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ABSTRACT: Gangliosides are ubiquitous components of mammalian cells. Their expression is frequently
altered in many tumor types. We previously showed that alteration of the ganglioside composition often
resulted in changes in cellular morphology and differentiation of cultured cells. In this study, we targeted
sialyltransferase gene expression by the antisense knockdown experiment, and the results showed that
inhibition of the expression of gangliosides GD3 daxdcetylated GD3 (OAc-GD3) in the neuroblastoma

F-11 cells greatly reduced the tumor growth in nude mice. The sense and antisense vectors containing
either a 5end fragment or the entire sequence of the cDNA coding for GD3-synthase were prepared and
used in separate experiments to transfect the F-11 cells which express high levels of gangliosides GD3
and OAc-GDa3. Single clones were isolated and expanded. Both the activity of the GD3-synthase and the
concentrations of GD3 and OAc-GD3 in the antisense-transfected cells were dramatically decreased as a
result of transfection with the antisense expression vectors. Further characterization of the antisense-
transfected cells showed reduced rates of cell growth and neurite formation and changes in cellular
morphology. When the cells were inoculated in athymic nude mice, the tumor growth rate was remarkably
suppressed although the tumor incidence was not affected by the altered ganglioside composition. These
results indicate that the tumor-associated ganglioside(s) is(are) involved in regulation of tumor growth,
probably through the stimulation of angiogenesis of the tumor.

Gangliosides are sialic acid-containing glycosphingolipids the expression of gangliosides is associated with malignant
(GSLs) found primarily in the plasma membrane of virtually transformation 26), it is of clinical significance to study
all vertebrate tissues. They constitute part of the glycocalyx changes in ganglioside distribution during cellular transfor-
network surrounding the cell surface and are crucial in mation and to alter the expression of the tumor-associated
determining the properties and functions of cells. Specific gangliosides in cancer cells.
changes in the composition and metabolism of gangliosides The ganglioside composition can be altered by manipulat-
have been observed during cell proliferatidn?), cell cycle ing the activity of the sialyltransferases which, in turn, is
phase 8), brain development, differentiation 6—9), and controlled largely at the level of gene expressidt43).
neoplasms in various cell types(d—24). The significance Using synthetic antisense oligodeoxynucleotides to GM2-
of the transient appearance of cell surface glycolipids may synthase and GD3-synthae®NA sequences, we effectively
be related to factors governing cellular growth, migration, down-regulated the enzyme activities in HL-60 cells, result-
differentiation, and transformation. Many studies have ing in an accumulation of the precursor, GM3, in the cells
revealed tumor-specific expression of gangliosides in various which also underwent monocytic differentiatiod2f. We
cancers 10—24). Altered ganglioside expression in tumor have also applied the same strategy to primary cerebellar
cells is usually associated with invasive growth and meta- neurons and altered the ganglioside composition in the cells
static potential of the tumor2%—28). Disialoganglioside  (44). In addition, we introduced the influenza virus C hemag-
GD3 is overexpressed in many types of tumdrg (L3, 29— glutinin-esterase gene, which specifically hydrolyzes the
37), whereas the expression©facetylated GD3 (OAc-GD3)  O-acetyl esters from the sialic acid moiety of gangliosides,
is restricted in particular cancers such as melanoma, pheodinto F-11 neuroblastoma celld3) and hamster melanoma
chromocytoma, and breast canc2®,(36—39). Furthermore, cells 28), resulting in a decreased OAc-GD3 expression and
gangliosides are shed from these cancer cells into the localan altered cellular morphology. Therefore, the antisense
environment and eventually into the blood stred®) (Since knockout technique promises to be a powerful tool to
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investigate the roles of individual gangliosides in various MD) to the culture medium at 50@g/mL. G418-resistant
cellular events and to provide a potential therapeutic approachtransfected clones appeared in about 2 weeks, and more than
for cancer treatment. a dozen of single clones were pooled later on and expanded.

