ﬁLﬁum:@néau (cartilage) (3unial3es NnUanuga 7 1) Cartilage
tip (Cr) Waz 2) Mineralized cartilage mullmﬂ (MC top) 3) Mineralized cartllage muﬂmd (MC
middle) 4) Mineralized cartilage a’mma (MC  bottom) LL@la mu’«] nﬂ‘m
wminidenuazinanudugwdng wazarolwiiings (0.9% wiv Nacl) uaz 10% (v/v) tiiton X-
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SUNRIFNG wvlmwmmﬂ@m.,@ﬂaau (cartilage extract)
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tip W&z Mineralized cartilage top ﬁ]:gﬂuhmmeméauﬁLﬂuIﬂiﬁIaﬂé’yLmuaaﬂm laeA% CsCl
ultracentrifugation &9833n35vinasnisede 1in cartilage extract anazasluasazany 4M GuHCI
wazdSuanuanuasszresansazanslmdn 1.7 g/mi lagns CsCl uasinldTwnioed
38,000 rpm uiian 48 alug ﬁqmﬁgﬁ 4 °c Tegmenssnnmstumissssazasln
centrifuge tube agauoniiy 1w 6 A% SENAUEITUIINATUIIINATULNI A A,
I@yéménq@ (A, fraction) 'amﬂuéauﬁﬂiﬂsmaﬂé'yLmugaqma:ém ﬁaéﬁ@%mw:mﬂiau
Lﬂuaa@;ﬂizﬂauaémnﬂﬁu (8) mmﬁ'@Lwia:é’;m:gﬂﬁwmﬁﬁmmmﬁaaaﬂ lagd%  dialysis
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ANMNNTRVAINAL AT IwnaLLAK  TaNE lum'samommﬂ@m:@naauvl,m'mmﬁL@m:%
laeA% dye binding assay (9) I@Ulmmimamamamimma‘m (ﬂaumasau dane o

2

AMNTNIUTTRIN 0-30 pg/ml) Y5anas 50 piwell dnaslulnlalasiwan aniurimaés
1,9-dimethylmethylene blue dye 1U331@3 200 pl/well LLmﬁqmﬁ@ms@@nﬁmmﬁ 590 nm.

v

ANUITANNLVNIUVEY 5-GAG lua1302887199 NN IHNIA33 %

6
nmarennidsunmldsin las3s BCA assay

m’mLfﬂuf*ﬂumaaiﬂiﬁuiuawsaﬁ'@ﬂiwewnéau wlanmsieznas3% BCA  (bicinchoninic
acid) assay (10) I(ﬂ&l‘mmi‘ﬂLﬂ@lmimamdﬁiami 4193713714 (Bovine serum albumin: BSA
standards AWLNTUIZANS  0-1000 pg/ml) 5w1@3 20 piwel  aslwlalasiwan
mn%wﬁummaumad Copper (llI) sulfate pentahydrate 4% (w/v) LWRZ bicinchoninic acid

solution ludasan (1:50) ﬂsmm‘ 200 pi/well LLa’JmVI,uImeaw Vlﬂuwamﬂnu 37 C iilu

9/

nan 30 Wit anmiui mytaensganduuasii 570 nm. T N
luasdassnnmuWanasz

4 6 ) = 6 4 A i
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liquid chromatography (HPLC)

Qs a 5 & o a Agw =) v
Aauasaufu dana ladlnusanishiazgnihananasauanuuigniais inafia HPLC lagly
amine-bound silica PA-03 column (4.6x250 mm; YMC Co., Kyoto, Japan) wazlsansazans linear

gradient of NaH PO lasfidasimslnafl 1 mimin flaangiines (11, 12) lasansdauny
2 4

USinae 25 pmol azgnieloulasnisszanzlu 16 mM NaH PO lulauSwnas 200 pi
4

2
&

WWBYITNTILATIZN msa:myﬁgﬂ"n:aaﬂm (Eluate) azgn maﬁmaﬂ@ﬂmﬁ@mmi@@
A A
NARULRIN 232 nm.

s % ! a o a
n3adadsznauvaiwIanaluenag  (Disaccharide) uusipnauasasfiu  Fana  ladlnuse
6 6
a3lia lag3s HPLC (13)
o ! a 3 e ¢ a A A . ¥
nmMIzasaIsladlnuaansisaalsiawlvunauasasdiua  1add (chondroitinase ABC) lnla

ﬁﬁmaimaqagj Taonaudassfingnawale (05 89 1.0 nM) A 10 miU  tewley
chondroitinase ABC lusnsazansiiwines (250 mM Tris-HCI, pH 7.3) ﬁ'qmﬂgﬁ 37 °C wiwiaan
30 W ﬁ]’]ﬂ&uﬂq&]ﬂﬁﬁ%ﬂﬂ@?’]tlﬂ’]iamaa@‘ﬁlqm%Qﬁ 100 °C w381 5wl
mié’hasiwauﬁmfa]:ﬁwm”BLﬂi’]vﬁao@i{ﬂsznauﬁwmﬂmaﬂaé@?’symﬂﬁﬂ anion-exchange
chromatography Imﬂ“ﬁ amine-bound smca PA-03 column (250x4.6 mm) YII“IT@]’J%Aﬂ%iJU‘LILL‘LI]J
linear gradient mil NaH,PO, ﬂ’nm“ll&l“nu 16 §4 798 mM 8a1MTIAa 1 mi/min 1Jua 60
Yt mia:mwgﬂm:aaﬂm (Eluate) 920NATI9RAY I@ﬂmimmmi@@nammw 232 nm
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2. MInasgaugnindinnzatnanasasdn fala Nnanalalaenagauns binding Ay
growth factors ##a®19 9 lng35 Surface Plasmon Resonance

a . . d: a s . a iy . .
N13L§1384 oligosaccharide LWa@@aNL chip I@ymm@amnmﬂ biotin

yMIaaaanaunanasanin dama loalnumaaslse Meaulasansuanduad meunana
fu'luladulas biotin hydrazide reagents #azlanandaduaunauasondn %’aM@ﬁgﬂ@@
a8n@28 biotin lagly hydrazine linkage aMNiEUYNN3A13@ biotin  Aitwaanns@easnlay
waia gel filtration 1at) PD-10 column (GE Healthcare)

N1INAFAUNI_binding  UaInauaIaan Taine laRlnusaai3lsa  fou_growth factors lag

surface Plasmon resonance analysis (14, 15)

