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SUMMARY: We have developed a monoclonal antibody capable of detect 
of 1.25~dlhydroxycholecalclferol. At a dllutlon of 1:80,000 of asc 
this antibody has an apparent Kg of 3.3 x lo-llML-1. The Imnunogen 
was a vitamin D analogue, calcltrolc acid [la, 3 B-dlhydroxy-9, 10 
seco-24-nor 5,7,10 (19) cholatriene-23-olc acid], conjugated to bov 

lng 1 pg/ml 
ltic fluid 
used 

Ine serum 
albumln. Although thls antlbody Is extremely sensltlve, It also recognizes 
other Important vltamln 03 metabolltes. 

The standard assay for 1,25-dlhydroxycholecalclferol [1,25(OH)203] in 

serum employs an ardously obtalned, unstable rachltlc chick Intestinal binding 

protein. In addition, due to a relatlve lack of speclflcity of thls cytosolic 

receptor,, each sample requlres extenslve chromatographlc extraction and purlfl- 

catton before It can be assayed (l-3). Because of these dlfflcultles, thls 

assay Is performed In relatlvely few cllnlcal laboratories. In an effort to 

procure more stable and specific reagents, polyclonal antlbodles to vltamln 0 

metabolites have been produced and used as high afflnlty binding agents In 

radlolmmunoassays for these compounds (4). Monoclonal antlbodles share the 

stability of polyclonal antlbodles, but may be readily screened for a partl- 

cular speclflclty that will dlscrimtnate among a large number of closely 

related compounds (5). Since such clones could be theoretlcally malntalned 

forever. their development could circumvent the present dlfflcultles of the 

standard 1,25(OH)2D3 serum assay. In the preliminary evaluation of mono- 

l.Present. address: Dlvlslon of Endocrinology. Unlverslty of Pennsylvania School 
of Med'lclne, Philadelphia, Pennsylvania 19104 

0006-291X/83 $1.50 
Copyright 0 1983 by Academic Press, Inc. 

431 All rights of reproduction in any form reserved. 



Vol. 112, No. 2, 1983 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

clonal antibodies to compounds closely related to vltamln 03, we have 

isolated an antlbody which. although not specific for 1,25(OH)D 
3’ 

displays 

lty toward the hormonal metabollte, and can reliably detect 1 pg/m hlgh affln 

of 1,25(OH ‘2’3’ 

MATERIALS AND METHODS 

All chemicals were purchased from Sigma Chemical Company (St. Louis, MO) 
unless otherwlse noted. Calcltrolc acid [la, 3 B-dlhydroxy-9, 10 
seco-24-nor-5,7,10 (19) cholatrlene-23-olc acid] and unlabeled vltamln El 
metabolites were the gift of Dr. Milan Uskokovlc (Hoffmann-LaRoche, Nutley, 
New Jersey). 

Sterol conjuqatlon - 5 slmoles of Isobutycholoroformate were added to 
calcltrolc acid (5 pmoles). dissolved In 2 ml of cold, nltrogen-gassed 
dloxane (Baker, Phllllpsburg, New Jersey). After 20 minutes at 50, this 
solution was stirred Into 3.0 ml of water adjusted to pH 9.0 with .lN NaOH, 
contalnlng 12 mg of bovine serum albumin (BSA) (Mlles Laboratory, Fort Wayne, 
Indlana). The pH was malntalned at 9.0 for 30 minutes. After magnetic 
stlrrlng for SIX hours at 50, the dloxane was evaporated under N2 and the 
residual layer was extracted wlth equal volumes of dlethyl ether 
(Malllnckrodt, St. LOU'IS, HO) untll two successive extracts' resldues 
exhlblted no absorbance at 264 nm when N2 drled, and solublllzed In 1 ml of 
ethanol. The aqueous layer was lyophlllzed, redissolved In 1 ml phosphate 
buffered saline, pH 7.4, and applled to a 1 x 17 cm column of G-25 Sephadex 
(Pharmacla, Plscataway, New Jersey), equilibrated In the same buffer. The 
exclusion volume (Vo) was saved for spectral studies and proteln assay (6). 
Ultravlolet spectroscopic studles of thls preparatlon compared to those of BSA 
or calcltrolc acid alone revealed an Increase In absorbance at 264 nm 
consistent with the covalent conjugation of 5 moles of sterol per mole of 
proteln (7). A similar synthesls was carried out uslng egg albumin. 

