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We have examined the uptake of *ZZ-triamcinolone acetonide @H-TAC) into various
maternal and embryonic tissues of 4// mice. We report that the fetal tissues were able to
retain TAC for long periods, although the concentrations of TAC in the maternal tissues
were significantly lower. We have also examined the binding of °H-TAC both to nucle
and cytosols from maxillary processes. We report that °H-TAC can bind to chromatin both
at low and high affinity. This leads to the isolation of two chromosmal protein fractions
containing bound °H-TAC. Therefore, triamcinolone acetonide is favorably retained in
fetal tissues by its ability to bind tightly to chromatin.

Introduction

Since the discovery by Baxter and Fraser

(1950) that cortisone can produce cleft palate

in mice, corticosteroids have been the most

widely used agents in the experimental pro-

duction of this defect. Although numerous

investigations of the possible mechanisms by

which corticosteroids cause cleft palates have

been made (Walker and Fraser, 1957; Lars-

son, 1962; Jacobs, 1964; Pinsky and Di-

George, 1965; Harris, 1967; Ross and Walker,

1967; Zimmerman et al, 1970; Andrew and

Zimmerman, 1971; Waddell, 1971), their

mechanisms of action still remain elusive. In

this communication we are re-examining this

problem by looking at the possible interaction

of triamcinolone acetonide (TAC) with the

genome. In order to establish reasons for ex-

amining palate chromatin as a possible target

for the action of triamcinolone, we would like

to recall some of the work that has been done

on steroid action on chromatin. The following

minireview is presented for the purpose of

bringing to the clinical investigator and prac-

titioner basic information necessary for un-

derstanding the genetic response to hormonal
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induction. Such mechanisms may play im-

portant roles in induction of cleft palate in

developing human embryos. These data form

a basis for our experimentation and introduce

for the first time the chromosomal approach to

the problem of induction of cleft palates with

glucocorticoids.

It is well established that the principal ac-

tion of steroid hormones in target tissues is the

regulation of protein synthesis (Sugimoto et

al, 1976). The glucocorticoid readily pene-

trates the cell membrane and reversibly binds

to hormone-receptor proteins in the cyto-

plasm. The glucocorticoid-receptor complex

undergoes a conformational change, becomes

"activated,"is transported to the nucleus, and

binds to the target-cell genome. Association

with the genome seems to influence the syn-

thesis of specific messenger RNA's and

thereby the coding for proteins which ulti-

mately results in the glucocorticoid response

(Sugimoto et al, 1976).

In muscle, adipose tissue, connective tissue,

skin, and lymphoid tissue, there is increased

degradation and decreased synthesis of pro-

teins, fat, DNA, and RNA in response to

glucorticoids (Sugimoto et al, 1976). In liver,

there is a general increase in protein and RNA

synthesis, with a concomitant decrease in

DNA synthesis (Sugimoto et al., 1976). There-

fore, responsiveness to glucocorticoids is dif-
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ferent in different target tissues. Glucocorti-

coids administered at an early stage of devel-

opment of the mouse result in malformation

in craniofacial development, which may be

manifested by the appearance of cleft palates

in the embryos (Greene and Kochhar, 1974).

Mediation of the glucocorticoid action on

the genome appears to be through specific

cytoplasmic receptor proteins (Litwack et al.,

1972; Jensen and DeSombre, 1972; Chan and

O'Malley, 1976; Agarwal, 1976; Eisen and

Glinsmann, 1976). In general, it is assumed

that there are two conformational states of

the receptor, active and inactive, which exist

in an equilibrium that is influenced by the

steroid. The increase in active receptors results

in the specific glucocorticoid response. In the

absence of the steroid, the receptors are found

in the cytosol (Baxter and Tomkins, 1971;

Beato and Feigelson, 1972). In cells which

have been exposed to the steroid, the receptors

are found in the nuclear fractions (Baxter and

Tompkins, 1970; Rousseau et al., 1973). Tur-

nell et al. (1974), after incubating rat thymus

cells with triamcinolone acetonide (TAC),

found that about 80 per cent of the specifically

bound steroid was in the nuclear fraction.

Baxter and Tomkins (1970) reported that

rapid dissociation of the steroid from the re-

ceptors resulted in the migration of the recep-

tors from the necleus to the cytoplasm.

When nuclei containing receptor-steroid

complexes are fractionated, almost all of the

complexes are found on the chromatin (Si-

mons et al., 1975; Chan and O'Malley, 1976;

Gschwendt, 1976). Lippman and Thompson

(1974), using rat hepatoma and mouse L cells

also reported that there is limited nuclear

binding capacity for receptor-steriod com-

plexes. This nuclear binding capacity was

found to be dependent on the experimental

conditions used in the isolation of nuclei (Si-

mons et al., 1975). Nonetheless, it appears

that the nuclear acceptors for glucocorticord

receptors reside on chromatin.