M IATIIROULALILATIZR T TUT DS growth  factor  UASRIUAAUATOLGAL  TaLWa
Toalnumaaslsa las BIACORE X system (BlAcore AB, Uppsala, Sweden) lagvinnisad
(immobilize) LaTENEAAUATALGAY Dol IaﬁiﬂLLéﬁﬂﬂﬁgvls@TﬁQna@aaWﬂaau biotin U
streptavidin-derivatized sensor chips (SA sensor chip) I(ﬂ&li%ﬂ’ﬁ%"].lﬁ’%ﬂ&i’]d%ﬁL‘W’]:"llad biotin
LWae streptavidin lag repeated injection ﬁé’mwmﬂ%a 40 MI/min Wuar 2 wfl
LLa:ﬁ]uvL@?é'mvaJv’lmﬁ resonance 3000 unit Famiiu 140 pg of sugar chain ANINIINTUTB
growth factor AlmanlUvinsnasevazfienuusn 5-35 pg/ml lagazazanslu running buffer,
pH 7.4 (HBS-EP) fisznaueiy 10 nM HEPES, 0.15 M NaCl, 3 mM EDTA waz 0.005% (w/v)
Tween 20 lagvimsaawldludamnslng 20 pimin Lﬁunm 2 mﬁ ﬁ'mﬁﬁ'uﬁnms
\WasnuUasLad resonance unit MERAIIINGA growth factor L829ZYN13ANS Banaly 2 M
NaCl 1iwiaa1 1 wfl ez sodium acetate lwiaan 1 wifd

Kinetic parameter azﬁ’mami@]ﬂ"ﬁﬂmﬂm BlAevaluation software 3.1 (BlAcore AB) Imﬂ‘% 1:1
binding model LLgﬁ@ﬁu’JmW] k, (association rate constant) , k, (dissociation constant) 37N
sensogram e equmbrlum d|3s00|at|on constant (Ky) mmmmn amﬁmu"uad kd/ka
I@mm kinetic constants F9NAIALAAINNANLARLVBINFINANINARIATIIANMUDN VAT 4
a

& v '
3. MInadaugnsmIwMsdaIgnszanaanlunasanaaaslnas IL-1B —induced cartilage

explant model

milﬁmm:g}ﬂaaum 26 alu%aa@ﬂ@aad (cartilage explant)

mﬁﬁnixgﬂéauﬂa@iaﬂnﬁ’] (metacarpophalangeal joints) mad%ua’mﬂizmm 35 Aot
ﬁvl,@?ﬁrmﬂ’mﬁué’f’msiwmnkas&h&'mf TasrnmIsananiangIues Luamammwummaan
SmmmuﬂladLﬂaﬁuniw@ﬂaauaamm LENLAILRNI mumﬂummnaauma @lamﬂuummmd
14 Dulbecco’s modified Eagle medium (DMEM) ‘m\l 50 units/ml penicillin, 500 ug/ml
streptomycin 111287 30 W17 @ﬂlﬂmu’mﬂiwmm 3x3 A1TINARLNAT u’miw@ﬂaauma@a



] v ¥ X & ¥ ! s a a A & ¢
‘YlLLEJﬂVL@]LaUGI%LW&‘Y]LaUGLSﬁaa%uﬁﬂLﬁuN’mﬂuﬂﬂmd 60 UANLUAINUDINIT LAY DMEM

a

(250 units/ml penicillin, 250 pg/ml streptomycin) 8¢l 5 fadaas iwian 24 SRt

g = X ' & ¢
31]“(] 3 LLamﬂ’mmwLLﬂ:LW’]:Lamm:@ﬂaaulu%aaanmaaﬂmwamammaa
v 4 ¥ 6
muﬁ@Lﬁ%N’]ﬂuﬂﬂﬂ"ldm%ﬁ(ﬂ 60 VARLUAT LLazluLWﬂ'Y]LaUGLGITﬂa"IJ%’W] 24 “HQ&I

NMIANWINAVBIRIEADUATAL A %’aM@‘lummmmmm ﬂﬂi:@ﬂaauiuwaaQW@]aao

. e Y% o ' ¥ - «
inszanaawzaaafiieioulaandiiminuazlaasunanidosoaszua 24 wan ludanaiu
fl @ 1 1 [ & ' [ & i
UINIzQnaauvada 30 mg @aomnABuwas 1 ml lepflomndvagas lutuaau
g a g q/A Qs g dld A Id Q
tzlimiminszaulnifianznisdniauadn IL-1P (7.5 ng/ml) lunznfineludansaia aau
AYaLAK FAWA ANLVNYUATI ) AL 25-100 pg/ml
YMSIREINIzQnaawana I@mﬂ‘%mmﬁym:mwnauﬁlamsé‘feﬂm’;mmuﬁumummuﬁ
Lamlummimmmaaﬂﬂ@ mmmaa’[umww Lam‘namﬂﬂu 37 °C 5% CO ANUTH 95 %
WJuan 3 % L;Jamunmmumumaansw@ﬂma@al,m DIMNIIR B9 TRALABYINMTILA TN

milﬁammmlaamwgﬂaauma@aluma@maamavlﬂ



a c = . . Aq, ! it I ad 1
M3aeTemLTanae Glucuronic acid luunszqnaauvaaalas3s Uronic assay

Lﬂuﬂ’ﬁm’sﬁn@ﬂimmi’mmad glucuronic acid (hyaluronan LRs aggrecan) ﬁmﬁalu%u
mmnaau mmmumsmammwao ECM mmmnaauma@awvlmmﬂ'ﬁamlumm
Immﬂmmﬁ lyophilization Tufinriawinumg annsul@n re-hydration twaan 1 fw 9nsiuiin
mmnaauma@amﬂaamﬂ papain solution (1 unit/ml papain, 0.01 M cystelne 0.01 M EDTA,
0.05 phosphate buffer, pH 7.0 ®&1382 msluvl(ﬂﬁﬁumi pre-activate ﬂau“nam‘ﬁﬂm 60 C
WJuan 30 wd Lwaﬂsmuﬂﬁwmumaal,auvlsnu) ’Luamwmuﬂmn gauLama 0.1 g. A8
papain solution 1 ml safisa@t 60 °C auns:gﬂaauma@anmmﬂumiawmﬂ mantszanm
3.5 5219) u‘hmia:mzms:gﬂéawﬂa@'aa:mUluiyﬁﬁné"u’l,ﬁvl@?ﬂ%mm 1 ml Q@&EITAIBUT 400
ul aslunaaanasasfiuniuiu 2.5 ml concentrated H,SO,-borate (0.0125 M sodium
tetraborate (Borax) in concentrated H,50,) Mfiifunanlmanfuinluauluwnden iuiam
510 wif sirwusluwiuds wazidin 0.1% m-phenyiphenol (lu absoluted ethanol) #dla 15
mﬁﬁ'qmﬂgﬁﬁaaLLa:ﬁvaﬂfi@éﬁms@@nﬁmmaﬁ 540 nm lagiSanm  Glucuronic acid win
m:gﬂéau AMwImlaglfigunuNTIWINAI3 %

