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Tumor-promoting Phorbol Ester Induces Alterations of Sialidase and

Sialyltransferase Activities of JB6 Cells

Taeko Miyagi,"* Junji Sagawa,’ Toshio Kuroki,” Yutaka Matsuya™® and Shigeru Tsuiki®®-

Laboratories of 'Biochemistry and *Cell Biology, Research Institute for Tuberculosis and Cancer,
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Sialidase and sialyltransferase activities were studied in JB6 mouse epidermal cells before and after
exposure to phorbol ester, 12-O-tetradecanoyl phorbol-13-acetate (TPA), which irreversibly induces
anchorage-independent growth and tumorigenicity. JB6 cells exhibited sialidase activities toward 4-
methylumbelliferyl-a-D-N-acetylnenraminic acid (4MU-NeuAc) and gangliosides at pH 4.5 in the
particulate fraction but apparently not in the cytosol at pH 4.5 or 6.0. In JB6 cells exposed to TPA
and in the anchorage-independent transformants, the sialidase activity toward 4MU-NeuAc was
decreased and the activity toward gangliosides was increased compared with those in untreated JB6
cells. Immunological analysis with antisera against membrane-associated sialidases I and II revealed
that plasma membrane-associated sialidase 1T was increased and lysosomal membrane-associated
sialidase II was decreased under these conditions. TPA treatment also affected the sialyltransferase
activities of JB6 cells: an elevation of the transfer activities toward asialo-orosomucoid and asialo-
porcine submaxillary mucin but a reduction of GM; and GD; synthase activities were observed on
exposure to TPA and in cells transformed by TPA to retain anchorage-independency. These results
suggest that an increase in sialic acid bound to glycoproteins and a decrease in that bound to
glycolipids may occur in JB6 cells exposed to TPA and in the anchorage-independent transformants.
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Alterations in cell surface carbohydrates are known to
be closely associated with malignant transformation.”?
In particular, alterations in terminal sugar units such as
sialic acid may play a role in the expression of decreased
adhesiveness® * and of metastatic potential.™™ To answer
the question of how the sialylation state of cell surface
glycoconjugates is involved in malignant transformation,
we have been studying neoplastic alterations of sialidase
and sialyltransferase.

We previously demonstrated that hepatocarcino-
genesis of rats was associated with changes in the ac-
tivities of four types"'? of sialidase differing in their
subcellular localization: hepatoma showed increased
activity of intralysosomal sialidase,'” and decreased
activities of cytosolic'® and membrane-associated'”
sialidases. Recent immunological studies on the mem-
brane-asociated sialidases revealed that lysosomal mem-
brane sialidase II was actually decreased but plasma
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membrane sialidase I remained unchanged in hepa-
toma.'”

We also found that hepatoma possesses only a
sialylated and activated form of Galg1—=4GlcNAca2—6
sialyltransferase, while a considerable portion of the liver
enzyme remained unsialylated and less active.'® The
finding fits well with the report that hepatoma was more
active in a2—6 sialyl transfer toward asialo-orosomucoid
than liver.'”

IB6 cells derived from epidermal cells of newborn
BALB/c mice were shown by Colburn and co-
workers'™ ™ to respond to TPA by irreversible induction
of anchorage-independent growth, and this was well cor-
related with tumorigenicity. Srinivas et al® reported
that TPA’ treatment reduces the synthesis of gan-
gliosides, in particular of trisialo-ganglioside, in JB6 cells.
In the present study, we examined the levels of sialidases
and sialyltransferases of JB6 cells before and after TPA
treatment.

MATERIALS AND METHODS

Materials TPA and phorbol were purchased from
Calbiochem (La Jolla, CA) and Funakoshi Pharm,
(Kyoto), respectively. CMP-[*C]NeuAc was obtained
from New England Nuclear {Boston, MA) and diluted
with cold CMP-NeuAc from Sigma (St. Louis, MQ)
to give a final specific radioactivity of 2.5 Ci/mol.



