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FIG. 3. Belt I assays of normal and variant cell lines

Belt I assays were carried out on parental and variant cells as described under Materials and Methods and in Fig. 1 . Each pair of lanes

represents the induction in one cell line. The left lane of each pair represents the plate proteins from control cells, and the right lane represents

plates of cells incubated in the presence of 1 �tM dexamethasone for 48 hr. Belt I assays of MSN5.3 and its parental cell line MSC1 are shown in

A. Assays of JZN3.7 and its parental cell line, JZ.1, are shown in B.

is cis-acting), then the newly introduced copies should
be responsive to hormone. Alternatively, if the defect is
in a cellular protein that acts upon MMTV DNA (i.e., is
trans-acting), the newly acquired proviruses will also be

unable to respond to glucocorticoids. The results of such

an experiment, shown in Fig. 4, clearly demonstrate that

TABLE :3

Indiu-tions ofgp52, tyrosine aminotransferase, glutamine synthetase,

and Belt I in parental and nonresponsive cells

Tyrosine aminotransferase, glutamine synthetase, and Belt I assays

and inductions were determined as described under Materials and

Methods. The gp52 was analyzed in the FACS, where � represents the

difference of the mean value of fluorescence intensity of 10,000 cells in

the presence VOISUS the absence of dexamethasone in arbitrary loga-

rithmic units of fluorescence (see Fig. 4) and does not reflect a fold

induction. The data are represented as the mean ± standard error

measurements with the number of experiments indicated in parenthe-

ses. The Belt I data show the fold induction using optical densitometry

of an autoradiogram.

Cells Tyrosine amino- gp52 Glutamine Belt I

transferase synthetase

-fold in(lu(-lion .1 -fold in(luction -fold induction

MSC1 4.8 ± 1.0 (5) 105 ± 7.2 (7) 2.7, 3.5 (2) 7.9 ± 1.2 (:1)

M4N5.:l 1.0 ± 0.1 (4) 8.8 ± 2.1 (31 (1.9. 1.1 (2 1.3 ± 0.4 (3)

_Jz 10.6 ± 1.3 (10) :32.7 ± 3.7 l5 5.5.8.5 (2 5.7 ± 1.0 (4

.JZN:3.7 8.3 ± 1.2 (9 6.4 ± 1.1 15) 6.4 ± (tO (4 76 ± 1.)) (3)

the supennfected JZN3.7 cells exhibit glucocorticoid-in-
ducible gp52. Table 4 summarizes assays of both gp52
and tyrosine aminotransferase, which show that there is
no alteration in tyrosine aminotransferase inducibility in
the superinfected cells. Thus the incorporation of new
copies of MMTV DNA into this type of glucocorticoid-
unresponsive cell line leads to restoration of gp52 induc-
tion. Similar experiments performed with MSN cells that

are defective in receptor do not, as one would expect,
restore gp52 inducibiity (data not shown).

DISCUSSION

Coordinate regulation of the glucocorticoid domain.
We have described genetic and pharmacological experi-
ments whose results support the contention that a single
receptor type mediates the induction of all glucocorti-
coid-inducible gene products in HTC cells. Our conclu-
sion is based on the following observations. (a) The same

concentration of dexamethasone (10-20 nM) is required
to elicit half-maximal induction of four independent
markers (glutamine synthetase, tyrosine aminotrans-

ferase, Belt I, and MMTV gp52); moreover, this is very
similar to the concentration of dexamethasone required

to half-saturate receptors (18). (b) MMTV (15), as well
as the three cellular inducible genes, respond in a similar

fashion to optimal, suboptimal, and anti-inducers. (c)
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Fic. 4. Induction ofgp52 in superinfected JZN3. 7

Cell surface gp52 levels were determined in the FACS as previously

described (5). The data are presented as histograms of fluorescence

intensity on a logarithmic scale. The control level of fluorescence
(. . . . ) and the dexamethasone-induced level (-) are depicted for

Jz.l and JZN3.7 for their superinfected counterparts, JZ.1M and

JZN3.7M.