Baxter et al. (1972) and Beato et al. (1973)

reported that receptor-glucocorticord com-

plexes can bind to purified protein-free DNA

to a larger extent than to chromatin. Baxter

et al. (1972) have also shown that the nuclear

acceptor sites are destroyed upon digestion

with deoxyribonuclease, when about 50 per

cent of the DNA was hydrolyzed. Treatment

of uterine nuclei with deoxyribonuclease pre-
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vents the formation of the nuclear steroid

complex in the case of estradiol (Musliner and

Chader, 1971) and causes release of the ste-

roid-receptor from nuclei as shown by Harris

(1971). Therefore, DNA is an important fac-

tor in binding receptor-steroid complexes.

When Schrader and O'Malley (1972) and

Schrader et al. (1975) purified the progester-

one-receptor protein, they were able toisolate

two components termed A and B. Both com-

ponents specifically bound progesterone but

no other steroid. Component A bound to

DNA at high affinity with limited number of

binding sites, while component B did not

bind to protein-free DNA but bound selec-

tively to nonhistone-protein-DNA complexes

(O'Malley et al., 1973; Schrader et al., 1972).

Steggles et al. (1971) have also shown that the

binding of estrogen-receptor was enhanced to

dehistonized uterine chromatin. These exper-

iments suggest that histones lack acceptor ca-

pacity and cannot account for the specificity

in binding receptor-steroid to DNA. Addi-

tional evidence for the participation of non-

histones in the acceptor sites in chromatin

came from the experiments of Spelsberg et al.

(1972) using methods of reconstitution of

chromatin previously established (Bekhor et

al., 1969). In addition, Klyzsejko-Stefanowicz

et al. (1976) fractionated prostatic chromatin

into various urea-soluble nonhistones and

DNA-associated nonhistones and confirmed

that the DNA-associated nonhistones in-

cluded the organ-specific acceptors for com-

plexes of DHT and its receptor. Further, Tsai

et al. (1976) found that reconstitution of non-

histone proteins isolated from estrogen-stim-

ulated chick oviduct to chromosomal protein-

DNA complexes from hormone-withdrawn

chromatin, resulted in the synthesis of signifi-

cant amounts of ovalbumin mRNA se-

quences. Therefore, the nonhistone proteins

of chromatin again appear to be implicated

in regulating specific gene expression in re-

sponse to the steroid.

To date, two classes of receptor proteins

have been identified. The first class includes

the steroid hormone receptors, which are not

intrinsic to chromatin, since, in the absence

of the hormones, they are found in the cytosol

(O'Malley and Means, 1974). However, after

binding the hormone, the hormone-receptor

migrates to the nucleus and binds to chro-

matin. The second class of receptors (thyroid
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hormone receptors) is found tightly associated

with chromatin, either in the presence or ab-

sence of the hormone (Spindler et al, 1975;

MacLeod and Baxter, 1976). Therefore, both

the receptor and the acceptor proteins may be

associated with chromatin. MacLeod and

Baxter (1976) also reported that the thyroid

hormone receptors bind extensively and

tightly to DNA, and thus they may randomly

bind to any available DNA in chromatin,

resulting in some receptors binding to second-

ary sites. It has been postulated that interac-

tion with the hormone may enhance binding

of the active receptor to the specific acceptor

sites in chromatin. These studies demonstrate

that free receptors may bind to chromatin,

and in the case of the steroid receptors, such

a binding is enchanced in the presence of the

hormone. The latter was demonstrated by

Gschwendt (1976) who reported that high

affinity binding proteins (nuclear receptor

proteins) can be solubilized from liver chro-

matin of estrogenized chicken (in the presence

of the hormone). Gschwendt (1976) isolated

these proteins following the incubation of pur-

ified chick liver chromatin with °*H-estradiol

in the absence of cytosol. These proteins were

nonhistone chromosomal proteins. Con-

versely, Gschwendt (1976) found little bind-

ing of °H-estradiol to chromatin isolated from

untreated chickens. This data strongly suggest

that, in the presence of the hormone, the

receptors are found associated with chroma-

tin, and in the absence of the hormone, the

receptors are found in the cytosol. We have

confirmed these data with triamcinolone

binding to chromatin from palates and liver

as shown in this communication.

Quantitative analysis of chromatin during

estrogen-induced differentiation shows that

both the types and the total quantity of his-

tones remained relatively constant through-

out development, while the level of nonhis-

tone proteins increased during the early stages

of differentiation and then decreased during

the final stages of maturation. The capacity

of chromatin to serve as template for RNA

synthesis showed a similar initial increase and

gradual decline in the final stages of devel-

opment (Spelsberg et al., 1973; 1971). Struc-

tural analysis of chromatin by circular dichro-

ism suggested that conformational changes

occurred in both the DNA and the protein

during oviduct development (Spelsberg et al.,

1971). A gradual increase in ellipticity of chro-

matin at 275 nm suggested changes in DNA

conformation in chromatin induced by the

nonhistones. The nonhistone proteins some-

how seem to alter gene activity at least partly

through changes in chromatin conformation.

