An Experimental Study on the Ossification of
Spinal Ligament in the Tiptoe Walking
Yoshimura(TWY) mouse
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TWY = v 2 DFEEHE{LICBE 3 5 RRRIPIZE

SRAFEFBEH/HLME (E | BEBBHR)
A T

BRENEESLERREEFLTHS TWY = v A2 AW CHHE L ERBR Y RERMCRE L, SHKREFORREY
Bl L ORIKICIEIEE 2B TA=F Fe vBB—7> } ) ¥ & (etidronate disodium, EHDP) &, BT v ¥~ A =N
B S UERRLHRTSHA L7 b Y b v (streptozotocin, STZ) B FRERHF LI MIc HEE2 RETHICOWT
BREWFREL T, UTOMERBR. TWY = v AOFHOMMRENE LIIHMROWHFBEREIBELL. BB
O TWY =7 A TIXETREENS, HANEOIRE R X OCHEIREKE ONER~ORHYRD, 8BRS & REFOHEIREK
EHEEROE T A B Y 7 + A7 » & —+ (alkaline phosphatase, ALP) R BHOMIELXRD2 L 2 Winol. 10BRITES &
BRI O TE L ¥ L KBS ALP BBt ich, BREABLARBI > TWAH I LR L. —J7HER
BRI OBRERE NI ALP REREOTFMREERYED, MAEREBLLARCE L T2 LBRI . 158
DI, HEEREATIMEREFCERET B AL THEE»LER L, 2B ? L PHRELFRBCEZRDY,
FTEARMOBHEEBABR I T, —F, 108U, E-EEETHoREEM S & CHEMTE I RIERMRE D
FR{LEEA MRS, 228 CRAES RELTERTAKREE L, FHxEAL W, nEFO ALP REOCHEBL %
B, 1I0BBBIVBKE L, TWY v xi2avbe—A LTHWKE ICR = v AL W ERBICHEMELRL, ¥ ICR <
w A TIZ2SBRTIGER E VET LA L TWY =Y ATIR22BR TLEELR . TWY = v R8T 5E U i
ALP BRI, L35 TEMD ALP X5 DTHAZ Ldlbhofc. 228D TWY =9 A TREHL»HE 2 Mk ¥ T
DEREHOKEHEDOHEGBES L OFLEROSH2ANTARS L STZ B TRELBRCEAFRCHLERIRE L,
—75 EHDP # 5 B3B8, B{Lic L ATH~OEEREE L), BEEERELERCE DS BACSD LW
5rlpbdots. UEDERWSELERBEETATHS TWY vy A HGLEERHOPRICL D, FOEE{ I iTH#E
ER O MM B H e B O SERE B L RERELOMAAEE LT A Z &, AR & RREBNH CRELORTILR
BT ERbhot. LdE(LERICKE LT STZ (RN, EHDP MEIRClERTS L\ 5 2 L AERIICER I A

7.
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BREER(LED > bECEROSEBLER, FREOME
BT AR CELY B H, BLEIARETHERLT
FEEYRD, BCEERTHEAEREELTERTHS.
1975 E B A LSRN S LRERREIVER I L, IBIEFE
HHEBCEREN L AHRET IS0, KEORERH
DicHEENRHFR M TRbhA TV, L LWERELTORE
LIREBIZOWTRARALANL S BEIRTE D, B{LEBZE
LTHHEDOHEITinbh T 5.

KEORFEORREIZOWTIE, £H5MERT, BIURFAETF
DTS HORRVLETHS. EHEEAFITE, £REEL
R, EABRYE, EREERTENEEIATW2. REH
HELEOA—FRATOREFELB 2 Lo Enb, T
EXRUEBCRAIFENHF T LOREC BV TEELRERR
TLTWAEELSORTWAYY, ISICHEKRAICITERBR
BHK 30~50% DEETEHFT AL, FREEEYE
XABTNHYT 4 A7 5 & —+ (alkaline phosphatase, ALP) &
URBEL RTEAR DS Z LD, IDTMHM b F{LE

P64 8 A 3 HERAM, TR 6FI12A22ARE

SHTAEENAENI LY b2 FRERBREEIELERI
KERFREXHEECWHI LB ELLAD, —F, RANET
TRERROBRTERYHEME L L, BROFCRENE 3R
RIS A P VAR b, TSRS O L Y
RBL, EHEFOBRBTILENBELTEILIAELZETEER
HIR Y 2R