Our goal of the present experiments was to investigate [N addition, we have previously obtained a 530-bp fragment
further the role of ganglioside GD3 in tumorigenesis by the Of the 5 end of the GD3-synthase cDNA which was inserted
antisense knockdown procedure to suppress the expressiof! PCRII vector (containing no neomycin resistance gene;
of GD3 in the neuroblastoma F-11 cells. F-11 cells are hybrid Invitrogen, San Diego, CA) in either forward (sense) or
cells derived from mouse neuroblastoma N18TG-2 cells and 'everse (antisense) orientatiodd)( In a separate experiment,
rat dorsal root ganglion cell#§). These cells show many the antisense construct of the 530-bp fragment was cotrans-
properties characteristic of dorsal root ganglion neurdgy ( fected with pRSV-Neo plasmid into F-11 cells, and over 10
and express h|gh levels of gang”osides GD3 and OAc-GD3 Single clones of the stable transfectants resistant to G418
(43). They also exhibit strong tumorigenicity in nude mice. Were isolated and propagated.

In this study we established single clones of the neuroblas- Analysis of Gangliosides'he ganglioside isolation pro-
toma F-11 cells by stable transfection of antisense expressiorfedures were described previous#g) Briefly, the total
vectors in the cells, which resulted in a knockdown of lipids were extracted from the cells with chloroform:methanol
expression of the GD3-synthase gene. We further showed(1:1, v/v) and chloroform:methanol:water (30:60:8, v/v/v)
that the concentrations of ganglioside GD3 as well as OAc- (solvent A), successively. The combined extracts were
GD3 in the antisense-transfected cells decreased specificallyadjusted into the ratio of solvent A and applied to a DEAE-
Morphologically, the antisense-transfected cells had smaller Sephadex A-25 column (acetate form, bed volume, 2 mL).
soma and retracted dendritic processes than the control cellsThe column was eluted with 15 mL of solvent A to remove

In addition, the tumor growth rate of the antisense-transfectedneutral lipids. The ganglioside fraction was then eluted with
neuroblastoma F-11 cells in nude mice was drastica”y 15 mL of chloroform:methanol:0.8 M sodium acetate (30

decreased. 60:8, v/viv) (solvent B). After drying, the sample was
redissolved in 0.5 mL of solvent A and desalted. The
EXPERIMENTAL PROCEDURES ganglioside fractions were analyzed by high-performance

thin-layer chromatography (HPTLC) using plates of silica

Cell Culture.The F-11 neuroblastoma cells were cultured gel 60. The plates were developed with chloroform:methanol:
in Dulbecco’s modified Eagle’s medium (DMEM) supple-  0.29% aqueous CagPH,O (50:45:10, v/v/v) (solvent C).
mented with 10% fetal bovine serum, 100 units/mL penicil- Gangliosides were visualized by spraying the plate with the
lin, 100 ug/mL streptomycin, and 2 mM glutamine in @  resorcinol-HCI reagent followed by heating the covered plate
humidified atmosphere of 95% air and 5% €&t 37 °C. at 100 °C for 30 min. For autoradiography, cells were
Stock cultures were passaged weekly and supplied with freshcultured in 35-mm dishes and labeled with @Gi of [14C]-
medium every 3 days. Single clones of the stably transfectedgalactose (New England Nuclear, 5.75 mCi/mmol) in 1 mL
cells were isolated and maintained in the media describedof medium for 24 h before harvest as described previously
above supplemented with 5¢@/mL Geneticin. For neurite  (42). For TLC plate immunostaining, the plates were fixed
measurement, a photograph was randomly taken after cellspy 0.1% poly(isobutyl methacrylate) irhexane and treated
had been passaged for 3 days. The summation of the lengthwith PBS/1% BSA at room temperature for 1 h. They were
of all the neurite from 200 cells was obtained from the then overlaid with an antibody-containing supernatant (1:50
photograph, and data were presentegagcell. diluted in PBS/0.1% BSA) overnight at %4C. After three

