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Abstract-Prolactin receptors have been measured in 92 human breast carcinomas. 
Both free and total receptors (after desaturation by MgC&) have been looked for. Free 
receptors have been found in 46% of the cases, total receptors in 72%. Specific binding 
ranges from 0.8 to 8.0%. No correlation could be found between prolactin receptors and 
age, weight, menopausal status and palhological features (differentiation, histoprog- 
nostic grading, cellular density). A highly significant correlation has been found 
between prolactin receptors on the one hand and estradiol and progesterone receptors on 
the other. 

INTRODUCTION 

THE INVOLVEMENT of prolactin in mammary 
tumors is well-established in rodents. Prolactin 
stimulates the appearance and growth of spon- 
taneous or DMBA-induced tumors in rats; in 
mice, prolactin only induces preneoplastic 
lesions and has no effect on the growth of the 
adenocarcinomas [l]. The role of prolactin in 
human breast cancer is not established. Many 
detailed reviews have been devoted to the sub- 
ject [2-41. In most studies [5-141, prolactin 
plasma levels have not been found to be 
different between cancer patients, or a high- 
risk population, and control. However Murray 
et al. [15], Rolandi et al. [16] and Aldinger et al. 
[l?] obtained higher values in breast cancer 
patients; the prolactin response to TRH was 
also found to be higher than in controls [18]. 
Night prolactin plasma levels are lower in post- 
menopausal patients and higher in pre-meno- 
pausal ones [19]. Serum prolactin concentra- 
tions were found to be higher in the follicular 
phase of the menstrual cycle in breast cancer 
[20]. Kwa and Wand [21] found an abnormal 
luteal phase evening peak in women with a 
family history of breast cancer. Breast cancer 
was found to be more frequent among 
Rauwolfia derivative users in three studiees [22- 
241, the relative risk being from 2 to 4. 
However, most authors have not reported such 
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results [25-321. Finally, even anti-prolactinic 
treatments have given disappointing results 
[31-361. 

The discovery of prolactin receptors in 
breast cancers [37-41], the stimulation of 
growth of human tumor cells by prolactin [43- 
45] and the presence of lactalbumin in tumor 
cells prompted us to look for prolactin recep- 
tors as they appeared to be a sign of hormonal 
sensitivity. A first publication on a hetero- 
geneous group of breast cancer patients 
(primary and recurring) had shown the interest 
of the desaturation of receptors before the 
assay [46]. 

The example of steroid is encouraging too. 
Endocrine therapy was widely used prior to 
knowledge of oestrogen and progesterone 
receptors. Measurement of these receptors has 
proved to be of some use in selecting patients 
for anti-estrogen therapy and in prognosis. 

MATERIALS AND METHODS 

Patients 
The presence of prolactin receptors was 

looked for in 92 patients undergoing surgery 
for primary breast cancer in the Centre Oscar 
Lambret (Lille). Tumor specimens were taken 
immediately after surgery, fat was removed 
and samples were divided into two parts: one 
was submitted for pathological examination, 
the other immediately frozen and sent for 
receptor analysis. All the tumors were adeno- 
carcinomas. 
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Methods 
Tissue processing. The frozen tissue was 

weighed and then pulverized with a Ther- 
movac Tissue Pulverizer (Thermovac In- 
dustries Corp., NY). The tissue was homo- 
genized in Tris 0.02 M, EDTA 3 mM, dithio- 
treitol 1 mM, azide O.Ol%, pH 7.8 buffer. 

The homogenate was centrifuged at 800g 
for 10 min and the supernatant ultracentri- 
fuged at 105,000 g for 60 min. The supernatant 
(cytosol) was carefully removed with a syringe 
in order to avoid the floating lipid layer. The 
pellet (microsomal fraction) was re-suspended 
in 25 mM Tris-HCI. 10 mM MgC& buffer, pH 
7.8. Later, the protein concentration was 
determined by the method of Lowry et al. [47] 
applied either directly in the cytosol or after 
extraction from the membrane (with NaOH 
1 N) in the microsomal fraction. 