Orosomucoid and lactosylceramide were purchased from
Sigma. Bovine and porcine submaxillary mucin were
prepared by the methods of Tsuiki et aZ*" and de Solegui
and Plonska,™ respectively. Orosomucoid and bovine
submaxillary mucin were desialylated by mild acid hy-
drolysis (0.1 N H,SO,, 80°C, 1 h), and porcine submaxil-
lary mucin was treated with 1 N H,SO, at 70°C for 3 h
to remove sialic acid and fucose. GM; was isolated from
dog erythrocytes and GM, and GD,, were from bovine
brain. 4MU-NeuAc was purchased from Nakarai
{Kyoto). Antisera against membrane sialidases I (anti-I)
and II (anti-II} were prepared by immunizing rabbits
with rat brain enzymes as described previousiy.'”

Cells Parental JB6 cells were kindly supplied by Colburn
et al and grown in monolayer culture at 37°C under
a humidified atmosphere of 3% COQ, Eagle’s MEM
supplemented with 10% heat-inactivated fetal calf serum
was used. The cells were harvested prior to confluency.
To examine the effect of TPA, the cells were exposed to
10 ng/ml of TPA for 24 h then harvested. Anchorage-
independent clones were isolated by plating on the sur-
face of 0.5% agar plates containing 10 ng/ml of TPA by
the method described by Hosoi et al* Colonies were
removed and grown in monolayer culture for 10 days in
the absence of TPA. Clones that were found to retain
anchorage-independent growth by re-examining the col-
ony-forming capacity without TPA were used as clones
A-D (Table I).

Preparation of particulate fraction Cultures containing
approximately 5.0 10° cells were washed 3 times with
phosphate-buffered saline (PBS), then the cells were col-
lected using a rubber policernan and centrifuged at 600g
for 5 min. The packed cells were washed with PBS and
sonicated in 9 vol of 0.25 M sucrose/1 mM EDTA 3
times each for 20 min at maximum speed. The mixture
was then centrifuged at 600g for 10 min and the superna-
tant at 105,000¢ for 60 min. The resultant supernatant
was used as the cytosolic fraction, and the pellet
suspended in 9 vol of 0.25 M sucrose/1 mM EDTA was
used as the particulate fraction. Protein was determined
by using a phenol reagent.”

Sialidase assay 4MU-NeuAc and GM; were routinely
used as substrates, since based on the previous results®?
4MU-NeuAc is an appropriate substrate for intra-
lysosomal and cytosolic sialidases and GM; for mem-
brane-associated sialidases. When 4MU-NeuAc was the
substrate, the assay mixture contained 60 nmol of the
substrate, 5 ¢#mol of sodium acetate buffer (pH 4.5), 100
(g of bovine serum albumin and particulate fraction (40—
100 i g protein) in a final volume of 0.1 ml. For the assay
of cytosolic sialidase, sodium acetate buffer was replaced
by sodium cacodylate buffer (pH 6.0). The incubation
was conducted at 37°C for 1-2 h and terminated by
adding 2.5 ml of 0.25 M glycine-NaOH (pH 10.4). 4MU
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released was measured flucrometrically as described pre-
viously.” GM; *C-labeled in the sialic acid moiety (1000
cpm/nmol) was prepared as described previously.'
With this “C-labeled GM; as a substrate, the assay
mixture contained 5 nmol of *C-GM;, 5 zmol of sodium
acetate (pH 4.5), 50 1g of bovine serum albumin, 50 ug
of sodium deoxycholate and enzyme in 0.1 ml. After
incubation at 37°C for 1-2 h, 1 ml of 5% trichloroacetic
acid/19% phosphotungstic acid was added and the radio-
activity in the trichloroacetic acid-soluble fraction was
determined in an emulsion scintillator. When other sub-
strates were employed, sialic acid released was deter-
mined by the thiobarbituric acid method®” after AG1X-
2 column chromatography.' One unit of sialidase was
defined as the amount of enzyme which catalyzed the
release of 1 nmol of sialic acid/h.

Sialyltransferase assay With desialylated glycoprotein
acceptors, the assay mixture contained 0.04 pmol of
CMP-["C]NeuAc, 50-100 g#mol (expressed in terms of
acceptor site) of acceptor, 5 ymol of sodium cacodylate
(pH 6.3), 100 ug of Triton X-100 and enzyme (40-100
£g) in 0.1 ml. After incubation at 37°C for 30-60 min,
protein-bound radioactivity was determined as described
previously.'® When glycolipids were acceptors, the assay
mixture contained 0.02 gmol of CMP-["“C]NeuAe, 20-
50 nmol of acceptor, 2.5 ymol of sodium cacodylate (pH
6.3), 50 gg of Triton X-100 and enzyme in 0.05 ml. The
reaction mixture was incubated for 1--2 h at 37°C and the
radioactivity incorporated was determined by paper
chromatography with 1% sodium tetraborate followed
by development with chloroform/methanol/water (60:
30:6) as described by Chien et al.*® Gangliosides formed
were identified as described previously.'” One unit of
enzyme was defined as the amount which catalyzed the
transfer of 1 nmol of sialic acid/h.

