quantum yield (9) for the reaction and
the number of photons available to and
absorbed by the starting isomer. The
number of photons absorbed is, in turn,
determined by the overlap of the
source’s spectral irradiance with the ab-
sorption cross section of the starting
isomer. Hence, in this reaction, those
isomers showing good absorption in
spectral regions of high intensity will be
preferentially converted to other iso-
mers. Solar spectral irradiance (Fig. 1B)
shows an increase of about 3.5 orders of
magnitude, from 290 to 320 nm. The UV
absorption spectra for 7-DHC, preDs,
lumisterol;, and tachysterol (Fig. 1C)
demonstrate that 7-DHC and lumisterol;
(in both protic and aprotic solvents)
show negligible absorption above 315
nm, whereas both preD; and tachys-
terol; absorb radiation to at least 325
and 335 nm, respectively. Thus, the ex-
tinction coefficients for preD; and ta-
chysterol; at 320 nm (for example) are
relatively high (480 and 1700, respective-
ly) compared with 0.1 or less for lumis-
terol and 7-DHC. The fact that the solar
irradiance at 320 nm is 3.5 orders of
magnitude greater than at 290 nm makes
these absorption characteristics of pre-
D; and tachysterol; significant. Even
though the quantum yield for tachyster-
ol; to preD; is low (Fig. 1), tachysterol,
which has the highest extinction coeffi-
cient above 315 nm, is the most photo-
reactive isomer when exposed to sun-
light, and the reaction is therefore driven
from tachysterol; to preD; to lumis-
terol;, which accumulates because it is
the least photoreactive isomer. To test
this hypothesis, we exposed tachysterol
and preDs dissolved in an organic sol-
vent to radiation between 315 and 340
nm and observed an accumulation of
lumisterols.

During the past century, scientists
have begun to appreciate several biolog-
ic effects of sunlight on the human body
(10). Stratospheric ozone, a major com-
ponent in the atmospheric path of sun-
light, determines the 290-nm short-wave-
length cutoff that is characteristic for the
terrestrial solar spectrum (/1) (Fig. 1B).
In addition, the spectral characteristics
of natural sunlight that penetrates to the
earth’s surface vary with altitude, lati-
tude, time of the day, and season of the
year. Little is known about whether the
spectral properties of sunlight promote
unique biologic actions in Humans. Our
observation that the spectral power dis-
tribution of sunlight has a dramatic effect
on the cutaneous photosynthesis of
preD; and its photoisomers, however,
suggests that the spectral character of
the radiation in the surrounding natural
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and artificial environments may be im-
portant for regulating subtle radiation-
induced physiological and biochemical
responses in humans. Our observations
may also be helpful in the design of
radiation sources that could enhance the
production in vivo of preD; in human
skin and the commercial production in
vitro of previtamin D and previtamin D
metabolites.
J. A. MACLAUGHLIN
R. R. ANDERSON
M. F. HoLick
Vitamin D Laboratories, Endocrine
Unit, Massachusetts General Hospital,
Boston 02114, and Department of
Nutrition and Food Sciences,
Massachusetts Institute of Technology,
Cambridge 02139
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Decreased Nocturnal Plasma Melatonin Peak in Patients with

Estrogen Receptor Positive Breast Cancer

Abstract, Plasma melatonin concentrations were determined over a period of 24
hours in 20 women with clinical stage I or II breast cancer. In ten of the patients,
whose tumors were estrogen receptor positive, the nocturnal increase in plasma
melatonin was much lower than that observed in eight control subjects. Women with
the lowest peak concentration of melatonin had tumors with the highest concentra-
tions of estrogen receptors. A significant correlation was found between the peak
plasma melatonin concentration and the tumor estrogen receptor concentration in 19
of the patients. These data suggest that low nocturnal melatonin concentrations may
indicate the presence of estrogen receptor positive breast cancer and could conceiv-

ably have etiologic significance.

We recently suggested that there
might be a relation between the develop-
ment of breast cancer and impaired pine-
al function in women (/). There is evi-
dence that the pineal product melatonin
can decrease the number of breast tu-
mors in dimethylbenz[a]anthracene
(DMBA)-treated rats (2), and alter estro-
gen receptor (ER) concentration in vivo
in ovariectomized rats and in vitro in
human breast cancer cells (MCF-7) (3,
4). We undertook to examine pineal
function by monitoring plasma melatonin
concentrations over 24-hour periods in
patients with breast cancer.

