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CELL LINE (T47D). EFFECTS OF ESTROGENS AND ANTIESTROGENS
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In the present paper we report evidence about the formation of polyprenyl-phosphate mono-
saccharides, their elongation products and the assembly of dolichyl-diphosphate-oligosaccharide to
endogenous T47D clan 11 proteins upon incubation with [24C]glucose. The influence of estradiol and
two nonesteroidal antiestrogens -nafoxidine and tamoxifen- was examined on the dolichol patiway in
T4A7D cell cultures. Estradiol (1 mM) does not change the rate of synthesis of dolichyl-phosphate-
sugar derivatives in contrast to nafoxidine and tamoxifen both a micromolar concentration, which
induce a remarkeble decrease in the formation of dolichol-sugar derivatives, In addition, T47D
cells were pretreated with nafoxidine or tamaxifen during ane hour, fresh medium supplemented with
estradiol wes added to the cells similtanecusly with [14C]glucose. Results indicated that estradiol
after nafoxidine induces a slight increase in the polyprenyl-sugar derivatives famation, however,
estradiol after tamoxifen decreases the synthesis of these substances.  © 1985 Academic Press, Inc.

A cansiderable body of information now exists concerning the role of lipid intermediates in
glycoprotein biosynthesis (1). In spite of this, little information has been provided about the
regulatory mechanism of this metabolic pattway (2).

We had previously demonstrated and characterized the enzymatic conversion of UDP-Glc and
@P-Man to Dol-P-Glc and Dol-P-Men respectively in humen breast neoplasia (3,4).

In the present study we have extended this investigation on the cell line T47D-cll derived
from a breast cancer patient (5). T47D—cll ontains specific intracellular receptors for several
hormones including E2 and progesterone, while clon 8, derived from the same cell line, does not
(6). Indeed both clones showed different behavior in relation to polyprenyl-sugar derivatives and
glycoprotein synthesis when the medium was deprived or not of endogenous steroids. Therefore,
these cell clones offered an interesting model to study hormone mediated metebolic effects.

We are presenting data illustrating the participation of lipid linked sugars as intermediates

in the glycoprotein synthesis in T47D—<ll cells. In addition, we have been able to demnstrate the

Abbreviations: Es: 17B—cstr-adiol; UDP-Gle: uridine diphosphate glucose; GDP-Man: guanosine diphos-
phate manmose; Dol-P: dolichyl-phosphate; T47D—cll: T47D-clon 11; T47D-cB: T47D-clon 8; FCS: fetal
calf serum; Naf: nafoxidine; Tem: tamoxifen; ER: estrogen receptor; C/M/W: chloroform/methanol/water.
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inhibitory property of Naf and Tam in the various steps in the dolichol patiway, however we failed

to show estrogen effects in this metabolic event.

MATERIALS AND METHODS

Chemicals. [U-4C]D-Glucose (sp. activity=348.2 mCi/mol) and [6-3(N)]D-glucosamine (sp. activ-
ity=30 Ci/mmol) were obtained from New England Nuclear Corparation. All reagents were analytical
grade. 176 -estradiol was from Sigma. Nafoxidine was from Upjomn Co. Tamoxifen—citrate was kindly
given by Gador Lab (Buenos Aires). All culture media and FCS were from Gibco Laboratories.

Cell culture. T47D (cll,c8) cells, provided by Dr. I. Keydar (Israel), were grown routinely as mon—
olayer cultires in a medium consisting of RPMI 1640, 1 % non-essential aminoacids, 2 nM L-glutamine,
10-/M insuline, 100 U/ml penicillin, 100 U/ml streptamycin and 10 % FCS, in a humidified atmosphere
of 5 % carbon dioxide in air at 379C, Cultures were refed with the same culture medium at inter-
vals from 2 to 4 days; cells were subcultured at weekly intervals.

