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Calbindin-D,, Gene Expression in Rat 
Chorioallantoic Placenta Is Not Regulated by 

1,25=Dihydroxyvitamin D, 

'Illc aim of this stutly was lo invcsligi~tc whclhcr 1,25- 
dihydroxyvit;~min I), (1,25(011),1),), the ;lctivc ~iiet;~bolilc of 
vitamin D, rcguli~tcs tlic cxprcssion of rat pl;~ccnti~l c;llhindin- 
D,,, mRNA. One group of rats (--I)) was I'ctl a vilamin I>- 
tlclicicnt diet hcforc and during pregnancy, whcrc;~s ;I scconcl 
group (+I)) was fctl ;I v i t a~ i i i~ l  1)-rcplclc tlicl ovcr the s;uiic 
pcriotl. Animals were killccl o n  d 21 ol' gcst:1tio11, ;111d pl;lsm;~ 
conccnti.ations of 1,25(01.1)21>, for --1-1) and -1) animills wcrc 
signilicantly (11 < 0.05) clill'crc~it (200 t 78 ;111cl 30 ? H pM in 
~n:~tcrn;~l pl;~sma ;~nd 122 :L 39 ;lntI 42 !: I0 pM in  fct:~l pl;~sma, 
rcpcctivcly; mean t S8, rr = 4-5). Vitilmin I) tlcficicncy hitd no 
cn'ccl o n  pl;~ccnt;~l weight, fct;ll  weight, 11;11  ashctl wcighl, fcl;il 

c;~lcium accretion, or the malcrnolt;11 c;llciurn grz~tlicnt. I lyhrirl- 
ization of I<NA from maternal tluotlcn:~ (~~sccl ;IS a positive 
control tissue) and pl:~ccnt:~s of -+I) ;lncl -1) rats will1 il rat  
c;~lbindin-D,,,, cDNA rcvc;tlctl ;I single 0.0-kl, transcript in 120th 

tissues. 'rhc ;~Ix~nclancc ol' this transcript was markcclly lower 
(1) = 0.00) in the tluodcna of -1) comp;~rccl with -I- I) rats (mci~n 
change -OH ? 0'5,) hu t  there was n o  tlil~crcncc bctwccn the 
pl;lccntas of (lie two groilps (1nc;rn chiungc -1- 13 ? 22%). 'Tlicsc 
changes were signiliciunlly (1)  < 0.05) tliffcrcnt hctwccn the two 
lissucs ilncl thc response of cilch tissuc to vitamin 11 deficiency 
was signilic:lntly clillbrcnt (1) < 0.01). 'l'hcsc c l ; ~ t i ~  indic;~tc that 
1,25(01 I),[),, tlocs no1 rcgul;~tc tlic cxprcssion of c:~lbindin-D,,,, 
1n1iNA i n  r ; ~ t  p1;lccnta. (Pediatr Rex 37: 720-725, 1005) 

Abbreviations 
25(01-1)1),, 2S-hyclroxyvil;11iii1~ I),, 
1,25(01-1),1),, 1,25-cliliyclroxyvita~~iin I), 
+I), vitamin 1)-rcplclc 
-I), vitamin D-tlclicicnt 
ANOVA, ;ln:~lysis of v;lri;lncc 

Calbindin-D,, belongs to n group of intraccllular calcium 
binding proteins tliat bind calcium with high allinity :uid is 
Sound in highest concentration in calcium-transporti~~g cpithc- 
lia such as the intestine, kidney, L I ~ C ~ L I S ,  yolk sac, and cho- 
rioallantoic placcnta (I). Calbindin-DO, of the ral cliorioallan- 
toic placcnta is identical to that from tlic rat intcstinc (2). The 
rolc of calbindin-D,, in thcsc tissues is not fully understood, 
but i t  is tliought to act as ;I cytosolic calcium bulfcr ( I )  antlfor 
;I facilitator of cytosolic calcium dilfusion (3, 4). The gcsta- 
tional increase in mRNA for calbinclin-D,,, in  rat chorioirllan- 
toic placenta, coincident witli the increase in m:~tcrnoI'ctirl 
calcium flux, suggests tliat callindin-D,, may play a rate 
limiting role in matcrnofctitl calcium transport across this 
tissuc (5). This notion is furthcr supported by the ohscrvation 
that diabetic rat pregnancy lowers both placental net calcium 
flux :md calbindin-D,,,, mRNA cxprcssion compared with in- 
sulin-treated controls (0). 