Biosynthesis of melatonin occurs in
the pineal gland in a diurnal pattern that
is reflected in the circulation by low
concentrations during the day and high
concentrations at night (5). This daily
plasma profile has been essentially con-
served over a wide range of vertebrate
phylogeny (6), and in seasonally breed-
ing species the daily melatonin rhythm
may be the hormonal signal transducing
environmental light information to the
reproductive system (7). However, in
nonseasonal breeders the physiologic
role of this molecule remains unclear.

0036-8075/82/0528-1003$01.00/0 Copyight © 1982 AAAS

In nonseasonally breeding rats, daily
afternoon melatonin injections signifi-
cantly reduced the incidence of breast
tumors in animals treated with a high
dose (15 mg) of DMBA. Conversely,
pinealectomy enhanced the incidence of
tumors in rats given a low dose (7 mg) of
DMBA. Assessment of circulating pro-
lactin in DMBA-treated rats revealed
significantly reduced levels in melatonin-
treated rats, suggesting that melatonin
may inhibit the induction of these prolac-
tin-dependent tumors via prolactin sup-
pression. Alternatively, melatonin may
inhibit mammary tumor induction by its
action on estrogen receptors. Oophorec-
tomized animals are resistant to tumor
induction by DMBA, but tumor induc-
tion can be restored by estrogen adminis-
tration (8). These data suggest that daily
treatment with melatonin or the preserce
of a normally functioning pineal gland
can affect mammary tumorigenesis, per-
haps by regulating the hormonal milieu
of breast tissue or its intrinsic respon-
siveness to regulatory hormones.

Twenty women (aged 30 to 67 years)
with clinical stage I or II breast cancer
participated in a 24-hour blood sampling
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Fig. 1.. Twenty-four-hour profiles of plasma
melatonin concentrations in women with
ER+ (@) (N =10) or ER— (O) (N = 10)
breast cancer, and in eight normal women
(4). Data are presented as means *+ standard
error for each time of day.

protocol 1 day prior to tumor removal or
5 days after surgery. Thése patients were
not taking any medication during the
study, and samples were obtained every
3 hours through an indwelling intrave-
nous needle and collected in heparinized
tubes. The plasma was assayed for mela-
tonin by a radioimmunoassay previously
validated for use with human plasma (9).
After surgery, a section of the malignant
breast tissue was analyzed for ER con-
centration (/0). In addition, blood sam-
ples of eight age-matched normal female
volunteers were taken every 3 hours for
24 hours. All subjects conformed to nor-
mal ward routine.

A daily plasma melatonin rhythm was
observed in all normal subjects (Fig. 1).
These subjects had low melatonin con-
centrations (< 20 pg per milliliter of plas-
ma) during the day, and reached peak
concentrations of 60 pg/ml at 2 a.m. This
agrees with previously published data
(11). The daily melatonin rhythms ‘of
some of the breast cancer patients dif-
fered from those of the normal subjects.
These patients were divided into two
groups: those with tumors in which the
ER concentratioris were more than 10
fmole per milligram of protein (ER+),
and those with tumors in which the ER
concentrations were less than 10 friole
per milligram of protein (ER—). These
differences correspond to clinically dis-
tinct subpopulations of patients with
breast cancers (12). Inspection of indi-
vidual plasma melatonin profiles re-
vealéd that iri a substantial number (four
out of ten) of ER+ patients there was
little or no nocturnal increase in plasma
melatonin; neither the ER~ patients nor
the normal subjects lacked this increase.
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The 24-hour profiles for the -normal
subjects and the ER+ and ER~ breast
cancer patients are summarizéd as
means *+ standard error for each time of
day (Fig. 1). A nocturnal increase in
plasma melatonin, peaking at 2 a.m.,
occurred in all groups. However, ER+
patients had lower nocturnal plasma mel-
atonin than ER— patients and normal
subjects (46 £ 5 pg/ml compared to
78 = 9 pg/ml and 65 £ 5 pg/ml, respec-
tively).