6 v 6%
e rvdsanoabnalaandlulnaian (glycosaminoglycan: GAG) luaivns taudisanlasis

Farndale reaction

Lﬂumﬁme:'ﬁ{mﬂ’%mmmé’m‘[amﬁiﬂnaLmuﬁﬂ%géﬁaLW@iuIMLaqa a193% Farndale reaction
Tag1inamSIAEaLTRaTIlaaNNN1IMNAaas ANdagdas 50 W L&y 200 Wi a9 dimethylmethylene
que (DMMB) solutlon (1L; 16 mg DMMB, 3.04 g glycine, 2.37 g NaCl, pH 3.0) NN
mma‘@@nammw 620 nm mmmmmnammmwvlm mmmmmﬂimm ﬂaﬂﬂqﬂuiu
nasuanlagloasnanasosdin daa & (chondroitn-6-sulfate; CS-C) fiANwLNTY 10-40
Hg/ml L% 81501053

6 ¥ 6%
maenzmyTanalasgliuun (HA) lwemsidsuaaalasiT ELISA

IumﬁLm’wﬁmﬂ’%mmvlamﬁalsLLuuﬁnﬂaawUaanmlummngmmag I@Uﬁwmsmﬁau LNaN 96
WA myvl,amaBLLuu (0.1 mg/ml umbilical cord HA lu coating buffer) 1duiaa1 1 Au mm'mu 4
°Cc mnuummimuwaﬂmﬂ PBS-Tween (phosphate buffer saline — Tween ) LWRE block
INANAIY 1% BSA (bovine serum albumin) figmngd 25 °C win mIm WIBNTILATEA
inhibition mixture 28Ix131@I M (laenglsuun; HA-Healon, AT 3.9-1,000 ng/mi)
Wazan3628819 1 B-HABP (biotinated hyaluronan  biding proteins) AsaaIn 1:200
(1ummsmmmaa DMEM) ‘YIGVL’J‘Y]PJRL‘HN&I 25 °C W1t 1 mIm foasumurnuana iwandi
block mtl 1% (w/v) BSA mmamﬂ PBS-Tween mnumml |nh|b|t|on mixture madmimmﬁ’m
LLa:msmamaaavl,ﬂ%qm: 100 pl ﬂavlanM%gu 25 °C win 1 92139 a9tWanaly  PBS-Tween
uazldiu  Conjugate Anti-Biotin conjugated Peroxidase fiAulanan 1: 4,000 wauas 100 i
ﬁﬂ’?ﬁqmﬂqﬁ 25 °C w1 1 $2lug anaiwanaie PBS-Tween uazl@u&ULaAIn (8 mg OPD, 12 mi
ditric phosphate buffer, pH 5.0 usz 35 % H,0, ) wauaz 100 W Aehisza 5 wi
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weaUN3e1a1s 4M H,SO, nauar 50 Wl JaAMIQanauuLEn 492 uaz 690 nm @1LLATEI
Multiskan M340 multiplate reader e nsganduuasfilasndiwiamnySunalasnglsunuiiioy
AURINIATIIN

S¢ . v
4, ﬂ1iﬂﬂﬁﬂﬂ§]ﬂﬁ1%ﬂ']5§1\‘i LEINNIFINNIEQAN

e v

mmi‘n@aaquﬂuﬂ’mwwmnmmaamladElu ‘YlLﬂEI’J“].Iadﬂﬂﬂﬁiﬁiﬂ\‘]ﬂiw@ﬂluvﬁaaﬁi’]x‘i nIzgn
(osteoblastic cell line) 74k@  hFOB1.19

[ { o v ¢ ¥
ﬂ'ﬁ‘ﬂ(ﬂﬁﬂ‘l.lﬂ’n&lLﬂuWH‘DﬂdﬁWﬂﬂa%(ﬂiaﬂ@]u ‘IiaLW@]ﬁﬁﬂ(ﬂvL@@]aLsﬁﬂﬂﬁi'Nﬂi$ﬂﬂ

Ranasaufsenumuauimanzauluvesmsaioneunsasdn  Fama  Alolumsmagouimas
TngYNIWNzIRE9TRART19N3QN (human osteoblast cell line) #Aa hFOB1.19 lu  96-well
culture plate $1W31 1x10° 1TAAABMAN @38 Dulbecco’s modified eagle medium (DMEM) i
10% FCS , 100 U/ml penicillin L8z 100 ug/ml streptomycin Lﬂunm"ﬂ’mﬁu o CO, incubator
37°C  niwrimsanenwsaas lagvimsdaswluidesls DMEM Alud Fes il 24
lus Wensunadussaianouasasfin éi’j’aLW@lﬁvl@?mnm:@ﬂéau M9 Cr, TiANULITY
3.19-1000 ug/ml USu193 100 Vl,u“[mﬁm@iaﬂqw e 24 $alus asuavmsIEvaTazans
MTT U3y 5 pi aalmwiamqml,a:ﬁ'}mi incubate @adn 4 Falug  NHWTANITEANT
:mylwauﬁﬁwmnwwvLgmmagﬁﬂﬂ LLWL@&J DMSO adld 100 i @iamu ﬁwmﬁﬂﬁ
madwaﬂ formazan m zaeulag DMSO mﬂmlu lag microplate spectrophotometer ‘Ylm’m&l’n
Ad% 540 wlwuas  lAuseuazuedsaIMIsenTinuaeas (% cell survival) suwaalaan

]UNT

% cell survival = (OD of sample/ OD of control)x100

v o . v & ~ LI S o e '
Taganunannvtluiraasaadiauinnasasas 80 vz llrlunsnasauaalyl

e v

ﬂ'ﬁ‘ﬂ(ﬂﬁaUﬂﬂﬁl%ﬂﬁiﬂiw@]uﬂﬂiLLﬁ(ﬂ\‘]aﬂﬂ°ll 8 El‘LW]Lﬂ 83 a\‘]ﬂﬂﬂﬁiﬁiﬁx‘]ﬂiw@ﬂl%ﬁﬁﬂﬂﬁi']\‘iﬂiw@m

mmil,wm,amlfnaam’mmw@ﬂ"nm hFOB angem1siagsinas 10% FCS DMEM lu 6 well
plate 11;16; 80 % confluence Yf’m’ﬁa@mWD‘I@UmSLWWngmlu serum free DMEM (dwiian 24
s Wensunadvmiaianauasesdu sala  auLNLYL 0-100 ug/ml WREVINNILNNE
Besaedn 24 talus Wensuavinmsuanimassia total RNA lag3% spin column (GE
Healthcare Bioscience) 91NN%u®1 RNA #afala 2 mg anvimswasulnidu cDNA
I@U@@&Wmé’?’lﬁagﬂ Reverse Aid'" H Minus First Strand cDNA synthesis kit (Fermentas, USA)
niui cDNA ldasravmsuaasaanuasBulag®® Quntitative Realtime PCR laguingnai3a
3 SsoFast’" EvaGreen Supermix (Bio-Rad, USA) Taly primer §aan314



