Transfection of v-ras* DNA into MCF-7 Human Breast Cancer
Cells Bypasses Dependence on Estrogen for Tumorigenicity

Abstract. The natural history of estrogen-responsive breast cancers often involves
a phenotypic change to an estrogen-unresponsive, more aggressive tumor. The
human breast cancer cell line, MCF-7, which requires estradiol for tumor formation
in vivo and shows growth stimulation in response to estradiol in vitro, is a model for
hormone-responsive tumors. The v-ras® onc gene was transfected into MCF-7 cells.
The cloned MCF-7,, transfectants, which expressed the v-rast! messenger RNA and
v-rast p21 protein (21,000 daltons), were characterized. In contrast to the parental
cell line, MCF-7,,; cells no longer responded to exogenous estrogen in culture and
their growth was minimally inhibited by exogenous antiestrogens. When tested in the
nude mouse, the MCF-7,,; cells were fully tumorigenic in the absence of estrogen
supplementation. Thus, cells acquiring an activated onc gene can bypass the
hormonal regulatory signals that trigger the neoplastic growth of a human breast

cancer cell line.

The human breast adenocarcinoma
cell line MCF-7 (1) is fully transformed
according to the criteria of immortalized
growth, lack of contact inhibition, char-
acteristic changes in cellular morpholo-
gy, and anchorage-independent prolif-
eration in soft agar. Although these cells
grow in culture without estrogens, they
show accelerated growth in the presence
of estrogens (2). This response to estro-
gen is mediated by hormone receptors
and has been linked to the induction of
several cellular products and secretory
growth factors (3). Antiestrogens such as
tamoxifen and LY 117018 specifically
inhibit the proliferation of these cells (4).

When implanted in nude mice, MCF-7
cells are tumorigenic only in the pres-
ence of estrogenic hormones (5). We
conducted experiments to find out if
such a hormone-dependent phenotype
could be abrogated by onc gene activa-
tion. As a model we selected the viral v-
ras?" gene of Harvey murine sarcoma
virus (Ha-MuSV) because it has known
oncogenic potential (6) and has a detect-
able protein product of 21,000 daltons,
p21, which is readily distinguishable
from the cellular c-ras™ p21 protein be-
cause of Thr*® phosphorylation (7). The
v-ras™ p21 protein differs from the nor-
mal human cellular homolog (¢-ras™!) at
only two amino acids, 12 and 59 (7).

A plasmid containing a complete per-
muted copy of the Ha-MuSV genome
including three long terminal repeats
(LTR’s) in tandem (see top of Fig. 1) was
transfected into MCF-7 cells in monolay-
er cultures (8) in the presence of the Eco-
gpt selectable gene marker contained in
the plasmid pSV2-gpt (9). In the gpt-
selective medium, cells transfected with
Eco-gpt alone (MCF-7,,) or Eco-gpt
and Ha-MuSV DNA (MCF-7,,,) vielded
15 to 25 surviving colonies 14 days after
transfection of 5 x 10° cells. The follow-
ing enzyme phenotypes, polymorphic in
the human population, were examined in

10 MAY 1985

the transfectants: lactic dehydrogenase,
glucose-6-phosphate dehydrogenase,
phosphoglucomutase-1, esterase-D, ade-
nylate kinase, and glyoxylase-1. Allo-
zyme typing revealed that MCF-7,, and
MCF-7; did not differ significantly from
the parental MCF-7 cells. Karyotype
analysis showed that the MCF-7, cells
contained a specific chromosome marker
described for MCF-7 cells (1).

We first confirmed the presence of Ha-
MuSV DNA in MCF-7; cells. Genomic
DNA from the transfectants was exam-
ined by Southern blot analysis. Hybrid-
ization of Pst I-digested DNA to a v-
ras® probe showed two to three novel
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bands that were absent in the untrans-
fected MCF-7 DNA (Fig. 1A), suggest-
ing that multiple copies of v-rast se-
quences had been incorporated in tan-
dem into the transfectants. The 4.4 kilo-
base (kb) Pst I fragment is similar in size
to the Pst I fragment of the input cloned
viral DNA. Hybridization of the Pst I
(Fig. 1A) and Bam HI (Fig. 1B) digests
indicated that the donor DNA had under-
gone complex rearrangements and dele-
tions as shown by many hybridizing frag-
ments of different sizes. The 4.4 and 3.3
kb Pst I bands in Fig. 1A probably repre-
sent fragments with three LTR’s and one
LTR, respectively. Instability of tandem
LTR’s has been noted previously (10).
As expected, no exogenous sequences
homologous to v-ras™ were detected in
control MCF-7 (Fig. 1) or pSV2-gpt
transfected MCF-7 cells.