Krall et al. (1975) also reported that no dif-

ference in the extent of micrococcal nuclease

resistance of chromatin DNA was detected

during estrogen-induced oviduct differentia-

tion. Schwartz et al. (1975) demonstrated that

estrogen administration to chicks resulted in

an increase in the chromatin template activity

of oviduct target tissue with concomitant in-

crease in the number of RNA polymerase

binding and initiation sites in chromatin. Pro-

gesterone exerted similar effects (Schwartz et

al., 1976; Buller et al., 1976). Again we report

similar but opposite effects for triamcinolone

on chromatin isolated from cleft palates.

For glucocorticoids to induce clefting,

Fraser et al. (1957) postulated that the palatal

shelves fuse after they become elevated when

the size of the head and the oral cavity enables

them to come into contact with each other.

Since that time, it has been determined that

closure of the secondary palate occurs after

most other organogenic processes are over;

and it is generally accepted that cleft palate

formation results from a prevention of the

process of palate elevation and closure

(Greene and Kochhar, 1974). It has been

demonstrated that differences in binding of

corticosteroids to tissue proteins, which may

be genetically related, may explain the differ-

ential teratogenic sensitivity to corticosteroids

of different mouse strains (Goldman et al.,

1976). Andrew and Zimmerman (1971) fur-

ther proposed that triamcinolone induced

cleft palates may result from growth inhibi-

tion. Spain (1975) found cortisone and corti-

coid metabolites to concentrate to a signifi-

cant level in fetal jaws suggesting that induc-

tion of cleft palate may be caused by a direct

action on the fetal palatal shelf tissue. By

autoradiography of °*H-thymidine uptake in

the cranial base of experimental fetuses, Long

et al. (1973) demonstrated that cleft palate

induction with 6-aminonicotinamide may be

a result of selective impairment of cell prolif-

eration in the presphenoid as judged by a

significant decrease in labeled nuclei.

Jelinek and Dostal (1975) found that the

formation of the secondary palate in mice was



accompanied by intensive mitotic activity. In

control fetuses the mitotic activity culminated

approximately 24 hours before palatal-shelf

horizontalization so that the period of inten-

sive cell proliferation coincided with the pe-

riod when cleft palate could be induced by

cortisone administration. These data suggest

that glucocorticoids may interfere with differ-

entiation of the palate. Thus, most of the data

available to date point out that cleft palate

formation may be a consequence of undeter-

mined genetic aberrations. Induction of cleft

palates may therefore be dependent upon at

least two factors: (1) the nature of the gluco-

corticoid receptor and (2) the acceptor sites

(or the nonhistones) in chromatin. In the ex-

periments reported, we are examining the

structure of chromatin, and the possible in-

volvement of chromosomal proteins in deter-

mining its capacity to bind triamcinolone

acetonide.

Materials and Methods

°H-triamcinolone was purchased from

Schwarz/Mann (Orangeburg, New York), all

other biochemicals were purchased from Cal-

biochem (la Jolla, California). All procedures

were carried out at 0-4°C unless otherwise

indicated. Micewere obtained from an inbred

colony of A/J mice purchased from Jackson

Laboratories (Bar Harbor, Maine).

IsoLATION OF NUCLEI AND: CYTOSOL

FROM LIVERS AND MAXILLARY PROCESSES

or A/J MIcE. Tissues are first frozen on dry

ice and may be stored at -90°C until use.

Tissues are later thawed and homogenized in

the grinding buffer (0.25 M sucrose, 50 mM

Tris-HCI, 5 mM MgCls, 0.1 mM phenylmeth-

ylsulfonyl fluoride, pH 8.0). The livers are

minced and homogenized with Dounce ho-

mogenizers using B pestle, and the homoge-

nate is checked under a microscope for cell

breakage. The homogenate is passed through

two layers of miracloth and centrifuged at 6

Krpm for 10 minutes in the cold to pellet

crude nuclei and collect the cytosol. The nu-

clei are washed three times in the grinding

buffer and repelleted in the Sorvall in the

cold. The supernatants are pooled with the

initial wash to constitute crude cytosol. The

crude nuclear pellet is suspended in 5-volumes

of 2.2 M sucrose in Tris buffer, layered on a

cushion of 2.2 M sucrose, 10 mM Tris-HCI, 5

mM MgCls, 0.1 mM phenylmethysulfonyl
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fluoride, pH 8.0, and centrifuged for 60 min

at 27 Krpm in SW 27 rotor, to pellet purified

nuclei. These nuclei are used in the studies

reported here.

The maxillary processes are homogenized

manually in the grinding buffer, at a ratio of

45 samples per 100 ml. The homogenate is

passed through miracloth, and crude nuclei

are collected and purified as described above

for liver nuclei. The cytosol is also collected

as described above for liver. Crude cytosol is

freed of microsomes by centrifugation at 60

Krpm for 90 min prior to °H-TAC binding

assays.

PREPARATION OF CHROMATIN. The nuclei

are suspended in TPD (0.01 M Tris-HCI, 0.1

mM phenylImethylsulfonyl fluoride, 0.2 mM

dithiothreitol, pH 8.0), allowed to swell for a

period of 20 minutes, and lysed by homoge-

nization with a coarse pestle in a Dounce

homogenizer. The crude chromatin prepara-

tion is centrifuged at 12,000 X g for 15 min.

