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ABSTRACT

Retinole acid was found to increase the activity of cytidine monophos-
phosialic acid:lactosylceramide sialyltransferase activity in a nontrans-
formed clonal hamster cell line, NIL 8, and a virally transformed clone,
NIL 8-HSV. The potent tumor promoter phorbol-12-myristate-13-ace-
tate (I'M A) had no significant effect on sialyltransferase activity in NIL
8 cells but stimulated this activity almost 6-fold when added to NIL 8-
HSV cells. There was a synergistically additive effect on sialyltransferase
activity when I'M A was added to NIL 8 cells in concert with retinole
acid. On the other hand neither I'M A nor retinole acid had an appreciable
effect on two other glycosyltransferases measured, uridine diphospho-
A/-acetylgalactosamine:globotriaosylceramide /V-acetylgalactosaminyl-
transferase and uridine diphosphogalactose:asialoagalactofetuin galacto-
syltransferase. Examination of sialyltransferase activity in a human
epidermoid carcinoma cell line showed a large increase in enzyme activity
in response to retinole acid administration. Two nontransformed hamster
cell lines had less basal sialyltransferase activity but also showed marked
elevations after retinole acid treatment. It is proposed that one of the
molecular mechanisms underlying the biological effects of retinole acid
and I'M A may be an increase in sialyltransferase activity. Possible

regulatory mechanisms are discussed.

INTRODUCTION

Retinole acid has been shown to block phorbol ester-induced
tumor formation /'// vivu (1); induce differentiation in teratocar-

cinoma, (2), epithelial (3), and myeloid leukemia cell lines (4);
and mimic endogenous morphogens involved in pattern for
mation in the developing limb bud (5). Retinole acid has also
been shown to increase the incorporation of monosaccharides
into specific glycoproteins of cultured mouse melanoma (S91-
C2) cells (6). Phosphorylated metabolites of retinol have been
reported to act as intracellular glycose carriers and participate
directly in glycosylation reactions (7). When retinol was added
to cultured hamster cells, increases in ( ÃŒMt' ganglioside levels

were observed (8). However, the enzymes responsible for the
increased ganglioside levels have not been examined.

Although PMA is usually associated with tumor promotion,
it has also been shown that in some human and murine leukemia
and lymphoma cells, this drug can induce terminal differentia
tion (9). A correlation between phorbol ester tumor-promoting
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activity in vivo and phorbol ester-induced changes in ganglioside
metabolism (reflected as an increase in plasma membrane GM3
ganglioside levels) has been observed as well as PMA-stimulated
sialyltransferase activity in several mammalian cell lines (10-
12). Also, PMA has been shown to decrease trisialoganglioside
levels in JB6 mouse epidermal cells (13).

In this report we have examined the effects of retinoic acid
and PMA on three specific glycosyltransferases in a variety of
cell lines. One of these enzymes, the sialyltransferase that
catalyzes the biosynthesis of ( â€¢\i <ganglioside from lactosylcer-
amide and CMP-sialic acid, has been shown to be induced by
the antitumor compound butyric acid (14, IS) and a correlation
has been demonstrated between reductions in membrane-asso
ciated (Â¡MIlevels and increases in tumorigenicity (16). Another
enzyme, GalNAc transferase, which catalyzes the biosynthesis
of globoside was also examined because it has been reported
that when this glycosphingoiipid was added to polyoma-trans-
formed hamster cells, enhanced cell adhesiveness, a prolonged
GÃ¬phase of the cell cycle, and a more nontransformed mor
phology were observed ( 17). A glycoprotein galactosyltransfer-
ase, using asialogalactofetuin as acceptor, was also studied
because the only tumor-associated glycosyltransferase, defined
in a tissue culture system, has been a glycoprotein galactosyl-
transferase ( 18).