Incorporation of [140_] Glc into lipid linked sugar derivatives. Four to five days befare assays,
growth medium was replaced for experimental medium consisting of the same one except that 10 % FCS
was stripped of endogenous stercids by treatment with dextran coated charcoal (7). One hour before
the assays, the medium was changed for MEM, glucose-FCS free, supplemented with BSA 1 mg/ml (8)
(deprived medium). E, 10"9M, Nef 107M or Tam 0.4 x 1078M were used as agonist or antagonist., Af-
ter one hour of incubation with these agents, the cultures were continued in the presence of
[M4c)Gle for 3 additional haurs. For experiments shown in Table 3, the cells were exposed to a de-
prived medium during 1 hour, followed by an addition of Naf or Tam for 1 hour. After that, the me-
dium was aspirated and a fresh ane plus Ep was added and the incubation was contirued for 1 addi~-
tinal hour; at this time, a 3 hour pulse of [14C]Glc was given. Control experiments were per-—
formed in the absence of Ep or antagonist. All assays were carried out with subconfluent cell cul-
tures. At the end of the incubation the cells were cooled, the medium was rapidly aspirated and the
reactions were stopped with 1 ml of cold 10 % TCA; the cells were washed with cold 200 mM Tris-HCL
pH 7.5 buffer. The precipitated cells were harvested with the addition of 0.3 ml of 4 mM MeCL, with
the aid of a rubber policemen. The samples were homogenized in a glass-glass homogenizer and parti-
tioned by adding chloroform and methanol to bring the preparation to a C/MAW 3:2:1 ratio, according
to Folch's procedure (9). The lower phase of this partition contained the lipid bound monosaccha—
rides and oligosaccharides up to 7-8 units (10). The resultating interphase was washed with metha—
nol and suspended in C/M/W 10:10:3 (11), to extract polyprenyl-PP-oligosaccharides containing more
than 8 hexoses (12). The residue left after the above extraction was resuspended in 10 % TCA and
heated a 100°C. The insoluble matter was solubilized as described (4) and the resulting radicactiv-—
ity was considered as "glycoprotein (13).

Chromatogrephic methods. Microanalytical DEAE-cellulose chromatography was performed as described
by Quesada (14). Thin layer chromatogrephy was carried cut on silica gel G plates (Merck) and de-
veloped in chloroform/2-propanol/95 % ethanol/glacial acetic acid 2:2:3:1 (15).

Other methods. Radicactivity was measured in a liquid scintillator using a toluene~4 % Omnifluor
mixture. Protein determination was performed according to Peterson (16).

RESULTS

In arder to characterize the lipid-linked sugar derivatives we carried out assays where T47D-
cll control cells and cultures s.:pplermtedwiﬁuEQIO‘eMorNaflO'GMwereemoseddningS}st
to [Mc]Gle (40 pC1/60 mm plastic dish/7.5 x 10° cells). Under these conditions the radicactivity
incorporated in the lower phase (171,000, 175,000 and 121,770 cpm/dish for control, E> and Naf re-
spectively) was adequate for establishing the primery biochemical characterization. Then, an ali-

quot of this glycosylated fraction was applied to a DEAE-cellulose colum and developed as de-
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scribed (4). The radiolabeled substance was eluted by a mixture of 5 mM ammonium formate in C/MMW
10:10:3 as shown in Figure 1. No other charged compounds were eluted when the salt discontinous
gradient was increased. This chromatographic behavior is characteristic of lipid-monophosphate-
sugar (11) and no differences were detected among the 3 samples assayed. Further amalysis of the
material eluted under the afore mentioned procedure was performed by thin layer chromatography as
described. Figure 2 illustrates the radiolabeled pattern obtained. T47D~cll compound migrates with
an Rf (0.42) identical to standerd humen breast Dol-P-[14C]Glc and further ahead then stendard hu-
men breast Dol-P-[14C]Man (Rf=0.31)(4). These results indicate that the radicectivity extractsble
in the lower phase corresponds to a large extent to polyprenyl-P-[14C]Glc. However, it cannot ruled
out that other sugar-lipid derivatives were also formed an minor proportion. Analysis of the phys—
icochemical nature of the material present in the C/M/W 10:10:3 and hot TCA resistant fractiors are
currently evaluated.

The E, concentration (107M) used in the course of these experiments wes besed an the Kd val-
ues described in T47D cells (5). In addition, we have proved that higher levels of]:".2 (10'8 to

10-%M) decresses the rate of synthesis of polyprenyl-sugar derivatives {data not shown).

A8 C o € F
122" v ¢ +
10+
5-
L
1
| 0 20 0
FRACTION NUMBER DISTANCE (cm)
Figure 1. Ian-exchange chramatogrephy of the T47D-cll glycolipid. The material from the lower

phase of Folch's partition from cells incubated with [24C]Glc was resolved as described in Materi-
als and Methods. Elution steps were: A) C/M 3:2; B) C/M 1:1; C) C/M/MW 10:10:3, D) C/M/S5 mM ammonium
formate (AF) 10:10:3; E) C/M/25 m AF 10:10:3; F) C/M/250 mM AF 10:10:3, o : contyol; e : Eo;

Naf treated cells.

Figure 2. Thin layer chromatograephy of T47D-cll glycolipid, The material from the control cells
purified through a DEAE-cellulose colum was resolved in a TIC as indicated. Radicactivity was de-
tected by scrapping off the silica gel and canted in a toluene based scintillation fluid.

