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ABSTRACT. We have analyzed the la,25-dihydroxycho- 
lecalciferol [1,25(OH)2D3] receptor content of cultured 
cells from human amniotic fluid. Six cell lines were grown 
to confluence in a minimum essential medium containing 
20% fetal calf serum. All had a normal karyotype, five 
were male and one was female. Hypertonic cytosol extracts 
were prepared by sonication followed by centrifugation at 
200,000 x g 30 min. Saturation analysis was performed by 
incubating the extracts with [3H]-1,25(OH)zD3 (20-500 
pM, 160 Ci/mmol) with and without 100-fold molar excess 
of unlabeled 1,25(OH)zD3. Linear sucrose gradient (5- 
20% w/v) analysis was performed with 1.5 nM I3H]- 
1,25(OH)2D3 alone or in presence of 100-fold molar excess, 
1,25(OH)2D3. Functional responsiveness was measured by 
induction of 25-hydroxycholecalciferol-24R-hydroxylase 
with 1 and 10 nM 1,25(OH)zD3. The six cell lines studied 
had receptors with dissociation constant of 44 2 6 pM 
(mean f SEM). The binding capacity was 10,200 f 1,750 
sites/ng protein (mean f SEM) with extreme values of 
4,700 and 15,500. A single peak for specific binding mi- 
grating at approximately 3 s  was observed by sucrose gra- 
dient centrifugation. 25-Hydroxycholecalciferol-24R-hy- 
droxylase was induced by 1 and 10 nM 1,25(OH)2D3 in a 
dose-dependent fashion. The data show that receptors for 
1,25(OH)2D3 are present in cultured amniotic fibroblast- 
like cells early in pregnancy. These cells may thus prove 
to be useful for further characterization of 1,25(OH)2D3 
receptors in fetal tissue. (Pediatr Res 21: 432-435, 1987) 

Abbreviations 

1,25(OH)2D3, la,25-dihydroxycholecalciferol 
24,25(OH)2D3, 24R,25-dihydroxycholecalciferol 
25,26(OH)2D3, 25,26-dihydroxycholecalciferol 
25-OHD3, 25-hydroxycholecalciferol 
24-OHase, 25-hydroxycholecalciferol-24R-hydroxylase 
MEM, minimum essential medium 
BSA, bovine serum albumin 
HEPES, N-2-hydroxyethylpiperazine-N'-2-ethanesul- 

phonic acid 
HPLC, high-performance liquid chromatography 
D m ,  reduced dithiothreitol 
Kd, dissociation constants 
i3 max, maximal binding capacity 

Previous reports have shown that rat, murine, and human skin 
and cultured fibroblasts possessed an effector system for 
1,25(OH)2D3 (1-5) suggesting that these tissues could serve as 
targets for the hormonal form of vitamin D3. Moreover, it has 
been established that these cells were responsive to 1 ,25(OH)2D3 
by showing an unequivocal stimulation of 24-OHase (6, 7). 

In addition to their use in prenatal diagnosis of genetic disor- 
ders, midgestation amniotic fluid cells are ready sources for 
studies on developmental biology. Epithelia, such as amniotic 
membranes, fetal epidermis, and the mucosa of the digestive, 
respiratory or urogenital tract are potential sources of these cells. 
They thus provide morphologically and biochemically distinct 
fetal cells that are isogenic (8). Upon culture some of these cells 
acquire a morphology resembling that of skin fibroblasts (9). 
Although these cells show small differences in protein fingerprint- 
ing (lo), they have been used for the prenatal diagnosis of 
hormonal disorders (1 1-13). The present study therefore was 
designed to ascertain whether specific receptors for 1 ,25(OH)2D3 
are present in cultured amniotic fluid fibroblast-like cells and 
whether these cells are responsive to 1,25(OH)2D3. 