llcccivctl M:trch 20, 1004: ;tcccptctl 1)cccnihcl 27. 1004. 
('orrcslxii~tlciicc: 1)r. J .  (;l;rzicr, I)cp;~rliliclit <)I' ('liiltl Ilc;~llli. St. M ; ~ r y ' s  Ilospil;~l. 

Mailclicslcr M I 3  O J I I .  U K .  

'Thc hormonal Iactor(s) controlling the expression of thc 
calbindin-DO, gene in rat placcnta remain uncertain. I n  partic- 
ular, the cn'cct of vitamin D is not clear as the cxpcrimcntal 
cviclcncc is somcwhat conflicting. A rolc for 1,25(Otl)2D,, tlic 
biologically active mctnholitc of vitamin D, is irnplicatcd from 
studies in which the lowering of maternal plasma 1 ,25(OM)2D, 
concentration, inducctl by tliyroparatliyroic1cctomy (7), diabc- 
tcs (8), or a high cation dict (0), was associated with a reduced 
placental calbindin-I),,, concentration comp:ircd with controls. 

L3y contrirst, dict:try stuclics in  which placental calhindin-D,,, 
conccntration was i~naltcrcd in rodents fed a vitamin D- 
dclicicnt dict bcforc :uid during prcgnancy (10, 1 l )  infcr 
vititmin D indcpcndcncy of placental calbindin-Dl,, synllicsis. 
Furthcr~iiorc, although maternal administrittion ol' 
1,25(01-I),D, to tliyroparatliyroidccto1nizct1 rats increased pla- 
cental callindin-I),,, concentration so that i t  was similar to that 
in tlic control group (7), i t  had n o  clfcct o n  placcntal calbindin- 
I)OI, conccntr:~tion in mice feel a high strontium diet (0) and 
also had n o  clkct o n  mouse placental calbindin-D,, conccn- 
trirtion whcn given as daily iri,jcctions ovcr the last third o f  

Supporlc(l I)y ;tti Action Rchc:~rch I~nt lownic~i l  I:ri~i(l .  gc~l;\liOn ( 1  2). 

720 



RAT PLACENTAL CALBINDIN-D9K EXPRESSION 721 

The lowering of maternal 1,25(OH),D3 concentration by 
these treatments was associated with a significantly reduced 
concentration of calbindin-D,, in maternal intestine (7, 9-11), 
and further evidence suggests that 1,25(OH),D3 regulates the 
expression of intestinal calbindin-D,, at both transcriptional 
and posttranscriptional levels (13, 14). However, no study has 
addressed whether 1,25(OH),D3 affects placental calbindin- 
D,, expression at the mRNA level. 

Although the use of the maternal intestinal response as a 
marker of maternal 1,25(OH),D3 status in the studies described 
above may be a reliable indicator of vitamin D deficiency (15), 
without plasma vitamin D metabolite concentrations the degree 
of vitamin D deficiency in maternal and fetal compartments 
cannot be determined. This may be pertinent because rat 
placenta and fetal kidney have the capacity to synthesize 
1,25(OH),D, in vitro (16), with the former (17) but not the 
latter (18) source likely to be active in vivo. 

The aim of this study was therefore to determine whether 
1,25(OH),D3 does regulate calbindin-Dg, gene transcription in 
the rat chorioallantoic placenta. In these experiments, intestinal 
calbindin-D,, mRNA and maternal and fetal plasma concen- 
trations of 25(OH)D3 and 1,25(OH),D3 were measured to 
determine vitamin D status. Vitamin D deficiency was induced 
by dietary means, and fetal calcium accretion was used as an 
index of net transplacental calcium flux. 

