
[CANCER RESEARCH 36. 354-358, February 1976]

SUMMARY

Estrogen and prolactin receptor concentrations were
measured in 24 carcinogen-induced rat mammary tumors
and correlated with the tumor response to host ovariectomy
or hypophysectomy. It was found that essentially all of the
tumors contained some specific estrogen receptor, and all
but three contained prolactin receptor. The values for each
receptor comprised a continuum from very low to relatively
high concentrations, suggesting that previous considera
tions of hormone dependence on the basis of presence or
absence of hormone receptors may be oversimplified. The
concentration of each receptor tended to be lower in the
hormone-independent than in the hormone-dependent tu
mors, but there were a number of hormone-independent
tumors with higher receptor levels than some of the hor
mone-dependent tumors had. A better correlation of tumor
response to endocrine ablation resulted from a combination
of the 2 receptor levels than from either receptor concen
tration alone. These results suggest that there is a complex
relationship between mammary tumor response to endo
crine ablatin and levels of estrogen and prolactin receptors
and that some tumors may be dependent upon 1 or both of
thesehormones forgrowth.

INTRODUCTION

A significant number of human breast cancers respond to
endocrine ablations such as oophorectomy, adrenalec
tomy, and hypophysectomy, and, therefore, these cancers
are considered to be hormone dependent. Since the correla
tion of breast cancer remission to endocrine ablation with
tumor estrogen receptor content permits prediction of the
response of many patients to such therapy (20), it is likely
that estrogen is involved in growth regulation of these can
cers. However, there are suggestions that prolactin (10, 26)
and possibly other hormones (7, 22) also may be important
in breast cancer. In the DMBA3-induced mammary cancer of
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the rat, most of the tumors regress following host castration
or treatment with drugs that inhibit prolactin release and,
hence, are deemed hormone dependent (6, 9, 11, 23). In this
model system, there is considerable disagreement as to
whether estrogen or prolactin alone, or both hormones in
concert are responsible for tumor growth regulation. Since
there is a growing body of evidence that both steroid and
peptide hormones act through the mediation of their spe
cific receptors (27), we have approached this problem by
comparing the rat mammary tumor response to host ovariec
tomy or hypophysectomy with the tumor content of both
estrogen and prolactin receptors.

MATERIALS AND METHODS

Mammary tumors were induced in 50-day-old female
Sprague-Dawley rats by a single i.g. feeding (12) of 20 mg of
DMBA in 2 ml of sesame oil. Tranplant tumors were ob
tamed after s.c. transplant of about 100 mg of tumor either
as a small piece or as a homogeneous mince in 0.9% NaCI
solution into 40- to 55-day-old intact female rats. Since the
Sprague-Dawley rat is not highly inbred, tumor growth after
transplant is seen in only 10 to 30% of the animals. Each
transplant tumor used had established a consistent growth
pattern before the host was subjected to ovariectomy. Al
though such tumors show a definite tendency to lose their
ability to regress following ovariectomy with subsequent
transplant generations, we have observed retention of this
ability to regress for up to 4 transplant generations in the
Sprague-Dawley rat. Although some histological changes
often occur on transplantation of the tumors, the transplant
tumors used were carcinomas as were the primary tumors
studied.

Tumor volumes, used to assess the tumor response to
host endocrine ablation, were calculated from weekly tumor
measurements by caliper (6). Hormone-dependent tumors
are defined as those tumors that regressed to a volume less
than one-half presurgical size. This group of tumors was
excised while the animal was under light ether anesthesia
generally 1 to 3 weeks following endocrine ablation. The
hormone-independent tumors used were those which, at
time of tumor excision, generally from 3 to 5 weeks after
ovariectomy, had a calculated volume greater than the pre
surgical size.

