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ABSTRACT

The occurrence of specific anti-SCT antibodies (Ab) in 65% of pagetic
patienis treated by nasal salmon calcitonin (SCT) immunologically
confirms the bioavailability of SCT when given by the nasal route. The
affinity constant of these Ab varies from 1.12 to 4.47 10° L/mol and
their titer from 0.4 to 21 107° mol/L. Injection of 1 IU/kg SCT to young
rabbits produced a significant decrease (P < 0.05) between 69 and 180
minutes in ionized blood calcium (Ca**) measured by a highly accu-
rate method—the ion-selective electron method. Addition of an equi-
molar amount of purified specific Ab to SCT did not decrease the
intensity of the hypocalcemic response to SCT but did appear to induce
an extension of this effect since Ca®* was still significantly decreased
(P < 0.05) after 210 minutes., There is no evidence from these data that
specific anti-SCT Ab, even with high binding affinity, were able to
neutralize SCT activity, Ab binding to SCT could result in an exten-
sion of SCT activity, possibly by a reduction in the rate of SCT catab-
olism, but this mechanism remains to be elucidated.

INTRODUCTION

Calcitonin (CT) was first administered to humans in 1966,' and many
studies®~* have shown beneficial effects of porcine calcitonin, salmon cal-
citonin (SCT), and human calcitonin on the clinical and biological distur-
bances of diseases characterized by excessive bone remodeling. The amino
acid sequence of porcine calcitonin and SCT differ considerably from the
human hormone,” and specific antibodies (Ab) develop in a significant
proportion of treated patients.®? Controversy remains on the functional
importance of these Ab.>~? In Paget’s disease of bone, resistance to CT
developing during treatment was ascribed to Ab by some authors,”® while
others® found that the presence of significant Ab titers had no relationship
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to the development of such resistance; the latter opinion was supported by
the fact that resistance to CT also occurs in patients treated with human
calcitonin, which is not antigenic.'® The recent development of a new ac-
tive mode of administration of SCT,'!"'% nasal spray, without the classic
side effects encountered during parenteral CT,*® allows SCT to be consid-
ered a potential preventive therapy for postmencpausal osteoporosis. Since
SCT appears to be promising for this indication,' long-term or even life-
long treatment may be necessary. It is thus of real importance to assess
whether anti-SCT Ab could inactivate salmon calcitonin.

The best way to investigate whether Ab exert a functionally signifi-
cant blocking action on exogenous CT is to measure their influence on the
acute hypocalcemic response to CT.® In pagetic patients, the degree of
hypocalcemia is dependent on the prevailing rate of bone turnover.'® The
assessment of functional significance of Ab developed during treatment
must therefore consider this variable.

Since one of the authors!® developed a highly resolutive method to
measure changes in ionized caleium concentration in the blood of young
rabbits, we used this technique in the present study to investigate the
effect of SCT incubated with purified endogenous antibodies obtained from
pagetic patients treated by nasal SCT to measure the relationship between
the presence of anti-SCT Ab and the effectiveness of the hormone,

MATERIALS AND METHODS
Patients

Eleven patients (six men, five women), aged 58 to 88 years (mean =
8D, 67 = 10 years) with clinical, radiologic, and biologic features of Paget’s
disease of bone were treated for six months with 200 IU/day (n = 5) or 400
IU/day (n = 6) of nasal SCT and thereafter investigated for the presence

of anti-SCT antibodies.

Detection and Characterization of Anti-SCT Antibodies

Salmon calcitonin was labeled with 251 using the chloramine T
method'” and was purified by filtration on Sephadex G15 and G50. This
tracer was incubated with several dilutions of serum from pagetic patients
in 0.05 mol of phosphate buffer for 96 hours at 4 °C. After incubation, free
and bound labeled SCT were separated by adsorption of free SCT on dex-
tran/charcoal (0.5%/56%),'® whereas SCT bound to Ab remained in solution.
A control procedure was performed using serum of normal subjects who

had never received SCT.
Ab were considered to be present when radioactivity remaining in the
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surpernatant, unadsorbed to dextran-charcoal, corresponded to at least
twice the values reported in controls and exceeded 10% of the total radio-
activity.