Construction of Antisense Expression Vector and Trans- washes with PBS, monoclonal antibody binding was detected
fection.The rat GD3-synthase cDNA was generated by PCR by stepwise incubation with biotinylated goat anti-mouse
amplification. The template was the total RNA from F-11 antibodies (1:2000 dilution) fol h atroom temperature,
cells, and the two primers weré GAGGCTGCCACCACT- followed by streptavidin-horseradish peroxidase complex
GACCCTGGGAC (sense) and SCTTCTGCAGTCCC diluted at 1:2000 for 45 min at room temperature. After
TAGGAAGTGGGC (antisense), derived from38 to —13 extensive washing with PBS, the bound peroxidase was
(47) and from 1080 to 111544), respectively. To construct  visualized by addition of a chloro-4-naphthol solution.
the sense and antisense vectors, the PCR product was ligated Immunocytochemistry of GD3 in Transfected Cellsl-
into a mammalian expression vector pCR3.1 (Invitrogen, Santured F-11 cells in 35-mm dishes were fixed with 4%
Diego, CA) which contained cytomegalovirus (CMV) pro- paraformaldehyde in PBS for 15 min and washed with PBS
moter and neomycin resistance geBscherichia coliwas three times. After incubation in PBS with 3% nonimmunized
transformed by the plasmids, selected clones were harvestednouse serum, a mouse monoclonal antibody R24 diluted
the bacteria were lysed by alkali treatment, and the plasmids1:100 in PBS was applied at°€ for 12—36 h. The dishes
were purified. The plasmids containing the cDNA in the were washed three times with PBS, and FITC-conjugated
forward (5 to 3) and the reverse (30 5) orientations were  anti-mouse immunoglobulin (Cappel, West Chester, PA) at
confirmed by DNA sequencing and referred to as the sensea dilution of 1:200 was applied f® h atroom temperature
and the antisense GD3-synthase plasmids, respectively. Thesto visualize the labeled sites. The fluorescence was deter-
plasmids were then transfected into F-11 cells using Lipo- mined by a Nikon microscope, model UFX-IIA. The mono-
Fectin (Gibco BRL, Gaithersburg, MD) as described by the clonal antibody R-24 (recognizing GD3) was a generous gift
manufacturer. The transfected cells were plated in 10-cm from Dr. Kenneth Lloyd, Memorial Sloan-Kettering Cancer
culture dishes 48 h after transfection. Isolation of single Center, New York, NY.
clones of the stable transfectants were accomplished by Assay of Sialyltransferase Adties. F-11 cells were
adding Geneticin (G418 sulfate; Gibco BRL, Gaithersburg, cultured to 80% confluence. Cells were then washed with
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PB_S?nd harvested by scraping from the plastic surface. TheTabIe 1: Ganglioside Composition of F-11 Cells Transfected with
activities of GM3-synthase and GD3-synthase were deter- Sense or Antisense Expression Vectors

mined according to the procedures described previod8ly ("o iioside  F-11cells F-11-1cells F-11-ll cells F-11-11l cells
50). The radioactive substrates used in the enzyme assay were - 2 071 15 237522 336100 547%24
CMP-[*H]-N-acetylneuraminic acid (New England Nuclear, ) ‘ : ' ) ' : .

- . 155+15 83+12 169+12 116+ 1.3
19.7 mCi/mmol). After the reactions were completed, the oac-GD3 16.8+1.1 152+ 2.0 4.7+2.4 1.0+ 0.3

glycolipid products were separated by Sephadex G-50 gel GD3 245+13 29214  7.3+11 27+14
filtration and their radioactivities measured by liquid scintil- GDla 7908 46+13 12.0+2.1 9.6+ 1.2
D1b 9.4+14 128+£12 124+09 10.2+05

lation counting. Protein contents of the enzyme extracts were

. . . . . GT1b 52+1.2 6.4+22 11.2+22 8.5+ 0.7
determined by Bio-Rad DC Protein Assay kit (Bio-Rad, — —
Hercules, CA). aThe ganglioside composition was analyzed by HPTLC and

o ] subjected to densitometry. Values are presented as percentages (mean
Cell Growth and Thymidine IncorporatiorCells were + SD) of three determinations and therefore refer to the relative amounts

inoculated in 35-mm dishes at the cell density ok 2103 of each ganglioside in the sample. The content of gangliosides in F-11
cells/dish, and the growth kinetics of the transfected F-11 cells was estimated to be 0.820.08ug (meant SD) of lipid-bound