For the receptor determinations, the tumors were excised
from animals under ether anesthesia, the tumors were
minced, weighed, frozen in liquid nitrogen, and pulverized
at liquid nitrogen temperature with a Thermovac autopulver
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izer (Thermovac industries Corp., Copiague, N. V.). The
tumor powder was homogenized in 4 volumes of cold 10
mM Tris buffer, pH 7.4, containing 1 mM dithiothreitol,
using a Polytron PT-10 homogenizer (Brinkmann Instru
ments, Inc., Westbury, N. V.). A high-speed cytosol, used
for the estrogen receptor determination, was obtained by
centrifugation of the tumor homogenate for 30 mm at 250,-
000 x g and 2Â°.The total particulate fraction, obtained as
the sediment in this centrifugation, was resuspended in the
homogenization buffer, frozen in liquid nitrogen, and
stored at liquid nitrogen or dry ice temperatures until used
to prepare the membrane fraction for prolactin receptor
assay.

For determination of the estrogen receptor content, 200-
l.Li portions of the high-speed tumor cytosols were incu

bated for 30 mm at 0Â°with 50 @lof homogenization buffer or
50 /.Liof 106 M diethylstilbestrol in homogenization buffer,
followedby additionof 50 @Iof 12 nM 17f3-[2,4,6,7-
3Hjestradiol (specific activity, 109 Ci/mmole; New England
Nuclear Corp., Boston, Mass.) in the same buffer. After
incubation for an additional 60 mm in ice, a 200-s.dportion
of each mixture was layered on 3.4 ml of a 10 to 309k
sucrose gradient containing 10 mM KCI and 1 mM EDTA in
10 mM Tris buffer, pH 7.4, and centrifuged at 2Â°for 16 hr at
250,000 x g . Successive 100-pi fractions were collected
from the bottom of the centrifuge tube by displacement with
paraffin oil. Radioactivity was determined in a toluene-Tri
ton X-100 scintillation fluid at 28 to 33% efficiency. The
estrogen receptor content was calculated from the diethyl
stilbestrol-inhibited dpm in both 8 S and 4 S regions of the
gradient, and is expressed as fmoles of specific estradiol
binding per g of fresh tumor tissue.

For determination of prolactin receptor content, the high
speed tumor sediment was thawed, homogenized in 0.3 M
sucrose, and centrifuged for 20 mm at 14,500 x g. The
supernatant fraction was subjected to a 2nd centrifugation
for 90 mm at 105,000 x g to obtain the membrane-contain
ing pellet used for the prolactin receptor determinations.
Aftercolorimetricdeterminationof proteincontent(19),
replicate portions of the tumor membrane fractions, sus
pended in 0.025 M Tris buffer containing 10 mM CaCI2, pH
7.8, were incubated for 48 hr at 4Â°with 67,000 Â±5%, cpm
125I-labeiedovine prolactin alone and in the presence of
excess (1 /Lg) unlabeled prolactin. The prolactin (NIH-S10;
National Pituitary Agency, NIH) was iodinated by a lactoper
oxidase method (8) and had a specific activity of about 40
@Ci/@g.Specificprolactinbindingreferstotheamount of

radioactivity that could be displaced by excess unlabeled
prolactin, and is expressed as cpni/200 @gof membrane
fraction protein. The reproducibility of the assay using 3 to 4
replicate samples is generally Â±2.2%.Nonspecific binding
refers to the nondisplaceable cpm and generally represents
3 to 5% of the total counts. This assay has previously been
shown todemonstratehigh-affinitybindingofprolactinto
mammary tumor membrane fraction (16).

RESULTS

In this preliminary study, 24 rat mammary tumors were
followed for response to host ovariectomy or hypophysec
tomy, and the tumor levels of estrogen and prolactin recep

tors were determined (Table 1). It can be seen from the
results that, although the hormone-independent tumors as
a group consist of the lower end of the spectrum of estro
gen receptor levels, there is overlap of the higher values of
the hormone-independent tumors and the lower values of
the hormone-dependenttumors. Likewise, there is consider
able overlap in the values for specific prolactin binding by
hormone-dependent and hormone-i ndependent tumors, al
though 2 of the 3 tumors showing no specific prolactin
binding were hormone-independent tumors. Chart 1 shows
the relation between the 2 receptor levels and tumor re
sponse to endocrine ablation. It is quite clear from this
correlation that all of the tumors with high levels of both
prolactin and estrogen receptor regressed following endo
crine ablation, whereas only 1 of the 5 tumors with low
values for both receptors regressed. Lines were drawn to
obtain the best correlation of receptor levels with response
(450 fmoles/g for estrogen receptor and 2200 cpm/200 j.@gof
protein for prolactin receptor). In the group with low levels
of one receptor and higher levels of the other receptor,
there are both hormone-dependent and hormone-i ndepend
ent tumors.

