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I. I N T R O D U C T I O N  

WI-IEREAS the role of prolactin in experimental 
mammary  tumourigenesis is well established 
[1], its importance in human breast cancer 
is not well understood. Literature reports on 
the influence of human prolactin (hPRL) on 
breast cancer are conflicting and confusing. 
.kn up-to-date literature survey of the profile 
~1" hPRL in breast cancer patients and under 
the different physiological conditions, factors 
zdt'ecting hPRL secretion, and their possible 
relation to the development of breast cancer 
is thought to be of value for future studies. 
Emphasis has been placed on the discussion 
t~[" factors increasing the risk of breast cancer. 

H. P L A S M A  LEVELS OF H U M A N  
P R O L A C T I N  IN BENIGN A N D  

M A L I G N A N T  B R E A S T  DISEASES 

The amount of hormone in the circu- 
lation and the responsiveness of the 
i,~rget tissue to the specific hormone are 
Ihe two primary factors for manifestation of 
hormone effects. From this point of view, data 
have been accumulated on the differences in 
plasma hPRL levels between patients with 
benign and malignant breast diseases and 
women free from them. 

A. Human prolactin in benign breast diseases 

Several reports on plasma hPRL levels in 
patients with various benign breast diseases 
have been based on single samples and the 
possibility of abnormal profiles due to men- 
strual stages and emotional and other con- 
ditions cannot be excluded. In order to avoid 
dmse influences, hPRL levels have been esti- 
mated in serum samples taken daily through- 
out the menstrual cycle of patients with 
benign breast diseases; abnormal daily or 
weekly hPRL profiles during the menstrual 
cycles were found in these patients [2]. 
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Moreover, a significant positive correlation 
was present between age and hPRL in cystic 
breast disease, but not in mammary  fibro- 
adenosis or normal women [2]. Basal hPRIJ 
levels before surgery for a lump in the breast 
were not different in patients with benign 
breast diseases from those with breast cancer 
regardless of menstrual status [3]. 

B. Human prolactin in breast cancer 

Higher plasma hPRL levels have been 
reported in breast cancer patients than in 
healthy controls [4, 5], but this could not be 
confirmed by other studies [3, 6, 7]. Sarfatv 
et al. [8] compared plasma hPRL levels ill 
women and m patients with primary or 
metastatic breast cancer. Whereas hPRL 
levels were generally higher in normal pre- 
menopausal women or breast cancer patients 
than in respective postmenopausal subjects or 
in women after ovariectomy, within each 
category breast cancer patients had signifi- 
cantly increased hPRL values [8]. Following 
ovariectomy, hPRL levels dropped more 
sharply in responders than in nonresponders 
to endocrine therapy [8]. 

In some cases, high hPRL levels in patients 
fell to normal after mastectomy, suggesting 
that emotional stress before the operation and 
the physical stress of the operative procedure 
may partlY be the cause of elevation of hPRL 
in breast cancer patients. When menstrual 
phase, mental and physical stress were ex- 
cluded as factors for increase in hPRL 
secretion, no difference in plasma hPRL levels 
was observed between breast cancer patients 
and controls [9]. The mean 24 hr plasma 
levels before breast surgery were significantly 
lower in postmenopausal breast cancer 
patients and significantly higher in premeno- 
pausal breast cancer patients than in those 
of respective normal women and patients with 
benign breast disease [10].- Nevertheless, 
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although disordered hPRL regulation has 
been found in women with breast cancer, its 
significance in the etiology of breast cancer 
is uncertain [10] . -Sequent ia l  analysis of 
plasma samples revealed that there was no 
difference in hPRL levels between breast can- 
cer patients and the controls matched for age, 
years since menopause and parity [11 I. 

Reported periovulatory changes of plasma 
hPRL levels in premenopausal breast cancer 
patients after mastectomy [2, 9] and dis- 
ordered nocturnal hPRL regulation in women 
with breast cancer [10] may infer the possible 
role of hPRL in breast cancer. 

As will be discussed in the subsequent 
.Sections, pituitary hPRL secretion varies 
according to age, menstrual stage, drug usage. 
etc.; also it fluctuates by the time of day and 
changes in response to emotional condition. 
Since hormonal differences may become 
I)lunted with increasing age and/or debility. 
increased hPRL secretion in older women 
with breast cancer for instance may be 
masked by normal old-age related decline ot" 
hPRL secretion. Accordingly, it is difficult or 
ahnost impossible to exclude in clinical 
studies, all or even part, of these factors 
intluencing hPRL secretion and plasma levels: 
this is a great obstacle for the proper evalu- 
ation of the role of hPRL in breast cancer. 

HI. O N T O G E N E S I S  A N D  PROFILE OF.  
H U M A N  P R O L A C T I N  

Breast cancers almost never develop with- 
out preceding proliferations of normal mam- 
mary epithelium, for which sex steroids and 
hPRL act as a physiological stimulus. The 
major benign neoplastic changes are; (i) 
lobular adenosis, (it) sclerosing adenosis, (iii) 
lobular hyperplasia, (ix,) duct hyperplasia, 
(v) intraductal papillary lesions, (vi) fibro- 
cystic diseases, (vii) fibroadenoma. Therefore, 
long term exposure of mammary glands to 
hPRL and sex steroid hormones, especially 
oestrogens, may be causally related to 
development of preneoplastic and neoplastic 
lesions; pregnancy or ages of menarche and 
menopause, which are largely controlled by 
these hormones, are well known to affect 
breast cancer [ 12 ]. If  indeed 
endogenous hPRL is a factor for initiation 
and/or promotion of breast cancer, some 
differences are expected to be observed during 
the early induction years, prior to the 
clinical appearance of the breast cancer, 
even if little differences have been observed at 
advanced ages between normal women and 

patients with benign and malignant breast 
diseases as detailed in Section II. It seems 
therefore essential to discuss ontogenesis and 
profile of hPRL secretion and plasma levels 
under physiological conditions. 

A. Human prolactin during fetal l~e and child- 
hood 

Human PRL is detectable in fetal pitui- 
taries and plasma after 16 and 12 weeks of 
pregnancy, respectively and it markedly in- 
creases with advancing pregnancy independ- 
ent of fetal sex [13, 14]. Amniotic fluid hPRL 
level rose steeply between 12 and 16 weeks of 
pregnancy and then declined to term. The 
concentration consistently exceeded fetal 
serum hPRL levels even during the last 
trimester [14]. 

An intact mature hypothalamus is not 
necessary for attainment of high plasma hPRL 
h'vels at term, since anencephalic infants 
show plasma hPRL levels similar to healthy 
newborns. This is in contrast to the very 
low plasma levels of hGH, FSH, LH, TSH 
and A C T H  in the umbilical cord blood of 
anencephalic newborns [15]. 

In the neonate, plasma hPRL remains high 
during tile first day of life [15, 16], dropping 
a radually in response to progressive decrease 
,~f plasma oestrogen-induced pituitary stimu- 
I,uion for hPRL secretion finally to pre- 
pubertal levels by 4-6 weeks of age [15]. 

B. Human prolactin at puberty 

Corresponding to the rise of oestrogens in 
the circulation of puberal girls leading to the 
onset of menses, the basal hPRL levels in- 
crease gradually to adult female levels [15, 
17]. Meanwhile, Parker el al. [ 181 reported no 
difference in the level between children at 
2 12 yr old and non-pregnant adults at 21-32 
\r. Plasma concentration of hPRL in boys 
during different ages is low and the puberal 
changes is rather minimal [19, 20]. 