Digestion of the transfected DNA with
Xho I, an enzyme that does not cut the
plasmid, revealed two ras bands at 14.7
and 20.5 kb in MCF-7,, but not in the
wild-type MCF-7 DNA (Fig. 1C). Since
the Xho I fragment sizes were greater
than the original length of intact plasmid
(10.7 kb), these results demonstrated
that the plasmid DNA had been integrat-
ed into the host cell’s DNA. This integra-
tion was stable and invariant during ex-
tended cell passage in culture in the
absence of selective medium (Fig. 1D).

Fig. 1. Detection and expres-
sion of v-ras® sequences in
MCF-7 transfectants and map
showing plasmid clone frag-
ment generated by Eco RI di-
gestion. (A to D) Genomic
DNA (10 pg) isolated from
wild-type MCF-7 cells (lanes 1
and 3) or MCF-7,, transfec-
tants (lanes 2 and 4) was di-
gested with (A and D) Pst I,
(B) Bam HI, or (C) Xho I, and
subjected to Southern analysis
(11) by hybridization with a
32P nick-translated Pvu I-Pst 1
fragment probe which con-
tains the v-ras® gene and
some viral flanking sequences.
(A, B, and C) MCF-7,,, trans-
fectants were grown in the
gpt-selective medium: improved minimal es-
sential medium (IMEM) supplemented with
10 percent fetal calf serum, hypoxanthine (15
wg/ml), aminopterin (2 pg/ml), thymidine (10
pg/ml), xanthine (250 pwg/ml), and mycophen-
olic acid (10 pg/ml). Wild-type MCF-7 cells
were grown in IMEM supplemented with 10
percent fetal calf serum. (D) MCF-7 cells and
MCF-7,,. transfectants were propagated in
IMEM supplemented with 5 percent CCS
(sulfatase treated calf serum, which was
stripped of endogenous hormones by dextran
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coated charcoal treatment) in the absence (lanes 1 and 2) or presence (lanes 3 and 4) of
5 x 107°M E,. (E) Total cellular RNA was isolated from wild-type MCF-7 cells or MCF-7,,
transfectants growing in the absence or presence of 5 X 107°M E,. Samples were dotted
directly onto the nitrocellulose paper and hybridized with **P-labeled v-ras™ probe.
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Table 1. Total cellular E, and progesterone specific receptor concentrations. Whole cell
equilibrium binding assays were performed as described previously (16); K4, dissociation
constant. Data are the average of duplicate determinations (variability is less than 20 percent).

Estradiol receptor

Progesterone receptor

Cells (sites per cells)
Sites per cell Ks (M) Without E, With E,
MCF-7 75,737 1.76 x 10°1° 70,652 115,992
MCF-7; 78,913 2.39 x 10710 43,860 74,971
MCF-7,.¢ 45,795 3.42 x 10710 28,636 118,480