1"

Accession

Gene Sequence (5’-3): number
F:CATGGCTTTGGGCAGAAGGA
ALP NM_001114107.2
R:CTAGCCCCAAAAAGAGTTGCAA
Type | | F:CAGCCGCTTCACCTACAGC
NM_000088.3
Collagen | R:TTTTGTATTCAATCACTGTCTTGCC
F: GAAGCCCAGCGGTGCA
ocC NM_199173.2
R: CACTACCTCGCTGCCCTCC
F:GAAGGTGAAGGTCGGAGTC
GAPDH NM_002046.3

R:GAAGATGGTGATGGGATTTC
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NANIINARDI
s o )
MIuENUIgNSaLAaRATaLGAY TalNa 9INNIEANBARIYINING
IMMINARDINL §WTAUENABUATEEAL Faa aanunvnnIzgnaswaIniile
a = Q al Qs ' > q; % v Q
lasfdSanmndvlasdlundouan Ay 28.1 uaz 33.0 pg/mg WinlnLWITaIRIIRAANTZAN
8a% Cr Waz MC fraction @INaNGL (A17199 2 WAz 3) uazldanzintednaslaodlunasua
Qs ! ! Qs o Q { o =) Agl e a
FananalUs@umiu 1: 2.6 uar 1:1.25 awaau  uaztilarnisuenuignineaisds CsCl
ultracentrifugation ~ AERAINANINNTATITAUSINL  1U3Au, s-GAG WAz SDS-PAGE
. & o @ I
electrophoresis WUMEIAKENLIgNTaNIAauasandn daina lsdlanavuau laluzu A, uaz
A, fraction (3U7 4 uaz 5)
U

a19199 1 uaaaninidanuasiunszgnuaskIMINLAITIRNANIZANNaNa b

Sample Wet weight Cartilage extract

(gram) Dry weight (mg)
Cartilage (Tip) 4 124
Mineralized cartilage (Top) 20 587
Mineralized cartilage (Middle) 40 662
Mineralized cartilage (Bottom) 24 187

0131971 2 URAIUNRINUAIRINANT 9 TBINITTANBEURINLAA (Cartilage, tip) Auanlaniy
% a £ . . a [ Aa %
WaINIUENUIgNTae CsCl Ultracentrifugation TinflatFunmldsfiuuss ndnlaaniilundouan

Fraction Dry weight (mg) Total protein S-GAG
(K g/mg DW) (L g/mg DW)
Cr total 4.4 263.5 28.1
Crl 12.0 94.1 29.6
Cr2 4.0 64.1 304
Cr3 3.0 124.1 30.0
Cr4 39 215.6 24.7
Cr5 3.3 264.1 16.7
Cr6 3.0 4427 13.7
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MM 3 UFAIUIATINUAIRIUANI G VBINITANEAURIU mineralized cartilage (top)
{ ¥ Qs =) qu’ . . = -y g1
fiusnlanendanisueny3gnais CsCl Ultracentrifugation  TanfladSunmlds@uuaznaplaand
o ' &
lunssuaniiiduesnlsznay

Fraction Dry weight (mg) Total protein S-GAG
(LLg/mg DW) (Lg/mg DW)
Mc total 13.0 124.2 33.0
Mcl 52.0 42.1 33.0
Mc2 52.0 41.4 33.6
Mc3 8.0 102.1 29.3
Mc4 8.0 187.1 21.7
Mc5 12.0 419.9 17.6
Mc6 287.0 139.9 16.8

UM 4 umad 4-20% gradient SDS-PAGE Avanlds@uai8® coomassie blue Va3
' v & v
cartilage: Cr (tip)fiuanla MonasanmMInonuIgniaiuds CsCl

ultracentrifugation
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gﬂﬁ 5 W§AJ 4-20% gradient SDS-PAGE fisanlUsduaiaf coomassie blue 289 mineralized
6 vV
cartilage: Mc (top) n’lﬂ%a\‘iﬁ]’mﬂ’l‘nmﬂwsqwﬁ@’m’ﬁ CsCl ultracentrifugation

m‘smaaﬂ(ﬂs:nanmmﬁﬁmafmaqa@: yasnanasastin sawla ladlnugaaslsa

Lﬁaﬁﬂﬂ’mmﬂaﬁ‘@ﬂé‘ﬂﬂmmuﬂﬁﬂLmuﬁ]’mm:gma'aui@ﬂﬁ%' [3-elimination, anion phase spin
column LLGﬁLﬂS’]:‘Vi@lag’m amino bound column HPLC ST WIBUTU UV B
nalaodlunasuan LLa:ﬁﬁmﬁLﬂi’]:ﬁmmmu‘%qwﬁm:ﬁfnmﬂumqaﬁﬁﬂuaaéﬂi:naﬂg

aauaadluIlf 6-7 uazanvan 4
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1 H 6
U7 6 ugaalasunlaunsuued disaccharide fiidusiaisznauvedssy neuasasfn
%3 A & S A e % ! . .
gdana laflnusaaslsa fuonlaanansafianszgnaauiainang Cartilagenous tip
(Cr) lusuana Cr1-Cré (A-E)
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! : ¢ o
U7 7 usaslasunlaunsuas disaccharide fiidussadsznauvesans nauasandn Fana
6, e ! v o 1
ladlnuzaanslia iunlaannansafianszanaauiaInig mineralized cartialge (Mc)
lugsuana MC1-MC6 (A-E)
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4 - ¥ - . o . - G ¢
a131971 4 asadznavvasanaluianag vasxsainaauasesfin dana ladlnuoaasle 7
8MalaaNNIZaNaawvININ Cr, Uaz MC

_ Unsaturated disaccharide
Fraction

AQ AC AA AD AB AE
Crl - 50.8 49.2 - - -
Cr2 - 49.7 50.3 - - -
Cr3 - 27.0 39.6 24.1 - 9.3
Crd - 28.2 49.2 13.9 - 8.7
Cr5 - 23.5 35.5 25.0 - 16.0
Cr6 - 25.3 38.6 22.5 - 13.6
MC1 - 53.6 46.4 - - -
MC?2 - 51.7 48.3 - - -
MC3 - 41.9 51.9 4.7 - 1.5
MC4 - 41.4 54.7 2.7 - 1.2
MC5 - 11.9 11.3 47.4 - 29.4
MC6 - 25.1 33.6 26.4 - 14.9