MATERIALS AND METHODS 

Materials. MEM with Earle's salts, penicillin, streptomycin, 
pyruvic acid (Na salt), Puck's N- 15 medium, and Puck's saline 
solution were all obtained from GIBCO Canada (Burlington, 
Ontario, Canada). Newborn bovine and fetal calf sera were 
purchased from Flow Laboratories (Mississauga, Ontario, Can- 
ada). Trypsin was from Difco Laboratories (Detroit, MI). Dithi- 
othreitol (Cleland's reagent), Triton X-100, Tris-HC1, HEPES, 
and BSA (RIA grade) were obtained from Sigma Chemical Co. 
(St. Louis, MO); hydroxylapatite (Bio-Gel HTP), silicic acid (325 
mesh) were from Bio-Rad Laboratories (Mississauga, Ont., Can- 
ada). Trasylol was purchased from Boehringer-Mannheim Can- 
ada; Dextran T-20 from Pharmacia Canada; '4C-albumin, l4C- 
ovalbumin and Aquasol from New England Nuclear (Montreal, 
Quebec, Canada). The purity of 25-hydro~y-[26,27-methyl-~H]- 
cholecalciferol (3H-250HD3, 20 Ci/mmol) and of la,25-dihy- 
dro~y-[26,27-methyl-~H] cholecalcifer~l [3H- 1 ,25(OH)2D3, 150- 
180 Ci/mmole], from Amersham (Oakville, Ontario, Canada), 
was verified by HPLC (14). Crystalline 250HD3, 1,25(OH)2D3, 
24,25(OH)2D3, and 25,26(OH)2D3 were kindly given by Dr. 
Milan R. Uskokovic from Hoffman-LaRoche (Nutley, NJ). All 
solvents were of HPLC caade. 

Cell culture. Six amniotic fluid samples (I 5 to 20 ml) obtained 
by transabdominal amniocentesis from women in their 15th to 
17th wk of gestation were sent to the laboratory under sterile 
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mine, streptomycin (50 pg/ml), and penicillin (50 IU/ml). Cells 
were cultured at 37" C in a controlled humidified atmosphere 
(5% CO2/95% air). Medium was replaced every other day until 
the first harvesting for chromosome analysis. Subcultures were 
established in MEM supplemented with 6% fetal calf serum, 6% 
newborn bovine serum, 2 mM glutamine, streptomycin (10 pg/ 
ml), and penicillin ( 10 IU/ml). 

Chromosome analysis. Colcemid (1 pg/ml) was added to the 
culture medium 16-24 h prior to harvesting by trypsinization. 
The cells were lysed with hypotonic phosphate buffer at pH 7.4 
for 15 min. They were fixed with a solution of methanol-acetic 
acid (3/1) for 20 min. This step was repeated once before the 
chromosomes were processed for GTG banding (15). All six 
cultures were karyotypically normal. Five were male and one 
was female. 

Cytosol receptor assay. For each assay, cells were grown to 
confluence in three Falcon T 150 flasks. They were incubated for 
two consecutive 1-h periods in serum-free medium before being 
detached with 0.05% trypsin, 0.02% EDTA in buffered saline at 
37°C. All steps were henceforth camed at 4" C unless otherwise 
indicated. The suspended cells were washed twice in serum-free 
medium by gentle suspension and centrifugation (200 x g 10 
min). They were suspended in 3 ml of buffer A consisting of 
0.01 M Tris-HC1, pH 7.4, 0.01 M Na2Mo04, 1.5 mM EDTA, 
0.5 mM DTT, Trasylol (500 kallikrein inactivator U/ml), and 
0.3 M KC1. Cells were then disrupted by sonication (four bursts 
of 2 S each). Debris were pelleted at 2 x 10' g for 1 h in a SW- 
50Ti rotor (Beckman Instruments, Palo Alto, CA). The super- 
natant was diluted so as to have 1-2 mg protein/ml. The receptor 
assay was performed according to the method of Feldman et al. 
(3). The Kd and the maximum binding capacities were estimated 
by the Woolf plot analysis (16). Proteins were measured accord- 
ing to the method of Lowry et al. (1 7) using BSA as standard. 

Linear sucrose density gradient analysis. Cells were grown, 
harvested and sonicated as for the receptor assays except that the 
concentration of protein was adjusted at 5-10 mg/ml. Incuba- 
tions were camed out for 16 hours at 4" C with 200 p1 of cytosol 
extract in presence of 1.5 nM labeled 1,25(OH)2D3 with and 
without 100-fold excess of either unlabeled 1 ,25(OH)2D3, 
24,25(OH)2D3 or 25-OHD3. Unbound steroids were removed 
with dextran-coated charcoal (19). The cell extracts were layered 
on top of a linear 5-20% sucrose gradient in buffer A. Reference 
proteins, I4C-albumin and 14C-ovalbumin, were centrifuged si- 
multaneously. Centrifugation was performed at 4" C for 16 hours 
at 225,000 g in a L8-M ultracentrifuge with the SW-50 Ti 
swinging bucket rotor (Beckman Instruments, Palo Alto, CA). 
The gradients were layered and collected using the Buchler Auto- 
Densi Flow IIC pump (Buchler Instruments, Fort Lee, NJ). 