(:. Human prolactin in premenopausal and post- 
menopausal women 

Toward the end of the fertile phase of life, 
plasma hPRL levels decline as a consequence 
of reduction in ovarian steroidogenesis. In 
post-menopausal women, basal hPRL levels 
arc significantly lower than in premenopausal 
li~'males [3, 8, 21 24]. In contrast, hPRL 
levels in men tend to increase after 45 yr of 
age [3]. Pituitary hPRL content was 1.5 and 
1.3 #g/rag for an 80 yr old male and a 27 yr 
old female, respectively [25]. 
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The pituitary hPRL reserve is thought to be 
reduced in older women as demonstrated by 
dw diminished response to TRH-stimulation 
[19], but not confirmed by Yamaji et al. [26], 
who concluded that hPRL secretion is en- 
hanced in female subjects throughout life after 
puberty and that aging, per se, is not associ- 
ated with an alteration in hPRL secretion. 
Azizi et al. [27] also found no difference 
with age in thyrotrophin secretion by TRH.  

1. Circadian rhythm of human prolactin secre- 
tion. Plasma hPRL shows a peak usually 
between 1 and 5 a.m. [28, 29]. It is con- 
sidered to be sleep-related, beginning to rise 
1/2-1½ hr after the onset of sleep 
and to coincide with non-REM episodes [29, 
30].-Pituitary hPRL release may also occur 
during day-naps and it is shifted when the 
period of sleep is changed. Recently, Kwa 
et al. [31, 32] reported abnormally elevated 
plasma hPRL at 7 p.m. of luteal phase in 
women with family history of breast cancer. 
'l'he absence of light, per se, seems to be of no 
intluence on hPRL secretion [33, 34]. Noctur- 
nal elevation of plasma hPRL levels is absent 
in patients with hPRL secretory pituitary 
adenoma [35]. This circadian rhythm of 
circulating hPRL is labile and may be modi- 
lied ill physiological pathological conditions 
mid under the influence of drugs. While the 
i)hysiological significance of circadian varia- 
ti~m in hPRL secretion is still unknown, it 
may participate in breast cancer, if it is in 
cooperation with the changes of other hor- 
mones and carcinogenic factors. 

2. Human prolactin during the menstrual cycle. 
Plasma hPRL levels were reported to be 
significantly higher during the luteal phase 
Ihan during the follicular phase of the men- 
strual cycle; the mean hPRL value at ovula- 
tion was higher than that early follicular 
phase, which is highly correlated with the 
pattern of circulating oestrogen [9, 36]. 
I)uring the luteal phase, the mean plasma 
hPRL values at day 5 after ovulation were 
tound higher than those at days 4 and 6 
postovulation [37]. However, other authors 
did not observe a significant variation in 
circulating hPRL levels during the menstrual 
cycle [21, 38, 39]. It has been reported that 
the distribution of basal hPRL levels during 
early follicular phase is significantly higher in 
ovulatory, but infertile women than in the 
control [40].-It is still premature to speculate 
about the direct effect of high hPRL on infer- 
tility; it may partly account for the higher 
breast cancer incidence in nulliparous women 
than in parous women [12]. 

D. Human prolactin during pregnancy 

Plasma hPRL levels increase steadily 
throughout pregnancy and reach maximal 
values at term [19, 41, 42]. Although it has 
been reported that during pregnancy no 
diurnal rhythm of hPRL secretion exists, it 
was also suggested that the hPRL sleep-related 
secretory "programme" is maintained during 
pregnancy in a qualitative manner,  albeit at 
a higher set point [43]. The reason for these 
changes in hPRL rhythm during pregnancy is 
obscure, however, an increase in the quantity 
of hPRL secreted per secretory episode would 
partly participate in them. 

E. Human prolactin postpartum 

A relatively rapid decline to non-pregnant 
baseline values occurs within 3-5 weeks post- 
partum in non-lactating mothers. On the 
other hand, in lactating mothers, baseline 
levels of plasma hPRL are still raised 6 weeks 
after delivery and they do not return to pre- 
pregnant values as long as the mother is 
nursing; high hPRL concentrations were 
found in lactating mothers even later than 
13 weeks postpartum [44, 45]. During the 
baby's suckling a spurt release of hPRL 
occurs causing a 5-fold or more increase of 
baseline plasma levels [21, 44-46]. 

IV. FACTORS P R O M O T I N G  H U M A N  
PROLACTIN SECRETIONI AND THEIR 

RELATIONSHIP TO BREAST CANCER 

A. Oestrogenic agents 

Changes in plasma hPRL levels are corre- 
lated with alteration of oestrogen levels in the 
circulation [24, 47, 48]. Oestrogens or oestro- 
genic contraceptives [49] promote hPRL 
secretion directly or through increased re- 
sponse of lactotrophs to TRH.  In healthy 
cycling women, ethinyloestradiol stimulates 
hPRL release and reduces the noc- 
turnal release of hPRL [50]. In postmeno- 
pausal patients with metastatic breast cancer, 
diethylstilboestrol (DES) increases hPRL, yet 
causes a 50% remission [51]. This is princi- 
pally attributable to the peripheral anta- 
gonism of oestrogen against hPRL [1]. 

Postmenopausal women given conjugated 
oestrogens were followed more than 10 yr and 
were found to have a higher breast cancer 
risk than the controls, but this higher risk was 
related to previous benign breast diseases, 
whereas not to multiparity and ovariectomv 
[52]. Since literature reports [53-59] reveal 
no association between oestrogen replacement 
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therapy with an increased risk of breast 
cancer, oestrogen elevation of hPRL itself 
does not appear to be directly related to an 
increased risk. 

B. Oral combination contraceptives 
Plasma hPRL concentration of women on 

oral contraceptives for over 9 months was not 
different from that of women with normal cycles, 
suggesting that oestrogen stimulation of hPRL 
secretion is counteracted by the pill's pro- 
gestin content [24, 49]. In contrast, a signifi- 
cant increase in hPRL levels was noted in pill 
users [60]. Nevertheless, oral contraceptives 
do not appear to be associated with breast 
cancer. Rather, several groups of investigators 
have reported a decrease in incidence of 
benign breast diseases in woman on the pill 
[61q53]. Meanwhile, the relative risks of 
breast cancer from current use, from 2 to 4 yr 
of ever-use, from 6 or more years of use by 
women with prior benign breast disease, and 
from use before first child birth increased 
significantly. From these observations, it has 
been suggested that, in addition to the dura- 
tion of oral contraceptive use, future observa- 
tions should pay special attention to use by 
women before first child-birth and by women 
with already established benign breast disease 
[64]. 

C. Rauwolfia derivatives and phenothiazines 
Rauwolfia drugs and phenothiazines are 

widely used as tranquilizers and they are well 
known to stimulate pituitary hPRL secretion 
[65]. Since these tranquilizers are used rather 
chronically, a possible relation between drug 
usage and breast cancer has extensively been 
investigated from the view point of hPRL 
participation. Some literature reports indi- 
cated that rauwolfia and phenothiazine 
therapy is associated with increased risk of 
breast cancer [66458]. However, most investi- 
gators find little correlation between tranqui- 
lizers, increased hPRL levels and breast 
cancer [69-74]. While the reason for this 
discrepancy is far from conclusive, as 
described previously, there would be some 
factors in each subject which are intangible, 
but may affect the genesis of breast cancer. 
Alternatively the participation of elevated 
hPRL by these drugs may vary with different 
conditions of the subjects. 