Immunoprecipitation studies Decoxycholate was added
to the particulate fraction to give a final concentration
of 0.5% (w/v), and the mixture was homogenized in
a small glass/Teflon homogenizer and centrifuged at
105,000¢ for 1 h. The resultant supernatant contained
over 80% of the sialidase activity originally present in the
particulate fraction. The solubilized membrane sialidase
(2-0.3 units) was preincubated at 37°C for 30 min with
antiserum (10-50 #1) that had been bound to Protein A
bacterial adsorbent (100 1, Seikagaku Kogyo) by previ-
ous incubation at 37°C for 30 min. After centrifugation
at 10,000g for 10 min, sialidase remaining in the super-
natant was assayed with “C-GM; as the substrate. In a
certain case, "*C-GM, was replaced by 4MU-NeuAc.

RESULTS

Table I shows colony formation on the surface of 0.5%
agar plates of JB6 cells and the anchorage-independent
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transformants in the presence and absence of 10 ng/ml
TPA. When parental JB6 cells (10°) were plated on the
agar, about 4.6% of the cells formed colonies in the
presence of 10 ng/ml of TPA while in the absence of
TPA only a few (0.19%) colonies were observed.
Anchorage-independent transformants A, B, C and D
had acquired TPA-independency for colony formation
on the agar plate.

These JB6 cell lines, both parental and transformed,
exhibited sialidase activities toward both 4MU-NeuAc
and gangliosides in the particulate fraction at pH 4.5
(Table II), but the cytosolic fraction did not attack any
of these substrates at either pH 4.5 or 6.0.

The sialidase activities were slightly increased as the
cell population density was increased; the activities at

Table 1. Induction by TPA of Anchorage-independent
Growth in JB6 Cells
. TPA Colony-formin
Cell line in agar eﬁ‘icie):my (%)B
Parental JB6 - 0.1+:0.1
+ 46113
Anchorage-
independent
transformants
A - 53+0.3
+ 7.3£05
B - 1.7+0.4
+ 4,0X0.7
C - 4.110.6
+ 52+1.2
D — 3.3%0.5
A+ 8.7%25

JB6 cells were plated at 1,000 cells/dish on 0.5% agar with or
without TPA as described under “Materials and Methods.”

Table III.
Sialidases I and II

confluency were approximately 1.2 to 1.5 times those at
the exponential phase. The experiments described below
were conducted with cells just before confluency.

The effect of TPA treatment on the sialidase activities
of JB6 cells is shown in Table II. Exposure of parental
JB6 cells to TPA for 24 h brought about a substantial
decrease in 4MU-NeuAc sialidase activity and a slight
increase in GM; sialidase activity. Anchorage-indepen-
dent transformants A-D also exhibited changes similar to
those of IB6 cells exposed to TPA, as compared with
the untreated parental cells, although the deviations
occurred to a much greater extent than those following
TPA exposure of the parental cells: the 4AMU-NeuAc
sialidase activity was decreased by approximately 50—
80% and the ganglioside sialidase was increased by 30—
130%. When the transformants were exposed to TPA,
they tended to have somewhat lower and higher activities

Table II.  Sialidase Activities in the Particulate Fractions of
JB6 Cell Lines
Substrate
Cell line TPA®  4MU-NeuAc [MCIGM,
(units/mg protein)®
Parental JB6 - 26.7t4.4 3.1+0.5
+ 17.512.9 4.0+0.4
Anchorage-
independent
transformants
A —_ 6.410.4 6.8+1.3
B - 9.6119 4.9+0.5
C — 13.6x2.4 40102
D - 8.4+04 5.6+0.8
a) TPA exposure was carried out for 24 h at a concentration
of 10 ng/ml.

b) The values are means =SD of 3-6 experiments.