The peak and nadir plasma melatonin
levels of each of 19 of the 20 breast
cancer patients were examined for a cor-
relation with the ER concentration found
in that patient’s tumor (Table 1). We
found a significant inverse relation be-
tween ER concentration and peak mela-
tonin level (», = —.72, P < .001, Fig. 2).
We found no relation between the ER
concentration and nadir level of plasma
melatonin. In addition, we found no sig-
nificant relation between plasma melato-
nin levels and age, weight, parity, or
menopausal status. Further analysis of
the ER+, ER—, and normal groups
showed that four of the ten ER+ women,
five of the ten ER= women, and four of
the eight normal women were postmeno-
pausal. Of those patients in the ER+
group that had no nocturnal increase in
melatonin, two were premenopausal.
Thus, the relation between peak plasma
melatonin and tumor ER concentration
indicates that women with lower peak
concentrations of plasma melatonin have
higher tumor ER concentrations.

A relation between ER concentration
and plasma melatonin was récently sug-

Table 1. Tumor ER concentration and peak
and nadir plasma melatonin concentration in
19 patients.

Estrogen Plasma melatonin
receptor (pg/ml)
(fmole/mg :
protein) Peak Nadir
< 0.8 62.8 27.4
< 0.8 81.2 2.6
< 0.8 84.2 9.9
<038 127.3 4.6
0.8 121.1 9.2
0.9 59.4 8.9
1.8 96.4 8.6
4.5 65.7 3.6
12.0 74.0 8.7
16.9 118.5 10.2
18.5 58.7 5.9
27.6 70.4 15.8
30.0 26.7 15.8
31.0 50.0 21.0
38.0 51.5 7.5
43.2 55.4 5.6
48.6 65.6 13.4
50.0 29.7 8.6
124.9 15.3 8.5
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Fig. 2. Correlation between tumor ER con-
centration and peak plasma melatonin con-
centration in 19 patients. Data are presented
as the rank order of ER concentration versus
the rank order of peak plasma melatonin level
for 19 breast cancer patients. The Spearman
correlation coefficient is —.72 and the proba~
bility that this correlation came from a ran-
dom population is < .001.

gested by studies in the rat, where mela-
tonin administration decreased brain ER
concentration 40 mihutes later (3). Simi-
larly, we observed in vitro that melato-
nin can affect ER concentrations in
MCF-7 cells. However, in our study,
melatonin caused a transient increase in
ER in MCF-7 cells (4). The difference in
response to melatonin treatment may
reflect the two different biological sys-
tems or, alternatively, may be due to
methodological differences. Nonethe-
less, melatonin appears to alter estrogen
receptors, and perhaps the daily melato-
nin rhythm plays a role in the daily
regulation of estrogen receptors, as sug-
gested previously (3). )

We were concerned that the period of
study of most of the breast cancer pa-
tients occurred just prior to surgery;
potentially introducing a stress factor
into this study. The plasma samples col-
lected from all subjects were analyzed
for cortisol concentration and the data
from all subjects were similar, with no
significant  differences bétween any
groups at ary time of day. Plasma corti-
sol levels were low throughout the day
(5 = 3 pg/dl), with a peak occurring be-
tween 5Sand 7 a.m. (15 = 5 pg/dl). Quali-
tatively and quantitatively, our data are
consistent with previously published
data for the 24-hour plasma cortisol pro-
file in humans (13);, suggesting stress-
related hormonal changes weére probably
not a factor in this study.

We do not know if the decline in the
nocturnal peak of plasma melatonin rep-
resents a long-term pineal failure, or
whether a change occurs at the time of
breast cancer development. Malignant
tissue was already present in the breast
cancer patients we studied. To deter-
mine whether an alteration in the plasma
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melatonin profile precedes the presence
of malignant tissue it will be necessary to
conduct longitudinal and familial studies.
A number of studies have suggested
that ER concentrations in breast tumors
indicate the degree of hormonal depen-
dence of an individual’s breast cancer
(14). The present data suggest that the
lower the peak concentration of plasma
melatonin, the greater the probability
that the primary tumor may be hormon-
ally dependent. Thus, the absence of
nocturnal peak melatonin may serve as a
biochemical marker for increased risk of
developing ER+ breast cancer.
LAWRENCE TAMARKIN*
Intramural Research Program,
National Institute of Child Health
and Human Development,
Bethesda, Maryland 20205
DAviD DANFORTH, ALAN LICHTER
ERNEST DEMoss, MICHAEL COHEN
BRUCE CHABNER, MARC LIPPMAN
Medicine, Radiation, Surgery, and
Clinical Pharmacology Branches,
National Cancer Institute,
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Insulin Stimulation of Nucleoside Triphosphatase