Hormones. Labelling of hGH (NIH HS 
2160 E, 20 IU/mg) and hPRL (NPA batch 5 AFP 
1582 C) was carried out with Na[‘251] using low 
concentrations of chloramine T [48,49]. The 
binding capacity of these hormones was ass- 
ayed in a fraction enriched on sucrose 2 M 
with human tumor membranes; hGH was 
found to have a higher binding capacity and 
was therefore used as the marker in the assays. 
GH is a lactogenic hormone in primates [50] 
and it acts in the same way as hPRL on breast 
cancer epithelial cells in culture [51]. The 
specific activity was approximately 75 pCi/g as 
determined directly or by the self-displacement 
method [52]. Between 70 and 80% of the 
iodinated GH added could be specifically 
bound to prolactin receptors in receptor-en- 
riched membranes (e.g. mammary glands from 
lactating rabbits pre-treated with CB 154: San- 
doz, Base], Switzerland) [53]. Ovine PRL (NIH- 
P-S13 30 IU/mg) was used to displace labelled 
hGH. [3H]-17-p-Estradiol (sp. act. 135 Ci/mmol), 
[‘HI-R 5020 were purchased from N.E.N. 
(Boston, MA), non-radioactive diethystilboestrol 
and cortisol were purchased from Steraloids, Inc. 
(Pawling, NJ). 

Assay of prolactin receptors (PRL R). Free 
receptors. The assay was performed in dupli- 
cate according to Shiu [54]. Four hundred 
micrograms of membrane proteins were in- 
cubated with approximately 100,000 counts/min 
of iodinated GH in the presence or absence of 
a lOOO-fold excess of unlabelled oPRL (1 pg). 
The final incubation volume was adjusted to 
0.5 ml with Tris-MgCl, buffer (pH 7.6) con- 
taining 0.1% bovine serum albumin. 

Total receptors. Since prolactin does not 
appear to dissociate from its receptors during 
membrane preparation, de-saturation of 

occupied receptors was performed before the 
assay of prolactin sites [49]. To accomplish this, 
crude membrane proteins normally used in the 
assay were pre-incubated with 0.5 ml of 3 M 
MgC12 for 5 min and 4 ml of cold Tris-HCl 
buffer (pH 7.6) containing 0.1% BSA were then 
added to each tube. Following centrifugation at 
2200 g, the pellets were re-suspended in Tris- 
HCl buffer and binding of the labelled hor- 
mone was assayed as described above. 

Specific binding was calculated as the 
difference between the radioactivity bound in 
the absence and the presence of an excess of 
unlabelled hormone and expressed as the per- 
centage of the total radioactivity added. 

Assay of estradiol receptors (ER) and progesterone 
receptors (PgR). ER was determined by the 
DCC method [55]. Scatchard analysis of bind- 
ing data was performed in order to quantify 
the number of free binding sites per mg of 
cytosol protein. Non-specific binding was esti- 
mated from incubations with an excess of un- 
labelled DES, which avoids interference with 
TeBG. PgR were also assayed by the DCC 
method [56], using tritiated and non-radioac- 
tive R 5020. 

Statistical analysis 
The relation between quantitative variables 

was studied by the calculation of the Spearman 
rank correlation coefficient r. 

The relation between qualitative variables 
was studied by analyses of variance. Results 
were calculated according to Fischer-Snede- 
car’s f-value. 

RESULTS 
Specific binding of iodinated hGH 

The specific binding of [‘251]-labelled hGH to 
plastic tubes, i.e. to ‘non-physiological’ binding 
sites, was estimated by measuring the apparent 
displacement of [‘251]-hGH per pug of unlabelled 
oPRL in the absence of tumor membranes or in 
the presence of 400 pg of denatured boiled 
membranes. Its maximal value was 0.8% of the 
total radioactivity added. Therefore tumors 
whose specific binding was greater than 0.8% 
were considered positive (PRL R,). Total bind- 
ing averaged between 5 and 13%, whereas non- 
specific binding ranges between 5 and 9% of 
the total radioactivity added. 

Forty-six per cent of the tumors were positive 
when free receptors were measured, while 
72% were positive in terms of total receptors. 
The mean values of the specific binding were 
respectively 1.692 0.9% for free receptors and 
2.43 2 1.65% for total receptors. Treatment 
with MgC& led to an approximate 30% loss of 
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tumor membrane proteins [48]. In spite of this, 
MgCl* treatment led to an increase in prolactin 
binding in 80% of the tumors. It allowed posi- 
tivation in free prolactin receptor of receptor- 
negative tumors; in one case, the specific binding 
was increased five-fold. 

The specific binding activity ranged between 
0.8 and 5.6% for free receptors, and between 
0.8 and 8.0% for total receptors. In most cases 
it was between 0.8 and 4.6% (Fig. 1). 