METHODS 

Animals and diets. All procedures were carried out accord- 
ing to the Animals (Scientific Procedures) Act 1986. Three- 
week-old Wistar rats from an in-house strain which rapidly 
develops vitamin D deficiency were fed a diet based on whole- 
meal flour with no added vitamin D (19) until 8 wk of age. 
They were then split into two groups of five, both of which 
were maintained on a synthetic diet based on white flour (19) 
but modified to be nonrachitogenic (calcium 0.5%, phosphorus 
0.5% by weight). The +D group received 1 IU vitamin D 
(Koch-Light, Colnbrook, Berks, UK) per gram of diet in 
addition, whereas no further supplement was given to the -D 
group. Each group was fed their respective diets for 1 wk and 
then mated and maintained throughout pregnancy on the same 
diet that they had received during the week before mating. 

Sample collection. On d 21 of gestation (d 1 taken to be the 
day a vaginal plug was found; term is 23 d), animals from both 
groups were anesthetized by ether inhalation. Maternal blood 
was collected from the inferior vena cava and fetal blood by 
axillary incision. Fetal plasma from all fetuses of each rat was 
pooled for analysis. Fetuses were removed and weighed. 

Placentas were weighed and rapidly frozen in liquid nitro- 
gen. Maternal duodenum (9 cm from pylorus) was removed, 
everted, rinsed in ice-cold saline, blotted, and rapidly frozen in 
liquid nitrogen. Both duodena and placentas were stored at 
-80°C before RNA extraction. Rats were killed immediately 
after completion of sampling. 

Vitamin D metabolites. Plasma 25(OH)D3 and 1,25(OH),D3 
concentrations were determined after extraction with acetoni- 
trile and preliminary separation by HPLC. Concentrations of 
the metabolites were estimated by absorbance at 265 nm on a 

second HPLC separation for 25(OH)D3 (20) and by radioim- 
munoassay using a MAb for 1,25(OH),D3 (21). 

Fetal ashing. Four fetuses from each rat were separately 
ashed in a muffle furnace at 700°C overnight, ash weight was 
recorded, and the ash was dissolved in 3 mL 3 M HC1 for 
calcium determination (22). 

Calcium determinations. Plasma calcium concentration and 
fetal ash calcium content were determined by atomic absorp- 
tion spectrophotometry, after dilution of samples with 1.33% 
LaC1,. Ionized calcium concentration in whole blood was 
measured using a calcium selective electrode (ICA1, Radiom- 
eter, Crowley, W. Sussex, UK). 

RNA extraction and Northern blot analysis. Total RNA 
was extracted from placentas (three to five pooled from each 
rat) and maternal duodena of all rats in the +D and -D groups 
by the method of Chomczynski and Sacchi (23), as described 
previously (5). Total RNA was fractionated on a 1.2% agarose/ 
formaldehyde gel and then transferred to a nylon filter (5). 
RNA from tissues of +D and -D rats was always included on 
the same filter and on some filters, and for both tissues, RNA 
from more than one rat within the two experimental groups 
(+D and -D) was included. In some instances RNA from 
placenta or duodenum of an individual rat was hybridized more 
than once. Filters were prehybridized, hybridized with ,'P- 
labeled cDNA (24) for rat intestinal calbindin-D,, (25), and 
then washed and autoradiographed as described previously (5). 

Filters were subsequently stripped and reprobed with p-actin 
cDNA which served as a control to correct for variations in 
sample loadings (5). Preliminary studies showed that p-actin 
mRNA levels in duodenum and placenta, respectively, were 
not significantly different between the +D and -D groups 
(data not shown), in agreement with others (14). 

Quantitation of transcript density peak area was performed 
by spectrodensitometry (Shimadzu Scientific Instruments, 
Kyoto, Japan), and preliminary studies showed that hybridiza- 
tion signals were within the linear range of the film used. 
Relative calbindin-D,, mRNA abundance is reported as den- 
sity values for calbindin-D,, mRNA normalized to density for 
p-actin mRNA. 

