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Abstract

In cultured human vascular smooth muscle cells (VSMC), estrad(Hy) induced a biphasic effect on DNA synthesis, i.e., stimulation
at low concentrations and inhibition at high concentrations. AdditionallyinEreased the specific activity of creatine kinase (CK) in
these cells. Observations that novel protein-bound membrane impermeant estrogenic complexes could elicit inhibition of DNA synthesis,
suggested interaction via membranal binding sites. Nevertheless other effects, such as increasing CK activity were only seen with native
E; but not with BE—BSA, thus indicating that the classical nuclear receptor pathway was involved. In the present report, we confirm that
human VSMC express both BRand ER3. Further, pretreatment of cultured VSMC with the Vitamin D non-calcemic analog JK 1624
F2-2 (JKF) increased ERMRNA (100-200%) but decreased ERRNA (30-40%) expression as measured by real time PCk. ER
protein expression assessed by Western blot analysis increased (25-50%) in parallel, whemaseiiRexpression declines (25-55%).
Using ovalbumin bound toHOv-E) linked to Eu (Eu—Ov-F), to assess specific membrane binding sites, we observed that membranal
binding was down regulated by JKF by 70-80%. In contrast, total cell bindiRBH)E», that nearly entirely represents intracellular E
binding, was increased by 60—100% by the same Vitamin D analog. The results provide evidence that the effects of I{ERB &R
well as on membranal versus nuclear binding of estrogen are divergent and show differential modulation.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction membrane impermeant estrogen or phytoestrogens conju-
gates. In a previous report, we also found that Vitamin D
We have previously reported that estradioB17E) non-calcemic analogs modulated the effects b VSMC

and some phytoesrogens exert a biphasic effect on hu-[2].

man vascular smooth muscle cells (VSMC) growth, such  The present study was undertaken to determine whether
that low concentrations (in the range observed in men the vitamin D non-calcemic analog JK 1624 F2-2 (J§3])

and post-menopausal women) increase, whereas highemodulates E- or phytoestrogens-dependent DNA synthesis
concentrations (characteristic of reproductive females) in human vascular cells, via effects on the expression of
decrease DNA synthesis in cultured VSMC-3]. That estrogen receptors.

the inhibitory effect of B on VSMC proliferation pos-

sibly depends on _mgmbrane-gssocia_ted signalin_g Wasy Materials and methods

suggested by the finding that it requires the activation

of MAP-kinase activity [4], and could be elicited by 21 Cell culture

* Presented at the 12th Workshop on Vitamin D (Maastricht, The Nether-

lands, 6-10 July 2003) Vascular smooth muscle cells were prepared from human
* Corresponding author. Tekt972-3-6973306; fax:-972-3-6974473.  umbilical artery as previously described with minor modifi-
E-mail address: dalias@tasmc.health.gov.il (D. Somjen). cations[1,6].
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2.2. Association of the 3[H] estradiol with vascular cells Table 1
Modulation by JKF of cytoplasmic/nuclear and membranal estrogen bind-

Cells were incubated wit{{H] E [7] at 37°C; in the pres- ing in human vascular cells

ence or absence of 500-fold excess of unlabeled hormonedercentage change in membranalPercentage change in
for 60 min. Cells were subsequently washed three times binding after JKF treatment nuclear/cytoplasmic binding after

with PBS containing 1% BSA; and cell-associaf$d] E» EFE;_OV_E) - iKCF treatmoe:;([H] E2)
was determined using a scintillating counter as descrlbedJrEz_BSA 7048 VE, 102 20
before[7]. +CD-Ov —79 + 13 +D 60+ 20
+Ral 6+ 13 +Ral 50+ 18
2.3. Association of the membrane impermeant, +ICl -8+ 13 +ICl 60+ 15
estradiol-Ov conjugate labeled with europium with +T-BSA 4+ 12 +DHT 0+ 10
vascular cells Cells were incubated with JKF (1nM for 3 days) or vehicle and then

binding assays were performed. For membrane binding, cells were in-

. . . . . cubated with Eu-Ov—Ein the absence or presence of 500-fold excess
Cells were incubated with the steroid protein conju of one of the following agents: vehicle (C), estradiol-BSABSA),

