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Anti-GM3 antibodies activate calcium inflow and inhibit platelet-derived growth
factor beta receptors (PDGF[) in T51B rat liver epithelial cells

Andre Golard binding proteins can act synergistically (Ortaldo et al., 1996) or
Northwest Hospital, Molecular Medicine, 120 Northgate Plaza, Suite 230, have opposite effects (Fan et al., 1994.)‘ It is important to
Seattle, WA 8125, USA understand these processes because calcium fluxes control many
Received on April 6, 1998; revised on April 27, 1998; accepted on April 28, CCIUIar functions including muscle contraction, hormone release,
1098 learning and memory, and cell proliferation, to name a few.

Activation of calcium inflow by ganglioside-binding proteins is

G|yco||p|d5 expressed in the p|asma membrane regu|ate a best Charapterized i_n neurons,.where the cholera toxin B subunit
variety of cellular processes including intracellular calcium (CTB) activates dihydropyridine-sensitive channels through
dynamics. We used flow cytometry to characterize the glyco- interaction with GM1 (Dixoret al, 1987; Carlsoet al, 1994; ¢
conjugates on the plasma membrane of T51B liver epithelial Wu et al., 1996). CTB stimulates calcium inflow but does nog
cells. Antibodies against glycolipids found to be present were trigger release from internal stores (Carlebal, 1994). In other &
tested for their ability elevate intracellular calcium. An anti-  cases gangliosides stimulate production of inositol triphosphate
body against GM3 (DH2) nearly doubles intracellular cal- (IP3) that will result in both inflow and release_ of caI(;lum frong
cium while an antibody against type Il chains (1B2) increases internal stores (Ortaldet al., 1996). The existing literature =
calcium to nearly four times the baseline level, similar to le- demonstrates ganglioside-specific signaling in the immune afd
vels obtained with epidermal growth factor (EGF). The anti- nervous systems (Carlsehal, 1994; Wu and Ledeen, 1994;%
bodies stimulated calcium inflow but did not trigger calcium  Isasiet al., 1995; Ortaldet al., 1996). We need to understancg.
release from internal stores. In addition DH2 but not 1B2 in- how cell and tissue-specific the described signaling pathways age,
hibited platelet-derived growth factor beta receptor (PDGF- and define model systems to study these signaling pathways atg_he

Br) function. This is the first demonstration of activation of ~ molecular level. _ _ e
calcium inflow by agents that bind GM3 and type Il chains. The aim of the present study is to characterize the actionsf
The ganglioside-mediated calcium inflow is likely to stimulate ~ anti-glycolipid antibodies in T51B liver epithelial cells, with &
secretion by these liver cells. regard to calcium fluxes and growth factor receptor functiore.

Intracellular calcium increases trigger exocytosis in these cefls

Key words:gangliosides/GM3/signal transduction/liver/calcium (Dean and Boynton, 1995). Therefore, ganglioside-mediatg
calcium fluxes may modulate the secretory function of the livez

Introduction Results

Glycolipids, gangliosides in particular, modulate cellular funcCharacterization of cell surface glycoconjugates

tions including cell growth (Bremet al., 1986; Dohetal., 1988)  Cell surface glycoconjugates expressed in T51B cells w
(Bremeret al., 1986; Dohetal., 1988) (Bremest al., 1986; Dohi jgentified by flow cytometry as shown in Figute1B2 reacts <

et al, 1988) and differentiation (Nagai and Tsuji, 1994).ith type Il chains (Youngt al, 1981), TE13 with type | chains S

Anti-glycolipid antibodies are involved in autoimmune diseasege. H. Holmes, personal communication), DH2 with GM3 and

(Gleeson, 1994) as well as anti-tumor immunity (Dyatlovitskaygm3 lactone (Dohét al, 1988), Mab-126 with GD2 (Cheresh

and Bergelson, 1987) and have been suggested as vehiclesafori9g7), 3¢9 and IE3 with the T and Tn antigens, respectively
anti-tumor therapy (Reisfeld et a1994; Fish, 1996; Hakomori (4. Clausen, personal communication). Type II chains can be gn
and Zhang, 1997). We are only beginning to understand thgyth glycolipids (Youngt al., 1981) and glycoproteins (Kobata,

function of gangliosides at the cellular level. Exogenous gangliatgg2). Shifts indicative of specific binding were observed witts

sides (Bremeet al., 1986) and ganglioside-specific antibodies)g2 TE13, DH2, Mab126, and 3C9. No specific binding was
(Dohiet al., 1988) exert similar inhibitory actions on cell growth.qpserved with I1E3.