Statistics. For plasma vitamin D metabolites and calcium 
determinations, n is the number of pregnant rats. For some 
animals, insufficient plasma was available for determination. 
For placental weight, fetal weight, fetal ash weight, and for 
fetal calcium content, respectively, an average value was de- 
termined for each pregnant rat, and n is the number of pregnant 
rats. 

For Northern blot analyses, the relative calbindin-D9, 
mRNA abundance (calbindin-D,,/P-actin mRNA ratio) for 
each tissue from individual rats was determined and used for 
statistical comparison, and n is the number of hybridizations 
performed. To compare the difference in the relative calbindin- 
DgK mRNA abundance (calbindin-D,,/P-actin mRNA ratio) 
between the +D and -D groups for both tissues, concurrent 
hybridizations were compared, and where more than one rat 
within the +D and -D groups was included on the same filter, 
a mean calbindin-D,,/P-actin mRNA ratio value for the + D  
and -D rats on that filter was used for statistical comparison 
and n is the number of filters hybridized. 
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Data are presented as mean ? SE. Statistical comparisons Table 2. Placental weight, fetal weight, fetal ash weight, ashed 

have been made using the Mann-Whitney, Wilcoxon signed fetal calcium content and maternal ( M )  and fetal (F) plasma 

rank, t test (unpaired or paired as appropriate), or ANOVA. calcium, and ionized calcium concentrations in rats fed 
a +D or -D diet 

RESULTS 

The vitamin D-deficient status of rats in the -D group was 
confirmed by the significant reduction in 25(OH)D, and 
1,25(OH),D, concentration, respectively, in both maternal and 
fetal plasma (Table 1). 

Placental weight, fetal weight, fetal ash weight, ashed fetal 
calcium content, and total and ionized calcium concentrations 
in maternal and fetal plasma were similar in the +D and -D 
groups (Table 2). Total and ionized calcium concentrations in 
fetal plasma were significantly higher than maternal in both 
+D and -D groups, and this maternofetal difference was 
unaffected by vitamin D deficiency (Table 2). 

Northern hybridization studies identified a single calbindin- 
D,, transcript corresponding to 0.6 kb in both maternal duo- 
denum and placenta (Fig. 1A). The relatively greater abun- 
dance of mRNA for calbindin-D,, in duodenum compared 
with placenta was reflected by the shorter exposure time for the 
former (Fig. 1) and is consistent with the 6-fold higher tissue 
calbindin-D,, concentration in the former at this gestational 
age (26). The abundance of mRNA for calbindin-D,, in the 
duodenum was markedly lower in a vitamin D-deficient rat 
than in a vitamin D-replete rat, but there was no difference in 
calbindin-D,, mRNA abundance between the placentas of 
these two same animals (Fig. 1A). P-Actin transcripts of 2.1 kb 
were identified in both tissues, with higher expression in 
placenta compared with duodenum, as indicated by the shorter 
exposure time for the former (Fig. 1B). 

Figure 2 shows all hybridization signals and calbindin-D,,/ 
p-actin mRNA density ratios for both groups of rats. In every 
hybridization performed, calbindin-D,, mRNA abundance 
(normalized to p-actin) in duodenum was lower in the -D 
group compared with the +D group (Fig. 2A), this diminution 
ranging from -38 to -87%, such that mRNA abundance was 
68 +- 9% (n = 5) lower in the -D group (significant at the 6% 
level; Wilcoxon signed rank test). However, in placenta there 
was no consistent trend in the difference between calbindin- 
D,, mRNA abundance of the -D group compared with the 
+D group (Fig. 2B), values ranging from -14 to +52%, the 
overall change being +13 + 22% (n = 4; not significant). The 
change in placenta was significantly different from that in 

Table 1. Maternal (M) and fetal (F) plasma concentrations of 
vitamin D metabolites in rats fed a +D or -D diet 