Further, there was no change in the
intensities of the hybridizing bands when
the cells were grown in medium supple-
mented with estradiol (E,) (Fig. 1D).
Total cellular RNA was prepared from
untransfected and transfected MCF-7
cells and dot blot analysis was performed
to quantitate the levels of v-rast tran-
scripts. Densitometric scans of the blots
showed that the transfectants expressed
ras™ RNA at levels 10 to 12 times higher
than wild-type MCF-7 cells (Fig. 1E) or
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Fig. 2. The presence of v-ras™ related p21 in
MCF-7,, transfectants. Cultures were incu-
bated with [>*S]methionine (200 wCi/ml) or
[32PJorthophosphate (300 wCi/ml) at 37°C for
16 hours. Cells were lysed in buffer containing
10 mM sodium phosphate (pH 8.0) 1 mM
EDTA, 100 mM NaCl, 1 percent Triton X-
100, 0.5 percent sodium deoxycholate, 0.1
percent sodium dodecyl sulfate (SDS), and 2
mM phenylmethylsulfonyl fluoride. The su-
pernatant was clarified at 100,000¢g for 30
minutes at 4°C prior to immunoprecipitation.
Normal rat serum was substituted for anti-
body in control precipitations. The immune
complex was subjected to SDS-polyacrylam-
ide gel electrophoresis on 15 percent poly-
acrylamide gels as described (I4). (A)
[**S]Methionine-labeled extracts. (B)
[>2P]Orthophosphate-labeled extracts. Cell
extracts were prepared from NIH 3T3 cells
(lane 1), NIH 3T3 cells transformed with Ha-
MuSV (lane 2), wild-type MCF-7 cells (lane
3), MCF-7,,, transfectants (lane 4), MCF-7,,¢
transfectants (lane 5), MCF-7,,, transfectants
propagated in the absence of selective medi-
um (lane 6), and secondary cultures derived
from tumors induced with MCF-7,, cells in
nude mice (lane 7). The two lines between
lanes 2 and 4 in panel A indicate the positions
of pp21 (upper line) and p21 (lower line).

726

Bi1234s5867

contained a low level of endogenous c-
ras™ RNA and neither its expression nor
that of the exogenously acquired v-ras*
gene was altered by E, treatment (Fig.
1E).

We also investigated the production of
the v-rast p21 in MCF-7,, cells. This
protein, which is associated with the
plasma membrane and binds guanine nu-
cleotides (7, 12), has a phosphoacceptor
threonine at residue 59, leading to phos-
phorylation of about one-third of the
viral p21 in rodent cells. The viral p21
therefore migrates as a doublet com-
posed of a more slowly migrating phos-
phorylated form (pp21) and a more rapid-
ly migrating nonphosphorylated form of
the protein (p21). By contrast, cellular
p21 is not phosphorylated because it
lacks the threonine residue at position
59; its p21 is detected as a single band.
Cells were incubated with [**S]methion-
ine to label p21 and pp2l and with
[32PJorthophosphate to label pp21. De-
tergent-extracted lysates were immuno-
precipitated either with sera from rats
bearing Ha-MuSV induced tumors or
with v-ras! monoclonal antibody Y13-
238 (7, 13). An endogenous p21 protein
band was seen in wild-type MCF-7, in
MCF-7,, and in MCF-7,,; cells exposed
to [>*SImethionine (Fig. 2A). An addi-
tional upper band representing pp21 was
seen in v-ras™! transfected cells after long
exposure of the autoradiogram (Fig. 2A,
lanes 5, 6, and 7), although the RNA data
suggested that higher levels of viral p21
would be present in the cells. The pres-
ence of pp2l in these cells was further
confirmed by [**Plorthophosphate label-
ing (Fig. 2B), which revealed a single
pp21 band unique to MCF-7,,5. No pp21
band was seen in MCF-7 or in MCF-7g,
cells. When ras transfectants that had
been grown without selection were as-
sayed for viral p21, the phosphorylation
profile was not different from that of
cells maintained continuously in the se-
lective medium (Fig. 2, lane 6). We con-
clude that v-ras? in MCF-7,, is ex-
pressed as RNA and protein.

We wished to determine whether
MCF-7,, cells had an altered response

to estrogen and antiestrogens. Since the
effects of hormones are mediated by
hormone receptors (15), we first assayed
the amount of estrogen receptor in the
MCF-7,, transfectants, the control
MCF-7g, cells, and wild-type MCF-7
cells (Table 1). Initially, we found that
the steady-state level of E, receptor in
these cells varied by no more than a
factor of two. Furthermore, E,-inducible
progesterone receptor synthesis was
equivalent in the control and MCF-7,¢
transfectants indicating that the MCF-
7.as cells retained the mechanism for E,
response. We next examined growth re-
sponse to hormones, both by tritiated
thymidine incorporation and by growth
rate determination.

