tion? Is the antibody response to exoge-
nous insulin, especially human insulin,
different in patients depending on the
presence or absence of antibodies before
diagnosis? Since the immune response to
exogenous insulin may vary depending
on type of histocompatibility antigen
(HLA), is there any association between
the presence of insulin antibodies before
insulin treatment and either of the HLA
types associated with type 1 diabetes,
Dr3 or Dr4?

In summary, we have found insulin
antibodies in at least 18 percent of a
group of untreated IDD’s. The antibod-
ies may be present in a larger percentage
of diabetics, but with the current assay
their values overlap with normal values.
This measurement may prove superior to
ICA’s as a marker of B-cell damage,
since cytoplasmic ICA is not specific for
B cells (23), cell-surface ICA is present
in a high percentage of nondiabetics (24),
and both ICA measurements are difficult
to perform and require subjective inter-
pretation. The ease of the insulin-binding
assay may make it useful for large-scale
studies.
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Biotinated Probe Containing a Long-Terminal Repeat

Hybridized to a Mouse Colon Tumor and Normal Tissue

Abstract. The cloned complementary DNA pMCT-1, which contains an intracis-
ternal A particle long-terminal repeat, is more highly expressed in a mouse colon
tumor than in the normal mouse colon. In situ hybridization of biotin-substituted
PMCT-1 to fixed frozen sections shows that expression of pMCT-1 is seen throughout
the tumor and is highly heterogeneous on a cellular basis, while expression is
undetectable in any cell in the normal colonic mucosa.

The complementary DNA clone
pMCT-1 (I, 2) contains a mouse highly
repetitive intracisternal A particle long-
terminal repeat (3). This clone hybridizes
to a population of transcripts that are
heterogeneous in size and that show 50-
fold higher expression in the dimethylhy-
drazine-induced transplantable mouse
colon tumor from which it was derived
(4) than in the normal mouse colonic
mucosa (2). Expression is also high in
several leukemia cell lines (2, 5). In the
colon tumor RNA molecules that hybrid-
ize to pMCT-1 comprise approximately
0.8 percent of the polyadenylated RNA
population.

As in all experiments that detect
changes in gene expression in complex
tissues, the question arises as to whether
the differences seen between the colon
tumor and normal colon represent alter-
ations in the distribution of cell types. In
situ hybridization of biotin-substituted
pMCT-1 to frozen sections of tumor and
normal tissues demonstrates that not
only is expression undetectable in any
cell in the normal colonic mucosa, but
that expression is highly heterogeneous
throughout the transplantable tumor.
The results presented here illustrate the
value of complementing investigations
on gene expression with methods in
which the architecture of the tissue and
spatial relations between cells are pre-
served.

Frozen sections of freshly dissected
colon tumor 36 grown in male BALB/c
mice (4), normal mouse colon, and liver
were hybridized to biotin-substituted
pMCT-1 and pBR322, as described in the

legend to Fig. 1. The photographs in Fig.
1 show sections fixed for 5 minutes in
cold Carnoy’s B fixative (60 percent eth-
anol, 30 percent chloroform, and 10 per-
cent acetic acid) and briefly incubated at
room temperature with autodigested
Pronase (Calbiochem). In our experi-
ments the use of 4 percent paraformalde-
hyde (6, 7) or ethanol and acetic acid (3:1
by volume) (8) as fixatives did not pre-
serve morphology as well in frozen sec-
tions, but recent results show that 4
percent paraformaldehyde for 30 min-
utes at room temperature is the fixative
of choice for Friend erythroleukemia
cells in culture. Brief Pronase digestion
is necessary to obtain optimum hybrid-
ization and hence signal, but without
careful monitoring during this step, over-
digestion and destruction of tissue can
result. Detection of hybridization was
primarily by indirect immunofluores-
cence.

The morphology of the cells and
crypts of the normal mouse colon was
well preserved (Fig. 1A). In 11 experi-
ments with 37 sections from 7 normal
mouse colons, no signal was ever detect-
ed with biotin-substituted pMCT-1.
These results are not shown since they
yield completely black photographs due
to the necessity of filtering out all but the
emitted light to record the signal. In
contrast, hybridization of biotin-substi-
tuted pMCT-1 to the colon tumor always
resulted in fluorescence throughout the
tumor (Fig. 1C). A similar signal was
seen in 13 sections from 8 different tu-
mors. In addition, however, localized
bright areas were usually seen, and in
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DNA molecule was cloned (/)] never
produced a signal in any tissue.