D. Intrauterine device (IUD ) 
Increased hPRL values have been reported 

in women using various types of copper IUD's  
[49]. On the other hand, I U D  use or the his- 
tory of previous intake of hormonal con- 

traceptives did not affect the serum hPRL 
[75]. A connection between breast cancer and 
IUD use has not been established. 

E. Thyrotrophin-releasing hormone ( TRH) 

Stimulation of pituitary hPRL secretion bv 
T R H  has repeatedly been reported 76-78]. 
T R H  can directly stimulate pituitary hPRL 
secretion in t~male and male subjects [25, 41], 
the response being significantly greater in thc 
tbrmer than in the latter [79]. TRH-induced 
hPRL release is not altered by pretreatment 
with oestrogens or androgens [41] or during 
pregnancy [77]. There was no significant 
difference between basal plasma hPRL levels 
and hPRL response to T R H  in normal 
subjects and breast cancer patients [80]. At 
this time, it is not clear how changes in the 
activity of endogenous T R H  can possibly be 
related to the development of breast cancer. 

F. Alcohol 

It has been hypothesized that alcohol in- 
take is associated with an increased occur- 
rence of breast cancer, and this may be due 
to the alcoholic stimulation of pituitary hPRL 
secretion [81 ]. 

G. Diet 

High fat diet has been associated with an 
increased risk of breast cancer [82-84]. A 
higher breast cancer incidence in European or 
American women than in Japanese or Asian 
women is considered to be partly due to 
higher intake of fatty food by the former 
than by the latter. Changes from a Western 
diet to a vegetarian diet resulted in the 
decrease in plasma hPRL levels and a 
shortening of the menstrual cycle [85]. To 
what extent diet, besides racial and genetic 
factors, can intluence the risk of breast cancer 
via an alteration of endogenous hPRL and/or 
oestrogen levels remains to be determined. 

V. H U M A N  PROLACTIN AS A 
POTENTIAL RISK F A C T O R  O F  

BREAST CANCER 

A. Family history of breast cancer 

Daughters of breast cancer patients had 
higher levels of oestradiol, oestrone and 
hPRL than controls. Furthermore, the sisters, 
but not daughters, of breast cancer patients 
had earlier menarche and later first full-term 
pregnancy than the controls [86]. On the 
other hand, Kwa et al. [31] determined 
plasma hPRL in healthy women on thc 
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Island of Guernsey, who had a mother, sister 
or maternal aunt with breast cancer and 
found that the increased risk of breast cancer 
due to family history was not associated with 
a raised mean hPRL level. Also, plasma hPRL 
level was found not to be associated with age 
at menarche, ag~ at first child or interval be- 
tween them, which are considered to influ- 
ence breast cancer risk [12] as well as body 
weight which is reported to have no relation 
with breast cancer risk [87]. From these 
observations, the authors [31] have concluded 
that hPRL has no obvious function in the 
etiology of breast cancer and that, if it is 
involved, the mechanism by which it acts 
must be subtle and concerned with the homeo- 
static control governing nychemeral hPRL 
rhythms. In these experiments, however, 
hPRL level was significantly higher only at 
luteal phase of the menstrual cycle in daugh- 
ters of breast cancer patients than in the 
controls [31, 32]. At that time, both oestradiol 
and progesterone levels were also elevated 
and the synergistic effects of these hyper- 
secreted ho rmones  on breast cancer process 
may be plausible [32]. 

B. Race 

Japanese and Asian women have a much 
lower incidence of breast cancer than Cau- 
casian women. Plasma hPRL concentrations 
were measured in normal adolescent, pre- 
menopausal, menopausal and postmenopausal 
Japanese and Caucasian (British) women and 
it was found that hPRL was similar in both 
races for all age categories studied [88]. No 
differences in the basal plasma hPRL levels 
were found between Bantu, Caucasian and 
Japanese women under different menstrual 
and menopausal conditions as well as in 
relation to parity. However, plasma hPRL 
concentrations were higher in Caucasian 
women with breast cancer than in Bantu 
and Japanese patients [89]. These results 
would indicate that further studies on tile 
effect of the life style and diet on basal and 
stimulated hPRL release are required to 
resolve the race relationship of hPRL in 
regard to breast cancer risk [89]. 

C. Human prolactin in breast JTuid 

Hormones contained in breast fluid bathe 
the mammary  epithelium and thus may exert 
proliferative and/or secretory effects on paren- 
chymal tissue. Recently, Wynder  and Hill 
[90] reported that hPRL and oestrogens were 
8-10 and 30-75 times higher, respectively, 

in breast fluid than in plasma. These authors 
concluded that the high concentrations of 
hPRL and oestrogen found in the ductal 
fluid of Western women may be relevant to 
development of breast cancer. Although they 
have not done such breast fluid studies oil 
Japanese women, they propose that high fat 
intake, typical of the Western diet but not 
Japanese diet, promotes the growth of pre- 
neoplastic lesions by specifically altering the 
concentrations of hPRL and oestrogen in the 
ductal fluid [90].-However, Miller et al. [91] 
did not observe an increase of oestrogcn 
concentration in breast fluid over that in 
plasma. Independent of their concentrations 
in breast fluid, it remains to be investigated 
whether hPRL and/or oestrogens in breast 
fluid or breast cyst fluid are related to the 
risk of breast cancer. 

D. Human prolactin and dehydroepiandrosterone 
(DHEA) 

An androgen of potential importance in the 
hormonal milieu of women with breast cancer 
is A4-androstenedione. It serves as the major 
prehormone of oestrone; 80--t00Q/o of the total 
daily oestrone production rate in postmeno- 
pausal women is originated from androstene- 
dione secreted by both adrenals and ovaries 
[61]. From the view point that androstene- 
dione is a metabolite of DHEA, serum and 
urinary levels of these hormones as well as 
others have been compared between normal 
women and women with benign and malig- 
nant breast diseases [92, 93] or between 
women with high (English) and low (Bantu 
or Japanese) breast cancer risks [94-96] and 
considerable di~?ferences were observed. 
Recently, it has been claimed that hPRL can 
stimulate the secretion by adrenals of 
DHEA and DHEA sulphate from the results 
of assay of several hormones in patients of 
amenorrhoea with hyperprolactinemia [97]. 
This might postulate one of the possible 
indirect roles of hPRL on breast cancer, while 
its importance or significance is still unclear. 

VI. RESPONSE OF BREAST CANCER 
TISSUE TO H U M A N  P R O L A C T I N - -  

PROLACTIN R E C E P T O R  

A. Response of breast cancer tissue to prolactin 

If  indeed a hPRL dependence of mammary 
neoplasia could be predicted, new implica- 
tions for the therapy of breast cancer may 
become apparent. In such patients, lower 
circulating hPRL with drugs and other agents 
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may be desirable in the course of therapy. 
Hobbs et al. [98] found that approximately 
40 °/ of breast cancers were prolactin respon- / O 

sive and treatment with bromocryptine was 
much more effective in the specimens showing 
in vitro responsiveness to prolactin stimulation. 
Beeby et al. [99], however, could not confirm 
Hobbs'  results. 

