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Abstract—The distribution of estrogen receptor between the cytosolic and nuclear compartments were evaluatedin -
liver of male rats to determine whether a circadian rhythm exists. Cytosolic receptor reached a maximum level at:
400 hours and a minimum at 2000 and 2400 hr. Nuclear receptor reached a maximum level at 800 hr and was lowest
at 1600 and 2000 hr. Serum estradiol levels were also highest at 800 hr and lowest at 1600 hr. The variations in
cytosolic and nuclear receptors are not reciprocal; in fact, the overall content of receptor in the liver is notcanstant
and also displays a circadian rhythm.
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= In.trod'uction
‘ of interest to determine wheﬂz <

Mammallan liver of both sexes i$ responsive to
"ffsex steroid hormones. Estrogen administration

_ increases the synthesis of ma y serum transport

. proteins as-well as others such as the cell surface

| _low density hpoprotem receptor (reviewed in 1).

hese estrogenic effects are presumably media-
ted through the estrogen ptor (ER) which has
~ been characterized in the liver of both male and
o female rats (2-8), green mo s(9) and human
,bemgs (10). The level of hep R is controlled

“in a positive manner by est gen (2), negatively

by testosterone (2), and is maintained by a

- pituitary factor thought to be growth-hormone

(6, 11). Partial hepatectomy results in a rapid
-translocation of cytosohc ER (cER) to the

nucleus (nER); this cellular redistribution of ER
correlates with increased D}

‘Abbrevxanom used: cER and: nER
(4,4-[1,2-diethyl-1 2~ethenedxyl} bxsphen e

(e *Address cotrespondence 2 (v Patnexa K. Eagen University of Pittsburgh; lJ Seaife Hall, Pittsburgh, PA IS“
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'.(220—240 g) were used in these

\ synthesis and
mitotic indices (12). Becaus:.'sefmm estradiol

cyt sohc and nuclear estrogen receptor, respectwely‘ E,,estradiol; D’ES

variations could be observed in b
nER, and whether these variatio
reIanonshlp to serum cstradml level

‘Matenals znd Methﬂds

Ammals Thlrty male Sf 4

Animals were caged two per cag

tained om a normal 12 hr light-da;
0630 to 1830 hr) with food and
ad libitum. Six groups of five animals ¢
killed by cxsangumatxon under ether :

and 000/2400 hr Blood was rem
abdominal aorta, and cold set@
perfused through the aorta to was
residual blood from the liver. T
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removed quickly and placed immediately in ice
cold TEM (0.01 M Tris-HCI, 1.5 mM EDTA,
20 mM sodium molybdate, pH 7.4) buffer.
Livers were homogenized immediately after all
animals were killed.

Materials. Radioactive [2, 4, 6, 7 *H]-estradiol,
97 C/mmol ([*H]-E,), was obtained from New
England Nuclear, Boston, MA. Purity of radio-
labeled compounds was assessed periodically by
thin layer chromatography (2). Sources of other
substances were previously described (2, 10, 12).
Buffers used in preparation of nuclei and cytosol
contained leupeptin (0.15 mM) and benzamidine
(1.0 mM), protease inhibitors which stabilize the
activity of the estrogen receptor.

Preparation of subcellular fractions. The fresh
livers were homogenized in 3 volumes of TEM/g
tissue using a Brinkman polytron. The homo-
genate was centrifuged at 800 g for 15 min at 4°C.
The crude nuclear pellet was resuspended and
- washed five times in SMgHM buffer (0.25M

“sucrose, 3 mM MgCl,, 10 mM HEPES, 20 mM

: ' Sedmm mo!ybdate pH 7. 4) w1th a recentri-

o _suséended m SMgHM buffer ina Volume equal ]
to that of the ongmal homegenat N uclel so "

cytosohc stamm was observe

~_tamination as judged by the
"' preparation ‘contained n

“the supernatant fluid from the crude nuclear
pellet at 49,500 g for 20 min, and the resulting

| - supernate at 150, 000" 2 for 45 min. The super-
natant fluid was removed carcfully in both steps

to avoid llpld contammatwn

Sterozd bmdmg assays Cytosol was dlluted to-

a protein concentratmn of Si‘mg/ml protamme

T f‘old exoRsaf Jnlabeled,dwthylsmbestrol (DES)

 nuclear preparation was free of ytosolic con—?{ »