Hybrldoma production - BALB/c mice were Inmnunlzed with 50 ug of calcltrolc 
acid - BSA conjugate emulslfled In complete Freund’s adjuvant and boosted 
twice with antigen In saline at three week Intervals. Four days after the 
flnal boost, spleen cells from these mice were fused wlth the SpZ/O-Ag 14 cell 
llne (8) uslng the method of Galfre, et al (9). Cells were cultured In 
24-well culture dlshes In HAT selectlon medium (10). Monoclonal antibodies 
binding calcltrolc acid were detected In culture supernatants by a radlolmmuno- 
assay In whtch supernatants were exposed to mlcrotlter plates coated with a 
calcltrolc acid-egg albumin conjugate. Bound monoclonal antibody was detected 
wlth a 1251-labeled goat antl-mouse gamma globulln reagent. Cells from 
posltlve wells were cloned In soft agar over 3T3 cells (5) and grown In BALE/c 
mice as ascltes tumors. 

Preparatlon of Honoclonal Antlbody - Ammonium sulfate was added to ascltlc 
fluld to 40% saturation. The mixture was Incubated at 40 for one hour, 
centrifuged at 1000 x g for 30 mlnutes, and the supernatant dlscarded. The 
pellet was dlssolved In .025 M Trls-HCl buffer pH 7.5 with .08 M NaCl (assay 
buffer) and fractionated on an AcA44 column (1.5 x 45 cm) (LKB, Rockvllle. 
MD) equlllbrated In assay buffer. Antibody eluted In the void volume and 
Trasylol, 10 mM molybdate and 1 mM EDTA were added. Thls preparatlon was 
dlluted 1:lO (Inltlal ascltlc fluld vol: flnal vol) and frozen In 1 cc 
aliquots at -200C until use. 

Assays for 1,25-Dlhydroxyvltamln~& - la, 25-dlhydroxy [26,27-methyl-3H] 
cholecalclferol (speclflc actlvlty-168 Cl/mmole) (Amersham/Searle, Arlington 
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Heights, ILL) was purjfled on a 1 x 40 cm column of Sephadex LH20 (Sigma) 
slurrled In hexane: chloroform (65:35, v/v) and eluted In the same solvent 
(3). Antlbody at approprlate dllutlon was incubated at 4oC wlth reference 
1,25(OH)203 ranglng from 1 pg - 1 ng In 10 h of ethanol. In assays of 
blndlng speclflclty, 1,25(OH)2D3, 24,25-dlhydroxycholecalclferol 
[24,25(OH)2D3] and 25-hydroxycholecalclferol (250HD3) were used. 
.025 plcomoles (10 ~1) of radlollgand was added; flnal assay volume was 1 cc. 
Radlollgand was added after 1 hr preincubatlon in displacement assays; 
otherwlse It was added lmmedlately. After Incubation for 18 hours, 10 h of 
rabblt anti-mouse Fab' (glft of Dr. Judith Kapp-Pierce, Department of 
Pathology, Jewlsh Hospital of St. LOUIS and Washlngton Unlverslty School of 
Medlclne) was added wlth carrier mouse IgG and tubes were Incubated for 
another 45 mlnutes at 4oC. Both ganmna globullns were partlally purifled 
using DEAE - Afflgel Blue (Blorad Laboratorles, Richmond, CA). After centrl- 
fugatlon at 1000 x g for 20 mlnutes, the supernatants were asplrated, the 
pellets suspended In Budget Solve (Research Products Internatlonal, Hount 
Prospect, ILL) and their radloactlvity determlned In a Beckman 7000 Sclntllla- 
tlon Counter (Beckman Company, Palo Alto, CA). 

For sucrose denslty gradlent analysis, 350 1 of assay mlxture or supernatant 
after Immunoprecipltatlon was layered on a linear 5-20X sucrose gradient and 
centrifuged at 100,000 x g for 17 hours. Molecular markers, human gamma 
globulln (16 mg/ml assay buffer) (Calblochem-Behrlng, La Jolla, CA) and 8SA 
(12 mg/ml assay buffer) were centrifuged Identically. Fracttons were 
collected through a bottom puncture apparatus and thelr radloactlvlty assayed. 

RESULTS 

As shown In Figure 1, partially purifled B2B4 binds labeled sterol and 

sediments on sucrose gradient Identically wlth human IgG lmmunoglobulln 

(150,000 daltons). When 1 rig/ml of 1,25(OH)2D3 Is added to the mlxture 

prlor to centrlfugation, the radlollgand Is almost completely displaced (data 

not shown). Following Immunopreclpltatlon by the addltlon of rabbit 

antl-mouse Fab', the antlbody peak Is lost but all of the radloactlvlty Is 

recovered In the Immunoprecipltate (Flgure 1). 