Relations with clinical features 
In our population a correlation has been 

found between estrogen receptor and age (f = 
3.995) and histoprognostic grading according to 
Scarff and Bloom (f = 3.256), and between pro- 
gesterone receptor and weight (r = 0.299) and 
histoprognostic grading (f = 3.256). Prior 
treatment by chemotherapy had no effect on 
the level of estrogen, progesterone and prolac- 
tin receptors. 

A correlation was looked for between 
prolactin receptors and age, weight, meno- 
pausal status, pathological differentiation, his- 
toprognostic grading, cellular density, stromal 
reaction and axillary metastasis. None could be 
found. 

Thus if prolactin and estrogen receptors are 
linked, it is improbable that it is through these 
factors. 

Relations with hormonal features 
Prolactin levels were assayed in all the 

patients just before surgery. No relation was 
found between prolactin plasma levels and 
prolactin receptor levels. 

NO correlation could be found between 
prolactin receptors on the one hand and 
estradiol or estrone plasma levels on the other. 

A highly significant correlation was found 
between saturated prolactin and estrogen 
receptors (r = 0.24) on the one hand and pro- 
gesterone receptors on the other (r = 0.225). 
No correlation was found, however, between 
total prolactin receptors and estradiol or pro- 
gesterone receptors. When the positivity 
threshold was 3 fmol/mg of cytosolic proteins 
(the limit of the biochemical detection), there 
was no relation between the presence of RE 
and the presence of free prolactin receptors 
(x2 = 3.05). 

When the positivity threshold of RE was 
50 fmol/mg of cytosolic protein (the limit for 
hormonotherapy in the Centre Oscar Lam- 
bret), the correlation between RE and free PRL 
R was closely linked (x2 = 5.23) (Table 1). 

DISCUSSION 
Our results confirm those already obtained 

by other authors [37-421 (Table 2). Prolactin 
receptors exist in some human breast cancers. 
The method used is very close in every study. 
The most important difference is the iodin- 
ated hormone used: generally human prol- 
actin [37, 38, 41, 421, but ovine prolactin too, 
[39,41,42] and human GH [38,42, present 
study]. Turcot-Lemay and Kelly [42] have 
shown that the percentage of prolactin 
receptor-positive tumors varies from 12% 
with hGH to 30% with ovine prolactin and 58% 
with human prolactin. The author concludes 
that human prolactin is the best hormone for 
the assay. To our knowledge, as yet no other 
author has tried to de-saturate the receptors in 
breast cancer, but it has been done using other 
tissues; we have seen that it appears phy- 
siologically logical and gives better results in 

Table 1. Number of tumors with prolactin 
recefitors as a function of ER threshold 

ER 
(fmol/mg protein) 