AFETHEEBLERREETNTHD TWY v A%H
W, FTRACBTAEEEHELOERBRNLARYE -
TREASREOCEMCEEL, SLEHURTFELTED
WIR & HEEH, B IO0CRREMEWERE2E T =5 Ve VB
—3 b U ¥ 4 (etidronate disodium, EHDP)* 2\ 8i# B{LER %
RAIEL 5 BRIy, — SRS S LERE I BRRY
AHLTVWABEERRESN S, HHELLERR L OMicBEE
BBDHOLERNT LD, EHZ Vv v A S Billak#
BL, BRBREYERTAHA VT Y+ v v (streptozotocin,
STZ)® # BT, HREWHELICH LTV e 2 B8 RITT
POV TERNIPFRETe -7,

Abbreviations: ALP, alkaline phosphatase; D. disc; EHDP, etidronate disodium; EVG, elastica van
Gieson ; STZ, streptozotocin; TB, toluidine blue ; VB, vertebral body
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1. REEHYESSUTLE

TWY =9 2 MB S IC L WM Eh. 19T8FEKREY
RRBFRET EN) WHEWT ICR =7 A X h—FK%E DL 5
HROTEERREEZ B> TWAEKF, SRETRREINKLH
YTehs. £EIBEENSABFOEE®AE L b GEHMINZ
HEAEE LEHYEL, MEZLTHEL I ENLRRE
DERELREDLFI 2B T, TWY (tiptoe walking Yoshimu-
ra) Ty R EGE ENT. TWY =7 R34 508, 8IoFLE
HEEEIAERCRETS (M), BEFRITRESSEER
ETHHZEAELMCERTHA". 6B TWY ~v A%
RBBYHRFETHLBEAL, B ELTEEKHO
ICR=vA%HAAZ V7 (RE) LA LTH . &R
AF» - A YA~ (BiR) © CRF-1 K%, SRRIZKEK
rThIZhBEHRTCE L, BERMEIZ 8: 45~20: 15 offE L
2. TWY =9 R40PEE L O ICR =% A0 EUEBERHE L,
2EBRE CEARBYEET A L L L E¥IRE, E8ELR
DOYEFCHE L7z, ¥ 1088 WTICR v 2 & TWY =
7 A& 10VER STZ 40mg/kg ##HE 5 BRIBEEARE Lz
STZ #E5F3 X 04108z EHDP 20meg/kg %38 3 [EREREA
5 L#&T7- EHDP #E58%FR L7,

1. STZ DEEEIDOWT

Hrhb®it<o 2 OBEERK STZ % 20mg/ke, 30mg/ke,
40me/kg OZFEOBHLTHFI S BRIERFRES L, mEOH
BEAE LR, 0mg/ks 5 CIxHBEmMEES 300mg/
diAEEieh, EROBRFTEVRERNE O L OMREY
B, - TAER T STZ #58% 40mg/kg & L7,
STZ % Sigma (St. Louis, USA) L hiEA L7z,

2. EHDP o &EBIZoWT

Strates 5™ 7 » PR E > THAEFICEE L BRIKEERZ
HORRKER$ % EHDP OfMEIfERC W TR CHR.
b, 15mg/kg ETEHTIORKLEZEELWHFI Lz &
B, BB RERTIE 30mg/ke Db T4 E R MIIE 2
Al L DREREFBIZEnb, KERTIZ EHDP &5
% 20mg/kg & L7z. EHDP IXERBE (KR) L h AEL
fz.

0. MEOE{LEEAIE

10883 X C22BMIBVTICR =y 2, TWY =9 2D%&
Bt 5IED B DWT AR Y T & = (0.02me/g) % Mk

Fig.1. A photograph of a TWY mouse.
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WIZEREL, 2FKEXIT, BHEO LV MY VBERT o1
B, BLENPLDOBROYTT -7, M¥E+FD Ca, P, ALP 1285
sr¥r s T36-60E # (BiL, ®®) # AT, Ca iz OCPC
(o-cresolphthalein complexone) ¥, P I3 B¢E ¥, ALP 12
GSCC (german society for clinical chemistry) 3¢ Bz T EHI
Liz, #/2 ALP €4V — 2 =% AV BESKEE (~ VB
K, BE) X H ALP2 B (FH) & ALP3 & (BH) %l
L.

