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I. INTRODUCTION AND LITERATURE REVIEW

The antirachitic property of vitamin D has been appreciated for

”la long timé. Active research on vitamin D began at the turn of the
.century when rickets reached epidemic proportions in cHildren living
in industrialized zones. Mellanby ih 1819 produced in dogs a disease
that closely resembled ricketsl He demonstrated that rickets is a
nutritional disease which can be prevented and cured by including
cod liver oil in the diet. Since McCollum and Davis (1913)
demonstrated that butterfat and cod liver oil containe? a factof
named vitamin A which is essential to the growth and health of
aniﬁalsn Mellanb} attributed the antirachitic powers of cod liver
0il to vitamin A. McCollum recognized that the properties of.the
antirachitic substance discovered by Mellanby must be different from
those of the fat-soluble vitamin A. The antirachitic activity of cod
biver 0il could survive aeration and heating at 100° C for 14 hr,

¢ Lhile vitamin A did notlwithstand this treatment. These experiments

demonstrated the existence of a distinct vitamin and w;s named
vitamin D (McCollum, 1922; McCollum, 1925). In Vienna another series
of investigations were taking place at the clinical level. Huldinsky
(1919) and Chick et al (1923) indep@ndently demonstrated that
exposure to sunlighé, or artificially produced ultraviolet light was
effective in the prevenfion and curelof rickets. This created sone
confusion since both cod liver oil and sunlight were recognised as

effective antirachitic agents. The reason for the similar effects of

seemingly two different treatments was unraveled by Goldblatt and
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3 Soames (1923) who showed that ultraviolet ir;adiation of rachitic
rats resulted in the production‘of an antirachitic factor in the
liver that could be gxtracted and used to cure other rachitic rats.
Steenbock provided a firm basislfor the demonstragion of ultraviolet _
activation of previtamin D in food (Steenbock, 1924) in the steroLlﬁ
fraction-éf skin (Steegboék and Black, léZA) apd in planf extracts
(Hess et al, 1926). The next step wa; the isolation Qnd
identification of the ﬁembérs of the previtah;n D series. The
provitamin 7-dehydrocholesterol was isolated_froé_gi%wﬁkin and
chemically characterized by Windaus and Bock (1937)i.fﬁi; provitamin
is the mosf cémﬁon provitamin D occuring in the skin of many
vertebrate species (Bills, 1954). Upon irradiation it produces the
other major form o§ vitamin D, vitamin D3 {Shenck, 1937). Previtamin
Ds are also present in the plant kingdom (Bills, 19534; Sebrell and
Harris, 1954)--Vit§mfﬂ’92 is produced by irradiating plant
ergosterol (Askew et al, 1931; Windaus et al, 1932)."This vitamin 1is
also called ergocalciferol and was for many years Ehe major
synthetic form of vitamin D used for the prevention and cure of
rickets in éan. Thus in the early 1930s, the isolatiomr and
identification of the series of vitamin D nutritional compounds had

been completed.

-

During this time, other work was underway'to understand the

mechanism of action of the antirachitic properties of vitamin %k,\

\

Howland @nd Kramer (1921) studied the in vitro calcification of=-
— rachitic cartilage, and learned that blood from normal animals

produced mineralization of cartilage, wﬁile blood from rachitic

r'y
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animals did not. They provided'evidence that rickets is caused by a
failure of cartilage calcification due to inadequate levels of
calcium and phosphorq§ in the blood. This work helped t6 foces on

»

the idea that the function of vitamin D was to elevate plasma
calcium aed phosphorus to levels that would support mineralization.
The large amount of calcium found in the feces of rachitic
children led Orr et al (1923) to the conclusion thet eﬁ important
function of vitamin D is to improve gastrointestinal absorption of
calcium. The experiments carried out by Nicolaysen (l9%7a,b) |
conclusively demonstrated that vitamin D speeifically improves
intestinal abserption of calcium and that vitamin D does noe
influence endogenous loss of calcium due to failure of bone
mlnerallzatlon, or excretion of ca1c1um into the colon (Nlcolaysen,
1937). He also demonstrated that the intestine had the ab;ilty to

regulate its eff1c1ency of calciumr absorption according to the needs

and’ demands of the organism. The ablllty to adapt required vitamin D

(Nicolaysen et al, 1953). This observation was first confirmed in

vitro by-Schaehter and coworkers (Schachter and Rosen, 1959;
Schachter et al, 1961) as.well as by a variety of otRer techniques

(Nellans and Kimberg, 1979; Broaner, 1982).

Metabolism of vitamin D

It was assumed that vitamin D acts directly in the healing of
rickets and in the promotion of calcium absorption. However Irving

in 1944 was the first to recognize that there is a lag period



Page_é
between the administration of the vitamin and the initiation of its
physiological response. This lag period is present for every known
physiological're;ponse'of‘vitamin D (Norman, 1979). Raou; and
-Gounélle (1958) suggested that the lag period preceding the action
of vitamin D may be explained b} the requirement for the meLabolic
conversion of vitamin D into an active form before it can perform
its biqlpgical function. The principal steps in the metabolism of
vitamin D are well known (see the following reviews: Spanos,.1978:
Holick and DeLuca, 1978; Wasserman, 1979; DeLuca, 1982; Norman 1979,
1980; Millér, 1983; DeLuca.'198&£ Napoli-and Horst, 1984). In the
stratum germinativum of ‘the skin there are large quantities of
7-dehydrocholesterol which absord light at 250—316nm and undergo a
chemical photolysis to form previtamin D3 (Holick and Clark, 1978):
At body temperature, previtamin D3 is in thermal equilibrium with
viﬁamin b3 (Holick and DeLuca, 1978). Vitamin D4 then binds to a
D-binding protein (DBP),’which is a globulin (Rikkers and DeLuca,
1967; Rikkers et al, 1969; Imawari et al, 1976; Haddad and Walgate,
1976) and is transported from the epidermis {pto the blood-. Vitamin
D3 accumulates in fat "and in the li§er where it is enzymatically
hydroxylated at carbon 25 in the endoplasmic reticulum of hepatic
_cells (Bhattacharya and DeLuca, 1974). The resulting
25-hydr§xyvitamin D, (25-0H-D,) is the major circulating metabolite
of vitamin D in the plasma (Blunt et al, 1968). It acts directly on
target tissues‘only at much higher than physiologica¥/ccﬂtenggg£}ons
and must Ee further metabolised. This metabolite is”then

hydroxylated in position 1 in the mitoéhondria of)ﬁhe kidney

~

~~
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proximal tubule cells to form 1,25 dihydroxyvitamin D3 (1,25 DHCC,
1.25(0H)2D3 or calcitrfol) which is the most potent metabolite of

vitamin D (Frazer and Kodicek, 1970; Gray et al, 1971: Holick and
Clark, 1978): o

L4

Hormonal nature of vitamin D .

~/

-
3

‘1.25(0H)éD3 is produced in a2 particular cell type to carry out
its function in target*cglls at other locations (Nordan, 198C). It
fulfills the requirements for inclusion as a true ﬁormone since_it
modulates the metabolism of its target cells in a specific
direction, is active in small amounts and'is_subjecﬁ to feedback

regulation.

Regulation of vitamin D synthesis

The principal regulators of 1,25(0H)2D3 or calcitriol synthesis

are calcitriol itself, the plasma concentration of calcium and

phosphorus, and parathyroid hormone (see review Holick and DeLuca,

1878). The most significant enzymatic. site for the regulation of
vitamin D synthesis is the 25-hydroxycholecalciferol-l-hydroxylase
in the kidnej (Holick and DeLuca, 1978; Henry, 1980; DeLuca, 1980;
Miller; 1983). Boyle et al (1971) were the first to discover that
aﬁimals on a low calcium diet prgduced large‘amounts of 1,25(0H)2D3,
whereas ‘animals on high calcium diets produced small amounts of

1,25(0H),D5. Thus low calcium dietary intake and consequent

. ~—
D.; . -
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hypocalcenia markedl} stimulated 1-25(0H)9D3 production. Changes in

serum calcium concentrations, follow an inverse linear relatioﬁship
with the production of 1,25(0H),D; (Boyle at al, 1972). There is a

tight relationship and cooperativity between parathyroid hormone and

'1,25(OH)2D3 in promoting the mobilization of bone calcium and
phosﬁhate (Garabedian et al, 1974) as well as the reabsorption of
calcium in the distal convoluted tubules of the kidney (Kleeman et

al, 1961).

Other hormonal influences on the svnthesis of vitamin D

The main physioclogical calcium strésses occur during growﬁh
spurts, pregnancy and lactation in mammals, egg laying in birds and
in all embryos.

.In young chicks (Spanos et al, 1976a) and in growing children
(Pike et al, 1977) circulating ;eveig of 1,£5(OH)203 are elevated
‘suggesting that vitamin D may be responsible for the observed
changés in calcium absorption . Human growth hormone increases the
concentration of inteétinal D-CaBP in hypophysectomised rats (Bruns
et al, 1983). Growth hormone may regulate pIlasma levels of
1,25(0H)2D3 during growth (Spadgs; 1978).

Plasma levels of prolactin are elevated during late pregnancy
and in lactating mammals (Hwang et al, 1971) and egg laying birds
(Bolton et al, 1975).The incréased calcium absorption observed in
these physiolégical situations may beléxplained by high levels of

circulating 1.25(0H)2D3 (Pike et al, 1977; Spanos et al, 1976b,c).
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o

Prolactin injections stimulate l-hydroxylase activity (Spanos et al, .
1976¢c) and elevate plasma levels-of 1, ZS(OH) ‘in chicks (Spanos et
al} 1976¢). fz\ﬁbitlon 9f prolactin secretion in lactatlng rats
causes a marked fall in 1,25(0H)2D3 Plasma levels, while replacement
therapy restores the plasma levels to normal (Spanos, 1978). These
experlments indicate that prolactin is 1nvolved in the regulatlon of
vitamin D urtder the approprlate physzologlcal conditions.

Studies performed on diabetic rats suggest that vitamin D may
be implicated in the production of calcium malabsorption observed in
these animals. These animals have decreased calcium absorption
(Schneider and Schedl, 1972) and decreased vitamin D-dependent

calcium binding protein (D-CaBP) (Schneider et al, 1974). The
transport defect can be corrected by the administration of
1.25(0H)2D3 but not by 25(OH)D; (Schneider et al, 1975). Indeed

" serum levels of 1.25(0H)2D3 are significantly lower in ra%s with

streptozocin-induced diabetes (Schneider et al, 1977). Although the

precise point at which insulin affectg the renal hydroxylation of

25(OH)D3 is not known, recent studies have demonstrated—that insulin
i§ necessary for the maximal.stimulatién df renal'l,ZS(QH)2D3
production by PTH (Wongsurawat and Armbrecth, 1985).

Molecular mechanism of action of 1,25(0H).D
~ : ' ' ==

The chemical structure of vitamin D and its'metabolites is'
L
closely related ::\zgéxﬁggf_;iag—nucleus of other steroid hormones

such as: estrogen, progesterone, testosterone, glucocorticoids and




Page 8

mineralocorticoids. The similarity
r R
hydroxyl groups at specific sites in order to confer biological

extends to the need of -inserting

act1v1ty on the molecule. Steroid hormones act via a two step
mechanism: the hormone binds to a hlgh spec1f1c1ty lntracytoplasmic
receptor, this complex:then binds to_nuclear receptors to regulate
gene transcription.-Very little is known concerning the molecular
details of the mechanism of entry of steroid hormones. into cells
(Norman, 1980). The lipid soiuble uncharged molecules are not
repelled from the plasma membrane and can easily cross the cell's
plasma membrane. Once inside the target cell, the hormone bind; to a
high specificity cytosollc receptogh This complex travels to the

nucleus where it interacts with DNA to stimulate gene transcription

(Gorski and Gannon, 1976; Buller and Q'Malley, 1976). .

Nuclear localization 22‘1.25(0H1223 in target cells

Early work eétablishéd thaﬁ after administration of
radiolabelled vitamin D and 1,25(0H),D; there was a rapid
aécumulation'of the steroid in the intestine (Neville and DeLuca,
1966). This was also demonstrated in the chick (Bilke et al, 1982).
Cellular fractionation studies sthed that the radiolabeled
substance accumulated in the nucleus and that the binding sites in

‘

the nuclear fraction were saturable since previous administration of
unlabeled'l,ZS(OH)2D3 prevented the accumulation of 80% of the
labelled substance (Stohs and Deluca, 1967; Haussler et al; 1968;

Chen and DeLluca, 1973; Lawson and Wilson, 1974). However there is
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some question whether biochemical methods can truly establish

nuclear localization of 1,25(OH)2D3 since artifactual redistribution
can easilyjoccur during fractionn}ion. The-synthesis of radiolabeled
1-25(03)2D3 of high specific radinactivity (Brumbaugh and Haussler,
1974; Napoli et al, 1980) allowed the confirmation of the rapid
(within 15-30 min)_ldcalization of this hormone in the enteroccyte
nucleus b& radicautography (Jones and. Haussler, 1979) and has also

demonstrated the existence of many unsuspected vitamin D targets

(Stumpf et al, 1979; Stumpf et al, 1980; Narbaitz et al, 1981).

Intracellular 1.25(0H)223 receptor protein.

]

Brumbaugh and Haﬁs§1er (1973) were the first to present
. evidence demonstrating the existence of a high specificity receptor
molecule for 1-25(OH)ZD3 in enterocytes. This could not be readily
confirmed but with the introduction of careful washing to eliminate
proteolytic digestion, and thé inclusion of high salt concentrations
in the fractionating medium, the existence of a receptor was
demonstrated by sucrose density gradient centrifugation and
Scatchard analysis of binding characteristics (Norman et al, 1982a).
. The receptor has been well cnaracterised in both the rat and the
chick innestine (Kream et al, 1977; Feldman et al, 19f9; Wecksler et
al, 1980). It is a macromolecule having a sedimentation rate of 3.7s
on sucrose den31ty gradient in Cthk small intestine and 3 2s 1n,zﬁe‘\
rat small intestine. The dissociation constant (Kd) of 1, 25(OH)2D3
r the chick receptor is leO_11 M (Mellon and Deluca, 1979) and




Page 10

7.4x10-11 M for the rat receptor (Wecksler et al, 1979a). The
homogeneous receptor has been isolated and it is apparently a sidglg
polypeptide of 68,000 daltons (Simpson and Deluca, 1982). The
présence of high affinity bind{ng sites for 1.25(6H)2D3 has been
documented in the duodenum of a variety of species eg: frog (Hausler
et al, 1982), eel (Marcocci et al, 1982), mouse (Colston et al,
1980) and man (Wécksler et al, 1979b). This observation ‘has been
extended to include a wide variety of.tissues: kidney, bone,
pancreas, (Normaﬁ et a1:‘19823). Whether the recepﬁor mac:omolecul?
is in the cytosol or in the nucleus prior to its interaction with
vitamin D hormone is not known since_wﬁen isolation is carried out
in a low salt mgdium , 90%Z of the unbound receptors are recovered
from the nuclear fraction (Kream et al, 1976). In a high salt medium
the receptor appears im* the cytosol (Walters et al, 1980).
Monoclonal antibodies have been produced against the recéptor (Pike,

1983) and application of immunocytochemical methods could resolve
this probiem. “

The receptor has been used by Brumbaugéjaﬁd Haussle; (1974a,b;
Haussler et al, 1977, 1980) to develop a Eompetitive binding asséy
to estimate circulating plasma levels of 1,25(OH)2D3.

The appearance of receptors during development has provided us
with an experimental model demonstrating that 1,25@0H)2D3 must
interact with its receptor before eliciting a hormonal response in
the nucleus. Lactating rat pups are insensitive to exogenous
1,25(0H)2D3 (Detuca et al, 1982b). Examination of neonate rat pup

intestine by sucrose density gradient analysis revealed that

g
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receptors can qﬁly be detected at weaning (Halloran and DeLuca,
1981) when the intestine begins to respond to 1,25(9H)2D3 (Deluca et
al, 1982b). In man a disease called vitamin D-dependent rickets type
II is characterized by severe ﬁanifestation; of rickets, high blood
levels of 1,25(0H)2D3 and a lack of target organ responsiveness to
the vitamin D hormone (ﬁell et al, 1978; Rosen et al,‘l9792.
Resistance to vitamin D is thought to be in part due to the lack of
receptor molecule for 1,25(0H)2D3 (Eil et al, 1981). Several types

. of receptor abnormalties havé been identified that may explain

)

clinically observed end-&fgan defects in the action of 1.25(0H)2D3

(Liberman, 1983; Pike 1985). This observation provides us with
further evidence demonstrating that 1,25(0H)2D3 must intefact with

.
its receptor molecule before it can elicit a target organ response.

. L)

Nuclear effects of vitamin D hormone

>

" Administration of vitamin D3 and'i;ZS(OH)2D3 to rachitic chicks
stimulates general intestinal RﬁA“ﬁetabolism (Tsai and Norman,
19?33) and nucleoplasmic DNéadépendent RNA polymerase II but not
polymerase I' (Zerwekh etxai, 1974)., Increased chromatin template
activity was obserﬂgd/in chick (Haussler, 1968; Zefwekh et al, 1976)
and.in rat integzihe (Hallick and DeLuca, 1969) and kidney (Chen. and
DeLuca, 197;J;&t elso stimulates RNA synthe;is (Norman, 1966; Stohs

i

et al, 1967). "

a

Even intravenous administration of I,ZS(OH)2D3 does not totally
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abolish the time lag hefofe the appearance of the biological
response in intestinal calcium transport (Emtage et al, 1974;
Spencer et al, 1976). There is a time lapse R ot 1east 4 hours
afterkinjection before an increase in caic;um absorption can be
measﬁred. This lag is probably due to the time-dependent activatfon
of genomic information followed by an increase in mRNA sfnthesis and
specific protein synthesis.hThus certain actions qf vitamin D and
its active metabolite should be blocked by inhibitors of gene
replication: gene transcription and translation processes.
Actinomycin D is an antibiotic that binds to the éuanine‘residues of
DNA, thereby inhibiting DNA directed protein s}nthesis (Reich,
1964). In vivozwork in several laboratories have provided
conflictiné results of its effect on vitamin.D acrtion. On one hand
there are reports showiﬁg that actinomycin D does not affect
1.25(OH)ZD3 mediated increased.intéstinal calcium transport in the
rat (Tanaka et al, 19?1) and cﬁick (Bikle et al, 1978). On the other
hand it was found that actinomycin D suppregses the hypercalcemic
effe;ts of vitamin D in mice (Eisenstein and Passavoy, 1964) and the
rise in calcium transport in rats (Zull et af.'1965) and chicks ’
(Norman, 1965; Lawson and Emtage, 1974). In these studieé
actinonmycin D was used at close to lethal doses and the animals were
eiposed to high levels of the antibiotié fcr prolonged periods.
These experimenEaI conditions may account for the above discrepancy.
Similar difficulties can be circumvented by the use of organ and

tissue culture techniques since high concentrations of the compound

can be directly administered to the tissue of interest causing rapid
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and ¢omplete inhibition. Corradino (1973a) has &emonstrated the
adequacy of using o}gan culture of chick.embryonic gut in studying

1,25(0H),D, induced calcium transport. He has reported that calcium
uptake and calcium t;ansﬁort measured byAthe'everted'gut technique
is blocked by actinomycin D but also by x amatin , which is an
irreversible inhibitor of RNA polymerase I (Scott and Tomkins, 1975)
_and by cycloheximide (Corradino, 1973a) which blocks peptide bond
formation through bind;ng to the large ribosomal subunit (Vasquez,
1974). Recently Franchesi and DeLuca (1981b) have confirmed the ’
adequacy of the in vitro embryonic chick model for the study of the

mechanism of action of 1,25(OH)2D3. These authors examined the

effects of inhibitors of protein and mRNA synthesis as early as 6
hours after the onset of 1,25(0H)2D3 stimulation of calcium uptake °
in eultured embyronic enterocytes. They demonstrated that
cycloheximide and actinomycin D blocked hormone-dependent calcium
uptake, in a completely reversible and partially reversible manner
respectively and that protein or RNA synthesis was inhibited 68% and
51% respettively without sigﬁificant toxic effects. Anisomysin,
another inhibitor of polypeptide chain elongation (Scott and
Tomkins, 1975) and «x amatin also blocked 1,25(0H)2D3 dependent
calcium uptake (Franchesi and DelLuca, 1981b). These studies indicate
that 1-25(0H)2D3 stimulates mRNA synthesis as the mechanism of

activation of intestinal calcium transport.

Vitamin D-dependent calcium binding protein (D-CaBP),

2 genomic expression of vitamin D hormone action
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To date the most studied protein whose de novo synthesis is

regulated by 1;25(OH>2D3 is vitamin D-dependent calcium bindiﬁg

protein or D-CaBP.

Avian and mammalian D-CaBPs’

D-CaBP was first isolated from the chick intestinal mucosa
(Wasserman and Taylor, 1966) and was spbsequently purified from
tiésues of many other animal species (for review see Wasserman et
al, 19;8; Norman, 1979; Taylor, 1980). Characterization of this
protein has demonstrated that two main typés of D-CaBPs exist: type
1 (D-CaBP-I) which is of avian duodenal and cerebellar qrigia, and
type 2 (D-CaBP-II) of mammalian duodenal origin. They &iEfer in i
molecular weight (28,000 and 10,000 daltons respectively) and in the
number of high affinity Cat? binding sites (4 and 2 respectively).
Both proteins are highly acidic (pI=4.2-4.7) and have a cat? binding
constant of 10_6M (see reviews, Wasserman et al, 1978; Wasserman,
1680). D-CaBP-1 has been found in the kifﬁey and cerébellum of both
aviéﬁ and mammalian species, whereas D-CaBP-II has been so far ’
detected only in tissues of mamﬁals {Wasserman and Fehg;. 1977
Wasserman et al, 1978). The amino acid composition of D-CaBP-I of ~
the chick gut (Taylor and Brindak: 1674) and of D-CaBP-1I of porcine
énd bovine gut (Bredderman and Wasserman, 1974; Hofman et 21, 1979;

Fullmer and Wasserman, 1980, 1981) has been determined. Sequence

information on.the porcine and bovine intestinal D-CaBP-II has been
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published (Fullmer and Wasserman, 1981: Szeben#i et al, 1981). The
primary structure of D-CaBP-II of the rat ducdenum has -been deduced
from the nucleotide sequence of cDNA clone obtained-from rat
D-CaBP-II mRNA. Rat duodenal D-CaéP—II differs from the bovine and
porcine sequences by 16 and 14 residues respectively, whereas the
residues of the calcium binding domain are conserved (Desplan et al,
1983). The 3-D structure of D-CaBP-II from bovine. intestine has been
recénfly published (Szebenyi et al, 1981; Szebenyi and Moffaé,
1983). Chemical characterization of D-CaBP-1I from mammalian kidney
has been accomplished in thg mouse (Delorme et al, 1983), the rat
(Hermsdorf and Bronner, 197S5; Pansini and Christakos, 1984),the dog
{Sands aéd Kessler, 1971), and man (Morrisey and Rath, 1974).:
Recently the presence of D-CaBP-I has been &emonstrqted in the
reptilian kidney (Rhoten et al, 1984). Similarly, characterization
of D-CaBP-II of duodeﬁal origin has been achieved in many mammalian
species (Fullmer and Wasserman, 1973; ?runs et al, 1977, 1978;

Oldham et al, 1980; Gleason and Lankford, 1981; Staun et al, 1984).

Both types of D-CaBPs are coded for by 2 specific mRNA (Thomasset et

al, 1983).
. rd

Calcium-binding proteins

D-CaBPs belong to a class of low molecular weight intracellular
calcium modulated proteins first described by Kretsinger (1976). -
high sequence homology found in the calcium binding domain which is

called the "EF" hand is characteristic of calcium binding proteins

-

A
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| %of the Calmodulin superfamily. Other_pembers of this class are not
sitamin D-dependent én} include: par;albumin, Calmodulin, troponin
C and the brainp S-100 protein (see reviews: Kretsinger, 1976;
Kretsinger et al, 1982; Goodman Qt al, 1979; Levine and Williams.
1982; Levine and Dalgarno, 1983). |

D-CaBP-II is related.to parvalbumin (Sngenyi et al, 1981)
which is a low molecular weight (MW=12,000) célcium binding protein
found in the sarcoplasm of vertebrate skeletal muscle cells as well
as in some neurons where synaptic transgission is triggered by'Ca+2
influx (Celio and‘Heizﬁan, 1981). Mamﬁgiiﬁn‘D-CaBP and parvalbumin
both contain two loop-helix calcium-binding domain, resembling iﬁ
internal configuration and relationship to one another but'differing
in amino acid sequence (Szebenyi et al, 1981).

The molecular weight, amino acid sequence,.calcium binding
constant, and changes in mobility and configuration with calcigm
binding of D-CaBP-I are similar to calmodulin. Calmodulin is a
ugiquitqus protein found in both vertebrates and pl;n;s, which
regulates a number of iﬁtracellular enzyme activities in a calcium
dependent manner and binds a class of anti-psychotic drugs called-
phenothiaziﬁes (Cheﬁng.-l980). Antiserum against D-CaBP-I (Thomasset
et al, 1982b; Rhoten et al, 1982) and D-CaBP-II (McCann et_;l. 1983)
does not cross-react with calmodulin . Moreover, D-CaBP-I does not
stimulate 3'5' cyclic phosphodiesterase and does not bind to
phenothiazine (Rhoten et al, 1982). Localization by-
immunohistochemical techniques have demonstrated that calmodulin and

D-CaBP-1 differ in their intracellular distribution’ip the



(Rhoten et al, 1982).
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intestinal cell (Thomasset et al, 1981) and in kzdney tubular cells
"Finally calmodulin concentratlons in the.
intestine do not respond to 1,25(OH)2D3 (Thomasset.et al, 1981b).

Hence D-CaBP-I and calmodulin are functionally, immunochemically and

immunocytochemically &istinct proteins (Christakos et al, 1984).

D-CaBPs as molecular markers of l,25§0ﬁ222§

. The presence of D-CaBP-I in the chick duodenum and of
D-CaBP-I1I in.rat duodenum is totally dependent upon vitamin D3 or
one of its active metabolites (W;sserman and Taylor, 1966; Corradino
anﬁ Wasserman, 1971; Drescher and‘DéLuca, 1971; Bar and Wasserman,
¥974; Moriuchi et al, 1975; Corradino et al, 197%; Thomasset et al,

1979a)~ Vitamin D also induces the formation of D-CaBP-I in the

s

"
Mne

2

.

chicken shell gland (Corradino et al, 1968), in the ch&ck kidneya‘”'
(Taylor and ﬁasserman. 1967; Wasserman et al, 1977; Christakos --and
Norman.‘1980) and in the rat kidney (Hermsdorf and Bronner, 1975;
Thomasset et al, 1979a, 1982a, 1983). The most potent inducer.of
D-CaBP-I in the chick intéstine (Corradino, 1973c; Franchesi and
DeLuca, 198la) so “far evaluated is 1{25(0H)2D3.

The development of sensitive radioimmunoassays for both type
I D-CaBP (MW=28,000) and type II D-CaBP (MW=10,000) has permitted

the demonstration of the vitamin D dependence of D-CaBPs in other

tissues as well (Christakos et al, 1979;-Thomasset et al, 1982b).

. - o
The vitamin D dependence seems to reflect cell turnover time since

D-CaBP can still be detected in tissues which have a slower turnovei
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time than the duodenum after it hasAdisaﬁpeared'from“the enterocytes
(Taylor and Wassermar, 1972; Taylor and Brindak, 1974: Spencer et
al, 19765 Christakos et al, 1979; Thomasset et al, 1982b).

The concentration of D~CaBP-I in the chick intestine is highly
correlated with the amount of.radiolabelled 1.25(0H)2D3 recovered
from the intestine (Freidlander et al, 1977). The induction of
D-CaBP-I bg 1,25(0H)2D3 is due te an increase in the rate of
synthesiéfgf the protein and this in turn is dependent upon the
regulated production of the hormone (Friedlander et al, 1977).
Indeed the appearance and amount of Q:PaBP—I in the chick and
D-CaBP-II in thé.rat intestine has been used as a quantitative index
of the vitamin D status of the animal (Bar and Wasserman, 1974;:

Bronner and Freund, 1975; Marche et al, 1978).

The production of D-CaBP mRNA™in the chick (Emtage et-al, 19

Spencer et al, 1976, 1978; Christakos and Norman, 1980; Char
al, 1981; Siebert et al, 1982) rat (Thomasset et al, 198la /TYBTTy
and pig duodenum (Mellersh et al, 1980) is regulated by 1 S(OH)zb
This evidence is consistent wiﬁh a transcriptional regulation fof
D-CaBP synthesis by 1,25(OH)QD3. Since D-CaBP is a genomic /SK\

expression of vitamin D hormofne action, this protein can be used as

a molecular marker for the presence of 1.25(0H)ZD3 targets.

Vitamin D and the mechanism of intestinal calcium absorption

Intestinal calcium transport is regulated by the need of the

organism for calcium. Orr et al, (1923) were the first to
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demonstrate that vitamin D stimulates calcium absorption. Nicolaysen
(1953) noted that an inyerse correlation existed between the.-amount

of calcium absorbed by rats and the extent of mineralization of
their skeleton. Nicolaysen poétulated the existence of an
"endogenous factor" that controlled intestinal 5bsdrétion of cglcium
-according to the pfev;iling reﬁuirements for the proper
mineralization of bone. With e discovery of 1,25(OH)2D3‘it became
clear ~«that Nicolaysen's endogenous factor is 1,25(OH)2D3. It is now
possiﬁle to correlqte.the conversion of vitamin D to the active

steroid hormone with changes in the efficiency. of intestinal calcium
transport (Norman, 1979).

Of the three major regulators of calcium metabolisn, i
parathyroid hormone, vitamin D3 and calcitonin. only vitamin D has’
been d;monstrated to have a ¥Yirect effect on calcium transport in
the small intestine (Bronner, 1982). In fact the epithélial cells of
the small intestine are the best studied classical vitamin D target
cells. The primary effect of the hormone at this site is the
optimization of the absorption of calcium and phosphorus. Qne way
vitamin D may stimulate calcium absorption is by increasing the
effecﬁive surface area. In a morphometric study performed on rats,
Sampson and Krawitt (1976) found that vitamin D repletion of
rachitic animals increased the height of villi by 27%. This study
also showed that 'microvilli were longer in vitamin D repleted rats.
An increase in the height of microvilli as a result of vitamin ﬁ
repiacement has also been demonstrated in the chick duodenum (Jande

and Brewer, 1974). The synthesis of actin in the brush border is
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stinulated by 1,25(0H),D; (Wilson and Lawsén; 1978). However the
molecular events underlying the effects of 1,25(0H)2D3-on calciunm
translocation are still not completely understood.