No. of 
tumors 

Free 
PRL R, 

~~~_ 
(1) < 3 11 3 
(2) > 3 64 30 
(3) < 50 34 II 

TOTAL PROLACTI N RECEPfOii (4) > 50 41 22 
( % SPICIFIC BINDING ) 

Distribution of 92 human breast tumors as a function of 
their pro&tin recglor levels. 

The presence of free PRL R is linked to the 
presence of ER when ER>50fmol/mg cytosolic 
protein. 
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Table 2. Comparison of the results of prolactin receptor assays published 

No. Iodinated % Positive Range of % 
References of tumors hormone tumors specific binding 

r371 41 
[381 20 

[391 111 
[411 83 
r401 8 
[421 759 

Present study 92 

hPR 
hPR 
hGH 
oPR 
hPR 
oPR 
hPR 
oPR 
hGH 
hGH 

20 
70 

51 
32.5 
37.5 
58 
30 
12 

free 46 
total 72 

l-4.2 
0.5-2.5 
0.5-5.1 

l-9.22 
l-4.3 

0.5- > 10 

0.8-8 

specific binding. Nevertheless, the average 
value of the percentage of prolactin receptor- 
positive tumours is around 50%. The range of 
specific binding is very close in all the studies, 
the maximum value being around 10% [42]. 

To our knowledge, it is the first time that a 
statistically significant correlation has been 
found between prolactin receptors and steroid 
receptors. It is interesting to note that in 
DMBA-induced tumors in rats it has been 
shown that prolactin and estrogen induce 
prolactin and estrogen receptors, estrogen in- 
ducing progesterone receptors too [57]. All 
these receptors are thus inter-linked. 

No correlation has been found between RE 
and RPg on the one hand and total receptors 
on the other. MgC& acts on internalized recep- 
tors, which seem not to have any physiological 
role [58]. Contrary to estrogen receptors, no 
correlation could be found between prolactin 
receptors and clinical or pathological features. 
This could be explained by the fact that 
estrogen is a major hormone for epithelial 

differentiation and growth, while prolactin can 
act only on growth [59]. The inter-relations 
between the receptors do not exist through 
pathological features. 

Prolactin receptors are much more frequent 
in estrogen- and/or progesterone-positive 
tumors. That is to say, among estrogen-positive 
and progesterone-positive tumors prolactin 
receptors select a population of particularly 
hormone-sensitive cells. 

It is important to note that some steroid 
receptor-negative tumors have prolactin 
receptors (3 out of 11 of our patients). It might 
be clinically useful in those cases whose prog- 
nosis is bad to propose an anti-prolactinic 
treatment. Its precise modalities must be stu- 
died; it has been shown [60,61] that hypophy- 
sectomy (by surgery or yttrium) leaves enough 
prolactin-secreting cells to allow secretion 
which is either spontaneous or follows TRH 
stimulation in a high percentage of cases. This 
treatment should be associated with medical 
anti-prolactinic treatment [61]. 

1. 

2. 

3. 
4. 

5. 

6. 

7. 

8. 

REFERENCES 
MEITES J. Relation of the neuro-endocrine system to the development and growth 
of experimental mammary tumors. J Neural Tram 1980, 48, 25-42. 
CAPPELAERE P. Prolactine et cancers mammaires. Pathol Biol (Paris) 1975, 23, 
161-170. 
ROBYN C. Prolactine et cancer du sein. Path01 Biol (Paris) 1975, 23, 783-792. 
NAGASAWA H. Prolactin and human breast cancer: a review. Eur J Cancer 1979, 15, 
267-279. 
BOYNS AR, COLE EN, GRIFFITHS K et al. Plasma prolactin in breast cancer. Eur J 
Cancer 1973, 9, 99-102. 
WILSON RG, BUCHAN R, ROBERTS MM et al. Plasma prolactin and breast cancer. 
Cancer 1974, 33, 1325-1327. 
GORINS A, NETTER A. La prolactine. Son dosage radioimmunologique dans les 
cancers du sein et les mastopathies bknignes de la femme. Nouu Press Med 1974, 3, 
73-75. 
MITTRA I, HAYWARD JL, MCNEILLY AS. Hypothalamic pituitary prolactin axis in 
breast cancer. Lancet 1974, ii, 889-891. 



Prolactin Receptors in Human Breast Cancer 1161 

g. FRANKS S, RAPHS DNL, SEAGROTT V, JACOBS HS. Prolactin concentrations in 