Since E, receptor content in MCF-7
cells is not constant, but undergoes auto-
regulation according to the proliferative
state of the cells (/6), isoleucine depriva-
tion was used to synchronize the cells
prior to measuring [*Hlthymidine incor-
poration into DNA in hormone treated
and untreated cells (Fig. 3). Isoleucine
deprivation for 30 hours in vitro led to
proliferative arrest and a dramatic de-
cline in [*H]thymidine incorporation. In
both wild-type MCF-7 and MCF-7,,
cells, E, caused an almost twofold in-
crease in the rate of thymidine incorpo-

B control
| =P
LY 117018

[3H] thymidine
(dpm x 1073/ug DNA)
IS
|

MCF-7  MCF-7g5y MCF-7,ag

Fig. 3. Effects of estrogen and antiestrogen on
[*H]thymidine incorporation in growth-arrest-
ed cells. Wild-type and transfected MCF-7
cells (2 x 10°) were plated in replicate in
IMEM supplemented with 5 percent CCS.
After 48 hours the medium was changed for
isoleucine-depleted medium. After another 30
hours cells were rescued from growth arrest
by changing the medium to isoleucine-supple-
mented medium in the absence or presence of
5 x 10°M E, or 107%M LY 117018 (6-hy-
droxy-2-hydroxyphenyl)-benzo(b)thien-3-yl-
p-(2-(pyrrolidinyl) ethoxy phenyl ketone).
Cells were exposed for 1 hour before being
harvested to [*°H-methyl]thymidine (1 n.Ci/ml;
46 Ci/mmol) for 18 hours after the reversal of
metabolic block. The cells were washed and
harvested, and the radioactivity precipitable
in 10 percent trichloroacetic acid was deter-
mined. Fluorometric determinations of DNA
were also made (17). Data are the average of
duplicate determinations. Variability was less
than 15 percent.
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ration into DNA at 18 hours after the
reversal of the isoleucine block; con-
versely, the antiestrogen LY 117018 pro-
duced substantial inhibition of thymidine
incorporation in these cells. In contrast,
MCF-7,, cells were minimally affected
by E, and were comparatively insensi-
tive to antiestrogen treatment.

As shown in Fig. 4, a physiologic
concentration of E, stimulated, whereas,
the LY 117018 strongly inhibited, growth
of wild-type MCF-7 cells. E, was effec-
tive at concentrations as low as 1071M.
In contrast, MCF-7,, cells demonstrated
no augmented growth response to E,.
Equally striking was the abrogation of
the growth inhibition induced by LY
117018. Similar results were also ob-
tained with 107°M tamoxifen. Thus,
MCE-7 cells with the v-ras™ gene were
able to bypass much of the hormone
responsive growth regulatory mecha-
nism.

When female ovariectomized nude
mice were inoculated with the control
cells (MCF-7 and MCF-7g), solid tu-
mors developed after 3 to 4 weeks only if
an E, supplement was given at the time
of cell inoculation (Table 2). In the ab-
sence of estrogen, tumors did not devel-
op even when the cell inoculum was
increased five to ten times and the obser-
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Fig. 4. Effects of E, and antiestrogen on cell
proliferation of wild-type and transfected
MCF-7 cells. Cells (approximately 2 X 10*
per dish) were plated in replicate in IMEM
supplemented with 5 percent CCS. Hormonal
supplements (E,, 10~°M; LY 117018, 10~8M)
were added the next day. Cells were fed every
2 to 3 days and cells were counted in parallel
dishes. Each point represents the mean of
three determinations. Tumor-derived cells in
culture were obtained from tumors induced
with MCF-7,,, transfectants. The variation
between triplicates was less than 15 percent.
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Table 2. Tumor growth in the nude mice.
Oophorectomized athymic nude mice (5 to 6
weeks old) with or without E, pellets (0.5 mg)
were inoculated with 2 X 10° to 5 x 10° tu-
mor cells subcutaneously into the area of the
first mammary fat pad and observed for the
formation of tumors. Results given are the
sum of five different inoculations done on
separate days. There was no statistically sig-
nificant experiment to experiment variation.