. ¥Rt

ICR=vADE6E% 1E, 8@% LIE, 10#8% 27, 158%
11, 22B% 20E32, TWY ~ v AR EHI LR X VT £ —
URBTIZOE b ORMIC X » BEE, FRLERL, 10%
FREEE ALY VIZTEELE., SHEOEKCOWT
EDTA THR L TRIMERZER LIz, BIKEXRIZ A5 7 4
vEBOK, HE 3, fEEROBELTRI-DD=5 2
F—Ah, v, ¥— v (elastica van Gieson, EVG) 3,
BHRBELZRRT 2 EB S V2 -RT 3/ 7Y h v HHOW
REMBRE & LT pH4.l F A 2 v (toluidine blue, TB) Reff
TS A

FLEELICR Y AD 6 8% 1 U5, 8:8% 11T, 10B%
3, 158% 10, 228% 478, TWY ~ v AKAFE 4TI
WTIIHEOBLERDOIEESL LT, ALP a2 Tz -7z
ALP 312K % 0.5M EDTA 8T 4C T3IE»H 7 BEM
RU, 303 KEEHE AL F OFRES 4R 2 2 — 2 20% Wi
4C 24527, KT WEE TR I L TRk 2R D,
OCT av<y v VUEFTEELEZ L. TOREELRE
ZVAARy PTHEYL, FVL-VPvTa—-—F,, vILE
ATGAFHZ AR FFTEBKRFCHEE, 7VEREOEL
BETHREBRT-1o. RIBKILY VB 7 b — 1 AS-BI
10mg, 0.05M 7" =€y o — LEEHHE (pH9.8) 20ml, 7 » — =&
bl N SAFLy FLBY =t 15mg TEEESRLL
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Fig. 2. Changes in the averaged body weights of ICR and
TWY mice. @, ICR mice; O, TWY mice. Data are
shown as mean+SD.
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%, HEKCHEE L TRV IR AN TRIR T05 RIS €
Fr. O KBEH<A T —D~< b F V) VTBRERT, KEHE
KA TAURMOT, Frr— & - TRIETVIErL7 ) &
Yy vTHALK.

XL 2BR O EMBERD 5B ICR v v A 3K, TWY =¥
2 5 IR EREIC, FADFEBKERERICH Lz, FERKE
A1z 10% FHEERL YY) VICTEE, =5/ - THKE

AFLRAR I ABIEDEY T T0um DOEEERLIERL
T, ave7 2420504557 4 2Tk T0. BT
~4 50475 7%E CMR BHEH (XY 77 v 7
A, R 2ERALL.

V. B{LEBEORE

HRENOKEORE, IVUELERONEL, BREMS
L BB W A O ERRRE, flFETRER

Fig.3. Radiographs taken from a TWY mouse 22 weeks after the birth. Calcification is seen in various joints as well as in
achilles tendon (A, arrows). The animal shows large calcified deposits formed dorsally to the cranio-cervical junction (B,
arrow). An ICR mouse shows no such a calcification through the cervical area (C).

Fig. 4. Contact radiographs taken from the cervical spine of the TWY mouse 22 weeks after the birth. (A) Lateral view of the

entire cervical spine showing calcification at various sites.

(B) Magnified contact radiograph of the vertebral bodies showing

spinal ligaments calcified anteriorly as well as posteriorly (small arrows). Calcification in the posterior wall of intervertebral
discs are also demonstrated (big arrow). The bar scale indicates 0.3 mm.
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Fig.5. Changes in the serum calcium (A), phosphate (B), and ALP (C) levels of the TWY and ICR mice. @, ICR mice; O,

TWY mice. NS, statistically not significant. **, p<0.01.
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Fig.6. Changes in the serum levels of ALP type2 and
typed in the TWY mice. @, type2; O, type3.

1004m, 200um SARKFCD HE R@EEA 3 2 54 R DRigh
b, BRBFEE XY FO24% - (304241
SQ-3000, #+ A= v, HWH) RFAVTHIL 7.