MATERIALS AND METHODS

NIL 8 and hamster sarcoma virus-transformed NIL 8 (NIL 8-HSV)
cells were gifts of Dr. Phillips Robbins (MIT). KB, V-79, and CHO
cells were obtained from American Type Culture Collection, Rockville,
MD. NIL 8, NIL 8-HSV, CHO, and V-79 cells were grown in Dul-
becco's modified Eagle's medium (Gibco) containing 110 ng/ml of

sodium pyruvate and SO Mg/ml of gentamicin supplemented with 5%
fetal bovine serum; KB cells were grown in modified Eagle's medium

containing 100 Mg/ml of penicillin, 100 units/ml of streptomycin, and
10% calf serum. All cultures were maintained in log phase prior to
harvesting. All drugs were administered in fresh, complete medium.
Drug treatments were for 24 h.

Retinoic acid (all /raw Sigma) and PMA were dissolved in acetone
and kept at -20"C in light-tight containers. Per 10 ml of culture

medium 100 u\ of either solution were used to give final concentrations
of 1.6 MM.Control cultures contained equivalent amounts of acetone.
Cells were harvested for enzyme assays with phosphate-buffered saline
containing 0.05% EDTA and frozen in 0.32 M sucrose. Lactosylcer-
amide was purified from bovine liver as described by Ueno et al. (19).
r nlabe led A'-acetylgalactosamine-1 -phosphate was prepared by the

method of Carlson et al. (20) and was converted to UDP-W-acetylga-
lactosamine by the method of Mollati (21).

The optimal conditions for each enzyme were determined and are
described below. It was also determined that one freeze-thaw had no
appreciable effect on any of the enzymes assayed. Thus all enzymes
were assayed after tissues had been subjected to only one freezing and
thawing. The assay conditions for each enzyme were as follows.

CMP-Sialic Acid:Lactosylceramide Sialyltransferase Assay. Incuba
tion mixtures contained the following components, in a final volume
of 0.05 ml: lactosylceramide, 0.05 //mol; Triton CF-54:Tween 80 (2:1,
w/w), 200 Mg; cacodylate-HCl buffer, pH 6.5, 10 /*mol; magnesium
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chloride, 0.1 itmo\; CMP-[4-14C]sialic acid (specific activity, 1.5 x IO6

dpm/Mmol; New England Nuclear; Boston, MA), 0.05 /Â¿mol;and cell
homogenate, 0.2 to 0.6 mg of protein. Enzyme reactions were incubated
for 60 min at 37Â°C,terminated by the addition of 0.6 MHIO!of EDTA

(pH 7.0), and assayed by the double Chromatographie procedure of
Chien et al. (22). Briefly, reaction mixtures were spotted on Whatman
No. 3MM paper sheets and subjected to descending chromatography
in 1% sodium tetraborate for 8-12 h followed by ascending chromatog
raphy in propanol:water (7:3). The paper chromatograms were then cut
into 1-inch segments and counted by liquid scintillation sped romei ry.

UDP-GalNAc:Globotriaosylceramide Ar-Acetylgalactosaminyltrans-

ferase Assay. Incubation mixtures contained the following components
in a total volume of 0.05 ml: globotriaosylceramide, 0.05 Â¿/mol;sodium
taurocholate, 125 Mg;/V-morpholinoethanesulfonate buffer, pH 6.4, 10
Minol; manganous chloride, 0.5 /Â¿mol;\JDP-[galactosamine-l-'4C]
GalNAc (specific activity, 55 mCi/mmol, diluted with unlabeled UDP-
GalNAc to a final specific activity of 2 x IO6dpm/Mmol; New England

Nuclear) 0.02 /Â¿mol;and cell homogenate, 0.1 to 0.4 mg of protein.
Enzyme reactions were incubated for 60 min at 37Â°C,terminated by

the addition of 0.6 /imol of EDTA (pH 7.0), and assayed as above
except that chloroform:methanol:water (60:35:8) was used in the as
cending Chromatographie step.