The 3 hormone-independent tumors in the E-R-, Prl-R +
area showed some degree of regression (Tumors 3, 5, and 7
of Table 1) during the time they were followed after endo
crine ablation. In each case, however, the tumors at time of
assay were larger than their size at time of surgery. Further
more, the 2 hormone-dependent tumors just above the ER+

Table 1
Tumor estrogen and prolactin receptor capacities

a Tumors 4, 5, 6, and 21 were transplant tumors; all of the rest
were primary carcinogen-inducedtumors.

b Based on tumor response after host hypophysectomy (Tumors

10 and 18)or ovariectomy.

355FEBRUARY 1976

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2396244/cr0362p10354.pdf by guest on 19 M

ay 2023



E. R. DeSombre et a!.

cut-off line in Chart 1 (Tumors 12 and 13 of Table 1) ap
peared to grow slightly during the 1st week before under
goingrapidregression.

In an attempt to correlate further the tumor responses to
endocrine ablation with tumor content of estrogen and pro
lactin receptor, different combinations of the 2 receptor
levels were tested for their ability to correlate with response
to ablation . It was found , as presented in Chart 2, that when

C
I
0

@3OOO

aa.
U

2000

0

@b@

I +
0
S â€”

I&I

10% of the prolactin receptor value was added to the estro
gen receptor value for the tumors, a better correlation with
response was obtained. In this chart, the lines dividing
positive and negative values for receptor levels were drawn
so as to retain all of the hormone-independent tumors
within the range of negative receptor levels. By this proce
dure, the combination of receptor values plot gives only 2
false predictions, whereas the correlation with either estro
gen receptor alone (left) or prolactin receptor alone (right)
includes in each case 7 hormone-dependent tumors in the
receptor negative area.

DISCUSSION

The observation that endocrine ablation could induce the
regression of most of the carcinogen-induced tumors of the
rat was reported as early as 1959 (11). Subsequent reports,
in general, have suggested that at least 2 hormones, estro
gen and prolactin, may be directly involved in the regulation
of mammary tumor growth.

The primacy of prolactin has been proposed (30) based
on experiments with triply operated rats (ovariectomized,
adrenalectomized, hypophysectomized), but prolactin
alone appears unable to sustain mammary tumor growth for
more than a short time. Furthermore, Clemens et a!. (3) and
Sinha et a!. (29) reported that lesions in the hypothalamic
median eminence, a procedure that increases serum proiac
tin levels (24, 33), greatly accelerated tumor growth in rats,
but subsequent ovariectomy resulted in rapid tumor regres
sion despite high levels of prolactin. Rapid resumption of
growth could be obtained by grafting ovaries into such rats,
suggesting that the prolactin stimulus to mammary tumor
growth is dependent on ovarian hormones.

Since there is considerable evidence that both steroid
and peptide hormones act through their specific tissue re
ceptors (27), the relation of tumor estrogen and prolactin
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Chart 1. Correlation of prolactin receptor (PrI-R) and estrogen rec@tor
(ER) concentrations with tumor x@posee to endocrine ablation. Unes sepa
rating receptor positive (+) and negative (â€”)areas were drawn for best fit
with tumor responses to endocrine ablation; regression () or continued
growth (0). Numbers in each quedrant, number of regressing tumois over
thetotalnumber oftumorsinthatqumlrant.
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Chart 2. Correlation of sum of estrogen receptor (ER) and 1@ of prolactin receptor (PrI-R) concentrations with tumor response to endocnineablation. The
correlation of this sum is compared with that from ER alone (left) and PnI-R alone (right). Lines separating receptor positive (+) and receptor negative (â€”)
drawn to place all nonresponding tumors (0) in receptor negative areas. â€¢, regressing tumors.
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receptor concentrations to tumor responses following host
endocrine ablation is particularly pertinent. There are nu
merous reports indicating that the hormone-dependent rat
mammary tumors contain significant amounts of cytoplas
mic estrogen receptor (14, 17, 18, 20, 25, 28, 31) whereas
the hormone-independent tumors contain little or no estro
gen receptor (13, 18, 20). More recent evidence (1, 2) mdi
cates that some apparently hormone-independent tumors
do contain estrogen receptor. The estrogen receptor sub
stances of mammary tumors show many similar characteris
tics to the better studied uterine estrogen receptors, in
particular, sedimentation coefficients, steroid specificity
and affinity, and nuclear uptake (Refs. 18 and 21; unpub
lished observations in our laboratory). Furthermore, recent
evidence suggests that the tumor receptors are biochemi
cally active (1).