Tumors formed/mice

Cells inoculated
Without E, With E,
MCEF-7 0/20 8/12
MCF-7g,, 0/10 6/8
MCF-7, 26/32 10/12

vation period was prolonged for 90 days.
In contrast, MCF-7, cells produced tu-
mors in the absence or presence of an E,
source. Tumors from MCF-7,5 appeared
as early as 2 weeks after inoculation and
grew steadily. Thus, v-ras® conferred
hormone-independence to the tumorige-
nicity of MCF-7 cells in vivo.

Explants of some representative tu-
mors were placed in tissue culture and
analyzed for the presence of v-rast re-
lated sequences. Southern blots (Fig. 5)
showed v-ras™ related fragments identi-
cal in size to the parental MCF-7,, trans-
fectants. Cells derived from a hormone-
dependent tumor induced with pSV2-gpt
transfected MCF-7 cells did not reveal v-
ras™ related sequences. These results
confirm the expansion of the same clonal
population of tumorigenic cells without
additional alteration of the v-rast se-
quence organization within the tumor
cells. Viral p21 could be immunoprecipi-
tated from the secondary culture derived
from MCF-7,, induced tumors in nude
mice (Fig. 2, lanes 7). The tumor-derived
cells in culture behaved similarly to the
v-ras transfectants in continous culture
in their minimal responsiveness to E,
and antiestrogens (Fig. 4).

Our data show that a potentially tu-
morigenic human cell line transfected
with an exogenous activated onc gene
can bypass a hormonal mechanism that
customarily triggers tumor formation by
that cell. The activated ras gene product
itself is mitogenic in a variety of rodent
cells (18). This gene product either by
itself or by interaction with cellular regu-
latory molecules evidently induces au-
tonomous growth in hormone-dependent
MCF-7 cells. Since the transfected cells
were not inhibited by antiestrogens and
since their hormone responsiveness as
measured by the E, receptor content and
induction of progesterone receptor was
not markedly different from the parental

cell line, it appears that the growth sig-
nals triggered by receptor-ligand interac-
tions in MCF-7 cells are no longer recog-
nized in the MCF-7,, cells.

The relevance of cellular ras gene acti-
vation to human breast cancer is not well
understood. There are only two reports
of ras gene abnormalities in human
breast cancer cell lines. One group of
investigators, using DNA transfection
and extensive recipient cell passage in
nude mice, has isolated, from MCF-7
DNA, three transforming genes (/9).
One of these genes is ras™, which is
amplified five to ten times. The other
two genes are not homologous to known
onc genes. C-ras™ activation has been
noted in another hormone-independent
breast cancer cell line, HS578T (20). We
have not found any effect of estrogen
stimulation on c-ras™, myc, mht, erb®,
sis, or myb gene expression in MCF-7
cells.

Most studies of onc gene transfection
have focused on rodent cells. Our model
with a human cancer cell line provides
one framework for explaining specific in
vivo biological effects consistent with
progression of human breast cancer.
Frequently, the subset of human breast
cancers that is E,-responsive in the early
stages evolves to become E,-unrespon-
sive, at which time it displays a more
aggressive behavior. Our data suggest
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Fig. 5. Detection of v-ras™ sequences in sec-
ondary cultures derived from tumors induced
with MCF-7,,, transfectants in nude mice.
Genomic DNA (10 pg) was digested with Pst
I, subjected to electrophoreses, filter-blotted,
and hybridized to 3?P-labeled v-ras™ probe.
Lane 1, cells derived from MCF-7,,, E-in-
duced tumor; lane 2, MCF-7,,, cells in contin-
uous culture; lanes 3 and 4, cells derived from
tumors induced with MCF-7,,; in the presence
(lane 3) or absence (lane 4) of E, supplementa-
tion to the animals. Solid tumors formed from
injection of MCF-7 transfectants into nude
mice were excised, finely minced, and dis-
rupted prior to selection for resistance in vitro
to the gpr-selective medium.
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that a newly activated oncogene could
convert an E,-responsive tumor cell to
one that is hormonally unresponsive;
this change could provide a selective
growth advantage to the E,-unrespon-
sive cell and eventually result in the
grossly apparent autonomy of the tumor
phenotype. An analogous situation may
have been described in a melanoma pa-
tient, where one metastatic tumor had an
activated ras™ gene, but the other metas-
tases did not (21). We do not propose
that ras activation is the only mechanism
by which a breast cancer might alter its
hormone dependent phenotype. We con-
clude, however, that amplification or
mutation in a single gene may radically
alter the growth regulatory and tumori-
genic behavior of a cell that already has
malignant potential.
ATTAN KASID
MARc E. LIPPMAN
Medical Breast Cancer Section,
Medicine Branch, National Cancer
Institute, Bethesda, Maryland 20205
ALEX G. PAPAGEORGE
DoucLas R. Lowy
Laboratory of Cellular Oncology,
National Cancer Institute
EDWARD P. GELMANN
Medicine Branch,
National Cancer Institute