The mechanisms of ganglioside action in some cases involve
growth factor receptors, including EGF (Brereeal., 1986) and
PDGF (Saget al., 1995) receptors. Inhibition of growth factor
receptors by gangliosides results in an inhibition of downstrea®everal antibodies with different glycoconjugate specificity were
signaling cascades including growth factor—induced calciurtested (Figure2). The antibody-stimulated calcium increases
fluxes (Guanet al., 1992). Exogenous gangliosides raisevere compared to responses to epidermal growth factor (EGF),
intracellular calcium (Isaset al., 1995; Ortaldet al., 1996; a growth factor known to induce calcium inflow and cell
Yatomiet al., 1996) or increase stimulus-evoked calcium fluxeproliferation in these cells (Hiét al., 1988; Brabyn and Kleine,
(Hilbush and Levine, 1992; Tanadeal., 1997) in a variety of cell 1995). The 1B2 antibody elicits calcium increases comparable to
types. Ganglioside-binding proteins have similar effects (Dixothose evoked by EGF, while DH2 elicits smaller but significant
et al, 1987; Ortaldeet al., 1996). Gangliosides and ganglioside<(p = 0.025) increases.
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Anti-glycoconjugate antibodies raise intracellular calcium.
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Fig. 1. Estimation of antibody binding by flow cytometry. In all panels the left peak was obtained from cells treated with theysaiinaidy only. The peak S

to the right was obtained with primary plus secondary antibody. Shifts observed with 1B2, TE13, DH2, Mab 126, and 3C9 demonstrate the presence of tyg_e 2
type 1 chain lacto series, GM3, GD2, and T antigen, respectively. IE3 (anti-Tn) does not bind to T51B cells. Q
g
200 — pres 500 retrovirus carrying the PDG3F. These cells were chosen becausg
100 platelet-derived growth factor (PDGF) elicits large transierit

150 calcium increases due to release from internal stores. In additi§n,

300 GM3 is known to modulate PDGFr signaling (Hyetlal., 1995; &

nM

- 100

Sachinidiset al., 1996) and this gives us an opportunity to test tH
effect of an anti-GM3 antibody on PDGFr function. Applicatior§
100 L of 1B2 in the presence of low extracellular calcium does not lez@d
to an intracellular calcium increase. Subsequent application f
PDGF elicits a transient calcium increase consistent with reledse
from internal stores, indicating that the cells do contain functional
internal stores. Similarly, DH2 does not trigger calcium relea:
from internal stores. However, subsequent PDGF applicati
fails to elicit calcium release.
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Fig. 2. Anti-glycolipid antibodies increase intracellular calcium. Left, TE13
fails to elicit a calcium increase (dilution 1:20 in HEPES buffer containing 2 .
mM Ca, hatched bar). Subsequent application of 1B2 (dilution 1:20 in the ~ Discussion

. - . . ) . 9]
same buffer, solid bar) triggers an intracellular calcium increase. Data is the . . .. . . . .

average of 10 cells in one field. Right, Calcium level expressed as TWO, ant"glyCOSph'ngo,“p'd antibodies tested raise intracellulas
percentage of baseline, measured 2.5 min after the start of antibody calcium. The 1B2 antibody produces the larger Ca responsgs.
application. The 1B2 antibody rapidly increases calcium to nearly four imes However, its actions will require further characterization becauge
the baseline level, while DH2 nearly doubles this value. TE13, Mab 126, andhis antibody recognizes structures present on both glycolip'@s

3C9 have little effect. Epidermal growth factor (EGF, 25 ng/ml) elicits ; _hindi ; ;
calcium signals similar in magnitude to those of 1B2. Data is the average + and glycoproteins. Carbohydrate-binding proteins can activage

SEM of 37 independent experiments, with each experimental value the ~ '€Ceptor tyrosine kinases (Zer al., 1995) as well as
average of 10 cells. G-protein—coupled receptors (Golard, 1995; Matstical., g’

