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Morphological and Molecular biology Study of Cranial Base Synchondrosis in
Cartilage Calcification Insufficient Rat
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WATANABE MINORUY, AMANO HITOSHI”, SHIBATA SHUNICHI?, KITAT NORIYUKT”

CCI 7 v M, &HMICEEFTOREEL EEHRNAFERE 2 /RT. T TOWHKE TIX CCL T v
NS 25% OHIETHEAET 5 Z L5, HHOAESEEEMEETH 2 WHkE ST S hzhy, BARl %
BEEFEARREEHICEE > Tnavy, 22T, EAS LA R THEERKTHEAICERL, SDIv M E
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CCI rats show skeletal morphological abnormality such as low growth of long tubular bone systemi-
cally. Since CCI rats are born at a frequency of about 25% in previous brother-sister breeding, it was pre-
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dicted that it may be an autosomal recessive inherited disorder. However, specific genetic modalities and

pathological conditions have not been elucidated. Therefore, I focused on cranial base synchondrosis show-

ing intra-cartilage ossification, and compared the morphologically and molecular biologically the SD rats

and CCI rats. From the results of micro CT images, HE staining and SOFG staining, it was considered

that the increase in cartilage width and delayed ossification leads to low growth. Based on the BMD value
and real time PCR of DMP 1 and ISH results, it was considered that there is no difference between SD
rats and CCI rats concerning bone density and bone maturation. BrdU immunostaining showed excessive

proliferation of chondrocytes in CCI rats. In addition, since the expression distribution of Glil was widely

recognized, it was suggested that chondrocyte maturation in growth cartilage. However, since there is no

difference in the expression of Ihh. These findings suggest that the ossification of CCI rats is highly likely to

be an abnormality in the signal system associated with independent Glil, uniike ossification control by the
Ihh signal system. The morphological abnormality of CCI rats was due to hyperproliferation of chondro-
cytes and immature maturation of hvpertrophic chondrocytes, suggesting the possibility that expression and

distribution abnormality of Glil and DMP1 may be involved in the onset mechanism.

Key words : CCI Rat, Cranial base synchondrosis
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L7tk N7 4 A LEEXI 70 b—24 (Leica
SM 2000R-Sliding Microtome, Leica Biosystems,
Nussloch, Germany) % H\W T, R CE X 4um
D) A AFE L 72,

2) Hematoxyline Eosine %

Hematoxyline Eosine (HE) #efuid, B/ 71 »
MLEE L 7o ¥ B % Mayer @ Hematoxylin i 12 2T 5
gt L, WAKKEE L 726, ZiRI2 T Eosine i T
3oMgetn L, ERTY ) —VRVIBIK, UL UE
HARICE AL 7.

3) Safranin O Fast green 4&ff

Safranin O Fast green (SOFG) Heftid, i 85 7 1
VAL L 72U % Mayer @ Hematoxylin i 12 25k T
5origets L, FAKKBEL 721, 005% Fast green &
T 55 MYetatk, Safranin O i T5 MM, L&
I8 ) —VRAIBIK, ¥ U ERMBICEALL.
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SR Fok VT WVATA YTy b MAX-PO
M) (ZFLANSFHF ATV A, HED) 1230 4K
iy & & C, 33-Diaminobenzidine Tetrahydrochloride
(DakoCytomation, Glostrup, Denmark) (2 & %380 %
To7z. #geti2id Mayer @ Hematoxylin % v 72,

2) Total RNA Ol

SD < v b & CCILT v b OEBHEEE kg X
D — KA EO—EBr HELHRE 2L, 2 A TH
YWL7% HEYIFHA¥— (POLYTRON PT1200;
KINEMATICA, Lucerne, Switzerland) T 3 # L,
ISOGEN (= v £H>¥ ¥ —>, Hi) %\ T total
RNA ZHlii L7z
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rHWwWT~ 4 2707 LA @A K (GENEChip
Exprssion Array AT, ¥ 71 954 F, =) # {7 7.

