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Effects of the Pineal Hormone Melatonin on the Proliferation and Morphological
Characteristics of Human Breast Cancer Cells (MCF-7) in Culture
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ABSTRACT

Since melatonin, the major hormone of the pineal gland, has been
shown to inhibit the growth of mammary tumors in animal models of
human breast cancer, we examined the hypothesis that this indoleamine
has the potential to inhibit breast cancer growth by directly inhibiting
cell proliferation as exemplified by the growth of the estrogen-responsive
human breast cancer cell line MCF-7 in culture. Concentrations of
melatonin (10'' M; 10 " M), corresponding to the physiological levels

present in human blood during the evening hours, significantly inhibited
(/' < 0.001) cell proliferation by as much as 60% to 78% as measured
by either DNA content or hemocytometer cell counts. Melatonin's inhib

itory effect was reversible since the logarithmic growth of MCF-7 cells
was restored after melatonin-containing medium was replaced with fresh
medium lacking melatonin. Not only was the inhibitory effect of melatonin
absent at either pharmacological (10 M; 1(1" M) or subphysiological
(10~15M; II)"" M) concentrations, but melatonin also failed to inhibit the

proliferation of either human foreskin fibroblasts or the estrogen recep
tor-positive human endometrial cancer cell line RL9S-2. Both transmis
sion and scanning electron microscopy revealed several morphological
changes that correlated with melatonin's inhibition of cell growth. After

just 4 days of exposure to melatonin, MCF-7 cells exhibited reduced
numbers of surface microvilli, nuclear swelling, cytoplasmic and ribo-
somal shedding, disruption of mitochondrial cristae, vesiculation of the
smooth endoplasmic reticulum, and an increase in the numbers of auto-
phagic vacuoles. These results support the hypothesis that melatonin, at
physiological concentrations, exerts a direct but reversible, antiprolifer-
ative effect on MCF-7 cell growth in culture. This antiproliferative effect
is associated with striking changes in the ultrastructural features of these
cells suggestive of a sublethal but reversible cellular injury.

INTRODUCTION

A number of years ago it was hypothesized that impaired
pineal gland function might result in an increased incidence of
breast cancer in women (1). Some support for a pineal-breast
cancer nexus in humans is derived from clinical studies dem
onstrating that the amplitude of the nighttime peak of mela
tonin in either blood or urine is diminished in women with
estrogen receptor-positive breast cancer versus those with estro
gen receptor-negative disease or healthy, matched controls (2,
3). These data are intriguing in light of the fact that approxi
mately two-thirds of primary breast cancers are estrogen recep
tor positive, and 50% to 70% of these respond to endocrine
therapy (4-6).

Several studies have suggested that the pineal gland, presum
ably through its major hormone melatonin, may influence the
development and growth of mammary tumors (7, 8) in addition
to hormone-responsive reproductive tissues (9, 10). For exam
ple, melatonin administration has been shown to inhibit, while
pinealectomy generally stimulates, mammary carcinogenesis
(11-14). On the basis of these results, it has been proposed that
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the pineal gland, via the secretion of melatonin, inhibits mam
mary tumorigenesis by modulating the neuroendocrine regula
tion of PRL' and 17#-estradiol secretion (7). However, as yet

there is little evidence to suggest that this is the only or even
the primary mechanism by which melatonin inhibits cancer
growth (7, 12, 14).

The alternative hypothesis, that melatonin retards hormone-
responsive breast cancer growth by directly inhibiting cell pro
liferation, has received no systematic investigative effort. There
fore, we decided to test this postulate by studying the effects of
melatonin on the growth characteristics of these cells in vitro
over a wide range of hormone concentrations including those
present in human blood during the night (3, 15). Additionally,
we tested the effects of melatonin on the surface morphology
as well as the ultrastructural features of MCF-7 cells in culture.
We chose this highly studied cell line inasmuch as these cells
are estrogen responsive and possess receptors for a variety of
hormones in addition to estrogen (16). Further impetus for our
study was provided by a report that melatonin increases the
number of both nuclear and cytoplasmic estrogen receptors in
MCF-7 cells (17).