To characterize the nature of endogenous anti-SCT Ab, an enzyme-
linked immunosorbent assay (ELISA)'® was performed. SCT (10 pg/L) was
physically coated onto polystyrene tubes. The serum of pagetic patients
was then incubated at several dilutions (0.1 ml of serum diluted from 1/1
to 1/16) for 48 hours at 20 °C. The tubes were then washed and rinsed with
0.05 mol of phosphate buffer and specific anti-IgG, IgM, IgA conjugated to
peroxidase were added. Incubation continued for two hours at 20 °C. After
again washing and rinsing, the addition of a chromogene followed by illu-
mination at 405 nm revealed peroxidase linkage to the wall of the tubes
and the nature of the Ab.

Purification of Gammaglobulins

Immunoglobulins were prepared from a volume of 50 ml of serum.
Immunoglobulins were first precipitated using the sodium sulfide proce-
dure described by Kekwick.? Gammaglobulins (IgG) were separated by
chromatography on a Protein A-Sepharose CL—4B2' (Pharmacia, LKB,
Brussels, Belgium)?! and lyophilizated.

Scatchard Analysis

Binding of ?°I-SCT to endogenous Ab was inhibited by adding in-
creasing amounts of unlabeled SCT to the incubation medium. A global
volume of 0.4 ml, including 0.1 ml of labeled SCT, 0.1 ml of 0.05-mol
phosphate buffer, 0.1 ml of serum (diluted from 1/4 to 1/16 following the
amount of IgG previously determined), and 0.1 m1l of unlabeled SCT, was
incubated for 96 hours at 4 °C. Separation of free and bound 2°I-SCT was
performed by adsorption of free SCT to dextran-charcoal.'®

From these inhibition curves, the affinity and concentration of Ab
were calculated according to Scatchard analysis.?? This procedure was
reported for serum from pagetic patients and also for purified IgG. All
results were expressed considering 1 IU of SCT = 2 x 10”7 g = 5.55 X
10~ mel 23

Hypocalcemia Test

We compared the hypocalcemic effect of the following intravenous (IV)
injections into young rabbits: (1) SCT in acetic acid-sodium acetate buffer
(pH 6.5) 82.03 mol, 1 IU/kg (two assays); (2) SCT in the same acetic acid-
sodium acetate buffer 82.03 mol (pH 6.5; 1 IU/kg) with an equimolar
amount of extracted anti-SCT Ab from pagetic patients, with the experi-
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ment repeated using the four Ab with the highest affinities (4.47 x 10°
L/mol, 4.39 x 10% L/mol, 8.69 x 10% L/mol, and 2.76 x 10° L/mol); (3)
anti-SCT Ab from pagetic patients in the same acetic acid-sodium acetate

buffer 82.03 mol (pH 6.5), without SCT and with the same amounts of Ab as

were injected in 2; (4) SCT in the same acetic acid-sodium acetate buffer
82.03 mol (pH 6.5; 1 TU/kg) with an egquimolar amount of nonspecific hu-
man gamma-G-immunoglobulins; and (5) nonspecific human gamma-

G-globulins at the same incubation as in 4, diluted in the same acetate
buffer pH 6.5.

Tonized Calcium Determinations

The ionized calcium (Ca®*) ion-selective electron method (Ca2*

IESM)18 involved continuous measurement of the ionized calcium concen-
tration in the blood of young rabbits. The blood was transported by a
peristaltic pump at a flow rate of 18 ml/hr from the femoral artery via