The heterogeneity of expression of
pMCT-1 in the tumor is noteworthy.
Figure 1B shows a photograph of the

over half the sections (7 of 13 sections
from 8 tumors) there were also intensely
staining doublets (arrows in Fig. 1C). As
a control, biotin-substituted pBR322 [the
vector into which the complementary

Fig. 1. Photomicrographs of frozen sections of mouse tissues. The animals were killed by
cervical dislocation and dissected tissues were immediately embedded by freezing in O.C.T.
compound (Lab Tek Products). Sections measuring 8 pm were cut on a cryostat at —19°C,
mounted on albumin-subbed slides (7, 15), fixed for 5 minutes at —20°C in Carnoy’s B fixative,
dried at the same temperature, and stored at —70°C. The sections were rehydrated for 20
minutes in 0.05M tris (pH 7.6) and then digested with Pronase in 0.05M tris (pH 7.6) and 5 mM
EDTA for 5 minutes at room temperature. The digestion was stopped by washing the sections
twice for 3 minutes in 0.005M tris (pH 7.6) and glycine (2 mg/ml). After dehydration through an
ethanol series, each section was hybridized with a biotinated probe (3 ng/ul) in 15 pl of a
solution containing 50 percent formamide, 10 percent freshly prepared dextran sulfate, a
fivefold concentration of SSC (SSC contains 0.15M sodium chloride and 0.015M sodium citrate;
pH 7.0), and denatured salmon sperm DNA (100 pg/ml). Probes were biotinated by nick
translation with biotin-substituted deoxyuridine S5’'-triphosphate (Enzo Bio-Probe Detection
System, Enzo Biochemicals). Hybridization was carried out at 37°C under sealed cover slips for
18 hours. The sections were then washed in a twofold concentration of SSC for 5 minutes at
32°C, washed again in 0.1 percent Triton X-100 in phosphate-buffered saline (PBS) for 5 minutes
at room temperature, and finally rinsed in PBS. At this point the slides were not permitted to
dry. For detection the sections were incubated with a 1:100 dilution of goat antiserum to
immunoglobulin G (IgG)-linked biotin (Enzo Bio-Probe) in PBS plus bovine serum albumin (2
mg/ml) for 60 minutes at 37°C in a humid chamber and washed three times for 5 minutes in PBS.
They were then incubated with a 1:100 dilution of fluorescein isothiocyanate—conjugated rabbit
antiserum to goat IgG (Enzo Bio-Probe) and washed as above. The sections were counter-
stained for 30 seconds in 5 mg of Evans blue per 100 ml of PBS, washed for 10 minutes in PBS,
and stored under sealed cover slips in 50 percent glycerol and 50 percent PBS. They were
viewed with a Zeiss fluorescence microscope at 455 nm or with transmitted light and
photographed with Ektachrome 400 daylight film. (A) Normal mouse colon viewed with
transmitted light. (B) Mouse colon tumor 36 hybridized with pMCT-1 and viewed with
transmitted light. The tissue appears homogeneous. (C) Fluorescence microscopy of the same
slide as in (B). Note the overall fluorescence, with bright areas and intensely fluorescing
doublets (examples are depicted with arrows). Final magnification, x640.
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same section as in Fig. 1C made with
transmitted light. The tumor is morpho-
logically homogeneous, as determined
from sections fixed with Formalin and
stained with hematoxylin and eosin (9).
Therefore, in situ hybridization reveals a
heterogeneity of expression of tran-
scripts that hybridize to pMCT-1 which
is not reflected in the histology of the
tissue. One possible explanation for this
heterogeneity stems from our work on
the expression of pMCT-1 in Friend
erythroleukemia cells. Expression is
highest in Friend cells arrested in early
G; (5). The doublets seen in the mouse
colon tumor (Fig. 1C) may, therefore,
represent cells that have just divided,
and hence each daughter cell is transient-
ly in early G,. Note also that the fluores-
cence of the doublets decreases as they
are separated by greater distance, possi-
bly as they proceed through the cell
cycle.

We also used an avidin-horseradish
peroxidase detection technique with sec-
tions hybridized to biotin-substituted
pMCT-1 (Vectastain ABC kit, Vector
Laboratories). In this case the signal was
localized to discrete, fine, dark lines in
the cytoplasm of the cells, often circling
the margin of the nucleus. This pattern
may reflect the localization of A particles
in the cisternae of the endoplasmic retic-
ulum (10).

The results show that transcripts
which hybridize to pMCT-1 are not ex-
pressed at a detectable level in any of the
many cell types found in sections of
normal mouse colon. Biochemical re-
sults (2) demonstrate that the level of
expression is at least 50-fold higher in the
colon tumor, and the work described
here shows that such transcripts are
present throughout the tumor but in a
highly distinct heterogeneous fashion.
The biochemical findings also reveal that
hybridization is slightly higher in the
liver than in the normal colon, and this is
confirmed by in situ hybridization, since
a very faint signal is seen throughout the
liver.