MATERIALS AND METHODS

Materials. Melatonin (/V-acetyl-5-methoxytryptamine) was pur
chased from Sigma Chemical Co. (St. Louis, MO). DMEM with or
without phenol red was obtained from Irvine Scientific (Santa Ana.
CA), while PCS was purchased from Flow Laboratories, Inc. (McClean.
VA). The concentration of endogenous melatonin in PCS prior to
dilution with DMEM was 20 pg/ml as measured by a sensitive radio-
immunoassay. MCF-7 human breast cancer cells as well as human
foreskin fibroblasts were obtained from American Tissue Type Culture
Collection (Rockville, MD). The human endometrial carcinoma cell
line (RL95-2) was received as a gift from Dr. John Davis, Department
of Pathology, University of Arizona, College of Medicine.

Cell Culture. MCF-7 and RL95-2 cells were routinely cultured in 60-
mm tissue culture plates containing DMEM with 10% FCS, bovine
insulin (0.6 ^g/ml). and penicillin/streptomycin (25 IU/25 /jg per ml)
at 37Â°Cin a humidified atmosphere with 5% CÃœ2.Human foreskin

fibroblasts were also grown in DMEM with 10% PCS according to
previously described methods (18, 19).

In order to determine the effects of melatonin on cell proliferation,
cells from stock plates were suspended by treatment with 0.25% trypsin,
buffered with 0.2% EDTA (pH 7.3), and counted using a hemocytom
eter. Cells were adjusted to a density of 3.0 x IO5 cells/plate to the

required volume of plating medium supplemented with 10% PCS. After
4 h. the plating medium was replaced with fresh medium containing
the appropriate concentrations of melatonin (10~" M, IO"13M, 10'"
M, 10~9M, 10~7M, and 10~5M)dissolved in ethanol (final concentration

per plate, 0.001%). On various days following the initiation of either a
7- or 10-day growth experiment, cells were harvested by treatment with
trypsin-EDTA, passed several times through a 21-gauge sterile needle,
and counted on a hemocytometer or pelleted. Cell pellets were assayed
for their DNA content using the diphenylamine DNA assay of Burton
(20).

In an experiment to test the reversibility of melatonin's effects, cells

'The abbreviations used are: PRL, prolactin; DMEM, Dulbecco's modified
Eagle's medium; FCS. fetal calf serum; TEM. transmission electron microscopy;

SEM, scanning electron microscopy.
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MELATONIN AND MCF-7 CELL GROWTH

were plated out as described above and treated with medium containing
IO"9M melatonin or vehicle. On either Day 2 or 7 of the growth period,

in some groups of melatonin-treated cells, the cells were washed once
with DMEM and then refed melatonin-deficient medium. Similarly,
some groups of vehicle-treated cells were washed once and then refed
with fresh medium on Day 7 of growth.

Transmission Electron Microscopy. MCF-7 cells were cultured in T-

75 flasks containing DMEM with 10% PCS for TEM. When cells were
light confluent, they were rinsed and refed with fresh medium contain
ing, in addition to serum, either vehicle or melatonin (10~9 M) and

incubated for a total of 4 days. After the incubation period, cells were
harvested with a Ca2+, Mg2+-free phosphate-buffered saline/EDTA

solution and pelleted by centrifugation (1000 x g) for 5 min. The cell
pellets were then fixed with glutaraldehyde (3%) for 1.5 h and postfixed
in osmium tetroxide (2%) for l h in phosphate buffer (pH 7.3) followed
by embedding in Epox. Sections (70 nM) were stained with 5% uranyl
acetate, counterstained with lead citrate, and viewed with a Phillips 300
electron microscope (60 kV).