24-OHase. The assay was performed essentially as described 
by Griffin and Zenvekh et al. (6) for skin fibroblasts. Confluent 
cultures in T-75 flasks were rinsed twice with MEM medium 
containing 1% serum. Unlabeled 1,25(OH)2D3 (1 and 10 nM) in 
95% ethanol was added in separate flasks. Control flasks con- 
tained the vehicle only. The final concentration of ethanol was 
0.2%. The incubations were carried under a controlled 95% air- 
5% C02 atmosphere at 37" C for 16 h. Cells were then rinsed 
twice with serum-free medium, freed from the dish with trypsin, 
carefully rinsed twice, and suspended in 500 of medium 
containing 1 % newborn calf serum. Aliquots (200 pl) of the cell 
suspensions were incubated for 30 min at 37" C in screw cap 
Pyrex tubes in presence of 0.5 pM 25-hydroxy-[26,27-methyl 
3H]-cholecalciferol adjusted at 1 Ci/mmol with unlabeled 25- 
OHD,. Blanks consisted of cells boiled for 30 min and incubated 
in identical conditions. The reaction was stopped by the addition 
of 300 p1 of medium with 1% serum and 2 ml of anhydrous 
diethylether. Extractions and purification were performed as 
described by Delvin et al. (19). In brief, cells and medium were 
extracted three times with anhydrous diethylether kept on ferrous 
sulfate. The combined extracts were evaporated to dryness under 
a stream of nitrogen, redissolved in 50% diethylether in n-hexane, 

and purified by column chromatography. Short (0.5 x 4 cm) 
silicic acid (<325 mesh) columns were washed and equilibrated 
with 50% ether in n-hexane. Samples were applied in a 1-ml 
volume. Elution was started by sequentially washing the columns 
with 3 ml of each of the following: 50% diethylether in n-hexane, 
80% diethylether in n-hexane, and 20% acetone in diethylether. 
To assess the recovery of the labeled material, columns were 
stripped with 3 ml of methanol. The fraction (20% acetone- 
diethylether) containing the polar metabolites was further puri- 
fied by high performance liquid chromatography on a 5 pm 
Lichosorb Si-60 HIBAR-I1 column (4.6 x 250 mm; E. Merk, 
Darmstadt, West Germany) equilibrated with 6% propan-2-01 in 
n-hexane. HPLC fractions were counted in a refrigerated LKB 
12 19 (Wallac, Bromma, Sweden). 

RESULTS 

Representative plots for total, nonspecific, and saturable cal- 
culated specific binding of labeled la,25(OH)2D3 are shown in 
Figure 1A. In all experiments the nonspecific binding, obtained 
in presence of excess radioinert hormone, averaged 15% of the 
total binding. Woolf analysis of the specific binding data is shown 
in Figure 1B. These data, which fit a first order regression 
analysis, suggest the presence of a single class of high affinity 
receptors lo(,25(OH)2D3 in hypertonic cytosolic extracts. Table 
1 lists the individual values for the apparent Kd and P max. 
Whereas the distribution of the former is relatively narrow (22- 
62 pM) with a mean + SEM of 39 k 9 pM, the maximal number 
of sites, expressed as the number of molecules of 1,25(OH),D3 
bound/ng protein varied from 4,697 to 15,528 (mean 10,444 t 
1,492). Similar results were obtained when the Scatchard analysis 
(20) was used (data not shown). Although individual points were 
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Fig. 1. Saturation analysis of la,25(OH)zD~ binding by hypertonic 
cytosolic extracts of confluent amniotic fluid cells. The extracts, prepared 
as described in "Materials and methods," were incubated for 16 h at 4" 
C with increasing concentrations of la,25-dihydroxy-[26,27-methyl- 
3H]-cholecalciferol in the presence or absence of a 100-fold molar excess 
of radioinert 1 a,25(OH)2D3. Free sterol was removed with dextran-coated 
charcoal. A, specific binding as the difference between the total and the 
nonspecific binding; B, Woolf plot (15) of the specific binding (r = 
0.999). 

Table 1. Binding characteristics of cultured amniotic fluid cells 
1,25(OH)2D3 receptors* 

Cell strain 
no. 

1 
2 
3 
4 
5 
6 

Mean c SEM 

wk of 
gestation Karyotype 

15.5 46XY 
16.0 46 XX 
16.5 46 XY 
15.0 46 XY 
16.5 46XY 
16.0 46 XY 

/3 max 
(mol/ng protein) 