UDP-Galactose:AsialogaIactofetuin Glycoprotein Galactosyltransfer-
ase Assay. Incubation mixtures contained the following components in
a final volume of 0.05 ml: ./V-morpholinoethanesulfonate buffer, pH
6.7, 12.5 M"iol; manganese chloride, 0.5 /imol; Triton X-100, 250 Mg;
desialylated (mild acid hydrolysis) and degalactosylated (23) fetuin, 125
Mg;UDP-[ga/acto.se-i/-14C]galactose (specific activity, 360 mCi/mmol;

New England Nuclear), 0.0025 ^mol; and cell homogenate, 1 to 50 Mg
of protein. Incubations were carried out for 60 min at 37Â°Cand were

terminated by the addition of 5 ml of ice-cold 5% phosphotungstic acid
in 0.5 M HC1. Precipitates were collected on Millipore filters (0.45-Mm
pore size), washed twice with the acid mixture, and dissolved in 1%
sodium dodecyl sulfate-0.1 N NaOH. After neutralization with l N HC1
the samples were counted by liquid scintillation spectrometry.

RESULTS

The nontransformed clonal hamster cell line, NIL 8, and its
virally transformed counterpart, NIL 8-HSV, were treated with
retinoic acid, PMA, or retinoic acid plus PMA as described in
"Materials and Methods." The results of these drug treatments

on sialyltransferase activity are shown in Fig 1. A marked
increase in sialyltransferase activity in both cell lines was ob
served after retinoic acid treatment. NIL 8 cell enzyme activity
was 3-fold higher than controls while NIL 8-HSV enzyme
activity was approximately 15-fold higher than control levels.
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Fig. 1. Effect of PMA, retinoic acid (RA), or retinole acid plus PMA on the
sialyltransferase (SAT-1) that catalyzes the biosynthesis of GMj ganglioside from
lactosylceramide. NIL 8 and NIL 8-HSV refer to a clone of hamster embryo cells
and a virally transformed clone derived from them, respectively. Each value
presented is the average of at least four experiments. All values obtained did not
differ by more than 10%. C, control.

The actual specific activities obtained for sialyltransferase ac
tivity were very similar; however, NIL 8 cells had approximately
3-fold more basal enzyme activity than the NIL 8-HSV cells.
PMA had essentially no effect on NIL 8 cells but was able to
stimulate sialyltransferase activity in NIL 8-HSV cells almost
6-fold, bringing this enzyme activity up to the level found in
control NIL 8 cells (Fig. 1). When retinoic acid and PMA were
added in concert to the two cell lines, sialyltransferase activity
was found to be higher in both NIL 8 and NIL 8-HSV cells
compared to cells treated with either PMA or retinoic acid
alone (Fig. 1). In fact there appeared to be a synergistic effect
of PMA and retinoic acid in the NIL 8 cells since the final
specific activity of the sialyltransferase in these cells markedly
exceeded the additive value of PMA plus retinoic acid. On the
other hand in NIL 8-HSV cells the effect of the two drugs
added together was approximately additive.

It can be seen in Fig. 2 that neither retinoic acid nor PMA
exerted a particularly striking effect on either the galactosyl-
transferase or the Ar-acetylgalactosaminyltransferase activities

measured in these experiments. However, as can be seen in Fig.
2C retinoic acid did reduce W-acetylgalactosaminyltransferase
activity by approximately 50%.

The stimulatory effect of retinoic acid on sialyltransferase
activity was also observed in a human epidermoid carcinoma
cell line (KB) as well as two other nontransformed hamster cell
lines (V79 and CHO). As shown in Fig. 3, sialyltransferase
activity in the epidermoid carcinoma cell line, KB, was elevated
almost 15-fold, similar to that in the NIL 8-HSV. In the
nontransformed hamster cell lines, CHO and V79, sialyltrans
ferase was elevated 3- to 8-fold, respectively.