Scanning Electron Microscopy. MCF-7 cells were cultured in plastic
Petri dishes with coverslips and treated as outlined above. At the end
of 4 days of culture, the cells grown on coverslips were fixed with
glutaraldehyde (3%) for 1.5 h and postfixed with osmium tetroxide
(2%) for l h in phosphate buffer (pH 7.3). The coverslips were then
rinsed in phosphate buffer and dehydrated through a graded series of
alcohols and isoamyl acetate prior to critical point drying. The samples
were mounted, shadowed with gold, examined, and then photographed
on an ETEC autoscan scanning electron microscope at 20 kV.

Statistical Analysis. All cell growth data were analyzed by a two-way
analysis of variance followed by the Student-Newman-Keuls multiple
range test. Differences among group means were considered significant
at P < 0.05.

RESULTS

Effect of Melatonin on Cell Proliferation. As shown in Fig. 1,
control cultures of MCF-7 cells incubated with the vehicle
exhibited logarithmic growth and reached confluency by Day 7
of culture. Cell growth in an untreated control group (data not
shown) was identical to that in the ethanol-vehicle control
group. Hemocytometer counts revealed that cell growth in the
presence of a physiological concentration of melatonin (10~9

M) corresponding to peak nighttime serum levels observed in
humans (3, 15) was markedly inhibited, such that the cell
number was 75% less than in the vehicle-treated controls.
Similarly, another concentration of melatonin in the physiolog
ical range ( 10" " M) significantly slowed the rate of proliferation

during the first 72 h of the experiment. By the fifth day of the
experiment, cell growth plateaued with cell density remaining
markedly reduced such that, by Day 7 of growth, cell number
in the melatonin-containing plates was 62% less than the con
trols (Fig. 1). Seeding efficiency in the untreated controls,
vehicle-treated controls, and melatonin (10~9 M)-treated culture

plates was 78.1 Â± 1.7%, 76.1 Â±2.3%, and 75.5 Â± 1.8%,
respectively. Neither the presence nor absence of phenol red in
the incubation medium had any influence on melatonin's ability

to inhibit cell proliferation (data not shown).
Melatonin's inhibitory effect on the growth of MCF-7 cells

was further substantiated by measuring the total DNA content
of each culture plate. Using this criterion of measurement, 10~9

M melatonin proved to be effective in significantly suppressing
the increase in DNA content observed in the control plates over
the 7-day growth period, such that by Day 7, DNA content was
nearly 60% less than the controls (Table 1).

In another set of experiments, we tested the effects of mela
tonin on MCF-7 cell proliferation over a wide range of concen
trations including the pharmacological (10~5 M and 10~7 M),
physiological (10~MM and 10~" M), and subphysiological (10~13
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Fig. 1. Effect of melatonin on the proliferation of MCF-7 cells. Cells were

seeded at a density of 3 x 10' cells/plate in DMEM supplemented with 10%
FCS. Three h after seeding (Day 0), melatonin was added as 100-fold concentrates
to the appropriate experimental tissue culture plates; ethanol vehicle was added
to the control plates such that the final concentration was 0.001%. On Days 1, 3,
5, and 7, cells were harvested by brief trypsinization, and viable cells were counted
by trypan blue exclusion with a hemocytometer. Points, mean cell counts fromsix plates containing either the vehicle (â€¢),10"' M melatonin (A), or 10~" M
melatonin (T); bars, SEM. *, P < 0.01 versus vehicle-treated controls.

Table 1 Effects of melatonin (Â¡Or*M) on the proliferation of MCF-7 cells

expressed in terms of the mean DNA content fog/plate)
On various days of a 7-day growth curve, the cells in each culture plate (6/

time point) were harvested and pelleted, and the DNA content of each pellet was
determined as described in "Materials and Methods." For further details, see the

legend for Fig. 1.

Day

Treatment 1
Untreated controls 1.35 Â±0.08" 3.32 Â±0.14 6.25 Â±0.12 17.10 Â±0.12

Vehicle controls 1.52 Â±0.06 3.57 Â±0.11 7.48 Â±0.27 16.13 Â±0.24
Melatonin 0.50 Â±0.05* 0.72 + 0.72* 2.65 Â±0.17* 7.22 + 0.15'

Â°Mean Â±SEM.
*P < 0.001 versus untreated and vehicle-treated controls.