B. Prolactin receptor 

The initial event of manifestation of t'he 
hPRL effect is its binding to prolactin (hPRL) 
receptor on plasma membrane of mammary 
tumours. Therefore, prolactin receptor assay 
as a quantitative index of the responsiveness 
of the tumour tissues has been emphasized. 
While there are several reports on prolactin 
receptors in normal and neoplastic mammary 
glands in experimental animals [100],-only a 
few preliminary studies have appeared on 
prolactin receptors of human breast cancer 
[101-104]. Specific binding of prolactin of 
greater than l°,,{)was seen in 20c)~ of tumours, 
but the capacity was very low when com- 
pared to prolactin responsive experimental 
mammary tumours [102]. 

By means of in vitro studies, it was found 
that mammary cancer tissues in approxi- 
mately 15°,~, of patients respond to prolactin 
with increased DNA synthesis [105]-, but not 
by the other investigators [106,-107]. In these 
experiments, ovine prolactin (oPRL) was 
used. Welsch and McManus  [108] found the 
increase in DNA synthesis of human benign 
breast tumours by human placental lactogen 
(HPL), but much less by oPRL. From these 
results, they hypothesized that human breast 
tissues (tumours) contain the receptors to 
hPRL or HPL,  but lack the receptors to 
oPRL. 

Relevance of hPRL receptors as an index 
of mammary cancer responsiveness to the 
specific hormone is uncertain until the hor- 
mone dependency of human breast cancer is 
better understood. Recent studies point to the 
fact that some tumours are dependent only 
upon high levels of hPRL, while some others 
are dependent only upon low levels, indicat- 
ing the complexity of mammary tumour 
responsiveness to hPRL [109]-. 

secretion in humans as well as in experi- 
mental animals [78, 110-t16] by acting on 
both pituitary and hypothalamus. L-Dopa also 
may induce a significant fall in circulating 
hPRL levels mainly by altering hypothalamic 
function [41, 110, t11, 117]. Episodic release 
of hPRL during sleep was also significantly 
suppressed by intravenous infusion of L-Dopa 
[118]. Thus, at present, pharmacological 
methods c a n  be used, instead of surgical 
removal of the pituitary gland, to reduce 
hPRL. Nevertheless, despite drastic 
reduction of plasma hPRL concentrations by 
antiprolactin drugs, striking regression of re- 
current breast cancer has not always been 
observed; this is in contrast to the beneficial 
effect of prolactin suppressants in experi- 
mental tumours [1]. Inhibition of hPRL by 
bromoergocryptine or L-Dopa has been 
reported to be of benefit by some [6, 119], 
but the other investigators found that these 
hPRL suppressants were of only slight value 
tbr the treatment of metastatic breast cancer 
[4, 120, t21]. 

While it is not established that L-Dopa 
treatment has a benefcial  effect on remission 
rate or survival of breast cancer, several 
investigators have proposed the relief by 
L-Dopa from bone pain of breast cancer 
patients in response to the decrease in serum 
hPRL levels [41, 122]. 

B Hypopkysectomy 

In 58°i) of patients with metastatic breast 
cancer, hypophysectomy brought about 
remission of the disease; the highest incidence 
of remission occurred in women with osseous 
metastases or with previous remission after 
both therapeutic ovariectomy and androgen 
administration [123]. On the other hand, 
some breast cancers regressed after pituitary 
stalk section, which is known to increase 
hPRL secretion [124]. Since hypophysectomy 
greatly aflbcts adrenal and ovarian secretion 
of androgenic and oestrogenic steroids, it 
appears that the beneficial effect of hypophy- 
sectomy in patients with metastatic breast 
cancer is due to the combined efl~ct of sup- 
pression of sex steroid production rather than 
elimination of only hPRL secretion. 

VH. F A C T O R S  INI-IIRITING H U M A N  
P R O L A C T I N  S E C R E T I O N  A N D  THEIR 
R E L A T I O N S H I P  T O  BREAST C A N C E R  

A. Bromoergocryptine and L-Dopa 

Bromoergocryptine and other ergot alka- 
loids reduce markedly pituitary prolactin 

VIII. C O N C L U S I O N  A N D  F U T U R E  
O U T L O O K  

At present, the role of hPRL in the 
development and progression of breast cancer 
is still little understood. Literature reports on 
the influence of hPRL on breast cancer as 
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well as described effects of  h P R L  inhibitors on 
advanced  breast  mal ignancy  are so conflict- 
ing. K i m  and Fur th  [125] state emphat ica l ly  
that  all m a m m a r y  cancer  risk factors de- 
scribed for h u m a n  subjects and animals point  
to a role of  h P R L  in m a m m a r y  carcino- 
genesis, albeit  it has been suggested that  
h P R L ,  if associated with breast  cancer,  must  
do so at normal  levels [69]. According to 
R o b y n  [126], h P R L  may  favour  both  
deve lopment  and progression of  breast  car- 
c inoma,  but  evidence for that  is still indirect  
and ra ther  speculative. While  it has been 
proposed,  even if endogenous h P R L  by itself 
may  not  be an etiologic factor, it would,  in con- 

junc t ion  with sex steroids, contr ibute  to 
accelerated mal ignant  m a m m a r y  growth as 
indicated in the more  fu lminant  course of  
breast  cancer  dur ing  p regnancy  [12], fur ther  
research is essential to establish unequivocal ly  
whether  h P R L  is an impor tan t  ho rmone  in 
h u m a n  breast  cancer  process. 

Acknowledgements--The author's sincere thanks are 
due to Prof. Helmuth Vorherr, Departments of Obstetrics, 
Gynecology and Pharmacology, University of New Mexico, 
School of Medicine, Albuquerque, New Mexico, U.S.A., for 
reading the original manuscript and invaluable suggestion. 

Collaboration by Dr. Reiko Yanai is also 
acknowledged. 

REFERENCES 

1. C . W .  WELSCtt and H. Na(~:xsAw.\. Pr~dactin and murinc mammary tumori- 
genesis: a review. Canco Res. 37, 951 (1977). 

2. E. N. COLE, R. A. SELLWOOD, P. C. ENGLAND and K. GR1FFITHS, Serum 
prolactin concentrations in benign breast disease throughout the menstrual 
cycle. Europ. J. Cancer 13, 597 (1977). 

3. S. FRANKS, D. N. L. RALPHS, V. SEAOROATT and H. S. JACOBS, prolactin 
concentrations in patients with breast cancer. Brit. reed. j .  4, 320 (1974). 

4. e .  M. g. ~II'RRAY, G. MOZAFFARIAN, O. H. PEARSON, Prolactin levels with 
L-Dopa treatment in metastatic breast carcinoma. In Prolactin and 
Carcinogenesis. (Edited by A. R. Boyns and K. Griffiths) p. 158. Alpha Omega 
Alpha, Cardiff (1972). 

5. g. ROLANDI, T. BARRECA, P. MASTURZO, A. POLLERI, F. INDIVERI and A. 
BARABINO, Plasma prolactin in breast cancer. Lancet ii, 845 (1974). 

6. e . P .  DICKY and J. P. MINTON, L-Dopa effect on prolactin, follicle-stimulating 
hormone, and lutcinizing hormone in women with advanced breast cancer: 
a preliminary report. Amer. J. Obstet. Gynec. I l l ,  267 (1972). 

7. A . R .  BOYNS, E. N. COLE, K. GRIFFITHS, M. M. ROBERTS, R. BUCHAN, R. G. 
WILSON and A. P. M. FORREST, Plasma prolactin in breast cancer. Europ. J. 
Cancer 9, 99 (1973). 