V. #EHEHOREE

BOMI BRI TR TRHELEERETR L. SBMD
FIHEOEDREII—TRESBEHHDOD D, Scheffée D%
TUHBEE, TR IRBESESH DD B, Tukey-Kramer
DEFEHLEEEY F 7o, p<0.05 ZHHSMICES & HE L
7.

B -

[. BEHMFR

TWY =9 2R ICR = v A2 HREBEIT/INE 10880+
ADEES TWY < v AT 29.9+1.15g (n=20) ©H b, ICR
<Y A4 39.6+3.55g (n=10) TH 7. 22BRD TWY = =
DEEIX 296x£15lg (n=5) T, ICR =& = D k&2
63.41+2.79g (n=5) TH o 7=. ICR =¥ A s & & HicfhER
MARHLNIDIZH LT, TWY =% 2OGEIZIGER T —

ZICELI (K 2).

TWY =020 L v b 2 VB TIRIGER CHEOEESEE,
TEUAR, DRETHCEREELRD, ML & bICFh
AL, 2B TIREEESIELCERE L, BATHRS
BECHBEIND L5t ote (R 3A). HTHOL Y b &
VERTII22BHO TWY = v A Ti2LGIC B ES — SRS
BOMBEMCEATERICEERED, IE0OB(Lc L hi
BREEHCIBEL, HETEAFEBIC -7 (X 3B).
ICR = ATRED L3 BFREXZbdAeh -7 (B 3C).

AVEIZLRAIRTST 4 ~TI22BBO TWY =& 3¢
HREROBE Z BN TV AR, ETHEETEERDOREE
HRERDD L 5172 h, ¥ RS Zl e E Rt Es
BB LTI T (K 4).

1. ME#METE

MEELRE U2 IO ICR v v = L I8 B (LB AJEE
ETFAD TWY =¥ 20 M Ca OEIL, ICR =% 2 DI10JEE
4, 4.18+£0.25mEq/L (n=5), 228 »% 3.66+0.90mEq/L
(n=8), TWY =¥ XD 10:8 % 4.10+£0.24mEq/L (n=6), 2218
Bht 3.87£0.26mEq/L (n=10) TH »7-. Ca DEITIMEE & b
T ACBCTEAEAN RSN BN E TR EIT b -
7o, ¥ ICR =y 2 E: TWY ~v 20MiE Ca DEwEEE
iich 57z (B 54A).

Mm% P O ICR =% 2D 105@ 4 8.24+0.27mg/dl
(n=5), 22:@#H7A% 7.86+1.26mg/dl (n=8), TWY =~ 2 D108
#12 6.18x£1.25mg/dl (n=6), 22:@ &I 6.06+1.16mg/ dl
(n=10) TH 7. M P OfEIZ ICR =¥ =, TWY =% = &
DI e & IR ERARL DR NEEE e o7, L
AL TWY =v 20 M P OfIL ICR ~ ¥ AL REBICE
fE% R L7 (p<0.01) (& 5B).

MmiE ALP 1%, ICR =¥ 2 D 103EE Tiz 91.01£19.17IC/L
(n=5), 22;Bi$ T 38.88+11.99IU/L (n=8), TWY = v 2 D
1088 Tk 146.67£17.821U/L (n=6), 22:@# T 165.00+
21.21C/L (n=10) TH-7z. TWY ~ @ it ICR =% 21kt
~fiE ALP OERSBEBR TEECHMELTR L (p<0.01), ¥
ICR =v ATt & & bicmiF ALP R4+ 50wt L,
TWY = v 2 2@EE#E LT (K 50).

MmiE ALP EMAEELHESET5 2 L BER» B R
HTHdIT, ALP 74 V¥4 a%HE L7, 10880
TWY =9 2D ALP 2 &3 28.01 £3.40IU/L (n=4), ALP 3
B2 11866+ 14.41IU/L (n=4) Th 9, 22\@ D ALP 2F3
27.394+3.52IU/L (n=4), ALP 3 # % 137.61%17.691U/L
(n=4) TH7. MBI DFFERD ALP 2E AR T20
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e LCEERD ALP 3ERMMEREZRL T3 E24b
ot (K8).