The pellet is suspended in TPD, and the

suspension is layered carefully on 1.1 M su-

crose and centrifuged at 2,000 X g for 15 min

at 0°C to pellet nuclear debris and nucleoli.

The unpelleted chromatin is further purified

by centrifugation through 1.7 M sucrose as

previously described (Lapeyre and Bekhor,

1976). The chromatin is used immediately

either for fractionation or transcription.

FRACTIONATION OF CHROMATIN PRO-

TEINS. Chromatin proteins are fractionated

into various salt-urea soluble classes by the

method of Bekhor et al. (1974a,b). Purified

unsheared chromatin at 5-6 ODszeo/ml is se-

quentially extracted at 4°C with a solution of

5M urea containing 0, 1, and 3 M NaCl in

TPD (designated as Mo, M1 and Ms respec-

tively) for one hour. Then the solubilized

proteins are recovered in the supernatant after

centrifugation for 24 hours (30 hours for M3)

at 250,000 xX g in type 60 rotor.

The medium 1 fraction which contains 99

per cent of the histones is dialyzed against the

starting buffer (0.01 M Tris-acetate, 5 M urea,

0.3 M NaCl, pH7.2). Histones are separated

from nonhistone chromosomal proteins by the

method of Lin et al. (1974) on a BioRex 70

(Bio-Rad) column. The dialyzed proteins are

loaded on the column at a ratio of 1 mg

protein/ml bed volume. The nonhistones do

not bind to the resin and are recovered by

washing the column with the starting buffer.
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The column is washed with the starting buffer

until the ODsz3o of the eluant is 0.02. The

histones are eluted from the column by wash-

ing with 5 M urea containing 3 M NaCl. Both

histones and nonhistone fractions are concen-

trated by pressure dialysis by an Amicon pres-

sure dialysis apparatus. The concentrated pro-

teins are stored in aliquots in -90°C freezer

until use.

OTHER PROCEDURES. For transcription,

RNA polymerase B is prepared from mouse

livers as previously described (Bekhor and

Samal, 1977) and assayed as described by

Roeder (1974). DNA is prepared from puri-

fied chromatin according to Marmur (1961)

and assayed colorimetrically as described by

Schneider (1967). The concentrations of pro-

teins are determined by the colorimetric

method of Bradford (1976). Chromosomal

proteins are electrophoresed on 15 per cent

disc gels employing Tris-glycine-sodium do-

decyl sulfate discontinuous buffer system of

Laemmli (1970), and on acetic acid-urea 15

per cent polyacrylamide gels (Panyim and

- Chalkley, 1969).

MEASUREMENT OF SPECIFIC GLUCOCOR-

TICcoID BINDING TO RECEPTOR PROTEINS,

TO NUCLEI, AND TO CHROMATIN. The tech-

nique employed for detecting triamcinolone

binding to receptor proteins in the cytoplas-

mic extract is as described by Rousseau et al.

(1972). Briefly, the procedure is based on the

observation that charcoal adsorbs free but not

macromolecule-bound steroid. After reacting

°H-steroid with the cytoplasmic extract, the

solution is mixed with activated charcoal. The

cytoplamic extract is incubated with the la-

beled steroid at 0°C for 90 minutes to 20

hours (Rousseau et al., 1972). After the incu-

bation period, a suspension of activated char-

coal is added to the cytoplasmic extract and

is vigorously agitated for 3 seconds and im-

mediately centrifuged for one minute at 600

X g. The supernatant is further clarified by

centrifugation at 10,000 X g for five to 10

minutes. The second supernatant, therefore,

contains the bound steroid. A parallel run

with 500 fold excess of unlabeled steroid is

carried out simultaneously as described by

Rousseau et al. (1972) for measurement of

background counts or of non-specific bind-

ing found in the tissue under study (Atgar

and Milgroms, 1976). Binding to nuclei and

to chromatin is analyzed according to

Gschwendt (1976).

Results

In VIVO EFFECT OF TRIAMCINOLONE ON

STRUCTURE AND FUNCTION OF CHROMA-

TIN. In the progress of our work, we found

that we could easily isolate nuclei with high

yields when the embryos were first frozen and

later allowed to thaw, and when the maxillary

processes were isolated and homogenized in

grinding buffer (see Methods). The nuclei can

be used without further treatment for tran-

scription or for the isolation of chromatin.

The results reported are those obtained on

chromatin isolated from these nuclei 24 hours

following TAC injection unless otherwise in-

dicated. These nuclei remain viable in vitro for

long periods. We found the activity of RNA

polymerase B in these nuclei (from normal

and TAC treated embryo maxillary processes)

to remain stable in tissues frozen at -90°C

for over one year.