. . L sialic acid/mg of protein. The content of gangliosides of the transfected
cells were determined by counting the cells from triplicate F-11 cell lines was the same as that of the untransfected F-11 cells.

diShe_S_ every day. D_NA Synthes_is was d_etermineq3b&-[ F-11, untransfected F-11 cells; F-11-1, sense-transfected F-11 cells;
thymidine incorporation as described previously)( Briefly, F-11-l and F-11-lll, F-11 cells transfected with antisense vectors

cells were plated at a density of & 10* cells/dish and containing the 5end of 530-bp_fragment or the entire sequence of the
incubated fo 4 h with 0.54Ci of [3H]thymidine (50 Ci/ ~ GD3-synthase CDNA, respectively.

mmol) (Amersham, Arlington Heights, IL). Cells were then

washed in PBS, and 1 mL of lysing solution (50 mM Tris- fragments and the pRSV-Neo plasmid), and F-11-1ll (anti-
Cl, pH 7.5, 5 mM EDTA, 150 mM NaCl, and 0.6% sodium sense transfectants transfected with the antisense vector
dodecyl sulfate) was added to each dish. The dishes werecontaining the entire cDNA), respectively. Single clones of
left at room temperature for 10 min. The lysate was Ssense-transfected cells were isolated from F-11 cells trans-
precipitated by addition of 1 mL of 20% trichloroacetic acid fected with the sense vectors containing either the 530-bp
at 4°C for 20 min and collected on Whatman GF/C filters fragment or the entire cDNA. HPTLC analysis of sense-
(Whatman, Clifton, NJ). The filters were washed three times transfected clones showed no changes in their ganglioside
with 5% trichloroacetic acid and dried by ethanol and ace- composition (data not shown). One of the single sense-
tone. Radioactivity was determined by a scintillation counter. transfected clones was used and referred to as F-11-1 (sense
The protein contents of the cell lysates were determined transfectants transfected with the sense vectors containing

using a Bio-Rad DC Protein Assay kit (Bio-Rad, Hercules, the entire cDNA).
CA). The stable transfected clones F-11-1, F-11-1l, and F-11-

In Vivo Tumor GrowthFemale athymic nude mice (Harlan [l cells, together with untransfected F-11 cells, were then
Sprague-Dawley, Inc.) were housed under specific pathogen- 2nalyzed for the composition of gangliosides by HPTLC
free conditions and used at 4 weeks of age. Cells from (Table 1). An autoradiogram of the ganglioside composition
exponential cultures of F-11 transfectants and untransfected®! the untransfected F-11 cells, sense-transfected cells, and

F-11 cells were inoculated subcutaneously behind the anterior@ntisense-transfected cells is shown in Figure 1. Untrans-
forelimb. Each mouse was inoculated on both sides with 5 fécted F-11 cells expressed high levels of gangliosides GD3
x 10 cells in 0.25 mL of PBS per site. After xenografts and OAc-GD3, which contributed to 25% and 17% of total

ygangliosides, respectively (Table 1), the same as we reported

by externally measuring tumors in two dimensions. The Previously @3). However, the amount of ganglioside GD3
volume ) of the xenograft was calculated by the following W&S dramatically decreased in the antisense-transfected F-11-

equation:V = (L x W2) x 0.5, whereL is the length andiv Il and F-11-IIl cells (Table 1). A decrease in the amount of
is the width of a xenograft. ' GD3 and OAc-GD3 was not observed in the sense-trans-

fected F-11-1 cells (Table 1). Inhibition of the synthesis of
RESULTS gangliosides GD3 usually resulted in an accumulation of

the precursor GM3 and/or an increased synthesis of the “a”