The intestinal mucosa is a "leaky" epit@elium, i.ev—%he*tigﬁt
junctions which join the cells at the luminal surfacé are readily
permeated by ions in_solution (Claude and G;odenough. 1973). Calcium
can cross the gut epithelium either by diffusion, moving between
the cells (the paracellular shunt pathway) due to the presence of a
favorable electrochemical gradient (Walling, 1982) or through the
cells by an energy dependent process. Hence aﬁ least 2 mechanisms
are involved in caleium absorption : a saturable metabolically
active process where calcium is transiocated through the enterocytes
and a non-saturable passive process where calcium travels via the
paraceliular shunt. Different parts of the intestine differ in their
capacity to absorb calcium. In the rat (Pansu et al, 1981) and cﬂ}ck
(Wasserman et él, 1968) calcium absorption is greatesf in the
duodenum, decreased in the jejunum and is the least in the ileum. In -
a detailed study c¢f calcium absorptidbn in the rat small intestine
using the in situ loop procedure, Pansu et al (19815 demonstrated
that thediffusional process is 'present all along the small
intestine but that the active process is presént only in the
proximal portion of the small intestine. The active saturable
process varies inversely yiﬁh calcium intake (Pansu et al, 1981) and
ége (Zornitzer and Bronner,.1971) being high in young rats and in
those on. 2 low calcium regimen. The non-saturable process doeé not a

appear to be affected by prior calcium intake (Pansu et al, 1981)
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‘and.seens similar in young and old animals'(B:onner et al, 1981;

Zornltzer and Bronner. 1971)

...-‘

According to these 1nvestlgators these

results indicate that the non-saturable component which represents

calcium-absorption by dszuszon is not affected by vitamin D.
However other investigators have ptesented evidence to the contrary.
Harrison and Harrison (1960) have shown thet vitamin D accelerates
the passive transfer of calcium across the everted gut sac in the
rat. This wa lso confirmed in the chick (Norman et al,‘1968). In a

freeze fracture replication study of chick duodenunm, Jande (1976)

observed that in the zonula occludens of rachitic chicks fewer
ridges are preeent*then in vitamin D replete animals, and many
ridges show discontinuities. This morphologitet observation supports
thehgetlon that vitamin D affects- absorption by diffusion.

The overall characteristics of the active process of calcium
absorption have been well studied (see following reviede: ¥orman,
1979; Nellans and Kimberg, 1979; Bronner et al, 1982; Walling,
1982). The active process'of calcium translocation from the
intestinal lumen to the serosel fluid occurs against an
elettrochemical gredient (Schachter, 1961;‘Martin and Deluca, 1969;
ngling and Rothman, 1968): This tranefer of caicium across the
intestinal mucosa is eeergy dependent since it is inhibited by low

temperatures and inhibitors of oxidative phosphorylatlon.

Schachter and Rosen (1959) were the first to use the everted

‘intestinal sac technique to demonstrate that vitamip D stimulates

the transfer of calcium against a concentration gradient in the

intestine. It is well established that the active process of ca*?
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absorption is vitamin D depquent (Norman, 1979; Nellans Qnd
Kimberg, 1979; Nemefe et al, 1§84) and thzat the amount'of
circulating I,QS(OH)2D3 varies inversely with calcium intake
(Edelstein et al, 1878). In man, net intestinal cglsium absorption
was found to be positively correlated to plagﬁé$i{25(OH)2D3 levels
(Wilz et al, 1979). The regulation of calcium afsorption by the
administration of vitamin D is a dose dependent_phenoménOn (Norman,

1979) and the elapsed time required is a function of the vitamin D

status and prior calcium intake (Bronner et al, 1982).

The process of active calcium absorptioh follh.
Michaelié?Menten kinetics and in the rat gut it has‘an apparent Km
of about lmM (Papworth and Patrick, 1970; Walling and Rothman, 1970;
Walling and Kémberg, 1974; Nella&f and Kimberg, 1978) and.may be
saturated at 'a calcium concentration near.ZmH: At this and higher
concentrations hét bassive diffusion can occur. Hence the hormonally
regulated active précess has a major role in determining the calcium
'flux across the gut when lhminal calcium concentrations are too low
for n;t diffusion to occur (Walling, 1982).

The translocation of'Ca+2 across the intestinal epithelium can
be divided into 3 steps. The first step is the entry of Ca+2 ACross
the brush border and into the cell. The second step is the movement
of Ca*t? inside the cell. Once Ca’? reaches the basolateral membrané
it is extruded out of the cell and this is the third and final step.
U

Entry of _gfg across the brush border.
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The intestinal brush border is a complex organelle comprised of
. " .

the glycocalyx, the microvillar plasma membrane which includes a
s ' a

- 4
“ -~ number of associated digestive enzymes, and elements of the
cytoskeleton in the‘apical cytoplasm. The cat? ion ‘most 1ikeTy

{
igteracts with anionic groups associated with the glycocalyx and

raverses the ﬁ%crovillar membrane through channels or by

interaction with a diffusion’ facilitating factor. On thermodynamic
grounds, both the concentration'gradieng and electropotential
gradient greatly favors the passive entry of calcium into tge
enterocyte (Nellans and Kimberg, 1979). Surprisingly the iqitiai

Y

rate of ca;cium uptake into the chick and rat enterocytes is a
‘'saturable process which must be carr;er-mediated and is stimulated
by vitamin D (Martin and'beLuca, 1969; Walling and Rothman, 1970;:
Nellans and Kimberg, 1979; Bronner, 1982). Experiments with isolated
brush border membrane vesicles demonstrated that vesicles from
-Vita?in‘D3—dosed rats {Miller and Bronner, 1981) or chicks
(Rasmussen et al, 1979) accumulated Ca +2 at a ﬁuch faster rate than
those from rachitic animals. The molecularlﬁature of vitamin D
‘regulation of calcium entry may involve synthesis of a channel or a
carrier site or could alqb involve a modification of the lipid
composition of the plasma membrane. The changg in pgrméability of
-the brush border membrane brought abéut by vitamin D hormone could

*

be the result of an increase in plasma_membrane fluidity (Rasnussen

et al, 1982). Intestinal cells from 1,25(0H)2D3 treated chicks

incorporate more phosphatidyl choline (PC) than

phosphatidylethanolamine as comparéd to-rachitic chicks (Matsumoto
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et al, 1981; Wasserman et al, 1982). Both phospholipase As-activity

.and the acylation of lyso-phosphatidyl-choliné is enhanced by

1,25(OH)2D3 in rats (O'Doherty, 1979). The increased synthesis and

increased incorporation of phospholipids with a higher content of

’

unsaturated groups suggest that the increased brush border membrane
fluidity in turn might increase Ca"'2 permeability (Rasmussen et al,
1982). However spin resonance studies revealed no difference in the

fluidity of the brush border membrane which could be ascribed toe

A

vitamin D hormone (Putkay et al, 1982). The validity of the fluid

state hypothesis has peen challenged (Waséérman et a;, 1984) .

L]

The group of Weiser et al (Feedman et a2l, 1977; Mac Laughlin et
ai, 1980) have reported lnterestlng observatlons on the effect of

v1tam1n D3 and 1, 25(0H)2 3 on Ca +2 uptake by a membrane fractlon

1dent1f1ed to be primarily of Golgi orlgln The level of calcium

>

uptake by Golgz membrane vesicles from dlfferent regions of the

-

intestine paralelled the level found in the everted sac preparatlon

from these reglons. “ie duodenum>11eum>3e3unum and was v1tg;in D~

-

dependent. Within 15-30 minutes. after admlnlstratlon of 1 ZS(OH) D3

‘ “+2
to rachltlc rats_they noted a, 51gn1f1cant uptake of Ca’

.by these
membranes. This rapid effect .of 1,25(0H)2D3 was inhibited by

cycloheximide and it was coﬁclhded that this efgecp is dependent on

-~

new protein synthesis (Weiser et al, 1981) _However iSe increased
calcium uptake -was not energy dependent. ThlS
‘1,25(0H)2D3—stimulatéd calcium uptake was interpreted as

representing- the induction of production of Ca+2 channels or

transport facilitator that would be Shuttled to the plasma membrane
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~and could then be responsible for the l,éS(OHBZD
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3 induced alteration
in membrane permeability of the brush border membrane to Ca+2.

Other brush border membrane effects

the brush

- .1979) whereas‘fhe low affinity Ca

Intestinal alkaline phosphatase (ALKPasg)'is found primarily in

rdeglmembrang (Chase, 1963; Eicholz and €rane, 1965).

The relatfonship/between ALKPase activity and vitamin D was first
- N F g
demonstrated by Motzok (1950). Vitamin D3 induces a_.Lwo- to

‘thrée~-fold increase in alkaline phosphatase activity in the

— -

intestipal brush boraers of rachitic chicks (Haussler et-all 1970;
Nofman et. al, 1970; Holdsworth, 1970). Vitamin D also promotes the
phosphorylation of alkaline phosphatase (Wasserman and Bfindak;

1979; Wilson and Lawson, 1981; DeJoﬂge et al, léél): The aqtivity of
+2 '

low affinity Ca+2,Mg -stimulated ATPase active in the aM raﬁge of

.calcium ion concentration was also shown to be increased by vitamin

D (Melancon and Deluca, 1970; Martin et al, 1969; Mircheff.et al,

1977; Haussler at al, 1970; Birge et al, 1974). There is a-‘lack of
o , )

. coryrelation between ALKPase activity and 1,25(OH)2D3 induced calcium

transport (Morrisey et al, 1970; Wasserman et al, 1977; Bikle et al,
+2

~

time frame as the calcium absorptive system (Lanme and Lawson, 1978).
However it seems that these two enzyhes may Qé different expressions
of'thg same molecular complex (Russell et al, 1972). The Ca+2—ATPase

portion of the molecéle could conceivably pump calcium into the

-

cell, whereas the alkaline phosphatase portion may not be directly

\-

-ATPase responds within the same.l’~
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"involved in 1,25(0H)2D3 stimulated calcium transport.

[

There are many other brush border membraQe proteins whose
synthesis is stimulated by 1.25'(OH)2D3 ag: a'in (Wilson and Lawson,
1978):‘3‘80—90 kilodalton protein (Wilson and Lawson, 1977; - <

Rasmussen et al, 1977), a brush border vitamin D-dependert calcium
binding frotein/(IMCal MW=200,000) (Kow;rski and Schachter, 1980;
Scliabhter and Kowarski, 1982). This IMCal complex contains:3
distinct activities: high'affinity calcium binding (CABC), ALKPase
and Cat2-ATPase. The CABC.activity varies in conéordance with the
‘iﬁtestinal transport mechanism. These investigators have proposed-‘

+2

that IMCal is a component of the entry mechanism of Ca into the
/s

céll. -

Vitamin ? hormone aiso brings about alterations in the
topogfaphf of the chick brush border which are not dependent upon
the, synthesis of new protein;.'Differences in the accessibility of
specific proteins to a non-permanent probe
(125-I-diazoiodosulfanilic acid) (Norman et al, 1982h) as well a€ in
* the release of enzymes by proteoiysis and calcium uptake by brush
bordef membrane vesicles have been reported (Nemere et al, 1983) as
a result of admiﬂistrationuof vitamin Dy or_1.2§{bH)2D3 to rachitic
chicks. | . L

Exactly how all these factors are integrated.to produce "the

observed effect of 1,25(0H),D, on calcium absorption in the

intestine still needs to be defined.

o ‘
Transport of calcium across the intracellular milieu
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The ionic calcium concentration of cells in the resting state
is in the range of 107 to 1078M and possibly lower (Carafoli and

+2 is important in

Crompton, 1978). Because intracellular Ca
regulating 2 wide range of cellular funct%ons (Carafqli and
Crompton, 197éj it must be tightly controlled. The low intracellular
ionic calecium éoncentration is maintained by the uptake of Cat? by
endoplasmic feFiculum (DeMeis; 1982) and mitochondria (Carafoli,
1982), binding to high affinity calcium binding proteins, extrusion
of Cat? éc;oss the plasma menbrane by an ATP—dependept pump
(Schatzman,1982) and in many cells by a Na /Ca excﬁange Eechanism
(Blaustein-and Nelson, 1982). Specific hormones can influence the

intracellular milieu by causing a transfén&\%ncre%se in cytosolic

Cat? concentration either by releasing calcitim from intracellular
+2

»

stores and/or. by increasing the influx éf Ca across the plasma
membrane. Throdgh interéctiOn with calmodulin and other calcium
binding proteins, célcium activaticn of various enzyme systenms

occurs. It is through this precisely controlled énvironmen;lthat

relatively large amoun®s of cat?

must travel during the course of
calcium absorption. Bronner (1982) using data from Pansu et al
(1981) estimated that the amount of calcium per hour that crosses
the intestinal cells is at least 3x105 greater than the free calcium
concentration.

There are many propos&d mechanisms that could prevent
excessively high ionic Cat2 concen;ration. The possibility that

.

+2 . . .
Ca *2 is translocated through the cell in vacuoles or in membrane
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enclosed packets has been propbsed {(Warner and Coleman, 1975; Davis
and Jones, 1981). Jande and_Brewer (1974) in an electron microscopic
stufly observed increased endocytotic acti@ity in vitamin ﬁ replete
chicks. This would provide a means of transporting large amounts of
Cé¥2_thro;gh the cell without disturbing the intracellular milieu.
On the basis pf results obtained by pyrocantimonate
precipitat;on‘of calcium, Wer;nger et al (1978) suggested that
pitbchonﬁria play an importaﬁﬁ role in sequestering and transporting
€a+2 from the apex-to the basal region of the cell. Isolated
mitochondria. accumulate calcium from the surrounding medium using .
energy-céﬁpléd respiration. Calcium uptake can proceed until  the

+2

‘extramitochondrial Ca concentration is approximately 10-6M.,a

value in the range of intracytosolic Cat?

coﬁcentrat%on (Fiskum and-
Lehninger, 1980, 1952)..Fr0m eariy in vitro studieéjBorle (1971,
1973) has proposed that the mitochondria serve as an intracellular
ion buffer system. Mitochondria have long been thought ﬁo be .
involved in calciﬁm transport across intestinal cells (Hamilton and
Holdsworth, 19705 Omdahl %nd DeL#ca, 1973). Vitamin D administered
.in'vivo and in vitro does not affect calcium qptake by mitochondria
but seems-to favor the ability of the kidney mitochondria to release
caleium in vitro (Engstrom and Deluca, 1962). 1,25(0H)2D3 stimulates
the synthesis of a2 protein in the outer membrane of mitochondria “
frdm intestinal cells before méximum calcium transport is recorded
(Hobden et al, 1980). However these investigators were unable to
find a role for this mitochsndrial protern.‘A;smal; put direct

effect of qf25(0H92D3 on calcium uptake in vitro has been

-~
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demonstrated by Bikle et al (1979). These invéstigators suggested

that the increased mitochondrial uptake of calcium due to

vitamin 03 (Engstrom and Deluca, 1962) was the result of the vitamin
D-induced increase in cytosolic calcium. Somlyo eE al (1981) assert

that the' calcium binding constant of mitochondrial membranes is so

low in relation to imrtracellular Ca +2

-

that these organelles cannot

regulate intracellular calcium.

D-CaBPs and calcium absorption

The biochemical change that correlates most closely with the

"

effects of vitamin D and its active metabolite on the adaptive
changes of calcium absorption by the duodenum, is the conceéentration

of D-CaBP in the small intestine. The amount of «circulating
1.25(0H)2D5 varies inversely with calcium intake as does the
duodenal content of D-CaBPs (Morrisse;.and Wasserman, }971; Freund
and Bronner, 1975; Edelstein et al, 1978; Ueng et al, 1979; Buck1ey
and Bfonner, 1980; Pansu et al, 1981). Freidlander (1977)

. _ —~— i
demonStrated that thgre is a relationshd ‘betwe§n D-CaBP-I levels in |
the chick duodenum_and‘renal_i alpha¥hKT oxylaé; activity in
conditions where changes in dietary calcium and phosphorus intake
have occured. | ) - _ ;i
.fhere is parallelism between the D-CaBP-I content and active

calcium absorption in the different segments of the chick intesting
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(Taylor and Wasserman, 1967). There is a correlation between the
affinity of chick duodenai-D—CaBP—I for different divalent cations
and the gffi;iency of intestinal absorption of the same cations
(Taylor and Wasserman, 1967).  In the neona¥al ret, there is no .
saturable component of calcium absorption before weaning (Bronner et
al, 1982). The intestine of -young rat puﬁs does not réspond to
vitamin D (Hallo;an and DeLuca, 19813 and there is no detectable
D-CaBP-II until after the pups are Qeane# (Ueng et al, 1979).
Furthermore there is a line;r-co;relation between the maximum
saturable flux (Jmax) oﬁ the saturable component of calcium
'transporptand D-CaBP-II content in the rat duadenum (Armbecht et‘al;
1979; Pansu et al, 1981). “

The abové obéervations suggest that D-CaBPs may be directly
involved in active calcium transport. It was thought that D-CaBP-I.
played an importaﬁt role in the initiation of calcium transport in
the intestine, éincg D-CaBP-I was thought to be localized on ﬁhe

surface of the brush border membrane (Taylor and Wasserman, 1970).:

However subsequent reports have demonstrated that D-CaBP-T1 is in

-~

fact an intracytoplasmic protein (Morrissey et al, 1978b,c; Jande et

ai, 198la; Taylor, '1981; Thorens et al, 1982; Roth et al, 1982).

/

This is consistent with the observation that D-CaBP-I is synthesized

" on free ribosomes (Spencer et al,  1978) as are other proteins thaf
are not destined to be exported out of the cell.

Studies on the relationéhip of the chronological appearance of
D-CaBP-I and the initiation of intestinal calcium transport induced

by vitamin D and its active metabolites have yielded contradictory

—
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results. Early studies reported-that vitamin”D-stimulated calcium
absorption occurs before the appearance of D-CaBP-I. Thes: studies
used the Cﬁélef ioq exchange assay to detect the appearance of
calcium'binding protein in the supernatant of duodenal mucosa
preparaéion (Harmeyer and DeLuca, 1969). However this assay, is
characte?ized by poor sensitiéity. By analysing duodenal cytosolic
extracts with the more sensitive radial immunoasgay, D-CaBP-1
synthesis was found to sfart 4-12h after pharmacological levels of
1,25 (OH)2D3 were administered to vitamin D-deficient chicks (Ebgl‘
etai. 1969; Zerwek et al, 1976; Morrissey et al, 1978a: Kreutter et
al, 1983) and embryonic organ cultures (Corradino, 1973é,'1973b).
Small amounts of D-CaBP-I were also méasured by radioimmunocassay 12h
after cholecalciferol (Spenéer‘Emtage et al, 1974) or 5-6h after
1,25(0H),D, administration (Morrissey et al, 1978a; Siebert et al,
1982; Shinki et al, 1§82)‘and 5-8h after 1,25(OH)2D3 administration
by rocket immunoelectrophoresis (Sgenéer et al, 1976a; Spencer ét
al, 1978b). Administration of vitamin D3 and 25(0H)D3 increases the
rate of biosynthesis of D-CaBP-I as measured by [3-H] leucine
incorporation several hours before an increase in calcium transport
was noted (MacGregor et al, 1970; 1971). To deteet D-CaBP-I with a
greater‘sensitivitg, épencer and ;oworkers (Spencer et al, 1976a,b:
1978b) ﬁdministered 1,25(OH)2D3 to rachitic chi&ks and examined the
ability of duodenal polysdmeg to synthesize D-CaBP-I in a cell-free
system. D-CaBP-I was consistently found among the translation

- products after Zh by 1mmunoprec1p1tat10n and subsequent purlflcatlon

by sodium dodecyl sulfate poelyacrylamide gel electrophoresxs Using
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similar procedures Siebert et al (1982) detected the protein aé 3h
which was the earliest time studied. Increased D-CaBP-I levels have
been detected by_radial\immunoassay 2h after 1.25(0H)2D3
‘administration and its increased concentration ﬁéralleled increased
calcium absorption in ghe.chic& gut (Wasserman et al, 1982). Recent
investigations performéd in cultured embryonic chick duodenum using
computer analysis of two-dimensional gei electroploresis
demonstrated that -D-CaBP-1 is induced within the first hour of
exposure to DHCC in amounts that are too smafl to be detected by
commonly used immunoassays (Bishop et.al, 1983; 1984). Swmall amounts
of D-CaBP could perform a catalytic fu;ction by modﬁlating the
aétivity of enzymes éffécting calcium transport thropgh the cell.
D-CaBP-II added in vitro was shown to stimulate the ac;ifiti of two
intestinal plasma membrane enzymes in the rat: brush border ALKpase

+2-ATPase.(?reund and Borzemsky, 1979; Freund,

-

and basolateral €a

1982). These.investigators also presented evidence that D-CaBP-1II
binds to brush border membranes, and basolateral membranes. Using a’
photoaffinity probe for D-CaBP-I, Norman and Leathers (1982)
demonstrated that there is a specific interaction between chick
intestinal D-CaBP-I and bovine intestinal ALKpasé. This interaction

occurs only in the presence of Ca*?

suggesting that this ion may
mediate conformational changes in the D-CaBP molecule thus
facilitating the interaction of D-CaBP witﬁ other cellular
constituents. As discussed ea;lier the participatigf‘gf ALKpase in

calcium absorption is doubtful. The function of the association of

D-CaBP-I with ALKpase ia the molecular process of calcium absorption

»




Page 33

remains obscu;e.

Since D-CaBP is an ietracellular protein it could serve.as an
intracellular calcium buffer. The concentration of D-CaBP-I
correlates'with.the efficiency of Ca+2 absorption buﬁ net with Ehe

+2_

total amount of absorbed Ca Bar and Hurwitz (1979) demonstrated

that D-CaBP-I concentrations varied directly with the percent
absorpﬁion but inversely with the total amount of calcium absorbed
by chicks fed diets containing different amounts of calcium. If

D-CaBP-I acted as a buffer, the results should have been reversed.

Kretsinger‘et al (1982) developed a theoretical medel

suggesting that D-CaBP-I acts by increasing the diffusibility of

Ca*? and thus the availability of calcium at the baso-lateral

membrane where Ca+2

extrusion takes place. The concentration of
calcium would .then be of great importance when the available Ca*? in
the duodenum is low. Feher (1983) devieed an in vitro system to eesﬁ
this idea. A diffusional cell was divided into three compartments
with dialysing membranes. The presence of chick duodenal D-CaBP-I in
the middle compartment enhaeced the translocation of Ca+2 from
compartment 1 to EOmpartment 3. No such enhancement was observed
.when bovine albumin was placed in the compartment. This-evi&ence
supports the hypothes}s that D-CaBP could accelerate the transit of
Ca*? through the cell interior.

The discovery of the preseece of D~-CaBP in many other cell

types that do not translocate calcium challenges the hypothesis that

D-CaBP is exclusively involved in calcium translocation.

~n
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Extrusion of calcium across the baso-lateral membrane

.

Th; calcium storing capacity of intracellular systems is
limited. Even though intracellular organelles aqd high affinity
.calcium binding proteins may transiently modulaée intraceliuiar
calcium, calcium pumps in thé plasma membrane are the primary
regulators of intracellular Ca*? concentration over the long term.
The transfer of calcium from the cytosol to the extracellular fluid -
across the baso-laﬁengl membrane is an energy dependent process. Two
types of systems have been identified: a high affinity
Ca+2—dependent ATPase and a Na™ /Ca+2 countertransport system (Hurer
and Kinne, 1980: Blaustein and Nelson, 1982).

Evidenéé for a Ca+2—depgndent ATPase activity was provided by
Martin and Deluca (1969), Mircheff and Wright (1976) and more

recently by Ghijsen and van Os (1979; Ghijsen et al, 1980; van Os et

al, 1981). The latter investigarors have purified this enzyme and

-

deternined its molecular weight. (MW=115,000)}. This Cat?-ATPase seems
to be exclusively. associated with the baso-lateral membrane

(Mircheff and Wright, 1976; van Os et al, 1981). Ghijsen et al- |
(1982) demonstrated that the activity of the basolateral Ca+2-ATPa$e
correlates well with the ATP-dependent uptake of calcium by everted
"basolateral membrane vesicles. The activity of this calcium pump is
increased by vitamin D and its active metabolite in the rat (Martin
and DeLuca, 1969; Ghijsen et al, 1982) and chick intestine (Meyer
and Wasserman, 1983). In~réd blooﬁ cells, carmedulin‘has been shown

to stimulate calcium extrusion across the plasma membrane (Larsen
\ ] _ ,
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and Vicenéi,:l979)n In the inEgs;inal cell Calﬁodulin may stimulaté
the Ca+2-ATPase of ‘the baso-lateral membfane (Nellaﬁs and Popovitcech,
i981;lGhijsen ét al, 1982) However Nemere (1984) did not observe any-
effect of calmodulin oﬁ Ca+2-ATPase activitcy. Calmod;lin does not
appear to be vitamin D dependent (Halloran et al, 1980; Thomasset ét
al, 1931b; Rhoten et al, 1é82). . |

Earlier experiments indiﬁated that Nat is not required for.the
uptake of calcium at the mucosal surface but it is required for the
appearance of calcium on the serosal side (Martin and‘DeLuca, 1969;
Adams and Norﬁan, 1970; Birg; et al, 197i), Ca+? extrusion appears
to be dependent on the presence of external Na' in many cell types
{for review see Blaustein and Ne%son, 1982) indicating the
widespread occurence of a Nat/Ca*? exchange system in many animal -
tissues. A Na"'/Ca+2 exchange system which is dependent on a‘N-a+
gradient: not subject to reghiation byl1,25(0H)2D3 (Ghijsen et al,
1983) has been identified in the basolateral membrane of rat
intestinél cells.

In éummary,_the effects of vitamin D on the intestinal
epithelial cells are complex and di}erse. 1.25(OH)2D3 alters the
overail morphology of the intestinal villi as well és_the”protein,
lipid and phospholipid composition of the different components of
the enterocyte. How the pleiotropic effects of vitamin D3 are
integrated into the molecular mechanism of action of vitamin D on
calcium aHsorpﬁion is still not cogpletely‘resolved. Possible models
interreléting the diverse effects have been suggested by many

invéstigators (Bilke et al, 1979; Norman et al, 1982b; Wasserman et
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R

al, 1984).

Identification of vitamin D targets

There are various way; available to idencif& steroid hormone
target organs and cells.

Radiolabelled 1'25(0H)2D3 was first used to determine the
nuclear localization of 1,25(0H),D; thus identifying the duodenun as
a prime vitamin D target (Stohs and DeLuc#. 1967). Radiolabelled |

) 1.25(0H)zD3 of a higher specific-a;tivity (Brumbaugh and Haussler,
~3974; Napoli et al, 1980) made itcpossible to identify by
radioautography a wide variety of vitamin D target cells in the rat
ﬁStgmpf et al, 1979; 1980; Narbaitz et al, 1981).

The biochemical isolation and characterization of a high
affiniﬁy receptor maC{omolecule for-l,?S(OH)2D3 ﬁas beent carried out
in a wide range of species and tissues (see réview,Nor@aﬁ et al,
19823)‘thus identifying "new" vitamin D targets.

As'&iscussed earfier one of the best known genomic expressions
of 1,25(0H),D5 is the regulation-of D—CaéPs synthesis. .The
production of antibodies against D-CaBPs offers two main avenues ;f
investigation. Quantitative estimécion of D-CaBP-I in'chick tissues
(Christakos, 1979) and D-CaBP-I and II in rat tissues (Thomasset et
al, 1982b) has been carried out by ra&ioimmunoassayﬁ‘With this
tecpniﬁue the presence of D-CaBPs has been detected only in tissues
where intracytosolic L-E;AOH)2D3 receptors héve beé&_demongtggted.

The exact cellular loqalizatigj of D-CaBPs can be yisuélized by
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immunocytochemistry and offers another possibility to identi?y:
vitamin D target cells within an organ. Here again a wide variety of
cell types containing D- CaBP have been identified as vitamim D

targets. (Jande et al, 1?81a, Jande et al, 1981b; Jande et al, 1982;
Schreiner et al' 1983; Lawson et al, 198&- Schreiner et al, 1285)
Results obtained by radioautography in rat tiss®es. (Stumpf et al,
1979; 1980) are iQJgood agreement with those obtained by “'“

immunocytochemical localization of. D-CaBP.

Evaluarion of fixatives . “

Good fixation is é prerequisite to oﬁtain consistent
localization (Mukai and Rosai, 1980). In‘the'case of D-CaBP-I poor .
‘fixation results in loss or dlmlnutlon of antlgen locallzatlon due
to d1ffuszon and/or adsorption of the antlgen into the surroundlng
tissues. This problem is even more crucial for the locallzatlon of
'protéin antigens at the EM level. ‘

Usiyg routine non-coagulating fixatives such as
pa*aformaldehyde or fixation by freeze- thaw1ng yhich are commonly-
used methods in immunofluorescence studies, D-CaBP-I was figst
'thought to be localized in the goblet cells and in the brush border
‘of chick-enterocyte§<Taylor and Wasserman, 1970). By uding freeze
subéti;ution where the translocapion of proteins is,substahtially
prevented, it was deﬁonstrated thaﬁiD-Can—I is an intracytoplasmic.

protein of the enterdcytes (Jande et al, 198la; Taylor,.1981).

Evaluation pf different fixatives (Jande et al, 1981a) led to the

)
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conclusion that coagulatiﬁg fixatives which précipiﬁate'proteins -
very rapidly such as Carnoy's and Bduin's give fhe‘most sat{sfadtory
.. results for iAmugocytochemical;étuﬂies'gt;the light';icroécopic “
level. In addition_they were‘able_to show .that paraforﬁéldehyd; with
or without glutaraldehyde is an inédequate fixétivé"for
immunoéytochemical studies of D-CaBP-I at the electron ﬁicrosé;¥e

(EM)-ievel. . -

- )

These different methods have contributed to confirm one Qf the

-

most unexpected new developments in vitamin D endocrinology: vitamn

D targets are also present in cells that are not involved in

- ~ .
transepithelial calcium transport. The wide distribution of vitamin
D targets indicates that the vitamin D end.crine system extends

beyond the classical target.orgaﬂs (duodenum, kidney, laying hen

shell gland, bone). The most striking ekamples of non-classical

. v oty

targets are : neurons, pancreas.B cells, reticklar cells in the-
o ) : Ao

marginal zones of the spleen and reticular cells in the thymic

.cortex. Thus vitamin D"targets can be divided into 2 main classes:

~

the classical targets and the non-classical targets which unlike the

classical targets are not directly involved in calciunm

translocation. ' ' )

o

Vitamin D and the jimmune system : 5 ¢
.‘, . - .

~

. . - . .
Vitamin D-deficient rickets has been frequently associated with
recurrent infections (Stroder, 1975). Early clinical studies

implicated defective neutrophils as the cause of increased

n\\

~




. Page 39

- -

susceptibility to ipfections (Stroder, 1975). Pelipheral'lymphocytes
have shown decreaged mobility and an impaired capacity to
phagocytoze (Stroder and Kasal, 1970) Vitamin D- deficient mice also
had depressed 1nflammatory responses. both macrophages and bone
marrow polymorphonuclear leukocytes were observed to have 1mpa1red

“ spontaneous migration and phagocytlc capac1ty These functions were

corrected in vitro by incubat¥ng macrophages from vitamin

D-deficient anlmals Wlth 1, 25(0H)2D3 ¢Bar-Shavit, 1981)

- There is an 1ncreas:ng body of evidence suggestlng that

O..