indwelling catheters to the femoral vein through a system containing
Ca?* -selective liquid membrane electrodes based on the neutral carrier
ETH 1001. A second peristaltic pump transported a reference electrolyte
solution at a rate of 0.9 ml/hr past a reference electrode, where it met and
mingled with the circulating blood. The mixture of blood and reference
solution was then returned to the circulating system of the animals. The
concentration of ionized calcium in the blood was determined potentiomet-
rically. Differences in potential between the reference electrode and the
Ca?* -selective electrodes were measured relative to a common electrode.
The differences were amplified and the analog signal produced by the
amplifier was processed by a digital voltmeter and recorded continuously
as a function of time, the difference in voltage being proportional to the
Ca®"* concentration. The concentration of ionized Ca?™* in the blood (1.1 to
1.2 mmol/L) is about 10~ % higher than the detection limit of the electrodes
in aqueous solution of calcium (107° to 10 ¢ mmol/L). The method can
detect a change of 0.003 mmol/L (0.8%) in Ca?* concentration. It can also
detect the effect of as little as 0.1 IU/kg of SCT on blood levels, with an
interindividual variation of some 10% to 20%. The change in blood-ionized
calcium was expressed in percentage of pretest value regarded as a base-
line.

Statistical Analysis

A paired Student’s ¢ test was used for assessing the level of signifi-
cance of the fluctuation of the Ca®* reported at different times compared

with that at the beginnning of the test. To compare the responses to the
different infusions, we developed a Zerbe’s randomization analysis
method.?*
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RESULTS

After six months of treatment with nasal SCT, specific anti-SCT Ab were
present in seven of 11 treated pagetic patients, four of whom were treated

with a daily dose of 400 IU/day and three receiving 200 IU/day. All anti-

SCT Ab belonged to the IgG class. The constant of affinity (Ka) of the Ab
varied from 1.12 to 4.47 % 10° L/mnol (mean = SD, 2.79 + 1.17 x 10° L/mol)

and their titer from 0.4 to 21 X 107 mol (mean + SD, 8.2 * 6.7 X 10~ ?
mol). The Ka of anti-SCT Ab were identical, whether determined directly
from serum or from purified IgG.

IV injection of 1 IU/kg SCT to the young rabbits led to a significant (P

< 0.05) decrease in Ca®* between 60 and 180 minutes and to a maximum
peak decrease obtained after 120 minutes (27 + 0.5%) (Table I). IV
injection of 1 IU/kg SCT with an equimolar amount of anti-SCT Ab was
followed by a significant decrease (P < 0.05) of Ca2?* between 30 and 210

minutes, while the maximum decrease was reached after 120 minutes
(—21.4 = 1%). No statistical difference appeared between the decrease of

Ca®* reported after SCT or SCT + Ab injection. However, a significant
Ca®* decrease reported after SCT + Ab began earlier (30 versus 60 min-
utes) and lasted longer (180 versus 210 minutes) than the one induced by
SCT alone. After 210 minutes, while the effect of SCT alone had disap-
peared, Ca®* continued to decrease from 5.2% to 16% after SCT + Ab
injection; this decrease was significant (Table I).

Injection of SCT and an equimolar amount of nonspecific human
gamma-G-immunoglobulins produced a maximum Ca?* decrease after

150 minutes; this decrease was not statistically different from the decrease
in Ca®* reported after injection of SCT alone or SCT and specific anti-SCT
gamma-G-globulins. Injection of anti-SCT gamma-G-globulins or nonspe-

cific gamma-G-immunoglobulins without SCT did not induce any statisti-
cally significant change in Ca®* (Table II).

DISCUSSION AND CONCLUSIONS

Some reports'"'?'4?® have described a biological and clinical activity for
SCT administered through the nasal mucosa. However, the occurrence of
specific anti-SCT Ab in patients who never had experienced SCT by a route
other than the nose is reported here for the first time and should be con-
sidered as the immunologic proof of the biodispensibility of SCT after nasal
administration. Antibodies developed within the first six months of nasal
SCT treatment in seven of 11 (63.5%) patients, and this incidence is sim-~
ilar to that found in other series using parenteral administration.® All the

Ab belonged to the IgG class, confirming data previously obtained from
parenteral SCT by other techniques.”?® No circulating anti-SCT IgA was
found, although we did not perform measurement within the nasal mucosa