For two major reasons, in situ hybrid-
ization has the potential to complement
research on gene expression in transfor-
mation and carcinogenesis. First, such
hybridization enables one to visualize
early changes in small numbers of cells
or in single cells that might otherwise be
diluted in preparing tissue homogenates.
This is important because tumorigenesis
is a multistep process and occurs over a
long period (/7). Second, although they
may appear histologically homogeneous,
tumors are composed of heterogeneous
populations of cells with various pheno-
types (/2). These differences in charac-
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teristics (such as malignant potential and
drug resistance) may depend on differ-
ences in gene expression that can be
revealed by in situ hybridization with
appropriate probes. The method of using
biotin-substituted probes (6, 7, 13, 14) is
particularly elegant since, once synthe-
sized, such probes are stable and detec-
tion does not require lengthy exposure
times. The usefulness of such probes will
increase as methods are developed for
improved sensitivity of detection and
more accurate quantitation of the signal.
MoIRA E. ROYSTON
LEONARD H. AUGENLICHT*
Sloan-Kettering Institute for
Cancer Research, Walker Laboratory,
Rye, New York 10580

References and Notes

1. L. H. Augenlicht and D. Kobrin, Cancer Res.
42, 1088 (1982). )
2. _____,M.E.Royston,J. Biol. Chem., in press.
3. K. K. Leuders and E. L. Kuff, Cell 12, 963
(1977); M. D. Cole, M. Ono, R. C. C. Huang, J.
Virol. 38, 680 (1981); E. L. Kuff, L. A. Smith,
K. K. Leuders, Mol. Cell. Biol. 1,216 (1981); E.
L. Kuff et al., Proc. Natl. Acad. Sci. U.S.A. 80,
. 1992 (1983).
4. T. H. Corbett, D. P. Griswold, B. J. Roberts, J.
C. Peckham, F. M. Schabel, Cancer 40, 2660
1977).
S. 1 H. Augenlicht, D. Kobrin, S. Gagnier, M. E.
Royston, unpublished results.
6. R. H. Singer and D. C. Ward, Proc. Natl. Acad.
Sci. U.S.A. 79,7331 (1982); D. C. Ward, person-
al communication.

. D. J. Brigati et al., Virology 126, 32 (1983).

. P. R. Harrison, D. Conkie, J. Paul, FEBS Lett.
32, 109 (1973); H. A. John, M. Patrinow-Geor-
goulas, K. W. Jones, Cell 12, 501 (1977); M.
Brahic and A. T. Haase, Proc. Natl. Acad. Sci.
U.S.A. 75,6125 (1978); L. M. Angerer andR. C.
Angerer, Nucleic Acids Res. 9, 2819 (1981); A.
T. Haase, P. Ventura, C. J. Gibbs, Jr., W. W.
Tourtellotte, Science 212, 672 (1981); P. Ventu-
ra, R. Peluso, M. Brahic, Virology 119, 399
(1982).

9. S. Sternberg, personal communication.

10. K. Perk and J. E. Dahlberg, J. Virol. 14, 1304
(1974).

11. I. Berenblum, in Cancer: A Comprehensive
Treatise, F. F. Becker, Ed. (Plenum, New
York, 1975), p. 323; R. Peto, in Origins of
Human Cancer, H. H. Hiatt, J. D. Watson, J.
A. Winston, Eds. (Cold Spring Harbor Labora-
tory, Cold Spring Harbor, N.Y., 1977), vol. 4, p.
1403; 1. B. Weinstein et al., in Carcinogens:
Identification and Mechanisms of Action, A. C.
Griffin and C. R. Shaw, Eds. (Raven, New
York, 1979), p. 399.

12. G. Poste and 1. J. Fidler, Nature (London) 283,
139 (1980); 1. J. Fidler and I. R. Hart, Science
217, 998 (1982); 1. J. Fidler and G. Poste, in
Tumor Cell Heterogeneity, A. H. Owens, S.
Baylin, D. S. Coffey, Eds. (Academic Press,
New York, 1982), p. 127.

13. P.R. Langer, A. A. Waldrop, D. C. Ward, Proc.
Natl. Acad. Sci. U.S.A. 78, 6633 (1981); P. R.
Langer and D. C. Ward, in Developmental Biol-
ogy Using Purified Genes, D. D. Brown, Ed.
(Academic Press, New York, 1981), p. 647.

14. P. R. Langer-Safer, M. Levine, D. C. Ward,
Proc. Natl. Acad. Sci. U.S.A. 79, 4381 (1982).

15. J. G. Gall and M. L. Pardue, ibid. 63, 378 (1969).

16. Supported in part by PHS grants CA 22367 and
CA 33383 and American Cancer Society grant
SIG-7. M.E.R. is supported by a fellowship
from the National Cancer Cytology Center. We
thank P. Higgins for helpful discussions and
photomicrography.