1.25(0H),D4 plays a regulatory role in the diffe:egtiation and
- maturatio; of leukocytes. 1525(0H)2D3 can induce in vitro the
'Hiffe}entiation of murine an& h;man myeloid leukemia cells into
~macrophages or granulocytes (Abe et al, 198i; M;yaura et ai, 1981;
fén%ka et al, 1982). 1,25(0H),D, dlso induces the maturation of U937
-ceils which is a human monocyte line.(Amento et al, 1984).
A&ministration of 1., lH)2D3 to mice which'were inoculated gitﬁ

leukemia cells prolonged their survival- (Homma et al, 1983). This

suggests that 1,25(0H),D; may be useful in the chemotherapy, of

certain leukemias. - e

Calcium is important in the proliferation of activated
lymph;cyteg (Perris et al, 1968) anh'in the production of "hormones™”
of the lymphoid system such as tﬁe interleukins and int;rferon§.
Lymphocytes have been known to respond to the calcemic peptide
hormones (pé;athyrbid hormone and calcitonin)} (Tsoukas et al, 1984).
The ‘presence of intracellular receptors specific.for 1,25(0H)2D3 in

oo

monocytes and in T lymphocytes indicate that these cells are indeed -

//
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vitamin D targets. However; unlik'e monocytes, T lymﬁhocyteé ekpfess
the intracytosolic receptor for 1,25(0H) Dy only when they are
activated by mitogenic lectins or Epstef% Barr virus (Provvedini et
al, 1983; Badha et al, 1983).

Miyakoski et al (1981) and Tsoukas-et al, (1984) demonstrated
that 1-25(0H)2D3 suppfesses mitogen-i duced 1ymphoproli§eration of
human peripheral blood~lymphocytesriiéz§(OH)2D3 inhibits the
production of the gro#th promoting lymphokine, inferleukin-Z. by
human T lymphocytes activated in vitro by phytohemagglutinin .'
{Tsoukas et al, iég&). These'investigators also found that v
1,25(05)2D3 inhibits the generation of cytotoxic T cells and
antibody pr;duction by B cells. The production of interleukia-1, a
lymphokine which modulates the function of T and B cells. by
stimulated U937 ceils is increased by 1,25(OH)2D;N(Amento et al,
1984). These observations-suggest that the interaftion between a
classical hormone and the hormone-like produ;ts of cells of the
immune system may play a role not only in leukocyte AIfﬁeréntiation
bgt als§ in other immune rgéctions. 1\25(0H)203_may be considered as
a potential immune régulatory hormone (Stravos et al, 1984; Tsoukas
et al, 1984). This adds a new.link to the interaction between the

endocrine and immune system as exemplified by the immunosuppressive

effect of glucocorticoids (Cupps and Fauci 1982).

Objectives

D-CaBP is the only known genonmic expression of 1,25(0H)2D3

which is the most potent metabolite/of vitamin D. One of the
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. fundamental questions concerning the mechanism of action 6f vitamin

‘D is the function of D-CaBP in vitamin D targets.

As we have seen there are two types ¢f vitamin D targets: »

, ] . 5. .
classical targets which are directly involved in calcium homeostasis.

— N

and non-classical targets which are not involved in transepithelial
calcium transport. e ¥

’ . . . X . h ) . )

The first part of this investigatien is Jgﬁaernedw1th the ..

possible function of’D-CaBP. in classical vitamin D target cells.

. N .
Calcium pumps of the plasma membrane are thought te be the primary

regulators of intracellular calcium concentration. These pumps are

- . - 3 - “ : .
especially important in tissues such 'as the duodenum where calcium,

must first cross the epitggiium to be absorbed into the bloodstream.
In this_cbntext the aim of our investigations was to determine the

effects, if any, of vitamin D-deficiency on the enzyﬂaiic activity

of the putative calcium pumps (alkaline phosphatase,'Na+,

Ca*2_ATPase and Ca+2, Mg+2-ATPase) and to establish whether D-CaBP

modulates the catalytic activity of these plasma-membrane enzymes.

-~

L 4

The primary objective of our present work concerned the

XY

localization of D-CaBP in both classical and non-classical target

e
cells, using immunocytochemical methods at the light and g

electronmicroécopic level. The rationale for the work is the
fundamental importance of infarmation on the identity and
intracellular distribution of D-CaBP's to the understanding of the

nechanism of action of vitamin D. °
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S
- II.MATERIALS AND METHODS

1) Animals

Fertilised white Leghorn eggs were obtained from a local
poultry farm. They were incubated in a forced ai; incubator. One day
old’hatchiings of both sexes were'provided by the Animal ﬂisease_'
Research Institute (ADRI, 801 Fallowfield Rd.. P.0. box 11300,
'Station H, Nepean, Ont." Canada, K2H 8P9). Tissues were obtained from
the following-animqls; C.D. rats (ChérléﬁbRiver. £88 Lasal}e. St.
Constant, Que. C;ﬁada. JOL 1X03 ranging from 7 day old pups to 4
week old animalg,of bo;h'sexeé; C578L/6J mice (Jackson Laboratories,
Animal resource division, Bar Harbour, Maine, USA, 04609) Paris R3
whiﬁgdm;ce of both’seies 3 to 4 week old (Jackso? Laboratories); 2
month gg% New Zealand white rabbits g%erme La Pro, C.P. 114,
Stu;kley—Sud, Que. Can$da, JOE 2J0); frogs {Rana pipieﬁéx Anilab,
16-3291 Ste Foyl Ste Foy., Que. Canada. G1X 3V2); gold fish
(Carassius auratus,—Tropical Fish Supplies., 999 Helena St:" Fort -
Erie, Ont.. Canada L2A 4K2). Pig tissues‘were obtained from a local
slaughter house. Monkeyﬂﬁhﬁécc; fasciéﬁlarisj was perfumuithr;ﬂgg
th; aorta with 0.5% paraformaldehyde.and 2.5% glutaraldehyde in 0.1
M phosph?te buffer (pH 7.4) .fo'r about__lO minutes then 2- to 3mm
'kidney slices were fixed by immersion in Carnoy's fixative. Human -

kidney material was fixed in AFA (ethyl alcohol 7OZ.Vformaldehyde
- ,

20% and acetic acid 5%).
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2) Chick diets

Normal ehicks wehe feu Purina accu-start (Na=0.15%7, Ca=0.9%Z,
P=0.7%, vitamin A= 5,500 IU/ké,'vitamin D=-1,0PO-IU/kg and- vit é= 10
IU/ug).“ Rachitic chicks were kept from the time of hatching*in an
ultraviolet-free environment and were fed a synthetlc’vitamin |
.D-deficie;t.diet prepered according to Barnes et al (1973). Totél Ca -~
and P content in:the‘diet was 1.067 and 0.92 respectively. Vitamin
D-deficient diet contaiuing high calcium was prepared as above‘ﬁut
50g of C8C03;;er kg of feed was added producihg-e 2% calecium

supplement.

L

-
w

3.1) Fractiognation of chick duodenal mucosa

T -

Chicks were killed E& decapitation. The proximal duedenum was
. ' A )

dissected out and the pancreas was removed. The duvodenum was.slit

open and thoroughly washed with ice cold isotonic saline. The

duodenum was gently blotted with'bibulous paper and thé mucosa was

o

*

scraped with a teflon coated spatula. All subsequent steps were done
on ice %f in a 5 C cold room. The duodenal scraplngs of 2 chicks .'
‘were combined and were homogenized in 40ml of SmM Na,EDTA, pH 7.5
using‘a Dounce homogenizer. The homogenate was centriéuged at -
45,000g for 20 min at 0-4°C. The supernatantlthus obtained contained
mostly soluble protelns and the pellet contalned cellular

organelles. The act1v1ty of Nat,K*-ATPase (Fu31ta et al, 1972),

+.Ca+2—ATPase'(Birge et al, 1972), Ca+2,Mg+2-ATPase and alkaline

* p A
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‘phosphatase (Fujita et al, 1972) was measured in the whole

homogenate, the supernatant, and the pellet.

3.2) Cell fractionation

-

Cell fractionation was carried out to isolate brush border from

basolateral membrane in order to study the effects of vitamin D on

]

localized membrane enzymes that may be involved in calcium

transport.

Chicks were killed by decapitation. Duodenal scrapiﬁgs were'
obtained as described above. One chick provided sufficient material
\ ) ’ -

for each experiment. All subsequent steps were done on ice or in a *
. -

cold room.
]

The fractionatﬁbn schedule of Mircheff and Wright (1976) which

permits isolation of brush border and bastlateral membranes from the

- | :

[}

-same tissue sample was followéd. .-

The duodenal scrapings were suspended iq 15ml pf SmM Na+2EDTA.
homogenized in a Dounce.homogeniier-with 10 stfpkes of ﬁhe tight
.pgsfle and centrifugeﬁ at 45,000g for 20 min. Final ﬁomogénization
was peffofﬁﬁﬁ“ﬁith a2 loose pestle. The supernatant (SO)'was"

discarded. The pellet (Py) was resuspended in 30ml of fractionatien

buffer. The fraétionati

buffer contained: 250mM sorbitol, 12.S5mM

v

NaCL, 0.5mM Na,EDTA, and| 5pM imidazole-histidine buffer at pH 7.5.

The resuspended pellet wa hombgenized with 37 strokes and then
diluted to 75ml and centrifuged at 450g for 10 min. The supernatant

(SIJ was kept and the.pellet (Pl) was resuspended in 30 ml-.of
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isolation buffer. homogenized with 30 strokes ‘and diluted to 50ml1

.and centrlfuged at 450g for 10 min. The supernatant (Sz) was kept

and the pellet (Pz) was resuspended in 30ml of isolation buffer,

homogenized with 15 strokes and cenﬁrifuged'aq 450g for 10 min. S

-

l 1)
S, and S; were pooled and centrifuged at 55,000 for lhr to obtain

P3. P5 was resuspended in 30ml of fractionation buffer, homogenized

W

with 15 strokes and centrifuged at 450g for 10 min. This was
repeated 3 ‘times (P&-P6). The supernatants (S,-S¢) were discarded.

P6 was resuspended in 30ml 6f fractionation buffer, homogenized with

’

15 strokes and centrifuged at 32g for 10 min. This was repeated and

Pg'ﬁas,discarded. $7 and Sg were centrifuged at 55,000g for lhr to

-

obtain the final pellet Pg. A1l centrifugation were done at 0-4°C.

"&) Analyticél assays

Na®,K* ~ATPase was measured in the medium of Fujita et al

-

(1972) ."The final incubation volume of lml contained 3mM ATP (Sigma,

Chemcal Co., P.0. box 14508, St.Louis, Mo. 63178, USA), SmI 'VIgCl2

_\10mM KCL, 100mM NaCL in ailM Tris-HCL buffer at pH 7.40. The'

incubation perlod was 30 mlnutes at 37°C. The reaction was s:opped

Wlth 2ml of ice cold 5% trichloroacetic aa§d After standlng at

room temperature for 13 minutes the reaction mixture was centrigﬁged
. Ly

for 20 min at the higheét speed in a.clinical centrifuge. Inorganic

_phosphate released was meaSure& with the method of Fiske and

- &

Subbarow using a commercially available kit (Sigma #620):

Ca+2,Mg+2—ATPase was measured in a total volume of 1lml

- L)
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containing 5mM ATP (Sigma), 2mM CaCL,, 0.5mM MgCL, in 50mM Tris-HCL
buffer at pH7.4. The effect of calcium concentration was measured in

*2 and varying the Ca*? concentration from

the presence of 0.5aM Mg
0.5mM to 10mM. The effect of pH was measured in the presence of 2ZmM
ca¥? and-qi§mM Mg+2 at various pH. ,

Na+,_Ca+2—ATPase (Birge et al, 1972) wés yéasqred‘in the
presence of 3mM ATP (Sigma), 100mM NaCL and SmM CaCl,. The mixture '«:¢
was incubated at 37°C for lhr before it wés stopéed with 2ml of 10%
trichiéfoacetic acid, centrifuged and the inorganic phosphate
released was measured by the Fiskerand Subbarow method (Sigma kit
£670). |

Alkaliné phosphatase was geasured with the method of Fujita et
a2l (1972). The final incubation volume of 1 ml contained S5mM
p-nitrophenyl phosphate (Sigma), 0.25mM ZnCLZ, 0.25mM CaCl,,and/or .
5mM MgCL, in a 50mM Tris-maleate buffer at pH 9.3. The reaction was
rallowed to proceed for 10 min at 37°C. The reaction was queﬁéhed by
the additién of 3ml O.1N NgOH. The amount of p-nitrophencl released
was read with a Pye Unicam spectrophotometer at 400nm.

Enzyme activities were determined in duodeﬁal hoﬁogenate
aliquots adjuéted,to 10ng/m; prot;ln cqncentration with the ’
appropriate buffer in each casa. Total protein was measured.
- according to Lowry et %1 (1951). The final protein concentration in
the incubation medium QéS'1ng/m1 . All enzyme activities were .

determined in duplicate and are expressed as the mean of each set of

measurements. !



Page 47
5) EM s;udy of P4 and Pg

The pellets of two different fractionations were fixed in the
centrifuge tube in freshly made 1/2 Kgfﬁo}§ky fixative (Karnovsky,
1965; Sotelo and.Palay, 1968) on ice-overnight. All subs?quent steps
were carried out at 0-4°C unless stated otherwise. The pellet was
thoroPghly washed with O.1M, pH 7.4 phospha;e bufferi The pellet was
then fixed for 1 hr with‘lz O0s04 in 0.1M phosphate buffer. The
fixed pe%let was again washed in phoéphate buffer and then‘it'was
gently r;moved from the centrifuge tube. The\Piddle part containing
the whole thickness of the pellet was cut into small rectangles and
was depydrgtegtfn a graded series of alcohol and then in two_chaqges'
of propylene oxide at room temperature. The blocks were iﬁfiltratéd
with araldite. Thin séctions were qut with an LKB ultramicrotome.
The sections were stained with uranyl acetate and lead nitrape. The

-

sections were viewed with a Philips 300 electron microscope. =
6.1) Total blood calcium measurements

" To determine the effect of the rachitogenic, vitamin
D-deficient diE:’on the blood calcium 1evé1 of chicks, blood samples
were collected by.intratardial puncgure. The blood was allowed to
ciot at room temperature'for-l hr, rimmed qnd left overnight in the
refrigerator. The serunm &agffemoved and centrifuged. Total blood
calcium was colorimet;icarfy measured us;ng'the Fisher diagnostic

kit DK 1100-20 (Fisher Scientific

~

]

» 112 Colonnade Rd. Nepean, Ont.
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Canada). Total blood calciim was Toutinely measured in all
experiments involving normal and rachitic chicks.

»

g . .
6.2) Total calcium measurements in chick duodena
To correlate the amount of calcium present in duodena of
rachitic and normal chicks with the activity of membrane enzymes
. 5
possibly involved in the extrusion of calcium from the cell, total

calcium was measured in duodena of fasted (hence non-transporting

enterocytes) and of fed (hence actively transporting enterocytes)

"echicks, both from rachitic and normal animals.

‘A1l glassware used was thoroughly cleaned in IN HCL, rinsed
several times with distilled water AEHMBV%h dried. -

Four week o0ld rachitic and normal chicks wé?é used in this
study. Chicks were killed by decapitation. the duodenum was quickly
dissected out and tﬁe pancreas was removed. The dﬁodénum was

thouroughly washed with cold isotonic saline and then géntly blotted

/

to removed'excess water. The mucosa was scraped with a teflon coated
spatula and placed in a-weighing vial. The vial was weighed on’a 3
decimal point Mettler balance and thenrplaced at 70°C for 24 hrs.

The vial contaihing the tissue was left to cool down to room

‘temperature before it was weighed again. The tissue was digested

overnight in 0.8ml of concentrated HNO3 in an LXB sonicator at

'

settiﬁg number 2. The completely digested tissue . was neutralised

with 8 drops of NH,OH and then diluted to a final volume of 5ml. The,

total calcium conent was estimated by atomic absorption on a Varian
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AAS atomic ;bsorption spect?ophot?mete;.

7) Immunocytochemistry
7.1).Antiseraf

Antisera against chick duodena1~D—§aBP—I were prepared
according to Spenc;r et al (1976) ai¢l§ere kaﬂiiz provided by Dr.
D.E.M. Lawson (AFRC Institute of Animal Physiology, Babvahan,
Cambridge, England. Antiserum agéinstlhuﬁan Eerebellar D-CaBP-1I was
. -kindly provided by DrlC. 0. Parkes (Department of Physioclogy,
| Universi!y'of‘British Columbia, Vancouver, B.C.) and was.prepared
according to Baimbridge et ;l.(lQSO). The‘antis?tgm agéinSt"tﬂé fl
smaller molecular weight rat—duodenal D-CaBP-iI‘was kindly provided
by Dr. M. Thomasset (INSERM, U. 120,‘Le Vesinet, France) and was

prepared according to the meﬁhod of Marche et al (1977)H

7.2) Tissue preparation for light microscopic localization of

D-CaBPs

Tissues from at least four animélS‘from‘;he species described
in .séction 1 (except for human and monkey?;where only one sample
was available) were dissected out and 2-3 mm thick slices were fixed
by immersion in Carnoy's fixative for 3h at room temperature. This
fixative has been demonstrated go reflect the_true_localizaéion of

D-CaBP (Jande et al, 1981; Taylor, 1981). The fixed tissues were,
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then thoroughly washed in 907 efhyl alcohol and processed for

- . .
paraffin sectioning. Four um thick serial sections were used for

immunohistochemical staining.

7.3) Short indirect method (SIM) of immunocytochemical localization

-
.

of D-CaBPs at the light microscopic level.

Paraffin Sliéfg,Of giSSués were brought down to 30% alcohol.
After.rfnsing in O.dSM Tris buffered saline at pH 7.6 (TBS) the
sections were pré-adsorbed with.undiluted normal goat serum, (NGS,
Gibco, 2260 A Industrial St., Burlington, Ont. Canada, L7P 1Al.) and
incubated for }0 min at rooﬁ temperéture. All incubations weré done

in 2 moist chamber under gentle continuous agitation on a

rotator-tectator. The NGS was drained off and the antiserum diluted

gl

with TBS was directly applied. Cﬁick anti-ducdenal D~-CaBP-I and rat
é;ti-duodenal D-CaBP-II weré_diluteﬁ-i:lbo and human anti—gerebellar
D-CaBP-I was diluted 1:300. The proper working dilution was found in
preliminary experiments by staining éhick duodenum and cerebellum
and rat duodenum, kidney and cerebellum with 1:50-1:10000 serial
dilutions ;f the antiserum. The diiutions that gave the darkest

staining with ieast background staining were used. The sections

covered with antisera were incubated for 2h at room temperature. The

" slides were jet sprayed with TBS and immersed in TBS for 3 changes

of 5 min each. The sections were again incubated for 30min in

undiluted NGS. The NGS was drained off and rabbit anti-IgG
conjugated with peroxidase (fionetics. Intermedico, 150 Consmer Rd.
/ ' ' ‘
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suite 306, Willowdale, Ont. Canada, M2J 1P9) diluted 1:50 was
applied to the slides for 30 min. The slides were again jet sprayed

-and washed as above. The localization of D-CaBP was viswalized by ' -
incubating the slides in 3,3'diaminobenzidine-HCL (DAB-HCL,Sigma)

0.05%, H,0, 0.001% in 0.05M Tris-HCL buffer at pH 7.6 for 10-15 min

-

At room temperature.

Endogenous peroxidase was inhibited acecording to the method of

Heyderman and Neville (1977). Three types of control sections were

[

" used: some sections were incubated with the supernatant of the
antibody antigen mixture at the point of equivalence, some sections

“were incubated with non-immune rabbit serum, finally the antiserum

L

step was omitted on some sections.

-
-

All antisera were decomplemented for 30 min at 56°C.

7.4) PAR peroxidase-antiperbxidase method for the immunocytochemical

localization of D-CaBP (Sternberger, 1979)

The PAP method affqrds a greater sensitivity for the
localiiation of antigens than SIM. Paraffin-sections ofﬁtissues were
brought down to 50% alcohol., The siides where rinsed in TBS before
being iﬁcubated with 3%2 NGS for 30 min. The serunf was decanted and
diluted D-CaBP antisé;;m containing 1% NGS was applied for 46 hrs in
a sealed container at 10°C. Antiserum against chick D-CaBP-I was
diluted I:SFOOQ, antiserum ggainst” human D-CaBP-I was diluted

1:10,000 and antiserum against rat D-CaBP-II was diluted 1:2,000.

The appropriate antiserum dilution was determined in preliminary
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. * -

experimeéts_as deécribed previously. The slides were returned to
room.temperatufe during the final -hour of incubation in antiserum. i
The sections were jet washed wiip buffer and washed in three S miﬁ
changes of buffer. The link antiserum (go;t anti-rabbit

- -

immunoglobulin, Bionetiecs) diluted 1:20 was appdied/éo the sections

for 30 min. Ihé sections were again jet sprayed and washed in

- —~

buffgr,.The PAP conjugate (goat péro{idase aqti-pero;idase.
Bionetics) was é;Iuted 1:100 with Tris Quffer containing 1% NGS and
the sections were inéuEated fogm30 min. The sections wére jec
sprayed and washed in buffer as above. To visualize the localization
of D-CaBP, the secqions.wer; immersed for 10-15 min in -a freshly

prepared solution of 0.05% DAB-HCL (Sigma), 0.017% H,0o in 0.05M
';‘ris—HCL pH 7.6° ' B
. . v .

After incubation in DAB the slides were washed with double
distilled water. Some slides weére counterstained with
hematoxylin-eosin (H and E) or periodic acid-Schiff reagenﬁ and
hematoxylin (PAS) for eas;er identification of the wvaridus
strﬁctures. The slides were then dehydrated and mounted in pe;mouﬁ;.

Control sections werg/éiiined with non-immune rabbit serum at
ihe same giluéion as the antiserum: In other control sections the
antiserum step was pmitted. All antisera were decomplemented at S6°C
for 30 min-before use. Endogenous peroxidase was inhibited by the
method of Heyderman and Neville (%977).

Because of the possible hdzardous nature of DAB all steps

involving this chemical were performed in a fume hood. After DAB was

used it was-'neutralized with an equal volume of Javex. h
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7.5) Evaluation of fixatives for the electron microscopic

localization of D-CaBP-I

-

<
ek old chicks were ane;tﬁetised with chloral hydrate
_(352.'0.1m1)1003r of body weight). Ea?h chick was perfused
iﬁtracardia}ly with 20ml of isotonic saline at room temperature
foIlowed by 20~30m1 of one of ﬁhe fixatives listed below. Each
éixative was tested on at least two‘aifferent animals whéreas
acrolgiﬁ'was used on at least 4 different animais. The duode&um and
cerebellum was Tremoved and about 2mm thick sagittal sections were
g?&%d by immersioﬁ at 0-4°C urnless séated otherwise. All fixativesf
were prepared to contain 0.1M sodium cacodylate at pH 7.4,

a) 4% paraformaldehyde follpﬁed'by overnight fixation in 4%

- . . o~
paraformaldehyde. : s _ ’ Y

b) 0.1% glﬁtaraldehyde with 4 7 paraformaldehyde for -10 min.
and immersion fixed in 4% buffered paraformaldehyde overnight.

c¢) 0.1% glutaraldehyde with 4 % paraformaldehyde then immersion

fixed in the same fixative overnight.

»

d) 0.5% glutéraldehyde then immersion fixed at room temperature

for 2hrs. Free aldenyde groups were blocked by rinsing the tissue in

0.5M NH,CL for 2hrs at room temperature (Thorens et al, 1982).
e) 10Z acralein (Kodak, Fisher Scientific) with 0.03% CaCLZ
then immersion fixed for 10, 20 and 30 min.

. £)-20% acrolein (Kodak) with 0.03% CaCl, then immérsion fixed

for 20 minm.
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g) 2% acrolein (Polyscience, discilled. Analychem Corp. Ltd,
7300 Victora Park Avél Unit G, Markham, Ont. Canada.cégﬁ 1Jl) cgén
immersion fixed for lhr and 2 1/2hrs.

h) 27 acrolein (Polyscience, distilléd) containing 0.25%

:
glutaraldehyde then immersion fixed for 2 1/2 hrs.

i) 3% acrolein .(P6lyscience, distilled) then immersion fixed -

for 20, 30, 45 and 60 min. T ey e

R

j) 5% agrolein (Polyscience, distilled) then .immersion fixed
, ‘ : ..
for 5, 10, 15 and 20 min.
After fixation all tissues were thoroughly washed in cacodylate

*

buffer in order to prevent nonspecific adsorpt;Pn ofwantiserum HHHHW
secondary antibodies. t

.Becausg of the hazardous nature of acro;ein. all steps .
inveolving this chemical were performed under a fume hood. Acrolein
.wasteiwas neutralized with an equal_molum;\Ef 10% sodium'bisuléite

R

solution.

7.6) Localization of chick cerebellar-and duodenal D-CaBP-I prior to
_ embedding (Sternberger, 1979).

The duodenum and cerebellum of two different four week old
chicks'were fixed in 10% acrolein (kodack) for 20 minutes and then
thoroughlyiwashed in cacodylate buffer. Forty um thick coronal and-
sagittal sections of the cereﬁellum and longitudinal sections of the
duodenum weré cut with a Smith—Farquar_tiséug chopper. Free floating

_Llsdctions were equilibrated in 0.1MXIris-HCT pH 7.4 buffer for one

LI
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hour with é'minimum-of 3 changes. All.iacubations were done under
continuous slow rotation at room‘%gmpefature. The sections were then
soaked for another hour in 1% &Gé—igibco) diluted in' Tris buffer.
The sections were drained and were incubated for 2 h in antiserum
diluted 1:100. The sections were wash;; in buffer for 2 h with a
m;nimua of 3 changes and were soaked again for 1 h in 1% NGS. The
sections were drained once more and incubated in antirabbit goat
pefoxidase conjugate (Miles Laboratories, 77 Belfield Rd., Rexdale
Ont. Canada, M9W 1G6) diluted 1:50 with Tris puffer for 2 h. The -

sections were then washed overnight in buffer with several changes.

The'sections were incubated with 3,3" diaminobenzidine-HCL (Sigma)
-~ .
0.5%, H,0, 0.001%2 in Tris-HCL pH 7.6 for 10-15 min on ice. Control
sections were igcubated with non-immune rabbit ‘serum instead of the
antiserum. Ail sera were gecomplémented at 56°C 30 min before
use, After washing the sections for half an hour in buffer some
sections were collected anﬁ mounted on glass slides1in glycer{n
jelly for light microscopy.

. Sections destined for electron microscopy were osmicated in 137
0s0, ia 0.1M cacodyléte buffer pH 7.4 for 1 h on ice. After
dehydration the sections were émbedded in araldite. The sections
were cured in plastic microscope slide "sandwiches” thus ensuring
that the sections remained flat. The area of interest was found
under a light microscope and the "sandwich" was then glued to an
araldite support. Thin sections were cut with an LKB ulﬁramicrotome

and the sections were studied with a Phillips 300 electron

“microscope with and without uranyl acetate staining.
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7.7) Post-embedding electron microscopic localization of chick

duodenal D-CaBP-1I1

cﬁThe duodenum of three Eifferent chicks was fixed in 5% acrolein
(Polyscience) for 15 min at 0-4°C and then thotougﬁly washed in
cacodylate buffer. In one experiment pért of the duodena were
embedded in araldite while in subsequent experimenls the duodeﬁa
were embedded in Lowycgil K4M at -20°C (JBEM, P.O. box 693, Pointe
Claire, Dorval, Quebec, Canada, H9R 4S8). Thin sections were‘placed
on 300 mesh nickel grids. In one experihent we atteméted t: localize

D-CaBP-I on araldite sections with the PAP method (Sternberger,
1979). i —

o -

‘The sections were etched by f{iotation.for 3 min at room
‘temperature on a drop of 57 H202 on a glass slide. The sectioﬁs were_'
jeF sprayed with isotohic saline. Subsequent reagédts wer-e applied
by floating the sections in shallow depressions méde in a sheét_of
parafilm in covered petri disﬁéﬁ.at room temperature'unless stated
otherwise. All dilutions were made in pH 7.6 Tris-HCL buffer. All
buffer solutions were filtered through a 20 pm Millipore filter
before.use.and antisera were decomplemented at S6°C for 30 min

The sections were floaged on a droﬁ of normal goat serum (NGS)
diluted 1:30 for 5 min followed by blotting. The sections were then
floated on a drop of diluted anti-~D-~ CaBP and control sections were
floated on a drop of non-immune rabbit serum (NRS) for 48h at 2-5°C.

For the last 1-2 h of incubation, the sections were brought up to
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room tempgrature. Serial.dilutions (1:100-1:10,000) of the antise}uﬁ
and NRS in buffer containing 1% NGS were tested. The jet washéd and
blotted sections were incubated in NCS (1:30 dilution) for 5 min:
followed by blotting. The sections were inc;bated in link antiserum
(goat anti-rabbié antiserum, Bionetics) diluted 1:10‘fo: 15 min
followed by a jet wash and blotting. Another inCubatioﬁ in NGS was
followed by‘incubation‘in PA? coéjugate (goat peroxidase | -
anti-peroxidase, Bionetics) éiiuted 1:50 in buffer containing 1% NGS
for 15 min. Bhe grids were held in a forceps and immersed for 10 min
with continuous agitation in freshly prepared 0.01257% 3,3'
d%aminobenzidine-HCL'(Sigma), 0.025% ?292 in O.bSM Tris-HCL pH 7.6.
The grids were then rapidly transferred to another beaker contaiﬁing
double distilled water and kept under continuous agitatiog._The
sections were jet washed.with double diétilled water, blotted and
placed on a filter paper. Finally the secfipns were floatedqoﬂ a
drop of 4% 0sO, in a porcelain dish for 25 min. The Sections were
jet washed with double distilled water, dried and studied‘}ith a |

Phillips-300'electron microscope.

7.8) Localization of chick duodenal D-CaBP-I with colloidal gold
oated with goat anti-rabbit IgG. o
. .
The recent development of iow temperature embedding with the-
resin Lowicryl K4M (Carlemalm et al, 1980; Kellenberger et al, 1980)
offers better preservation of antigenicity, fine structure as wei;

as a lower degree of non-specific intefaction between the

—
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. immunological reagents and the embedded tissue than araldite or epon

resins. Localization with colloidal gold to visualize provides us

L]

-~

with a highly specific labelling technique whiIe7%¥eéerving fine

detail.

Chick duodehrum fixed with acrolein was embedded in 3 different
media: Epon (Coulter, 1967), Araldite (Coulter, 1967) and Lowicryl
K4M (JBEM). 'Thin sections were cut with an LKB and Sorval

ultramicrotome and placed on nickel grids. .