8. G. SARFATY, G. M. TALLIS, R. M. L. MURRAY, P. PITT, H. GARDNER and P. 
LEPPARD, Hormonal concomitants of breast cancer: urinary androgen meta- 
bolites, plasma testosterone and prolactin. In Fndocrinology. (Edited by V. tt. 
T. James) International Congress Series, No. 403, Vol. 2. Excerpta Medica, 
Amsterdam (1976). 

9. E. N. COLE, P. G. ENOLAND, R. A. SELLWOOD and K. GRIFFITHS, Serum 
prolactin concentrations throughout the menstrual cycle of normal women 
and patients with recent breast cancer. Europ. J. Cancer 13, 677 (1977). 

10. W.B.  MALARKEY, L. L. SCHROEDER, V. C. STEVENS, A. G. JAMES and R. R. 
LANESE, Disordered nocturnal prolactin regulation in women with breast 
cancer. Cancer Res. 37, 4650 (t977). 

11. I . J .  MCFADYEN, A. P. M. FORREST, R. J. PRESCOTT, M. P. GOLnER, G. V. 
GROOM, D. R. FAHMY and K. GRIFFITHS, Circulating hormone concentrations 
in women with breast cancer. Lancet i, 1100 (t976). 

12. B. MACMAHON, P. COLE and J. BROWN, Etiology of human breast cancer: a 
review. J. nat. Cancer Inst. 50, 21 (1973). 

13. S. L. KAPLAN, M. M. GRUMBACH and M. L. AUBERT, The ontogenesis of 
pituitary hormones and hypothalamic factors in the human fetus: maturation 
of central nervous system regulation of anterior pituitary function. Recent 
Progr. Hormone Res. 32, 161 (1976). 

14. J. A. CLEMENTS, F. I. REYES, S. D. WINTER and C. FAIMAN, Studies on 
human sexual development. IV. Fetal pituitary and serum and amniotic 
fluid concentrations of prolactin. J. Clin. Endocr. 44, 408 (1977). 



274 Itiroshi Nagasawa 

15. M. L. AUBERT, P. C. SIZONENKO, S. L. KAPLAN and M. M. GRUMBACH, 
The ontogenesis of human prolactin from fetal life to puberty. In Pro&din and 
Human Reproduction. (Edited by P. G. Crosignani and C. Robyn) p. 9. 
Academic Press, New York (1977). 

16. G. DELITALO, T. MELONI, A. MASALA, S. ALAGNA, L. DEVILLA and R. CORTI, 
Dynamic evaluation of prolactin secretion during the early hours of life in 
human newborns. J. clin. Endocr. 46, 880 (1978). 

17. M . O .  THORNER, J. ROUND, A. JONES, D. FAHMY, G. V. GROOM, S. BUTCHER 
and K. 'I'ItOMAS, Serum prolactin and oestradiol levels at different stages of 
puberty. Clin. Endocr. 7, 463 (1977). 

18. g . N .  PARKER, J. SACK, D. A. FISHER and W. D. ODELL, The adrenarche: 
prolactin, gonadotropins, adrenal androgens, and cortisol, j .  din. Endocr. 46, 
396 (1978). 

19. E. DEL POZO, J. HIBA, I. LANCRANJAN and H. J. KONZm, Prolactin 
measurements throughout the lift" cycle: Endocrine correlations. In Ptvlactin 
and Human Reproduction. (Edited by P. G. CROSlGNANA and C. ROUYN) p. 61. 
Academic Press, New York (1977). 

20. V. EHARA, S. S. C. YEN and T. M. SH.ER, Serum prolactin levels during 
puberty. Amer. j .  Obstet. Gynec. 121, 995 (1975). 

21. M. SCHMIDT-GOLLWqTZER and B. B. SAXENA. Radioimmunoassay of human 
prolactin (PRL). Acta endocr. 80, 262 (1975). 

22. M. VEKEMANS and C. ROBYN, Influence of" age on serum prolactin levels in 
women and men. Brit. reed. ft. 4, 738 (1975). 

23. M. K. JoN~;S, I. D. RAMSAY, W. P. COLLINS and G. I. DYER, The 
relationship of plasma prolactin to 17-fl oestradiol in women with tumours of 
the breast. Europ. J. Cancer 13, 1109 (1977). 

24. TH. LEMARCHAND-BI~RAUD, M. REYMOND, C. BERTHIER and I. REV, Effects of 
()estrogens on prolactin and TSH secretion in women. In Pro&din and Human 
Reproduction. (Edited by P. G. Crosignani and C. Robyn) p. 135. Academic 
Press, New York (1977). 

25. Y. N. SINHA, F. W. SELBY, [_7. J. LEWIS and W. P. VANDERLAAN, A 
homologous radioimmunoassay for human prolactin. J. din. Endocr. 36, 509 
(1973). 

26. T. YAMAJI, K. SHIMAMOTO, M. ISHIBASHI, K. KOSAKA and H. ORIMO, Effect 
of age and sex on circulating and pituitary prolactin levels in human. Acta 
endocr. 83, 711 (1976). 

27. F. AzIzt, A. G. VAGENAKIS, G. I. PORTNAY, B. RAPOPORT, S. H. INGBAR and 
L. E. BRAVERMAN, Pituitary-thyroid responsiveness to intramuscular 
thyrotrophin-releasing hormone based on analysis of serum thyroxine, tri- 
iodothyronine and thyrotrophin concentration. Wew Engl. J. Med. 292, 273 
(1975). 

28. J. NOKIN, M. VEKEMANS, M. L'HERMrrE and C. ROBYN, Circadian per- 
iodicity of serum prolactin concentration in man. Brit. reed. j .  3, 561 (1972). 

29. j .  F. SASSIN, A. G. FRANTZ, E. D. WEITZMAN and S. KAPEN, Human 
prolactin: 24-hr pattern with increased release during sleep. Science 177, 1205 
(1972). 

30. D. C. PARKER, L. O. ROSSMAN and E. F. VANDERLAAN, Relation of sleep- 
entrained human prolactiu release R E M - n o n R E M  cycles. J. din. Endocr. 
38, 646 (1974). 

31. H. G. KWA, F. CLETON, M. DE JONG-BARKER, R. D. BULBROOK, J. L. 
HAYWARD and D. Y. WANC, Plasma prolactin and its relationship to risk 
factors in human breast cancer. Int. J. Cancer 17, 441 (1976). 

32. H. G. KWA and D. Y. WANG, An abnormal luteal-phase evening peak of 
plasma prolactin in woman with a family history of breast cancer. Int. J.  
Cancer 20, 12 (1977). 

33. P. O. OSTERMAN and L. WIDE, The plasma levels in man during pro- 
longation of darkness in the morning. Acta endocr. 78, 675 (1975). 

34. R. M. BOYAR, Sleep-related endocrine rhythms. In The Hypothalamu.s. 
(Edited by S. Reichlin, R. J. Baldessarini and J. B. Martin) p. 373. Raven 
Press, New York (1978). 

35. L. S. JAcoBs and W. H. DAUGHADAY, Pathophysiology and control of 
prolactin secretion in patients with pituitary and hypothalamic diseases. In 
Human Prolactin. (Edited by J. L. Pasteels and C. Robyn) p. 189. 
Elsevier, New York (1973). 