Uslng immunopreclpitatlon, we next examlned the assoclatlon kinetics of 

antlbody and radlollgand. Antlbody 8284 (1:80.000 dllutlon) and radloll- 

gand were Incubated for varlous tlme Intervals, Inununoprecipitated and the 

radlollgand In the pellet quantltated. As shown In Flgure 2, maximum blndlng 

Is reached In 4 and 6 hours at 4'C and 22'C, respectively. The magnltude 

of speclflc blndlng Is sllghtly higher at 4*C. Although the reasons for 

thls observatlon are not readily apparent, thls Is a reproducible phenomena. 

Consequently, all further assays were performed at 4'C for 18 hours. 
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Figure 1: Llnear sucrose denslty ultracentrifugatlon of antlbody 8284 
and 3H-l,25(OH)2D3 before (S--J) and after (O---O) 
Immunopreclpltatlon ulth 40 ~1 of purtfled rabbit 
antl-mouse ganwna globulin. Human ganwna globulln (HhG) and 
bovine serum albumin (BSA), peaks (determlned by absorption 
at 280 nm) are indtcated by arrows. 

figure 2: Association of radlollgand and antlbody at 4O (o---o) and 
at 220 (S--O). The speclflc counts bound equal the mean 
of three replicates containing antlbody and radloligand minus 
the mean of three replicates contalnlng antlbody, radlollgand 
and 1 ng of 1,25(OH)203 at the Indicated time point. 

Figure 3 Illustrates a displacement curve for this assay using a 1:80,000 

dllutlon of partially purified 8284. In the absence of unlabeled 

1,25(OH)2D3 approxlmately 3000 dpm are bound, half of the radloligand 1s 

displaced by 26 pg/ml of 1,25(OH)2D3. Higher dilutions (1:120,000) of the 

8284 preparatjon can be used to reliably detect 1 pg/ml ustng this same 

displacement assay. The apparent KO at 1:80.000 dilution of the 8284 

preparatlon Is 3.3 x 10 
-ll& 

Thus, this preparation provides a high 

affinity blndlng proteln for very sensltlve serologlcal assays. However, 8284 

dlscrimlnates poorly among various vltamln D3 metabolltes. At a dilution of 

1:80,000 half of the reversibly bound 3 H-1,25(OH)203 Is placed by 48 

pg/ml 24,25(OH)2D,, or 68 pg/ml of 25DHD3. 

434 



Vol. 112, No. 2, 1983 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

0.5 

0.4 

B/F 
0.3 

!  \ 

. 

: 1600 

c 
w 1200 0.2 
oz a . 
n 800 
c-4 0.1 . 

6 400 

kc 
G- 0 10 100 moo 

0 LA- 
10 20 

I 
c-9 pg I,25 OH2D ADDED AMOUNT BOUND 

1,25 ( OH )2 D3 (fmols ) 

Figure 3: Antibody (1:80,000 dllutlon) ulth radlollgand and varylng 
amounts of unlabeled 1,25(OH)203. Counts bound equal the 
mean of three replicates contalnlng antibody, radlollgand 
and various amounts of l,25(OH)2O3 minus the mean of 
three samples contalnlng only radlollgand (no antlbody pre- 
sent). The bars show the standard deviation for each polnt. 
Inset shows the Scatchard analysls of data presented; apparent 
K. 1s 3.3 x lo-11HL-1. 

DISCUSSION 

Calcitrolc acid was used in an attempt to produce an antibody directed against 

the A ring and la-hydroxyl moiety of 1,25(OH)2D3. Since this conjugated 

compound lacks side chain carbons (C24-26). antibodles raised against this 

hapten might not recognize metabolltes hydroxylated In those posltlons. 

However, since this particular antlbody displays only slight preference for 

tht? 1-hydroxyl metabollte, we have not as yet achieved this speciflclty. 

However, the antibody Is a superior assay receptor for 1,25(OH)2D3 as 

compared to the rachltjc chick intestinal blndlng protein. It has remained 

stable after repeated freezing and thaw\ng and Its blndlng characteristics are 

unchanged after twenty-two months storage at -2O’C. At an antibody dilution 

of 1:120,,000 the system can detect 1 pg/ml of 1,25(OH)2D3, which Is at 

least an order of magnitude less than normal clrculatlng levels. Thls study, 

therefore, demonstrates the posslbllity of producing high affln\ty monoclonal 

antibodies to vltam\n D metabolites. Current work is directed toward 

analyzing other clones which may produce antlbodies with more selective 
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recognition of certain sterols, since such agents could abbreviate the 

presently avallable protein blndlng assays which require extenslve 

chromatographtc breparatlon. 
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