Tun3vin interaction assay 32MI19ENBAIUATELAL %’aMmﬁaﬁ'@VL@?mﬂns:@ﬂéau UNNTI
Cr udz Mc fraction 3zgnuINMasauny growth factors Afsrunsunsaivlaiuse
nouasasdn Tamala lunnaassitlan growth factor i@ FGF (fibroblast growth factor) ,
EGF (Epidermal growth factor), NGF (Neurotrophin growth factor yMMea®al LWAZIINNIT
nageulag BlAcore™ 2000 system wudfies FGF iminiimansnivlaiusmunauasosdn
dawa vasx1safianszan Cri la sussaialusu Mcl lusansaduiu growth factor
Fsusaslugud 8 Taofian K, = 20 nM - dausasluaaedt 5
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gﬂﬁ' 8 Sensorgrams URAIN1TILNWVEY FGF (a,b), EGF (c,d) W3a NGF (e,f) NU immobilized
biotinylated CS  (Crt; juenwmiy, MC1 3Uewwn) lasvinisda  growth  factors
fenuanauansg A ; 5 Ho/ml Fwwy), 15 Homl (#idp2), 25 Hg/ml (F¥h ) or 35 [g/m
(#ua9) 111 1RURD biotinylated CS-immobilized SA sensor chip : RU @a resonance units
N Lm‘lfl:dgﬂﬂi%ﬁa AN33UAYEY association 5N CS oligosaccharide N growth factors
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¢34 5 Kinetic parameters 289N 79UNK IATZNIN growth factors nu biotinylated CS.
Growth Factors Biotinylated CS k, k, K,
M's’ s’ nM

FGF1 cr1 (4.9 +3.2) x 10° (1.0£0.0)x 10° 20

MCA1 n/a n/a n/a

EGF Cr1 n/a n/a n/a

MCA1 n/a n/a n/a

NGF Cr1 n/a n/a n/a

MCA1 n/a n/a n/a

The k,, k; and K, values were determined using a 1:1 binding model with mass transfer as
described under “Experimental Procedures”. The values are expressed as the mean = S.D. of

three or more different concentrations.

3. qw§1un1sﬁaaﬁun1s;§auammjaansz@néau
amazmnf%‘auamwaammﬂéau mmmﬁmaﬂ%‘lwaa@maaﬂwmsm:au@?aUmiﬁams
ANLEU (pro-inflammatory cytokine) @ aumaimﬂu Lll(m o[ (interleukin f3- 1)I@mmim]w
mmu"lwLmaamw@naawauauvlm matrix metalloproteinase Liamimmmwaamimimaﬂa
uanLéﬁaaluns:g]ﬂaaumlmnawu T,uLaqaﬂnaavl,amQISLLuuLLa:IﬂmIaﬂammuaanmlummm
m:gnéamﬁumn%un’a'ﬂuamazﬂﬂaLLa:wuﬂ’%mmmaanwgIﬁﬁﬂ‘lu%u ns:@ﬂéauﬁammﬁa
Wesunuan1zlUné

msﬁﬁqnﬁaaﬁumn%‘ammwaammﬂéau m@amqm‘lumwmﬂmmwmuﬂ’maammy
maomv@naau‘luma £HINAN Immmammsmvmwsamu IL-1B 2¥A89 EINNITNNANTRAIVES
"lamgkuuu wae lUs@lanasuau aaﬂmlummmm:gmm: 3Tz snEnUSunmadnTa
gkﬁﬂiﬁmagﬂuéum:@ﬂqa

Tumsnasasitsslasinnanasosdin Faiwa ﬁaﬁmvl,@:mnnsmﬂéammmwmmaau Tusniy
FraasdananlaswuNnawasasfin Taine Iaaimmﬂmﬂm Aatalaan ﬂsw@ﬂaammﬂfm
cr wqwﬂumsmummmmuamammnaamaml%mmm mﬁﬂmmumsmawmﬂm
glafia lu%uﬂsz@ﬂaauvhvlml,mwaUlumnﬂmmimmummmUm:@ﬂaauﬂmw
ﬂaﬂﬂmﬂuvl,ﬂml,ﬂwml,Wm Lﬂuaaﬂﬂ?naum@mmaﬂﬂmianammu%a9114, Luawan?@ﬂaau

2 '

L°II‘H: aggrecan ummmﬂmmamsm%mmaansw@ﬂaaumama mﬂnﬂmmwa@aaﬂmmuama
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azvinlniAalsauadon lumsnasasit &3 IL1B ﬁﬁlﬂiﬂﬂiz(;juﬂﬁiﬂaﬁﬂﬁﬁiﬂﬁ&liﬂ‘mﬁiuﬂﬁﬂ
meﬁ'aW\I@mnm:@ﬂéauvlémn SanumTitlusinasslSunoannidefisuiu control waiiiela
mIafanauasendu Tama fistalaann Crl uar  Mc aavl,ﬂilmﬁ'umsns:éju (IL-1PB)
wm'w:?j"sﬂ%ﬁ%ﬂﬂ%ﬂﬂqmsm:@:uslummmnné’miﬂéﬁwﬁiunﬁyLLﬂu Fainaaanain

z ! d a = =Y Q Qs 96 dq, v ! ! d‘d
flanszgneen  SewudSunundslemiilundouaudanaluiifoimesaninguiifianizans
nyzan (IL-1p)

120

100 =

80 ‘ l
60 I

40
2 I l
0
+ + +

7.5 ng/ml IL-1B = +
Crlextract (ug/ml) - = 25 50 100

uronic acid remaining (% of control)
o

U7 9 usaslSnmniaglifiafiaanielusunszgnlunizfignnszquads IL-1p 1Red
2EN4LALY WAzNNNYANTEAUAIE IL-1f uAUAIRNAfauATaudAn FaiWa Cri
fanuNK 25-100 pg/ml

s 10 LLamﬂ’%mmﬂmgIﬁﬁﬂﬁﬂumﬁalu%um:g]nluma:ﬁgﬂm:@;umﬁ IL-1B

=) ' = ‘dl g v ! > > a Qs
SAHENDHANILZLH)S] u,a:m’szwgﬂm:qumm |L-1[3 JANNURITIINAADUATOLAW Talwe
Mc1 fiaNa% 25-100 pg/ml
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VLE(U’IQISLL‘H‘H (HA) Lﬂuaaﬂﬂsmaumﬂmmaamamammnaau fanuddaants rmwiives
mmnaauma@]a mﬂnnmmwa@aaﬂfﬂ'mLuamammlmnmkﬂmamau Tunsnasesit a3 IL-
1B mmmquummmmﬁ"LﬂmﬁgInmuﬁ)ﬁﬂﬂLgﬂaau"l,@mﬂ SanumIitlurinasalSu o
wnnifafiouiy control  waflelamsaianeunasendin  Faina fﬂ'mﬂs'v@méau Cri
lam9enuNIunes  25-50 pg/ml (iﬂvm ) aﬂﬂnunumsmmu (IL-1B) WU IHAU
qmmaomsmmu‘lummmﬂvlasﬁaIsLLuuaaﬂaﬂﬂLuaﬂsw@maau mwuﬂsmm"l,amahmulu
ml,amuaymn'nﬂammaww msnmu (IL-1beta) mumsmmummn@ﬂaumamm, TaLNa
mﬂm:@naau cri lumam’mmmuga (100 pg/ml) 3287y IL-1B wofdinalamaliuun
gn%ﬁaaanmlufﬁngmmﬂﬁu Fanatwnazdunavasaninennsosdin  daia  R9nIHEa
"lamgkuuuuawé"aaanmlufﬁngm (gﬂﬁ' 11)  §IRNAADUATELAY TaWe mnm:gﬂéau
Mc1 wuinﬁa’[éﬁmﬁumim:é}u IL-1f mmmns:éjuﬁﬁn'lswa@"l,amgimuuaamm:%é"aaaﬂ
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Abstract