—

All diluéions of the reagents were made ;ith 20mM Tris-HCL
buffer pH 8.2 which was filtered through a2 20u Millipore filter.
Incubations were performéd by floating the.grids on.a drop of 17
ovalﬁumin solution (Sigma) for 5 min and then transfe}ring them
directly to a drop of anti-D-CaBP-I diluted in 1% ovalbumin for 2 h -
in a2 moist chamber. Serial dilutiogé of antiserum (1:100-1:10,000)
were tested to find the dilution giving the Pest results. The
antiserum step waS'omitte& from the control sections. The grids were
.then.jet washed with Tris buffer, dipped in thelsame buffer 3 times
and -then blotted. The géctioﬁs were ﬁhen-floatéd on a drop of
colleidal gold suspedsion absorbed.hith goat anti-rabbit
imd}&oglobqlin (GAR-G10, Janssen Life Science.product, SPI, P.0O. box
44, Station S, Toronto, Ont. Canada, M5M 4L6) and diluted 1:20 with

Tris buffer containing 1% ovalbumin. The sections were again jet

washed and dipped 2 times before being blotted and fixed on a drob

-

<7

of 1Z-glutaraldehyde. After fixation the grids were washed twice in’
double distilled water and left to dry. The sections were stained

for 4 min in the dark with uranyl acetate and théqrfor\SO seconds in

-
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lead citrate. The grids were studied with a Phillips 300 electron

microscope.

8) Measurement of antibody production in normal and.rachitie chicks
- . ] _ : » ’

One day old hatchlings were received from ADRI and éere_divided
into 3 groups..One group of six chicks was fed normal chick feed;
the second. group of eight chicks wgs.ﬁed_a gachifogenic diet
cﬁntaiging hiéh calcium and the third group of twelve chicks was fed
a rachitogenic diet without calcium. When the chicks were 3 weeks
old they were injecﬁed intracardially with 0:1 ql °f1§ Q.SZ
suspension of sheep red blood cells (SRBC) in normal saline.
Controls received the same amount of normal saline. Fi@e days later
the chicks were anesthetized with 35% chloral hydrate (0.1:1/100gr -

. of body weighé). Blood‘was collected by intfééérdgac puncture and
divided into 2 aliqots, one‘fcr total serum c¢alcium determination
_aﬁd.the other for the estiggjﬁ»n of aptiboﬁy titers. Antibody tite{s

L4
-were determined by the microtest. method .(Gross and Seigel, 1979).

.

. . . - <
Twenty five ul .of saline was placed in each well of a 96-well plate.
- . ! . !
with conical shape depressions. Serial dilutions of 2§pI'§TE§ﬁa

S —

aliquots were made and 2§pl of a 0.75%Z suspension of erythocytes was
added to-each well. The plates were sealed and incubated overnight
‘at 36°C. The highest serum dilution resulting in agglutination was

determined and the antibody titer was expressed as Log 2 of its

reciprocal value.

W
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9) Statistical methods
Means, standard deviation, standard error of the mean (S.E.M.)

" and Student's t test were calculated according to standard

pfocedures,(Snedeéor and Cochcran, 1968).
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III.RESULTS

Section 1: The movement of Calcium in chick duodenal mucosal cells.

1.1) The effect of vitamin—b-deficiency on alkaline phésphatase,
Ca+2. Mg+2-ATPase. Nat, Ca+2:i?Pase and Na¥, KT-ATPase

Calcium pumps in the plasﬁa membrane are thought to be the
primary regulators of intracellular calcium c;Htentration. However
the factors which.regulate the activity of -enzymes iqvolved in the
transmembrane flux of calcium are not well known. Since the
concentration of duodenal D-CaBP is responsive to the administration
'oﬁ calcitriol in rachitic chicks, it seems possible that D-CaBP
plays a catalytic role in the regﬁlation of the activity of plasma
membrane enzymes such as Cat2, Mg+2-ATPase and Na¥, Ca+27ATPase
which are beiievéd to be involved in the process of calcium
extrusion. A survey was therefore carried out of the effects of
vitamin D-deficiency on the acfivities of alkaline phosphatase;
Na+,K+-ATPase, Na*, Ca*t2-ATPase and Ca+2,Mg+2—ATPase (Materials and
Methods section 4) to determine whether the activities of
membrane-bound duodenal ehzymes are a%fected by-the vitamin D-status
of the chick.

Chicks kept from the time of hatching on a semi-synthetic
vitamin D-freg diet were typically rachiEic when they were 4 weeks
old. They had a lower-body'weight and lower total serum calcium
concentration (Table 1) than the control animals; they experienced

difficulty in stending up and upon dissection a "rosary" rib cage _
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became épparent.r -

There was a 3 fold decrease in the élkaline.phosphatase
(ALK-Pase) activity in the duodenal homogenates of rachitic chicks
compared to thgsagtivi;y in normal animals (Table 2). |

In the absence of reliable and consistent data in the
literature, it was deemed necessary to conduct a preliminary sEiies
of experiments to determine the optimum calcium coﬁcen;ration for
the measurement of Ca+2,Mg+2 -ATPase acivity in the presence and
absence of 0.5mM Mg+2 (Graph 1). In the pre;ence of 0.5mM Mg+2
ATPase acti;ity displayed-Michae}is-Menten kinetics. Maximal »°
activity was reached in the presence of 0.5mM Mgt? when the
concentration of calcium in the incubatioﬁ medium .was 2ZmM. Siace 2mM
ca*? and 0.5mM Mg+2 prov%@ed the most suitable conditions to measure
Ca+2.Mg+2-ATPase activity, these concentrations were subsequently.
used in the determinations. In the presence of 2mM calcium and 0.5mM
magnesium, the activity of Ca+2.Mg+2 -ATPase was significantly
decreased (p<.05) in rachitic chicks (Table 2). .

A statistically significant difference was also{;ound in the
ATP-ase activity of duodenél'homogenates obtained from rachitic and
normal chicks and measured in the presence of 100mM sodium and 2mM
calcium (p<.05).(Tab1e 2). There was no significant difference in
Na+,K+-ATPase activity between normal and rachitic chick duodenal

homogenates.

Centrifugation of the homogenate at 45,000g for 20min resulted

in a supernatant and pelleted fraction (Materials and Methods

section 3.1). The supernatant contained soluble proteins, including
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D-CaBP and calmodulin, while the pellet contained brush border and

. ,basolateral plasma membranes along with cellular organelies. Table 3
summarizes the activities of Ca+2,Mg+2-ATPase and.Na+,Ca+2-ATPase in
the supernatant, pellet and whole homogenate obtained from normal
and rachitic chicks. The a;tivities of both of these enzymes were
significantly reduced in the total hoﬁogenates and iﬁ the
supernatants obtained from rachitic chicks, ;hile the activities
remained essentially unchanged from normal values in t%e pelleted
fractions. These results suggest the existence of a factor, possibij
D—gaBP, whiﬁh is present in the supernatant of duodenal homogenates
dbt;ined from normal chickg but which is absent in preparations
obtained from rachitic chicks. Such a factor may be ;nvolved'in the
full activation of both enzymes.

In‘order to study in more detail the effects of vitamin D and
D-CaBP on the activity of these enzymes as well as to identify
whether Ca*2 Mg*2_-ATPase and Nat,Ca*2-ATPase are brush border or
basolateral membrane enzymes, I gttempted to purify the brush border

- and basolateral membranes simultaneously from the duodenum of the
same chick, usigg the method of Mircheff and Wright (1976)-
(Haterials and‘Methods section 3B). Table 4 shows the distribution -
<of the main plasma membrane markers in duodenal homogenate fractions
obtained fram a normal 3 week old chick. According to the procedure
‘'used, pellet .4 (P,) should be enriched in basolateral méembranes and

pellet ¢ (P

9) in brush border components. Pellet &4 was indeed-

enriched in Na+,K+—ATPase which is a marker enzyme for basolateral

membranes. Since the properties of the Ca+2,Mg+2;ATPase present in

\—*_—-—‘-p.
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the brush:border are different from that in the basolateral membdrame
(Mircheff and Wright, 1976; Van Os et al, 1981; Ghijsen et al,
1982). I studied the effect of various ca*? cqﬁcentracions and pH on
the enzyme activity in P& and Pg. The Ca+2,Mg+2—ATP;s? present .in
the pellets behaved Hifferently; P, having a'much-hiéher activity at
all-calciuﬁ concentrations tested (Graph 2) and a sharply biphasic
activity at various pH 1evel§ (Graéh 3. This'indicgted that some
separation of brushvborder froq basolateral membranes was achieved
'.during the fractionation procedure.

Fou; trials were attempted to separate the basolateral
membranes from the brush border fraction. The sucrase activity which
is a marker. for brush border membranes was always higher ?p P4 than
in P9 indicating either that the brush border membrane preparatioﬁs
were contaminated by basolateral membranes or that substantial
damége to the brush border membraﬁe coﬁstituents occured:

In addition to the biochemical determinations of enzyme
aétivity} an electron microscopic study of pellets 4 and 9 was also
carriéd out in order to assess the purity of the fractions. In P9
intact nuclei were present and the brush border elements were
deformed. In Pg numerous membrane  vesicles were present in addition
to mitochondria. The success of Mircheff and Wright's (1976) methbd‘
is heavily dependent on thé fact that the brush borders remain
intact. Itrseems that chick intestine may be more fragile than ?&gd/’
intestine us%E/by Mir;heff\énd Wright. Even when homogenization was

reduced to a minimum, sucrase activity remained highest in Pz.as‘

shown in Table 4. This indicated that the brush border and
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basolateral membranes were never adequately separated. To this date
all successful simultaneous separation of brush border from
basolateral membraﬁes have been achieved only in the rat (Douglas et
al, 1972; Murer et al, 1976; Fujita et al, 1976). Hence it is

possible that the presently available techniques'arg not suitable. to

use with chick duodenum as the. experimental tissue.

&

] s
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1.2) Relationship between total calcium content and vitamin D status

'in duoiﬁnal qgsgsa from fed and fasted chicks

Originally it was hoped that by correlating the localization

and activity of duodenal membrane marker enzymes with_concentration“

changes.of calcium and D-CaBP it could be determined whether D-C@BP

played a Qirgct role in vitamin D-mediated calcium absorption.

A quantitative study of the total calcium present in the
_duodenél mucosa of 4 week o2d normal and rachitic¢ chicks was carried
out (Materials and Methods secéion 6.2). The chické‘were.further

subdivided into 2 subgroups: the animals in one subgroup were fasted |
' .

for 18h (non-transporting duodenumj while those in the second
subgroup were fed normally (transpprt}hg duodenum). In.the duodenal

P . : "
mucosa of normal and. rachitic chicks which were’ fasted overnight

— T ,

there was no signifiéant difference in the total calcium content as
measured by atomic absSorption spectrophotometry (Table 5) betwiii'i;/

the two groups. In the ‘duodenal mucosa obtained from rachitic

!
/

feeding chicks the caXcium concentration increased almost twofold.
—— .

The amount of calcium present_in feeding and fasted normal chick
duodenal mucosa was not significantly different from that measured

in rachitic fasted chicks. The abgwe results as well as data in the

literature, indicate that the mpetslikely explanation for the

increased intracellular total calq(ﬁm concentration is decrease

S

eXtrusion.
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Section 2: Evaluation of fixatives.

-

-2.1) Evaluation of fixaéives electron microscopic localiiation of
D-CaBP-1 in Vitamin D target cells. | |

In an extended series.df expéri@e&ls fizatives which are used
-in EM studies were evaluated at tﬁgﬁlgght‘micrOSCOpic (LMD leyei.
‘The duodenum of 3-4 week old Leghorn chick; were flixed as described
previously (Materials and Methods section 7.4) embedded in pafaffin -
and‘staiqed fér D-CaBP-I according to the short indirect qetﬂod
(SIM)._The staining was ﬁompared with the results obiained with
frgezé.sﬁbstitutea materiai (Janqe.et al, 198la). The duodenum was
consideredyto be the best test material since diffusion and
adsorptién of the. prdtein antigen-to mucus contained in the goblet
.celrs~can easzly be gé%ected at the LM level.

Fltatlon in paraformaldehyde lnd/or glutaraldehyde resulted in
inconsistent aﬁd uneven deposition of the g&actlon product in the
enterocytes along the length of.. the villi (Fig. 1). Along the sides
of the villi some goblet cells_and brush borders we;e poéitive:

These f%xat;ves peqetrate felatively'slowly and theiqkfixatign power
is weak. Considerable_immunoreact}v&ty can be lost by the diffusion
of the protein out of the cell.

Acrolein is an aldehyde with a very rapid penetratlng power

(Sabattini. et al, 196&) and can thus destroy &R ymatic activities by

over-fixation. However by using various concent ions and fixation
= i ' - FR : . .
+ times ad ate balance between fixation and preservation of
T .
-
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immunogenicity was found (Table 6). The best fixation was achieved
; .

with a 10% .buffered solution of acrolein (Kodak) for 20 min (Fig.

2). Control sections were always devoid of reaction product (Fig.

3). It should be noted that different batches of acrolein gave
. o - .
variable results depending on the differeat amounts of inhibitor

which had to be applied. Distilled acrolein from Polysciences is

more purified and gave more consistent results from ene batch to
another. A 5% buffered solution of acrolein from Polysciences for
10-13 mia at 0—4°C'gave similar results to the acrolein from Kodak’

- ) . ,
(Table 7). In an effort to improve the quality oflfixa;iSh, acrolein

"in combination with glutaraldehyde or paraformaldehyde was also

~ - o .
tried out as shown in Table 8. None of these combinations gave ’

-

better results than fixation with acrclein alone. -
Thus on the basis of light microscopic studies, a 20 min.
fixation with 107 aprolein.(Kodak) was considered to be a suitable

‘fixative. .

-~ . -

For the study of pre—emhedd}ng'staining of D-CaBP-I at the EM

level, chick cerebellum .was used as the test tissue. The‘reason for

this choice was the proven poor penetration -of the antiserum and of
the peroxidase conjugate into chick duodenal enterocytes. Since
Purkinje cells are large, - they are sectioned at the time of

preparatidn with éﬁe tissue cﬁopper'allowing for a betrer

penetration of the antiserum and other immunoreagents.
* . ) . . .
Paraffin sections of cerelellum fixed with acreolein as 1

described above were stained with chick anti-D~CaBP-I using the SIM.

Very dense reaction product was observed throughout the Purkinjie

i

o , ' " &
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cell bodies (Fig. 4). The entire dendritic tree was.distinclf

- outlined. The positive ;xoﬁal processeé of the Purkinje cells could
be traced to the.deep ce{ébellar nuclei. Neurons in this region were
devoid of reactién pro&uct and were outlineﬁ by the-sfnéptic endings
of the Purkinje cell axons. Control sections stained with non-immune
rabbit serum or with the supernatant from antigen and antiserum
mixture.at the equivalence point showed no staining (Fig. 5). When
40 um thick cerebellar sections were observed with the light

microscopeprior to osmication, Purkinje cell somata and gheir

) : &
dendrites showed the presence df dark brown reaction product. No-

staining was.observed in offer neuronal or neyraeglial cells in

‘either the granular or\in the molecular layer. These observations

are similar to those publighed earlier by Jande et §l (1981la).

2.2)_U1trastructufal localization of D=-CaBP-I in the chick

cerebellar .-Purkinje cells

Cerebellar tissue preservation with acrolein was adequate as

cellular morphology at the EM level wa%”gdéd. The electron dense

e

reaction product was seen- throughout the cytosol of Purkinje cells
‘(figﬁ 6-9) extending into the‘dendryte% as well as into the axonal

collaterals éhd axons reaching <into the deép cerebellar nuclei (figs

L]
10-14). *‘The dense reaction product indicating immunoreactivity
. - / .
.against D-CaBP-I was seen in between the various cellular organelles

“and actually obscured the various small structures such as

po?{?ibésomes, m}crdfilaments and micro%ybules (figs 6-9). The

S -

7
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mitochondria were completely surréuhded by the granular reaction
product. The mitochondriai'matrix as well as the ériStae appeared
similar to those of .egative cells (Fig. 13). The roﬁgh endoplas:ﬁi_c
reticulum was covered with reaction product to the extent that the
granular ribosomes were obscured. The reaction product was never
seen inside the cisternae'(Figs._7—9). Elements of the Golg{
apparatus failed to show electron dense reaction produét (Fig. 9).

The nucleus in some cells was completely devoid of reaction product

while in others it was just as electron dense as the cytoplasm (Fig.

6).

b

In the basal pbrtion of the dendritiﬁ trees, the 1oﬁalizafi§n
was similar to that in the perikéryon except that blank spaces were
seen in ﬁetween the dendritic organelles. The organellés such as
mitochondria and the various elements of the smooth endoplasmic
reticulum were all covered with reaction product (Fig. 10). In the
dendritic spines, reaction product was distributed along the inner
surface of the plasma &embrane, oq the/outer mitoehppdr{al-membrane
as well as on the occasionalt;}sterna of the smooth endoplasmic
reti&ulum. The postsynaptic densities also sﬁowed the presence of
electroﬂ'dense reaction product.(Fig. 13}).

In the Purkinje cell axonal recurrents and axons froa the

olivary nucleus neurons (Jande et al, i981b), electron dense  ‘°

-

material was seen adsorbed onto the cytoplasmic surfaces of all
. 4 -

structural elements: the plasma membrane, microtubules,

mitochondriae. and synapt;g‘ﬁesicles-(Figs. 12,14). The myelin sheath

“of axons going to the deep cerebellar nucleus was devoid of reaction
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proéuct (Fig. 14}

Material fixed in 0.1% glutaraldehyde Eonqaining &7

. v . "

paraformaldehyde was also examined. Thellocalization was similar to
that seen with acrolein; however, immunoreaptivity in the perikaryon
was greatly_deéreased. One‘éonspicuous difference was a much larger
n;mber.of positive dendritic spines in the material Eixed in
élutaraldghyde (Fig:_ls): Some of the postsynaptic densities
appeared to showzé'highe; concentration of reaction product.as well.
Tissue fixed in 4% paraformaldehyde‘showed poér cytology and greatly
decreased immunoreactivity compared to material fixed with aprolein.

Postsynaptic densities in the dendriftdc spines appeared'to‘pe'more

'piectron dense (Fig. 16).

' ~
2.3) Ultrastructural localization of D-CaBP-I in chick duodenal

enterocytes

One of the major drawbacks of the preembedding mephod is the

-
-,

poor penetration of the antiserum and‘immuﬁoreagenES‘wHich are’
molecules of relatively high molecular weight. This problem is.
'cir;umvented by using the postembedding metﬁod where immunoreagents
-
are uniformly exposed over the entire;area of.the-section.'A further
improvement in the exact localizationlof the antigen in question can
be achievéd by using colloidal gold as aﬁ immunoJEarker in embedded
material since it does not ‘obscure c}tological details.

]
However,application of the colloidal gold technique (as well as the

PAP metﬁod) to chick duodenum that was embedded in araldite or Epon
N .

, .
— { - , B}
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and then staiged for D-CaBP-I d;d not show any consistent staining.
On théaother hand, duodenum that was embedded in Lowicryl K4M
aﬁd-sﬁained with the colloidal gold method retained its.
1mmunoreact1v1ty towards D CaBP I. Colloidal gold indicating'the
presence of 1mmunoreact1v1ty towards D-CaBP-I was present throughout

the cytoplasm and nucleus of the entegocytes (Figs. 17,19—2L). The, ¥

marker was usually associated with denser areas where cytoplasmic

proteins have precipitated. The mitochondrial membranes and matrix

—

were negative and no colloidal gold was present in the cisternae of
the rough ‘endoplasmic reticulum (Fig.VZO) and Goigi ‘apparatus. In

the nucleus the euchromatin was p051t1ve (Fig- 20). No marker was

-present in the 1ntercellular spaces (Figs. 17,18, 21) and'only

background staining was present in’ the mucus of gobletrfells (Fig.

19) and in the brush border (Figs. 17,18).

.’

These experimenizﬂdemonstfated ;hat D-CaBP-1 is indeed an

. ) . ‘ . ¢ .
intngcytoplasmic prote The evaluation of the preparative methods

(fixation and embedding) .is an important step when localization of a

low molecular weight prétein suxh as D—CaBPQI is attempted. -
. - .

Acrolein, unlike ‘glutaraldehyde has given satisfactory results as a

fixative for studies of immunocytochemical localizatiom at the EM
! 4

level e

i
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Section 3: Classical vitamin D targets in soft tissues.

3.1) Light microsc0pié localization of D-CaBP-I in the chicklkidney
. - \ .

and df D-CaBPs in the vertebrate kidney. . \\;

The kidney is a classical vitamin D target involvé&iig;tzé>
‘regulation of the biotransformation of 25(0H)D3 into 1, 25(0H)2D

In 1971 Sands and-Kessler found that the cortex of the,ﬂog kidney
had a hlghe{\331c1um binding capacmty than the medullaz‘S;nce theg
the preserice of D-CaBP-I hag been well documgnted in FEE?chick
(Taylof.and Wassermaﬁ, 19729 :reptilian (Rho;en et a1.71§8§) and in:
mammaiian’kidney: human (Morrissey and Rath, 1974; Staun et al,

"7 1984), pig (Arnold et al, 1975), ram (Hermsdorf and Bronner, 1975;

Pansini and Christakos, 1984) and mouse'(Delormg/é; al, 1983).

Using antisera against chick—dgodénal D-C&BP-I, human

cerebellar D-CaBP-I and rat duodenal D-CaBP-J¥I, I have localized

D-CaBP-1 in the embryonic and adult kidney of the chick, as well as
in mouse, rat, frog, pig, monkey and human kidney and DQCQB?—II in

the rat kidney. S 5
. h Y

s

3.1.1) Evaluation of.specificity of antisera

S

In order to evaluate the specificity and cross feactivity of

the 'antisera, sectioqs of cerebellum, and duodenum of both ch®ck and

rat were stained with the amtisera. It was found‘(table 9) that the

antisegb against chick and human D-CaBP-L stained the Purkinje cells

Y
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'
in -the cerebeéllum of both énimals (Fig. 24, 28) éqd;also the
duodenal enEerocytes of the chick (Fig. 22). fhe antiserﬁﬁ against
rat duodenal D—CéBP—II stained the enterocytes of the rat §nly (Fig.

27); as described earlier by Marche et al (1979b). This aatiserum

did not stain any structures in the cerebellum of either the chick

o}.thé rat NFigs. 25, 29). Both the PAP and the SIM techniques
yieldéd similar results.“Howeverf'the former gave superior
locall ithout any background staining at all.

3.1.2) Localization.of D-CaBP-I in the vertebrate kidney.

Staining with antiserum against D-CaBP-I of human cerebellar
origin gave identical results to those obtained with antiserum
against chick duodenal D-CaBP-I. liowever staining with anti-human

D-CaBP-I did not give as muth reaction product deposition as‘

" staining with_an;i—chick'D—CaBP-I. The following description

g‘_;hérgfére applies to both antisera unless stated otherwise.

-

—
The dark brown reaction product was always seen intracellularly
in certain cg&ls of the nephron and was never seen in any cells of

-

the interstitium. _ . _ °

a) Embryonic chick _kidney . . 3 ) | ‘..j

In 2 day oid :Lick emﬁryo prqnepﬁtos, n; structures weré ./

Stained (Fig. 30).jIn.day‘S:chick embryo mesonéphros; cells of thé-

mesonephric duct were positive and aé the :gﬁﬁetting and midsegment

tubules wpre’fofming m;ré aﬁd more cells beeaﬁe pos@pive‘(Fig. 31).
. @

.

‘/:;’;/ R
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The glomeruli,~ﬁain segment and the portion of the ‘mesonephric duct
in contact with the tubal ridge was negative (Fig. 31). In 14 day
old mesonephros (Fig. 323 The main segment tubules could be
tﬂEﬁEified by their brush borders and these tubules'were negative.
D-CaBP-I was present in the cytoplasm of cells in the mid- and
connecting segment. Tﬁe portion of the mesonephric duct ih contact
with the tubal ridge dlways remained negative (Fig. 33). In the
metanephros, the distal tubules surrounding the ceﬁtral'veins ¢
stained between day 10 and ll.of‘inéubatidh. On day 10 just1a few"

scattered tubules were positive (Fig. 34) but from day 12 onwards

the number of stained tubules rapidly increased (Fig. -35). All other .

structures remained negative. : | v

.b) Chick kidney ° ﬁL#Jr//““fﬁ\\p/ L
) In the 4 week old chick kidney < reaction product was seen in
U ' " : )

the strgfght as well as in the bonvoiuted'segment of the distal

» ;
tubules which surround the central vein (Fig. 36). Alléother
stfuctures_includiﬁg the glomeruli, proximal'cénvoluted tubules and
medulléry ducts were negative (Figs; 36.37). Control seﬁtibns
inc&ba‘wg Qith non-immune rabbit serum aid not show any reattiﬁ&
product at all. The 1oc§£i2ation of D-CéBP—I in the chick eﬁbrydﬁic

o

and adult kidney is.summarized in Fig. 38.
A1
¢) Rat, mouse, frog, pig, monkey and humag kidney
.Control sections of all the tissues investigated were devaid of-

reaction product- (Fig. 39). The following description applies to ali
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Fa

“7isthe species studied except for the goldfish kidney which did not

show any staining. The most dense accumulation of reaction precduct
was seen in :ﬁ% cells of the oistai convoluted tubules (Fig. 40,41).
The reaction prodoct was distributed throughout the cytoolasm and

was only infrequently found in the nuclei of these cells. The

'distribution of the reaction product was not homogeneous in, the

cytoplasm since the basal regions of the positive cells stained
,l. . ‘ 0

lighter than the apical portions (Fig. 42). Usually only isolated

cells were pOSltlﬁF near the beglnnlng of the distal convoluted.

segments (Flg 41) whlle the number of p051t1ve cells gradually

increased along the length of the tubule. Thus there was no precise

demarcation of the-limit between the ascoﬁding lidﬁ of ilenle's loop
and the distal convoluted tubule The initial segment of the\\{
collectlng tubule also gave a marked positive reaction. Towards™the
dlstal portion of the cdllecting tubule,.agaln there was no sharp
deoércotion betweedl SEtained and unstaioed cello. The number of

positive cells gradually decreased over a short dlstance and \\\\"-
finally ceased altogether. The cells of the macula densa were always
- negative. The renal corposilo as well as the juxtaglomerolar cel}s
of the afferent arteriole were always negative.
In the suck%ioé rat pup, in adoition to the localization

. ‘
gyescribed above, interspersad positive cells were present all along

l.the‘collecting duct (Fig. 43)' In the monkey kidney, in addition to-

ﬁghe locallzatlon described above; the reactlon product was %,so seeds
‘1n cells along the entlre length of tke collectlng tubules, i.e.,in
. {

the arched and sfalght portions as well as in the papillary ducts

Y A | A )
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[N

(Fig. 44,45). The intracellular distribution of reaction produbt was

nato—

more homogenous thqp in the cells of the distal convoluted tubules
(Fig. 45). N ' "

1

3.1.3) Localization of D-CaBP-TI in. the rat kidney .

v

/ >

0f all tﬁe.kidney sections studied positive reaction with
antl-‘rat duodenal D- CaBP II was observed only in the’ kldney of the
rat.0nly cells of specific segments of the nephron were stained and
all the other cells as well as the components of the énters;i;ium

.

were.negative.

The strongest staining was seen in the same cells as described
abo;e for imm&poreactivity'with anti- D-CaBP-I, i.e., the distal
convoluted tubules and the 1n1t1al segment of the collecting duct
(Fig. 464 . The cells of the thick ascendlng limb of Henle s loop anfﬁg
throughout.the length of the collectlng tubules, i.e., the arched,
straight and pépillary ducts, also stained positively (Fig: 47,48).
The staining was always intracellular addfthe reaction product was
concentrated ip the apical cytoplasm-of‘pdsitive cells\(Fig. 49).

The cells of the macula densa shgwed a faint staining and the
reaction product was seen mostly'in.the apical region of the»ceil
(Fig. 50). Statning of D-CaBP-II in the sucklzng rat pup was
identical to that of weaned rats (Fig. 46-50). :

The overall stalnlng.lnten31ty with antm}ﬂiCaBP-II was less”

‘than that obtained with_antilD—Cagyﬁfi No reaction product wes evér

_seen in the lumen of the tubules B in any cells of the repal
RN - -

Y,
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corpuscle or the juxtaglomerular cells of the afferent arterioles. A
summary of the staining reactions of the various regions of the

nephrons in the specimens studied is presented in Fig. 51.

&)

- ) . e
e

-
(*
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3.2) Light micréscopic localization of D-CaBPs in the salivary
.". )

glands of -the suckling and adult rat

»

Vitamin D-dependent calcium binding activity in the rat
" salivary glands was first reported by Ereund,Volpe and Wifkbwski
(1977). The methodology used by these investigatqrs did not perme
the exact 1ocallzatlon of D—CaBP nor its characterization.
The_pfqgept experiments were_tﬁerefore conducted to localize

D—CéBP-Iland II in the Sublinéual,submandibular and parotid glands

of suckling rats.

—

. The dense reactlon product 1nd1cat1ng the presence of D- Caﬁ//II
wii/p;esent in the cytoplasm of the—cells’ ofﬁthe entire ductal
system i.e. from.the intercalated'dﬁcts‘to the excretory duc s in
all 3 types of.sali;afy glands (Figs. 52,53,54). In the paTdtid the
staining of the ductal cells was denser than tfiat observed in the
other guo sallvary glands. In rats older than 1 month the. sta:nlng
was drastlcally reduced and aﬁpeared extremely faint. Positive
results were obtained only with ‘antiserum agaigét‘D—CaBP—iI. Né
staining-was obtainéd when iiﬁﬁigns were incubated with

anti-D-CaBP-I (Fig. 55). Control section’s incubated with non-immune

rabbit serum did not show any staining-.'
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_%.3) Light mic;osdopic localization of D-CaBPs in the developing

incdisor and molar teeth of the rat. I - -

Most studies involving- teeth have foaused on the effects of
vitamin D-deficiency on the mineralization of” dentin (Becks and
-~ ) ' . é ’
Ryder, 1931; Schour and Ham, 1934; Yoshiki et al, 1974; Engstram

_ e ;
al, 1977). Studies were conducted therefore to'establish whether

” : ) ]
vitamin D target cells are present in the rat tooth.

The incisoraanﬁ molar teeth of 7 to 9 day old rat pups were
,stained with antiserum against D-CaBP-I and D-CaBP-II. The

ameloblasts of the C%d;iifOUSIY erupting rat incisor and develaping
. - e “ ‘
molar tooth werege the only structures that stained with anti- serum
against D-CaBP-I (Fig. 56). No structures weré stained with

non-immune serum (Fig. 57) or anti-serum against D-CaBP-II (Fig. 58).