M and 10 15M) ranges. Fig. 2 reveals that only at concentrations

corresponding to the physiological range was melatonin capable
of suppressing cell proliferation.

The antiproliferative effect of 10~9M melatonin persisted for

as long as 10 days of continuous culture such that by Day 10,
cell growth was 78% less than the controls (Fig. 3). However,
when melatonin-treated MCF-7 cells were washed and refed
with fresh, melatonin-deficient medium, cell proliferation in
creased significantly, regardless of the previous duration (2 or
7 days) of melatonin treatment (Fig. 3).

Melatonin had no effect on the growth characteristics of
either nontransformed human foreskin fibroblasts (Table 2) or
on the proliferation of either mouse 3T3 or 3T6 or Rat-1
fibroblasts (data not shown). Similarly, physiological levels of
melatonin do not inhibit the proliferation of the estrogen-
responsive, human endometrial adenocarcinomacell line RL95-
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2 (Fig. 4); however, micromolar concentrations of this indole-
amine resulted in significantly (P < 0.01) lower cell counts on
both Days 5 and 7 of growth.

Effects of Melatonin on Cellular Surface Morphology and
Ultrastructure. The surfaces of control MCF-7 cells (grown in

^ 120-

13 II 9 7 5

-Log Melatonin Concentration ( moles / L)

Fig. 2. Dose-response of MCF-7 cells to the antiproliferative effects of increas
ing log concentrations of melatonin. Points, mean percentage of inhibition of cell
proliferation as a percentage of the vehicle-treated controls (100%) on Day 7 of
growth: bars. SEM. *, P< 0.01 versus controls and other melatonin treatments.

02 7 10
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Fig. 3. Effects of melatonin removal from the incubation medium on the
reversibility of melatonin's inhibitory action on the growth of MCF-7 cells. Cells

were seeded and harvested as described in the legend of Fig. 1. After 2 or 7 days
of melatonin treatment or 7 days of vehicle treatment, appropriate plates were
rcfed with fresh, melatonin-deficient medium. Cells were harvested and counted
with a hemocytometer on Days 1, 3, 5. 7. and 10. Points, mean cell counts from
six plates in each of the following treatment groups: vehicle-treated controls
(â€¢ â€¢);refed controls (â€¢ O): melatonin (10"' M)-treated (A A): and
refed. melatonin-treated cells (A A): bars, SEM. *, P < 0.01 versus both refed
and nonrefed. vehicle-treated controls.

DMEM with 10% PCS) as viewed with SEM were almost
uniformly covered with a dense network of microvilli (Fig. 5/4),
whereas melatonin-treated cells typically exhibited a prominent
qualitative decrease in the density and length of surface micro
villi (Fig. 5B). Additionally, the density of cells observed on the
coverslips after 4 days of incubation in melatonin-containing
medium was markedly lower than in the controls.

As revealed by TEM, MCF-7 cells from control plates were
most often ovoid with a centrally placed nucleus containing one
or more prominent nucleoli (Fig. 6A). In general, the cells
appeared to be metabolically active as evidenced by a number
of large clear mitochondria with regular thin cristae. The cyto
plasm also possessed considerable quantities of both rough and
agranular endoplasmic reticulum (Fig. 6, A and B).

In approximately one-fourth of the untreated cells, numerous
small electron-dense membrane-bound vesicles (Q.2-pm diam
eter) were found in close proximity to the inner surface of the
plasma membrane; some vesicles appeared to be detaching from
the plasma membrane (Fig. 6B). Fig. 6B also reveals other
prominent ultrastructural features including numerous surface
microvilli as well as the presence of relatively few autophagic
vacuoles.