In our initial studies on the structure and

function of chromatin isolated from the nasal

and maxillary processes of normal and tri-

amcinolone-treated mouse fetuses (TAC fe-

tuses) of the A/J strain, we found their tem-

plate activities to be significantly different

(Figure 1). There was a lesser amount of RNA

synthesized with chromatin from TAG-pala-

tal tissue as the template than from its normal

counterpart. This suggested to us the possibil-

ity that TAC may be affecting the genome by

an already defined mechanism where TAC

can interact with chromatin through its cy-

tosol receptor protein. The interaction ofTAC

with chromatin at an early stage of develop-

ment of the palate may, therefore, cause a

change in an already programmed set of

events. The highly specific effect of TAC,

causing deformities in the nasal and maxillary

processes of fetuses when administered at day

12.5 of gestation, may be so manifested be-

cause of the fact that the critical period for

palatal shelf elevation and fusion in mice

occurs between day 12.5 and day 15.5 of

gestation (Greene and Kochhar, 1974). Fur-

ther analysis of chromatin by thermal dena-

turation studies (results not shown) suggested

that a significant change in the structure of

chromatin may also have occurred as a result

of the administration of triamcinolone.
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FIGURE 1. The template activity of mouse DNA
(F), control chromatin (@), and TAC-chromatin (&).
Assay was done with homologous RNA polymerase B as
described by Roeder (1974). The reaction mixture con-
tained: RNA polymerase B stabilized with bovine serum
albumin (1 mg/ml enzyme eluted off DEAE-cellulose) 20
pul; ATP, CTP, GTP, and 0.1 4Ci °H-UTP (10-20
Ci/mmole) to a final concentration of 0.03umole of each
per assay; 2.5 umoles Tris-HCl (pH 7.9); 0.1 umole
MnCls3; ammonium sulfate to 0.15 M; and appropriate
amounts of DNA or chromatin to a final reaction mixture
volume of 0.05 ml. Incubation was for 10 min at 37°C.
Synthesized °H-RNA was collected on DEAE-cellulose
discs, washed and counted as previously described (Bek-
hor and Samal, 1977). Chromatin was isolated from 13.5
day old A/J mouse embryo maxillary processes.
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TRIAMCINOLONE ACTION AT THE Nu-

CLEAR LEVEL. Because the administration of

triamcinolone was found to affect somehow

the template activity (Figure 1) and the struc-

ture of chromatin in vivo, we proceeded to

carry the work in vitro. We are, therefore, attempt-

ing to obtain direct evidence as to how thefunction of

chromatin is affected by the in vitro binding of

triamcinolone-receptor complexes to chromatin.

Gschwendt (1976) has shown that purified

liver chromatin from estrogenized chickens

(not subjected to estrogen withdrawal) had

the capacityto bind labeled estrogens: There-
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fore, according to Gschwendt, chromatin con-

tained two binding proteins. Binding protein

I was very similar to the "soluble nuclear

estrogen receptor," while binding protein II

was not identified as the "nuclear receptor

protein." Binding protein II was only identi-

fied as a residual chromatin component dis-

sociated from chromatin under high salt-urea

concentrations. We find similar results with

chromatin isolated both from embryonic

mouse liver (and embryonic rabbit liver) and

normal palate from 15-day old mouse em-

bryos. Figure 2 shows the specific binding

capacity of cytosol obtained from 15-day old

mouse embryo maxillary and nasal processes.

We were able to detect low amounts of bind-

ing in the cytosol, suggesting that the cytosol

may contain receptors for triamcinolone. Low

amounts are expected since we did not adren-

alectimize the pregnant mice, although it was

reported in the literature (Agarwal, 1976) that

synthetic glucocorticoids exhibit different

binding from corticosterone (the natural hor-

mone) to cytosol receptors as evidenced by

chromatography on DEAE-cellulose. This

finding does not indicate the existence of a

different receptor for triamcinolone, but

rather triamcinolone may confer an alternate

conformation on the natural glucocorticoid

receptor under the same binding conditions.

Because we observed low triamcinolone bind-

ing capacities in the cytosol, we proceeded to

measure triamcinolone binding to DNA con-
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FIGURE 2. Specific binding of *H-triamcinolone ac-

etonide in cytosol from palatal tissue. Binding was done

at 4°C for 20 hrs (Gardner and Wittliff, 1973). Bound

was separated from free by charcoal adsorption as de-

scribed in Methods. The low binding capacity of the

cytosol is probably due to competitive binding with the

endogenous glucocorticoid. The cytosol was obtained

from tissues at day 13.5 of gestation.



226 Cleft Palate Journal, July 1978, Vol. 15 No. 3

taining fractions (crude chromatin) isolated

from in vitro incubated palates. Figure 3 shows

the results of such experiments. We find that

triamcinolone-receptor concentration in the

cytosol fractions quickly approached a maxi-

mum at about 30 minutes, albeit to a low

level (for reasons explained above) followed

by negligible appearance of bound triamcin-

olone in the cytosol. The DNA containing

fractions, however, showed an increase in

tightly bound triamcinolone approaching op-

timal binding at about 60 minutes. The

bound triamcinolone was that amount re-

flected by bound counts following repeated

washings of the DNA pellet in 0.15 N NaCI-

0.01 M Tris-HCl buffer, pH 7.5, less the

amount of nonspecific binding of *'H-triam-

cinolone (see Methods). These results sug-

gested to us that the labeled triamcinolone
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FIGURE 3. Measurements of °H-TAG in various cel-

