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SUMMARY: The effect of Type I interferon on bone resorption was studied by 
measuring its effect on parathormone-stimulated calcium release from neonatal 
murine calvaria in vitro. A pure human recombinant leukocyte interferon hy- 

brid of the A and D subtypes was used, which has high antiviral activity on 
mouse ccl Is. Calcium release was inhibited in a dose dependent fashion with 
50% inhibition at about lo-10 M or 600 U/ml, and the inhibition was reversible. 
The presence of interferon was required before or during the activation phase 
of the resorptive response, when the formation of osteoclasts from precursor 
ccl Is would occur. When added to actively resorbing bone it had no effect. 
The data suggest that Type I interferon can inhibit the parathormone-regulated 
development of active osteoclasts, possibly by inhibiting osteoclast precursor 
differentiation. 

The mechanism by which PTH causes resorption of bone is thought to in- 

volve the activation of resident osteoclasts and the stimulation of osteo- 

clast formation from precursor cells (l-3), which are of monocytic origin 

(4,5). Since Type I interferon has been shown to inhibit the proliferation 

and/or differentiation of a number of cell types (6,7), including differen- 

tiation of monocytes to granulocytes (81, it was of interest to study the 

effects of this agent on PTH-stimu I ated bone resorption. 

Since bone is responsive to a wide variety of hormones and growth factors, 

it was essential that the interferon used in this study be pure. For most of 

our studies we used pure leukocyte interferon prepared using recombinant DNA 

techniques and purified using anti-leukocyte interferon antibody affinity 

chrcmotography (9,lO). This molecule, IFLrA/D, is a hybrid of two human 

leukocyte interferon subtypes and it has the unusual property of being active 

Abbreviations: PTH, parathormone; IF, interferon; IFLrA/D, human leuko- 
cyte recombinant interferon hybrid of A and D subtypes, A(l-62/D(94-166); sCT, 
salmon calcitonin. A preliminary report of this work was presented at the 5th 
annual meeting of the American Society for Bone and Mineral Research (16). 

0006-291X/84 $1.50 

553 



Vol. 120, No. 2, 1984 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNlCATlONS 

on mouse ccl Is (9). We also used a commercial preparation of partially puri- 

f ied mouse interferon. Our results indicate that both IF preparations inhibit 

bone resorption. 

MATER I ALS AND METHODS 

The in vitro bone resorption assay using 45Ca labeled neonatal murine cal- 
varia has been described (11). The extent of resorption was quantitated by 
calculating the percentage of the total calvarial label released from PTH- 
treated bone minus the percentage of the total label released from untreated 
control calvaria. 

Mouse interferon (containing both alpha and beta forms) was purchased from 
Lee Biomolecular (San Dieao. CA) and had a soecific activitv of 3 x 107 U/mg. 

I 

Pure human IFLrA/D (speciiic activity 3 x 107 U/mg on mouse ccl Is) was 
erously donated by Dr. Sidney Pestka, Roche Institute of Molecular Bio 
Nutley, NJ. PTH (specific activity of 5000 U/mg) was prepared in our 
tory. sCT (specific activity of 4453/mg) was donated by J.W. Bastian, 
Pharmaceutical Co., Kankakee, IL. 
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RESULTS 

When calvaria were treated with IFLrA/D, inhibition of PTH-stimulated 

calcium release was observed throughout the subsequent assay period (F 

1). This is in contrast to the kinetics of inhibition by sCT which is 

v-e 

tr an- 
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Figure 1. Effect of IF or sCT on PTH-stimulated calcium release. Calvaria were 
pretreated for 18 hours with control media (o--O), 30 nM sCT (H) or 0.3 nM 
IFLrA/D f-1 and then transfered to medium,containing 10 nM PTH at zero time. 
sCT and IFLrA/D were present throuqhout the incubation period. Calcium release 

from pretreated calvaria subsequenily incubated without’ P Tl 

different frcm that of untreated control calvaria. Inset 

treated 18 hours with indicated concentrations of IFLrA/D . 
tion of 45Ca release was determined after 167 hours of cu 
of IFLrA/D, compared to PTH-treated controls. 

554 

H was not significantly 
calvaria were pre- 
The percent inhibi- 

ture in the presence 



Vol. 120, No. 2, 1984 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

so- 

40 - 
h4”Ca 

(“id 30 . 

20 _ 

40 80 120 160 
HOURS 

Figure 2. Reversibility of inhibitory effect of IF. Calvaria were preincubated 
with 0.16 nM IFLrA/D or without it (HI for 24 hours before the addition of 
10 nM PTH at zero time. Appropriate calvaria were subsequently rinsed in resorp- 

tion medium and transfered to IF-free medium at zero time just before addition of 
PTH (c--+), or 42 tf)-C1) or 89 t-j hours after addition of PTH or were not 
removed fram IF medium tkk-&). 45Ca release from unstimulated calvaria incubated 
with or without IFLr/AD were not significantly different from each other (--CON). 

sient (12). One-half maximal inhibition of resorption was achieved at ap- 

proximately IO-10 M IFLrA/D. This corresponds to about 600 antiviral units/ml 

when assayed on mouse ccl Is (9). Partial ly purified commercial preparations 

of Type I mouse interferon inhibits resorption by 43 + 6% at 1000 U/ml. - 

This result gives confidence in the use of IFLrA/D as an appropriate model 

for the action of Type I interferon on bone. 