gates estradiol-ovalbumin iEOV) [8] labeled with Eu carboxy daidzein—ovalbumin (CD-Ov), raloxifene (Ral), ICI 16480 (ICI)
(Eu-Ov-R) at 4°C for 90 min. Specific binding was de-  or testosterone-BSA (T-BSA). Results are expressed as percentage of
fined as binding displaced by unlabeleg-BSA. Binding Eu-Ov-E binding in the presence or absence of any competitor. JKF
was determined by time-resolved fluorescence determina-by itself decreased total membranal binding by 30-40%. For intracellu-

tion using an Arcus time resolved fluorometer (Wallac, lar (cytoplasmlc/n_uclear) b|nd|n_g cqmpetltlon was performed by 500-fold
K inl . f excess of estradiol B7(Ez), daidzein (D), raloxifene (Ral), ICl 16480
Turku, Fin and) as described be C{EH (ICI) as well as dihydrotestosterone (DHT). Results are expressed as per-

centage of[H] E binding in the presence or absence of any competitor.
2.4. Estrogen receptor expression in vascular cells JKF by itself increased total nuclear/cytoplasmic binding by 30-45%.
Results are meatt SE.M. of three experiments each performed in trip-
licates.* P < 0.05, **P < 0.01 for the comparison with total binding C

Expression of ER and ERB in VSMC extracts was as- (no competitors). Data were assessed by ANOVA.

sessed by Western blotting using Anti-&Bntibodies (clone
13H2), kindly provided by Dr. H. Thole, Germany and poly-
clonal anti-ER antibodies from Dr. N. Ben-Jonathan from
the University of Cincinnati. Additionally, ERFERB mMRNA
was quantified using real time PCR (Applied Biosystems
7700).

JKF also increased ERMRNA, as assessed by real time
PCR by 100-200%. In parallel to the effects of JKF on
ERpB protein expression, VSMC treated with JKF also had
decreased ERmMRNA expression{30 to 45%) compared
with untreated cells.

Intact VSMC display specific binding sites for Eu—Ow+E
Eu—Ov-E binding can be displaced by unlabeleg-BSA,
the phytoestrogenic derivative—macroprotein complexes
carboxy genistein—-Ov (CG-Ov) or carboxy daidzein—Ov
(CD-0v), or the estrogen antagonist ICI 16480 (ICl), but
not by the SERM raloxifene (Ral) or by testosterone—BSA
(T-BSA). JKF (1nM for 3 days) by itself, decreased total
3. Results binding of Eu—Ov—E& in VSMC by 30-40%, but moreover
it decreased specific binding of Eu-Ow-Eh VSMC by

Human vascular smooth muscle cells (VSMC) treated /0-80% Table ])-_ . ]
with E; showed a concentration-dependent increase in cre- Free 3H] E2 binding to VSMC could be displaced by
atine kinase (CK) activitj2—4]. In VSMC pretreated for ~ €XCess unlabeled estradmlﬂ_?the phytoestrogen da|d_ze|n
3 days with JKF (1nM), the CK specific activity response (D), IC1 16480 (ICI) or raloxifene (Ral), but not by dihy-
to E; (30nM) increased by 23@ 28%. Pretreatment with ~ drotestosterone (DHT). JKF (1nM for 3 days) by itself, in-
JKF also modulated the effect of,Fobn DNA synthesis: ~ creased specifié[H] E2 binding in VSMC by 80-105%
the B-induced stimulation seen at low concentrations pf E (Table .
(0.3nM) was further increased by #51.3%. In contrast, the
inhibitory effect of & exerted at a high concentration of E

2.5. Satistical analysis

Differences between mean experimental values and the
control groups were evaluated by analysis of variance
(ANOVA). A P-value less than 0.05 was considered signif-
icant.

(30 nM) was attenuated by 58 13%. 4. Discussion
Western immunobloting of cell extracts detected the
presence of both ER(67k) and ER (53K). In cells pre- The present report confirms and extends our previous ob-

treated with JKF, the expression of ERprotein increased  servations that JKF modulates both the CK and the growth
by 50% whereas ER protein expression decreased by responses toFin human VSMC[2]. Further, these effects
55%[7]. can now be examined in the context of the effects of JKF
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