Receptor-defective cells (6) selected for their inability to
induce the MMTV glycoprotein, gp52, simultaneously

lose the capacity for inducing all three cellular gene
products.

Our results are in contrast to the findings of Thompson
et al. (19). In HTC variants defective in the induction of
tyrosine aminotransferase, this group found that the
ability of glucocorticoids to suppress phosphodiesterase
activity was also lost. Since all of the cells that they
analyzed originated from a single tyrosine aminotrans-
ferase non-inducer clone, it is possible that the original
clone had two defects similar to those seen in JZN3.7,
one in the tyrosine aminotransferase gene and one in the
phosphodiesterase gene. In this regard, we have isolated
a clone of JZN cells, JZN3.11(7), that is defective in the
induction of both gp52 and tyrosine aminotransferase,
yet maintains normal Belt I and glutamine synthetase

TABLE 4

Ifl(IU(tiOfl Ofg/).)2 and tvrosine’ am iflotr(insfelase in cells

Sil/)(’?iflft’(t(’(i iLith A’IMTV

‘l’vroslne aminotransferase and gp52 were analyzed as described

under Materials and Met hods. Tvrosine arninotransferase is expressed

as the mean f()l(1 induction ± standard error measurements with the

numl)eI of experiments indicated in parentheses. The gp52 induction is

expressed as � units as described in Table :3, under Materials and

Methods, and in Fig. 4. The superinfected cell lines are designated as

the starting cell line followed by an M.

Cells gpS2 Tvrosine aminotransferase

‘� .fok/ induction

.JZ.I :33 10.6 ± 1:3 (16)

.JZ.1M 57 10.1 ± 2.2 (3)

inducibility. We suspect that this is a double mutant
since (a) the loss of gp52 induction does not necessarily
lead to loss of tyrosine aminotransferase induction (as in
JZN3.7); (b) the glucocorticoid receptors from JZN3.11
do not differ from those of JZ in either number or affinity;
and (c) superinfection of this clone with MMTV leads to
restoration of gp52 inducibility, but not tyrosine amino-
transferase inducibiity.4 These data support the sugges-
tion that a single receptor-mediated mechanism regulates
the glucocorticoid domain.

In the case of MMTV, direct nucleic acid hybridization
studies have demonstrated that the effect of glucocorti-

coids is to increase the rate of synthesis of viral RNA
(20, 21). Until such time as cDNA probes become avail-
able for the glucocorticoid-inducible gene products of
HTC cells, we are unable to document whether the effect

of the hormone on these genes is truly at the transcrip-
tional level. In preliminary experiments we have recently

found that the mRNA coding for the acute phase protein,

a1-acid glycoprotein, is induced by dexamethasone in
HTC cells.5 Thus it should now be possible to ascertain
whether this additional marker is regulated coordinately
with MMTV at the transcriptional level.

In considering mechanisms by which the glucocorti-
coid-receptor complex activates specific genes, one must
take into account the fact that in a given cell line not all

inducible gene products are induced to the same extent.
For example, in the MSC1 cells described here, glutamine
synthetase is induced 3-fold, tyrosine aminotransferase

5-fold, Belt I 8-fold, and gp52 at least 20-fold. This may
reflect differences in the affinity of the steroid-receptor
complex for a regulatory region associated with each of
these genes or could possibly result from chromosomal
proteins or DNA modifications that alter the ability of
the steroid-receptor complex to activate transcription at
their respective promoters. Cloning and identification of
the hormone regulatory regions of genes such as tyrosine
aminotransferase, glutamine synthetase, and Belt I are
required to answer these questions.

Analysis ofglucocorticoid response variants. A major
class of HTC cells defective in the ability to respond to
dexamethasone contains little or no functional glucocor-
ticoid receptor (6). Such cells, exemplified by clone
MSN5.3, may contain defects in the receptor protein

itself, in the regulation of receptor production, or perhaps
in receptor modification required for hormone binding.
For example, recent studies by Pratt and colleagues (22)
suggest that phosphorylation of the glucocorticoid recep-
tor may be an important factor in its function. Whatever
the defect may be, the lack of functional glucocorticoid
receptor results in cells unable to induce any of the four
gene products we have assayed. Although only one clone
of the receptor-defective class was analyzed here in detail,
12 other clones of this type simultaneously lose gp52 and
tyrosine aminotransferase inducibiity (6). Several of
these have now been analyzed for inducibiity of gluta-
mine synthetase and Belt I, and all exhibit the same
noninducible phenotype.