By contrast, cells propagated in the presence of melatonin
showed striking degenerative changes as compared with con
trols (Fig. 6Q. For example, after just 4 days of melatonin
exposure, the majority of cells exhibited an enlarged nucleus
with dispersed chromatin and at least one prominent nucleolus.
The enlarged nuclei were typically enveloped by a very thin rim
of cytoplasm which contained reduced numbers of mitochon
dria, most of which possessed disrupted cristae and very small
or absent Golgi complexes. Additionally, melatonin-treated
cells showed a prominent dilation and vesiculation of the
smooth endoplasmic reticulum, ribosomal shedding and scat
tering throughout the cytoplasm, and a virtual disappearance
of secretory granules chararactistic of the control cells. Mela-
tonin-exposed cells also contained a substantially increased
number and size of autophagic vacuoles (cytosegrosomes) and
myelin figures (Fig. 6, C and D).

Some melatonin-treated cells (Fig. 6/>) appeared to have a
morphology which was intermediate between control cells (Fig.
6, A and B) and the melatonin-treated cells depicted in Fig. 6C.
For example, the cell in Fig. 6D contains a large number of
mitochondria and a normal nucleus reminiscent of the control
cells. These cells also exhibited several other interesting features
which included moderate amounts of endoplasmic reticulum
and prominent whorls of myofilaments located in the juxtanu-
clear cytoplasm. However, the prominent autophagic vacuoles
are similar to those seen in the cell depicted in Fig. 6C.

DISCUSSION

The potential involvement of the pineal gland, and more
particularly melatonin, in the regulation of the growth of ma
lignant disease has been suggested by reports that the induction
and growth of experimentally induced, hormone-responsive

Table 2 Effects of melatonin (10~<>M) on the proliferation of human foreskin fibroblasts in culture expressed as the mean number of cells per plate

Cells in each culture plate (6/time point) were harvested on various days of a 7-day growth curve.

DayTreatmentUntreated

controls
Vehicle controls
Melatonin10.5

x IO5Â±1,137Â°
0.5 x 10!Â±939
0.5 x 10'Â± 99435.0

x 10'Â± 12.683
5.0 x IO5Â±10.194
5.0 x 10' Â±11.105510

x 10* Â±30.169
10 x 10' Â±17,416
9 x 105Â±17.198711

x 10' Â±29.504
11 x 10' Â±21.507
10 x 10' Â±21.566

' Mean Â±SEM.
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mammary cancers are inhibited by pharmacological levels of
melatonin, while the elimination of the endogenous melatonin
signal by pinealectomy generally promotes mammary tumori-
genesis (7, 8, 11, 13). Furthermore, these studies suggest that
the pineal gland releases an oncostatic substance(s) which acts
through indirect neuroendocrine mechanisms controlling the
release of pituitary and/or gonadal hormones that endogenously
promote tumor growth (12, 14). In the present study, we
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Fig. 4. Effect of melatonin on the proliferation of RL95-2 human endometrial
carcinoma cells. Cells were seeded at a density of 0.5 x 10! cells/plate in DMEM

supplemented with 10% FCS. Points, mean cell counts from six plates containingeither no treatment (O), vehicle (â€¢).10~' M melatonin (D); or 10"' M melatonin
(â€¢);bars, SEM. Consult the legend of Fig. 1 for further details. *, P< 0.01 versus

controls.

addressed the alternative hypothesis that the pineal hormone
melatonin acts directly on human breast cancer cells to inhibit
their growth in culture.

We have demonstrated that melatonin can act directly at the
cellular level to inhibit the proliferation of an estrogen receptor-
positive human breast cancer cell line for as long as 10 days in
continuous culture. Furthermore, melatonin's growth-inhibit

ing activity on MCF-7 cells not only appears to be a reversible
phenomenon, but it is restricted to concentrations that corre
spond to physiological levels present in human blood during
the melatonin nocturnal surge (3, 15).