The terminology of Warshawsky (Leblond and Warshawsky, 1979) is

: used to describe the developmental ggages of the ameloblasts. The °
/—'*-— ' = .

developing ameloblast facing the pulp in the zone of presecretion

did not cdntain any D-CaBP-I (Figs. 59a,60a). The first sign of

~

staining for D-CaBPP-1 was observed in the cytoplasm of ameloblasts
in the zone of presecretion facing the dentin (Figs. 59b/A0b). In
the initial portion of the zone of secretion, the smooth- surfaced

- . ¥ .
ameloblasts were homogeneouily'stained for D-CaBP-I (Figs. 5%c.%1c). -

In the major portion of the zone of secretion where the anmciaihlasts |

. . . 2
mature, the reaction for D-CaBP-I became mgre intense and i gl
into the devaloping Tome's processes (Figs%. »56, 59d,604). The

LY

’ i o T . - a
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presence of D—CgBPJi was also observed in the region of .shortened

and reduced ameloblasts in the zone of maturation (Figs. 59e,f,
60e,£). .
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Section 4: Nonm-classical vitamin D target cells

4.1) Neurons

Since the presence of D-CaBP-1 has been demonstrated in central
nervous systéh neurons (Jande et al, 198la, léélb; Roth et”alt 1981;
Baimbridge and Miller,.1982; Rabie et a1.11983; Feldman and‘ ]
Christakos, 1983; Garcia-Segura et al, 1984), the involvement o?
D-CaBP in calcium Franslocation in classical vitamiQ D target organs
has been debated. The cerebellum contains the highesi amount of !
D-CaBP in the CNS (Taylor, 1974; Baimbridge et al; 1981, 1982),
localized in the ?urkinje cells (Jande et al, 198la). Because of the
lack of turnover of neurons, the vitamin D-dependency of D-CaBP-I in
thg cerebellum could be demonstrated only affer_chr;nic
‘administration of high doses of caicitriol (Taylor, 1977). By
following the devélapment of D-CaBP-I staining in the chick
embryonic cerebelbunm ané retina it was established that D-CaBP-I
appeared early in ovo during the ontogeny of the-Pﬁr@inje cells and
in ;érﬁain retinal cells thus explaining the lack of responsiveness
of cerebellar D-CaBP-I to the vitamin D s£atﬁs of older chicks —
(Taylor, 1974).

Using the PAP technique and antiserum againﬁt chick duodenal
D-CaBP-I and human cerebellar D-CaBP-I, the cellular localization of

p-CaBP-I was investigated in the cerebellum and retina of embryonic

chick, 4 week old normal and rachitic chicks, and in the cerebellum
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of the goldfish, frog, mouse, rat, and rabbit. Although both
antisera gave identical results, staiping with antiserum against,

human D-CaBP-I was always fainter than with antiserum against chick

D-CaBP-I. - ' L
4.1.1) Cerebellun

In chick embryonic cerebellum, small fibers hear'the pia mater
were faintly labelled on day 9 of incubation‘(?ig. 61). On dﬁy'IO
the external granular layer could be i&entified a£ the surface—of .
the cortex. Some positive fibers were thickér than those labélied on
day 9 and in the deep nucleus some fibers were positive (Fig. 62).

Cn day 12, positive cell bodies could be recognised as migrating
Purkinje'cells forming the boundary between the molecular and
granular 1a3grs,(Fig. 63). The morphoiogical maturation of Purkinje
cells in the following days could then be easily followed (Figs.
64,65). In the 16 day old cerebellunm, staining for D-CaBP-I was seen
throughoes, the cell body, axon and the dendritic tree of the
Purkinje cells, expanding into the granular layer (Fig.°66). In the
hatching chick (Fig. 67), staining was found to be vkry similar to
that described for‘tﬁe 4 week old chick by Jande et ai (1981). _

- In the goldfish (Fig. 68), frog (Fig. 69), rat (Fig.-70,71),
-mouse (Fig. 72) and rabbit (%ig. 73) stéining for D-CaBP-1 in the
cerebellum was always present thfgdgho;t-the Purkinje cell body,
including the dendritic tree and axonal process. Antiserum against

human cerebellar D-CaBP-I also stained the Purkinje cells, but the

-
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staining intensity .was not as dark as that obtalned with the
~

-antiserum agalnst chick duodenal D- CaBP I (Fig. 71).-Th15

e
‘\

demonstrates the wldeSpread_occurence .0f 'D-CaBP-I in neurons as well
as the interspecies cfoss,reacti&ity between the antisera and
. ° ‘

antigen from different species and tissues.

4.1.2) Retina -

Since énly specific neuronal cell populations of the central
nervous system have been shown to contain D—CaBP—I.an& since the
fetina is an extensioh of the diencephalon, an investigation of the
possible presence of D<CaBP-I in the rgtiAa was carried out.

1

2.1.2.2) The 4 week.0ld nornal _chick retina'

The hisﬁology of the chick retina is well known (Hodges, 1974)
‘and the positive retinal neurons-have been identified accor?ing to
their location. Inner to the pigment epitheli;m is ;he receptor cell
layer which contains various morphologically distinct types of -
photoreceptor cells (Meyer and Cooper, 1966; Morrls and Shorey,
1967). All receptor cells (RC) have been found to contain the dark
reaction product indicétive.of the presence of DTCaBP-I. Various
structural Yegions of the receptors,l namely the inner segment, the
cytoplasm surroundiﬁg the nucleus, some;0f the nuclei and all
synaptic pedicles were positive for D-CaBP-I- (Figs. 74,75). There

- was a sharp demarcation at the outer limiting membrane, because the
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;outer nuclear region showed con51derab1y 1esser amounts of D-CaBP-I

stalnlng (Fig. 75) Only occasional receptor cell nuclei showed
posotlve staining. The synaptlc pedlcles were always darkly stalned
and appeared as a distfhct layer. Muller cells, which\ighe part in
the formation of the external limiting membrane through their
junctionalscomplexes withjtﬁe receptor ceyls'did not show any
staining (Fig. 75).

The outer plexiform layer (OPL) where the pedicles of the
receptor cells form synaptlc connections with the horlzontal (HC)
and b;polar cells (BC) was positive (Fig. 75). Quite often in the
outer plexiform layer, two stratifications were distinguishable: an
outer one which represehts the synaptic peoicles of the
photoreceptors and an inner one which is coﬁoosed of the cell
processes of the horizontal and bipolar cells. Further inwards i;.
the inner nuclear layer (INL) which contains four types of cells;
horizontal, bipolar, Muller and amacrine cells (AC). The main_cell
body of the hori;ootal.cell. including the nucleus and the cellular
broceeses-taking paft-inﬂthe.fonmation.of the innef_pLekiform layer

were positive (Figs. 7&;75). It appears that most‘of‘reaction

product was deposited on the outer side of the nucleus,(?ig. 75).

The nuclei of the bipolar oells are-situated in the'ouEer half of
the INL. Only a few scatfered nuclel in this reglon were positive’
(Fig. 75). Muller cells which begln at the outer limiting membrane
and end at the inner llmltlng membrane were completely negatzge. In
the INL, closest to the inner plexiform layef.(IPL). are the
aoacripe cell bodies. Although it was not possible to identify the

e’ ~
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different tygeé of these cells as described by  Cajal (1972), it is

apparent that some of the positive cells are -indeed amacrine cells

-]

———

(Fig. 75). Their location in ihe INL and their branching: pattern in

the IPL support such a conclusion. In a number of poéitive amacrine

.
A

cells their branchiné cellular processes coﬁl@ be seen extendiné g
into the IPL where they takelpart in synapti; connections (Fig. 75).
- In ;he avian retina the IPL is made up of man{ hoii;ontaldb
‘layers as a coﬁsequence of the stratification of the synépses
between the bipoiﬁr. amacrine and gangiion ceIls.‘In our
-ﬁrgparatibns five iayers'céuld bé distinguished due to the
deposition of Ehe reaction‘product;-;wé 6f these layers‘were very
prominent (Fig.'?4}753. | |

Control éeqﬁion; incubated with normal rabbit serum did not
" show any reacﬁion préduct in the eﬂtire ;etina fFigu 76). The pecten
which ié‘a‘projection of the ventrai surface of -the aviéﬁ-%ye into
the vitreousAbody'is a thin, darkly pigmented lamina folded fanwise
upon itself (Hodges, 197&).‘This structure did not contain any
reaction product for_D-CaBP—I (Fig. 77)." ] .
4;1.2ib) The 4 week o0ld rachitic chick retinai

The overéil staining for D-CaBP-I ?n}ihe retina?of-chicks

fed'a rachitogenié diet for 4 weeks was fainter than in the retina
of c@;gks fed a normal diet. The‘;eceptor cells showe@ less reaction
product but each <cell's synaptic pedicle was positive and thus thé

outer region of the outer plexiform layer was well defined by the

AN
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dark reaction product (Figs. 7§/79). The horizontal.cells, their

main ¢ell body, the nucleus and their cellular processes in the

outer plexiform layer were combletély negative (Fig. -78). This was

very clear in the tangential §ection‘of the retina (Fig. . 79). Some
_ - .

of the bipolar and amacrine cells were positive (Figs. 78,79). The

[

various layers in the IPL were less distinct (Fig. 79). Sonme
ganglion cells were also positive. Apart from the absence of

reaction product in the horizontal cells, né other major difference

from the normal retina has been found.

¢) The retina of the chick embryo and of the growing chick.

In the emﬁryonic retina the first faint staihing for D—CaBP;I
appeared on_day 9 in scattered neurons in the lower third of the
inner nucleaf layer; these neurons are probably amacrine cells (Fig.
80). By day 12 staining in amacrine cells increased and scattered

ganglion cells were also positive (Fig. 81). On day 16, the inner

segment of receptor-cells were positive (Fig. 82). On daf 17,
stainiﬂé in the receptor cells increased” and bipolar cells were
.posit£;e. Some layers of the inner plexiform layer-where.amacrine
cells .synapse with gangiion cells were bqsitive (Fig. 83). On day 18
(Fig. 84) the staining ﬁattern was already similar to that o{
haéchlings (Figs. 85,86). The receptor cells, especially the
segments situated.in the outer nuclear layer wéré'positive for
D-CaBP-I. The horizontal cell bodies along with their nucleus and

R . . - F-J
extensions to the outer plexiform layer were but faintly positive
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(Figs. 85,86). Soﬁe amacrine cells and probably some 5ip6ié:«éells
were glso positive (Figs. 85,86). Interior t; Lhe‘iﬁner nucléér
layer, no difference was obs;rved fgom the normal 4 week_ﬁld retiﬁa.
Stratification of the OPL became evident in the retina of the 2 week
old normal chicks. Thé outer stratum, f:rhed by the synéptic
sedicles of the recgp}pr cells "and the inner stratum fo£;ed Sy
processes‘of the hﬁ;izontal cells, were visible due to the p;sitivé
staining of the ho;izon£a1 cells (Fig. 87). No major difference was
observed in the inner layers of the hatchling retina when compared
lto the reti?a of the 4 week old normai'chickt

'In the retina of chicks fed a rachitogenic diet for 2 weeks,
the cell bodies and synaptic pedicles of the receptor cells wereq
positive (Fig. 88). The soma and the processes of the horizontal
cells that take part in the formation o§ the outer plexiform layer

were completely negative (Fig. 88). In the more interior layers no

major differences between the rachitic and normal retina were noted.
d) Mouse and rat retina’
. I ~

-In the retina of the white and black mouse and also in the rat,
similar neuronal types were positive. Thus the following description
applies equally to the staining characteristics of the retina in
these rodents. Only barely detectable amounts. of D-CaBP-I were
present in the receptor cells (figs. 89,90). The horlzontal cell
soma and their processes stained very darkl#, rendering the OPL very

-

prominent (figs. 89,90). In the INL, the cell bodiesrand‘nucléi of
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-~many amacrine cells were positive tfigs. 8é,90). In‘soge of‘theﬁe

cells,theésingie'ﬁain process was seen to reach out into the IPL
(figé. 89,90). Three h§rizontai‘1ines in the IPL were very p;bminent
because of their, dense staining for.D—CaBP-I..Maﬁy of the ganglion
cells as weli as their axons forming the optic tract were p&sitive
(figs. 89,90).

In the retina of the.rat, antiserum.agaigst'D—CaBP—If did noﬁ

stain any of the structures.

e) The rabbit retina

-In the rabbtt retina (figs..  91,92) as in'the case of the mouse
and the rat, only very -faint staining was present in the ;nner
segment and no staining was observed in the receptor cell pedicle.

r————— - * . R
Here again the OPL was the most prominent layer because of the dark
pbsifive staining in the horizontal cells. The INL is very thin and
bipolar cells along with Muller cells were negative. However some

amacrine cells were stained. Horizontal stratification was not

evigfft in the IPL similarly to the situation in the chick retina.

£) The frog retina . _
& - °
Thé inner segment of the frog receptor cells as weliras their
pedicles were faintly positive (Fig. 93).\Some disﬁinct horizontal
llslsgained darkly. In the INML the cytoplasm as well as the nuclei.

of many bipolar cells were also positive (Fig. 93). Some amacrine
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cells at‘tﬁe border of the INL and IPL were positive CF;g. 93). In
the IPL many sublayers 'stood ouf_because of the ﬁositive staining of
amacrine and ganglion cell fibers which synapse in this layer. Many
ganglion cell bodies -along with their axons forming the optic tract

“were also positive.
4.1.3) Other neurons

In the 10 day old chick embryo some neurons in the ventral and
dorsal horns of the spinal cord were.positive for D-CaBP-1I (figs.
94,95). There was no reaction product in the neuroglial cells (figs.

94,95). The neurons of the spinal ganglia were negative (Fig. 96).
/
In the chick ganglion nodosum, some neurons were densely stained

(Fig. 97).
In the rat small intestine the parasympathetiec ganglion cells
of Auerbach's plexus were positive for D-CaBP-I. No reaction

3 Cags
product was present in any other structure of the villi or

surrounding tissue (Fig. 98).



4.2) The stomach

o ‘ .-\, . »

4.2.1) Enterochromaffin cells of the rat and the chick.

Inokuchi et al (1982) have shown that in the rat gtomach 2

-

pofpholégically distinct types of cells are present which contain
S—hydroxy-tryptéminé : pyramidal and spiédié sha;ed cells. Both
types of.cellé were recognizable with D-CaBP-I staining. however the
spindle Qﬁapéd cells appeared to be more numerous (Fig. 99).

‘Enterochromaffin cells in the chick stomach were also positive for

: . k)
D-CaBP-I. | , _

e

4.2.2) Parietal cells of the rat gastric glands.

In the rat stomach parietal cells were lightly positive when

sections were stained with rat anti-D-CaBP-II (Fig. 100).
[ ]
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4.3) Endocrine glands

4.3.1) The chick and rat adrenal gland . -

"The #drenal gland is composed of two maiﬁ types of'cel}sé'the
- cortical ceils of mesodermal origin and the meduilary cells which
are derived from the neural crest. In the avian adrenal there.is no
definite boundary between cortical and medullary cells (Hogges,
19745. immunocytochemical'1océlizatioq of D;CaBP ha%‘shown that
D-CaBP-I is presént only in éhe cells oflfhe cortex (Fig. 101)’
In the rat adrenél only aﬁtisérum agaiﬁst rat D—CaBP-II gave
pos;tive results: Here again the corticél ceils a;e faintly positive
and there was no staining in the medulla (Fig. 102). |

4.3.2) Other endocrine glands .

There has no staining for any D-CaBPs in the rat and chick -

thyroid and parathyroid.



4.4) The chick and rat skin T

-
-

The ékin is a unijue organ iﬁvblved in the synﬁhesis, storage
and release of 1}25(0H)2D3 precursors. Esvelt et al (1980)
demonstrated that 1,25(0H),D; can cause a fourfold imcrease in skin
dehydrocholecalciferocl contént and could thus exert a positive
feedback on the production of 1,25(0H)2D3.

In the rat, antiserum against DngBP-I:applied to sections of
skin gave negative results (Fig. 103). However, reaction product

indicating the presence of D-CaBP-II was observed in the upper

layers of the stratum granulosum and in keratinized cells of the

stratum corneum of the skin (Fig. 104) and in the upper layers of
the stratum granulosum of the esophagus. (Fig.. 105). Similar results
were obtained when antiserum to D-CaBP-I was applied to chick skin

preparations (Fig. 106).

s
‘i
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4.5) The chick and rat ovary

In 1982 Dokoh et al demonstrated the presence of 1,25(OH)2D3‘
receptors in cultured hamster ovary and in hen ovary. The presence
" of D-CaBPs was investigated in the ovaries of the deveIOping'éhick

embryo, the chick and the rag.:
4.5.1) The embryonic and 6 week old chick ovary.

The first sign of sexual differentiation in the chick embryonic
ovary is the.pfoliferation‘and thickening of the germinal epithelium
which begins at.,day 7 of incubation (Romanoff, 1960). The first
signs of staining for D-CaBP-I appeareé-in scattered cells of the
germinal epithelium in the 8 day ovary (Fig. 107) an& increased in
intensity during the next two days. Large primordial cells which are
evenly distributedyin the cortex did néé contain any reaction
product. As the pYrimordial celis are difiding and forming oogonia,
they cluster into small groups which form lobulations of the surface
epithelium. By day 10, these lobulations or cortical cords are well
differentiated. The di;iding-oogoniaware surrounded by prefollicular
cells which stain darkly for D—CaBSEI (Fig. 10811 There was some
D-CaBP-I staining’ present in cells of the medulla in the right 6vary
(Fig. 109). In the hatchiné chick the prefollicular cells were
-darkly stained (Fig. 110). As prefoilicular cells became follicular

cells they lost their D-CaBP-I reactivity so that in the 6 week old

~1 .



Page 95
chick ovary only the germinal epithelial cells were positive (Fig.

111). The folllcular cells surroundlng the oocytes were negatlve In

o

the chlck embryonlc testls no staining was observed
. .

3 o :
—~ _ -
4.5.2) The rat ovary

>

In the 1 month old rat ovary only antiserum against D-CaBP-I1
gave positive results. Reaction product was observed in th@®

cytoplasm of the-follicuiar cells surrounding small oocytes.

Theca

and granulosa cells surrounding mature ococytes were lightly

positive. All other structures-in the ovary remained negative (Fig.

112,113).
: ¥

L8 Y
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4.6) Chick lymphoid organs

"The demonstration of 1.25(05)2D3 receptors in bovine thymus by

Reinhardt et al (1982) and evidence demonstrating the
immunosuppressive power of calcitriol (Manogalas and Deftos, 1984;
Tsoukas et al,  1984) has raised the poszibilﬁty that vitamin D_is

involved in func:ions of the immune systenm.
‘ L w o
' < 4

W

4.6.1) The localization of D-CaBP-I in the lymphoid organs of

growing chicks.

.Localization of D-CaBP-I was attempted in the thymus, Spleeﬂ
and bursa of Fabricius of the growing chick using monospecific
antiserum against chick duodenal D-CaBP-I. The chicks used varied

from 20 day old chick embryos to éh;cks 6 weeks of age.
4.6.1.a) Thymus and spleen. :

In the thymus of 20 day old chick embryos, the cortical
eﬁithelial cells (ERC) were homogeneously labelled with reaction
product throughout the cell body and cellular processes. The nuclei
weré also labelled (Fig. 114). In the spleen, some reticulq:‘gglig
in the marginal zones (MZ) between_thg ;gd and white iulp were
labelled with reaction pro¢utt in the nucleus and throughout the

L

cytoplasm (Fig. 115). The localization of positivé D-CaBP-I cell
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_ types (coptical ERC in the thymus and reticular cellé in the MZ of
the spleen? remained the same throuéhout the growth period, although
the intensity of staiﬁing and the aumber of positive cells varied |
with age. The staining of thymic cortical ERC's increased with age
reaching maximal intensity in the 2 week 0ld normal chicks (Fig.
116). As chicks matured Has.al's corpuscles in the fﬂ&ﬁic medulla
also became positive (Fig. i16). In the two week old qormél spleen,
MZ were well demarcated by intensely lébelled,reticular cells (Fig.

117). -In the four week old normal chick staining in the thymic

cortex was reduced compared to the 2 week old chicks, but scattered

~

ERC cell bodies and Hassal's corpuscies were still positive (Fig.
i18). ﬁn.the spleen overall staining was also reduced, but in some
é;eas the density of positive reticular cells allowed the
delineation of the MZ (Fig. 119). In the 6“week.old normal chick,
staining in thé‘thymic cortex was further reduced becoming barely
detectable. Scattered cortical ERC cell bodies were still positive
and Hassélfs corpuscles remained stained. In the spleen the overall

distribution of D-CaBP-I was similapﬂ‘i;that observed in the 4 week

0ld normal chick.

Staining variations between individualg is to be expected but I
have encountered a2 striking vafiatioé in the density of positive
reticular cells in the thymic cortex and MZ of the spleen 6f 324
wéek old normal chicks from different broods. In most birds the
staining pattern in the thymus and the spleen was'essentially the

‘same as that described above for the 4 week old normal chicks (Fig.

118,119). However, I occasionally encountered a brood where the
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thymic cortex of 4 week old normal chicks was very densely labelled
-by poesitive cortical ERC (Fig. 120), whereas in the spleen there
were only a few scattered positive reticular cells, making it

difficult to distinguish the marginal zones (Fig. 121).
4.6,1.b) Bursa of Fabricius.

In'the bursa of 20 day old embryos no staining was observed.
In the & week old normal bursa of Fabricius some staining was.
present in scattered ceils of the medulla (Fig. 124). Since
staining in the bursa was always rather fainé, it was difficult to
N

assess any changes in staining intensity which might have occured

with'age.

/
. kn.__AKG.Z) Lymphoid organs in rachitic chicks.
¢

In chicks fed 2 rachitogenic diet for 4 weeks, staining in the
cortical ERC and Hassal's corpuscles (Fig. 122) and reticular cells
in the MZ of the spleen (Fig. 123) »was 'generally reduced in
intensity ‘and occasionally was entirely absent. -

All control se;tiops incubated with non-immune rabbit serum

instead of anti-D-CaBP-I were entirely negative (Fig.,ygé)u’" 

- ———
.

4.6.3) The effect of amprolium on D-CaBP-I in the chick thymus and

spleen
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During the wipter months chicks are prone to coccydiosis and

the antibiotic amprolium is added to their diet as a 'safegard

‘against infection. - ' *

It seemed that the specimens that showed very dense staining in

thymic cortical ERC came from broods that were raised during the

summer months. To test the hypothesis that émpnolium may have an

"effect on D-CaBP=T concenfration in the chick thymus and spleen, a

brood of winter hatchlings was divided into two groups, one group
receiving normal diet while the other grodp received the same diet
supplemented with 0.01257 amprolium.

The results haée shown that staining in thymic and spleen
sections obtained from chicks fed the diet supplemented with
anprolium was less intense than in comparéble sections from chicks
fed the normal diet.This difference was noticaﬁle in one week old

~

chicks only; with advancing age this difference disappeared.

4.6.4) The effect of vitamin D-ﬁeficieﬁcy on antibody'p?oduc&ion_

against sheep red blgod cells in the chick.

Patients with vitamin D-deficient rickets ére prone to
infections (Stroder and Schneider, 1973). Early clinical studdies
implicatéd defective neﬁtrophils as the cause of increased
susceptibiliéy to infections (Stroder and Schneider, 1975). Recently
calcitriol hés'been_shown to be importfng not only in the fééﬁiation
of ﬁacrophage functfén‘(Bar-Shévit et al, 1981) but also in the

differentiation and maturation of leukocytes (Abe et al, 1981;
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Tanaka et‘al, 1982; Amento et al, 1982; Suda et al; 1984)..The1
présence‘of calcitriol receptors in activated lymphocytes (Tanaka et
al, '1982;_Provvedini et al, 1933;~ia_ha115 et al, 1983) is indicative
of. a direct éction of calcigriol on T and B cells which are ‘

- responsible for the humoral feSponseu.The presence of D-CaBP-T in

. the reticular cells of the thymus:sﬁggest that.vitamin D could also
act indirectly on the cellulaf and humoral response by rééulating
the microenvironment of T cell maturation. Aﬁ experiment.was carried
out in order to determine whether ‘the humoral response of the
immunological systeé is influenced by the vitamin D status of
chicks.

One day old hatchlings werée divided into 3 groups. One group
received normal chick feed, the second group received the
rachitoéenic diet céntaining a calcium supplement and the third
grouh received the rachitogenic diet without supplementation. The
rachitic group containing the calcium-fupple;ent.was included in
order to keep blood calcium level close to normal so that the
possible effect on antibody production would be. due t% a deficiency
of vitamin.D and not to low blood calecium. |

The antibody titers in the rachitic chicks maintained-for A
weeks on diets with and wi;hout calgium supplementation were reduced
by more than 50% compared to the titers found in the normal chicks
(p<..05; Table 10). .

There was no statistically significant difference in antibody

titers between the two groups of rachitic chicks,i.e. the groups

with and without calcium supplement. Hence the decreased antibody

N

L



production

deficiency

.~
in rachitic chicks was related to the vitamin D

and was not dhe to lowered blood calcium levels.

na

éageVIOI
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- Section 5: Control tissues.

Vitamin D receptors ﬁave been demonstrated in a wide variety df
tissues. The 11ver and muscle tlssue\are not considered vitamin D-
targets since these tlssues do not- posses 1ntracytoplasm1c recepéors
for calcitriol (Norman et a;,~1982). Indeed in the rat and chick
liver (Fig. 126), rskeletal (Fig. 127), cardlac (Fig. 128) and smooth

muscle (Fig. 2) .there was no sign of p051t1ve stalnlng for either

D-CaBP-I or D-CaBP-II antisera.

R
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IV.DISCUSSION AND CONCLUSIONS

-The function 'of D-CaBP in intestinal .calcium absorption

The effect of vitamin D on intestinal calcium absorption has”
been studied in great detail (see reviews; Avioli, 1972; Zerwekh,
1978; Bilke et al, 1979; Nellans and Rimberg, 1979; Norman, 1979;
Kenny, 1981; Walling, 1982 }. A main center of ;Fténtion ﬁas been
the role of D-CaBP in transepithelialfcalcium trénspgrt. The

/ .
following evidence has been used to support the hypothesis that
D-CaBP has a prima;y role in vitamin D-stimulated calcium
translocation as a caréier“prdiein: the protein has been found in

4

tissues wh'ere extensive move%ents of calcium takes pl;ce: in the
duodenum (Taylor and Wasserm;;,.197&5, kddﬁey (Schreiner et al,
1983) and in the laying hen shell gland (Corradino et al, 1968;
Jande at\al,.1981). The production of intestinal D-CaBP is under ﬁhe
control of vitamin D which is a key factor in the regulation of
calcium absorption by the inteétine. Intestinal D-CaBP conCe;t and
calcium absqrptioh decreases iﬁJpa%allel with age (Wasserman and
Taylor, 1968, 1969; Bar and Hurwitz, 1972; Bruns et al 1977). There
is correlation between the binding affinity oi_D-CaBP;for the
alkaline_eafth series (Ca>Sr>Ba>Mg) and:the relative absorption of
tﬁese ions (Taylor and W;sserman. 1969). Finally there is

parallelism between the D-CaBP content and absorption of Ca*? in

" different segments of the intestine (Taylor and Wasserman, 1967)}.
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Recently evideﬁée'ha;-béen accumulating against thi;-
hypothesigT:Sinéé'the decay of D-CaBP-response to 1,25(0H52D3 isg
much slower than Eﬁ?& of the ca}cium transport system (Spencer et
al, 1978), these investigators suggested that D-CaBP may be
necessary for sustaining but not for initiatihg the enhanced rate of
calcium absorption. D~CaBP could act as a buffer for intracellular
calcium in its transpoft across the mucosal cells. An argument
against the inﬁracellular_buéfer bnoposal is that the coﬁcentration

. 4 '
of D-CaBP correlates with the efficiency .of Cat? absorption and not

with the total amount of absorbed Ca+2 (Bar and ﬁurwitz$ 1979).ﬁff
D-CaBP acted as an ionic calcium buffef this relatisthip should be
reversed. Coo | R TR

Recent experiments performed with cultured émbryanic chick
duodenum using computer analysis of two dimensional gel
electrophoresis &emonstrated‘that D-CaBEB-I is induced before vitamin
D~stimulated‘célcium absorptibﬁ occurg, and éppears in amoﬁnts'tgat
are_too small to‘be“d@tected-by commonly used immunoassays (Bishop .
et al, 1983;1984). Small amounts of D-CaBP could perform a catalytic
role in regulating cell membrane calciumlpumps. Indeed our results
sugges& that there may be a factor, most likely D-CaBP, which is
-laéking in the duodenum -of rachitic chicks, which cohld modulate the

activity of Ca+2,Mg+2 -ATPase and Na¥, Céﬁz?ATPase: There is

evidence indicating that the translocation of calcium frqm the
intestinal lumen to the plasma involves the uptake and concentration
///:;/jjlcium in mucosal tissue (Schachter et al, 1960, 1961; .Avioli,

1969). In view of previously reported data,.our observations of”
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"~ higher mucosgltgélcium content in feeding rachitic chicks can besf
be intefpretéd as a reflection of decreased calcium e§:rﬁsion.‘ -
However, direct préof of the involheqt of D-CaBP in the tfansﬁort of
Cat? is lacking. There are no reports of experiments in which.
antibodies directed specifically against the Ca+2 binding site of
D-CaBP block the absorptionfdf Cafz- Thg production of antibodies-
directed to one specific site of a molecule is now possible with the
refined technique of monoclonal.antibody production.

One of the most recent areas in vitamin D research is the
distovefy that vitaQin D'ta;gets are‘not solely confined to calcium
transporting cells but invoive a wide vgriety of cells many of which
have been demonstrated to contain D-CaBP (jande'et al, 1982; Lawson
et al, 1984). This finding does not support the contention that
D-CaBP is énvglved in transcellular calcium transport. It is
possible that D-CaBPs ha;e a single molecuiar f;nction which has
been incorporated in a variéty of physiological processes‘(Jande et
al, 1981b).

Kreﬁsinger et al (1982) developed a theoretical model
suggesting that D-CaBP acts by increasing the availability of ionic’
calcium to the basolateral ceil membrane where ca*? extrusion
occurs. Féhér (1983) has devised an in vitro systeﬁ to test this
idea uéing a 3 comparfmental difﬁusional cell. He demonstrated that
D-CaBP accelerates the transit of ionic ‘calecium through the
diffusional cell. Hence D-CaBP could accelérate.the transit of Ca*2
through the cell interior, increasing its availability CO‘the.

calcium pumps of the plasma membrane. To date, this hypothesis is
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the most compatible with théQ}ésults;presented in tﬁis,thesiS'andji&

the published literature.