1996). 1B2 does not activate the EGF receptor (Fubeit may &
activate other receptor tyrosine kinases present in these cesfl;s.
Activation of G-protein—coupled receptors typically leads tq,
Stimulation of calcium inflow calcium channel inhibition rather than activation (Hille, 1994)§
The DH2 antibody recognizes GM3 and GM3 lactone. GM3
Application of 1B2 antibody to T51B cells results in a rapidinhibits EGFr signaling (Bremer et.all986; Slomianet al,
intracellular calcium increase. To determine if this increase is du®92). Thus, one way antibodies against GM3 may stimulate
to inflow or to release from internal stores, the extracellular buffegzalcium inflow is through modulation of EGF receptors. This
was replaced with a low calcium (23 buffer (Figure3).  does not appear to be the case here because DH2 does not induc
Under these conditions intracellular calcium returns to baselinEGFr phosphorylation (Figue®, and receptor phosphorylation
indicating that the antibody-induced rise is due to inflowis required for EGF stimulation of calcium inflow (Chenal.,
Furthermore, the rapid decrease in intracellular calcium indicatd987). Conversely, calcium inflow has also been reported to
that the calcium pumps are working normally. A transient calciuratimulate EGFr phosphorylation (Rosen and Greenberg, 1996).
release from internal stores can sometimes be masked by a largéis is not the case in our cells.
sustained inflow. To verify that 1B2 and DH2 do not trigger Application of exogenous GM3 raises intracellular calcium in
release from internal stores, a different protocol was used (Figyptatelets, mostly through calcium release from internal stores
3B,C). For this experiment we used T51B cells infected with §vatomi et al., 1996). The anti-GM3 antibody DH2 does not

e!ue/\p{st@cj.’r}e
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Anti-GM3 triggers Ca inflow and inhibits PDGFr
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100 - Fig. 4. None of the antibodies tested activate EGF receptors. Cells were
treated with antibodies (1:20) or EGF (25 ng/ml) for 10 min. Whole cell
lysates were obtained, separated by electrophoresis, transferred to PVDF
membranes and assayed with an anti-phosphotyrosine antibody as described

in Materials and method®ata is from two separate experiments. Error! No

0 T T T T T index entries found.
0 5 10 15 20 25 30
1000 trigger calcium release from internal stores. Rather, the DH2 and
B C 1B2 act in a manner similar to cholera B subunit binding to GML1,

' in that they trigger calcium inflow but not calcium release from
internal stores (Carlsoet al., 1994). Exogenous gangliosidesg
may act through interaction with endogenous glycolipidg
(Kojima and Hakomori, 1991) or gangliophilic proteins (Hattorg
et al, 1995). Exogenous ganglioside-binding proteins (ant
bodies, toxins, and lectins as well as myelin-associated glycopg-
tein (Yanget al., 1996)) will mimic the glycolipid—glycolipid g
interaction. The resulting reorganization of the membrar@
gangliosides may trigger signaling cascades in at least two ways.
First, reorganization of ganglioside microdomains may activate
membrane-associated enzymes such as phospholipase C E’Ya-
mamuraet al., 1997). Second, the interaction between endogg-

| I I [ | I nous gangliosides and extracellular factors may disrupt specific
0 2 4 6 8 10 12 14 existing ganglioside interaction with membrane proteins. Di%
rupting these interactions may interfere with the ability of thg
c 1000 proteins to form dimers and other complexes. Association g
PDGFr with a proteoglycan is required for optimal response
800 4 (L L L2 2 IORNAAAN PDGF (Nishiyamzt al., 1996). Gangliosides also specificallyg
associate with membrane proteins (Chereslal., 1987), so 3
disruption of these interactions may also affect the basal activﬁy
600 — of the proteins involved. The ganglioside specificity of theé.
signaling cascades may give cues to the mechanism. The abﬁty
400 of gangliosides to trigger calcium release from internal storesas
not limited to a particular species of ganglioside (GM1, GM2, arfd
GM3 all trigger calcium release in a single cell type; Ya®gtral.,, &
200 1996). These effects may be due to reorganization of glycolipfl
microdomains. On the other hand, more specific actions (Brenger
M/\/\’\/‘ et al, 1986; Carlson et al1994; ) may be due to ganglioside
0 T T T T I T association with the channel or growth factor receptor. 3
0 2 4 6 8 10 12 _ Wh_ile many gangliosides inte_rfere With_grQV\_/th factor reqept%
. . dimerization, exogenously applied GM3 inhibits PDGFr signals
time, minutes ing downstream of receptor dimerization and phosphorylatiqg
(Bremeret al., 1984; Yatest al., 1993; Saget al., 1995; g
Fig. 3. 1B2 stimulates calcium inflow and does not trigger release from SaChlnld!$t al., 1996)' Qur o_Iata shows that an.tl-GM3 antlqules
internal stores A) Intracellular calcium increases upon application of the also '_nh'b't _PDGFr S'Q”a_“”g- In the relatively ,Sh_ort t'me
1B2 antibody (1:20 in HEPES buffer containing 2 mM Ca, solid bar). After  following antibody application (2.5 min), the ganglioside—anti-
calcium reaches a peak the extracellular calcium is reduced.id 28pen body complex is likely to remain in the plasma membrane. This
application bar), and intracellular calcium returns to baseline. Intracellular suggests that GM3 inhibition of PDGFr signaling occurs at the

calcium increases again when the cells are returned to a buffer containing 2 b o
mM Ca. The calcium signal is the average of 10 cells in one fg)dn the level of the plasma membrane, or that antibody binding to GM3

presence of 2fiM Ca (open application bar) 1B2 (1:20, solid bar) fails to micrOdomains_ (ngamurat al., 1997) can rapid')’_ turn on
elevate intracellular calcium. Subsequent application of platelet-derived intracellular signaling cascades capable of blocking PDGFr
growth factor (PDGF, 10 ng/ml, cross hatch) induces a transient calcium  signaling.