The antiproliferative effect of melatonin was not evident with
respect to a number of normal fibroblastic cell lines, including
human foreskin fibroblasts, suggesting that melatonin may not
directly influence the division of nontransformed cells. Fur
thermore, the failure of physiological levels of this indoleamine
to inhibit the growth of another epithelially derived, estrogen
receptor-positive human neoplastic cell line (RL95-2 endome
trial cancer cells) (21) indicates that melatonin's full oncostatic

effect at physiological concentrations in vitro may be specific
only for certain types of hormone-responsive cancers. For other
types of hormone-responsive cancer, such as the RL95-2 en
dometrial cancer, supraphysiological concentrations of mela
tonin may be required to achieve a significant antiproliferative
effect. This postulate is supported by recent evidence showing
that melatonin is incapable of inhibiting the growth of human
melanoma cells in culture unless it is present in the micro- to
milliniolar concentration range (22).

Both scanning and transmission electron microscopic tech
niques revealed that melatonin treatment significantly alters
many of the ultrastructural features of MCF-7 cells. For ex

ample, the marked qualitative reduction in the density and size
of surface microvilli of melatonin-treated cells is noteworthy,
particularly in light of the fact that estrogen-induced mito-
genesis of MCF-7 cells is associated with a rapid increase in
the length and number of microvilli (23). Melatonin-treated

cells also displayed alterations in cellular organelles associated
with protein synthesis, such as Golgi complexes, which were
either very small or not observable as compared with control

Fig. 5. Scanning electron photomicrograph of the surface morphology of: A, control MCF-7 cells grown in DMEM with 10% FCS for 4 days. Numerous long
microvilli can be seen on the surface of flattened cells. B, MCF-7 cells treated with melatonin for 4 days. Note the decreased number and length of microvilli. Bar, 1
urn.
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Fig. 6. Transmission electron photomicrograph of control (A and S) or melatonin-treated (C and O) MCF-7 cells cultured in DMEM with 10% PCS for 4 days.
Note the melatonin-treated cell with the enlarged nucleus with a thin rim of cytoplasm depicted in C and prominent whorls of myofilamcnts depicted in D. Bar, i
/im.

cells. Additionally, the notable distortion and vesiculation of
the smooth endoplasmic reticulum are ostensibly associated
with an influx of sodium and water into the cells (24).

Other striking degenerative features include a melatonin-
induced increase in the number of autophagic vacuoles and
membranous whorls called myelin figures. The appearance of
myelin figures signifies that widespread damage has occurred
to all cell membranes as a result of a dissociation of lipopro-
teins. An increase in the appearance of autophagic vacuoles is
characteristic of cells that have experienced a protracted period
of sublethal injury and represents a protective mechanism by
which cells sequester focal cytoplasmic injury within autophagic
vacuoles, thereby separating the injured area from undamaged
organdÃes (24). That the marked increase in autophagic vacu
oles in melatonin-treated cells is a characteristic of reversible
injury is supported by the fact that melatonin's inhibition of

cell proliferation was indeed reversible even after 7 days of
exposure to this indoleamine.

To our knowledge, this is the first clear-cut demonstration
that physiological levels of melatonin have the capacity to act
directly on hormone-responsive human breast cancer cells to
inhibit their proliferation and alter their morphological char
acteristics in culture. This suggests that perhaps melatonin
concentrations normally present in human blood, particularly
during the night, may offer some degree of direct oncostatic
protection. Conversely, a deviation in blood levels of melatonin
from the physiological range might release once dormant estro
gen-responsive breast tumor stem cells from this inhibitory
state. Although speculative, this idea receives some credence
from the work of Tamarkin and coworkers (3), who observed a
significant decrease in the amplitude and duration of the noc
turnal plasma melatonin peak, albeit still within the physiolog
ical range, in women with estrogen receptor-positive breast
cancer as compared with either normal matched controls or
women with estrogen receptor-negative breast cancer. More
over, both the amplitude and duration of the nocturnal mela-
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tonin surge in women with estrogen receptor-negative breast
cancer are somewhat greater than in normal women. This is
interesting in light of the fact that supraphysiological concen
trations of melatonin were ineffective in suppressing cell prolif
eration in the present study, while melatonin at any concentra
tion fails to inhibit the growth of estrogen receptor-negative
human breast cancer cells in culture.4