- — = T4l [}4c]glycosylated lipid; : stendard human breast Dol-P-[14C][Glc; +.-.:standard
Tumen breast Dol-P-[14C]Man; ----: [14C]Glc.
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Table 1. Effects of Ep, Naf and Tam on lipid-linked sugar derivatives in TA7D-cll cells

RADIOACTIVITY (cpm/100f4g protein)®

Fraction Cantrol Estradiol Nafoxidine Tamoxifen

Lower phase 7,351 t 527 7,349 £ 372 4,008 £ 588 2,997 + 43gb
CMA 10:10:3 145 17 155 43 @t 23 43t &b
Hot TCA resistant 1,432 + 245 1,020 % 100 373t 51° 26t e

Cells were plated in multiwell tissue culture dishes and cultured as described. E (1 M), Naf (1[-LM) ar
tanosd fencitrate {0.414M) were used as aganist or antagmist. The cells were pulsed with [14C]Gle
(2UCi/well) in 25041 of incubation medium, at a cell density of 78,500 * 2,500 cells/well, and
harvested after 3 hours of labeling. The reaction products were analyzed as described. 2; Mean % S.E.,
n=3; P:p < 0.01; S p < 0.02.

ﬁ&emﬂﬂmpmptedwmsmdyﬁnﬁmﬁeeffecmof% and two antiestrogens, Naf and
Tam, in the formation of glycosylated lipid derivatives and glycoproteins.

Teble 1 shows a comparison amang the influence of E,, Naf and Tam in the above mentioned path-
way. There was no effect of E2 on the radicactivity present in the lower phase of the Folch's par-
tition but a significant decrease was found with Naf (45 %) and Tam (60 %). Regarding the Dol-PP-
oligosaccharides, the reduction in their rate of synthesis was estimated in 37 % and 70 % far Naf
and Tam respectively, while glycoprotein underwent similar’ decrease with both antagonist (70 %). It
should be noted that E, slightly reduces the oligosaccharide transfer reaction to protein,

Mcreover, the dependance for steroid hormones of T47D—cll cells was confirmed when these cells
were grown with serum stripped of endogenous steroids. Thus, the incorporation of radicactive Gle
and glucosamine to the 3 fractions was notoriocusly reduced as compared with cells cultured with
untreated FCS. On the other hand, similar assays using T47D—c8 cells showed no changes upon the in-
corporation of these precursors to lipid intermediates (See Table 2).

In agreement with this result, preliminary data from our laboratory using T4A7D~c8 cells cul-
tured with a chemically defined medium (RPMI 1640 supplemented with 1 mg/ml BSA, 50 ng/ml epidermal
growth factor, 10flg/ml transferrin, 2.5 UM SOaFe) showed that the incorporation of [3!-1]an to lip-
id-intermediates and glycoproteins was not affected by the addition of E,, Naf or Tam (not shown).

I.nordwtopo&iblyavoidﬁxeend)genws}?zﬁ'latoaﬂdstillrelainwithinﬁ'lecells, we de—
signed a protocol which included a short treatment of the cells with Naf or Tam and further exposi-
ﬁm‘t‘oEZd,lr'ingélhwrs. In these experiments, besides the standard control assay we also consid-
er‘edbanax.iditia)algromsofoonml cultures. Thus, cells in the presence of Naf must be the ref-
erence for cells previously treated with Naf followed by Ey. Concamitently, cells exposed to B, af-
ter Tam, should be compared with Tam-treated cultures. TableSsl’msagajnﬁlathalmedidmt
change the synthesis of Dol-P-sugars and Dol-PP-oligosaccharides and decreases endogenous glycopro-
tein formation. Naf inhibited the incorporation of [Y4C]Gle to both lower phase and glycoproteins
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Table 2, Effect of steroid serum deprivation on polypretiyl-sugar derivatives and glycoproteins in
T47D cll and o8 cells

RADICACTIVITY (cpm)®

LOWER PHASE C/MAW 10:10:3 HOT TCA RESISTANT
FCS—ch FCS—ch FCS—ch
SUGAR FCS FCS FCS
treated treated treated

CLON 11

[14c]cle 24,171 £ 287 36,118 £ 3,217 70195 1,175 i85 11,112 £ 1,335 14,37 * 1,491
By 2,98t 62 17,8t 3P 53t 16 30t 1°  2,90% 3| 19,671

CLON 8
[Mclaic 4,99 4,005 £ 685 149 % 13 179 8 21t 229 £13
o o9 2 1,145 @8 10 3 20t20 176 * 40 %t