4 J. R. Grove, J. L. Vannice, and G. M. Ringold, unpublished obser-

vations.
.) J L. Vannice, J. Taylor, and G. M. Ringold, manuscript in prepa-
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The cell line JZN3.7, in contrast to the receptor-defec-
tive cells, exhibits levels of induction of tyrosine amino-
transferase, glutamine synthetase, and Belt I nearly iden-
tical with those of its parental line JZ, yet is deficient in
induction of the MMTV gp52. Our previous studies im-
plicate a defect in transcription of the MMTV provirus
in JZN3.7 since no viral RNA could be detected in
hormone-treated cells (6). Here we have demonstrated
that MMTV per se is capable of induction by glucocor-
ticoids in these cells since, after superinfection, gp52
levels markedly increase in response to hormone. The
defect in this class of nonresponsive variants, therefore,
most likely resides in the provirus itself and not in a

cellular component required for MMTV induction. Pre-
liminary restriction endonuclease mapping of the viral
DNA in JZN3.7 (and related clones) has not revealed
any gross alterations in the structure of the viral DNA.’
Thus, it seems plausible that the defect in the hormone-
stimulated production of MMTV gene products is the

result of a point mutation or a small deletion or insertion
in a viral DNA sequence required for the induction
mechanism; such a region could be a site for high-affinity
binding of the glucocorticoid-receptor complex. In this
regard, we have recently demonstrated that a gene fusion
between the promoter region of MMTV and a cDNA of

dihydrofolate reductase exhibits glucocorticoid-respon-
sive production of dihydrofolate reductase in hamster
cells (23). The fragment bearing the hormone regulatory

region in these recombinant molecules contains approx-
imately 1200 nucleotides of MMTV DNA upstream of
the start of transcription; however, we do not yet know

the precise location of the regulatory signal within this
fragment. We are in the process of recovering the corre-
sponding DNA fragments from JZ and JZN3.7 cells by
molecular cloning in order to determine whether altera-
tions within this region of the viral DNA are responsible
for the nonresponsive phenotype observed in the variant
cells.

6 j L. Vannice, J. R. Grove, and G. M. Ringold, unpublished obser-

vations.
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NOTICE

Molecular Pharmacology is no longer considering manuscripts for publication as “Short Communications.”
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Notice to Prospective Authors Wishing to Submit Manuscripts to

Journal of Pharmacology and Experimental Therapeutics

Molecular Pharmacology

Drug Metabolism and Disposition

The expenses associated with the review of manuscripts submitted to those ASPET-

sponsored journals that are devoted to publishing original research articles have escalated
dramatically in recent years because of ever-increasing costs of postage, supplies, and
other office expenses, and the growing number of manuscripts submitted for publication.
In order to continue to offer authors the opportunity to publish their original research in
our critically reviewed, well-edited, and widely respected journals, it has become necessary
for ASPET to follow the example of several other scientific societies which have instituted

a uniform manuscript handling fee for each of its journals that publishes original research
reports. Therefore, all manuscripts received in the editorial office on or after July 1, 1983,
must be accompanied either by a check for $30.00 (in U. S. funds payable to ASPET) or
by a validated purchase order from the authors’ institution. The review process for
submitted manuscripts will be delayed until the manuscript handling fee or purchase
order is received in the appropriate Editor’s office. We regret the necessity of instituting
a manuscript handling fee. The Board of Publications Trustees has concluded, however,
that this charge represents the fairest and most appropriate manner to defray the costs
related to the review of submitted manuscripts.
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INSTRUCTIONS TO AUTHORS

Molecular Pharmacology will publish the results of investigations that contribute significant new information

on drug action or selective toxicity at the molecular level. The term “drug” is defined broadly to include

chemicals that selectively modify biological function.