Ganglioside Composition of Transfected F-11 Cells. series gangliosides such as GM1 and GD1la (TabK2);

Expression vectors containing the30-bp fragment or the  However, it should be noted that the amounts of GD1b and
entire sequence of the GD3-synthase cDNA spanning theGT1b, the minor “b” series gangliosides present in F-11 cells
translation start site in the sense and antisense orientationg43), were not reduced in antisense-transfected cells (Table
were transfected into F-11 cells, respectively, in two separatel). This may be due to continuous conversion of the
experiments as described under Experimental Proceduresremaining amount of ganglioside GD3, or nonspecificity of
Over 10 single clones were isolated from each transfection glycosyltransferases.
paradigm. Ganglioside analysis of the stably transfected Confirmation of the above results was further achieved
clones showed that the level of GD3 was greatly reduced in by immunostaining of the GD3 bands on TLC plates with
at least two single clones of antisense cotransfected cellsthe monoclonal antibody R24 specific to ganglioside GD3.
(clones 2-1-8 and 2-1-19) and four single clones of one Figure 2A shows that GD3 in the antisense-transfected F-11-
antisense vector-transfected cells (clones 3-2-2, 3-2-7, 3-4-Il and F-11-lll cells was drastically reduced, compared to
9, and 3-4-21) (data not shown). Clones 2-1-19 and 3-4-9that of the untransfected F-11 and the sense-transfected
were designated as F-11-11 (antisense transfectants cotransk-11-1 cells. Ganglioside GD3 on the cells surface was also
fected with the antisense vector containing the 530-bp determined by immunostaining using the specific antibody

became visible, the sizes of xenografts were determined dall



Alteration of Ganglioside Expression Biochemistry, Vol. 38, No. 27, 1998765

100J

L ES . '=
GM2- -
M- ! B 07
603
' ' 02

100

GO3-
F-11-1-
F-11-111 -

F-11 -

50 7

PERCENTAGE OF ENZYME ACTIVITY

Oac-G03-

Ficure 1: Autoradiograms of ganglioside pattern of F-11 neuro-
blastoma cells. Cells were cultured in 35-mm dishes and labeled
with 0.5 uCi of [1“C]galactose (New England Nuclear, 5.75 mCi/
mmol) in 1 mL of medium for 24 h before harvest as described
(42). Each lane contained the total ganglioside fraction (containing
3100 + 380 cpm) corresponding to Xk 1C° cells. Standard
gangliosides (lanes from left to right: total rat brain gangliosides; FIGURe 3: Determination of the activities of GM3-synthase and
GM3, GM2, and GM1; GD3 and GD1l@)-acetylated GD3) were GD3-synthase in antisense-transfected F-11 cells. The activities of
revealed by the resorcinol hydrochloride reagent. GM3-synthase (A) and GD3-synthase (B) in untransfected F-11,

sense-transfected F-11-1, and antisense-transfected F-11-1l and F-11-

A

F-11-1
F-11-11

-
\
23

Il cells were determined as described in Experimental Procedures.
The enzyme activities in transfected F-11 cells were presented as
percentages (meah SD) of those in the untransfected F-11 cells,
which were designated as 100%; 100% was equal to £.8212

GO

- - and 2.42+ 0.18 nmol/mg of protein/h for GM3-synthase and GD3-
synthase activities, respectively.
g - = ':_' cells was the same as that to the parental F-11 cells (Figure
e g o

2B). Therefore, the decrease in the concentration of GD3
was a result of the transfected antisense expression vectors
targeting the GD3-synthase gene. In addition, the level of
OAc-GD3in both F-11-Il and F-11-llI cells was also reduced
(Table 1), consistent with the diminished expression of its
precursor GD3 in these cell lines.