EHDP #58, STZ 58O MmE ALP EOBE{L A~
2%, EHDP, STZ Th X h o 5§, #5HKICE-T,
ICR =7 ACIHEEREXLLhR) 57, TWY =9 2Tk
10B@ O ALP 2% 146.67+17.82IU/L (n=6) T& % D=k
LT, 22B@0MEMER (n=10) TiX 165.00+21.21IU/L TH
n, ¥7- EHDP #5% (n=10) T 85.30+6.83IU/L, STZ #
EF (n=10) T 430.80+6346IU/L Th o7, EHMCER
ERTH LA (p<0.0]) (K 7). ALP 3H (BH) REQAERH
(n=4) # 13761+1769IU/L T 5D L EHDP B Tid
78.79+7.111U/L (n=2), STZ B¢ 367.12+35.05IU/L (n=5)
T, EEBCEEENTEDHhi (p<0.01) (K 8).
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Fig.7. Changes in the serum ALP levels of the TWY mice
treated with EHDP and STZ. *#, p<0.0l, between

control (), STZ-treated (@) and EHDP-treated animals
(B).

0. MERPAFTR

TWY =9 ZDFEMOE LI EICHEEN S L ORI OHER]
BOHAEROBHICHE 2 bh, ORI S
EHIZ, 10BR»SAbN, NBE & SEHEEYED.
¥ BEN - EHBTROSFCHRCEE L E L bh 5 EK
AR ER, FHAEEL T\ (K9). #EBAOEERE
HEROFRENE{Ly HE RfaThB &, 6B TIZHHER
Thc 5 AR ER, HERREOBE L 2RHYBDT
(X 10A). 10B@ THEMERRFEAERORETERAD ML
KO KIZ L BBED T & ETHEMBA LR BT RS
M@ bhic, Lk LEEEMRBEIRD DN, Ficm
BHES L o7 (K 10B). 1588 T, I X - THEEE

(1U/L)
500 —

Serum ALP
i

* %

| |
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Weeks after the birth
Fig. 8. Changes in the serum levels of ALP type3 in the
TWY mice treated with EHDP and STZ. #*%, p<0.0,
between control (), STZ-treated (@) and EHDP-treated
animals ().

Fig.9. Macroscopic photographs of the TWY mouse- cervical spines in sagittal section. HE stain, each scale bar indicates 1
mm. (A) 10 weeks, (B) 15 weeks, (C) 22 weeks. Calcification of the cervical spine at the cranio-cervical junction compressed

the spinal cord (arrow).
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BECEGET H BB TR, BN Ui, Ui L
B DA IZERD A o 1 (K 10C). 22E#c /e s & L TH
b OBERBBIER AL (B 10D). —F, #EHFHOH
RIS B S D RES TR (b2 A2 5 b 6B TIHBREEH OIE
B, HEREKEoBE L aREvRED, HEEMORA LK
LT (K 11A). Las L10EE TIHERRR LR 2 .0 &
+ThrgERCAREO R b W EEELER E L (B
11B). 1588 T3, EHELERII THEAL TV, £0
hici3 4  OREEBEAEE L, By R o, BIEERK
LEZBRE (R 110). 228@ T, BWILEROINK THRER
BRI SCEERIRE Lz (K 11D).

avE s w428 77 CRKILEBDR LRI TWY =
w 2R DOHEBREREE, B L OCBRES - BEBTHC EVG 3t
AR5 &, I0BRTHETAERERRL, 727 vickD

Fig. 10. Microscopic photographs of ,the ventral enthesis portion of the cervical spine of TWY mouse in sagittal section.

&

F P E 5BEEMY il o), RIKILRHE S BEESRT
borEXLRI (K 124). 228MCic 5 & EREERRI X
L, #OAME2HEL B LEERE - Tz (K 12B). —5
HERR O A DM A B H T EMEERY T ST, L
ToH#ENSBEET BB TERE I ATz (K 12C). Zh
st L ICR = v A Z22BIIC 7r » T HEREEBCFLIZA
Bl o7t (K 12D).