Suitable papers are those that describe applications of the methods of biochemistry, biophysics, genetics, and

molecular biology to problems in pharmacology or toxicology. Also suitable are reports of fundamental

investigations which, although not concerned directly with drugs, nevertheless provide an immediate basis for

further study of the molecular mechanism of drug action. Observations of phenomena that shed no light upon

underlying molecular interactions are not appropriate for publication. Comparative studies, such as those

involving drug-receptor or drug-enzyme interactions that already have been well characterized in other types of

cells or tissues, also are inappropriate for publication unless they contribute significant new insight into

mechanisms.

Specific areas of interest include: stereochemical, electronic, and other parameters of drug architecture;

conformational analysis of receptors and their function; drug-enzyme and other interactions between drugs and

macromolecules; drug effects upon gene replication and transcription and on protein synthesis; mechanism of

action of antibiotics and other growth-inhibitory drugs; induction by drugs of changes in macromolecular

structure or allosteric transitions; drug-induced alterations in metabolic pathways; effects of hormones and

other drugs on cellular regulatory mechanisms; chemical mutagenesis, carcinogenesis, and teratogenesis;

pharmacogenetics, idiosyncrasies, and drug allergies; selective toxicity in a single organism or in different species;

drug actions on properties and functions of membranes; mechanisms of drug metabolism; distribution and

transport of drug molecules between biological compartments.

Page charges. Authors will be billed at the rate of $30.00 per

page after the paper has been published. It is expected that the page

charge will be paid if funds are available for that purpose from the

author’s institution or from the sponsor of this research. Payment

of the charge is not a condition for publication. Neither the editors

nor the reviewers will have knowledge as to who has paid the

charge, and this payment always will be considered entirely volun-

tary.

Submission ofmanuscript. Manuscripts are l)ublished in English

only and should be sent to the Editor, Dr. Joel Hardman, Editor,

Molecular Pharmacology, Department of Pharmacology,

Vanderbilt University Medical Center, Nashville, Tennessee

37232, U. S. A. Manuscripts should be typewritten double-spaced

with ample margins on one side of the paper, 8’� x 1 1 inches (ca.

215 x 280 mm). Submit four complete copies of the manuscript and

four copies of each figure, plus one original drawing or photograph

of each figure. Each half-tone figure requires four original drawings

or photographs. All pages should be numbered consecutively begin-

ning with the title page. Limit your reference listings to the minimal

number required to document the manuscript adequately. In most

instances 30 references or fewer should suffice.

Under usual circumstances reviewers will be instructed to return

only their comments to the editorial office and to destroy manu-

scripts after a final (lecision on their acceptability has been made.

Original figures and single copies of manuscripts not accepted for

publication will be returned to the authors upon request.

It is understood that the manuscripts and the results they contain

will not have been published previously and are not being submitted

elsewhere. Manuscripts are accepted for review with the under-

standing that all persons listed as authors have given their approval

for the submission of the paper; further, that any person cite(l as a

source of personal communications has approved such citation.

Written authorization may be required at the Editor’s discretion.

Articles and any other material published in Molecular Pharma-

(ology represent the opinions of the author(s) and should not be

construed to reflect the opinions of the Editor(s) and the Publisher.

If and when a manuscript is published, it will become the sole

property of the .Jourflal.

Authors submitting a manuscript do so on the understanding that

if it is accepted for publication, copyright in the article, including

the right to reproduce the article in all forms and media, shall he

assigned exclusively to the Society for Pharmacology and Experi-

mental Therapeutics. No reasonable request by the author for

permission to reproduce any of his or her contributions to the

journal will be refused.

Organization and style ofrnanuscripts. The policy of the Journal

is to allow authors maximum freedom in organizing and presenting

their material, and in expressing their ideas, provided only that

clarity and conciseness are achieved.

Certain conventions must be observed. Chemical and inathemat-

ical formulas and abbreviations should follow the Instructions to

Autho,-s �tth(’ .100111(11 o�Biologieal Che�nistrv (Vol. 256, l�l� 1-1 1.