800

s 600
c
S400 -

200

increase due to release from internal sto@slr{ the same conditions as e

(B), DH2 (1:20, rising hatch) also fails to elevate intracellular calcium. F_rom the pre_sent_ reSl.JItS’ Itis _apparent that .GM3 can regu_late
Subsequent PDGF application (20 ng/ml, cross hatch) fails to elevate calcium fluxes in epithelial cells in a manner similar to GM1 in
intracellular calcium. Each set of data is representative of 24 experiments, heurons (Dixoetal., 1987; Carlson et al., 1994; \&tal., 1996).

with each experiment shown the average of 10-25 cells. Calcium inflow leads to exocytosis in many cell types (Kirillova
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etal., 1993; Tset al., 1993; Lopeet al., 1994). It is required for phosphate-buffered saline (PBS) and aliquoted. The washed cells
exocytosis in T51B liver epithelial cells (Dean and Boyntonwere incubated with the antibodies for 45 min°4Z followed by
1995). Therefore, gangliosides may modulate the secretotigree additional PBS washes. The cells were then stained with a
function of the liver. Understanding these processes in epitheliaI TC-labeled goat anti-mouse antibody (BioSource) at 1:40
cells is especially important because these cells are exposed ilation for 1 h at 4C, followed by three PBS washes. The cells
range of stimuli through interaction with soluble factors as welvere fixed in PBS containing 1% paraformaldehyde for 30 min
as circulating cells. We are now in the process of directhat room temperature, rinsed, and analyzed on a FACScan flow
measuring exocytosis from these cells. cytometer (Becton & Dickinson).

In addition, we have established a system with which the
inhibition of PDGBr signaling by anti-GM3 antibodies can be Western blotting
studied with PDGBr clones. We have expressed several PDGF,

mutants in T51B cells and can now assay which PDGFT sign ell cultures were lysed for 30 min in cold buffer containing:

are modulated by GM3 HEPES buffered saline (HBS) containing 10% glycerol, 1%
Ganglioside g/ontrol .of calcium inflow and growth factorTriton X-100, 0.5% deoxycholate, 1 mM Na orthovanadate, 10
9 9 mm NaF, and 1 mM phenylmethylsulfonyl fluoride. The cells

receptor function appear to be general phenomena presenwgre centrifuged at 14,000g for 10 min and the pellets boiled

neuronal, immune and epithelial cells alike. Specific events will . N ; o i
depend on the proteins expressed in a given cell type. This n?)jélfth SDS-PAGE loading buffer containing Z4mercaptoetha
t

create a variety of tissue-specific actions from a limited se
gangliosides and binding partners.

I. Lysates were resolved on SDS—PAGE and transferred to
olyvinyl difluoride (PVDF) membranes. The membranes were
then incubated for 1 to 2 h at room temperature with a monoclomal
anti-phosphotyrosine antibody. This was followed by horsg
Materials and methods radish peroxidase—conjugated secondary antibodies, and pgo-

cessed with an enhanced chemiluminescence kit (Pierce).
Cell culture

T51B cells were cloned from T51 cells established in Dr. EAcknowledgments

Farber’s laboratory from an adult rat liver superfusion cultureT anks are due to Dr. Alton Boynton for continuous support; D&
They are non-neoplastic epithelial cells and contain EGFr but n n Messner for peri‘orming one of the Western blots: Dr. iEn§
PDGFa or B receptors. TS1B cells were grown on glasggmeg for helpful discussion and for providing the 1B2, DH2>

coverslips in Basal Medium Eagle (BME) supplemented Wmﬂ/lab-lZG and TE13 antibodies; Dr. Henrik Clausen for providing
10% fetal calf serum. The plating density was 7000 ceh@nd o509 and IE3 antibodies; Drs. Anne Sherwood gnd Ma
the cells were used 6—8 days after plating. Under these cond y i

dny wouy popsd

the cells are confluent and quiescent. One set of experiments W3, aq Greene, and Ajit Jagdale for technical assistance. 2
performed with T51B cells infected with a retrovirus carrying the o
PDGHBr. =
)
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