Specific prolactin binding also has been reported in rat
mammary tumors. Turkington (32) reported that DMBA
induced mammary tumors had prolactin-binding levels of
30 to 80% of lactating mammary gland, whereas the trans
plantable R3230AC tumor, which is prolactin responsive for
milk protein synthesis but not for growth, had lower prolac
tin binding. McGuire et a!. (4) reported that the prolactin
binding of R3230AC tumors was similar in capacity and
affinity to the normal mammary gland. They also reported
that when both estrogen and prolactin receptor levels were
compared in a hormone-dependent transplantable mam
mary tumor and its hormone-independent counterpart (5),
both receptor levels were significantly lower in the hor
mone-independent tumor. An attempt to relate prolactin
receptor with hormone response indicated that the amount
of specific prolactin binding of rat mammary tumors corre
lated well with tumor growth response to prolactin adminis
tration (16).
We feelthatitisofparticularinterestthat,inthepresent

study, essentially all of the tumors assayed had detectable
amounts of specific estrogen receptor. With the increased
sensitivity of present assay methods, this finding would
suggest that it is no longer realistic to classify mammary
tumors, either human or animal, simply as estrogen recep
tor containing or receptor absent. indeed , the results sug
gest that if a more useful correlation of receptors concentra
tion with response to endocrine approaches to therapy is to
be found, it must take into account the diverse levels of
receptor proteins present in the tumors. in this regard, it
has been recently reported (15) that determination of a
critical concentration of estrogen receptors in human
breast cancer appears to improve the predictability of pa
tient response to endocrine therapies.

What is obviously desired is some criterion or combina
tion of criteria that can unfailingly predict response to endo
crine therapies. Consideration of the estrogen receptor as
say by itself shows fairly good predictability of remissions
for tumors the ER level of which is greater than 450 fmoles/g
[13 of 14 tumors (Chart 1)] but misses 30% of the tumors
with lower ER levels that also regress. Changing the empiri
cal criterion to less than 450 fmoles/g to include all respond
ing tumors would also include more nonresponsive tumors.
Since there are likewise some tumors that regress after
endocrine ablation, but have little or no prolactin receptor,

and others that fail to regress, but have relatively high
prolactin receptor, it is also clear that the prolactin receptor
content of tumors by itself does not fulfill the objective of an
unequivocal prognostic factor. It was hoped that the knowl
edge of the tumor concentrations of both receptors could
fulfill the above objective. Although this hope could not be
entirely realized, it is clear that the use of both receptor
concentrations improves the overall predictability of re
sponses to over 90% [22 of 24 tumors (Chart 2)] . It is possi
ble, as has been suggested (7, 22), that other hormones may
also be involved in the growth regulation of breast cancer,
and thus, other factors must be evaluated to reach the
objective of complete predictability of responses to endo
crine therapies. It is also possible that the changes in serum
hormone levels effected by endocrine ablations may have
significantly changed the tumor receptor levels. Nonethe
less, we conclude that at least in the animal model used,
assay of tumor estrogen and prolactin receptor concentra
tions can provide highly correlative information relating to
previous responses to endocrine ablation. This must now
be further evaluated in a prospective manner, taking into
account the assay problems due to the endogenous hor
mones in the intact animal.

ACKNOWLEDGMENTS

We are indebted to Yang-Ja Cho and Restituto Dizon for their valuable
technical assistance.

REFERENCES

I . Arbogast, L. Y., and DeSombre, E. R. Estrogen-dependentin Vitro Stimu
lation of RNA Synthesis in Hormone-dependent Mammary Tumors of the
Rat. J. NatI. Cancer Inst., 54: 483â€”485,1975.