The inhibitory effect of fFLrA/D on PTH-stimulated resorption was rever- 

sible as shown by the data of Figure 2. Upon transfer of bone from medium 

containing IF to IF-free medium (containing PTH), enhanced calcium release 

was noted after a lag of 40-60 hours. Part of this lag per iod corresponds to 

the normal delay in calcium release seen upon addition of PTH to untreated 

calvaria. However, a significant amount of time seems to be required for 

recovery from the IFLrA/D treatment itself since there is a delay in the on- 

set of calcium release in the case where interferon is removed at zero time, 

compared to PTH-stimulated calcium release from untreated bone. The rate of 

release of calcium from bone following removal from interferon was approxi- 

mately the same as that of untreated bone. We also observe no effect on DNA, 
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Figure 3. Effect of time of addition of IF on inhibition of PTH-stimulated 
calcium release. IFLrA/D (0.15 nM) was added to calvaria either 24 hours before 
addition of PTH (M), or at the same time as PTH (-1 or 42 (HI or 
89 t&& hours following addition of PTH at zero time. “NO IF” (M) 
calvaria were not treated with IFLrA/D. (--CON), same as Fig. 2. 

RNA or protein synthesis in calvaria treated with IFLrA/D for l-5 days (data 

not shown). 

The period during which IFLrA/D must be present to inhibit PTH-stimulated 

calcium release was examined as shown in Figure 3. Signif icant inhibition was 

observed if IFLrA/D was added before or at the same time as PTH. When IFLrA/D 

was added 42 hours after PTH, the degree of inhibition was significantly less, 

even though calcium release had just begun at this time. When IFLrA/D was 

added 89 hours after addition of PTH, at which time calcium release had 

achieved a maximal rate, there was no effect on subsequent calcium release. 

DISCUSSION 

Our experiments document the ability of Type I interferon to inhibit PTH- 

stimulated resorption of bone in organ culture. The reversibility of the in- 

hibitory,effect indicates that IF is affecting specific PTH-dependent events 

in the bone rather than acting by a cytotoxic mechanism. The concentration 

of IFLrA/D, or mouse interferon, required to observe inhibition of calcium 

release is similar to that reported for inhibition of differentiation of mono- 

cytes to granulocytes in vitro (8). This is 2-3 orders of magnitude higher 

than that required for antiviral activity. Since both mouse interferon pre- 
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pared from mouse ccl Is in culture, and IFLrA/D purified from E. col i containing 

the IFLrA/D gene could inhibit bone resorption in the same dose range, it is 

unlikely that a contaminant could be responsible. 

It appears unlikely that IFLrA/D is capable of acting on active osteo- 

clasts. Calcium release from bone already in the resorptive phase, 89 hours 

after stimulation by PTH, was unaffected by the addition of IFLrA/D. For 

inhibitory effects to be observed, IF needs to be present before or during 

the initial (i.e. first 40 hours) stages of the culture period, following 

addition of PTH. This suggests that IF may affect the mechanisms by which 

PTH either stimulates resident osteoclast activity or the formation of new 

osteoclasts. The former is thought to occur within a few hours after exposure 

to PTH (Z), but this probably accounts for only a minor portion of the overall 

calcium release from neonatal calvarial bone. Rather, IF may block PTH-depen- 

dent formation of new osteoclasts from precursors resident in the bone. This 

process occurs 24-48 hours after exposure to PTH (3). Our data showing a lag 

of 40-60 hours before PTH-stimulated calcium release begins, following removal 

of bone from medium containing IFLrA/D, is most consistent with this later 

possibility, but does not rule out an effect of IF on the mechanism of activa- 

tion of resident osteoclasts. Interferon has been reported to have both 

antidifferentiative and antiproliferative properties (6-S). However, recent 

data obtained using rat calvaria in vitro indicates that PTH-stimulated bone 

resorption does not depend on DNA synthesis (13). Thus, our observations 

are most consistent with the postulate that IF inhibits biochemical events 

which are required for differentiation of precursor cells to osteoclasts. 

Other substances produced by cells of the immune system such as osteoclast 

activating factor (14) and interleukin-1 (15) stimulate bone resorption. Our 

data are the first to indicate that a leukocyte product, IF, could inhibit this 

process. This raises the possibility that interferon or an interferon-like 

molecule is produced in vivo to modulate bone resorption in a local fashion. 
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