Prolactin and Breast Cancer 275 

36. C. ROBYN, P. DELVOYE, J. NOKIN, M. VEKEMANS, M. BADAWI, F. R. PEREZ- 
LOPEZ and M. L'HERMITE, Prolactin and human reproduction. In Human 
Prolactin. (Edited by J. L. Pasteels and C. Robyn) p. 167. Elsevier, New York 
(1973). 

37. C. ROBYN, P. DELVOYE, C. VAN EXTER, M. VEKEMANS, A. CAUFRIEZ, P. DE 
NAYER, ] .  DELOGNE-DEsNOECK and M. L'HERMITE, Physiological and phar- 
macological factors influencing prolactin secretion and their relation to 
human reproduction. In Prolactin and Human Reproduction. (Edited by P. G. 
Crosignani and C. Robyn) p. 71. Academic Press, New York (1977). 

38. Y. EHARA, T. SILER, G. VANDENBERG, Y. N. SINHA and S. S. C. YEN, 
Circulating prolactin levels during the menstrual cycle: episodic release and 
diurnal variation. Amer. J. Obstet. Gynec. 117, 962 (1973). 

39. M. T. EPSTEIN, A. S. McNEILLY, M. A. F. MURRAY and T. D. R. 
HOCKADAY, Plasma testosterone and prolactin in the menstrual cycle. Clin. 
Endocr. 4, 531 (1975). 

40. E . A .  LENTON, O. S. SOBOWALE and I. D. COOKE, Prolactin concentrations 
in ovulatory but infertile women: treatment with bromocryptine. Brit. reed. J. 
2, 1179 (1977). 

41. B . H .  YUEN, W. R. KEYE, JR. and R. B. JAFVE, Human prolactin: secretion, 
regulation and pathophysiology. Obstet. Gynec. Survey 28, 527 (1973). 

42. P. HWANG, H. GUYDA and H. FRIESEN, A radioimmunoassay for human 
prolactin. Proc. Nat. Acad. Sci. (Wash.)68, 1902 (1971). 

43. R. M. BOYAR, J. W. FINKELSTEIN, S. KAPEN and i. HELLMAN, Twenty-four 
hours prolactin (PRL) secretory patterns during pregnancy. J. clin. Endocr. 
40, 1117 (1975). ..... 

44. R. ROLLAND, R. M. LEQ.UIN, L. A. SCHELLEKENS and F. H. DE JoNo, The 
role of prolactin in the restoration of ovarian function during the early post- 
partum period in the human female, i. Study during physiological lactation. 
Clin. Endocr. 4, 15 (1975). 

45. J. BONNAR, N. FRANKLIN, P. N. NOTT and A. S. McNEILLY, Effect of breast- 
feeding on pituitary-ovarian function after childbirth. Brit. med. J .  4, 82 
(1975). 

46. J. E. TYson, Nursing and prolactin secretion: principal determinants in the 
mediation of puerperal infertility. In Prolactin and Human Reproduction. (Edited 
by P. G. Crosignani and C. Robyn) p. 97. Academic Press, New York 
(1977). 

47. H. E. CARSON, L. E. JACOBS and W. H. DAUGHADAY, Growth hormone, 
thyrotropin and prolactin responses to thyrotropin-releasing hormone follow- 
ing diethylstilbestrol pretreatment, j .  clin. Endocr. 37, 488 (1973). 

48. S. S. C. YEN, Y. EHARA and T. M. Sn.ER, Augmentation of prolactin 
secretion by estrogen in hypogonadal women. J. clin. Invest. 53, 652 (1974). 

49. M . J . K .  HARPER, Contraception--retrospect and prospect. Progr. Drug Res. 
21, 293 (1977). 

50. M. VEICEMANS and C. ROBYN, The intluence of exogenous estrogen on the 
circadian periodicity of circulating prolactin in women. J. clin. Endocr. 40, 
886 (1975). 

51. R . G .  WILSON, R. BUCHAU, M. M. ROBERTS, A. P. M. FORREST, A. R. BOYNS, 
E. N. COLE and K. GRIFFITHS, Plasma prolactin and breast cancer. Cancer 
(Philad.) 33, 1325 (1974). 

52. R. HOOVER, L. A. GRAY, P. COLE and B. MACMAHoN, Menopausal 
estrogens and breast cancer. New Engl. J. Med. 295, 401 (1976). 

53. R . A .  WILSON, The roles of estrogen and progesterone in breast and genital 
cancer. J. Amer. reed. Ass. 181~ 327 (1962). 

54. F . G .  ARTnES, P. E. SARTWELL and E. F. LEWISON, The pill, estrogens and 
the breast. Epidemiologic aspects. Cancer (Philad.) 28, 1391 (1971 ). 

55. J. C. BURCH, B. F. BYRD, JR., Effects of long-term administration of estrogen 
on the occurrence of mammary cancer in women. Ann. Surg. 17t, 414 (1971). 

56. M. M. BLACK and H. P. LEIS, JR., Mammary carcinogenesis. Influence of 
parity and estrogens. N.Y. State J. ;~Ied. 72, 1601 (1972). 

57. BOSTON COLLABORATIVE DRUG SURVEILLANCE PROGRAM, Surgically confirmed 
gallbladder disease, venous thromboembolism, and breast tumors in relation 
to postmenopausal estrogen therapy. New Engl. j .  Med. 290, 15 (1974). 



276 Hiroshi Nagasawa 

80. 

58. B. E. HENDERSON, D. POWELL, I. ROSARIO, C. KEYS, R. HANISCH, M. 
YOUNG, J. CASAGRANDE, V. GERKINS and M. C. PIKE, An epidemiologic 
study of breast cancer, j .  nat. Cancer Inst. 53, 609 (1974). 

59. J. CASAORANDE, V. GERKINS, B. E. HENDERSON, T. MACK and M. C. PIKE, 
Exogenous estrogens and breast cancer in women with natural menopause. 
J. nat. Cancer Inst. 56, 839 (1976). 

60. S. ABu-FADIL, G. DEVANE, T. M. SILER and S. S. C. YEN, Etfects of oral 
contraceptive steroids on pituitary prolactin secretion. Contraception 13, 79 
(1976). 

61. M. A. KIRSCnNER, The role of hormones in the etiology of human breast 
cancer. Cancer (Philad.)39, 2716 (1977). 

62. P. T. COLE, Oral contraceptives and breast neoplasia. Cancer (Philad.) 39 
(Suppl.). 1906 (1977). 

63. H. ORY, P. COLE, B. MACMAHON and R. HOOVER, Oral contraceptives and 
reduced risk of benign breast diseases....~)w Engl. J. A,led. 294~ 419 (1976). 

64. R. S. PAFFENBARGER~ JR., E. FASAL~ M. E. SIMMONS and J. B. KAMPERT, 
Cancer risk as related to use of oral contraceptives during fertile years. Cancer 
(Philad.) 39 (Suppl.), 1887 (1977). 

65. P. A. LEE, M. R. KELLY and J. D. WALLIN, Increased prolactin levels 
during reserpine treatment of hypertensive patients. J. Amer. ivied. Ass. 235~ 
2316 (1976). 

66. B. ARMSTRONG, N. STEVENS and R. DOLL~ Retrospective study of the 
association between use of rauwolfia derivatives and breast cancer in English 
women. Lancet ii, 672 (1974). 