Group 25(OH)D3 (nM) 1,25(0H)zD, (p") 

+ D M 15.3 ? 0.3 260 i 78 

( n  = 3) (n = 4) 
F 38.8 ? 5.5 122 t- 39 

(n  = 4) (n = 5) 

- D M 3.3 5 1.5" 39 ? 8" 

(n = 4) (n = 5)  
F 3.8 +- 0.5b 42 i 10b 

(n = 4) (n = 5)  

" p  = 0.057 vs +D group (Mann-Whitney). 
b p  < 0.05 vs +D group (Mann-Whitney). 

Placental weight (g)  0.32 ? 0.01 
(n = 5) 

Fetal weight (g)  2.74 ? 0.06 
(n = 5) 

Ashed fetal weight (g)  0.044 i 0.001 
(n = 5)  

Ashed fetal calcium (mmol) 0.16 i 0.004 
(n  = 5 )  

Plasma calcium (mM) M 2.12 ? 0.05 
(n = 5) 

F 2.47 i 0.15" 
(n = 4) 

Blood ionised calcium (mM) M 1.14 2 0.08 
( n  = 4) 

F 1.60 t 0.02b 
(n  = 5 )  

" p  < 0.05 vs maternal (t test). 
b p  < 0.005 vs maternal ( t  test). 

Figure 1. Northern analysis o f  calbindin-D,, and p-actin m R N A  in maternal 
duodenum (MD) and placenta (P )  o f  two individual rats, one fed a +D and one 
fed a -D diet. Maternal plasma concentration o f  1,25(OH),D, was 169 and 42 
pM, respectively, and fetal plasma concentration o f  1,25(OH),D, was 117 and 
31 pM, respectively, for these individual +D and -D rats. Total R N A  (15 
&lane) was hybridized with cDNA for: (A) rat calbindin-D,, followed by 
autoradiography for 0.75 h (MD) or 4.5 h (P) and then (B)  p-actin followed by 
autoradiography for 18.5 h (MD) or 6 h (P). Position o f  R N A  size markers (in 
kb) (GIBCO, Uxbridge, Middlesex, U K )  is shown on right. Arrows indicate 
transcripts at 0.6 kb in (A) and 2.1 kb in (B). Data are representative o f  six and 
seven hybridizations for MD and P, respectively. 

duodenum ( p  < 0.05; Mann-Whitney test), and the response to 
vitamin D deficiency was significantly different between the 
two tissues ( p  < 0.01, ANOVA; Fig. 3). 

DISCUSSION 

The present study was carried out to determine whether 
calbindin-D,, mRNA expression is regulated by vitamin D in 
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A 
FILTER 1 FILTER 2 FILTER 3 FILTER 4 FILTER 5 

-- 

I-" -" ti -" 
I 

.cCalbindin-D,, 

. . - -- . 

I ' r!.,.&, a 

0.987 0.616 2.860 0.362 2.360 0.544 7.161 0.719 21.882 7.000 0.170 0.069 Density ratio values 

B 
FILTER 1 FILTER 2 FILTER 3 FILTER 4 

1.450 2.137 0.310 0.267 1.508 1.365 1.415 0.921 1.093 0.601 0.907 0.953 2.431 1.464 Density ratio values 
Figure 2. Northern hybridization of RNA from maternal duodenum (A) or placenta (B) of +D and -D rats. Filters were hybridized with calbindin-D,, cDNA 
and then reprohed with p-actin cDNA. Not all filters were hybridized concurrently. Calbindin-D,,lp-actin mRNA density ratios are given beneath each lane. 
Data are from five rats in each group. 

the rat placenta. The data shows that our dietary regime 
induced pronounced vitamin D deficiency. 