TB #:&5TIZ10BEB D TWY < v 2B\ THEAE X 055
DOHEBRBHFERICA b 5HERRE (K 13A, B) iX ICR <
v AQEREMR (R 130) K EMER e MR & 84D
h, OB TORRILPBHEKEBR AN LTERT AL
BREI M. Fho TWY < o A RHRIE 0= M THEsT
EHICETT 52, RROMBRCHLT MO TIRYEN
RithTHh, HEARERERTHRIRD L2k (B

e
HE

stain, each scale bar indicates 40 um. (A) 6 weeks. Hypertrophy of the anterior longitudinal ligament (ALL) is noted. (B) 10
weeks. Hyperplastic projection of the disc cartilage (arrows) is observed. (C) 15 weeks. Enchondral ossification (arrow) is
observed around the caorner of the vertebral body. (D) 22 weeks. Bony bridge formation (arrow) is seen between the vertebral

bodies. VB, vertebral body; D, disc.
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13A, B).

MEOB{LERY ADEEL LCHV ALP 3BT, 8
B TWY < v A TIEN OHRIRSRE R RER TR
BFbt (K 14A). 1082 & B ORBR O EREK
SHEITELSHEMLT, MRBFERCRA L. Thabb
HE % TAILOEADZ & EFHLYE LKEHE4EIX ALP
OXBEXES> D, BFLOTBRBTHS I LM¥RSh (K

14B). L L22:B#s TI3HERIMR 35 X O BIMESI= 0 Bk L7346
He b ALP aEmloRizE UL EY Lic (K 140).

—7F BB OB, TCRH b e RERBEOEHF
Ml FIR e LT D (K 15A), 10BN /ss LIEAEL
TR R A O P BB BERSASEALNE L DT
BB ORI G - - (R 15B). 15:@#hC 7e % & BIEHEM
D EEC R EEEOKEMaN S b (R 15C), 228k TR

Fig. 11. Microscopic photographs of the dorsal enthesis portion of the cervical spine of TWY mouse in sagittal section. HE
stain. (A) 6 weeks. Hypertrophy of the posterior longitudinal ligament (PLL) is noted. Scale bar, 40 zm. {(B) 10 weeks.
Necrotic tissue (N) is observed. Scale bar, 25 um. (C) 15 weeks. Necrotic tissue is increased in volume. Scale bar, 40 pm.
(D) 22 weeks. Necrotic tissue protrudes remarkably. Scale bar, 40 um. VB, vertebral body; D, disc.




Fig. 12. Microscopic photographs of the dorsal enthesis portion of the cervical spine in sagittal section. EVG stain. (A) TWY
mouse, 10 weeks. Necrotic tissue (N) is observed in the posterior longitudinal ligament. Bar scale, 30 gm. (B) TWY mouse,
22 weeks. Membranous ossification (M) surrounds the necrotic tissue. Bar scale, 40 um. (C) TWY mouse, 22 weeks.

Vertebras are connected by bony bridge in the anterior spinal ligament area (arrow). Bar scale, 130 gm. (D) ICR mouse, 22
weeks. No abnormal ossification is seen. Bar scale, 65 um. D, disc.

Fig. 13. Microscopic photographs of the ventral enthesis portion of the cervical spine in sagittal section. TB stain. (A) TWY
mouse, 10 weeks. Many small fibrocartilage-like cells are seen (arrow). Bar scale, 30 um. (B) Magnified photograph of a part

indicated by an arrow in A. Bar scale, 20 um.

(C) ICR mouse, 10 weeks. Only large hyaline cartilage cells (allow) are seer.
Bar scale, 40 gm. VB, vertebral body; D, disc.
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Fig. 14. Microscopic photographs of the ventral enthesis portion of the cervical spine of the TWY mouse in sagittal section.
ALP stain. (A) 8 weeks. Abundant ALP-positive cells (arrow) are found. Bar scale, 65 gm. (B) 10 weeks. The
ALP-positive cells demonstrate an extensive increase in number. Bar scale, 40 um. (C) 22 weeks. The ALP-positive cells
(arrow) are decreased in number. Bar scale, 40 um. VB, vertebral body; D, disc.