Immunoprecipitation of Ganglioside-sialidase Activity by Antisera against Membrane

Total activity

Activity® precipitated by

Cell line TPA Anti-1 Anti-1I
(units/mg protein) (units/mg protein)
Parental JB6 - 2.9 1.7 1.3
+ 3.6 2.2 1.0
Anchorage-independent
transformants
A — 6.3 49 0.3
B - 4.2 3.4 0.0
D — 5.5 4.9 0.7

a) The values are computed from total activity and % activity precipitated by anti-I or anti-II.
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of the former and the latter, respectively, than those of
the cells without TPA (data not shown).

To elucidate the nature of ganglioside sialidase, the
particulate fraction from these cells was treated with
sodium deoxycholate, and the solubilized enzyme was
examined for immunoprecipitation with antisera against
rat brain membrane sialidases I and II. The two anti-
bodies did not cross-react with each other.'” The results
obtained are shown in Table IIl. The data for parental
JB6 cells indicate that sialidases I and II are the major
ganglioside sialidases in these cells.

Table III also shows that plasma membrane-associated
sialidase I is increased after exposure of JB6 cells to TPA
whereas lysosomal membrane-associated sialidase II is
reduced. Alterations in the same direction have been
observed for ganglioside sialidases of anchorage-
independent transformants when compared with those of
parental JB6 cells: all of clones A-D possessed higher and
lower levels of membrane-sialidases I and 11, respectively,
than those in the parental cells (Table IIT).

Although membrane sialidase II hydrolyzes 4MU-
NeuAc in addition to gengliosides,'” the much higher
activity toward 4MU-NeuAc compared with that toward

Membrane-associated Sialidase of JB6 Cells

gangliosides (Table II) suggests that the majority of the
4MU-NeuAc sialidase activity of JB6 cells comes from a
third form of sialidase, most probably intralysosomal
sialidase. This is supported by the two observations that
(i) only a trace of 4MU-NeuAc sialidase activity of JTB6
cells was immunoprecipitated with anti-II (data not
shown) and (ii) the particulate fraction of JB6 cells
hydrolyzed fetuin glycopeptides as well as 4MU-NeuAc
but had little effect on native fetuin (data not shown).
The latter finding is in agreement with previous results”
on the substrate specificity of rat liver intralysosomal
sialidase, which was proved to hydrolyze only low-
molecular substrates such as 4MU-NeuAc and glycopep-
tides and is supposed to play a major role in glycoprotein
degradation by collaborating with lysosomal proteases.
TB6 cells thus were found to contain at least three types
of sialidase that are altered in different manners by TPA
treatment.

To clucidate further the significance of sialidase alter-
ations, the levels of sialyltransferases were determined.
Table IV shows that the activities toward asialo-
orosomucoid and asialo-porcine submaxillary mucins of
JB6 cells are increased by TPA treatment; the activity

Table IV. Glycoprotein-sialyltransferase Activities in JB6 Cell Lines

Acceptor

Cell line TPA

(units/mg protein)®

Asialo-orosomucoid

Asialo-bovine
submaxillary mucin
(units/mg protein)?

Asialo-porcine
submaxillary mucin
(units/mg protein)®

Parental JB6 - 0.24%0.05 0.86=0.23 0.79£0.23
+ 0.4210.10 1.3310.12 0.82£0.20
Anchorage-independent
transformants
A — 0.75+£0.15 1.91+0.48 1.21£0.17
D - 0.47£0.11 3.0910.69 1.19£0.10
a) The values are means £SD of 3 experiments.
Table V. Ganglioside-sialyliransferase Activities in JB6 Cell Lines
Acceptor
Cell line TPA Lac-cer GM; GM, GD,,
(units/mg protein)®
Parental JB6 - 0.31£0.05 0.091+£0.011 0.351£0.04 0.12X0.03
+ 0.10£0.01 1 0.0700.008 0.30+0.01 0.10+0.01
Anchorage-independent
transformants
A - 0.18£0.04 0.033=0.010 0.3210.01 0.091+0.02
D - 0.11x0.02 0.042 =0.007 0.30£0.05 0.14£0.03

a) The values are means 8D of 3 experiments.
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toward asialo-bovine submaxillary mucin, on the other
hand, was largely unaffected. When the transformants
were examined, all the transferase activities, including
the activity toward asialo-bovine submaxillary mucin,
were found to be much higher than those of the parental
JB6 cells (Table IV).