15528 
13935 
9660 

11213 
4697 
7632 

10444 k 1492 

* The Kd and the P max were determined by Woolf analysis. 
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more dis~ersed. when intemreted in this fashion. in all cases the DISCUSSION 
data fittLd a fifirst-order reg;ession analysis. t in ear sucrose den- 
sity-gradient analysis of the hypertonic extracts revealed a single 
peak of bound 1,25(OH)2D3 sedimenting at approximately 3s 
(Fig. 2A). This binding was completely abolished with 100-fold 
molar excess of radioinert l c ~ 2 5 ( O H ) ~ D ~  level (Fig. 2C). The 
radioactive ligand was only partially displaced by the same molar 
concentration either of 24,25(0H),D3 or 25-OHD3 (Fig. 2 B  and 
D). The bioresponse of the amniotic fluid cells was assessed in 
separate experiments by determining the ability of 1 ,25(OH)2D3 
to induce a 25-OHD3 metabolism to presumably 24,25(OH)2D3. 
Cells stimulated overnight either with 1 or 10 nM 1 ,25(OH)2D3 
produced, in a dose-response fashion, a compound that coeluted 
with crystalline 24,25(OH)2D, on a Lichrosorb Si-60 column 
using straight phase chromatography (Fig. 3C and D). Unstim- 
ulated cells produced a small amount of this product (Fig. 3B). 
No labeled material could be elicited in blanks using boiled cells 
(Fig. 3A). 
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Fig. 2. Sucrose gradient analysis of la,25-dihydroxy-[26,27-methyl- 
3H]-cholecalciferol binding in cytosolic extracts. Incubations were done 
in presence of 1.5 nM labeled 1,25(OH)?D3 alone (A), or in presence of 
100-fold molar excess either of radio inert 24,25(OH),D3 (B); 
1,a25(OH)2D3) (C); or 25-OHD, (D). Four drop fractions were collected, 
from top to bottom of the gradient, directly into scintillation vials for 
counting. The arrows indicate the position of I4C-albumin (3.0 S) and 
14C-ovalbumin (3.6 S) run in parallel gradients. 
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Fig. 3. HPLC elution patterns of the radioactivity extracted from 
cultured amniotic fluid cells and medium. Confluent cells were treated, 
overnight, either with la,25(OH)2D3 or the vehicle only (ethanol) as 
described in "Materials and methods." Arrows indicate the position of 
the reference vitamin D3 metabolites: 1 )  25-OHD3, 2) 24,25(OH),D3, 3) 
25,26(OH)2D3, 4) 1 ~ ~ , 2 5 ( 0 H ) ~ D ~ .  A, blank I (boiled cells); B, blank 2 
(vehicle only); C, 1 nM la,25(OH)2D,; D) 10 nM la,25(OH)2D3. 

The findings presented in this report demonstrate the presence 
of specific 1,25(OH)2D3 receptors in cultured amniotic fibroblast- 
like cells early in pregnancy. These receptors exhibit, under 
equilibrium conditions, Kd properties similar to those observed 
for cultured skin fibroblasts (7,21) and for other target tissues in 
different species (22, 23). Despite differences in cell extract 
preparation and protein measurement methods among investi- 
gators, the estimated maximal binding capacities are of the same 
order of rnagnitupe as those reported by others for serially 
cultured'dermal fibroblasts (3, 5, 21). The number of binding 
sites varied widely from one cell strain to another. We believe 
this to truly reflect a biological heterogeneity as growth phase of 
the cultures, a factor reported to influence binding characteristics 
(24) is the same for the six cell strains studied. Moreover as the 
data obtained from each individual cell line fitted a first order 
regression analysis only one high affinity class of receptors are 
probably present. A single peak with binding activity is observed 
upon sucrose-gradient analysis of the hypertonic cytosolic ex- 
tract. Its sedimentation coefficient is in agreement with those 
reported by others in either cultured skin fibroblasts (3, 5) or in 
other target tissues (22,25). The specificity of this macromolecule 
for 1,25(OH)2D3 is evident as incubation of the extracts in 
presence of 100-fold excess of unlabeled 1 ,25(OH)2D3 completely 
abolishes the 3.0-3.6 S peak of radioactivity. Furthermore no 
displacement of ,H-1,25(OH),D3 is observed when extracts are 
incubated with a 100-fold excess of either radioinert 25-OHD3 
or 24,25(OH)2D3. 

Since the induction of 24-OHase is recognized as an adequate 
marker for postreceptor 1,25(OH)2D3 action (6, 7, 26, 27), our 
results also show that these cells already have the regulatory 
mechanisms present in differentiated tissues. Whether these find- 
ings which combine receptor binding data with sedimentation 
and an in vitro functional test reflect the responsiveness of other 
fetal target tissues, remains to be elucidated. However, it is 
interesting to note that 1,25(OH)2D3 receptors have been shown 
in fetal rat bone and small intestine (28). Therefore one may 
assume that such receptors are also present in other human target 
tissues. In conclusion, our data provide evidence that early in 
pregnancy amniotic fluid fibroblast-like cells possess specific 
1,25(OH)2D3. 
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