1067




ANTI-CALCITONIN ANTIBODIES AND HYPOCALCAEMIA

09'e9— BSE + B2°L5— 8928 — By es— 606y — 68°¢9- 080 = €0°'v9~ 68°y9 - gL'g9— (y - H\ﬂ_,._qmvuc
6e0— 098¢ Fgl'L— 8E'1—- SF'y ¥¢0 08— 820 + 480 ¥8°0 6¢°0 S
05'0—- 0L% =8¢~ or'1— &L 0 or'l 82°0L— 8’0 * Ev0 670 Sp0— Sy
296 POE = LG A 8'G- 9’0 9e'gl— aL'g F 00— 90— ¥L'0— 4
SLyl— Sy'e * 6001~ 0Zi- G LL- 09'G- o8l - Pi0* 19— 81— SE'E— ge
L9'0¢— £5°0 ¥ 8F9L— 29°] gc'aL—- 9’91 — 68° 41— €80+ 92/ - £1°81 - 6L L~ €
ivie— 6.0 F L6l £8°0¢~ TAVA gL g EL6L— 0’0 F £~ Sp'Ge - MWsg— 8¢
¥6°02 - 0L *FEvie~ ve - vE'6L - - 68°0¢— B0 * 60°Le— 9% [~ 1992 — 2
Sy'gl - vl FE981L— 8G'EC - 0v'9t - 1581~ gL 09°0 + 90'92— 99'92 - L Ge~ gl
€9°EL~ gLC FHEEL— b6t~ 90°6L — 90y~ L9L~ 18°0 * €5 Le— £€'28 eL0e— l
08— A STV A Skl— €5 LL'E— SO'L ¥ 0L A oL 8- S0
ve'e— 091 = 6L~ Py — ey 4 69°0 €0+ 96 L— 69°¢—- 2 B G20
01— 80 = $5°0~ /23 S v 86°0 ¥6'0 850+ 950 bL - 200 81'g
9z'0 610 F L1'0- 0¢ 0~ 9€0 g¢0~ 96’0~ 006 ¥ 810 820 cb'0 800

0 0 0 0 0 1] o 0 0 0

sulngojg-f-ewiney W3S = ueaw Pqv ey qy Qv W3S = ueay FAM] 112 (1) awny
ajssdsuoy

sulngo|9-D-BWwWeD [JS-Huy Aj1adg

10 nowy Jejownby pue (5y/n 1) 19

(6wn 1) auopy 19

"S9TPOGIIUE UIUCIIHEI-TJUR YIIM paxa|duwod j0u 10 paxedwod
UTUOYD[ED UOWI[BS S13YIUAS JO By/[) T JO UCHIRNSTUIWIPE SROUIABIIUT I2YE jiqqe Suno sy} UI (3Y7) WNIDd[Ed PIzIuosi-poo[q JO SUOIIBLIEA '] S[qel,

1068



J.Y. REGINSTER ET AL,

Table II. Variations of blood-ionized calcium (A%) in the young rabbit after intravenous
administration of 1 U/kg of synthetic salmon ealcitonin complexed or not complexed
with anti-caleitonin antibodies. Data given are means £ SEM,

CT {1 Urky) and Equimalar Amoaunt of

Time {hr) &7 Afone (1 U/kg) Specific Antl-SET Gamma-G-Globulins

0 1] 0
0.08 0.19 = 0.07 ~0.17 = 0.19
0.16 -0.56 = 0.58 —0.54 + 0.87
0,25 ~1.96 = 0.73 ~1.75 % 1.60
0.5 —10.37 = 1.65 —-7.03 =195
1 -21.53 = 0.81 ~13.09 = 2.38
1.5 —26.06 + 0.60 ~18.63 + 1.74
2 ~27.00 = 0.48 —~21.43 = 1.07
2.5 —25.43 + (.02 -19.71 = 0.79
3 ~17.26 + 0.53 —16.48 = (.53
3.5 —-2.61 = 0.74 —-10.29 = 2.45
4 ~0,30 = 0,16 -511 = 3.04
4.5 0.43 + 0.48 -2.38 + 2.70
5 0.57 = 0,28 -1.19 = 2.60
0-5 hr

(A% - hr) —64.03 = 0.50 —57.29 + 3.59

surfactant. Ab rose at the same rate whether 200 or 400 1U/day of nasal
SCT was given, confirming the lack of relationship between their occur-
rence and the dose administered.?