lular fractions from palates obtained from 15-day old

A/J mouse embryos. About 15 palates were incubated in

vitro in Ham's F-10 medium with added thymidine and

leucine to a concentration of 10° M, and °H-TAC to 100

nM in a volume of 5 ml. Incubation was up to 90 min at

37°C. Free was separated from bound by the charcoal

method. DNA pellet designates that pellet obtained by

the method of Marushige and Bonner (1966) prior to

centrifugation on 1.7 M sucrose. Non-specific binding

was determined on a separate sample incubated with 100

nM °H-TAC and 10 uM unlabeled TAC (Atger and

Milgrom, 1976).
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FIGURE 4. Effect of NaCl concentration on the bind-

ing of °H-TAGC to purified DNA and chromatin. Binding

to chromatin was done in the absence of cytosol. Binding

to DNA was done in 1 ml of cytosol and 10 ug of DNA.

Assay was done in 0.01 M Tris-HCI, 1 mM PMSF, 0.1

mM DTT with increasing amounts of NaCl both in the

presence and absence of unlabeled TAC (Figure 3) and

incubated at 37°C for 30 min. PMSF, phenylmethylisul-

fonyl fluoride. DTT, dithiothreitol. For cytosol prepara-

tion see Methods.

quickly migrated from the cytosol to the DNA

containing pellet (crude chromatin). We did

our measurements on the crude chromatin

because of intolerable losses in DNA occurring

upon purification of chromatin from minute

quantities of tissues. (This is not unusual in

micro-preparation of chromatin.)

Since it was reported (Milgrom et al., 1976)

that binding of steroid-receptor complexes to

DNA and to chromatin was dependent on the

ionic strength used in the binding assay, we

also measured salt effects on such an interac-

tion. The results in Figure 4 show the effect of

NaCon the binding of °H-triamcinolone ac-

etonide both to DNA in the presence of cy-

tosol, and to chromatin in the absence of

cytosol. We found that binding to DNA was

optimum at no salt and reached a minimum

level as we increased the salt concentrations.

Binding to chromatin, however, was maxi-

mum at 0.15 N NaCl and decreased with

increasing or decreasing NaCl concentrations.

Therefore, at 0.15 N NaCl we can differen-



tiate between binding either to DNA or to

chromatin. This is in agreement with other

reported results. The binding to DNA would

include both free and activated triamcino-

lone. The binding of free steroid to DNA free

of protein has been previously reported (Arya

and Yang, 1975).

We are aware that the binding of triamcin-

olone-receptor to chromatin will probably in-

clude both specific and non-specific binding.

It has been shown (Chamness et al., 1974;

Simons et al., 1976) that the number of nu-

clear binding sites might be very large. Ya-

mamoto andAlberts (1975) showed that the

steroid-receptor complexes bind with low af-

finity to many non-specific sites in chromatin.

These authors further assumed that this non-

specific binding might be the one measured

in in vitro experiments masking the specific

binding of the receptor. This model agrees

with what we have reported on the specific

and non-specific binding of the nonhistone

chromosomal proteins to DNA in chromatin

(Lapeyre and Bekhor, 1976). The non-specific

interactions may account for the reversibility

in binding for the hormone receptor com-

plexes to chormatin. High and low affinity

sites would then be suspected to be found in

chromatin. The fractionation of the total non-

histone chromosomal proteins into various

classes based on their binding affinities to

DNA in chromatin allows us to differentiate

between specific and nonspecific sites (high

and low affinity binding) in chromatin. We

have used this approach to study affinity

binding of nonhistones to DNA in previous

experiments (Lapeyre and Bekhor, 1976). Be-

low we will examine the various classes of low

and high affinity chromosomal protein frac-
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tions containing triamcinolone. This type of

data suggests to us that it may be possible to

differentiate between low and high affinity

binding of triamcinolone to chromatin.

TRIAMCINOLONE BINDING TO VARIOUS

FRACTIONS OF NONHISTONES. We have

shown above that we can obtain binding of

°H-triamcinolone to chromatin in the absence

of cytosol. We then proceeded to isolate chro-

matin-bound triamcinolone by our previously

established procedures. Nuclet were first in-

cubated for 30 minutes at 37°C with labeled

triamcinolone acetonide in 0.01 M Tris-HCI,

0.25 M sucrose, 1 mM phenylmethylsulfonyl

fluoride, 0.2 mM dithiothreitol, 0.15 N NaCI,

pH 8.0 (designated 0.15-TPD buffer). The

incubated nuclei (from liver or palate) were

cooled to 4°C and washed repeatedly with

0.15-TPD until the radioactivity released -

from nuclet approached a minimum. Chro-

matin was isolated from the nuclei, suspended

in medium 0 (5 M urea in TPD), and centri-

fuged for 18 hours at 65,000 rpm to pellet

chromatin (Mo pellet) leaving in the super-

natant medium 0 soluble chromosomal pro-

teins (Mo) and labeled triamcinolone. Analy-

sis with charcoal showed that Mo contained

both bound and free *H-triamcinolone

(Table 1), suggesting that M may contain

TAC-binding proteins. Hence, we have ob-

tained a TAC-binding protein in Mo isolated

from chromatin both from liver and normal

palate. The palate tissue and livers were iso-

lated from 15-day old mouse embryos of the

A/J strain. Table 2 shows TAC binding to

liver chromatin.