2. Boylan, E. S., and Wittliff, J. L. Specific Estrogen Binding in Rat Mam
mary Tumors Induced by 7,12-Dimethylbenzanthracene. Cancer Res.,
35: 506â€”511, 1975.

3. Clemens, J. A., Welsch, C. W., and Meites, J. Effects of Hypothalamic
Lesions on Incidence and Growth of Mammary Tumors in Carcinogen
treated Rats. Proc. Soc. Exptl. Biol. Med., 127: 969-972, 1968.

4. Costlow, M. E., Buschow, R. A. , and McGuire, W. L. Prolactin Receptors
in an Estrogen Receptor-deficient Mammary Carcinoma. Science, 184:
85â€”86,1974.

5. Costlow, M. E., Buschow, R. A., Richert, N. J., and McGuire, W. L.
Prolactin and Estrogen Binding in Transplantable Hormone-dependent
and Autonomous Rat Mammary Carcinoma. Cancer Res., 35: 970â€”974,
1975.

6. DeSombre, E. R., and Arbogast, L. Y. Effect of the Antiestrogen Cl-628
on the Growth of Rat Mammary Tumors. Cancer Res., 34: 1971â€”1976,
I 974.

7. DeSouza, I., Morgan, L., Lewis, U. J., Raggalt, P. R., Salik, H., and
Hobbs, J. R. Growth-Hormone Dependence among Human Breast Can
cers. Lancet, 2: 182-184, 1974.

8. Gelato, M., Marshall, S., Boudreau, M., Bruni, J., Campbell, G. A., and
Meites, J. Effects of Thyroid and Ovaries on Prolactin Binding Activity in
Rat Liver. Endocrinology. 96: 1292â€”1296,1975.

9. Griswold, D. P., Jr., and Green, C. H. Observations on the Hormone
Sensitivity of 7,12-Dimethylbenz(a)anthracene-induced Mammary Tu
mors in the Sprague-Dawley Rat. Cancer Res., 30: 819â€”826,1970.

10. Hobbs, J. R., Salik, H., Flax, H., and Brander, W. Prolactin Dependence
in HumanBreastCancer.Proc. Roy.Soc. Med.,66: 866,1973.

11. Huggins, C., Bnizianelli, G., and Sutton, H., Jr. Rapid Induction of Mam
many Carcinoma in the Rat and the Influence of Hormones on the
Tumors. J. Exptl. Med., 109: 25-42, 1959.

12. Huggins, C.. Grand, L. C., and Bnillantes, F. P. Mammary Cancer In
duced by a Single Feeding of Polynuclear Hydrocarbons and Its Suppres
sion. Nature, 189: 204â€”207,1961.

13. Jensen, E. V., Block, G. E., Smith, S., Kyser, K., and DeSombre, E. R.
Estrogen Receptors and Hormone Dependency. In: T. L. Dao (ed),
Estrogen Target Tissue and Neoplasia, pp. 23â€”57.Chicago: The Univer
sity of Chicago Press, 1972.

357FEBRUARY1976

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2396244/cr0362p10354.pdf by guest on 19 M

ay 2023



E. A. DeSombre et a!.

14. Jensen, E. V., DeSombre, E. R., and Jungblut, P. W. Estrogen Receptors
in Hormone-responsive Tissues and Tumors. In: A. W. Wisslen, T. L. Dao,
and S. Wood, Jr. (eds.), Endogenous Factors Influencing Host-Tumor
Balance, pp. 15-30. Q@icago:The University of Chicago Press, 1967.

15. Jensen, E. V., PolIcy, T. Z., Smith, S.. Block, G. E., Ferguson, D. J., and
DeSombre, E. A. Prediction of Hormone Dependency in Human Breast
Cancer. In: W. L. McGuire, P. P. Carbone, and E. P. Vollmer (eds.),
Estrogen Receptors in Human Breast Cancer, pp. 37-55. New York:
Raven Press,1975.

16. KeIley. P. A., Bradley, C.. Shiu, R. P. C., Meites, J., and Friesen, H. G.
Prolactin Binding to Rat Mammary Tumor Tissue. Proc. Soc. Exptl. Biol.
Med., 146: 816â€”819,1974.