�Januarv 10. 1981). I)rugs must be referred to by their generic or
chemical names throughout the text. but mas’ be identified h� trade

name in parentheses or a footnote. The systematic name and

number given by the Commission on Enzymes of the International

Union of Biochemistry should be included for each enzyme of

importance in a paper, at the point in the Summary or Introduct ion

where the enzyme is first mentioned. The use of abbreviations

should be minimized and abbreviations avoided in the Summary.
All essential abbreviations should be defined in a single footnote

when first introduced. Abbreviations of journal names should ton-
form to the style ofBiologicalAbstracts. Heferences to tapers that

have been accepted for publication, but have not appeared, should

be cited like other references with the abbreviated name of the

journal followed h�’ the words in press.’ Copies of such papers

should be sent whenever the findings described in them have a

direct bearing on the paper being submitted for Publication. ‘Per-

sonal Communications” and “Unpublished Observations” should he

cited in footnotes to the text and should not he incltided in the

reference list.

A manuscript should include the following, in the order listed: (I)

Title. Numbered footnotes to the title should be avoided; acknowl-

edgment of financial support should be given in an ullflufllhered

footnote to the title. (2) Names of authors. their laboratory 111(1

inst it ution. ( :i ) A running t it Ic. not exceeding 6() (haract ers

spaces. (4) Summary. (5) Text. Footnotes should he referred to by

superscript flU lllheis all(I references by nunlhers in PaIeIlt heses. (6)

References. nu nlbered ac(-or(iing t 0 order of cit at 0)0 Ui t he text.

including title and complete pagination. Examples: I . Goren. -J. H.,

I... G. Bauce. and �A’. Vale. Forces an(l st rut tiral linlitat IOI1S of

binding of thvrot ropin-releasing receptor: t he pvroglutanlic aci(l

nioietv. A�Jol. Pha,-,naeol. 13:606-614 ( 1977). 2. Sa,uller. NI. \aria-
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tions in monoamine oxidase activity in some human disease states,

in Monoamine Oxidase and Its Inhibition. Ciba Foundation Sym-

posium 39. Elsevier, Amsterdam, 327-340 (1976). (7). Footnotes,

numbered according to order of appearance in the text. (8) Tables.

(9) Figures. (10) Legends to figures. (11) Name and address of

person to receive galley proof.

Tables. These should be numbered with arabic numerals and

designed to fit the single-column width of the full-page width. Every

table should have an explanatory title and sufficient experimental

detail in a paragraph following the title to be intelligible without

references to the text (unless the procedure is given in the Methods

section, or under another table or figure). Footnotes to tables should

appear beneath the tables themselves and should be designated by

lower-case italic superscript letters, a, b, c, etc.

Figures. These should be numbered with arabic numerals. Each

of the four manuscript copies should contain all of the figures. Only

the orignal set need be of quality suitable for reproduction except in

the case of half-tones, which require four sets of photographs or

original drawings. These should be unmounted glossy photographs

(or original India-ink drawings). Usually figures will be reduced to

one column width (85 mm) and all numbers after such reduction

should be at least 1.5 mm high. The figures must be ready, in all

respects, for direct reproduction: no lettering or other art work will

be done by the publisher. If symbols are not explained on the face

of the figure, only standard characters, of which the printer has

type, may be used (x, 0, #{149},E, U, �, A, C). The back of each

photograph should bear its number, and the legend TOP at the

appropriate edge. The list of legends for the figures should give

captions and sufficient experimental detail, as required for tables.

Galley proof. The cost of all changes on galley proof, other than

printer’s errors, will be charged to authors. The Editors are very

much interested in having accepted contributions appear in the

earliest possible issue of the Journal, and therefore request that

galley proof be returned within 24 hours after its receipt. In excep-

tional cases, a “Note added in proof” may be attached and will be

published if the Editor approves.

Reprints and page charges. An order form for reprints as well as

information on the estimation of page charges will be mailed with

galley proof. Please direct questions on reprints, page charges, or

other business matters to Kay Croker, Executive Officer, American

Society for Pharmacology and Experimental Therapeutics, 9650

Rockville Pike, Bethesda, Md. 20814. Telephone (301)530-7060.
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