It is seemingly paradoxical that melatonin would inhibit
MCF-7 cell proliferation in our study and transiently increase
the levels of 17/3-estradiol receptors in the investigation of
Danforth et al. (17). This could be explained by the markedly
different culture conditions used in the Danforth et al. (17)
study in which melatonin had no effect on cell growth in
charcoal-stripped, steroid-free medium. Apparently, under cer
tain culture conditions, other hormones such as PRL can in
crease 17/3-estradiol receptor levels in MCF-7 cells without
affecting cell growth (6). The exact mechanism(s) by which
melatonin inhibits breast cancer growth directly at the cellular
level is unknown; however, it appears that the presence of serum
itself as well as hormones, such as 17/3-estradiol and PRL, may
play an important role in mediating the inhibitory effect of
melatonin on MCF-7 cell growth (Footnote 4; Ref. 25). The
results presented here may provide an important basis for
eventually understanding the cellular-molecular endocrine
mechanisms by which the pineal gland and its hormone mela
tonin inhibit breast cancer growth in both in vivo and in vitro
models of human breast cancer.

ACKNOWLEDGMENTS

The authors extend their sincere thanks to Dr. George M. Vaughan,
United States Army Institute of Surgical Research, Fort Sam Houston,
TX, for the measurement of melatonin levels Â¡nFCS. We would also
like to express our gratitude to Dr. Ray Nagle, Department of Pathol
ogy, University of Arizona, for his expert assistance in interpreting the
transmission electron micrographs as well as to Dr. Bruce E. Magun,
Oregon Health Sciences University School of Medicine, for his critical
comments and suggestions regarding the experimental results. Addi
tionally, we would like to thank Margaret Krasovich for her help and
advice on the electron microscopy.

REFERENCES

1. Cohen, M., Lippman, M.. and Chabner. B. Role of the pineal gland in
aetiology and treatment of breast cancer. Lancet, 2: 814-818, 1978.

2. Bartsch, C.. Bartsch, H.. Jain. A. K., Laumas, K. R., and Wetterberg. L.
Urinary melatonin levels in human breast cancer patients. J. Neural Transm..
52:281-294, 1981.

3. Tamarkin. L.. Danforth, D., Lichter, A., Demoss, E., Cohen. M., Chabner,
B., and Lippman. M. Decreased nocturnal plasma melatonin peak in patients

4 S. M. Hill and D. E. Blask, unpublished results.

with estrogen receptor-positive breast cancer. Science (Wash. DC). 216:
1003-1005, 1982.

4. Henderson, I., and Cannelos, G. Cancer of the breast: the past decade (part
1). N. Engl. J. Med.. 302: 17-30, 1980.

5. McGuire, W. L. Prognostic factors in primary breast cancer. In: R. D.
Bulbrook (ed.). Cancer Surveysâ€”Advances and Prospects in Clinical, Epi-
demiological, and Laboratory Oncology, Vol. 5. pp. 527-536. Oxford: Ox
ford University Press. 1986.

6. Lippman, M. E. Steroid hormone receptors and mechanisms of growth
regulation of human breast cancer. In: M. E. Lippman, A. S. Lichter, and D.
N. Danforth, Jr. (eds.). Diagnosis and Management of Breast Cancer, pp.
326-347. Philadelphia: W. B. Saunders, Inc.. 1988.

7. Blask. D. E. The pineal: an oncostatic gland? In: R. J. Reiter (ed.). The
Pineal Gland, pp. 253-284. New York: Raven Press. 1984.

8. Blask, D. E., and Hill, S. M. Melatonin and cancer: basic and clinical aspects.
In: A. Miles, C. Thompson, and D. R. S. Philbrick (eds.), Melatonin: Clinical
Perspectives. Oxford: Oxford University Press, in press, 1988.