17. King, R. J. B., Cowan, D. M., and Irman, D. R. The Uptake of 6,7-H3
Oestradiol by Dimethylbenzanthracene-induced Rat Mammary Tumors.
J.Endocrinol.,32:83â€”90.1965.

18. Kyser, K. A. The Tissue, Subcellular and Molecular Binding of Estradiol
to Dimethylbenzanthracene-induced Rat Mammary Tumors. Ph.D Disser
tation, The University of Chicago. 1970.

19. Lowry, 0. H., Rosebrough, N. J.. Farn, A. L., and Randall, R. J. Protein
Measurement with the Folin Phenol Reagent. J. Biol. Chem., 193: 265â€”
275,1951.

20. McGuire,W. L., Carbone,P. P., and Vollmer,E. P. (eds.).Estrogen
Receptors in Human Breast Cancer. New York: Raven Press, 1975.

21. McGuire.W.L.,andJulian,J. ComparisonofMacromolecularBindingof
Estradiol in Hormone-dependent and Hormone-independent Rat Mam
mary Carcinoma. Cancer Res.. 31: 1440-1445, 1971.

22. McGuire, %N.L., Pearson, 0. H., and Segaloff, A. Predicting Hormone
Responsiveness in Human Breast Cancer. In: W. L. McGuire, P. P.
Carbone, and E. P. Vollmer (eds.), Estrogen Receptors in Human Breast
Cancer. pp. 17â€”30.New York: Raven Press, 1975.

23. Meites, J. Relation of Prolactin and Estrogen to Mammary Tumonigene

sis in the Rat. J. NatI. Cancer Inst., 48: 1217â€”1224,1972.
24. Meites, J., Nicoll, C. S., and Talwalker, P. K. The Central Nervous System

and the Secretion and Release of Prolactin. In: A. V. Nalbandov (ed),
Advances in Neuroendocninology, pp. 238â€”277.Urbana, Ill.: University of
Illinois Press, 1963.

25. Mobbs,B.G.TheUptakeofTritiatedOestradiolbyDimethylbenzanthna
cone-induced Mammary Tumors of the Rat. J. Endocrinol., 36: 409â€”414,
1966.

26. Murray, R. M. L., Mozaffanian, G., and Pearson, 0. H. Prolactin Levels
with L-Dopa Treatment in Metastatic Breast Carcinoma. In: A. R. Boyns
and K. Griffiths (eds.), Prolactin and Carcinogenesis, pp. 159-161 . Car
duff, Wales: Alpha Omega Alpha, 1972.

27. O'Malley, B. W., and Means, A. R. (eds.). Receptors for Reproductive
Hormones. New York: Plenum Press, 1973.

28. Sander, S., and Attnamadal, A. The in Vivo Uptake of Oestradiol-1713by
Hormone Responsive and Unresponsive Tumors of the Rat. Acts Pathol.
Microbiol. Scand., 74: 169â€”178,1968.

29. Sinha,D., Cooper,D., and Dao, T. L. The Natureof Estrogenand
Prolactin Effect on Mammary Tumonigenesis. Cancer Res., 33: 411â€”414,
1973.

30. Sterenthal, A., Dominzuez, J. M., Weisman, C., and Pearson, 0. H. The
PituitaryRolein EstrogenDependencyof ExperimentalMammaryCan
cer. Cancer Res., 23: 481â€”484,1963.

31. Terenius, L. Selective Retention of Estrogen Isomers in Estrogen-de
pendent Breast Tumors of the Rat Demonstrated by in Vitro Methods.
CancerRes.,28: 328â€”337,1968.

32. Turkington. R. W. Prolactin Receptors in Mammary Carcinoma Cells.
Cancer Res., 34: 758â€”763,1974.

33. Welsch, C. W. Effect of Brain Lesions on Mammary Tumonigenesis. In: T.
L. Dao (ed), Estrogen Target Tissue and Neoplasia, pp. 317â€”331. Chi
cago: The University of Chicago Press, 1972.

358 CANCERRESEARCHVOL. 36

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2396244/cr0362p10354.pdf by guest on 19 M

ay 2023