67. COLLABORATIVE DRUG SURVEILLANCE PROGRAMME, Reserpine and breast 
cancer. Lancet ii~ 669 (1974). 

68. O . P .  HEINONEN, S. SHAPIRO~ L. TUOMINEN and M. I. TURUNEN, Reserpine 
use in relation to breast cancer. Lancet ii~ 675 (1974). 

69. R. G. WILSON, A. P. M. FORREST, A. R. BOYNS and K. GRIFFITHS, 
Phenothiazines and breast cancer. In Human Prolactin. (Edited by J. L. 
Pasteels and C. Robyn) p. 266. American Elsevier, New York (1973). 

70. E. M. LASKA, C. SIEGEL, M. MEISNER~ S. FISCHER and J. WANDERLING, 
Matched-pairs stud,,' of reserpine use and breast cancer. Lancet il, 296 (1975). 

71. A. M. LILIENFELD, L. CHAR(;, I). B. TItOMAS and M. L. LEVIN, Rauwolfia 
derivatives and breast cancer. Johns tIopk, reed. j .  139, 41 (1976). 

72. T. M. MACK, B. E. HENDERSON, V. R. GERKINS, M. ARTHUR, J. BAPTISTA 
and M. C. PIKE, Reserpine and breast cancer in a retirement community. 
New Engl. J. reed. 292, 1366 (1975). 

73. W. M. O'FALLON, D. R. LABARTHE and L. T. KURLAND, Rauwolfa  
derivatives and breast cancer. Lancet il, 292 (1975). 

74. A. AROMAA, M. HAKAMA, T. HAKULINEN, E. SAxi:,', L. TEPPO and J. 
ID~.NPAXN-HEIKKIL'¢, Breast cancer and use of rauwolfia and other antihy- 
pertensive agents in hypertensive patients: a nationwide case-control study 
in Finland. Int. J. Cancer 18, 727 (1976). 

75. S. MEHTA, V. PAWAR, J. JOSHI, B. KORA, U. RAJANI, K. D. VIRKAR, R. S. 
RAIKAR and A. R. SHETn, Serum prolactin levels in women using copper 
IUDs. Contraception 15, 327 (1977). 

76. J. S. RAKOFF, T. M. SILER, Y. N. SINHA and S. S. C. YEN, Prolactin and 
growth hormone release in response to sequential stimulation by arginine and 
synthetic TRH.  j .  clin. Endocr. 37, 641 (1973). 

77. J. E. TYSON and H. G. FRIESEN, Factors influencing the secretion of human 
prolactin and growth hormone in menstrual and gestational woman. Amer. J. 
Obstet. Uynec. 116, 377 (1973). 

78. e .  A. DONALD, E. A. ESP1NER, S. C. HODGKINSON and K. EVANS, 
Measurement of pituitary hormones: clinical applications. 5. Prolactin. ]V?w 
Zealand med. J. 81, 431 (1976). 

79. L .S .  JACOBS, P. J. SNYDER, R. D. UTmER and W. H. DAUGHADAY, Prolactin 
response to thyrotropin-releasing hormone on normal subjects. J .  clin. Endocr. 
:t6, 1069 (1973). 
S. OHGO, Y. KATO, K. CHIHARA and H. IMURA, Plasma prolactin responses 
to thyrotropin-releasing hormone in patients with breast cancer. Cancer 
(Philad.) 37, 1412 (1976). 



Prolactin and Breast Cancer 277 

81. R. R. WILIAMS, Breast and thyroid cancer and malignant melanoma 
promoted by alcohol-induced pituitary secretion of prolactin, T. S. H. and 
M. S. H. Lancet i, 996 (1976). 
M. L. PEARCE and S. DAYTON, Incidence of cancer in men on a diet high in 
polyunsaturated fat. Lancet i, 464 (1971). 
B. ARMSTRONG and R. DOLL, Environmental factors and cancer incidence 
and mortality in different countries, with special reference to dietary 
practice. Int. J. Cancer 15, 617 (1975). 

84. P. COLE and D. CRAMER, Diet and cancer of endocrine target organs. Cancer 
(Philad.) 40, 434 (1977). 

85. P. HILL, P. CHAN, L. COHEN, E. WYNDER and K. KUNO, Diet and 
endocrine-related cancer. Cancer (Philad.) 39, 1820 (t 977). 

86. B .E .  HENDERSON, V. GERKINS, I. ROSARIO, J. CASAGRANDE and M. C. PIKE, 
Elevated serum levels of estrogen and prolactin in daughters of patients with 
breast cancer. New Engl. J. Med. 293, 790 (t975). 

87. H. O. ADAMI, A. RIMSTEN, B. STENKVIST and J. VEGELIUS, Influence of 
height, weight and obesity on risk of breast cancer in an unselected Swedish 
population. Brit. J. Cancer 36, 787 (1977). 

88. S. KUMAOKA, O. 'FAKATANI, O. ABE, J.  UTSUNOMIYA, D. Y. WANG, R. D. 
BULBROOK, J. L. HAYWARO and F. C. GREENWOOD, Plasma prolactin, 
thyroid-stimulating hormone, follicle-stimulating hormone and luteinizing 
hormone in normal British and Japanese Women. Europ. J. Cancer 12, 767 
(1976). 

89. P. HILL, E. L. WYNDER, H. KUMAR, P. HELMAN, G. RONA and K. KUNO, 
Prolactin levels in population at risk for breast cancer. Cancer Res. 36, 4102 
(1976). 

90. E. L. WYNDER and P. HILL, Prolactin, oestrogen and lipids in breast fluid. 
Lancet ~, 840 (t977). 
W. R. MILLER, R. A. HAWKINS, R. J. CREEL and A. P. M. FORREST, 
Oestrogen in breast fluid. Lancet ii, 1179 (1977). 
B. S. THOMAS, P. KIRBY, E. K. SYMES and D. Y. WANG, Plasma 
dehydroepiandrosterone concentration in normal women and in patients with 
benign and malignant breast disease. Europ. J. Cancer 12, 405 (1976). 

93. I. HINDY, N. PRAJDA, L. TAPOLCS~.NYI, C. SELLEI and S. ECKHARDT, 
Investigations of 17-ketosteroid excretion in mastopathia and premenopausal 
breast cancer. In Advances in Tumour Prevention, Detection and Characterization. 
Characterization of Human Turnours. (Edited by W. Davis and C. Maltoni) Vol. 
1, p. 88. American Elsevier, New York (1974). 

94. P. HILL, E. L. WYDNER, P. HELMAN, R. HICKMAN and G. RONA, Plasma 
hormone profiles in populations at different risk for breast cancer. Cancer Res. 
36, 1883 (1976). 

95. P. HILL, E. L. WYDNER, P. HELMAN, R. H1CKMAN, G. RONA and K. KUNO, 
Plasma hormone levels in different ethnic populations of women. Cancer Res. 
36, 2297 (1976). 