If any blocking activity was devoted to anti-SCT Ab, considering that
1 mol of Ab could counteract 1 mol of SCT and that 1 mg of SCT contains
about 5,000 IU,*? the titer of specific Ab measured in our population would
permit the inhibition of SCT amounts up to 378 IU/L. Thus, in prospective
long-term SCT treatment using doses in a range of 50 to 100 IU/day and
even lower, the ability of Ab to neutralize SCT activity remains a major
question to be elucidated.

In a classic test comparing the hypocalcemic effect of SCT in vivo
before and after occurrence of Ab, a bias might appear to be due to the
relative imprecision of Ca measurement and to changes, within a rela-
tively long period of time, in baseline Ca before SCT injection.?® Our meth-
odology, using a short-term procedure as well as a highly accurate and
precise methodology for determining Ca®*, avoids this bias.'®

Injection of SCT and an equimolar amount of specific Ab was followed
in every test by a fall in Ca®" within a similar range as observed when
SCT was injected alone. The hypocalcemic effect of the association SCT +
Ab is not related to a bipolar effect of Ab—blocking SCT activity on os-
teoclasts on the one hand and producing hypocalcemia by an unknown
mechanism on the other—since injection of Ab alone was not followed by
any change in Ca?*.

Since we selected the Ab presenting the highest Ka from our popula-
tion of pagetic patients for this investigation, these results are not in
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agreement with the hypothesis that Ab of very high-binding affinity would
be involved to produce resistance against SCT.?

Because the young rabbit may be considered to have had no change in
bone turnover during the period of investigation, valid comparisons be-
tween the hypocalcemic responses may be made. No significant difference
appeared during the entire test between the hypocalcemic effect of SCT
and SCT + Ab. In agreement with Hosking and coworkers,® we used the
area under the Ca®* versus time curve according to Zerbe’s analysis®* to
compare the responses with or without Ab, rather than the maximum
decrease in Ca®*, because the former incorporates an expression of the
temporal relationship of this change. The analysis of the Ca?* versus time
curves showed no statistical difference, regardless of whether Ab were
present.

Therefore, we do not support the hypothesis that anti-SCT Ab, even
with a high affinity, is responsible for the resistance occurring during SCT
treatment through a competition between SCT and its receptor on the
osteoclast.®

There may be paradoxical increases in serum calcium immediately
after calcitonin administration®”; considering the small size of our sample,
no hypothesis may be drawn from the delay in the occurrence of Ca?™*
decrease with SCT alone, but the explanation for the remaining hypocal-
cemic effect of SCT and antigenous-specific antibodies is not clear, It may
be that SCT is bound to antibodies with high affinity in such a manner as
to not interfere with hormone receptor interaction and that this nonbio-
logically blocking binding to the Ab might delay the catabolism of SCT and
prolonged biological half-life of SCT. Ongoing studies will determine the
impact of Ab occurrence on the half-life of injected SCT.

The occurrence of specific Ab in patients treated with nasal SCT con-
firms the bicavailability of the compound when administered by the nasal
route. No evidence appears that anti-SCT Ab is able to block SCT activity
even if Ab possesses a high binding affinity. Similar results?®?® were
shown for diabetic patients treated with insulin who developed anti-
insulin Ab, which does not usually interfere with the therapeutic effect of
insulin. Furthermore, binding of Ab to SCT appears to result in an ex-
tended hypocalcemic effect of SCT for which the mechanism remains to be
elucidated.
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