* Current address: Department of Oncology,

Montefiore Medical Center, 111 East 210 Street,

Bronx, N.Y. 10467.

5 August 1983; accepted 19 October 1983

e ]

Correlation of Glucocorticoid Receptor Binding Sites on
MMTYV Proviral DNA with Hormone Inducible Transcription

Abstract. Steroid hormones, when complexed to their receptors, recognize and
bind specific DNA sequences and subsequently induce increased levels of transcrip-
tion. The mechanisms of steroid hormone action were analyzed by constructing
chimeric DNA molecules from portions of mouse mammary tumor virus envelope
and long terminal repeat (LTR) regions ligated to the thymidine kinase (tk) gene of
herpes simplex virus. This construction allowed the tk gene to be expressed in a
hormone-responsive fashion upon transfection into Ltk™ cells. Comparison of
transcription data with in vitro binding data showed that hormone-responsive
transcription can be directly correlated to the presence of steroid hormone receptor
binding sites on the DNA. There are at least two such receptor binding sites in the
LTR region, one between —202 and —137 and another between —137 and —50 base
pairs from the RNA cap site, as well as a site near the 5' end of the envelope region.
These results strengthen the hypothesis that steroid-receptor complexes regulate
genes primarily by binding to DNA sites near the promoter region and thereby

modulate transcription.

Steroid hormones bind specific cyto-
plasmic receptor molecules which then
undergo an activation process and accu-
mulate in the cell nucleus. The activat-
ed steroid-receptor complex, which is
thought to act as a modulator of gene ex-
pression, is capable of recognizing spe-
cific DNA sequences near the promoter
region of genes that are under steroid
hormone control (/-6). This suggests
that such specific binding sites on the
DNA have a primary role in the modula-
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tion of gene expression by the steroid-
receptor complex. The mechanism of
gene regulation by steroid hormones in
eukaryotic cells might therefore be simi-
lar to prokaryotic gene regulation where-
in regulatory proteins bind to a specific
DNA sequence in the promoter region
of genes under their control, thereby
changing the rate of transcription.
Mouse mammary tumor  virus
(MMTYV) serves as a convenient system
in which to analyze the site or sites

necessary for steroid hormone regula-
tion. This system has been used to study
both in vitro binding (I, 4-6), involving
DNA restriction enzyme fragments and
the glucocorticoid-receptor complex,
and in vivo transcription, in which cell
cultures are transfected with the desired
DNA fragments (7-9).

In the experiments described here we
attempted to correlate previously ob-
tained transcription data (9) with DNA
binding data to define the sequence re-
quirements for gene expression induced
by the glucocorticoid receptor. For this
purpose we analyzed a set of chimeric
DNA molecules in vitro for the presence
of glucocorticoid receptor binding sites.
The chimeric DNA molecules contain
proviral MMTV sequences, including
part of the envelope (env) gene and long
terminal repeat (LTR), as well as the
thymidine kinase (tk) gene of herpes
simplex virus (HSV) (see Table 1). These
chimeric genes, which lacked increasing
length of sequences from the LTR, had
previously been introduced into cultured
L cells, and analysis of their transcripts
had enabled investigators to define the
LTR regions necessary for hormone-re-
sponsive transcription. Hormone-sensi-
tive transcripts initiating correctly in the
tk gene were also observed (Table 1) (9).

In Table 1 we show the DNA se-
quences present in the chimeric mole-
cules and point out the DNA fragments
that were assayed. Eco RI restriction
fragments from the six different plas-
mids, containing various amounts of
DNA from the MMTV env and LTR
regions and 222 base pairs (bp) of mouse
genomic DNA, were purified in micro-
gram quantities and used in the DNA-
cellulose competition assay (4). In this
assay, °H-labeled triamcinolone ace-
tonide (PH-TA)-receptor complex is
mixed with a DNA-cellulose suspension,
where the cellulose-bound DNA is non-
specific (calf thymus) DNA. The amount
of hormone-receptor complex bound to
DNA-cellulose can be easily determined
by pelleting the DNA-cellulose and
counting the radioactivity associated
with it. If free DNA is mixed with the
DNA cellulose, the free DNA competes
with the DNA cellulose for labeled ste-
roid-receptor complex. DNA fragments
containing specific binding sites for the
glucocorticoid-receptor complex com-
pete more strongly than nonspecific
DNA fragments (4). Typical competition
curves from the DNA-cellulose binding
assay are shown in Fig. 1. Eco RI frag-
ments from plasmids —236, —202, and
—137 (Fig. 1, A and B) compete approxi-
mately five times better than nonspecific
DNA [in this case, a 750-bp (Fig. 1D)
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