patients with breast cancer. Br Med J 19744, 320-321. 

lo. KWA HG, ENGELSMAN E, DEJONG-BAKKER M, CLETON FJ. Plasma prolactin in 
human breast cancer. Lancet 1974, ii, 433-434. 

11. SHETH NA, RANADIVE KJ, SURAIYA JN, SHETH AR. Circulating levels of prolactin 
in human breast cancer. Br ] Cancer 1975, 3% 160-167. 

12. JONES MK, RAMSAY ID, BOOTH M, COLLINS WO. Hormone concentrations in 
post-menopausal patients with breast cancer. Clin Oncol 1977, 3, 177-181. 

13. HOFF J, HOFF-BARDIER M, BAYARD, F. La prolactine. Son rb dans I’hor- 
monodependance des cancers du sein. J Gynecol Obstet Biol Refirod (Paris) 197% 7, 
19-30. 

14. ENGLAND PC, SELLWOOD RA. Serum prolactin in normal women and women with 
benign and malignant breast disease. Cancer Detect Prevent 1979, 4, 441-451. 

15. MURRAY RML, MOZAFFARIAN G, PEARSON OH. Prolactin levels with L-Dopa 
treatment in metastatic breast carcinoma. In: BOYNS AR, GRIFFITH K, eds. 
Prolactin and Carcinogenesis. Cardiff, Alpha Omega Alpha, 1972, 158. 

16. ROLANDI E, BARRECA T, MASTURZO P, POLLERI A, INDIVERI F. BARABINO A. 
Prolactine et cancer du sein. Nouv Presse Med 1974, 3, 2743. 

17. ALDINGER KA, SCHULZ PN, BLUMENSCHEIN CR, SAMAAN NA. Thyroid stimulating 
hormone and prolactin levels in breast cancer. Arch Intern Med 1978, 138, 163% 
1641. 

18. 0~00 S, KATO Y, CHICHARA K, IMURA H. Plasma prolactin responses to thyro- 
tropin releasing hormone in patients with breast cancer. Cancer 1976, 37. 1412- 
1416. 

19. MALARKEY WB, SCHROEDER LL, STEVENS VC, JAMES AG, LANESE RR. Disordered 
nocturnal prolactin regulation in women with breast cancer. Cancer Res 1977, 37, 
4650-4654. 

20. COLE EN, ENGLAND PC, SELLWOOD RA, GRIFFITHS K. Serum prolactin concen- 
trations throughout the menstrual cycle of normal women and patients with recent 
breast cancers. Eur J Cancer 1977, 13, 677-684. 

21. KWA HG, WAND DY. An abnormal luteal phase evening peak of plasma prolactin 
in women with a family history of breast cancer. Znt J Cancer 1977, 40, 12-14. 

22. BOSTON COLLABORATIVE DRUG SURVEILLANCE PROGRAM. Reserpine and 
breast cancer. Lancet 1974, ii, 669-671. 

23. ARMSTRONG G, STEVENS N, DOLL R. Retrospective study of the association between 
use of Rauwolfia derivatives and breast cancer in English women. Lancet 1974, ii. 
672-675. 

24. HEINONEN OP, SHAPIRO S, TUOMINEN L, TURUNEN MI. Reserpine use in relation 
to breast cancer. Lancet 1974, ii, 675-677. 

25. RAWDAKIS NC, KELLEPORIS M, GOULIS K. On the incidence of malignancy among 
schizophrenic patients. Ag-ressologie 1973, 269-273. 

26. ETTIGI P, LAL S, FRIESEN HG. Prolactin, phenotiazines, admission to mental 
hospital and carcinoma of the breast. Lancet 1973, ii, 266-267. 

27. LILIENFELD AM, CHANC L, THOMAS DB, LEVIN ML. Rauwolfia derivatives and 
breast cancer. Johns Hopkins Med J 1975, 139, 41-56. 

28. LASKA EM, SIEGEL C, MEISNER M. Matched pairs study of reserpine use and breast 
cancer. Lancet 1975, ii, 296-300. 

29. MACK TM, HENDERSON BE, GERKINS UR. Reserpine and breast cancer in ;I 
retirement community. N Engl J Med 1975, 292, 1366-1371. 

30. O’FALLON WM, LABARTHE DR, KURLAND LT. Rauwolfia derivatives and breast 
cancer. Lancet 1975, ii, 292-296. 

31. AROMAA A. HAKAMA M, HAKULINEN T. Rauwolfia and breast cancer. Lnncet 
1976, ii, 518. 

32. SCHYVE PM, SMITHLINE F, MELTZER HY. Neuroleptic induced prolactin level 
elevation and breast cancer. Arch Gen Psychiat 1978, 35, 1291-1301. 

33. MINTON JP. The response of breast cancer patients with bone pain to L Dopa. 
Cancer 1974, 33, 358-363. 

34. EUROPEAN BREAST CANCER GROUP. Clinical trial of 2 Bromocriptine (CB 154) in 
advanced breast cancer. Eur J Cancer 1972 8, 155-156. 

35. EUROPEAN BREAST CANCER GROUP. Clinical trial of the cyclic imide 1 (mor- 
pholinomethyl) 4 phtalimids piperidindione-2,6 (CC 603) in advanced breast 
cancer. Eur J Cancer 1972,8, 157-158. 



1162 J. Bonneterre et al. 