N .'-‘
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Immunohistochemical localization of D-CaBP-

In any immunohistochemidal study, tissue preparation is a-
crucial point. It is imperative that the fixative used should
preserve the structural integEiﬁy of the tissue and preserve the "in
si;ﬁ" locus without destréying the immunogenicity:gﬁgthe protein_.
antigen under investigation (Kuhlmann, 1978; Miller, 1972;
Steinberger, 1974). Protein antigens may be divided into 3 main
categories.'Tﬁe first category includes structural proteins. such as
collagen, keratin, muscle proteins, and the proteins of microtubules
and microfilaments. The second category of immobilized proteins
éompriseé those proteins which ;re enclosed within 2 membranous
vésicle (e.g. endocrine secretions) and proteins which are an
integral.part of a membrane {é:gl‘plasma membrane receptors of
lymphocytes, hydrolytic enzymes of the brush border membréng); The
third and final category includes soiuble proteins which upon
homogenization of the tissﬁelgnd fractionation will remain in the
sﬁpernatant (e.g- D-CaBPs, calmodulin, among others). These 'proteins

present a special problem for the immunohistochemist because .

diffusion and édsorption to foreign sites may be more rapid than

-~

fixation, resulting in an artifactual localization. A case in point
is D-CaBP-I and II. These D-CaBPs are low molecular weight acidic

proteins that are considered water soluble since upon tissue
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homogenization and fractionation, over 80% of the total is recovefed-

in the supernatant. \

Using routlnefnon coagulatlng flxatlves (paraformaldehyde) and
freeze thawing techniques, D-CaBP-I° was flrst thought to be ‘
,localized in goblet cells and in the brush border of the enterocytes
. _ (Taylor and Wasserman, 1969). By using freeze substltuted material
where translocation of protein antigens is prevented it was
demonstrateg\bpat D-CaBP- I is in reallty an 1ntracytoplasm1c proteih
‘ of the absorptlve cells (Jande et-al,l1981; Taylor 1981). When a
soluble 1ntracytoplasm1c ;ntlgen such as D-CaBP-1 and II is to be
localized b} immunocytochemistry , it cannot be contained by
coagulation of the immediately surrounding membrane. Rather the
protein itself must Be,irreversibly precipitated as quickly as
possible since in an-equeous milieu D-CaBP can migraee from its true’
site in the absorptive cell cytoplasm to bind to goble; cell mucus
which is rich in calcium. Different fixatives have been e&afuated by
Jande et al (1981) and these investigators demoﬁstrated that
coagulating fixatives such as Carnof's and” Bouin's that precipitate
proteine very rapidly gave the most satisfactory reselts and could
be used routinely to .localize D-CaBP at the light microscope level
in various tissues (Jande et al, 1982). i .
This probleg is even more crucial‘in electron microscopic
: g studies since these same investigators have shown that
paraformaldehyde with or without glutaraldehyde is inadequate for

immunocytochemical localization of D-CaBP-I. Among aldehydes

commonly used in EM studies, acrolein is the fastest penetrating
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(Sabattini-et al, 1964) and an evaluation of this fixative to

-

localize D-CaBP-I has been presented. Results obtaiped with this
fixative were simglar_to those;obtgined with freeze substituted
material. Because of the very rapid penetration and fixatibn by
acrolein, well fixed tissue can be obtained in a much shor&ef time
than by fre;Ze substitution. It has been demonstrated that D-CaBP-I

in the duodenum and cerebellum is indeed a cytosoclic protein and is

-

not associated with any membranous structure.

-

While these experiments were undertaken the use of acrolein as
a fixative for immunocytochemical localization of pituitary hormones

at the electromn microscopic level has been reported (Smith and
BN ]
Keefer, 1982) showing the potentially wide range of application of

P

e T

‘this fixative in immunohistochemical studies. ™ =~

" SPecificitv of antisera

The absence of D-CaBP staining in tissues that are not vitamin
D targets and have no demonstrated 1,25(OH)2D3 recebtors (see review
by Norman et al, 1982b; Pike; 1985) i.e. the liver aﬁﬁ muscle tissue

demonstrates the specificity of the technique used to localize el

D-CaBP type I and II.

&

The interspé%ies reactivity of D-Ca§? was established using_
antisera directed against chiﬁk duodgnal and human cerebeilar. .
D-CaBP- I to identify'Ca§P-§Qsitiye cells in the diséal convoluted
tubﬁles of the kidney and in Purkinje ceils of the cerebellum in
different species. The specificity of therstaining reaction was

&)

+
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proven by the negative results which were obtained when non-immune

rabbit serum was substituted for the specific antisera.

Rat enterocytes .gave a positive staining only when antiserum
against D-CaBP-II from rat duodenum was used. Similar results were
reported by Marche et al (1979 a,b). Contrary to the interspecies
reactivity obtained with D-CaBP-I, tissue ééd species specificity
can u3uaily be démonstrated in the case of D-CaBP-IT (Wasserman et
al., 1977; Tﬁomasset et al, 1983). In accordance with this
-oBservation, sections of chick and rat cegebellum, chick duodenum
and kidneybfrom'several mammalian species consistently showed lack
of deposition of reaction product wheh"SCainéd yith antiserum
against rat duodenal ﬁ—CaBP-II. This s;ggests the lack of.cross
reactivity of anti-D-CaBP-IT with that of anti-D-CaBP-I.

These observations élong with the available information on:
amino acid composition (see review by Wasserman eﬁ al, 1978) suggest
that D-CaBP-I is highly conserved throughout the ;ertebrate phylum;
the point is aiso demonstrated by the immuhoreactivi:y of antiserum
against chick intestinal D-CaBP-I with D-CaBP-I from a wide range-of
species (Wasée;man and Fullmer, 1982). Mammalian D—CaBP—It is also
very similar among many species (Wasserman ét al, 1977; Thomasset et
al, 1983). Surprisingly antiserum against mammélian intestinal
D-CaBP-II is species spécific. This may be explained by the fact
that the calcium binding sites are highly conserved and as a
consequence less or not immunogenic, while only minor sites where

amino acid changes have occured may act as immunogenic determinants.

To study the role of the different immunogenic determinants,
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ﬁonoclonal aqtibodies specifically directed against the
"calcium-binding sites of the CaBP molecule could be useful.
Furthermore, such éntibédies would be of help iﬁ understanding the
function of D-CaBP eg. by_blocking.the calcium binding §ipes we .

" could investigate the effects on calcium tfansport iﬁ";he

enterocytes, calcium sgpikes in the cerebellum, cellular division of

oogonia, etc. ®

The kidney

The principél sites of regulation of calcium homeostasis are;
the intestine, the skeleton and the kidﬁéy. Current evidence suggest
that vitamin D h;s a direct effect in the kidney in enhancing
tubular reabsorption ;f calcium relative to the cubular'reabsorption
of sodivm. The administration of l,ZS(OH)zDé to vitamin D-depleted
-thyroparathyroidectomized rats fed a low phosphate diet results in-
increased tubular rea§sorption of calcium -(Steele et al, 1975;
Puschett et,ai, 1975). The calcium clearance ratio at comparable.
sodium clearance ratios is significantly lower in vitamin D-repleted
than vitamin D-depleted rats (Costanzo et al, 1974).

~

From a biochemical point of view, a direct action of

— .

1}25(0H)2D3 on the renal tubules is most probable since a specific
receptor protein for‘l,ZS(OH)zDé (Christakos and Norman, 1981) as
;ell as for D-CaBP is present in the kidney; Taylor and ﬁasserman
{1967) first reported the presence of.D-éaBP—I in the chick kidney.

Chqispakos and Normah (1981) demonstrated that the vitamin
Y
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D-dependent increase of D-CaBP-I in chick kidney is accompanied by a
parallel increase in the amount of mRNA coding for D-CaBP-I.

. . {
Furthermore, chick intestinal and kidney D-CaBP-I have a similar

half life and a similar time course of inductibn with a maximum at
'

However the matlmal

-

response in terms of D-CaBP-I concentratlon in the kidney is much
smaller than in the intestine.

The present observations on the distribution of D-CaﬁP—I
staining in the cells of the distal convoluted tubules and in the
initial segment of the collecting tubules ;f the rat, pig. monkey
and ;uﬁan kidney have been published (Schreiner et al, 1983) and‘are
similar to other reports in the current literaggre_(M;}rissey et al,
1978a, b; Rhotén and_Christakos. 1981{ Ch;istakos et al, 1981; )
Rhoten and Christakos, 1981; Roth et al, .1981, 1982; Taylor et al,
1982). Our reswits confirm the absenceﬂof D-CaBP-T1 in the cells of
the‘gacula densa and reﬁél corpuscles.

) The'stgining.of D—GQBP-II described in the rat kidney
establishes for the'firét time the pregénce of immuinoreactive sites
for.D-déBP—II in all the cells that also cogfain D-CaBP-I, as well

as in ;ome additional cells,--i.e. in cells of the thick ascending
limb of Henle's loop, the.a}ched straight énd papillary-portions of
the collecting ducts and of the macula densa. ?ﬁé immunocytochemical
localization of¥D-CaBP-TI in the kfdney of mammals has not been
reported préviously.' Marche‘et al (1977) reported the binding of

anti-serum against rat duodenal D-CaBP-IT to rat renal cortical.

prote;ﬁs. However, at that time the kidney D-CaBP found in the rat



Page 112
- -~

EHerms&orf"and Bronner, 1975), dog (Sands and Kessler, 1971), and
human (Morrissey et al, 1974; Piazolo et al, 1971) was reported to
be in the 28,000 molecular weight range. Thus Marche et al (1977)
remarked only that their "results required further inves;igation".
Murray et al (1974, 1975) who isolated pig duodenal D-CaBP-II and
raised antisera against it, reported immunoreactivity of the pig
renal cortical extract to the above antisera. There is now.
biochemical evidence dembﬁstrating the presence of both D-CaBP-I and
IT in the mouse kidney (Delofmé et al, 1983). To date, only D-CaBP-1
has been isolated from rat Kidney; its molecular weight has also
been determined (Pansini and Christakos, 1984). On the-basis of my
results énd from the evidence available in the_li;erature; it is
reasonable to assume the presence of D-CaBP~II in. the rat kidney as
well as in'the kidney of other mammalian épecies. The presence and
- localization of D-CaBP-II has been'codfirmed in the mouse and rat -
kidney (Rhoten et al, 1985).

Using an autoradiegraphic te;hniqué to determine the nuclear
uptake of 1,25(0H),Dy Stumpf et al (1979) have identified the cells /
of the distal convoluted -tubules as vitamin D target cells .These
are precisely the cells that are positive for D-CaBP-I and.II? In
addition, weakly ?ositive cells for 1,25(OH)2D3 have also been
described in the ascendihg limb, of Henle's -loop, cells of the macula
densa and those of the collecting ducts (Stumpf et al, 1979,1980).,
These cells contain imﬁunoreactive sites to D-CaBP-II antiserum.

Thus in the target cells of the rat kidney there is a clear

correlation between the demonstration of hormone uptake and the
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immunocytochemical localization of the-product of hormone action.

’

2

-

Micropuncture studies in_the rat have shown that the bulk of
calcium filtered at the glomerulus is absorbed in tﬁe proximal
tubules (Lassiter et al, 1963; Frick et al, 1965; Sutton et al,
1975; Costanzo et al, 1978, 1980; Greger et al, 1978; Bengele et
al,1980; Suki and Rouse, 1981), which did'ndt show anf staining for
either D-CaBPs. Evidence supporting passive and /or active calcium
transport across the proximal convolutied tubules has been reported
(Sutton and Dirks, 1975; Ullrich et al, 1976). The cells of the
proximal tubules are morphologically similar to the duoden;l
enterocytes and are.also the site of calcium absorption. As in the
duodenum, the'question whether both passive and active mechaﬁisms of
calcium absorption are operative and their relative importancew
remains controversial. Calcium absorption in the proximal 6onvolut9d
tubu%es takes place in cells thaﬁ do not contain any D-CaBP. lience
the presence of ;his protein islnot an absolute requirement Eor.
calecium translocation in the kidney.

Calcium is also absorbed in the loop of Henle (Sutton and
ﬁirks, 1975) and this is assumed to take place in the thick.
ascending‘fimb where D-Ca2BP-II has beendlocalized. There is no
information regarding the mechanisn of calcium transport in the loop
of Henle of the rat. Parathyroid hormgne-sensitive adenylate cyclase
is present in the cortical thick ascending limb (Morel, 1981) but
its role in fegulating tubular calcium abSorption is”hnknown.

The cells.of the .distal convoluted tubules which cgntain both .
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" D-CaBP-I and D-CaBP-II represent the site of calcium absorption were

the, steepest calcium gradient is present (Lassiter ét al, 1963; Aéus
eghai;71973). This is where the fine regulation of calciunm
absorption occurs (Goldberg et al, 1976). Costanzo and Windhager
(1980) demonstrated active calcium absorption in the distal
convoluted tubules of the rat which i3 increased by parathyroia
hormone (PTH). They speculated that the variability of the effect of
PTH on calcium transport among individual tubules may be the resuit
of the presence of heterogeneous cell types that are not affected to

the same extent by PTH. This functional heterogeneity in the distal

convoluted tubules may also be related to the presence of D—CaBé-I
£

~and IT. Indeed I have demonstrated that some cells contain both

proteins while others contain one or the other or none at all’ ThLs
- et

different localization may be an indication of the differences in

-

"the manifestations of function by D-CaBP-I and II.

In the rat the transition of connecting tubule to cortical

collecting duct is gradual and there may be intermingled.cell types

-present (Kriz.et al, 1978). In the weaned rat the localization of

D-CaBP-I in cells of the initial portion of the cortical collecting

duct correlates well with the localiia;ion of PTH-sensitive
adenylate cyclase (Morel, 198§_and with PTH sensitive &SCa effluxl
(Greger et al, 1978). D-CaBP-I in weaned rats was absent from
segments of the collecting"iﬁcts where PTH-insensitive calcium
efflux occurs. The magnitude of.calcium transport in these tubules

is low and occurs by an unknown mechanisre’ (Bengele et al, 1980). In

the suckling rat interspersed cells throughout the entire length of
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the collecting duct ﬁfsfem were positive fpr b—CéBP-I: similar
situation prevailed in the monkey where all the cells of the entire
cqlle;ting duct system were positive for D-CaBP-I suggesting thét
these sites may be included in thé regulation of calcium absorpgion
and may represent different handling of the renal calcium load in

these animals. However phyéiological.studies are not available to

support this hypothesis.
In the present study of the kidney, ducdenal enterocytes and

Purkinje cells D-CaBP has always been found in the cyfosol and not

in association.with any cell membrane, confirming|, the observations
of Ro;h et al (1981, 1982) Thus a2 direct involvemenk of D-CaBP in
the initial stage of calcium absorption aéross an epijthelial
membrane is highly improbable.

| Nonetheless, vitamin D has a direct effect in enhancing calcium
‘reabsortion. The detailed mechanism of interaction between
1;25(03)2D3 and the kidney in the maintenance of calcium homeostasis

remains to be clearly defined.

U

The chick embryonic kidnery

The chick duodenum is one of ﬁhe tissues éontaining the hiphest
concentration of D-CaBP-I (Chrisﬁakos et.ai, 1979). It is absent
‘from the chick embryonic duocdenum and appears only on the day of
hatching when calcium absorption begins. At this time there is 2
rapid synthesis of the protein'(Corradino et al, 1969). The reason

for the inability of the intestine in normal embryos, to synthesize

-
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detectable quantities of D-CaBP-I is not understood, since high.
affinity cytosolic receptors for 1,25(0&)2D3 are present in the gut
of 15 day old embryonic enterocytes (Oku et al, 1976;;Seino et al,
1982) and radioactive 1,25(0H),D,4 accumulaﬁes in their nucleus
(Narbaitz et al, 1980). Also the egg contains cholecaiciferol and
its metabolites (Moriuchi and DeLuca, 1974; Frazer and Emtage,
1975), Thf renal enzyhe 25(0H) cholecalciferol l-hyéroxylése has
been?deteéged in day 9 mesonephros:(Bishop and Norman, 1975).

The resuits presented 'in this thesis suggest that as in the
duodenum’, - the appearance of D-~-CaBP-I in the embryonic kidney is
related to the initiation of function i; the vitamin D target cell.
During embryonic devélopment 3 sets of kidneys are prdduced. The’
pronephros which is non-functional (Romanoff, 1960) did not show any
D-CaBP-I stain;ng. The onset of mesonephric function appears during
the fifth day of incubation.(Romaﬁpff. 1960), the time when D-CaBP-I
positive tubules appear. The metanephros begins to function ar;und
the tenth day of incubation (Romanoff, 1960) and staining in the.
distal convoluted tubules appeared at that time. This also
corresponds to the time when 1,25(0H)2D3 is produceq in detectable
amounts by the mesonephros and then by the metanephrbs (Kubota ét
al, 1980).

Taylor and Wasserman (i972) have measured D-CaBP-I by
radioimmunoassay in the chick mesonephros and metanepﬁros on the
tenth day of incubation. Because of the small size of mesonephric

tissue of younger embryos they were not able to demonstrate the

presence of D-CaBP-I in younger mesonephros. Radiocautographic
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-studies carried out in 16 day old metanephros‘by Narbaitz'et al
(1982) demonétréted that the cells of the distal convoluted tubuyles
accumulated_tri;iaggﬁ 1,25(0H)2D3. The cells of the distal
convoluted tubules are the cells that contain D4CaBP-T in the

embryonic chick metanephros as well.
i, '

bd . .
h W

The rat salivary glands

In man, the salivary glands do not normally play'an importaﬁt
role in regulating water and electrolyte balance becauge most of the
secreted fluid is later reabsorbed in‘thé alimentary tract. Ip
animals without widely distributed sweat glands, saliva prévides the
fluid for evaporati;e cooligg during heat streﬁsaaﬁd may therefore

play an important role in the regulation of water 'and electrolyte

balance (Schneyer et al, 1972).

The first indication that salivary glands could be vitam{n D
targets came from Te;en@ouse and Goodwill (1978) who showed thaF'
protein secretion from parotids of vitaﬁin'D-deficient rats was
greatly.altered u;der'iSOprotefenol stimulation. The rat parotid
(Goodﬁin et al, }978) and submandibular giand (Stumpf et al, 1980)
accumulate radioéétive viéamin D metabolites. Vitamin D~dependent’
calcium binding activity measured by the chelex resin method was
found’' in the rat salivary glands (Freund and Withowski, 1977). This
methcdology does not'permit the identification of the nature of th®

vitamin D target cells nor the type of D-CaBP present.

; By using an immunocytochemical method, I have demonstrated that
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D-CaBP-II but not D-CaBP-I is present in the cytoplasm of the cells
of the entire duct system in the suckling rat parotid, submandibulaf
and suhlingual salivary glands. The parotids always gave darkér
stainigg indicating théﬁ this gland may contain a higher
concentration of -D-CaBP-II. This correlates well.gi;h_thé results pf-
Freund, Volperand Witkowski (1977) who demonstréted that calcium
biﬁding activity was‘higher in the parotid than in the submaxillary

and sublingual glands. The presence of D-CaBP-II in the_salivary

. gdands has been confirmed by radioimmunocassay (Thomasset et al,

o

1982). The observed decrease of D-CaBP-II staining in the salivary
glands in older rats is similar to the situation in the duodenum
where D-CaBP-II concentrations decrease with age (Zornitzer et al,

1971).

Under the influence of parathyroid hormone the handling of

-calcium by the salivary gland is similar to that of the kidney

(Schneider et al, 1977). Indeed,.-Glijer et al. (1984) proposed that
vitamin D is necesééry for the synthesis of a protein(s), possibly
D:CaBP-II, which is eésential*fbr the utilization of extracellular
calcium in the secretion process of the parotid. f have demonstrated
that D-CaBP-II is present in the celis of the distal con?oluted

tubuleé and collecting ducts which is the site of fine regulation of

‘calcium excretion. It is tenpting to speculate that D-CaBP-II may

=hdye a similar function in the salivary glénds and in the kidnéf.

The developing rat incisor and molar teeth
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Most studies in this contéxt have focused on the effects of
vitamin D on thg formation of dentin (Becks a%d,Ryder, 1?31; Yoshiki
et al, 1974; Engstrom et al, 1977). The éffect of vitamin D on
dentin formation is rot a direct effect Sn odontoblasts but is due
to decreased serum célcium levels (Yoshiki et al, 1974). The absence
;f D-CaBPs from the odontoblasts further subsfantiateg tH;s.Einding.

‘\Egyevef, the presence of D-CaBP-I in the ameloblasts suggesﬁé that

\

thége are vitamin D target cells.The presence 0F D-CaBP-I in th
'

.améloblasts and the possible funct;qn of vitémin D in tooth
formation has been confirmed by other investigators {Celio
al,1984; Taylor, 1984). Antibodies to D-CaBP-T1I diﬂ\not's ain any
structure of the tooth in._myexperience, although Taylor et .al
(1984) have rep?rted the presence of immunore;;tive sites in the
ameloblasts to antiserum against rat duodenal D;CaBP%II.

This is one of the instances where results.obtained by
;adioautography are in disagreement with immunocytochemical
localization of D-CaBPs. Radiocautographic studies have indicated
that the pulpal cells are vitamin D targets, while the odontoblasts
and the ameloblasts did not accumlate radicactive cholecalciferol
(Kim et al, 1983). |

Qur understanding of the function of D-CaBP-I in the
ameloblasts is hindered by the lack of understanding of the function
of D-CaBP generally. There is evidencé indicating that a fundamental
difference exists in the processing of calcium by secretory
ameloblasts and odontoblasts. The odontoblasts may have a mechanism

to concentrate calcium'(Boyde and Reith, 1977; Reith and Boyde,
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1978), ‘possibly an ATP -dependent calcium pump (Granstrom and Linde,
1981) On the other hand ameloblast do not concentrate calcium, 'and

alcium transit through’these cells is very rapid {prde andReith,

1977; Reith and Beoyde, 1978). Theﬁe,cells may funtction as a gate
regulating the passage of célcium into enamel (Reith and Boyde,
1879). It is then possible thHat D-CaBP as suggested earlier may
increase the diffusibility of caléium thus increasing th - alcium

. load the cell can translocate. It is interesting to nozg%;:%t the
odéntoblasﬁs_and the cells of the proximal convoluted tubules of the

kidney are similar in that they are actively engaged in calcium

translocation but do not contain any D-CaBPs.

Neurons . . _ — -

, D-CaBP-I was originally isolated from chick duodenum (Wasserman

| and Taylor, 1966). The presence of D-CaBP-I in the central nervous
system {(CNS) has been demonstrated by biochemical means in the chick
cerebellum (Taylor, 19%4) and in the rat (Feldman and Christakos,
1983f. Since D-CaBP-I immﬁnoreactivity was found in the cerebellum-
of the gold fish, frog, chick, mouse, rat and rabbit, it is

Teasonable to assume that this protein is present in the CNS of all

vertebrates.

Jande et al (1981b) were the first to report the compiété
mapping of D-CaBP-T in tﬁe chick and rat brain . These findings have
been confirmed by many investigatofs (Roth-et al,  1981; Baimbridge

and Parkes, 1981; Baimbridge and Miller, 1982; Baimbridge et al,
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1982; Feldman and Christakos, 1983; Garcia-Segura et al, 1984). The
cochlear hair cells and vestibular hair cells of ;h; rat inner ear
are also D—CaBP-I/positive (Rabie et al, 1983). In the chick some
sympathetic neurons of the ganglion nodosum (Hodges, 1974) while in
the rat small intestine parasympathetic éanglion cells of the plexus
of Auerbach are positive for D-CaBP-I. I have extended the list of
D-CaBP positive cells to include certain neurons in the dorsal and
ventral horn of the chick spinal cord.

The function of D-CaBP-I in i :urons is still not clear. Since

e
Mg

D-CaBP-I is present only in specific neurons, iﬁ cannot have an
obligatory role in neurotransqission.-On phe basis of available
electrophysiological data, Jande et al (1981b) suggested that there
may be a correlation between the presence of D-CaBP;I and the
production of voltage dependent calcium spikes. These sites also
contain benzodiazepine ;eceptors which potentiate the abifity of
GABA to open cation channels (Squi}es and Saederup, 1982). D-CaBP-I
cﬁhlﬁ prevent a calcium surge in the cell by rapidly‘redistriﬁuting
célcium throughout the cell and making it available to the
intracellular calcium regulating mechanisms. There is some evidence .
that vitamin D can alter neurotransmitter metaboi'ém and neuronal
function. Chronic vitamin D-deficiency "in the rat;ﬁncreasés the
Adopaﬁine'éoncentration in the cortex aﬁ¢:in the median eminence of
the hypothalamus (Baski and Hughes, l982j.

Nonetheless the vitadinwD-dépéndency qf‘D-CaBP-I in the brain has
been difficult to prove (Ta}lor, 1974). D—CaBP—Iﬂsynthesis.in-the

chick brain is stimulated only after chronic administration of high

. : o



Page 122

doses of 1,25(0H),D;y (Taylor, 1976). I have ‘shown that in the

. - . \
N developing chick embryonic cerebellum D-CaBP-I can be detected as

early as day 9 of incﬁba;ion. Since D-CaBP-I is present early in

4

on;ogény and since neurons do not turd over, it‘is'pgssible thaa\the

vitamin staxus of the growing chick has little effect on D-CaBP-I

-
~

conceftrationy”in the CNS.

On the other hand, ;he comparative develépmepigl'étudpgof the
retina from normal and rachitic chicks demonstratsz the vitamin
D-~dependency of the.SynEhesis of‘D—CaBP—I in the horiéohgéi‘éells.
These &eurons are thé onlf known neurons ;hat.acquire D-CaBP-1

during the first week post-hatching and are thus more sensitive to

L T

the vitamin D status of the growing animal. The vitamin D-dependency

of D—CaBE;I in the horizontal cells of the chick retina (Schreiner
et al, 1985) has been demonstratéd_for the first time.
The study of the .retina demonstrated a wide variation in the

concentration of D-CaBP-I in the receptor cells. Staining was most
- ol . ' . -~ .

pronounced in the chick receptor cells and weakest in the albino

rat. There is evidence that calcium acts as a transmitter in_the

-~ light induction of receptors (Hagina, 1972; Ypshikami et al, '1980;

Hendriks et alh.l§74). The different D-CgBP-I}rgactivities obser¥ed
in the chick and rat retina may represent different calcium loads
imﬁosed on the receptors. In all the vertebgéte retinas studied,
some amacrine cellg%were-alwayg posicive.:Thére are several types of -
amacrine cells in the vertebrate retina which contain different
peﬁtides such as: acetylecholine (Nichols and Roelle, 1963),'g1ycine,

GABA (Marshall ard Voaden, 1974a,b), dopaﬁine fAraki et al, 1983),
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indolamine (ﬁausd?ild and Laties, £§73;‘F19rek. 1979), enkephalin
gBrecha et al, 1979; Torngvist et "al, 1981).!§omatdstatin (Xirsch
aﬁd ﬁ;;;hardt, 1979; Buckerfieid et al, i981;‘Eskay et al, 1986; -
Tornqvist et ai; 1981; Ellié et al, £98§), TRH (Eskay et al, i980:
Torngqvist et al,.1981),'su£stancé P (Fu;uda et al, 1981; Karten and
Bfgzha¥’1980; Eskay et al, 1980), glucagon and neurotensin
(Tornqviég et‘al,‘1981). Evidence coﬁcerning the role EE these
neuropeptides has suggested that'these may funcﬁion as
neurotransmitters ETornqv;st et al, 1981). In the retina the releésb‘
of TRH, somatostatin and sufstapcg P is calcium depe;dEnt under
dépolarizing conditions (Eskay, ldédl and cééld be related to the
presence gf D-CaBP-I.

In ail'the species‘studiéd with the exception of the rabbit,
positive horizontal layers in the IPL were found. These layers

represent synaptic ‘contacts between the D-CaBP-I positive amacrine

cells and bipolar and ganglion cells. : .

In the rdt, mouse and frog retina,‘most of the ganglion cells
along with their. axonal fiber; were pos?éi%e for D-CaBP-I. In
contrast, in the chick on1§.a few ganglion Qellsv;e{e positive while
the axénal fibers were negative. This correlates well‘wi:h,tée
obserfgtions of. Feldman and Christakos (1983) who;noted that 'the rat
optic tréct'fibers aré positive for D-CaBP-I, while Roth et al
§1981) demonstrated that the chick optic tract fibers are negative.
.The functional ;ignificance for this disparit} in ?-CaBR-I content

between two homologous structures remains to be established.

Because of the localization of l,25(0Hk203 in certain
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. D-CaBP-I positive neurons (Stumpf et al, 1980), the CNS can be
considered a vitamin D target organ (Jande et al,'1981b).

Gastric endocrine cells

Stumpf et'al (1979) demonstrated that disperséd individual
pellg in the basal 'portion ogfthe gastric glands where gastric
endocrine cells are localized, accumulate 1,25(0H),D3. In the rat =~ -
stomach cells ecorresponding to the above localization were strongly

-

positive for D-CaBP-I. Thege cells are morpholqgically very. similar
to enterochromaffin cells contairing S—Bydroxyt?}ptamin; (Inokuch;
et al, i982). Simultaneous immunohis hemical demonstration of
D-CaBP-I.and of either gastrin or 5—;:§;:)ytryptamine could
es:ta'bli_sh the identity of the DfC.aBP—I cells. Parietal cells which
were slightly labelled for D—CaBPhﬁi could be considered vitamin D
target cells. | - . . i

The presence of.D—CaBP—I in gas;rin produciﬁg cells and
D-CaBP-II in £he pari®tal. cells would be of intérest.”talcium must
"be ionized im order to be ab;orbéd (Schachter et al, 1960) and
ga#tric acidity cpuld be an important factor in calcium absorption
(Ali and Evans, 1967; Mahoney and Hendricks, 1972)> Gastrin is a
physiologi;al.activator of acid secretion by the parietal cells of
the stomach. Evidence th;t both parietal and’gastrin—producing cells
are vitamin D target cells would open the possibility that vitamin D
can simultaneously-contfnl calcium.absorption by the solubilization

of calcium salts via gastrin-hydrochloric acid stimulation and the

L]
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rate of calcium absdrption by duodenal enterocytes. Furthermore,

int®ractions between calcium, calcemic hormones (mainly calcitonin

and parathyroid hormone) and gastrointestinal hormones might enabdle

<

the organism to respond to changes in feeding patterns by modulation

ot

of the absorption of dietary c?lcium in an integrated,.beneficial
fashion (Cooper et al, 1978). However, Selking et al (1982) have
demonstrated that vitamin D—ipduced hypercalcemia in

parathyroidectomized rats does not.influence the concentration of

gastrin in the serum, or the number of antral gastrin producing

cells. . .

Endocrine glands

. . _ ~

Since intracellular calcium is important in EEe pro&ess of .
cellular secretion and D-CaBP is présent in the.cortical cells of
the adrenal it seemed possible that D-CaBP plays a role in the
‘modulation of endocrine sécretion. Howe;er, DfCaBP is not present in
the thyraidal follicular cells nor in the cells of the paratﬁyroid.
consequentlf D-CaBP does no£ appéar to have an obligatory role in
endocrine secretion.

~

The skin . ~

-

The skin is a unique organ for the synthesis, sporage and

release ofivitémin D. The presence of D-CaBP-L1I in the rat skin and

D-CaBP-I in the chick skin indicate that the skin 1s also a vitamin

- r
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‘D target. Thls is further substantlated by the presence of hlgh
specificity 1 25(0H)2D3 receptors in mouse (Hor1uch1 et al 1985)
and rat skin (S;mpsen and DelLuca, 1980). It has been shown thet the
rat skin'accumulates 1,25(0H)2D3 (Stumpf et al, 1979). There is
evidence demonstrating_that 1,.25(0H)2D3 is involved in the
differentiation and develo}qpnt of the Ekin'tKuroki et al, 1985):
Calcium is an important factor in the tegulation'of cellular
division (Pe;r;s.et al, 1968) and may be related in some way to the

-

‘presence of D-CaBPs in the skin. - )

- »

Dokohfet al (1982) demonstrated the presence of high Eftinity
receptors fOf 1,25(0H) 4D, in cultured hamster and hen ovaries.
Physxologlcal doses of 1, 2S(OH)2D3 allowed the productlon of
specific, dose dependent inhibition of cell growth in. cultured
.hamster ovary. i

En‘theIdevelopmentiT-E{:gy of thewchick gonad, I have detected
D-CaBP-I in the germinal iﬁithelial C::€; as early.as’dey 8 of
inccbation At thlS time a thickened germcnal eplthellun
dlfferentlates a female gonad from a2 male gonad. Fhe most active
mitotic activity of oegonia, occurs between day 12:i7 (Hughes, 1963).
During this time prefollicular cells are rapidly becoming D-CaBP-I
positive and.are surtounding the oogonia. It is possible that the

prefollicular cells are necessary to create and-regulate the proper

microenvironment for the regulation of the division of the oogonia.