Additional TAC binding to chromatin was

found in the Mo pellet. The Mo pellet was

suspended in medium 1 (1 N NaCin medium

TABLE 1. Distribution of °H-triamcinolone in chromatin from palates
 

 

. CPM°H-TAC
fraction total CPM bound/mg DNA CPM °H-TACfree

Chromatin 400,000 82,5007 317,500

Mo 27,140 6,458* 20,682
Mi 7,742 150* 17,592
Ms (M1 pellet) 33,808 25,000* -**
 

{ Counts bound in chromatin may include both free and protein-bound °H-TAC. These are total counts remaining
associated with chromatin following washing with 0.15-TPD minus non-specific bound counts (see Methods).

* °H-TAC bound was determined by the dextran-charcoal method in the presence of urea. Urea did not interfere
inbinding free °H-TAC to charcoal as determined in a separate experiment.

** We were not able to detect free °H-TAC in this fraction.
Mop 5 M urea soluble chromosomal proteins.
M;; 5 M urea-1 M NaCl soluble chromosomal proteins from 5 M urea chromatin pellet.
Ms; 5 M urea-3 M NaCl soluble chromosomal proteins from 5 M urea-1 M NaCl chromatin pellet.
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TABLE 2. Binding of °*H-triamcinolone to Mo proteins and chromatin from liver
 

 
raction CPM added/ml CPM free CPM bound per mg DNAper mg

Chromatin 4 % 10° 3.5 X 10° 4.8 X 10*
* Chromatin devoid of Mo 4 X 10° 4 X 10° 3758
Mo 4 % 10° 4 X 10° 0
 

* Chromatin treated with urea showed little activity in binding °H-TAC. These data are not contradictory to those
shown in Table 1. We find that treatment of chromatin with urea prior to binding with °H-TAC results in
denaturation of the binding proteins. However, once binding has occurred in the absence of urea, the label is not
released from the complex when subjected to urea. This data is in agreement with those of Gschwendt (1976).

0), and the DNA was pelleted for 24 hrs. at

65,000 rpm. The supernatant (M1) showed

little activity while the pellet (M1 pellet) still

contained the balance of °H-TAC. This radio-

activity was released from chromatin in me-

dium 3 (3 N NaCl in medium O0) leaving

negligible activity with the DNA pellet. Fol-

lowing removal of NaCl by dialysis, the su-

pernatant (M3)-°H-TAC was found to be pro-

tein bound as assayed by charcoal (Table 1).

(Urea does not interfere with binding of tri-

amcinolone to charcoal).

In conclusion we have found two fractions

of chromosomal proteins capable of binding

°H-triamcinolone: Mo-TAC binding protein

and Ms-TAC binding protein. Interestingly,

Gschwendt (1976) has isolated protein bind-

ing I and protein binding II for estrogen from

chicken liver chromatin of estrogen stimu-

lated chickens by similar procedures. Quite

clearly, through our methodology we have

been able to test for and find triamcinolone

binding protein fractions in chromatin from

livers and maxillary processes. The presence

of these proteins in chromatin will now facil-

itate our studies on induction of cleft palates

in A/J mice. Our preliminarystudies on nu-

clei and chromatin introduce various ap-

proaches to the examination of the genetic

apparatus both in normal and TAC-treated

mouse embryos. Such studies are of impor-

tance in elucidating the mechanism by which

the genome may be modified (in induction of

cleft palates) in response to triamcinolone ac-

etonide.

Further analyses on the uptake of °H-TAC

in vivo have shown that, following injection of

°H-TAC to pregnant A/J mice at day 12.5,

the labelled TAC immediately concentrated

in the maternal liver and was distributed to

various degrees in the embryo (Figure 5). The

data are presented as pmoles TAC found per

mg DNA (and not per tissue weight). Nor-
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FIGURE 5. The uptake of triamcinolone acetonide in

various maternal and embryonic tissues of A/J mice

following the injection of 13 mg TAC/Kg body weight,

fortified with 100 uc °H-TAC (S.A. 11.5 c/mmole,

Schwarz/Mann) per Kg body weight. TAC concentra-

tions were determined as pmoles TAC concentrated per

mg DNA found, based in the specific activity of the

injected °H-TAC. The data shown represent an average

value from three different measurements.

malization of the data for a constant denom-

inator (in our case DNA) should give an

accurate measure of label per cell as shown in

Figure 5. We find that °H-TAC reached a

maximum uptake both in maternal liver and

embryonic tissue in two hours. In 24 hours,

the activity was almost totally depleted from

the maternal liver and from the uterus but

remained at a significant level in the embryos

(Figure 6). It is observed that, in 24 hours,

maternal liver and uterus levels of °H-TAC

decreased to less than 2 per cent of the maxi-
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FIGURE 6. Comparative values of triamcinolone ac-

etonide found in various maternal and embryonic tissues

from A/J mice at 1 hr, (@); at 2 hr. (0); at 3 hrs. (@®®), at

4 hrs. (@); and at 24 hrs. (M@) following injection with

°H-triamcinolone (Figure 5). The value of the peak found

at 2 hrs. (Figure 5) is taken as 100%.