Cells were plated as indicated in Table 1. Sixty hours before the start of an experiment

the medium was changed for the same one supplemented with FCS or FCS—charcoal treatment

(FCS—ch treatment). Labeled experiment was carried out with [14C]Glc (4pCi/well) or [3H]glucosamine
([3H]Gld\l)(12[bCi/well) in 25041 of incubation medium during 5 hours. The reaction products were
analyzed as described. #: Mean * S.E., n=2; D: p < 0.01.

to an extent of 35 % and 42 % respectively, while Tam only decreased glycoprotein formation. The
addition of E, to cells pretreated with Naf induced a slight increase in the radicactivity incorpo-
rated to the 3 fractions studied. On the other hand, E, after Tanpretreatment, produced an evident

decrease in the material extractable in the lower phase (36 %) and in glycoproteins (54 %).

Table 3. Influence of E; after Naf' and Tam treatment an T47D—ll cells
lipid linked sugar derivatives

RADTOACTIVITY (cpm/100fAg protein)®

Conditions Lower phase C/MAW 10:10:3 Hot TCA resistant
Cantrol 6,259 £ 474 186 % 16 6t 31
Estradiol 5,654 £ 559 160 t 0 a9 97
Nefoxidine 4,129 * 1920 173t 29 34 = opd
Nafoxidine + E, 4,667 £ 135 228t 30 a2t 13
Temoxifen 5,569 * 137 154 £ 17 30t pd
Tamoxifen + Ey 3,467 * 242¢ 115 17 169 ¥ 24¢

Experimental details as given in Table 1. Assays cordition were: Control: cells were exposed

to the deprived medium (250f41) 3 hours befare of [Y4C]Glc (4M4Ci/well) labeling period (3 hs).
Estradiol: cells in the same condition as control were supplemented with Ep (1 nM) ane hour before
[*4c]Glc addition. Nafoxidine or Tamoxifen: cells as described were supplemented with Naf (1JAM) or
Tam (0.44M) one hour after being exposed to the deprived medium. Incubations were continved for 1
hour, then medium was replaced. After 1 hour in fresh deprived medium the cells were labeled as a-
bove described. Nafoxidine or Tamoxifen plus Estradiol. conditions were similar to these described
for Naf or Tam alone except that E5 (1 nM) wes added simulteneously with the fresh modium replace-
ment. The reaction products were analyzed as described. & Mean # S.E., n=3; P: p < 0.05 compared

to cantrol; €: p < 0.02 compared to Tam; 9 p < 0.01 compared to control; ©: p <0.01 compared to Tam.
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DISCUSSION

Our results indicate that T47D cells possess an enzymatic mechanism which is able to synthe-
tize dolichol-sugar derivatives that lead to the formation of glycoproteins (Figures 1 and 2). In
addition we have proof that E, does not change the rate of synthesis of these lipid intermediates.
However, two antiestrogens -Naf or Tam~ reduce the synthesis of polyprenyl-sugar derivatives and
the assembly of the oligosaccharide to proteins to & remarkeble extent (See Table 1).

The importance of including antiestrogens is given by their usefulness in the treatment of
breast cancer, although the mechanism by which they decrease tumor cell growth is not well known.
A possible explanation for their antiestrogenic effect could be their competing property with es—
trogens for the ER. It has also been proposed that antiestrogens could be acting via a receptor
specific for antiestrogens independently from ER (17).

The lack of respanse to 52 in the lipid-sugar formation in this cell line was unexpected since
hormonal induction of specific proteins or glycoproteins has already been reparted (18,19,20). How-
ever, others have failed to demonstrate estrogen effects on cell growth in vitro in cell lines
which nonetheless showed a striking estrogen requirement for tumor growth in vive (7,21),

On the other hand, some steps in the dolichol-pathway have been well documented to be affected
by E2 and other steroidal hormones using different biological systems and experimental outlines
(22,23).

Since we were interested in studying primery changes in dolichol pathway under E, influerce,
we designed a protocol which included a short pretreatment of the cells with Naf or Tam. This idea
is based in several evidences demonstrating that cellular E2 elimination is a slow process (24).
Therefore, it is conceivable that the necessary serum-free period may be often underestimated. As a
consequerice, intracellular hormone levels ard trophic indicators remain elevated, and no increase

can be observed upon further addition of the hormone.