DISCUSSION

These data suggest that activity of sialyltransferase, unlike
the other glycosyltransferases, is being stimulated by retinoic
acid. Both lactosylceramide and ( >\n are key intermediates in
that they may be substrates for a number of glycosyltransferases
that initiate separate glycosphingolipid-biosynthetic pathways.
Since the structures of glycosphingolipids are not encoded in
the DNA of a cell, their biosynthesis is completely controlled
by glycosyltransferases that confer their sugar sequences. Thus,
elevations in sialyltransferase activity could have an effect on

PMARA

Fig. 2. Effect of PMA or retinoic acid (RA) on UDP-galactose: asia-
loagalactofetuin galactosyltransferase (GAT) and UDP-yv-acetylgalactosa-
mine:globotriaosylceramide A'-acetylgalactosaminyltransferase (NAG). NIL 8 and
NIL 8-HSV refer to a clone of hamster embryo cells and a virally transformed
clone derived from them, respectively. Each value presented is the average of at
least four experiments. All values obtained did not differ by more than 10%. C,
control.
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Fig. 3. Effect of retinoic acid (RA) on the sialyltransferase (SAT-1) that

catalyzes the biosynthesis of GM3 ganglioside from lactosylceramide. CHO and
V79 are two nontransformed hamster embryo cell lines and KB are human
epidermoid carcinoma cells. Each value presented is the average of at least four
experiments. All values obtained did not differ by more than 10%.

the biosynthesis of a number of glycosphingolipids. An example
of why the regulation of ganglioside biosynthesis may need to
be carefully controlled has been reported recently by Bremer et
al. (24), who have shown that the level of GMi and GM3in Swiss
3T3 membranes may modulate platelet-derived growth factor
receptor function by affecting the degree of tyrosine phospho-
rylation and affinity of the receptor for platelet-derived growth
factor. It should be noted that recently a number of tumor-
associated glycosphingolipids have also been identified (25).
Hansson and Zopf (26) have shown that a specific sialyltrans
ferase and fucosyltransferase convert the core blood group Le"
glycolipid precursor into the cancer-associated sialyl-Le" anti

gen (27). Again this underscores the fact that changes in the
activity of specific glycosyltransferases can have marked effects
at the cellular level by regulating the type of glycosphingolipid
expressed at the cell surface.

That PMA plus retinoic acid had a synergistic or additive
effect on NIL 8 or NIL 8-HSV cells, respectively, suggests that
several mechanisms may be involved in the regulation of sialyl
transferase activity. Although the molecular mechanism of ac
tion of retinoic acid remains unclear, specific cellular binding
proteins and retinoic acid-binding protein complexes have been
identified (28, 29) suggesting that retinoic acid may exert its
effects at the nucleus after binding to its soluble receptor. In
further support for a genetic locus of action for retinoic acid
Razin et al. (30) have shown that retinoic acid treatment of the
teratocarcinoma cell line F9 led to significant demethylation of
DNA. The significance of this result is due to the idea that
DNA modification may play an important role in gene regula
tion during differentiation (31). Perhaps sialyltransferase- and/
or sialyltransferase-regulatory proteins (32) are induced by re
tinoic acid.

Another mechanism for the increase in sialyltransferase ac
tivity may involve phosphorylation-dephosphorylation (33)
since it is clear that PMA can stimulate protein kinase C activity
(34). Lending further support to this idea, Burczak et al. (35)
have found that solubili/ed sialyltransferase activity from pu
rified chicken liver golgi can be increased by cyclic AMP-
dependent, kinase-catalyzed phosphorylation or decreased by
alkaline phosphatase.