96. D .Y .  WONG, J. L. HAYWARD, R. D. BULBROOK, S. KUMAOKA, O. TAKATANI, 
O. ABE and J.  UTSUNOMIYA, Plasma dehydroepiandrosterone and andro- 
sterone sulphates, androstenedione and urinary androgen metabolites in 
normal British and Japanese women. Europ. J. Cancer 12, 951 (1976). 
G. GiusT, F. BAssi, L. BoRsi, S. CATTANEO, P. GIANNOTTI, L. LANZA, M. 
PAZZOGL1, C. VIGIANI and M. SERIO, Effects of prolactin and human adrenal 
cortex: plasma dehydroepiandrosterone sulphate in women affected by 
amenorrhea with hyperprolactinemia. In Prolactin and Human Reproduction. 
(Edited by P. G. Crosignani and C. Robyn) p. 239. Academic Press, New 
York (1977). 
J. R. HOBBS, A. BARRETT, I. DESouzA, L. MORGAN, P. RAGGATT and H. 
SALm, Selection of anti-hormonal therapy of some cancers. In Host Defence 
Against Cancer and Its Potentiation. (Edited by D. Mizuno, G. Chihara, F. 
Fukuoka, T. Yatnamoto and Y. Yamamura)  p. 435. Univ. Tokyo 
Press, Univ. Park Press, Tokyo, Baltimore (1975). 

99. D . I .  BEEBY, G. C. EASTY, J. C. GAZET, K. GRIGOR and A. M. NEVILLE, An 
assessment of the effects of hormones on short term organ cultures of human 
breast carcinomata. Brit. J. Cancer 31, 317 (1975). 

82. 

83. 

91. 

92. 

97. 

.98. 



278 Hiroshi Nagasawa 

100. H. NAGASAWA, S. SAKAI and M. R. BANERJEE, Prolactin receptor (mini 
review). Life Sci. 24 (3) (1979). 

101. H . G .  FRIESEN and R. P. C. SHrU, Human prolactin, prolactin receptors and 
placental lactogens. In Endocrinology. (Edited by V. H. T. James) 
International Congress Series No. 402, Vol. 1, p. 18. Excerpta Medica, 
Amsterdam (1976). 

102. I. M. HOLDAWAY and H. G. FRIESEN, Hormonc binding by human 
mammary  carcinoma. Cancer Res. 37, 1946 (1977). 

103. I. DESouzA, J. R. HOBBS, L. MORGAN and H. SAt.m, Localization of 
prolactin in human breast tumours. J .  Endocr. 73, 17P (1977). 

104. L. MORGAN, P. R. LAGGATT, I. DESoUzA, H. SAIJH and J. R. HOBBS, 
Prolactin receptors in human breast tumours, j .  Endocr. 73, 17P (1977). 

105. C. W. WELSCH, G. C. DE ITURRI and M. J. BRENNAN, DNA synthesis of 
human, mouse and rat mammary  carcinomas in vitro. Influence of insulin 
and prolactin. Cancer (Philad.) 38, 1272 (1976). 

106. J. L. PASTEELS, J. a. HEUSON-STIENNON, N. LEGROS, O. LECLERCQ and J. c .  
HEUSON, Organ culture of human breast cancer. In Breast Cancer: Trends in 
Research and Treatment. (Edited by J. C. Heuson, W. H. Mattheiem and M. 
Rozencweig) p. 141, Raven Press, New York (1976). 

107. M . E .  LIPPMAN, C. K. OSBORNE, R. KNAZEK and N. YOUNG, In vitro model 
system for the study of hormone dependent human breast cancer. ,New Engl. 
j .  Med. 29fi, 154 (1977). 

108. C. W. WELSCH and M. J. McMANuS, Stimulation of DNA synthesis by 
human placental lactogen or insulin in organ cultures of benign breast 
tumours. Cancer Res. 37, 2257 (1977). 

109. A . C . W .  MONTAC;UE, Prolactin in breast cancer, hi Breast Canco. (Edited by 
A. C. W. Montague, G. L. Stonesifer and E. W. Lewison) p. 155. Alan R. 
Liss, New York (1977). 

110. J. MEITES, K. H. Lu, W. WUTTKE, C. W. WELSGH, H. NAGASAWA and S. K. 
QUADRI, Recent studies on functions and control of prolactin secretion in 
rats. Recent Progr. Hormone Res. 28, 471 (1972). 

111. B.A.  STOLL, Brain catecholamines and breast cancer. Lancet i, 431 (1972). 
112. R. ROLLAND, F. H. DEJONG, L. A. SCHELLEKENS and R. M. LEQUIN, The 

role of prolactin in the restoration of ovarian function during the early post- 
partum period in the human female. II.  A study during inhibition of 
lactation by bromocryptine. Clin. Endocr. 4, 27 (1976). 

113. H. VILLALOBOS, E. S. CANALES, A. ZARATE, J. SORIA and C. MCGREGOR, 
Effect of prolactin suppression on gonadotrophic secretion in the puerperium. 
Acta endocr. 83, 236 (1976). 

114. R . J .  PEPPERELL, J. H. EVANS, J. B. BROWN, M. A. SMITH, D. HEALY and H. 
G. BURGER, Serum prolactin levels and the value of bromocryptine in the 
treatment of anovulatory infertility. J. Obstet. Gynec. 84) 58 (1977). 

115. G. STRAUCH~ J. C. VALCKE, J. A. MAHOUDEA1 and H. BRICAIRE, Hormonal 
changes induced by bromocryptine (CB-154) at the early stage of treatment. 
J. clin. Endocr. 44~ 588 (1977). 

116. E. E. MOLLER, A. E. PANERAI, D. COCCHI and P. MANTEGAZZA, Mini 
review: endocrine profile of ergot alkaloids. LiJe Sci. 21, 1545 (1977). 

117. J. P. MINTON and R. P. DICKEY, Levodopa test to predict response of 
carcinoma of the breast to surgical ablation of endocrine glands. Surger~ 136~ 971 
(1973). 

118. K. CHIHARA, Y. KATO, K. MAEDA, S. OHGO and H. IMURA, Suppressive 
effect of L-Dopa on human prolactin release during sleep. Acta endocr. 81~ 19 
(1976). 

119. J . P .  MINTON, Precise selection of breast cancer patients with bone metastasis 
for endocrine ablation. Surgery 80~ 513 (1976). 

120. K. D. SCHUEZ, P. J. CZYGAN, E. DEL Pozo, H. G. FRIESEN, Varying 
response of human metastasizing breast cancer to the treatment with 2-Br-~- 
ergocryptine (CB-154). Case report. In Human Prolactin. (Edited by J. L. 
Pasteels and C. Robyn) p. 268. American Elsevier, New York (1973). 

121. J. C. HEUSON, The role of prolactin inhibition in treatment. In z~/Iammary 
Cancer and jVeuroendocrine Therapy. (Edited by B. A. Sloll) p. 349. 
Butterworths, London (1974). 



Prolactin and Breast Cancer 279 

122. J. P. MINTON, The response of breast cancer patients with bone pain to L- 
Dopa. Cancer (Philad.) 33, 358 (1974). 

123. J. C. VANGILDER and I. S. GOLI)ENBE~G, Hypophysectomy in metastatic 
breast cancer. Arch. Surg. 110, 293 (1975). 

124. R. W. TURKINOTON, L. E. UNDERWOOD and J. J. VAN WvK, Elevated 
serum prolactin levels after pituitary-stalk section in man. New Engl. J. Med. 
285, 707 (1971). 

125. U. KxM and J. FuRxn, The role of prolactin in carcinogenesis. In Vitamines 
and Hormones. (Edited by P. L. Munson, E. Diczfalusi, J. Glover and R. E. 
Olson) Vol. 34, p. 107. Academic Press, New York (1977). 

126. C. RoBvN, Prolactin and breast cancer. Path. Biol. 23, 783 (1975). 