We have also examined sialyl transfer to glycolipids
using lactosylceramide, GM;, GM, and GD,, as ac-
ceptors. Table V shows that, in contrast to glycoprotein
sialylation, anchorage-independent transformants showed
substantial reduction of GM; and GD; formaticns or at
least little change in GD,, and GT formations. None of
the changes observed above were induced by a non-
promoter, phorbol (data not shown).

DISCUSSION

The present study demonstrated that JB6 cells possess
three different sialidases, i.e., intralysosomal, and
membrane-associated I and II, and sialyltransferases
capable of sialylating a variety of glycoproteins and
glycolipids. In response to TPA, the cells undergo char-
acteristic alterations in the levels of these sialidases and
sialyltransferases. The alterations observed upon TPA
exposure occur much more markedly in anchorage-
independent transformants, which were transformed to
retain anchorage-independent growth in the absence of
TPA, compared with the parental JB6 cells. This en-
hancement in the transformants suggests that the altera-
tions in these enzyme activities are due not only to the
direct effects of TPA but also to induction of anchorage-
independent growth.

Overall, the present results on sialidase and sialyl-
transferase favor the general view that sialic acid bound
to glycoproteins tends to be increased while that bound to
glycolipids is decreased in TPA-treated and TPA-trans-
formed JB6 cells: elevation in glycoprotein sialyltrans-
ferase and reduction in 4MU-NeuAc (glycoprotein)
sialidase may lead to the former, but elevation in total
ganglioside sialidase and reduction of ganglioside sialyl-
transferase may lead to the latter in association with
anchorage-independent growth.

Colburn and co-workers™ have reported that treat-
ment of JB6 with TPA reduces the synthesis of total
gangliosides, in particular of trisialogangliosides. Their
report is not contradictory to ours since we found that
exposure of JB6 cells to TPA elevates the ganglioside
sialidase activity, though only slightly, and reduces the
GM,; and GD, synthase activities. It remains, however,
unclear how a selective decrease in trisialoganglioside is
developed.
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Alterations in the level of ganglioside sialidase by
malignant transformation have also been described by
others using different systems: Yogeeswaran and
Hakomori*” reported the loss of density-dependent sup-
pression of ganglioside sialidase in 3T3 transformed cells.
In our systern, however, cell density-dependent changes
in sialidase activities were not affected by TPA exposure
or by anchorage-independency. The observation by
Schengrund er @l*® that the activity of ganglioside
sialidase appeared in BHK transformed cells is consistent
with the present study, although no information is pres-
ently available for identification of their sialidase as our
sialidase L.

We have reported elsewhere changes of the
sialidases"” ™ and sialyltransferases'®'” during hepato-
carcinogenesis of the rat. In hepatoma, membrane
sialidase II but not membrane sialidase I was strongly
reduced as compared with normal liver.'” Thus a de-
crease in the ratio of membrane sialidase II to I may be
an alteration occurring independently of cell origin and
in the pathway of tumor induction. We also found that
the activation of Gal81—4GlcNAca2—6 sialyltrans-
ferase is accelerated in hepatoma.'® Since TPA also
elevates the level of asialo-orosomucoid sialyltransferase
in JB6 cells, the acceleration of the sialylation of N-
glycosylated proteins may be considered as a common
alteration in many types of neoplastic transformation.
This conclusion is consistent with the reports made by
others"”7? that enrichment in sialic acid-containing,
highly branched N-glycan structure has been observed in
transformed cells: an increase of highly branching struc-
ture could be accompanied by the increased substitution
of sialic acid, due to the elevation of the siatyltransferase.

Compared to glycoprotein sialyltransferase, alterations
in ganglioside sialyltransferases appear to be more di-
verse among cell lines.” Although the reduction in GM,
and GD; formation in TPA-treated JB6 cells and the
transformants has also been seen in many types of trans-
formed cells,” hepatoma was found to exhibit a higher
level of GM; synthesis than liver.'"” Momoi et al.*® re-
ported that TPA activates GM, synthesis in HL-60 cells
in association with differentiation.

Extensive studies are required to clarify the mode of
TPA action on sialidases and sialyltransferases.
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