-
Y
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Calcium is important in the regulation of énilagaf division and the
presence of D-CaBP-I in the prefollicular cells may indicate a -
special requirement of the oogonié‘for calcium. However in the rat

ovary D-CaBP-II was found only in the follicular cells.

The chick lxmphoid 6fgans

‘In the present study the presence of D—CaBP;I irn the chick
thynmus, splten and bursa of Fabricius was established. Coﬁsequencly.
these ofgahs can be considered ritami; D tafgéts. This conclusion is
further supported by the decreased D-CaBP-I s;ainiﬂg.in the rachitie
chick thymus and spleen. Fﬁrtﬁermore, cytosdlic receptors for

1,25(0H),D4 have been isolated from the bovine thymus (Reinhardet et
al, 1982) and the rgt'thymit epithelial cells (ERC) have been
identified as 1,25(0H)2D§ targeté by radioaqtogféphy (Stumpf et al,
1981). | ' |

-

Immune competance in the chick develops only some time after
hatching, but precursors of immunocompetent cells are present in the
thymus and bursa at least 6-7 days before hatchiné (Szénberg. 1976,
Metcalf .and Moore, .1971). At hatching the thymus and bursa are gyliy
lymphoid whereas the spleen is immature and may ye the cause of the
reporteé immunological, incompetence (Isacson, 1959; Papermaster et
al,. 1962). In the growing chick immune competence de;elops rapidly
during the first month of life (Motika, 1975; Seto.‘l976)._The
population of f lymphocytés in the tf™mus reacheg a peak iﬁ ﬁ.wéé?

0ld chicks and then steadily declines to reach a stable level at 9

G
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weeks (Potworowski, 1971). It is during this period that the most

rapid progression ipn D-CaBP-I staining has been obéefved in the
chick thymic cortical ERC and in the reticular ceils of the m;rginal
zones of.the spleen. Full adult responsiveness to soluble antigens
is achieved at 6 weeks of age (Wolfe and Dilks, 1948), at a time
when I observed only a faint ;tainigg in thé thymic corticai ERC and
decreased numbers of positive reticular cells in the mgrginal zones
of the spieen. In the thymus and the bursa, reticular cells ar; .
thought to creake a microenvironment important for the matﬁ;ation of
T and B lymphocytes, respectively (Bryant, 1974; Jordan et al: 1@79;
Rompanen and Sorvari, 1980). It is possigle that b-CaBP-I in the
reticu;ar cells of the thymus are implicated in the maintenance and
régdlation of the microenvironment. Avian thymus extracts have
hormonal properties gut no particularwcell type hag Seen associated
with tﬁe hormone production (Kendall, 1980). In miee, reticular
celis ﬁave been identified as thymic hormone cbntainiqg cells

(Savino et al, 1982) and these stain in a pattern somewhat similar.

to that of D-CaBP-I positive thymic ERC of the chick. .

|

In tEé spleen the white pulp develops during the first week
after hatching and T ly;phocytes rabidly populate the peéiarteriolar
sheaths during the second weeg after hatching (ﬁetcalf and Moore,
1971). Tﬁis correlates well with the observation that the most
impressive staining of spleen reticular célls.pccured in the
marginal zones of 2 weeks old chicks, a time Qheh T lymphocyte

migration into the white pulb is very rapid. The marginal zones

represent an important pathway for T and B.lymphocyte migration
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(Brelinska and Pilggim, 1983)-and it is there that blood borne
antigehg afe first localized (Nossal et al, 1966; Mitchell and Abbt,
i971; Brown et-al, 1973). The D-CaBP-1I positive reticqiar cells of
the chick spleen resemble the metallophils described in the marginal
zones of the rat spleen‘(Satodate et al, 1971). The reticular cells
of the d;fferent splenic compartments do not represent.an
homogeneous population as demonstrated by cytochemical
(Muller-Hermelink et al, 1974) and morphological criteria . An
ultrasfﬁctural study would be required to determine the particular
reticular cell pbpulation D-CaBP-1 positive cells belong to. ;

I have shown thQF staining for D-CaBP-I in the reticular cells
of the chick thymus and spleen increased with agé to reach a maximum
in 2 week old chicks. Staininé decred;ed at a varied rate in the
thymus and spleen of chicks from different broods as indicated by'
the'striking.variafion in staininé for D-CaBP-I in 4 week old
chicks. This may indicate that the expfession of D—baBP-I in the
thymic and splenic ERC is not only age- and vitamin D-dependent but
may alsoc be .under the control of some as yet unknpr factor(s).

The preﬁeﬁce of 1;25(03)203 receptors ;n actgvated T and B
lymphocytes suggest a direct action of vitamin D on lymphocytes. The
demonstration of vitamin D targets in reticular cells of the thymus
suggest that vitamin D ﬁay act indirectly on the immuné system by
regu%ating'the microenvironment of maturing T cells.

"The reduced capacity of rachitic chicks to produce antibodies
,against sheep red blood cells may be due eithe; to decreased numbers

of B and perhaps T helper cells or to the impaired function of B and

L]
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perhaps T helpér célis or to ghe impaired function of B and perhaps
T helper cells. The production of antibodies against the cell
nembrane qf lymphocytes permits-tagging of T or B lymphocytes with a
f%uo;escen;ﬁlabel and estimate the number of either type of
lymphocytes in the blood and lymphoid organs (Tseng and Glick,
1982).'The eff;ct of vitamin D-deficiency on the population of T aﬁd
B lympocytes in the blood and in fhe lymphoid organs could thus be
studied and eould be correlated.to thé rate of mifgsis of maturing
lymphocytes in the lymphoid organs. The injection:of colchicine
arrests cellulér mitosis and the rate of mitosis of lymphoc;tes in
the thymus and bursa cgn.be estimated by counting. the numbers of
metaphase plates present in the thymus and bursa (Perris and
Whitfield, 19675. The effect of 'vitamin D on the integrity of the
function of ? and B cells could be assessed by a study of surface
markers of the lymphqcytes in normal and rachitic chickés The
surface markers of T cells can he studied by the rosettiné technique
(Peacock and Towar, 1980) and by the phytoagglutinin res}onse
(Peacock and Towar, 1980). B lymphocyte function can be asséssed by
the EAC rosette assay (Peacéck and Towar, 1980).

It seems thaﬁ the crucial time period for the maturation of the
chick lymphoid system is the 2nd week post hatching. At- this time |
the chicks are not yet completely vitamin D-deficient and the
experimenés described above would therefore indicate the effects of
low levels of ;itamin D" on maturing lymphocytes. In order to

evaluate the effects of vitamin D deficiency on the lymphoid systenm

of the chick, experiments would have to be carried out on cultured

-

-
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cells and tissues kept in a completelj synthetic medium. Lymphoid

organs of chick éﬁbryos pqoduced.by rachitic hené'would provide the
ideal working material. However since vitamin D and its metabolites
are necessary for the development of the chick embrvo. the
production of viable embryos in the absence of vitamin D is

extremely difficult. ~

I

The demonstration of vitamin D targets in such a wide variety of
cell types indicates that the scope of action of vitamin D is not

limited to caleiym homeostasis in the classical definition’ but is

implicated in a‘wide range of physiological processes.

~
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X V.SUMMARY -

1) The activity of enzymes that may modulate calcium extrusion from
duodenal enterocytes, Ca+2, Mg+2-ATPase and Na%t, Ca+2—ATPase is
significantly lower in duodenal homogenates from rachitic chicks

than in similar homogenates obtained from normal chicks.

2) Differences were found in the subcellular distribution of the
activity of the aboye mentioned enzymes in homogerdate fractions
prepared from the duodenum of normal and rachitic chicks. It appears

-~

that a factor may be preseat in the soluble fraction of the

-

duodenal mucosa of normal-chicks, which is absent in a
corresponding preparation fro;_rachitic chicks. This factor may
contribute t§ the regulation of ghe activity of Ca+2, Mg+2—ATPase
and Na¥, CatZ-ATPase. The possibility exists that this factor is

D-CaBP.

3) Calcium accumulates in the duodenél mucosa of fed raﬁhitic chicks
compared to normal controls.The level of calcium in fasted normal
chicks doeg‘not change with feeding and remains similar to thé lTevel
of calcium in the ducdenal mucoéa of fasted rachitic chicks. The
accumulation of cal;ium in the duodenal mucosa of fed rachitice
chicks could be the result of reduced c%lcium extrusion due to
decreased activity of”the‘enzymatic pumps. i

4) The presence of D-CaBP is not absolutely required for calcium

L

-
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translocation since it is absent from certain cells (eg. the
proximal convoluted tubules cells of the kidney, the odontoblasts of

the tooth) that are known to be sites of calcium transport..

-
-

.5) The presénce of D-CaBP-I seems to be gelated to the development
- of function in certain.vitamin D target cells. Thus it was
‘demonstrated that correlation exists between the development of
function and the appearance Ef D-CaBP-I in the embryonic duodenum,
~&‘mesopephros and metanephros. fhe p:onephros which is non—funct£0n31
does not comntain ahy D-CaBP-I positive cells. Furthermore, théf
development of the immunologicél competence of the growing chick
parallels the time of appearance of D-CaBP-I in the lymphoid organs.
6) The wide variety of cell fypes containing D-CaBP-I (table 11)
which are not involved .in calcium translecation cpnfi;ms the i
’hypothesié that ‘D-CaBP may have 3@ molecular function which has been
integrated into a variety of physiologicai processes.-Since D-CaBPs
are considere? to be molecular markers of ;icamin D target ‘cells,

the identification of a wide raﬁge of cells containing D-CaBPs

considerably widens the scope-of vitamin D research.

b ]



APPENDIX I
ABBREVIATIONS

A: Ameloblasts.

ADRl: Animal desease research institute.

At:

BC:

CD:

CS:

ascending thick limb of Henle's loop.

Bipolar cells.

collecting duct.

connecting segment.

D: dentin. /.

DAB-

DCT:

HCL: 3, 3' diaminobenzidine-HCL.

)distal-convoluted tubule

H

-

E: enamel,

ERC:

epithelial reticular cell.
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DHCC: 1,25-dihydroxycholecalciferol or calcitriol or 1,25(0H),D5.



FL: fiber- layer.
G: glomerulus.

ExGC: ganglion cell

°

A

"HC: horizontal cells.

.

H and E: Hematoxylin and eosin.

I
-

INL: inner nuclear layer.

- IPL: inner plexiform layer.

\ -

MCDQ meduliar?fcoliecting &uct.
MD: macula densa.
‘LMb; main duct.
MiS: mid-segment.
MT: mesonephric tubule.

w

MS: main segment.
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-

MZ: marginal zone.

NGS: normal goat serum.

Ly
-l

0:~bdontoblast.

4
v

-

ONL: outer nuclear layer.

il

OLM: outer limiting meambrane.

+

‘oPL:'Quter plexiform la(fj:__

PAP: ‘peroxidase anti-peroxidase 'method of -antigen localization.

e

PAS: periodic acid Schiff. . N : * d

.PCT: proximal convoluted tubules.
PCV: posterior cardinal vein.
b ]

PF: paraformaldehyde.

Pi: inorganic phosphate. ‘//

v

‘PND: primary nephric duct.
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PaP: p—nitro;phenol.

RC: receptor cell. e ) : .

SIM: short indirect method of antigen localization. -

TAL: thick ascending limb of Henle's loop.

-

F
TBS: Tris buffer saline.

TR: tubal ridge.
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and Mg “concentrations on the

- r

Graph 1- The effect of varying‘Ca+
Ca+2. Mg+2ATEa§e acti;ity’measured in the whole homogenate of a

normal chick duodenum.
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"Graph 2- The effect of varying Cat?

P

of th

v .

concentrations on the activicy
e Ca¥Z, Mg*ZATPases in the basolateral and the brush border
membrane fraction from a normal chick ducdenum.
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Graph 3- The effect of pH on the
the basolﬁtergl and brush border

chick duodendk:
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activity of Cat2, Mg*2ATPases in

membrane fractions from a normal
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. .

Body weight and concentration gi‘serum calcium in 4 weeks
old normal and rachitic chicks.

L—-—-’" ' "_J'
‘Normal n=§ Rachitic n=12
Body weight - -
gm+S.E.M. 24045 ) 148%6 ‘
Serum calcium
mgi+S.E. M. 9.119.3._,“ 7.2+0.4 .
: ', p<0.005

Fach animal was weighed twice and calcium serum measurements were
performed in duplicates. The average of these measurements were used in
the calculations. _

Values are expressed as the mean+standard error of the mean
(S.E.M.). Significance of difference of the means of serum calcium
_concentratlons was calqulated according to Student's t-test.

- j
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. TABLE 2

—

The effect of vitamin D-deficiencv on ALK-Pase. ATPase,
Mgts ATPase, QQEZ; MgTZ-ATPase, NaT, Ca*Z-ATPase and Na K=Z-ATPase
in whole homogenates of chick duodenum

Enzyme Ion Enzyme activity in
concentrations Normal Rachitic chicks
ALK-Pase  0.25mM Zn*>  "7.58+1.51 2.2240.25 (1)

0.25mM Ca*? 1205.64241.1 - 418.2+483.6 (2) p<.01

SmM Mg
ATPases
none 0.55+0.9 0.14+0.1 *.
89.7+41.5 11.6+4.0 %%
2mM Ca '’ 4.77+0.80 "3.02+0.33
739.8198.1 431.7%39.0
0.5mM MgT> 2.83+0.47 1.93+0.52
, 441.3+69.5 276..7£33.8
2aMCa™™ 7.89+1.30 5:6+0.4
0.5mM Mgt*2 1160.9+110.7 851.4160.5 p<0.05
100mM Nat 5.46+0.91": 3.52+0.29
2oM Catx 841.8+81.9 542.0+64.2 p<0.05
100mM Na® 5.84+1.09 6.60+1.02
10mM X * 1083.2+184.4 1050.2+187.7 p>.05
SmM Mg t? _ '

Enzymatic activities were measured in dupllcate and the average was
used-in the calculatfons. In all cases n=6 for normal and n=12 for
rachitic chicks except for ALK-Pase and Na*, K"-ATPase activities where
n=5 for both normal and rachitic chicks.

The mean values % standard error of the mean (S.E.M.) are given.
Significance of differences between the means of normal and rachitic
chicks were calculated according to Student’'s t test.

ALK-Pase activities are expressed as (1) aM of p-nitrophenol
released per mg protein per 15 min (nM PNP/mg protein/15 min) and-(2) r'i

of p-nitrophenol released per gr of wet tissue per .15 min (nM PNP/gr

tissue/1l5 min).

ATP-ase activities are expressed as * uM of inorganic phosphate
released per mg protein per h (uM P /mg protein/h) and as ** uM of

*inorganic phosphate released per gr of wet tissue per h (uM P /gr‘
tissue/h). .-
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TABLE 3 ' - v
: QgigA Mgt2 aTPase andiﬁgié EQ;Q-ATPase activities in
whole homogenate, supernatant and pellet obtained from normal
and rachitic chick duodenum. : &

Normal chicks n=6

Enzyme - = ' Homogenate Supernatant _, Pellet

+2 Ny T .‘
Ca , Mg -ATPase 7.89+1.3*% __ = 1.65+0.27 - 4.61+0.51

. 1160.9+110, 7*=* 101.0+26.6 ° - 748.0+124.8
p<0.05 | .

" +1 . ) S <

Na ', Ca "-ATPase - - 5.46+0.91 1.33+0.22 3.03+0.51.
841.8+81.9 84.7+22.8 504.9+85.2

' p<0.05 .

Rachitic chicks n=12

- ' Lo

v

o _ f
Ca'®, Mg "~ATPase . 5.610.40 0.3440.02  4.93+0.33
o 851.4+60.5 26.6+6.4 706.2+61.7

p20.05, _ B

+ +2 * '
Na¥, Ca"’-ATPase 3.52+0.29 , 0.4+.03 3.01%0.20
542.4464.2 23.0%6.9 430.3%52.1
LY
p>0.05 -

ATPase activities are expressed 'in * uM of inorganic phosphate
released per mg protein per hr (uM Pi/mg protein/h) and ** uM-of
inorganic phosphate released per gr wet tissue per h (uM P/ /gm tissue/h).

Mean values # standard error of the mean (S.E.M.) are given.
Significance of differences of the means between the -activities in the
homogenate and the pellet was calculated according to Student's t-test.

T
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Distributior of principal enzyme markers among the main fractions
obtained by differential centrifugation of duodenal homogenates from
3-4 week old chicks. For details see Materials and Methods section 3.2

—.

Fraction S o -~ P o Py "~ “Pgq
Total protein * _ i ) .
mg 26.2 ) 68.6 S17.1 3.6
. 30% | 702~ 187 - 49
X :
ALK-Pase :
nM PNP/mg protein/h . "1399 13775 6852 12007
- 9.3% '90.7% 45.17 79.1%
Sucrase , ~— . 2
mM glucose/mg protein/h’ | 4.2 S 17.2 7.4 0.6
19.67% 80.47 — 34.47 3%
Na", k¥ -ATPase - 603.7 205.2 . .  28.8
mM Pi/mg protein/h : 100% ’ 347 4.87

Sp=initiial supernatant -
Pa=initial pellet
P, =basolateral membrane fraction
Pg=brush border membrane fraction. .

Since the homogenate was very viscous and difficult to sample, the
total initial quantities were taken as the sums of the.amounts present in

and Py . All enzyme determinations wetre performed twice and the mean
0? the determlnatlons are presented., ¢

o
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>

. L4
Atomic absortion measurements of total calcium in the duodenal
mucosa of fasted ‘and non-fasted normal and rachitic chicks.

H

Feeding chicks mMCa/l cell water *

normal n=6 : 2.99+0.29
rachitec n=8 7.19+1.07 p<.01

Fasted-chicks’

normal n=6 0 2.78+40.34

rachitic n=8 . 2.5140.26 p>.05

- L

Each determlnatlon was repeated twice and the average was used to
calculate the mean of each. group.
' * The total calcium concentration, in the duodenal mucosa is
expressed as oM of calium per liter of cell water (mMCa/l cell water)
The mean values+standard error of '‘thé mean are given (S.E.M.).
Significance of difference between the means of each group was calculated
accordlng to Student s t-test.
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TABLE 6

Evaluation of paraformaldehvde and glutaraldehvde as fixati'ves
for the localization of D-CaBP-I.

@
R
Fixative D-CaBP-I localization at L.M. level in the chick
: 3 duodenunm :
" /
a)4Z%Z paraformaldehyde (PF) _ _
overnight Inconsistent staining, in absorptive cells

. cytoplasm and brush border, ’

goblet cells, and in lamina propria.

-

-~b)0.17%2 glutaraldehyde N
and-PF 10min
then PF overnight . Patchy and inconsistant staining as above.

) ”
¢)0.1% glutaraldehyde S
with PF overnight : Same as above

-

"d)0.5% glutaraldehyde 2h ' S

- ) Same as above e

For details of fixatives see Materials and Methods section 7.5.

-



Page 147

©
& TABLE 7
- ' rd
Evaluation of acrolein gé a fixative for the localization
of D-CaBP-I. S -
Fixative D-CaBP-I localization in the chick duodenum

-

e} 107 acrolein
10min Consistent staining of the nucleus and
cytoplasm of absorptive cells.

Brush borders and goblet cells are negative.
Some leaching.

20min Very consistent, comparable to
/ freeze substituted material.
30min ' Consistent as above but decreased

immunoreactivity

£) 207 acrolein . Consistent as above but deXreased
immunoreactivity.

g) 2% acrolein (distilged) .
. 1n ' ‘Consistent staining as above but only
at the tip of villi. Reduced )
. immunoreactivity along the sides of villi.

»

v

-2k  As above but evwen more reduced
imftunoreactivity.. ‘

h) 3% acrolein (distilled) : . .

- 20min ¥ Consistent staining but only at very -

\ tip of villi.

30-45-60min Very little‘fmmundreactivitywleft.



i) 5% acrolein (distilled)

Smin Consistént and homogeneous staining of
absorptive cells but only at tip of villi.

10min * Consistent and.homogeneous staining of
absorptive cells throughout villi.
Comparable to freeze substituted material.

‘

15min Consistent as above but decreased
immunoreactivity.

Even more decreased immunoreactivityg

L
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TABLE 8

Acrolein in combination with other aldehvdes.

Fixative

~

j)107%7 acrolein 20min™

then 4% glutaraldehyde -

k)107 acrolein with
" 4Z glutaraldehyde
for 20 min

1) 10% acrolein with
4ZPF for 4h

m) 10%Z acrolein
then 4ZPF for 4h

n) 10% acrolein ,
in 4ZPF for 20min
followed by '47PF

o) 2% acrolein
(distilled) with
0.25% glutaraldehyde
for 2 1/2 h :

D-CaBP-I localization in chick duodenum.

Inconsistent staining, leaching and
decreased immunoreactivity.

Inconsistent leaching and decreased
immunoreactivity

-

Consistent only at very tip of villi.

Consistent only at #ery'tip of villi

-

Consistent ‘at tips of villi. Best
results amongst combination
trials but inferior to acrolein alone

Improved cytology but decreased
immunoreactivity as in g

For details of fixatives see Materials and Methods section 7.5.
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Staining of rat and chick cerebellum and duedenum with

Page 150

antisera against chick duodenal and human cerebellar D-CaBP-I and ra

duodenal D-CaBP-II. i -

C oA

Antiserum against
D-CaBP from:

tissues:

cerebellum duodenum
chick rat chick rat

Chick duodenum
Human cerebellum
rat duocdenun

1Y

+ +
4+
+

1

- indicates no staining

+ in the cerebellum the cytoplasm of-Purkinje cells is positive and:
in the duodenum the cytoplasm of enterocytes is positive. -
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TABLE 1

The .effect of vitamin D-deficiencv on antibody production against
sheep red blood cells in the chick. .

Diet . © Serum Calcium Antibody titers
mgZ ‘
. , ) e
normal n=6 : 10.61+0.94 - 21.73+5.26
Rachitic with calcium 10.40+1.49 " 7.71+1.70

supplement n=7

~ ]

Rachitic n=11 . 7.35+1.29 9.81+1.73

Antlbody titers are expressed as the logz of the reciprocal value of
the highest serum dilution resulting in agglutlnatlon For details see
Materials and Methods section 8. - '
' Values are expressed as the mean + S.E.M. Slgnlflcance of
differences between the means were calculated using Student's t-test.

-
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. Sﬁmmarz,gﬁ the immunocytochemical localization of D-CaBP-T in

chick and rat tissues and of D-CaBP-II in rat tissues.

Tissues: " D-CaBP-I
chick

Duodenum
enterocytes
parasympathetic neurons
Reurons B
Kidney
pronephros
nesonephros
mesonephric duct
midsegment
metanephros
glomerulus
BCT
TDL
. TAL
PCT
DCT.
" macula densa
collecting tubule
collecting duct

Tooth
odontoblast
ameloblast
dental pulp

Salivary glands
acini
ducts

Neurons
Purkinje cells
Spinal cord neurons
Spinal ganglion
Ganglia nodosum
Certain retinal neurons

Stomach enterochromaffin cells

+ 4+ 1+ +

‘fat

I+ + 1

+

D-CaBP-TI
rat

+ + A+ o+

7 .
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Adrenal® gland
cortical “cells" ' + - P
medullary cells - - -
Thyroid gland - - -
Parathyroid gland -q{ - _ -

+

Ovary
prefollicular cells + .
germinal epithelium o \\*
granulosa and theca cells - -

Skin . .
keratin layer + - . +
granulosa layer + :

Lympoid organs
thymic¢ cortical ERC
Hassal's corpuscles
splenic reticular cells
bursal reticular cells

+ + + +

Muscle

Skeletal - i . - - -
cardiac - - ) -
smooth _ - - -

Liver . - - -

-

+ positive ‘intracellular staining
- no staining detected ‘
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Fig. 1.-A section of chick-duodénﬁm fixed in 0152 glutaraldehyde

'~ according to Thqgéns et al (1982). Note the uneven distribution of
reacti;n prodﬁct in'enierocytes along the villi and also the
occasional positive goblet cells (arrows). X100.

Fig. 2 - A section of chick duodenum fixed for 20 minutes in 10%
acrolein (Kodak). Note the overall good fixation of the tissue; The
dark‘brbyn reaction product is presentJin all the absorptive cells
of the.villi. The goblet cells (thin arrow), the lamina propria
(th;ch arrow) and the smooth muscle (SM) of the duoﬁeﬁal wall ére

completely negative. X85.

Fig. 3 - A control section of the same duodenum as above stained

with non-immune rabbit serum. X8S5.

Fig. 4 - A sagittal section through the chick cerebellum fixed for
20 minutes in 107 acrolein (Xodak). Noﬁe that the entire body of the
Purkinje cells, the dendrites and the-axons (arrow) show intense

“ . R

staining with the.reéction product. X170.

.Fig. 5 - A control section of chick cerebellum fixed as in Fig. 4
but stained with non-immune rabbit serum. No reaction product is
seen in the Purkinje cell bodies (arrows), axons and dendrites.

"X170.
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Fig. 6 - A section of chick cerebellar cortex showing parts of two

Purkinje cells (PC).WThe section is from the surface of the block

- and thus empty spaces (S) are present. Note the large .amount of

B

reaction product in the PC bodies and their deﬁﬁrites (D). The

nucleus is also darkly stained. Another neuron .in the molecular
layer (*) is completely negative. X7,880.
“I - l"" .
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Fig. 7 - Part of a Purkinje cell ghogigg dark reaction product (*)

: ; e
in between the various organelles ®Wuch as mitochondria and

/ . .

~ . . -
endoplasmic reticulum (hollcw arrows). Note the adsorptéaﬁﬁpf

LS

reaction product on the outer membrane of the mitochondria (thin

_arrows). X62,700.
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Fig. 8 - Medium power electron micrograph of a Purkinje cell™end

some of the adjacent tissue. Notice the_overall'dark color of the

Purkinje cell because of the cytosolic distribution of the reaction

product.. There was no reaction product in the lumen of the rough

-

surfaced endoplasmic reticﬁlu (thin arrow).‘}25,650;

-

L]

Fig. 9 - Part of a Purkin\je cell body showing a Golgi region (G).
The reaction product is p“ésent (*) in the cytoplasm surrounding the

"Golgi region but not inside this organelle. X25,§50.
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-
%

Fig. 10 - A section cutting the Purkinje cell dendrites (D) in cross

'section. The reaction product is seen in the entire dendrite

section. The distribution of the reaction product is similar to that
in the soma. Some of the dendritic spines (thin arrow) and Purkinje

.cell axons (A) are labelled. X16,200.

T ’ ! . ,"
Fig. ¥l - A section cutting the Purkinje cell dendrites (D) in cross

secti%ﬁ. Notice the reactivity in the dendrites and its spines (thin
I ] ) ™N
arrow). A positive alxon (A) is also present. X9,120.

‘%
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Fig. 12 - Aﬁsection of an axon and a dendrite. In fhe axon, the
reaction pfodect is adsorbed ﬁo the plasma‘membrane (thin .arrow),
microtubules (hollow arrews) and synaptic vesicles. In the dendrite
the distribution is-similar to ;hat previquelyhhescribea and the
Fynaptic Qensities are alse Positive. X41,000. ‘\‘

Fig. 13 - A dendritic spine at higher magniTication:‘The feaction
product is seen adsorbed to the cytoplasmic eurfaces‘of various
organelles. Note the reactlon product assoc1at w1th the synaptic .
. density. X50,000. -
Fig. 14 - An axon in the deep cerebellar nucleus. The myelin sheath

(M) is negative and the distribution of reaction product is similar

to that described in.other axons. X7,260.

-
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P
[

Fig. 15 - A dendrite surrounded by dendritic spines from material-

fixed in 0.1% glutaraldehyde with 4% paraformaldehyde. Note that

v ]
- dendritic spines contalned more reactlon product than those in Flg

.10 and 11 which are from mater1a1 flxed with acrolein. X5&590.

Fig. 16 - A portion of a section 0f a Purkinje cell dendrite from

material fixed with 47 paraformaldehyde.'The cytology is poor and L

¢ - T . -

immunoreac¢tivity in the Purkinje cell soma is much decreagedﬂ

However reaction product is still associfated wi the synaptic

densitiei—£§;$ows) of the dendriti; spines. X14,520.

i o ) .
»>
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SRRt

Fig. 17 - A portion of a section of chick duodenun fixed with 5%

- acrolein (distiiiédl Polyscieﬁces) th?n embedded in Lowycril K4ls,

-

D-CaBP-I was localized with the colloidal gold method. Colloidal
gbld_;ndicating the presence of ;mmunorégftivity againéq_D-CaBP-I is
present ﬁhroughout tﬁ; absorptive cell cytoplasm. Collgidal gold
particles are associated with denser-staining areas of the cytoplésm
and ofnly background levels are present in the mithochondrial ﬁq&rix
(M) and brush border region (BB). The junctional complex constituted

of : the zonulé‘occludens (20), the zonula adherens (ZA) and a

series of desmosomes.(D) is negative. X14,520.
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~¥

Fig 18 - High magnification of the brush border region of a chick

~

duodenal enterocyte stained as described in Fig. 17. Only backgr
staining is presert in the microvilli (MV). The mlcrofllaments S

(arrows) in. the terminal web'were also negativé. XZ3-100*%f

-
——

Fig. 19 - Portion of a positive enterocyte next to a goblet cell

stafned as described in’Fig. 17. Note that only background staining

is present in the goblet cell mucous (GM). XQéO?S. : ///f—’/

-

L]
A



L




, Page 163

b4 -
@

Fig. 20 - Portion of an eﬁﬁérocyte stained as in ¥ig. 17. Colloidal
gold is present in the cytoplasm. There is no colloidal gold-in the
rough endoplasmic reticulum cisternae (arrows) and in the
mitochondrial matrix (M). In the nuéieuﬁ the euchromatin is

positive. The nucleolus (NU), heterochromatin and nuclear enuvelope

(NE) are negative. X18,480.

i
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Fig. 21 - The basal portion of an enterocyte. The heavily labelled
cytoplasm of the enterbcyte is highly contrasted with the lamina

propria (LP) where only background level of staining is present.

X18,050.
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Fig. 22 - A phése contrast picture of chick duodenum stained with
anti-chick D-CaBP-I by the PAP methdd.'The cytoplasm and—d;éigus of
the enterocytes are positive. The brush border (hollow arrows) and

~

goblet cellgﬁ%ééll arrows) are negative. X2530.

Fig. 23 - A phase contrast picture of the same duodenum as above but

staiﬁed,with anti-rat D-CaBP-I1I. All stuctures described above are

negative. X250.

Fig. 24 - A phase contrast picture of chick cerebellum stained with .
anti-chick D-CaBP-I by the PAP method. Reaction product is present

in the Purkinje cells (arrowsj soma, dendritic tree énd_axon. X250.

Fig. 25 - A phase contrast picture of the same cerebellum as aBove
but stained with anti-rat D-CaBP-II. The Purkinje cells {arrows) are

all negative. X250. .
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)

i , a
-

"Fig. 26 - A phase contrast picture of a portion of 'rat duodenum
stained with anti-chick D-CaBP-I by the PAP method. The enterocytes

and goblet cells are all negative. X250.

