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Enhancement of graft bone healing by intermittent
administration of human parathyroid hormone (1-34)
in a rat spinal arthrodesis model
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[ Background and Objectives] Bone grafting is commonly used to treat skeletal
disorders such as bone tumor, trauma, pseudoarthrosis, and destructive spine or joint
diseases. The efficacy of this procedure in treating large bone defects or unstable joints
has gained it wide acceptance. It can take several months, however, to achieve a solid
union and bony fusion is sometimes delayed or fails, especially in osteoporosis patients.
Intermittent administration of parathyroid hormone (PTH) has potent anabolic effects
on bone remodeling. Because intermittent PTH treatment increases bone mass and
reduces the risk for osteoporotic vertebral fractures, recombinant human PTH(1-34) has
already been approved as a treatment for severe osteoporosis in the United States and
in European countries. The results of recent animal studies suggest that intermittent
administration of PTH(1-34) enhances the bone healing process and also decreases the
length of time needed for bone consolidation in fracture model. Therefore, we
hypothesized that intermittent PTH treatment would enhance graft bone healing. The
objectives of this study were to elucidate whether intermittent administration of
PTH(1-34) enhances graft bone healing and to gain insight into the effect of
intermittent administration of PTH on graft bone metabolism in a rat spinal
arthrodesis model.

[ Materials and Methods ] Eighty'two male Sprague-Dawley rats underwent
posterolateral spinal arthrodesis surgery using autologous bone grafts. Animals were
given daily subcutaneous injections of hPTH(1-34) (40 ug/kg/day PTH group) or 0.9%
saline vehicle (control group) from immediately after surgery till death. Five rats each
were killed 2, 4, 7, and 14 days after the surgery, and mRNA expression analysis of bone
related genes (insulin-like growth factor 1: IGF-1, bone morphogenetic protein -2, -4 and
-7: BMP-2, 4, and 7, alkaline phosphatase: ALP, osteocalcin: OC, osteonectin: ON, type I
collagen: COL1A1, type II collagen: COL2A1, type X collagen: COL10A1l, receptor
activator of NFxB Ligand: RANKL, osteoprotegerin: OPG, tartrate-resistant acid
phosphatase: TRAP, calcitonin receptor: CTR) was performed on harvested grafted bone.
Seven rats each were killed 14, 28, and 42 days after the surgery, and the lumbar spine,
which contained the grafted spinal segment, was subjected to fusion assessment,
microstructural analysis wusing three-dimensional micro-computed tomography.
Histomorphometric analysis was performed to evaluate the fusion status and
remodeling condition of the fusion mass. Mineral apposition rate (MAR) and
mineralized surface/bone surface (MS/BS) was calculated to evaluate bone formation
actibity, and Osteoclast surface (Oc.S/BS) was calculated to evaluate bone resorption
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activity. Blood samples were collected for analyzing serum bone metabolism markers.
Osteocalcin and type I collagen crosslinked C-telopeptides (CTX) levels in the serum
were assayed using an ELISA.

[Results] The results indicated that PTH administration decreased the time required
for graft bone healing and provided a structurally superior fusion mass in the rat spinal
arthrodesis model. PTH administration increased the fusion rate on day 14 (14% in the
control group and 57% in the PTH group), accelerated grafted bone resorption, and
produced a larger and denser fusion mass compared to control. mRNA expression of
both osteoblast- and osteoclast-related genes was upregulated by PTH treatment. There
were significant differences in IGF-1 levels on days 4 and 7, BMP-2 on days 4 and 14,
BMP-4 on day 4, BMP-7 on day 7, ALP on day 14, OC on day 14, ON on days 4, 7, and 14,
COL1A1 on days 7 and 14, COL2A1 on days 7 and 14, TRAP on days 7 and 14, and CTR
on days 7 and 14. Serum bone formation (OC) and resorption (CTX) marker levels
were also higher in the PTH group than in the control group. Bone histomorphometry
indicated that the MAR and MS/BS values were significantly higher in the PTH group
on both days 28 and 42. The Oc.S/BS values were also significantly higher in the PTH
group on both days 28 and 42. These findings suggest that intermittent
administration of PTH(1-34) enhanced bone turn over dominantly on bone formation at
the graft site, leading to acceleration of the spinal fusion.

[ Discussion and conclusion] PTH has a unique mechanism of action on bone:
continuous administration of PTH leads to a decrease in bone volume (catabolic effect),
and intermittent administration of PTH leads to the formation of increased amounts of
trabecular bone (anabolic effect). In this study using a rat spinal arthrodesis model,
we provide evidence that intermittent administration of PTH(1-34) accelerates and
enhances the healing process of bone grafts.

PTH-treated animals attained a fusion mass with a larger and denser trabecular
volume at an earlier time point compared to vehicle-treated animals. In the bone graft
healing process in normal rat, trabecular volume reaches a peak at day 28, and
thereafter gradually declines in a similar manner to that which is observed during
. fracture callus remodeling. The same tendency was observed in PTH-treated animals;
however, the trabecular volume peaked at day 14. Furthermore, the trabecular volume
in PTH-treated animals was greater than that in vehicle-treated animals throughout
the observation period. These findings indicate that PTH(1-34) decreased the
modeling and remodeling period as well as generated a larger area of trabecular bone in
the bone graft surgery.

These anabolic effects of intermittent PTH administration on graft bone healing must
derive from the predominant effect of PTH on bone formation. Increased mRNA
expression of osteoblastic bone matrix proteins, higher MAR and MS/BS values, and
consistently higher serum OC levels as systemic bone formation markers in the PTH
group support this idea.