Cell surface glycoproteins and glycosphingolipids appear to
play an important role in many cellular functions including
regulation of cell growth, differentiation and intercellular com
munication (36). The demonstration that retinoic acid and
PMA can stimulate the sialyltransferase activity involved in the

biosynthesis of the ganglioside (Â¡\)t suggests that this and
perhaps other sialo-glycosphingolipids can be regulated by these
compounds. Moreover, increases in specific glycoprotein sia
lyltransferase activity and glycoprotein glycosylation have also
been reported to be induced by retinoic acid and PMA. Lotan
et al. (37) have studied the effects of retinoic acid on S91-C-2
cells and have also found that this compound stimulates a
sialyltransferase activity as well as glycosylation of a specific
cell surface glycoprotein. In this cell line retinoic acid stimulates
differentiation and inhibits in vivo tumor formation. Recent
experiments with retinoic acid-resistant clones of S91-C-2 cells
suggested a good correlation between the growth-inhibitory
properties of retinoic acid and sialyltransferase activity (38).
The effect of PMA on cells in culture is complex. This tumor
promoter has been found to both inhibit cell growth in some
cells and inhibit differentiation in others. Several groups have
also found that the responsivity of a cell to PMA can vary
depending upon its stage of maturation or differentiation (39,
40). Fukuda (41) has shown that a human leukemic cell line,
when treated with PMA, loses a glycoprotein from its cell
surface that is specific for a late stage of erythroid cell differ
entiation but continues to express a glycoprotein specific to
early stages of differentiation. Taken together, these results
further imply that the cellular effects caused by retinoic acid
and PMA may be mediated in part by modulation of specific
glycosyltransferases which in turn could control the biosyn
thesis of cell surface glycoconjugates that modulate growth and
differentiation.

Note Added in Proof

Recently Momoi et al. (J. Biol. Chem., 34:16270-16273, 1986) have reported
that an increase in CMP-N-acetylneuraminic acid:Iactosylceramide sialyltransfer
ase activity and an increase in GM3 ganglioside is induced by PMA in the
promyelocytic leukemia cell line HL-60. They also showed that these increases
were specifically due to the action of PMA, i.e., activation of protein kinase C,
and not related to the differentiation of the cells into the monocytic lineage.

REFERENCES

1. Verma, A. K., Shapas, B. G., Rice, H. M., and Boutwell, R. K. Correlation
of the inhibition by retinoids of tumor promoter-induced mouse epidermal
ornithine decarboxylase activity and of skin tumor promotion. Cancer Res.,
59:419-425, 1979.

2. Strickland, S.. and Mahdavi, V. The induction of differentiation in terato
carcinoma stem cells by retinoic acid. Cell, IS: 393-409, 1978.

3. Fuchs, E., and Green, H. Regulation of terminal differentiation of cultured
human keratinocytes by vitamin A. Cell, 25:616-625, 1981.

4. Breitman, T. K.. Selonick, S. E., and Collins, S. J. Induction of differentiation
of the human promyelocytic leukemia cell line (HL-60) by retinoic acid.
Proc. Nati. Acad. Sci. USA, 77: 2936-2940, 1980.

5. Maden, M. Vitamin A and pattern formation in the regenerating limb. Nature
(Lond.), 295: 672-675, 1982.

6. Lotan, R. Effects of vitamin A and its analogs (retinoids) on normal and
neoplastic cells. Biochim. Biophys. Acta, 605: 33-91, 1980.

7. DeLuca, L. M., Frot-Coutaz, J. P., Silverman-Jones, C. S., and Roller, P. R.
Chemical synthesis of phosphorylated retinoids. Their mannosyl acceptor
activity in rat liver membranes. J. Biol. Chem., 252: 2575-2579, 1977.

8. Patt, L., haya, K., and Hakomori, S-I. Retino! induces density-dependent
growth inhibition and changes in glycolipids and LETS. Nature (Lond.), 273:
379-381, 1978.

9. Rovera, G., O'Brien, T. G., and Diamond, L. Induction of differentiation in

human promyelocytic leukemia cells by tumor promoters. Science (Wash.
DC), 204: 868-870, 1979.