4) Real time PCR

SDZ7 v FECCITy P HIML 72 1ug @ total
RNA 756 High-Capacity cDNA Reverse Transcription
Kits for 200 and 1000 Reactions(Thermo Fisher
Scientific, Waltham, USA) % JH\WC, cDNA # & L7z
ZN%TTIC TagMan® Fast Universal PCR Master Mix
[2 x](Thermo Fisher Scientific, Waltham, USA) & No
AmpErase® UNG (Thermo Fisher Scientific, Waltham,

USA) % v Applied Biosystems StepOne ® Real Time
PCR System(Thermo Fisher Scientific, Waltham,
USA) IZTYT7IWH A 4 PCR &24To72. MM E R
HRZIEA A CT a7z,
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Moy bu—)Vi#EfET & LT, Dentin matrix acidic
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(Gene Assay ID
NEMEGF B-actin Rn00667869 mf1
BEEEF  Dentin matrix acidic phosphoprotein 1 (DMP1) Rn01450122_m1

Indian hedgehog (/hh)

Smoothened, frizzled family (Smo)
GLI family zinc finger 1 (Gli 7)

Rn03810376_m1
Rn00563043_m1
Rn01504237_m1

5) in situ hybridization
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2. HE 4:ft & SOFG et

SDZ v MWL TCCIT vy IS & SO TR
MR R < (M5), &Lk, HEikEs X OIEKEONE
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BPOBENDAL— A LRBATRERTH, CCLT v b
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5. Real time PCR f##T

DMPI mRNA & Thh mRNA & SD 7 v b & CCI
Tv NEDOBICHEEREDRD LN o205, Gll
mRNA & Smo mRNA 12SD J v k& H#EL CCI 7 v
MNCHERENRO LN (1K10).

S SR
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6. DMPI1 mRNA F3154i 7. Ihh mRNA FEBL55A0

fG MR

OZBF5 DMP1IESD 7v & CCLT v bEBHIZ OlZBF 5 Ihh mRNAIZSD 7 v F & CCLT v
%%EH’@“C“%'%‘EELTM% ZepRBOLNT. £72SD T b 2: HICHERE ISR b, BREIZBTITE

N DRI ML TS D h R REBA TR0 57273, AERBO NG o7 (K12).
CCI 7 v FTIZEBINRD LN o7z (K 11).

SD CCI
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EAS7. 06 Experinent)
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M8 HETFV T ALY — MR H
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#2 <A 7a7 LA BN

Rank Path Name
1 TGF-beta signaling pathway
2 Proteoglycans in cancer
3 Hippo signaling pathway
4 pathways in cancer
5 Focal adhesion
6 Basal cell carcinoma
7 Ubiquitin mediated proteolysis
8 Proximal tubule bicarbonate reclamation
9 MicroRNAs in cancer
10 Valine, leucine and isoleucine biosynthesis
11 D-Glutamine and D-glutamate metabolism
12 Vasopressin-regulated water reabsorption
13 Glutamatergic synapse
14 Hedgehog signaling pathway

15 Cell cycle )
P72 2713ESD Iy FECCI Ty MO THRIEBICHEELZENDRBOOLNLZ L %/T?“
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SD "~ cal

11 SO I28B\F % DMPI mRNA F$Bl55A5
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CClI
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8. Glil mRNA O FEH 54

SO 2B % Glil mRNA X SD 7 v b ClEE )=
MO T CRRO BNk L, CCI Z v b
TIEEFIERE 2 5 IERE 122 TILHPH I Z O FEH AR
BHohiz (113).

£

AffseTid, CCI T v b OEHBEIKTHAIZOVWT
SIEFIN B L N E BT 07 A = X LM
HEiTo 7.

<A Z7ua CTHEIZBWT, CCIT v MESD T v
FEHBRLULCWHEZFRKKEHEREZ RLZ CCIT v k
BHHE LR EZ R 2 MG s hTws . CCT
7 v P TRIEVIKEIREZ R L7722 LD, KEIEAY
KLUBPBIET 270K EICESLEEZ LN
5. F72 BALE RGNS A 7200 BMD fEASCCL 7 v

FeSD I v NEDHTHEEERRBD NS/ L0
5, BORFHICOWTIESD Iy FECCIT v b &
DO TERLVEEZLND.