Deer antler is a highly regenerative tissue that involves cellular differentiation,
osteogenesis and ossification processes. Chondroitin sulfate is the major
glycosaminoglycan contained in antler connective tissue and has been isolated from
cartilaginous antler by 4M GuHCI extraction, gradient ultracentrifugation and
chromatography techniques. We examined the disaccharide composition by 2-AB
labeling and anion exchange HPLC analysis of the 3 resultant fractions (high, medium
and low density fractions). The high density fraction consists of CSA and CSD
oligosaccharides in the ratio of 1:1, whereas, the CS disaccharide composition of
medium and low density fractions are CSA (27.0%), CSC (39.6%), CSD (24.1%),
CSE (9.3%) and CSA (23.5%), CSC (35.5%), CSD (25.0%), CSE (16.0%),
respectively. The only intact CS oligosaccharides of the medium density fraction up-
regulated gene expression of bone-specific proteins of a human osteoblastic cell line
(hFOB1.19). Thus, CS oligosaccharides from cartilaginous deer antler, with their
overusulfated chondroitin sulfate composition, demonstrated the physiological
properties of CS deer antler and may be good candidates for osteogenetic agents in

humans.



Introduction

Velvet antlers are the fastest growing mammalian tissue and constitute an interesting
model for cartilage and bone research. Antlers develop from pedicles that appear
transiently during the fetal life of calves and grow to permanent protuberances during
puberty from the lateral crests of deer frontal bone (1) . They grow in length by a
continuous process of cellular differentiation, from undifferentiated progenitors in the
perichondrium into chondroblasts and chondrocytes (2, 3). The progenitor cells
develop from the tip by a combination of intramembranous and chondrochondral
ossification from the tip, involving both cellular differentiation and bone development
processes.

Structurally, antler cartilage is similar to other hyaline cartilage but is highly
vascularized, which accounts for the high level of metabolic processes in such a rapid
regenerative tissue (4, 5). Previous studies have reported that chondroitin sulfate is
major component of glycosaminoglycan contained in red deer antler (Cervus elaphus),
whereas keratan sulfate, dermatan sulfate (6) and heparan sulfate are found in small
amounts (7). Antler has been used as a Chinese traditional medicine in Asian
countries and is mainly used for anti ageing effects, as well as to treat sexual
dysfunction in elderly men and menopause in women. Scientific research has
demonstrated pharmacological effects of deer antler in aqua-acupuncture, using the
water extract (DAA; Cervi Pantotricum Cornu) for treatment of bone and joint disease
(8,9).

In cartilage and bone, cellular activity largely depends on the interaction with the
components of the extracellular matrix (ECM). Also, the composition of the matrix

reflects changes in the pattern of gene expression during tissue differentiation. To date,



however, only a few components of the antler ECM have been described. Collagens
have been identified in antler tissue extracts (3, 10). mRNAs for collagen I, X, and
both splice forms of collagen Il were detected by in situ hybridization in the
developing antler tip (4). Aggrecan and decorin were also identified by biochemical
means (6). Most recently, deer antler proteome analysis has identified biglycan and
desmocollin 1 and 3 (11).

Cartilage generally contains chondroitin sulfate proteoglycan (CSPG) that consists of
one or more chondroitin sulfate (CS) chains attached to a core protein. They are
increasingly implicated as important regulators of many biological processes,
including the physical strength of tissues, cell adhesion, and signal transduction (12,
13). Many reports confirm that the CS-PGs of cartilage are dynamic components that
play several key roles in the normal physiology of cartilage tissues and regulate
biological processes such as cell migration, cytokine recognition, extracellular matrix
deposition, morphogenesis, organogenesis and wound repair (14, 15). The complexity
and diversity of CS structure vary with sulfation pattern, epimerization and chain
length, and are usually associated with their functions. The CS chain is an unbranched
repeating disaccharide consisting of an acid sugar, either glucuronic acid (GIcUA) or
iduronic (IdoA), and N-acetylgalactosamine (GalNAc), which can be modified by O-
sulfation reactions at various positions. Each chain is linked through a neutral
trisaccharide (Gal-Gal-Xyl) to a serine residue in a PG. In mammals, common
monosulfated CS-A plays a role in the canine ossification process (16), oversulfated
CS-D and -E support neuritogenesis (17-19) and growth factor binding (20).

Antler development involves osteoblasts, progenitor cells responsible for osteogenesis
and the ossification process. It thus should be of interest to analyze the CS structural

details that are related to its osteogenic function. The present study focuses on the



separation, characterization and biological functions of antler CS from the

cartilagenous antler tip from Rusa deer.



Materials and methods

Materials

The following sugars and enzymes were purchased from Sigma Aldrich Chemical and
Co (USA): CS-C from shark cartilage, chondroitinase ABC (EC 4.2.2.4) from Proteus
vulgaris. Six unsaturated chondroitin sulfate disaccharide standards were purchased
from Seikagaku Corp., Ltd. (Tokyo, Japan). Amine-bound silica PA-03 column
(4.6x250 mm) was obtained from YMC Corp., Ltd. (Kyoto, Japan). The 2-
aminobenzamide (2AB) and sodium cyanoborohydride (NaCNBH3) were obtained
from Sigma—Aldrich Chemical Corp., Ltd. (Missouri, USA).

Extraction of the GAG fraction from antler cartilage

Samples of 45-60 days after casting antler were obtained from 3 month-old male Rusa
(Cervus timorensis). The animals were bred at Rajamangala University of Technology
Lanna, Lampang, Thailand. The harvested antler was skinned and macroscopically
dissected out; only the tip containing cartilaginous tissue antler without bony structure
was retained. The cartilaginous tip was stored at -20°C until extraction.