The authors are affiliated with The Department of

Biochemistry, School of Dentistry, University of Southern

California, Los Angeles, California 90007.

mum amount incorporated following injec-

tion with °H-TAC (Figures 5 and 6). In the

embryonic tissues, however, °H-TAC de-

creased only to a level of 40 per cent in the

decapitated embryonic body and to 20 per

cent in the embryonic head. Therefore, the

rate of °H-TAC removal from enbryonic tis-

sues is significantly lower than that found in

maternal tissues. The qualitative presence of

°H-TAC' in these tissues was confirmed in a

separate experiment by thin-layer chromatog-

raphy according to Zimmerman and Bowen

(1972).

Discussion

Cleft palate is one of the most common

congenital malformations in man. In the

United States it occurs at the rate of one per

650 newborn children. Consequently, re-

search on the mechanism of formation of cleft

palates has been pursued for many years by

many investigators resulting in numerous pos-

tulates (Greene and Kochhar, 1974). How-

ever, the mechanism of inhibition of palatal

closure is still poorly understood. The phe-

nomenon of glucocorticosteroid induction of

cleft palates in mice is known to be strain

dependent (Greene and Kochhar, 1974; Gold-

man et al., 1976). This genetic difference in

response to an exogenous hormone could be

intrinsic to: (1) the enzymes which control the

metabolism of the hormone; (2) the structure
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of the hormone receptor protein which would

alter its binding properties; or (3) differences

in recognition between specific sites in the

nucleus (DNA complexed with specific non-

histones) and the hormone-receptor com-

plexes. The latter possibility would explain

strain-dependent resistance and susceptibility

to effects of exogenous hormones.

It has been assumed that the gene is impli-

cated in clefting. Zimmerman et al., (1970)

presented a model which suggests that the

differentiation of the palate may be blocked

by triamcinolone interfering with the synthe-

sis of messenger RNA at the critical period (in

mice) on day 11-12 of gestation, and ulti-

mately preventing the synthesis of proteins at

14.5 to 15.5 days. Presumably, these proteins

are responsible for palatal elevation and clo-

sure. For triamcinolone to influence nuclear

functions, we find that triamcinolone may be

activated by its interaction in the cytosol with

its specific receptor protein (Figure 2), and

subsequently it is presumed to be transported

as such to the nucleus (Figures 3 and 4). These

data are in agreement with those ofWatanabe

et al. (1973). Since development is a geneti-

cally programmed temporal event (Brown

and Church, 1972), any blockage in the exe-

cution of such a program prior to its comple-

tion, no matter how minor, may result in a

deformity. In this case, TAC effects seem to

result in a localized genetic aberration in the

target tissue on day 12.5, following its acti-

vation and binding to chromatin.

It is well documented that glucocorticoids,

while inhibiting RNA synthesis in one tissue

(Zimmerman et al., 1970), can stimulate RNA

synthesis in other tissues (Feigelson et al.,

1971). The inhibition of RNA synthesis in the

palatal tissue may, therefore, be accomplished

in one of two ways. The first is by the binding

of TAC-receptor protein (TAC-RP) complex

to either specific promoter regions (RNA po-

lymerase initiating sites) on DNA, thereby

restricting RNA polymerase from transcrib-

ing DNA. This process would not require

repression of previously derepressed genes

since it would involve the binding of TAC-

RP to specific sites in chromatin close to or

including the promoter regions. Gene inactiva-

tion may then be a consequence of localized

changes in the conformation of chromatin at

or near the binding sites for TAC-RP. Sec-

ondly, TAC-RP may bind to specific integrator
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genes (Britten and Davidson, 1969), thus

blocking activation of repressed genes re-

quired to complete the execution of the ge-

netic program in question. In this report we

propose that the mechanism of action for

TAC in maxillary processes corresponds to

mechanism (2) in induction of cleft palates.

The data in Figure 1 suggest that transcrip-

tion of chromatin may have been altered in

such a way as to render TAC-chromatin less

active. Also the uptake of °H-TAC in embry-

onic tissues (Figures 5 and 6) suggests that,

while the hormone remains in the embryos

for long periods, it is depleted from the ma-

ternal tissues. The ability of the hormone to

remain tightly bound to embryonic tissues

adds further to the hypothesis that TAC may

preferentially concentrate in actively differ-

entiating tissues. This observation becomes

especially evident when the amounts of °H-

TAC remaining are examined as shown in

Figure 6.

Presently, our cumulative data suggest that

TAC may concentrate in the embryo and

bind to chromatin with possible adverse ef-

fects on gene regulation. Further analysis on

the gene product is needed to substantiate the

mechanisms proposed in this communication.

We have obtained additional data to suggest

that transcription in nuclei from maxillary

processes is inhibited at 16-24 hours following

triamcinolone administration, while that of

the untreated embryos shows an increase, re-

flecting active cellular proliferation at day

13.5 of gestation (Anne and Bekhor, unpub-

lished data).
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