9. Reiter. R. J. The pineal and its hormones in the control of reproduction in
mammals. Endocr. Rev., /: 109-131, 1980.

10. Reiter. R. J. The melatonin message: duration versus coincidence hypothesis.
Life Sci., 40: 2119-2131, 1987.

11. Aubert, C.. Janiaud, P., and Lecalvez, J. Effect of pinealectomy and mela
tonin on mammary tumor growth in Sprague-Dawley rats under different
conditions of lighting. J. Neural Transm.. 47:121-130, 1980.

12. Tamarkin, L., Cohen, M., Roselle, D.. Reichert, C., Lippman, M., and
Chabner, B. Melatonin inhibition and pinealectomy enhancement of 7,12-
dimethylbenz(a)anthracene-induced mammary tumors in the rat. Cancer
Res., 41:4432-4436. 1981.

13. Blask, D. E., Hill, S. M., and Pelletier, D. B. Oncostatic signaling by the
pineal gland and melatonin in the control of breast cancer. In: D. Gupta. A.
Attanasio, and R. J. Reiter (eds.). The Pineal Gland and Cancer pp. 195-
206. London: Brain Research Promotion, 1988.

14. Shah, P., Mhatre, M., and Kothari, L. Effects of melatonin on mammary
carcinogenesis in intact and pinealectomized rats in varying photoperiods.
Cancer Res., 44: 3403-3407, 1984.

15. Vaughan, G. M.. McDonald. S. D.. Jordan. R. M.. Allen, J. P., Bohmfalk,
G. L., Abou-Samra, M.. and Storey, J. L. Melatonin concentration in human
blood and cerebrospinal fluid: relationship to stress. J. Clin. Endocrino!.
Metab., 47:220-223, 1978.

16. Osborne, C. K.. Hobbs, K., and Trent, J. M. Biological differences among
MCF-7 human breast cancer cell lines from different laboratories. Breast
Cancer Res. Treat., 9: 111-121, 1987.

17. Danforth, D.. Tamarkin. L., and Lippman, M. Melatonin increases oestrogen
receptor binding activity of human breast cancer cells. Nature (Lond.), 305:
323-325, 1983.

18. Goldberg. B., and Green, H. Collagen synthesis on polyribosomes of cultured
mammalian fibroblasts. J. Mol. Biol., 26: 1-18, 1967.

19. Dulbecco. R., and Voght, M. Plaque formation and isolation of pure lines
with poliomyelitis viruses. J. Exp. Med., 99: 167-182. 1954.

20. Burton. K. Studies of conditions and mechanisms of the diphenylamine
reaction for colorimetrie estimation of deoxyribonucleic acid. J. Biochem.,
62:315-317, 1956.

21. Grosso, D. S., Surwit, E. A., Davis, J. R., and Christian, C. D. Hormonal
receptors in endometrial cancer. In: F. Bresciani (ed.). Progress in Cancer
Research and Therapy, Vol. 31, pp. 367-375. New York: Raven Press. 1984.

22. Bartsch, H.. Bartsch, C., and Fleming, B. Differential effect of melatonin on
slow and fast growing passages of a human melanoma cell line. Neuroendo-
crinol. Lett., 8: 289-293, 1986.

23. Vic, P., Vignon, F., Derocq, D., and Rochefort, H. Effect of oestradiol on
the ultrastructure of the MCF-7 human breast cancer cells in culture. Cancer
Res., 42: 667-673, 1982.

24. Robbins. S. L. Cell injury and cell death. In: Pathologic Basis of Disease,
Chap. 2, pp. 21-54. Philadelphia: W. B. Saunders, 1974.

25. Blask, D. E., and Hill, S. M. Effects of melatonin on cancer: studies on
MCF-7 human breast cancer cells in culture. Melatonin in humans. Proceed
ings of the First International Conference on Melatonin in Humans. J.
Neural Transm., 00 (Suppl. 21): 433-449, 1986.

6126

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2433188/cr0480216121.pdf by guest on 19 M

ay 2023