Graft bone resorption is essential for subsequent new bone formation and remodeling
in bone graft healing. In this study, we showed that intermittent PTH treatment
accelerated graft bone resorption in the early phase of healing. Micro-CT observation
indicated that the graft bone fragment was resorbed and replaced with newly formed
bone up to day 28 in PTH-treated animals, whereas it was still visible on day 28 in
control animals. It is possible that this phenomenon derived from the PTH-stimulated
enhancement of bone resorbing activity. Increased expression of both TRAP and CTR
as osteoclast marker genes, the higher serum CTX levels, and the higher Oc.S/BS
values in PTH-treated animals support this idea.

We conclude that intermittent administration of human PTH(1-34) decreased the
period of time required for graft bone healing and produced a more solid fusion mass in
the rat posterolateral spinal arthrodesis model. We expect that intermittent
administration of PTH(1-34) might be an efficient adjuvant intervention for spinal
arthrodesis surgery and all other orthopaedic surgeries requiring bone grafts.
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FHEOEMIERIBRRERILVEEA (PTH1-34) MRFESVEHBEEMICBITI2BER
BRE2EHETANENESy M ETINEANVWTRFETTZZETHS, SD v MZHE
BEA2AWEEHZASEEHRZHETL, I o— IV BEAKETFTERE)E: PTH #()J) a
PEFCRNPTHA3DETHRE)D 2BICBIIPRERFTLE. BREBZR 4BETOR
BMIZBENT, BEEBEPRPOEHREEEELFAGF-1. BMP. ALP. Osteocalcin. Typel-2-10
collagen) B L N EF K INEEEE A F (TRAP. CTRIOHENPTHR TEEICLELTNWD
&7 Real-time RT-PCRICEK D RENz. BEHR 14 BENS 42 HOBEE T, BEARIT
a2 bhO—)VA 14%. PTH #) 57%& PTH AW I &R ENAZ.  3D-micro CT
KE5BHESRICBNWTR, BHEEFRMT PTHH#TIIELS, PITHREICXVEEEH
REENELS 2D, BHEEFELERERZED. PTH B TREHCEWVWE—V{E2EBD 3
EMREINE. HMBEEXZHAWCERRBEERE (BEREE - BERE) B L UE RN
HIEE (BRINE) OFMICHENTH, PTH B TEHEOFELREE2RY 2, MEBRH
R—W—HEDOHRLAKICEHER - KNOTLENRED 5Nz,

INSOBERNMNS, PTH HABMREBLEICID2ERFBITEERIIBEROBHRESCERE
HREBELARIC. BHEEREREBCOREENICERALEEEZSN. TOAIZXLIE
FERIIBVWTEHEBGTFREACERANGA S —NRT LI, BEREMLLZER
HREGEOTNNEICXSD EHEEIN, INKCXIVBEFRR - BREETY >V /-UETY 25
BE - RERERORENBID, BEBKRENHOEHEZ S LEEEEINS, &
BEic kD, PTH HA MR SN EREENCEBHEELELTOEMCBVTHREET
DHMZEHEIT2FHABEDBEERICRIAEENRINE,

BECHOEVREBRERBINSERNBEEFEOEBLEDRAIIL, KDWTOHEM
ELBRBACBITA2MOARICHTIEMBERCDODNWTOEBNH -2, HEEITERKR
FRILBTL2EPEEEEN T F NS FCHETLIERAEZ5H L THRESICB TS A
AZALEEEL. ATEVENBLUVRARBBOERN. BEETIKHASTNL TS PTH
DERAANZ AL TFEESYTRED, HREHRZTFHALIZZLZEELE, £/-.
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EWRFERFBELREORED A EIEHRFCHENICAVWSNZOK L T, PTH &
BERERFETOHDOREEOLENLL . FHEHIVWEEHDEREMAICEMBESL D
B THWAZENAERIENSBERICAOBEIEINAOEIZ2EDEEELE, K
WTEERHEEN S BMEBLEAKEEBFLOENEVWSEANSD, ZOEFILTO
BHEBRENREELTNICHTS PTH OPRIEOVWTORERE., 258510k 205
DEBEREHTIHERPRINEEERANDBEL DV TOENNS -/, BESIL. HKE
BEEEEERENEEE L NREERLO- D OBILHREAT AL, BHOR
BHENS PTH R ZOWAKER TS E28ALTEE L. BERBREEN S, PTH
ENBRENEELRBERZBEZL ST, AU LABES{ED PTH 20 b 0 M5 HIRE
HEEEIZ Negative feedback Z 5 X2 WIZ EZFIHLTHELE. KW TRIE=ZBREEMS
BEREAGELENEHREMN THEENSEHOAERIINT2EEN S >z, BERD
BRI T5BEMEIEEREN S ORKBNBR THVEIEROFEROBR TH S
2, EEOEBEEMINOEECBWTHAEINTWAEEN PTH OF FILIEENT
REFEHRALTND I &, (RS EEREDRUECHEERPOMRMEEEZRAND &
T, BENERTAMEKEEBELTNDIENS, AHENEEL - EBESHEY
BWEE L TOERTEENENI E2EELE.

ZOMmXIE PTH HADOBHEBEBBANDOEEZE, BIKICHLAEZETIE2HEAL THEN.
BHESE., BIOHBR¥NFEEAVWTEMEEZTV. ZOANZXLARELTHFEY
EWFEEAVERTETH > EHANBHETHD., BRBEFH~OBKSHAICLDIEA
BREOHN ERBEI NS,

EXE-FIICNSOREEMML . KERBRICB T IFECONEBREMRE b
FEMNEL (B ORMEZT2EREE TS EHELE,
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