References and Notes

1. ?9%)Soule etal.,J. Natl. Cancer Inst. 51, 1409
2. M. E. Lippman and G. Bolan, Nature (London)
256 592 (1975); M. E. Llppman, G. Bolan,

K. Huﬁ‘, Cancer Res. 36, 4595 (1976); K. B.
Horwitz and W. L. McGuire, J. Biol. Chem.
253 2223 (1978); D. J. Adams, D. P. Edwards,
‘W. L. McGuire, Biochem. Btophys Res. Com-
mun. 97, 1354 (1980); E. C. Lai, M. E. Riser, B.
W. O’Malley,l Biol. Chem. 258, 12693 (1983).

3. A. Kasid, D. Bronzert, M. E. Lippman, in
Gonad Steroid Rece tors, E. Aurricchio, Ed.
(Field Enterpnses Chicago, in press).

4. S. M. Scholl, K. K. Huff, M. E. Lippman,
Endocrinology 113, 611 (1983) B. S. Katzenel-
lenbogen et al., Cancer Res. 44, 112 (1984).

5. S. M. Shafie, Science 209, 701 (1980); K. Siebert
et al., Cancer Res. 44, 2223 (1983).

6. P. K. Vogt, Compr. Virol. 9, 341 (1977); H
Hanafusa, ibid. 10, 401 (1977); E. H. Chang et
al., Science 210, 1249 (1980); J. M. Bishop,
Annu. Rev. Biochem. 52, 301 (1983).

7. T. Y. Shih et al., Nature (London) 287, 686
(1980); R. W. Ellis et al., ibid. 292, 506 (1981);
R. Dhar et al., Science 217, 934 (1982); D. J.
Capon et al., Nature (London) 302, 33 (1983);
M. Ruta and R. Dhar, personal communication.

8. F. L. Graham and A. J. Van Der Eb, Virolo,
52, 456 (1973); D. R. Lowy, E. Rands, E. M.
Scolnick, J. Virol. 26, 291 (1978); M. Wigler et
al., Cell 14, 725 (1978).

9. R. C. Mulligan and P. Berg, Proc. Natl. Acad.
Sci. U.S.A. 78, 2072 (1981).

10. G. L. Hager et al., J. Virol. 31, 795 (1979).

11. E. M. Southern, J. Mol. Biol. 98 503 (1975).

12. E. M. Scolnick, A. G. Papageorge,T Y. Shih,
Proc. Natl. Acad. Sci. U.S.A. 76, 5355 (l979);
M. C. Willingham et al., Cell 19, 1005 (1980); T.
Finkel et al., ibid. 37, lSl (1984)

13. T. Y. Shih et al., Vlrology% 64 (1979); M. E.
Furth et al., J. erol 43, 294 (1982).

14. A. Papageorge D. Lowy, E. M. Scolnick, J.
Virol. 44, 509 (1982).

15. S. C. Brooks, E. R. Locke, H. D. Soule, J. Biol.
Chem. 248, 6251 (1973).

16. A. Kasid et al., Science 225, 1162 (1984); R
Jakesz et al., Cancer Res. 44, 619 (1984).

17. C. K. Brunk, K. C. Jones, T. W. James, Anal.
Chem. 92, 497 (1979).

18. J. R.-Feramisco et al., Cell 38, 109 (1984); D. W.

728

Stacey and H. F. Kung, Nature (London) 310,
508 (1984).
19. O. Fasano et al., Mol. Cell. Biol. 4, 1695 (1984).
20. M. H. Kraus, Y. Yuasa, S. A. Aaronson, Proc.
Natl. Acad. Sci. U.S.A. 81, 5384 (1984).
21. 3981;) Albino et al., Nature (London) 308, 69
22. Plasmid containing Ha-MuSV genome was a gift
of M. Martin. We thank E. Westin for discus-
sions and for the plasmid pSV2-gpr and R. J.