The markedly lower 25(OH)D, and 1,25(OH),D3 plasma 
concentrations in the -D group were associated with a lower 
relative abundance of mRNA for calbindin-D,, in maternal 
intestine, but not in placenta compared with the +D group. The 
data therefore demonstrate that the active metabolites of vita- 
min D do not regulate the expression of calbindin-D,, mRNA 
in the latter tissue, despite the co-localization of vitamin D 
receptors (27) and calbindin-D,, mRNA (28) within the lab- 
yrinth layer of rat placenta. The present findings support 
previous observations from dietary studies in which cytosolic 
calbindin-D,, protein concentration was reduced in maternal 
intestine but unaltered in placenta in response to vitamin D 
deficiency (10, 11). Furthermore, they suggest that the reduc- 
tion in placental calbindin-D,, concentration associated with 
thyroparathyroidectomy (7), diabetes (8), and a high cation diet 
(9) is not directly related to a lowered maternal 1,25(OH),D3 
concentration. 

Our data also show that vitamin D deficiency did not impair 
fetal growth or mineralization, or alter the maternofetal plasma 
or whole blood ionized calcium concentration difference. This 
confirms previous observations that net placental calcium 
transport in the rat is not regulated by vitamin D (29, 30). 

These data therefore provide further support for the hypothesis 
that change, or as here, lack of change in calbindin-D,, mRNA 
expression is always coincident with any change in maternofe- 
tal calcium flux across the placenta (5, 6). 

Steroid hormones regulate gene expression by the interac- 
tion of the receptor-steroid complex with specific DNA se- 
quences, hormone-responsive elements, located in or near the 
responsive genes (reviewed in Ref. 31). The identification of 
two different hormone-responsive elements in the rat calbi- 
ndin-D,, gene, a 1,25(0H),D3-responsive element (32), and 
an estrogen-responsive element (33) may confer hormone- 
specific transcriptional regulation of this gene in different 
tissues. Indeed, the expression of the calbindin-D,, gene in rat 
intestine is regulated by 1,25(OH),D3 and not by estrogen (34, 
35) whereas in rat uterus it appears to be regulated by estrogen 
(33, 35, 36) and not by 1,25(OH),D3 (34). In rat lung neither 
hormone appears to regulate the expression of this gene (35). 

The regulation of the calbindin-D,, gene in any one tissue 
may be multifactorial as suggested by a dietary study demon- 
strating that the stimulation by 1,25(OH),D3 of duodenal cal- 
bindin-D,, biosynthesis appears to be dependent on both prior 
vitamin D and calcium status (37), and by in vitro studies 
confirming that both calcium and 1,25(OH),D3 stimulate cal- 
bindin-D,, gene expression in rat enterocytes (38). This may 
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Figure 3. Effect of vitamin D deficiency o n  relative calbindin-D,, m R N A  

abundance in maternal duodenum (MD) and placenta (P) from +D l(0) and 
-D ( ) groups. Total  R N A  w a s  hybridized and autoradiographed as  described 

in Figure 1 followed by  densitometric quantitation of transcript peak area. 

Relative calbindin-D,, m R N A  abundance is  shown as  calbindin-D,,/P-actin 
m R N A  density ratios. Mean i S E  are shown with n (number of hybridiza- 

tions) being 6 and 7 for M D  and P, respectively. 

account for the apparently disparate observations in nonpreg- 
nant rats, in which intestinal calbindin-D9, concentration ap- 
peared to be significantly lower after dietary-induced vitamin 
D deficiency in some studies (15, 39, 40) but not in others (10, 
41). In this context, placental calbindin-D9, expression is 
unlikely to be directly modulated by maternal calcemia as both 
hypocalcemia (42) and hypercalcemia (9) elicited a marked 
decrease in placental calbindin-D9, concentration (8, 9). 

The coordinated induction of calbindin-D,, expression in 
uterus, placenta, and yolk sac, during the last third of gestation 
in the rat (43), suggests that the calbindin-D9, gene in these 
three closely apposed tissues may be regulated by a common 
hormone, possibly estrogen. In summary, the factors which 
control steady state calbindin-D9, mRNA expression in rat 
placenta have yet to be elucidated, and may be tissue-specific, 
but do not include 1,25(OH),D3. 
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