36. BARRETT A, MORGAN L, RAGA-M PR, HOBBS JR. Bromocriptine in the treatment 
of advanced breast cancer. Clin Oncol 1976, 2, 373-377. 

37. HoLDAWAY IM, FRIESEN HG. Hormone binding by human mammary carcinoma. 
Cancer Res 1977, 37, 1946-1952. 

38. STAGNER JI, JOCHIMSEN PR, SHERMAN BM. Lactogenic hormone binding in human 
breast cancer: correlation with estrogen receptor. Clin Res 1977, 25, 302.4. 

39. PEARSON OH, MANNI A, CHAMBERS M, BRODKEY J, MARSHALL JS. Role of pituitary 
hormones in the growth of human breast cancer. Cancer Res 1978, 38, 43234326. 

40. PARTRIDGE RK, HAHNEL R. Prolactin receptors in human breast carcinoma. Cancer 
1979, 43, 643-646. 

41. Dt CARLO R, MUCCIOLI G. Prolactin receptor in human mammary carcinoma. 
Tumori 1979, 65, 695-702. 

42. TURCOT-LEMAY L, KELLY PA. Prolactin receptors in human breast tumors. J Natl 
Cancer Znst 1982, 68, 381-383. 

43. SALIH H, FLAX H, BRANDER W, HOBBS JR. Prolactin dependence in human breast 
cancers. Lancet 1972, ii, 1103-1104. 

44. WILSON GD, WOODS KL, WALKER RA, HOWELL A. Effect of prolactin on lactal- 
bumin production by normal and malignant human breast tissue in organ culture. 
Cancer Res 1980, 40, 486-489. 

45. BAHU RM, MANGKORNKANOK-MARK M, ALBERTSON D, FORS E, MOLTENI A, 
BATTIFORA H. Detection of alpha lactalbumin in breast lesions and relationship to 
estrogen receptors and serum prolactin. Cancer 1980,46, 1775-1780. 

46. PEYRAT JP, DEWAILLY D, DJIANE J et al. Total prolactin binding sites in human 
breast cancer biopsies. Breast Cancer Res Treat 1981, 1, 369-373. 

47. LOWRY OH, ROSEBROUGH NJ, FARR A, RANDALL RJ. Protein measurement with 
the Folin phenol reagent. J Biol Chem 1951, 193, 265-275. 

48. GREENWOOD FC, HUNTER WH, GLOVER JS. The preparation of 131 I labelled 
growth hormone of high specific radioactivity. Biochemistry 1963, 89, 114-123. 

49. KELLY PA, LEBLANC G, DJIANE J. Estimation of total prolactin binding sites after in 
vitro desaturation. Endocrinology 1979, 104, 1631-1638. 

50. KLEINBERG DL, TODD J. Evidence that human growth hormone is a potent 
lactogen in primates. J Clin Endocrinol Metab 1980, 51, 1009-1013. 

51. DE SOUZA I, MORGAN L, LEWIS UJ, RAGGATT PR, SALIH H, HOBBS JR. Growth- 
hormone dependence among human breast cancer. Lancet ii, 182-184. 

52. CATT KJ, KETELSLEGER, JM, DUFAU ML. Receptors for gonadotropic hormones. 
In: BLECHER M, ed. Molecular Biology 1976, Vol. 9, 175-250. 

53. DJIANE J, DURAND P, KELLY PA. Evolution of prolactin receptors in rabbit mam- 
mary gland throughout pregnancy and lactation. Endocrinology 1977, 100, 1348- 
1356. 

54. SHIU RPC, KELI.Y PA, FRIESEN HG. Radioreceptor assay for prolactin and other 
lactogenic hormones. Science 1973, 180, 968-973. 

55. EORTC BREAST CANCER COOPERATIVE GROUP. Standards for the assessment of 
estrogen receptors in human breast cancer. Eur J Cancer 1973, 9, 379-381. 

56. HORWITZ KB, MCGUIRE WL. Specific progesterone receptors in human breast 
cancer. Steroid 1975, 25, 497-505. 

57. COSTLOW ME, MCGUIRE WL. Prolactin receptors and hormone dependence in 
mammary carcinoma. In: SHARM RK, CRISS WE, eds. Endocrine Control in Neo- 
plasia. New York, 1978, 121-150. 

58. TEYSSOT B, HOUDEBINE LM, DJIANE J. Prolactin induces the release of a factor 
from membranes capable of stimulating B-casein gene transcription in isolated 
mammary nuclei. Proc Nat1 Acad Sci USA 1981, 78,672s6733. 

59. LEUNG BS, SASAKI GH, LEUNG JS. Estrogen prolactin dependency in 7,12- 
dimethyl-benzanthracene induced tumors. Cancer Res 1975, 35, 621-627. 

60. TURKINGTON RW, UNDERWOOD LE, VAN WYK JJ. Elevated serum prolactin levels 
after pituitary stalk section in man. N Engl J Med 1971, 285, 707. 

61. GRANGE JC. Contribution i I’Etude de la Secretion Residuelle de Prolactine apres 
Hypophysectomie Stereotaxique par Yttrium 90 dans le Cancer du Sein Meta- 
statique et de son Traitement Associe par la Bromocriptine. Thke de Midecine, Paris, 
1979. 