Activities of Sialyltransferases in Transfected CeG®3-
synthase activity of the transfectants was then determined
in order to confirm the specific inhibition of its gene
expression. F-11 cells and the transfected F-11 cells were
cultured to 76-80% confluence and harvested for enzyme
analysis. Aliquots of cell extracts were used to determine
the activity of GM3-synthase which was used as a control.
The results are shown in Figure 3. The antisense-transfected
F-11-1l and F-11-lII cells had a 85% and 92% reduction in
the activity of GD3-synthase, respectively, when compared
FIGURE 2: Immunoassay of ganglioside GD3 in antisense-trans- with the untransfected F-11 cells, while the activity of the
fected F-11 cells_. A Immunostair_Ii_ng of TLC p_Iat(_e with the mouse enzyme in the sense-transfected F-11-1 cells was not sup-
monoclonal antibody R24 specific to ganglioside GD3. Three pressed (Figure 3B). On the other hand, there was no
micrograms of gangliosides of each sample used in HPTLC over- ',. . L .
lay immunostaining. The binding of the antibody to ganglioside difference in the activities of the GM3-synthase in all four
GD3, which normally appears as two bands, is shown. B: Im- cell lines (Figure 3A). Therefore, the expression of the GD3-

munostaining of the cell surface ganglioside GD3 using the mouse synthase gene was specifically inhibited by the antisense
monoclonal antibody R24. Magnification: 400 F-11, untrans-

F-11=I1

F-11-M1]

fected F-11 cells; F-11-1, sense-transfected F-11 cells; F-11-Il and
F-11-1ll, antisense-transfected F-11 cells. (Reduced to 60% of
original for publication.)

expression vectors against the GD3-synthase gene.

Morphological and Growth Characteristics of the Anti-
sense-Transfected F-11 Cel&uppression of the expression

of the gangliosides GD3 as well as OAc-GD3 in the
R24. As shown in Figure 2B, binding of the antibody to both antisense-transfected F-11 cells resulted in morphological
antisense-transfected F-11-I1l and F-11-III cells was almost changes as shown in Figure 4. The antisense-transfected cells
undetected while the binding to the sense-transfected F-11-lappeared to have an elongated shape, a smaller soma size,
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Ficure 4: Morphological changes in antisense-transfected F-11 f
cells. Single clones of transfected F-11 cells were selected by G418 I 200
and maintained in culture in the medium containing G418 for ©
months. Cells were passaged every week, and fresh medium was )
added every 3 days. Photograph was taken after cells had been E 100
passaged for 3 days. The antisense-transfected F-11-11 and F-11- £
Il cells appeared to have elongated cell shape and suppressed z -
neurites and processes. Magnification: R0{Reduced to 60% 0 T ‘
of original for publication.) O 2 4 6 8 10 12 14

. . Days in Culture
and suppressed neurite growth (Figure 4C,D) when compared

with the untransfected and the sense-transfected F-11 ceII{'_GlulRisl:lscgl.l gég‘?gho?rBjN%NsAyrsft’t?g;?: |i_'~;,1|rlmziallnltusc%r;;%itgnnssfg?ted

(Figure 4A,B). Quantitative measurement of the neurites Was transfected F-11-1 cellsa), antisense-transfected F-11-11 cels)(
carried out 3 days after cells were passaged. A total of 200and F-11-lil cells ®) was determined byH]thymidine incorpora-
cells for each cell line were counted. The length of neurites tion. DNA synthesis was presented as mean values of @& f

of the untransfected E-11 cells and the sense-transfected’rmein from three determinations. B: Rate of cell growth was

determined by counting the cell number in triplicate dishes on the
F-11-1 gells wag 105.4- 12.4 a”f_j 106.1 4.2 um/cell, day as indicated: F-11 cells), sense-transfected F-11-I cells
respectively, while that of the antisense-transfected F-11-1l (- "—), antisense-transfected F-11-1I cells (- - -), and F-11-111 cells

and F-11-11I cells was 40.5% 6.4 and 50.8 1.1 um/cell, (=-).