HE 4t & SOFG et 12 X A ARFRIMERIZB VT,
CCI 7 v b OUETALTEIK B & Tl B MR A O FEL
NEFHAMMOWRIEDO LN, ZDOT Lhb,
CCI 7 v b OFHFBRIKEH A TGN EILIZEL ) A

e
%

CTWAIREENEZ OIS,

BrdU fEgetal2 B\ T, CCIl 7 v M CTIXIL#FIC
BrdU Bz 8B Mg A558 0 & L7z, BrdU (&5l fz J& ¥
2B 5 SHIMZICI Y AEN D Z EH 6, BrdU
P PR FE 2S5 H 172 2 L, #Reg Mg A3 HsE L
TWALIExEKRT L. 2Dz, CClL T v hTlEEk
FHILOBEIIESRE T EEZLNS.

<A 707 LABITIZBWT, CCI Sy b Thh ¥
T VHEEGFICREPRED b NI E5I, HF
A EAEH % & 5 KEGG pathway #4712 35T, Thh
TNV TH D Smo mRNA & GliI mRNA D%
RO LN &5, Thh ¥ 7 F Vo158l
JatgGlIcBIfR L T L EZBND.

Thh [ E kG B\ THEGE & L OFRETIR 7 & L
T, WBAEMD»SIRERZIIOIT TERT S 2 & 25 s
SNTW2 2 EMEKEICB\ W TEE S N7 Thh
WX EFIERE, R B X OHRE RIS AE T A RkE R
123 5. Thh %% Patched 24543 % &, Patched |2
I S T 72 Smo IZAMBE 2 & 8L, BER T
TH 5 Gli #BEANEBE ST, KEMLOEH%E
249 5. [MEEIC, ThhidthofkEMgIcrEm L <
Parathyroid hormone related protein @ A= & 429,
Parathyroid hormone related protein (& 8k & il J &

SD

CClI

213 SO 23F 5 Glil mRNA D70

+13 mRNA DOFEH %,

— I TN EIURT.
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Parathyroid hormone related protein Lt 7% — |24k
&L CiE Mo RAE L, £ otz 3
L. ZD0, h T NIROERMBES &R .
XA 70T VAN ORRZITCIS, MR E S ET &
1T-7:8 25, Ihh mRNA |[Z2DWTlE, SDI v h&
CCIT v bEoMIZEIBOLN o7 LaL,
Smo mRNA & Glil mRNA [Z2WT, CCIF v bT
1ESD 7 v b 2fELL EDEAEDRD N/ Ehs,
CCI 7 v P OHEHFEKFHAIZB VT, Smo mRNA
& Glil mRNA O:@FIFEBLA kG #H L O B 5l 2 figHE L
TV REMEEVWEEZEZ NS, F72, SDT v k
£ CCl7 v +&DRT Ihh mRNA OFHEIZEHGE
B 5T, Smo mRNA & Glil mRNA O3 2HE
R b Z LlX, Smo mRNA & Glil mRNA 72° Thh
TP OVEER LIS L CEBLISERTH L LE X
515, Thh ¥ 7 VG2 S 57 L7z Gl %1,
JEEAMRZ: S THORBDLENT VD 7,

ISHIZB W, Ihh mRNAIESD v b & CCI
Z v ML ITHIEREREMIZEED bz, GUl
mRNA (E SD 7 v b TIEETAE K ik Ml g 12 BRE &
NTWBDICK L, CCL T v M CIkRIEAREKE ML
W2 CTHRREE I B W T h Ao 5z, CCI
Z v M TIX GII mRNA 2SA#EIFIZERD bz Z & h
5, BMEMBOWEMATTEL TWEEEZLNL. T
bt CCLT v MBI 5 HEHIE o &5 585X
Gl1 mRNA @FIFEHPHEL TWbH EEZ OND.

DMPI mRNA |[Z2WT, A4 z7ua7LbA, )T
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