Activity in Isolated Nuclear Envelopes

Abstract. The activity of nucleoside triphosphatase, an enzyme that regulates
nuclear messenger RNA transport, was measured in highly purified nuclear enve-
lopes isolated from rat liver. Addition of picomolar concentrations of insulin to
freshly prepared nuclear envelopes directly increased the enzyme activity. The major
effect of insulin on this enzyme was to increase the maximum velocity of its activity;
no significant effects were seen on the affinity constant. These studies raise the
possibility, therefore, that the nuclear envelope is a site where insulin regulates

nuclear functions.

The nuclear envelope is a double-
membrane structure that separates the
nucleoplasm from the cytoplasm. Al-
though the exact organization and func-
tion of the nuclear envelope are un-
known, several studies (/) have demon-
strated that the nuclear envelope con-
tains a distinctive enzyme, nucleoside
triphosphatase (E.C. 3.6.1.15).  This
Mg?*-dependent enzyme has several
features generally not shared by other
triphosphatases, including a broad sub-
strate specificity (that is, the triphos-
phates of adenosine, uridine, cytidine,
and guanosine are all effective), stimula-
tion by RNA (2), and regulation by aden-
osine 3',5'-monophosphate (cyclic AMP)
3.

Several studies in liver and other tis-
sues indicate that a major function of this
nucleoside triphosphatase is to provide
the energy necessary for the transport
of messenger RNA (mRNA) out of the
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nucleus. Either adenosine triphosphate
(ATP) or another nucleoside triphos-
phate is necessary for this transport
process to occur, and mRNA transport
increases linearly with increasing nucle-
oside triphosphate concentrations (4).
Also, nucleoside triphosphatase activity
and RNA transport have a similar activa-
tion energy and a similar Michaelis con-
stant (K,,) for ATP (3). Furthermore,
several compounds regulate both pro-
cesses in a similar manner; for example,
cyclic AMP increases mRNA transport
and nuclear envelope nucleoside triphos-
phatase activity (3, 5), whereas com-
pounds such as sodium fluoride, colchi-
cine, and proflavin inhibit both functions
@3, 96).

There are a number of reports that
insulin increases mRNA levels in liver
and other tissues (7). Schumm and Webb
(8) observed that the direct addition
of insulin to isolated rat liver nuclei

Fig. 1. Effects of insulin and other agents on
the activity of (A) nuclear membrane nucleo-
side triphosphatase and (B) plasma membrane
adenosine triphosphatase. Female Sprague-
Dawley rats, 140 to 160 g, were deprived of
food for 24 hours and injected through the tail
vein with streptozotocin (Sigma) at 75 mg/kg.
When the rats were studied 7 to 14 days later,
the blood glucose concentrations were greater
than 500 mg/dl. Purified liver nuclei were
isolated (20), and nuclear envelopes were
prepared from these nuclei as in (21), except
that glycerol was omitted during the gradient
centrifugation step. Purified plasma mem-
branes were isolated (22), and nucleoside tri-
phosphatase and adenosine triphosphatase
activities were measured (3). In brief, either
freshly prepared nuclear envelopes (0.25 to
0.5 mg of protein per milliliter) or plasma
membranes (0.05 to 0.2 mg of protein per
milliliter) were placed into buffer at 37°C
containing 25 mM KCl, 5 mM MgCl,, 50 mM
tris-HC1 (pH 7.5), and bovine serum albumin
(0.1 g/dl). To this was added 10 pM insulin
(Elanco), RNA (Millipore) at 200 wg/ml, 100
mM Na™, or 100 wM ouabain plus 100 mM

a®. After a 10-minute incubation, the reac-
tion was started with adenosine 5'-[y-*?P]tri-
phosphate (Amersham) added to a final con-
centration of 1 mM. The reaction was then

stopped atter 10 minutes with the addition of perchloric acid at 4°C; the intact ATP was
adsorbed to charcoal; and the hydrolyzed 2P was measured by liquid scintillation counting (3).
Samples without membrane protein were included in each assay, and their values were
subtracted from each result. Each value is the mean = S.E. of three separate experiments.
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