respectively, indicating that new neurite growth in the

antisense-transfected cells was greatly suppressed. Then, themaller than that formed by the untransfected F-11 cells or
growth properties of the transfected cells were determined. the sense-transfected F-11-1 cells at day 13 (Figure 6).
The increase in cell number of the antisense-transfected F-11

cells in the cultures was reduced to about 70% of the control DISCUSSION

cells (Figure 5B). Similarly, the rate for DNA synthesis in

. Since the first report on the changes in glycosphingolipid
- - 0,
:Eetar;t![iense E[ra?sfe”cteth 13 (;ells yva; redl:hced .g? 80% Ofcomposition in tumor cells5Q), extensive studies have been
that ot the control cells when determine BiATthymidine undertaken to elucidate the functional role of gangliosides
incorporation (Figure 5A).

in the biology of cancer. Among all the gangliosides, GD3
Tumor Growth We inoculated exponentially growing cells s frequently overexpressed in many tumor cells of neuro-
of untransfected F-11 cells, sense-transfected F-11-1 cells,ectodermal or epithelial origin, such as glioma, medullo-
and antisense-transfected F-11-I and F-11-lll cells into blastoma, neuroblastoma, melanoma, head and neck tumors,
athymic nude mice. In initial experiments, we inoculated 4 preast cancer, and teratoma cell ling$, (13, 29—37). GD3
x 10°, 1 x 1P, 5 x 1P, or 2.5x 1(P cells/site into nude  has also been shown to be characteristic of immature
mice. Since F-11 cells exhibit strong tumorigenicity and a neuroectodermal cell$8). In addition, OAc-GD3 has been
very high tumor growth rate in nude mice,>6 10 cells/ considered as a tumor-associated antigen in certain types of
site were inoculated into nude mice to follow the progression tumors @9, 36—39). The abundance of GD3 and OAc-GD3
of xenograft formation. The xenografts became visible in in many tumors of neuroectodermal origin should stimulate
4-5 days after inoculation and grew to their maximal volume the development of new approaches for tumor diagnosis,
in 2 weeks. Xenografts were found in all sites inoculated vaccine construction, and tumor immunotherap$).(Mono-
with all four types of cells, indicating that the tumor clonal antibodies directed against GD3 and GD2 have been
incidence was not changed by the altered ganglioside used in the immunotherapy of patients with metastasizing
composition. However, as shown in Figure 6, the tumor melanoma and neuroblastoma, respectivBb-(59). How-
growth rate of antisense-transfected F-11-1l and F-11-I1l cells ever, inadequate response rates have often been observed
was greatly reduced. The average volume of the tumors probably owing to binding of the antibody to free circulating
formed by the antisense-transfected F-11 cells was two-thirdsgangliosides coupled with the known poor penetration of
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254 were obtained with hamster melanoma cel8)( These
esterase-transfected cells exhibited elongated neurites or
cellular differentiation 43). However, indirect evidence
obtained by Mendez-Otero and Friedman has suggested that
OAc-GD3 may be involved in cell differentiatio®@). Our
present observation that a decrease in both GD3 and OAc-
GD3 concentrations resulted in suppressed neurite outgrowth
(Figure 3C,D) is consistent with the previous repo#s, (
60). On the other hand, it was reported that introduction of
the exogenous GD3-synthase cDNA in neuroblastoma cells
induced biosynthesis of GD3 and the “b” series gangliosides,
resulting in cholinergic differentiation and neurite sprouting
(41, 61). Our previous results also showed that a decrease
Days in OAc-GD3 and an increase in GD3 in the F-11 cells were
FIGURE 6: Xenograft growth curves of antisense-transfected F-11 @ccompanied by cellular differentiatio@d, 43). However,
cells. Exponentially growing cells (% 1) of F-11 (+), sense- a recent report showed that mouse embryonic stem cells with
transfected F-11-1 (*), antisense-transfected F-1)l @nd F-11- a disrupted GD3-synthase gene undergo neuronal differentia-
Il (@) were subcutaneously inoculated behind the anterior forelimb tion in the absence of the “b” series gangliosideg) (In