- ; -
WM i
. ] 0 R Vet

L

Fig. 15. Microscopic photographs of the dorsal enthesis portion of the cervical spine in sagittal section. ALP stain. Each bar
scale indicates 25 um. (A) TWY mouse, 8 weeks. ALP-positive osteoblast-like cells (arrows) are found on the surfaces of the
posterior longitudinal ligament. (B) TWY mouse, 10 weeks. Abundant ALP-positive cartilage cells (arrow) are found in the
vertebral disc. (C) TWY mouse, 15 weeks. ALP-positive cells surround a necroti¢ tissue (N). (D) TWY mouse, 22 weeks.
ALP-positive osteoblast-like cells remain on the surface of necrotic tissue. (E) ICR mouse, 10 weeks. No ALP-positive cells
are present in the anterior or posterior longitudinal ligament. Bar scale, 65 #um. D, disc; N, necrotic tissue; S, spinal cord.



968 &

Fig. 16. Macroscopic photographs of the TWY mouse cervical spines in sagittal section 22 weeks after the birth. HE stain.
Each bar scale, 1 mm. (A) Control group, (B) EHDP-treated group, (C) STZ-treated group.

Fig. 17. Microscopic photograph of the ventral enthesis
portion of STZ-treated TWY mouse 22 weeks after the
birth. A large number of ALP-positive cells (arrow) is
noted. ALP stain. Bar scale, 40 ym. VB, vertebral
body; D, disc.

TR P OE LR RS 5 L5 CERRNERCRERED
FFMEaRES bhic (R 15D). LALICR <=7 ATt
HERMR-CRTMERLSS, RMEMmEA O Iz ALP Fea i
2L EDeh ok (X 15E).

WIZ 228 TWY <2 A0 STZ % L 0 EHDP £ 5.8 cni
BENMEA 325 &, EABTIC LB U CHERIR SIS A 25087
BOBLELIUCRER - EHBTROARLEEOVTHh
EHDP #5H TR L W EETHY, STZ BREBTIZLI DEL
SHEBFEELTL (K 16). ALP 3facit EHDP # 58
T, BAOHBREFEAEDCRABEBRIIRD b ok
2, STZ B 5B TIIREREMR1ED LI, BLEFH TEIL
DRTTZERTLIEERETLTCVWBZ Edbh o7 (K
17).

V. B{tmfR
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Abstract

TWY (tiptoe walking Yoshimura) is a mouse strain that shows a spontaneous ossification of the spinal ligaments and is
used as a model of OPLL (ossification of posterior longitudinal ligament). In the present study the natural process of
ossification of spinal ligaments in TWY mice was investigated histologically. Also, the effects of etidronate disodium
(EHDP) and streptozotocin (STZ) on the ligament ossification in TWY mouse were examined. EHDP inhibits bone
formation and calcification and streptozotocin (STZ), causes experimental diabetes. The abnormal changes in the histology
of vertebra of TWY mice, as compared with ICR mice, was recognized mainly in the portion where the ligament contacts the
intervertebral disc (enthesis portion). At 6 weeks after birth, a thickening of anterior and posterior longitudinal ligaments as
well as a protrusion of disc cartilage into the ligaments were first observed. At 8 weeks, some chondrocytes of the
proliferating cartilage in the ligaments became positive for alkaline phosphatase (ALP) staining. At 10 weeks, the cartilage
tissue proliferated further into the ligaments and most chondrocytes were ALP positive, showing active enchondral
ossification. From 15 weeks to 22 weeks, the anterior longitudinal ligament was progressively replaced by bone tissue,
which finaly connected the vertebral bodies in a thick bony bridge. In contrast, in the posterior longitudinal ligament, as well
as in the skull-vertebral joint, large necrotic and calcified tumors were formed around 10 weeks, protruding progressively
into the vertebral canal and compressing the spinal cord at 22 weeks. In the posterior longitudinal ligament, the ALP-
positive osteoblast-like cells were recognized, implying that the intramembranous ossification process was also progressing.
The serum level of ALP activity, which might represent the ossification process, was significantly higher in the TWY mouse
that in the ICR mouse at both 10 and 22 weeks. Also, the ALP level in the TWY mouse remained as high at 22 weeks as at
10 weeks, in contrast with that in the ICR mouse which decreased during this period. When the effect of EHDP on the TWY
mouse was examined, it reduced the serum ALP level, the area of ligament ossification, as well as the abnormal histological
changes, indicating that the pathogenes in TWY mouse can be ameliorated by general inhibition of ossification. The effect
of STZ on the TWY mouse was examined: it increased all these markers of ligament ossification, indicating that the general
state of diabetes can augument pathogenesis in TWY mice.