The smaller inhibitory effects of the antiestrogens observed in Table 3 might be explained be-
cause in this experiment Naf and Tam were withdrawn from the medium after 1 hour, while in the as—
say described in Table 1 the drugs remained all alang the radiclabeled period. Analysis of results
obtained with the addition of E, after Naf indicated a possible stimlatory effect of estrogen,
suggesting that both agents campete for the ER. Regarding Tam pretreatment, it seems quite diffi-
cult at present to construe the increase of the inhibitory effect in lipid-sugar derivatives syn~
thesis pramoted by E,.

A recent report should also be considered about the presence of estrogennon competible but
antiestrogen campetible binding sites (25), which appear to be associated with microsomal membranes
in humen breast cancer cell lines. This is specially remarkable taking into account this similar

subcellular locus for enzymes related to Dol-P pathway (1). Therefore, besides the classical mecha-
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nismof action for antiestrogen, the effects of Tam described in this paper might be related to
antiestrogen receptor.

Surmarizing, the results presented in this report indicate that antiestrogens affect several
steps in glycoprotein synthesis through lipid-linked sugar derivatives in T4A7D cells. The question
is open to whether these effects are linked to ER, to antiestrogen receptor ar both.

ACKNOWLEDGMENT

This work was sponsored by grents from CONICET N2100010200-063 and from Bunge & Barn Fourda-
tion. We are kindly grateful to E. Cafferata for his technical assistance in cell culture.

REFERENCES

1. Staneloni, R. J., and Leloir, L. F. (1982) CRC Critical Reviews in Biochemistry 12, 289-396.

2. Hubbard, S. C., and Ivatt, R. I. (1981) Am. Rev. Biochem. 50, 555-583.

3. Quesada Allue, L. A., and Baldi, A. (1981) IRCS Medical Science 9, 974-975.

4. Santa Cruz, A. R., Quesads Allue, L. A., and Baldi, A. (1983) Mol. Cell. Biochem. 56, 55-66.

5. Keyder, I., Chen, L., Karby, S., Weiss, F. R., Delarea, J., Radu, M., Chaitcik, S., and
Brermer, H. J. (1979) Bur. J. Cancer 15, 653-670.

6. Keydar, I. Persanal comnication.

7. Shafie, S. M. (1980) Proc. Am. Assoc. Cancer Res. 21, 261.

8. Ng, W. XK., Livesey, S. A., larkins, R. G., and Martin, J, T. (1983) Cancer Res. 43, 794-800,

9. Folch, J., Less, M., and Sloane Stanley, G. H. (1957) J. Biol. Chem. 226, 497-509.

10. Quesada Allue, L. A., and Belocopitow, E. (1978) Eur. J. Biochem. 88, 529-541.

11. Behrens, N. H., Parodi, A. J., and Leloir, L. F. (1971) Proc. Natl.Acad. Sci.USA 63, 2857-2860.

12, Behrens, N. H., Camminatti, H., Staneloni, R. J., Leloir, L. F., and Cantarella, A. J. (1973)
Proc. Natl. Acad. Sci. USA 70, 3390-3334.

13. Brett, C. T. (1981) Techniques in Carbohydrate Metsbolism B 305, pp. 1-14, Elsevier/North-
Holland Scientific Publishers Ltd.

14, Quesada Allue, L. A. (1980) Mol. Cell. Biochem, 33, 149-155.

15, Lederkremer, G. Z., and Parodi, A, J. (1983) J. Chromatogrephy 262, 299-304.

16. Peterson, G. L. (1977) Anal. Biochem. 83, 346-3%6.

17. Shuterlend, R. L., Murphy, L. C., Foo, S. M., Green, M. D., Whybourme, A. M., and Krozowski,
Z. 8. (1980) Nature (Lond) 288, 273-275.

18, Westley, B., and Rochefort, H. (1980) Cell 20, 353-362.

19, Edwards, D. P., Adams, D. J., Savage, N., and McGuire, W. L. (1980) Biochem, Biophys. Res.
Cam. 93, 804-812.

20, Ciocca, D. R., Adams, D. J., Edwards, D. P., Bjercke, R. J., and McGuire, W. L. (1983) Cancer
Res, 43, 1204-1210.

21. Sirbasku, D. A. (1978) Cancer Res, 43, 1204~1210.

22, Iluces, J. J., and Levin, E. (1977) J. Biol. Chem. 252, 43304336,

23, Ramachendren, C. K., Gray, S. L., and Melnykovych, G. (1982) Biochem. J. 208, 47-52.

24. Strobl, J. S., and Lippmen, M. E, (1978) Hormones, Receptors, and Breast Cancer, pp. 85-106,
New York, Raven Press.

25, Miller, M. A., and Katzenellenbogen, B, S. (1983) Cancer Res. 43, 3094-3100.

388