10. Huberman, E., Heckman, C., and Langenbach, R. Stimulation of differen
tiated functions in human melanoma cells by tumor-promoting agents and
dimethyl sulfoxide. Cancer Res., 39:2618-2624, 1979.

11. Moskal, J. R., Lockney, M. W., Marvel, C. C., Mason, P. A., Warren, S. T.,
Trosko, J. E., and Sweeley, C. C. Regulation of glycoconjugate metabolism
in normal and transformed cells. In: C. C. Sweeley (ed.), Cell Surface
Glycolipids., pp. 241-264. Washington, DC: American Chemical Society,
1980.

12. Burczak, J. D., Moskal, J. R., Trosko, J. E., and Sweeley, C. C. Phorbol
ester-associated changes in ganglioside metabolism. Exp. Cell Res., 141:
281-286, 1983.

789

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2429972/cr0470030787.pdf by guest on 19 M

ay 2023



SIALYLTRANSFERASE ELEVATION BY RETINOIC ACID AND PMA

13. Sri nivas. L., and Colburn, N. H. Ganglioside changes induced by tumor
promoters in promotable JB6 mouse epidermal cells: antagonism by an
ant Â¡promotor.J. Nati. Cancer Inst., 68:469-473, 1982.

14. Fishman, P. II.. Simmons, J. I... Brady, R. O., and Freese, E. Induction of
glycolipid biosynthesis by sodium butyrate in HeLa cells. Biochem. Biophys.
Res. Commun., 59: 292-299, 1974.

15. Macher, B. A., Lockney, M., Moskal, J. R., Fung, Y. K., and Sweeley, C. C.
Studies on the mechanism of butyrate induced morphological changes in KB
cells. Exp. Cell Res., 117:95-102, 1978.

16. Brady, R. O., and Fishman, P. H. Biosynthesis of glycolipids in virus-
transformed cells. Biochim. Biophys. Acta, 153:121-148, 1974.

17. Laine, R. A., and Hakomori, S. Incorporation of exogenous glycosphingo-
lipids in plasma membranes of cultured hamster cells and concurrent change
of growth behavior. Biochem. Biophys. Res. Commun., 54:1039-1045,1973.

18. Weiser, M. M., and Podolsky, D. K. Cell surface galactosyltransferase in
mitosis, differentiation, neoplastic transformation and mÃ©tastases.In: R. E.
Harmon (ed.). Cell Surface Carbohydrate Chemistry, pp. 67-82. New York:
Academic Press, 1978.

19. leÃ±o. K., Ando, S., and Yu, R. K. Gangliosides of human, cat, and rabbit
spinal cords and cord myelin. J. Lipid Res., 19: 863-871, 1978.

20. Carlson, D. M., Swanson, A. I... and Roseman, S. Preparation of crystalline
a-D-galactosamine-1-phosphoric acid and its conversion to UDP-JV-acetyl-
galactosamine. Biochemistry, 3:402-405, 1964.

21. Mot fait, J. G. Sugar nucleotide synthesis by the phosphoromorpholidate
procedure. Methods Enzymol., K: 136-142, 1966.

22. Chein, .11., Williams, T., and Basu, S. Biosynthesis of a globoside-type
glycosphingolipid by a ÃŸ-/V-acetylgalactosaminyltransferase in embryonic
chicken brain. J. Biol. Chem., 248: 1778-1785, 1973.

23. Kim, Y. S., Perdomo, J., and Nordberg. J. Glycoprotein biosynthesis in small
intestinal mucosa. J. Biol. Chem., 246: 5466-5476, 1971.

24. Bremer, E. G., Hakomori, S., Bowen-Pope, D. F., Raines, E., and Ross, R.
Ganglioside mediated modulation of cell growth factor binding and receptor
phosphorylation. J. Biol. Chem., 259:6818-6825, 1984.