Preparation of antler CS

The cartilaginous tip of the antler was cut into small pieces and proteoglycans were
extracted with buffer containing 0.2 M Tris-HCI (pH 8.0), 4 M guanidine HCI, 10mM
EDTA, 10 mM aminocaproic acid, 10 mM N-ethylmaleimide, and 2 mM PMSF, and
then dialyzed against distilled water. The A; fraction was purified by CSCI isopyonic
centrifugation (21). After stirring overnight at 4 °C, the solution was brought to a
density of 1.7 g/ml with solid CsCl. A density gradient was established by
centrifugation at 48,000 rpm at 4 °C for 48 h. The gradient was partitioned into 3
fractions. The bottom fraction (A; fraction) which contained most of the aggregated

aggrecan was pooled and subjected to dialyze again distilled water. Each fraction (Az-



Asz) was subjected to p-elimination for releasing GAG polysaccharides from core
proteins by 0.1 M NaBH4 /0.05 M NaOH solution at 45 °C for 16 h. The resultant
materials were then subjected to Pepclean™ C18 spin column (Pierce, USA) and
strong anion exchange microspin column (Thermo Scientific, USA) respectively for
removing hydrophobic and cationic molecules from the GAG pellet as described
previously (22). Each eluted GAG mixture was dried and precipitated in 4 volumes of
cold ethanol.

Analytical methods

Protein was determined by the Bradford assay (23). Bovine serum albumin (BSA)
was used as a standard.

Glucuronic acid concentrations were determined by a colorimeteric assay using
cabazol reagent (24) with GIcUA as a standard. Unsaturated uronic acid was
quantified spectrophotometrically based on an average millimolar absorption
coefficient of 5.5 at 232 nm (25).

Sulfated glycosaminoglycan (s-GAG) was determined by the dimethylene blue
(DMB) dye binding method (26). Chondroitin sulfate C from shark cartilage was used
as a standard.

2-Aminobenzamide (2AB) derivatization

The deriverization of CS oligosaccharide with 2AB was performed essentially as
described by Bigge et al. (27). Briefly, 0.1- 0.5 nmol of a given oligosaccharide were
lyophilized in a microcentrifuge tube. An aliquot (5 ml) of derivatization reagent
mixture (0.35 M 2AB/0.1 M NaCNBH4/30% (v/v) acetic acid in dimethyl sulfoxide)
was added to the oligosaccharide sample, and the mixture was incubated at 65 °C for
2h. The derivatized oligosaccharide was purified by paper chromatography using

Whatman 3 MM paper in a solvent system of butanol:ethanol:water (4:1:1, v/v).



Disaccharide composition analysis using 2AB labeling and HPLC

The fractions were individually incubated with 10 mIU of chondroitinase ABC (EC
4.2.2.4) in a total volume of 20 pl of 250 mM Tris-HCI buffer, pH 7.3 at 37 °C for 60
min. Each digest was labeled with a fluorophore 2AB and analyzed by anion-
exchange HPLC on an amine-bound silica PA-03 column (4.6x250 mm; YMC Corp.,
Kyoto, Japan) eluted with a linear gradient of NaH,PO, at a flow rate of 1 ml/min at
room temperature for the separation of CS disaccharides (28). Samples prepared as
described above were diluted using 16 mM NaH,PO, containing 5 pmol of each
oligosaccharide in 50 pul. Eluates were monitored using a SpectraSYSTEM™ FL3000
fluorescence detector (Thermo Electron Corp.) with excitation and emission
wavelengths of 330 and 420 nm, respectively. Unsaturated oligosaccharides unlabeled

with 2AB were monitored by absorbance at 232 nm using 300 pmol aliquots.
Osteogenic gene expression

Human osteoblastic cells (hFOB 1.19) were grown and treated with purified antler
CS at various concentrations (10-50 ug GAG/ml). Total RNA was isolated according
to the manufacturer’s instructions (Amersham Bioscience) after 24 hr. treatment. Two
ug of tRNA were converted to cDNA using a RevertAid™ First Strand cDNA
synthesis kit (MBI Fermentas, Germany). For determination of gene expression,
SYBR Green detection was used and the values were normalized using
glyceraldehyde-3-phosphate  dehydrogenase (GAPDH). Real-time quantitative
polymerase chain reaction (PCR) was performed via a Chromo4™ Real-Time
Detector System (Bio-Rad, USA) using SsoFast™ EvaGreen® Supermix (Bio-Rad,

USA). Primer sequences (from Invitrogen) were as follows: Alkaline phosphatase



(NM_001114107.2) 5°-3° CATGGC TTTGGGCAGAAGGA; Reverse 5’-3’
CTAGCCCCAAAAAGAGTTGCAA: collagen type | (NM_000088.3) 5’-3’
CAGCCGCTTCACCTACAGC; Reverse 5-3° TTTTGTATTCAATCACTGTCTT
GCC: osteocalcin (NM_199173.2) 5°-3° GAA GCCCAGCGGTGCA,; Reverse 5°-3’
CACTACCTCGCTGCCCTCC: GAPDH (NM_002046.3) Forward 5°-3° GAAG
GTGAAGGTCGGAGTC; Reverse 5’-3° GAAGATGGTGAT GGGATTTC. Relative
expression levels for each primer set were normalized to the expression of GAPDH

by the 2°2°T method (29).



Results

Chondroitin sulfate in deer tip antler characterization

Cartilage extract from cartilaginous antler tip was prepared by 4 M GuHCI extraction
and was isolated into 3 fractions (from bottom to top: Crl, Cr2 and Cr3) by density
gradient ultracentrifugation. The distribution of the extracted proteoglycans after
desity gradient centrifugation under associative conditions is shown in Table 1. The
bottom fraction (Crl) accounted for the high molecular weight molecules with the
highest density and sGAG/protein ratio (0.31). The middle (Cr2) and the upper (Cr3)
fractions contained lower molecular weight molecules with less s-GAG (s-
GAG/protein ratio = 0.2 and 0.06, respectively. The peptide chains were papain
digested and sequentially removed by alkaline treatment. The resultant
glycosaminoglycans were further purified by Pepclean™ C18 and via a strong anion
exchange spin column. Following the extraction protocol, 500 pmole of the
chondroitin sulfate from each fraction were subjected to characterization by anion-
exchange HPLC and determined by absorbance at 210 nm. as shown in Figure 2.
Analysis of disaccharide composition of deer antler chondroitin sulfate

To further analyze the disaccharide composition of fractionated chondroitin sulfate,
the chondroitin sulfate chain was exhaustively digested with chondroitinase ABC
(CS’ase ABC), labeled with a fluorophore 2-aminobenzamide (2AB) and analyzed by
anion-exchange HPLC. The analysis for disaccharide composition is shown in Table
2 and Figure 3. The Cr1 fraction contained common monosulfated chondroitin sulfate,
55% CSA (A*°HexAal-3GalNAc(4S) and 45 % CSC(A*® HexAoal-3GalNAc(6S)
with the CSA/CSC ratio is 1:1. Interestingly, in addition to common monosulfated
disaccharide units, there were significant amounts of over-sulfated chondroitin

sulfated CS-D (A*°HexA(2S)a1-3GalNAc(6S) and CS-E (A*® HexAal-3GalNAc
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(4S, 6S)) found in Cr2 (24.1, 9.3%, respectively) and Cr3 (25.0, 16.0%, respectively)
fractions.