Kraay and C. D. Jones (Eli Lily Company) for
the LY 117018. We thank S. Bates and M.
McManaway for help with animal experiments
and D. Kaufman and R. Dickson for criticism,
and other co-workers for helpful discussions.
We also thank N. Hubbert and W. Vass for
technical assistance and P. Rand for manuscript

preparation.
31 December 1984; accepted 8 April 1985

Gene for Human Insulin Receptor: Localization to Site on
Chromosome 19 Involved in Pre-B-Cell Leukemia

Abstract. Consistent chromosomal translocations in neoplastic cells may alter the
expression of proto-oncogenes that are located near the breakpoints. The comple-
mentary DNA sequence of the human insulin receptor is similar to those of the EGF
receptor (erbB oncogene) and products of the src family of oncogenes. With in situ
hybridization and Southern blot analysis of somatic cell hybrid DNA, the human
insulin receptor gene was mapped to the distal short arm of chromosome 19 (bands
pl13.2-pl3.3), a site involved in a nonrandom translocation in pre-B-cell acute

leukemia.

Insulin initiates its biological effects by
binding to specific membrane receptors
on target cells (/). The mature human
insulin receptor is a transmembrane gly-
coprotein comprised of two a subunits
(molecular weight of ~130,000) and two
B subunits (molecular weight of ~90,000)
(2). The a subunit contains the insulin
binding site (3). The B subunit, bearing
an adenosine triphosphate (ATP)-bind-
ing site, possesses a tyrosine protein
kinase activity (4) that catalyzes both the
autophosphorylation of the B subunit
and the insulin-dependent phosphoryl-
ation of exogenous protein substrates

(5). The a and B subunits of the mature
insulin receptor are synthesized as a
single polypeptide chain (6). A comple-
mentary DNA (cDNA) for the precursor
of the human insulin receptor has been
isolated and characterized (7). We have
now mapped the insulin receptor gene
(INSR) by in situ hybridization and
Southern blot analysis of rodent X hu-
man somatic cell hybrid lines.

In situ hybridization to human chro-
mosome preparations was carried out
with a 3H-labeled subclone (pHP/HIR
12.1) containing a 4.2-kilobase (kb) insert
fragment that includes the entire B- and

Fig. 1. G-banded human chromosomes after
in situ hybridization with H-labeled INSR
probe. Human metaphase and prometaphase
chromosomes were prepared from methotrex-
ate-synchronized peripheral blood cell cul-
tures (25) of two normal individuals. The
pHP/HIR 12.1 was 3H-labeled to a specific
activity of 1.4 x 107 cpm/pg by nick-transla-
tion with [*H]dCTP, [*H]dATP, and
[*H}dTTP. In situ hybridization was carried
out according to the method of Harper and
Saunders (26). The probe was hybridized to
chromosome preparations at a concentration
of 25 ng/ml and 50 ng/ml for 15 hours at 37°C.
The slides were exposed to Kodak NTB-2
emulsion for 10 to 14 days at 4°C. After
autoradiographic development, the chromo-
somes were stained with quinacrine mustard
dihydrochloride and photographed under a
fluorescence microscope. The chromosomes
were then G-banded with Wright’s stain and a
second photograph was taken of the previous-
ly selected cells. G-banded chromosomes
were analyzed for silver grain localization.
(A) Representative normal female metaphase
spread with silver grains on the short arm of
chromosome 19 (arrow) and low background
labeling. The number 19 is directly below the
unlabeled chromosome 19. (B) Pairs of chro-
mosome 19 from 4 prometaphase cells, illus-
trating typical labeling at the distal short arm
(bands p13.2—>p13.3).
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