fact that.the  co
etectable. cyt@sohc
~ alcohol dehydrogenase act1wty(l3) Cytosolwas:
- prepared from the same liver by centrifugationof automatic dpm canversmn

kResults and Dlscusslon
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The precipitates were washed as described (12)
and the radioactivity content determined. The
nuclear receptor content was determined by an
exchange assay described previously (12), which
involves incubation of aliquots (200ul) of the
nuclear suspension with 10 nM of [*H]-E, in the
presence and absence of a 250-fold excess of
unlabeled DES for 60 min at 30°C. The unbound
steroid was removed by washing the nuclear
pellet 5 times with SMgHM buffer. The washed
pellet was then extracted with 2 ml ofethanol for
2 hr at 30°C and the entire extract and pellet were
transferred to a 20 ml scintillation vial, and 8 ml~
of ACS scintillation fluid (Amersham) were
added. Additional details of subcellular fraction-
ation and assay conditions may be found in
Reference (12).

Methods. Binding data were analyzed-',acco.rd# :

ing to the method of Scatchard (14). Linearity
and values from standard curves and Seatchard =

plots were determined using the unweighted -

linear regression program of the TI55-IT caleula- -~
tor (Texas Instruments). Protein content was

determmed by the method of Lowry eral (15)

Radnoacuvaty content ﬂf samplcs was ¢
termined using a Packard TnCarb 4530 with

In thxs study, we have determmed ;.that"
Iccalzzatmn of cstmgm rcaeptors dn

sxgmfxcant y different from those of all otl
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groups (P < 0.001). After this time, the level of
cER falls until at 2400 hr, it is almost un-
detectable. Infact, in two animals at 2000 hr and
three animals at 2400 hr, no specific binding of
[PH}-E, was detectable. The affinity of the cER
for E, did not vary as a function of these changes
in receptor levels; the Kd values for cER at all
time points were similar (range, 0.8—-1.5 nM).
The level of the nuclear receptor reached a
maximal value at 800 hr (5.0 + 1.4 pmol/mg
DNA), although this value was not significantly
different from that observed at 400 hr and
2400 hr. It was, however, significantly different
than the values at either 1200 hr (P < 0.005), or
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at 1600 hr or 2000 hr (P < 0.001). The lowest
value for the nuclear ER was observedat 1600 hr
(0.2 + 0.2 pmol/mg DNA)- The level of nuclear
ER varied in the same fashion as serum estradiol
levels (Figure 1) in that the latter was relatively
high at 800 hr (12 pg/ml) as compared to that at
1600 hr (4 pg/ml).

Hepatic content of both forms of the receptor
is illustrated in Figure 2. At all time points the
nuclear form of the receptor predominates.
Recent studies (17-19). have indicated that
steroid receptors may in fact reside only in the
nucleus of the cell, and that cytosolic r eceptors
represent artifacts of cell breakage. However, the
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Figure 2. Variations in tetal hepatic content of estrogen
receptor at different times of day. The height of each bar
represents the total receptor content (cytosolic and nuclear)
corrected for and expressed as binding per gram of liver. The
shaded area of each bar represents the contribution of the
nuclear receptor to the total amount.

surprising ﬁn‘ding in our study is that the overall

level of hepatic receptor does not. remain
. constant overa 24—-hr span Ai.-‘_v -600 andQOOQ hr

' 'Anmher poss:bxhty is that the
,for assay, pessxbly becaus
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assay should be quantitative, since essentially all
hepatic cER in an untreated animalis ligand-free
(20). These various possibilities remain under
investigation.

Serum E, levels'also display circadian rhythms
(21). Many points of control of these E, levelsare
possible, such as variations in testicular and
adrenal synthesis and secretion of estradiol; in
addition, the metabolism of some hormones by
the liver may vary as well (22, 23). Our data show
a correspondence between the peak of serum E,
and the maximal measurement of nuclear
receptor concentration, both occurringat 800 hr. i
However, nuclear receptor levels demonstrate a [
decline at the next interval (1200 hr), whereasthe B
serum estradiol remains elevated. Itis difficultto :
tell why this occurs, but similar observations of
apparent disappearance of nuclear receptor after .
hormone administration have been made. This.
disappearance has been termed ‘processing’ (24, .
25) and is as yet unexplained, but ‘may involve .
conformational changes in or proteolytxc
cleavage of the receptor to a form ‘which is
re51stant to radwhgand exchang '-Smc 1 hese'
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