Effects of deer antler chondroitin sulfate on the bone matrix protein marker
gene expression

The bone matrix markers (alkaline phosphatase, type I collagen and osteocalcin) gene
expression was used to investigate the osteogenic activity of deer antler chondroitin
sulfate. The human osteoblastic cell line (hFOB 1.19) was treated with chondroitin
sulfate or chondroitinase ABC digested chondroitin sulfate from fraction Cr1-Cr3 at
various conditions (10-50 mg s-GAG/ml). After 24 hr. treatment, tRNA was extracted
and converted to cDNA. Quantitative real time PCR was performed to analyze mRNA
expression (Figure 4). Low doses (10-25 mg/ml) of common monosufated component
in Crl showed significant increase only with osteocalcin mRNA at 2.9, 3.1 fold,
respectively. Interestingly, alkaline phosphatase, collagen type | and osteocalcin
MRNA levels significantly increased when cells were treated with chondroitin sulfate
extract from Cr2 with respective increases 4.8, 1.5 and 2.3 fold at the high dose (50
pg/ml), compared with the control. In addition, the mRNA induction effects were
completely abolished after exhaustive digestion with chondroitinase ABC.
Chondroitin sulfate from Cr3 showed significant increase in osteocalcin mRNA level

at the low dose (10-25 mg/ml).
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Discussion

In this study, we characterized and investigated the biological function of chondroitin
sulfate oligosaccharide purified from rusa deer (Cervus timorensis) antler tip.
Cartilaginous antler tip mainly contains chondroitin sulfate (6), while hyaluronan,
keratin sulfate, dermatan sulfate and heparin sulfate (7) also found in smaller amounts.
The highest density gradient ultracentrifugation fraction, Crl, accounted for the most
highly aggregated major proteoglycan, which was aggrecan (30), and thus contained
highly sulfated glycosaminoglycan (s-GAG) (s-GAG/protein ratio = 0.31). The
common monosulfate disaccharide CSA (HexAal-3GalNAc(4S)) and CSC
(HexAa.1-3GalNACc(6S)) were detected from 2-AB labeling and HPLC analysis in a
ratio of 1:1 (49.2 and 50.8%, respectively). The ratio of CSC/CSA found in antler
aggrecan chondroitin sulfate is similar to that of human fetal aggrecan chondroitin
sulfate, which is about 0.96 (30, 31). We report the presence of oversulfated
chondroitin sulfate containied in antler cartilage for the first time. CSD (HexA(2S)a.1-
3GalNAc(6S) and CS-E (HexAal-3GalNAc (4S,6S)) in addition to common
monosulfate chondroitin sulfate disaccharide were detected both in the middle and
upper fractions after ultracentrifugation. The chondroitin sulfate disaccharide
composition for Cr2 and Cr3 were CSA (27.0%), CSC (39.6%), CSD (24.1%), CSE
(9.3%) and CSA (23.5%), CSC (35.5%), CSD (25.0%), CSE (16.0%), respectively.
Bone matrix proteoglycans play roles in bone mineralization and calcium
accumulation (32). Glycosaminoglycans in addition to proteoglycan have high
affinity for hydroxyapatile (33). Chondroitin sulfate is reported to be involved in
regenerative biological events such as cell proliferation (34, 35) and wound healing
(35, 36). Thus, antler chondroitin sulfate may play a role in osteogenesis in antler

production. The osteogenic activity of antler chondroitin sulfate in human fetal
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osteoblastic cell line (hFOB 1.19) was measured by mRNA expression of the bone
specific proteins alkaline phosphatase, collagen type | and osteocalcin. Among the
three ultracentrifugation fractions, only Cr2 chondroitin sulfate significantly induced
MRNA expression of all the above bone specific proteins.. Considering the
disaccharide composition, the Cr2 fraction contained additional oversulfated
chondroitin sulfate CSD and CSE units, whereas CSE accounted for only half of CSE
containing Cr3. The effect was abolished by treatment with chondroitinase ABC
predigested chondroitin sulfate. This finding suggests that the bone specific mMRNA
induction activity is dependent on the disaccharide composition and sequencing,
which contributes intact chondroitin sulfate oligosaccharide rather than the individual
oversulfated disaccharide content.

In conclusion, we report the presence of oversulfated chondroitin sulfate -D and —-E
contained in cartilaginous antler tip for the first time. The osteogenic poteintial of
overulfated CS was demonstrated and may play a significant role in antlerogensis.
Because chondroitin sulfate oligosaccharides are heterogeneous regarding
composition and sequence, further studies are needed concerning oversulfated
chondroitn sulfate in cartilaginous antler with the goal of defining specific structures

that are related to its biological functions.
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Figure legends

Figure 1 Extraction and purification schematic of chondroitin sulfate from
cartilaginous deer tip antler (Cr). Proteoglycans were extracted with 4 M GuHCI and
sequentially isolated by CsCl density gradient ultracentrifugation. The attached
proteins were removed by papain digested and b elimination. The resultant
glycosaminoglycans were further purified by C18 reverse solid phase and anion
exchanged spin column as described under experiment and procedure.
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Figure 2 Chondroitin sulfate oligosaccharide extract profiles. Purified chondroitin
sulfate oligosaccharide from fraction Cr1-Cr3 were individually analyzed on anion
exchange HPLC on an amine bound silica PA-03 column using linear gradient of
NaH,PO, as indicated. Eluted fractions were monitored with absorbance 210 nm.
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Figure 3 Disaccharide composition of chondroitin sulfate oligosaccharide extract.
Purified chondroitin sulfate oligosaccharides from fraction Cr1-Cr3 were individually
exhaustive digested with chondroitinase ABC, labeled with 2AB and subjected to
anion exchange HPLC on an amine bound silica PA-03 column using linear gradient
of NaH2PO4. The elution positions of standard 2-AB labeled unsaturated

disaccharides are indicated: AO, (A*’HexAcl-3GalNAc); AA, (A**HexAal-
3GalNACc(4S); AC, (A**HexAal-3GalNAc(6S); AD, (A*°HexA(2S)al-
3GalNAC(6S); CS-E, (A*°HexA al1-3GalNAc(4S, 6S)).
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Figure 4 Effects of antler cartilaginous chondroitin sulfate extract (Cr1-Cr3) on gene
expression level of alkaline phosphatase, collagen type | and osteocalcin. Human
osteoblastic cell line (hFOB1.19) were cultured in serum free DMEM at various
concentration of original chondroitin sulfate or chondroitinase ABC digested
chondroitin sulfate for 24 hr. The mRNA concentrations were quantified and
normalized to GAPDH mRNA. Values are mean + SD. (n=3), Mean with different
superscript asterisk within a histogram are significantly different at p < 0.05 by Man
Whitney Test.
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