" Fig. 27 - A phase contrast picture of the same rat duodenum as above™,
but stained with anti-rat D-CaBP-II. The enterocytes are positive.

. ¥ _
The brush border (hollow arrows) and goblet cells (full arrows) are

all negative. X250.

~

Fig. 28 - A phase contrast picture of a portion 6£ rat cerebellum
Etaingd with anti-chick D-CaBP-I by the PAP method. The Purkinje

cells (arrows) are positive. X250.

Fig. 29 - A phase -contrast picture of the same rat cerebellum as
~above but stained with anti-rat D~-CaBP-II. The Purkinje cells o

(arrows) are negative. X250.

Q
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- FigJ-30 ~ A portion of a cross section of ; 2 day old chicg‘embryo
stained with anti-chick D-CaBP-I by the PAP méthod and
counterstained wifh H aﬁd E. The primar; nephric'duct (PND) is
completely negative as well as'éhe,developingrmesonephric-tubule
(MT). Alsoc shown is the dorsal aorta (DA)'and posterior cardinal

vein (PCV) . X720.

Fig. 31 - A portion of’a erﬁss section of a 5 day old chick embryo
stained as above. The cells.of ;QQNmesonephric duct (MD) and
connecting segments'(QS) are hng%ly labéilgd_-ln the mid segment
(MiS) scattered cellﬁ are positive. The section of the mesonephrit

-

duct in contact with the tubal ridge (fﬁ) is negative. The

developing glomeruli (G) and'main segment (MS) are_ 2lso negative.

X720.

Fig. 32 - A pﬁrtion of a 14 day oid chick mesonephros stained with
.anti-D-CaBP-I and counterstained with PAS. The brush border of the
cells of the main segment-(MS) is well developed. These cells along
with the glomerulus (G) are negative. The darkly positive cells

——

belong to the midsegment. X720.

N

“

Fig. 33. - Another portion of the same section described above

, . ,
showing that the section of the mesonephric duct (MD) which is in
contact with the tubal ridge (TR) remained negative throughout the

development of the mesonephros. X720.

+
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Fig. 34 -“"Portion of a section of a 10 day old embryonic metaﬁephros
stained with anti-chick D-CaBP-I with the PAP method and

-« -
‘counterstained with H and E. The distal convoluted tubules (DCT)

which are developing nearby a central vein (CV) are heavily

labelled.ix720.

-

Fig. 35 - Portion of a section of a 12 day old embryonic metanephros
stained as above. The proximal conwoluted tubules (PCT) are
negative. The number of'pdsitive distal convoluted tubules (DCT)

: 4 ’
surrounding central veins (CV) is rapidly increasing. £720.

Fig: 36 —'Portion of a section of the kidney cortex of a 4 week old .
chdck'stained with anti-ctrick D-CaBP-I by the PAP method and
counterstained with PAS. The proximal convoluted tubules (PCT),
macula densa (MD) ﬁnd glomeruli (G) are negative. The reaction
préduct is seen inside the cells of the distal convoluted tubules
(DCT) which surround the central vein. X250.

Fig. 37 - ?ortion of the same kidney section as in Fig. 26 showing
‘the medulla. Tﬂe medullary collecting ducts (MCb) and the remaining

thick and thin segments of the meduiiary loops are all negative.

X250.



) 'LOCALIZATION_OF D-CaBP-1 IN THE CHICK
'PRONEPHROS, MESONEPHROS AND METANEPHROS
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Fig. 38—=-Schematic representation of D-CaBP-I staining in the chick
embryonic-and adult kidney. Isclated positive cells are represented
by stipled areas whereas regions where—all the cells along the

tubules are positive are indicated in black. . . N

¥
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Fig. 39 - Control section of rat kidney reacted with non-immune
rabbit serum instead of anti-D-CaBP-I using the short indirect
method (SIM). All the components of the kidney includiné the

glomefuli (G) and dollecting ducts (CD) are negative. X658,

Fig. 40 - Sectioégbf rat ki&ney adjacent to that of Fig. 39 stained
with anti-chick D-CaBP-I by SIM. Positive cellé of the distal
cbnvoiuted tubules (DCT) are indicatedvby hollow arrows. The
glomeru%i (G) the ascending limbs of Henle's loop (AL) and the
colleéting ducts (CD) are negative and are indicated by solid
arrows. X68.

~ 3
Fig. 41 - Portion of rat renal cortex stai:;d with anti-chick
D-CaBP-I by the PAP method. fhe glomeruli (G) and surrounding

proximal convoluted tubules are negative. The dark brown DAB

" deposits are seen inside the cells of the distal convoluted tubules

(DCT). X140.

N )
Fig. 42 - Higher magnification of a part of Fig. 41, which shows the
intracelluler distribution of the reaction'product in the cells of
the distal «convoluted tubules (DCT). The basal regions (arrows) .,

stained more lightly than the apical region of the cells. X360.
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Fig. 43 - Phase contrast picture of 2 portion of a 1 week old rac.
pup kidney stained with anti-chick D-CaBP-I by the PAP method.

Interspersed cells along the collecting ducts (CD) are positive.

X250.

e

Fig. 44 - Section of monkey renal medulla stained with anti-human
D-CaBP-I. Note that the reaction product is distributed in all the
cells of the collecting duct (CD) to the very tip of the. papillary

ducts (PD). X1il. /

-~

-

+

Fig. 45 - Higher magnification of a portion of the monkey renal
medulla seen in Fig. 44. The dense reaction product is found inside

the cells of the collecting ducts (CD). The ascendTng thick limb of

the loops of Henle (AL) are negative. X68.

Fig. A§ - Section of rat renal cortex stained with anti-rat
D-CaBP-I1 usiﬁg SIM. Compare with Fig. 10, which shows an adjacent
section stained with D—CaB%—I. Hollow arrows indicate sites along
the distal convoluted tubules (DCT) positive for D-CaBP-II. In Fig.
40 these $ame tubules are positive for D-CaBP-I. Solid arrows
indicate tubula£ segments in the collecting ducts (CD) and the
ascending thick 1imd of the loop of Henle (AL), all the cells are

positive for D-CaBP-II. The glomeruli remain negative. X68.
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Fig. 47 - Rat renal subcortex and outer medulla stained with
anti-rat D-CaBP-II using the PAP method. Reaction product is seen in
the cells of the thick aséending limb of the loops.of Henle (AL) and

-

the cells of the collecting ducts (CD). X68.

* Fig. 48 - Rat renal subcortex and outer medulla stained with
. & v '
anti-rat D-CaBP-II using SIM. D-CaBP-II , unlike D-CaBP-I is found
in all the cells of the collecting ducts (CD), and the distal tubule

is positive even before it becomes convoluted. X68.

Fig. 49 - High magpification of a glomerulus with its sﬁrrounding
tubules in rat renal cortex stained with anti-rat D-CaBP—II by the
PAP method. The dense reaction prodidct is concentrated in the apical
¢ytoplasm of the cells of the distal convoluted tubules (DCT).

\<?Compare with Fig. 42, which shows the intracellular distribution of

D-CaBP-I. X360.

Fig. 50 - Portion of rat kidney cortex stained with anti-rat
D-CaBP-II with the-PAP méthod and counte{stainéﬁ by PAS;hematoxyiin.
The brush border of the proximal Eonvoluted tubdTes (PCT) is
evident. Reaction product is present in the cells of the distal
“convoluted tubules (DCT). Cells of the macula densa (MD) show a

faint staining in their apical cytoplasm. XZ75.
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Fig. 51 - Schematic representation of the localization of D-CaBP-I
in the nephrons of the rat, mouse, frog, pig. monkey and human and
of D-CaBP-II in the rat nephron. Interspersed positive cells are
indicated by stippled areas whereas regions where all the cells
along the tubules are positive are indicaﬁed.by solid areas.
Abbrevations are: (G) glomerulus, (Mﬁ) macula densa, (PCT) proximal
convolted tubules, (TLH) thin limb of the loop of Henle, (TAL) thick ”
. ascending limb, (DCT) distal convoluted tugﬁle. ECNE) connecting

tubule, (CD) collecting duct.
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?ig: 52 --A portion of a section of the parotid of a 1 week old.
sucﬁling rat stained with anti—fat D-CaBP-II'bF the PAP methed and
counterstained with H and E. Tﬂe ductal cells-(arrows) contain
reaction product in the cytoplasm and nucleus. The acini are

L]

negative. X100.

Fié. 53 - A portion of-a section of the submaxillary of a 1 week old
suckling rat stained with anti-rat D-CaBP-II by the PAP method and

counterstained with H and E. The ductal cells are positive (arrows).

Xi00.

. ' o o
Fig. 54 - Phase contrast picture of a higher magnification of a rat
parotid gland stained with anti-rat D-CaBP-II1 by the PAP method. The

intralobular ductal cells are positive (arrows). X250.

Fig. 55 - Phase contrast picture of a section adjacent to that of
Fig. 54 stained with anti-chick D-CaBP-1I by the PAP method. The

S

ductal cells (arrows) and acini are all negative. X250.

-
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Fig. 56 - A pértion of a rat incisor tooth stained with anti-chick
D-CaBP-I. The dark reaction product is present throughout the

cytoplasm of the ameloblasts and Tome's processes. The nuclei of the

2
cluding the

ameloblasts are darkly labelled. All other structures in

enamel (E), theg dentin (D) the odontoblasts.(0) and the pulp-cavity

(PULP) were completely negative. X250.

Fig. 57 - A phase contrast pi$ture of a section adjacent to that of

Fig. 56 that was stained with non-immune serum. All 'structures are

negative including the ameloblasts (A). Structures are labelled as

in Fig. 56. X250.

.oy

i moT
Fig. 58 - A phase contrast picture of a section adjdcent to that of
-«

Fig. 57 stained with antiserum against rat D-CaBP-II. All structures

are negative and are labelled as in Fig. 56. XZSD,;



.\m T —
100”0. I&b ,..l.’h ‘nf

EEYRENY

T“q\ cs__h..o.(ﬁ._.
*..1(.1‘ i




w

Page 176

Fig 5%a-f - Phase contrast microscopy of the different stages of

maturation of rat ameloblasts stained with anti-chiek D-CaBP-1.

Fig 60a-f - Ameloblasts stained as above and then counterstained

with H and E.

The zones in figs 59 and 60 are labelled as follows:

a) The zone of presecretion where there is norD-CgBP—I staining
'includiqg the ameloblasts (4) facing the pulp cavity (P).

b)-Egé zone of presecretion facing dentin (D). The Od;ﬂtoblasts (0)
are négative and ameloblasts (A) are beginning to show positive
staining.

c¢) The initial portion of the zone of secretion where the smoath
surfaced ameloblasts are heavily labelled for D—CaBP—I.'

d) The major portién of the zone of secretion. The reaction prodﬁc;
extends throughout the cytoplasm and the Tome's processes of‘the
ameloblasts. The enamél (E), dentin (D), predentin;(PD) and
odontoblasts are all negative.

e) The zone of maturation where the positive ameloblastﬁ begin to

shorten in length.

-

f) The zone of maturation where the shortened ameloblasts are still
positive}

All pictures X100.

{¢
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Fig. 61 - Phase contrast picture of a portion of a 9 day old chick
embryonic cerebellum stained with anti-chick D-CaBP-I using the PAT
technique. Small scattered fibers (arrows) are positive. X100.

Fig. 62 - Phase contrast picture of a portion of a 10 day old chick
embryonic cerebellum stained as above. Positive fibers are thicker

a%d more numerous (arrews) than on day 9 especially in the region of

the deep nucleus (DN). The granular cell layer is labelled G. X100.

Fig. 63 - Phase contrast picture o6f a portion of a 12 day old chick
embryonic cerebellum stained as in Fig. 61. Positive cells forming

the boundary between the granular (G) and molecular layer (M) can be

recognised as Purkinje.cells. X100.

’

Fig. 64 - Phase contrast picture of a portion of a2 13 day old chick
‘embryonic cerebellum stained as in fig 61. Positive Purkinje cells

are forming a continuous layer between the granular (G) and

molecular (M) layer. X100.

Fig. 65 - Phase contrast picture of a portion of a-l4 day 0ld chick
embryonic cerebellum staimed as in Fig. 61. The positive Purkinje
cells are beginning to mature. On some cells (arrows) the beginning

of the main dendrite can be.distinguished. X100.
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Fig. 66 - Phase contrast picture of a-portion of a 16 d;y 0ld chick
embryonic cerebellum stained as in Fig. 61. The main dendrite of the
positive Purkinje cells is growing into the granular layer (G).

x100. -

S

Fig. &7 - Phase contrast picture of a portion of a hatching chick
. ® . ! .

cerebellum stained as in Fig. 61. The dendritic tree of the Purkinje

cell is almost complete. The positive axons (A) of the Purkinje

cells can be seen in the molecular layer (M). X100.






Page 179

-

Fig. 68 - Phase contrast picture of a portion of a section of the
cerebellum of a gold fish stained with anti-chick D-CaBP-I. The
Purkinje cells (arrows) which are scattered in the molecular layer

(M) are positive. X100.

Fig. 69 - A portion of a section of the cerebellum of a2 frog stained

with anti-chick D-CaBP-I. The Purkinje cells (arrows) are positive.

X100. '

by

Fig. 70 — A portion of rat cerebellum stained with anti-chick
D-CaBP-I. Reaction product is present throughout the cytoplasm of

the Purkinje cells. X100.

Fig. 71 - A portion of .rat cerebellum stained with anti-human

D-CaBP-I. The Purkinje cells are also positive but staining is not
# - .

as intense as in Fig. 71. X100.

Fig. 72 - A portion of mouse cerebellum stained with anti-chick

D-CaBP-I. The Purkinje cells are positive. X100.

- Fig. 73 - A portion of rabbit cerebellum stained with anti-chick

D-CaBP-I. The Purkinje cells are darkly stained. X100.

-
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Fié. 74 -.A'vefticél section of a normal chick retina stained with
anti-chick D-CaBP-1 using the PAP method. The innef segment of the
receptor cells (RC) are positive for D-CaBP-I. At the outer limitiné
membrane {(OLM) there is a sharp boundary because of the lighter
staining of the outer nﬁclear léyer (ONL). In the outer plexiform
layer (OPL) the positive pedicles of the RC and the positive . -
processes and cellular Bodies of the horizontal cells (HC) form two
distinect layers. In the inner half of the inner nuclear layer (INL)
positive amacrine cells (AC) are seen. In thé inner plexiform layer

(IPL) at least five horizontal bands can be distinguished. A few

scattered ganglion cells (GC) are positife. The fiber layer (FL) and

. the inner limiting Eégﬁ%gne (INL) are negative. X400.

a WA

Fig. 75 - Hiéher magnification of normal chick retina stained with
anti-chick D-CaBP-I. Here again the inner segments of the receptor
cells (RC) are positive. ?he outer nuclear layer (ONL) stains
lightly. The pedicles of the RC are positive. The inner nuclear
layer (INL), horizontal cells tﬁC) and probably some bipolar cells
(BC) are also positive. Amacrine cells (AC) containing D-CaBP-I are
present close to tﬁe INL. One AC in particular is labelled and its
égle process is seen reaching into a D-CaBP-I positive, inner

plexiform layer. X562.5.
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Fig. 76 - Vertioal section of a normal chick retina incubated with
non-immune serum {control). All the components of the retina
including receptor cells (RC), the outer nuclear layer (ONL), the
outer plexiform layer (OPL), the inner nuclear layer (INL), the

inner plexiform layer (IPL), the ganglion cell layer (GC), and the

fiber layer (FL) were negétive. X225.

Fig. 77 - Portion of a2 normal chick pecten incubated with anti-chick

D-CaBP-I by the PAP method. The polymorphic intervascular cells are

»
heavily laden with pigment granules but there is no reaction

product. X375.
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Fig. 78 - Vertical section of a retina from a 4-week o0ld rachitic
chick,. .stained with anti-chick D-CaBP-I1 by the PAP method. In thé
outer plexiform layer’<OPL) only the bediclgs of Ehe receptor cells
are clearly positive and-Fhe Horizontal cells are negétive. In .the
inner nuclear layer {(INL), scattered ;;sitive cells are present,
some are probably amacriné cells, while otherse=may be bipolar cells.
Note scattered positive ganglion cells. X225,

Fig; 79 - Tangential section of a retina-from a 4-week old racﬁitic
chick stained.with anti-chick D-CaBP-I. The inner segment of the
receptor cells (RC) as well as the cytoplasmliﬁﬁéﬁe outer nuclear
layer (ONL) are positive. Horizontal cells in the outer plexiforﬁ
1a§er (OPL; are not clearly seen.  Some gells of the group labelled

BC are probably positive bipolar cells. X225. -

-
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Fige 80 - Phase contrast picture of a vertlcal section of a retina
from a 9 day old chlck embryo stained with anti-chick D-CaBP- I
chtter?d aqgcrlnsﬂgells (arrows) 'in the lower third of the inner
nuclear.léjer (INL) displayed a faint positive reaction. The pigment

cell layer (PCL) ands receptor cell layer (RC) are also labelled.
X250. | |

Fig. 81 - Phase contrast picture of a vertical section of a retina
from a 12 day old chick embryo stained with anti-chick D-CaBP-I.
Staining in scattered amacrine cells (AC) is denser than in day 9
retina. Sbme ganglion cells (GC)rare also positive. X250.

Fig. 82 - Phase contrast-pictu}e of a vertical section of a retina
from a 16 day old chick embryo stalned with anti-chick D-CaBP-TI.
There is a faint positive stalnlng in. the inner segment (arrows) of

the receptor cells (RC). Scattered amacrine (AC) and ganglion cells

{GC) are also present. X250.
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b
Fig 83 - Phase conﬁrast picture of a'vertlcal sectlon'f'bm a 17 day
old chick embryo stained with anti-chick D- CaBP:I. In addition ‘to
receptor cells QRC). ;macrlne cells (AC) and ganglion cells (GC),
some'bip;lar gells QBC) are posigivea-Some layers oﬁf{Qe-inneF
plexiform layerJ(IPL) are positive X250. '

N ) PR
.

Fig. 84 - Phase -contrast picture of a vertical seetion from a 18 day
old chlck embryo stained with-anti- chlck D~ C;BP I. The staining
pattern is 51m11ar to that described for Flg 25. X250.

)
Fig. 85 - Verticélqsecton of a retina‘from a l-day old ch?cE stained
with anti-chick D-CaBP-I. The receptor cells, probablx some bipolar
."cells (BC), some amacrine cells (ACﬁ.and'ganglion cells are

.
L]

. positive. The horizontal cells (HC) are only faintly positive. X365.

Fig. 86 - Tangential section of a retina from a l-day old chick

- stained wifh ant;—chicf D-CaBP-I. In the Buter huclear-layer {ONL)
thé gyCOplgﬁm‘and'the nuclei of the receptbr cells are positive. Ip
the inner ngcleﬁr layer (INL), h%fizontal ;elis (HC) are faintly
positive while pfobably some bipplar cells (BC) and some amacrine

cells at the bottom of the INL are positrve: X365.
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Fig. 87 - Jertical section of a 2—week;old normal chi;k retiﬁa
stained with anti-chick D-CaBP-I. In the o;ter nucle%r layer (ONL)
some of the cell bodies of the receptors cells are positive. In the
.inner ﬁuglear layer (INL) horizontal eells, p;obab1Y.some bipolar

. célls and some amacrine cells are positive. In the inner plexiform

-layer (IPL) three positive bands are visible. X365.

Fig. 88 - Vertical section of 2—week—old.fachitie;chick retina
stained with anti-chiEk.D-CaBP-I. Recepfor c&11 (RCj.inner segment
and. cell bodies in ﬁhe outer nuclear layer (ONL) are positive. RC
pedicles alsokstéinéd\for D~CaBP-I but horizontal cell§ (HC) are
negative. Pfﬁbably some bipolar cells (BC), some amacrine cells and

some ganglion cells are positive. X365.

-Fig. 89 - Vertical section of a mouia retina_stained with anéi—chick
D-CaBP-I. The receptor cells (RCY have but a_tface amount of
D-CaBP-I. In the inner nuclear iayer (INLS horii;ntai cell bodiés_
and their processes are densely stained. Some amacrige cells (AC)
are alsc positive. In the inner plexiform layer three ﬁorizontal
lines are distinctly'stained. Most ganglion cells (GC) and their
fibers (FL) are positive. X225., .

'Fig..90~- Section of a rat }eti;a stained with anti-chick D-CaBP-I.
Here dgain receptor cells (RC) are but very lightly stained.

Horizontal cells (HC) and some amacrine cells (AC) are positive.

Most ganglion cells (GC) and their fibers (FL) are positive.lXZZS.
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Fig. 91 - Section of a rabbit retina staired with anti-chick
D-CaBr'-I. Receptor cells (RC) are very faintly positive. Horizontal
cells are the most densely stained cells. Some amacrine cells are

also positive. X225.

Fig. 92 - Téngegtial section of a rabbit retina showing the
eftensf&e_branching of D-CaBP-I positive horizontal cell processes.

X225.

Fig. 93 - Séction 0f a frog retina stained with anti-chick D-CaBP-I.
The inner segments of ?eceptor cells (RC), as well as the cell
bedies in the ounter nqclear layer (ONL) and their'pedicles are

faintly positivé. Horizontal cells (HC), bipolar cells and some

amacrine cells (AC) in the inner nuclear layer (INL) are positive.

~Four horizontal lines in the inner plexiform layer are positive.

L -

Many ganglion cells (GC) and their fibers (FL) are positive. X225.
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2

Fig. 9& - A portioﬁ of thé spina} cord of a 10 day old chick eﬁ%tyq
stained with anti-chick ﬁ—CaBP-I by the PAP method and
counterstained with H and E. ﬁeaétion product is.present throuéhout
the cytoplasm of certain interneurons in the dorsal and ventral
horns. Motaor neurons (M) epeﬂdymal {E) and g%ial ;ells are negative.

X275.

Fig. 95 - Higher magnification of D-CaBP-I positive neurons in the
ventral horn. The smaller anlei (arrowj) belong to glial cells

which are negative. X320.
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Fig. 96 - A spinal ganglion of a2 10 day old chick embryo stained
with anti-chick D-CaBP-I by the PAP method and counterstained with H

and E. A1l the neurons are devoid of reaction product. X375.

-

=y

Fig. 97 - A portion of the ganglion nodosum of a 4 week old chick
stained with anti-chick D-CaBP-I with SIM. The nucleus and cytoplasm

of certain neurons is darkly labelled. Positive axons (A) are also

present. X&420.

Fig. 98 - Phase contrast picture of a2 portion-of a rat ducdenum
stained with anti-chick D-CaBP-I by the PAP method. Parasympathetic
neurons (arrows) located in between the smooth muscle_Jayers are
darkly stained. All structures of the villi including“the

enterocytes (E) are negative. X100.
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Fig. 99 - Phase c;n;rast pictﬁre of a portion of a seﬁtion of the
fundic stomach of a rat stained with antilchiék D-CaBP-1I.
Interspersed pyramidal (thick arrows) and spindle shaped cells (thin
arrows) in the basal portion of the gastric glands are positive.

X250.

Fig. 100 - Phase contrast picture of a section adjacent to that of

Fig. 99 stained with anti-rat D-CaBP-II. .Parietal cells are slightly

——

positivé (arrows). X250.
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Fig. 101 - A portion of a chick adrenal gland stained with
anti-chick D-CaBP-I and counterstained with H and ‘E. The cortical

cell (arroﬁs) are positive. The medullary cells (M) do not contain

-~ -

any reaction produ&t. ¥275.

» o
Fig. 102 - & portion of a rat adrenal gland stained with anti-rat
D-CaBP-II1. The cortical cells are bositive. All structures in the

medulla (M) are negative. X250. ’
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Figz103 - Portion, of a section of rat skin stained with anti-chick
D-CaBP-I. All structures including tﬁﬁ stratum corneum (SC),
granulosum (SG), spinosum (SS) and basale (SB) are negative. X50.

Fig. 104 - Portion of a section of rat skin stained with anti-rat

chgBP-If adjacent to that of fig 103. The stratum corneum (SC) and’
77, :

cells of the stratum granulosum (SG) are positive. X100.

Fig. 105 - Portion of a section of rat esophagus stained with
anti-rat D-CaBP-II. The stratum corneum (SC) and the cells of the

stratum granulosum (SG) are positive. Note that some cells in the

.stratum spinosum are heavily labelled. X100.

Fig. .l106 - Portison of.a section of chick skin stained with
anti-chick D-CaBP-I. The stratum corneum (SC) and the cells of the

stratum granulosum_(SG) aréypositive. X100. .
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Fig. 107 ;'A portion of a section of a 8 day old chick embryonic

ovaﬁy stained with anti-chick D-CaBP-I. Some positive staining is

[y -
the medulla are not stained (M). X25s6.

pre;EEF in:;he cells of the germinal epithelium (GE).Structures of

’ \

Fig. 108 - A portion of a seetion of a 14& day oLd.chick embryonic
ovary stained with anti-gdick D-CaBP-I.-The germinal epithelial
cells (GE3 are posi;ivé'?br D—CaBP~I. The prefollicular cells are
d;nsely labelled for D-CaBP-I-and cﬁmpletely surround the difiding

.oogonia. The.oogonia (arrows) in the cortical cords are completely

negative. XQG o

3 | w2
Fig. iO? - Another qutioh of Fig..108 showing the nigh:-(RO) and a
portion of the left ovary (LO). Notice that the development qf the
right ovary does not keep pacE-with thgt oé the left ovafy. In €
right ovar£ there is-no germinai eﬁithelium énd no cortical cords.
.. There are a feé unorganised D-CaBP-I positive cells in the medulla.

{
X256.
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Fig. 11G - A portion of ? section of the ovary of a hatching chick
stained with anti-chick D-CaBP-I and counterstained with H and ‘E.
Here again the germinal‘epithelial (dE) cells and prefolliculér

.cells (PF) surroundiné the oogonia (0) are densely labelled for

D-CaBP-I. X256.

N -~ A
Fig. 111 - A portion of a\?tftiqn of a 6 week old chick ovary
staiﬂed with anti-éhihk D-CaBP-I. At this age 6n1y‘the germin%l
'epithelialdeEs cells are positive. The follicular cells surrounding
the matuf}ng-oocytes are negative. X100.

) . 3 ;
"Fig.. 112 - The ovary of a 1 week old rat pup stained with anti-rat
o D-CaBP-II and then counierstained with H and E. The Follicular éells
are bositive. The follicular cells surrounding the primary follicles
(PFj.are.more'densely labelled than those Surrounding growing and

maturing follicules. X128.

. .
» 5 [
* '

Fig. 113 - Higher magnificatien of a portion of the rat ovary of

Fig. 112. The follicular cells surrounding the primary follicles are

L

positive (arrows). X250. - ) ) ' -
o : . . | —
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Fig. 114 - Section of the thymus of.a 20 day old chick embrya
;tained with anti=zgchick D-CaBP-I by the PAP method. In the cortex:
{C) fine cellular processes (érrows) and;cell bodieé of cortical
epithelial cells (ERC) éfe densely.labelled with reaction product.

— ~F

In the medulla (M) no structures are stained. X250:
Fig. 115 - Section of the spleen of the same 20 day old chick
'staimed with anti-chick D-CaBP-I by the PAP method. Positive
reticular cells in the marginal zones (MZ) delimit the developing
white pulp areas (*). At this stage the bulk of the spleen is made

up of red pulp (RP). X250.

Fig. 116 - A two week o0ld normal chick thymus stained with
anti-chick D-CaBP-I by the PAP method. In. the cortex (C) ERC are
-densely stained throughout their cytoplasm an& in the medulla (M)

Hassal's corpugcles.(HC) are also labelled. X100.

-

Fig. 117 - The spleen of the same two week old normal chick stained
with anti-chick D-CaBP-I by the PAP method. Numerous, heavily
labelled reticular cei}s in the marginéi zones (MZ) demarcate the

boundary between the red (RP) and white pulp (*). X100.

-
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Fig. 118 - Section from a 4 week old normél chick thymus stained
with anti-chick D-CaBP-I by the PAP method. Staining in the cortex
(C) is very much decreased. Scattered ERC cell bodies are still
positive and Hassal's Eorppscles (HC) in thg qe@gllq'(ﬂ)-are also.
positive. X100. |

Fig. 119 - Section of the spleen of the same 4 week old ﬁormal chick
stained as in Fig. 118. Most of the marginal zones (MZ) are still

well marked off by D-CaBP-I positive reticular cells. XlOOz

Fig. 120 - éection of a 4 week old thymus stained with anﬁi-chick

D;CaBP—I by the SIM. The cortex (C) is hngily labelled by positive
ERC. In the medulia (M) Hassal's corpﬁsclés (HC).are positive. When -
compared with Fig. 118.it shows the striking variation in the h

staining of cortical ERC encountered in 4 week old normal chicks

" from different broods..X100.

Fig. 121 - Section of the spleen of the same‘é'week old normal chick
of Fié. 120 reacted with anti-chick D-CaBP-I by the SIM. Positive i
‘reticular cells in the marginal zones (MZ) are so few that it is
difficult te distinguish thg red and white pulp. X32. The inset
shows a positive reticular cell ak 2 higher magnification. X320.‘
When compared with Fig. 119 it shows the striking variation in

staining .of reticular- cells in the marginal zones in the spleen of 4

week old normal chicks from different broods.
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Fig. 122 - Section of ihe thymus of a 4 week old vitamin D}defitient
chick stained with anti-chick D-CaBP-I by the PAP method. Only a
faint staining of ERC in the cortex (C) can be observed. In the

medulla (M), Hassal's corpuscleé (HC) were faintly postive. X100..

. Fig. 123 - Section of the hpleén of a 4 week old vitamin D-deficient
chick stained with anti-chick D-CaBP-I by the PAP 'method. Only a few'
scattered reticular cells in the marginal zones (MZ) are positive.

X100.

Fig.‘124 - Phase contrast picture of a follicle of the Bursa of
Fabricius from a 4 week old“normal.chick stained with anti-chick
D-CaBP-I with the PAP method. Scattered positive cells are pfesent
(arron)‘in the medulla (M). No reaction product, is seen in the
cortex (C). The well developed capillary network (CA?) dividing Fhe
corﬁex from the medulla can be identified. X320.

Fig. 125 - Phase contrast picture of a control section of a follicle

of the Bursa of Fabricius adjacent to that of Fig. 124, stained with

.,
-

non-immune rabbit serum instead.of anti-chick D-CaBP-I by the PAP
method.: A1l the'components of the.cortex (C) and medulla (M) are

'negative. X320.
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Fig. 126 - Phase contrast picture of a portion of ‘chick liver

-

stained with anti-chick D-CaBP-I by SIM. All'strﬁctures including
. : AL g ‘ :

—_—

o 7 . ;
the hepatic cells are negative. The central vein of the lobule is

indicated by an arrow. X100. .
"8

-

Fig. 127 - Portion of a section of chick skeletal muscle stained

with anti-chick D-CaBP-I by SIM. All structures are negative. X250.

Fig. 128 - Portion of a section of chick cardiac muscle fibers

stained with anti-chick D-CaBP-I by SIM. All structures of the

cardiac fibers (CF) and Purkinje fibers (PF) are negative. X250.

iy
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