25. Hakomori, S., Nudelman, E., Levery, S. B., and Kannagi, R. Novel fucolipids
accumulating in human adenocarcinoma. I. Glycolipids with di- or trifuco-
sylated type 2 chain. J. Biol. Chem., 259:4672-4680,1984.

26. Hansson, G. C., and Zopf, D. Biosynthesis of the cancer-associated sialyl-
Lea antigen. J. Biol. Chem., 260:9388-9392, 1985.

27. Olding, L. B., Thurin, J., Svalander, C., and Koprowski, H. Expression of
gastrointestinal carcinoma-associated antigen (GICA) detected in human

fetal tissues by monoclonal antibody (NS-19-9). Int. J. Cancer, 34:187-192,
1984.

28. Ong, D. E., and Chytil, F. Presence of cellular retino! and retinole acid
binding proteins in experimental tumors. Cancer Lett., 20:25-30, 1976.

29. Wiggert, B., Russell, P., Lewis, M., and Chader, G. Differential binding to
soluble nuclear receptor and effects on cell viability of retino] and retinoic
acid in cultured retinoblastoma cells. Biochem. Biophys. Res. Commun., 79:
218-225, 1977.

30. Razin, A., Webb, C., Szyf, M., Yisraeli, J., Rosenthal, A., Naveh-Many, T.,
and Sciaky-Gallili, N. Variations in DNA methylation during mouse cell
differentiation in vivo and in vitro. Proc. Nati. Acad. Sci. USA, 8J: 2275-
2279, 1984.

31. Riggs, A. D., and Jones, P. A. 5-Methylcytosine, gene regulation, and cancer.
Adv. Cancer Res., 40: 1-40, 1983.

32. Dufford, R. O., and Caputto, R. A natural inhibitor of sialyl transferase and
its possible influence on this enzyme activity during brain development.
Biochemistry,//: 1396-1400, 1972.

33. Dawson, G., McLawhon, R., and Miller, R. J. Inhibition of sialoglycosphin-
golipid (ganglioside) biosynthesis in mouse donai lines N4T61 and NO 108-
15 by |8-endorphin, enkephalins, and opiates. J. Biol. Chem., 255:129-137,
1980.

34. Nishizuka, Y. The role of protein kinase C in cell signal transduction and
tumor promotion. Nature (l .und.). 308: 693-698, 1984.

35. Burczak, J. D., Soltysiak, R. M., and Sweeley, C. C. Regulation of membrane-
bound enzymes of glycosphingolipid biosynthesis. J. Lipid Res., 25: 1541-
1547, 1984.

36. Hakomori, S-i. Glycosphingolipids in cellular interaction, differentiation,
and oncogenesis. Annu. Rev. Biochem., 50: 733-764, 1981.

37. Deutsch, V., and Lotan, R. Stimulation of sialyltransferase activity of mela
noma cells by retinoic acid. Exp. Cell Res., 149: 237-245, 1983.

38. Lotan, R., Lotan, D., and Meromsky, L. Correlation of retinoic acid-en
hanced sialyltransferase activity and glycosylation of spÃ©culecell surface
sialoglycoproteins with growth inhibition in a murine melanoma cell system.
Cancer Res., 44: 5805-5812, 1984.

39. Payatte, R., Biehl, J., Toyama, T., and Holtzer, H. Effects of 12-O-tetradec-
anoylphorbol-13-acetate on the differentiation of avian melanocytes. Cancer
Res., 40: 2465-2474, 1980.

40. Koeffler, H, P., Bar-Eli, M., and Territo, M. C. Phorbol ester effect on
differentiation of human myeloid leukemia cell lines blocked at different
stages of maturation. Cancer Res., 41:919-926, 1981.

41. Fukuda, M. Tumor-promoting phorbol dicstcr induced specific changes in
cell surface glycoprotein profile of K562 human ieukemic cells. Cancer Res.,
Â¥7:4621-4628, 1981.

790

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2429972/cr0470030787.pdf by guest on 19 M

ay 2023