of 4-week-old female athymic nude mice. Six mice were inoculated . : : wp : i
at both sides of the back with each type of cells in two separate addition, a high ratio of the “b” series gangliosides to the

experiments. Tumors were measured externally in two dimensions @ Series gangliosides is often found in proliferating cells
using calipers. Tumor volume was calculated according to the and many tumorslQ, 29—35). Our present data showed that
eq;t%tiointZ (L XTYIVQ) x 0.5, wlhereL iSdtlgﬁ |er:9tf:jarad/(\j/the ; the decrease in the amounts of ganglioside GD3 did not
width of a tumor. The mean values and the standard devialions siimulate the proliferation of the neuroblastoma F-11 cells
I(ZS-’E?-(I),f ;hse;imgrs\zlog:ﬁeé-itlﬂﬁyol.g7vvierg.gélér’ﬁk(€g'Eﬁni’r either in vitro or in vivo. How ganglioside GD3 is involved
F-11-1,p < 0.001); and F-11-11l, 0.8& 0.09 cn? (vs F-11 or F-11- in neuronal differentiation remains to be elucidated.
I, p < 0.001). Another interesting finding in this investigation is that the
tumor growth rate in the F-11 cells was greatly reduced after
monoclonal antibody macromolecules in general into tumor both GD3 and OAc-GD3 had been down-regulated. The
tissue 69). Another potential approach, as we present in this reduced tumor growth rate of the antisense-transfected F-11
report, is to target the expression of sialyltransferase genescells was most likely due to a specific reduction of the
to alter the expression of tumor-associated gangliosides inganglioside GD3. This is because inoculation in nude mice
cancer cells and thus to suppress tumor growth. of an esterase-transfected F-11 subclone in which ganglioside
The F-11 cell line is a hybrid of embryonic rat dorsal root OAc-GD3 was reduced to 30% while GD3 was increased
ganglion (DRG) cells with mouse neuroblastoma cell line to 150% @3) did not show a reduced tumor growth rate in
N18TG-2 @é5). These cells express three major lacto-series nude mice. The volume of xenografts of the esterase-
gangliosides: i.e., GM3, GD3, and OAc-GD3 (Tablet3). transfected F-11 cells and their parental F-11 cells on day
Ganglio-series gangliosides, including GM1, GD1a, GD1b, 12 after inoculation was 1.4% 1.1 and 1.63+ 0.72 cn?
and GT1b, are also expressed in much lower concentrations(mean valuet SD), respectively (unpublished data). Similar
The expression of high levels of lacto-series gangliosides, results have been reported with human melanoma cell lines
especially GD3 and OAc-GD3 in F-11 cells, reflects the fact deficient in synthesis and transport of GD83). These
they originated from neuroectodermal ced8); In addition, mutant cell lines showed more elongated cell morphology,
F-11 cells showed strong tumorigenicity in nude mice. slower growth rates in culture, and lower tumor growth rate
Xenografts became visible in nude mice as early as 4 daysand tumor incidence in nude mice than did the parent cell
after inoculation with even a low dose of F-11 cells (25 line. This is consistent with our present results except that
10° cells/site, data not shown) and grew to a volume of over we did not observe changes in tumor incidence after GD3
2 cn? within 2 weeks, the maximum size that mice could synthesis was inhibited. The mechanism involving ganglio-
bear. Therefore, F-11 cells present a useful model for side GD3 in tumor growth is unknown. However, it has been
investigating the roles of gangliosides GD3 and/or OAc-GD3 suggested that there is a complex relationship between
in tumor growth in vivo. In this study, we constructed two polypeptide growth factors and membrane-bound ganglio-
antisense expression vectors containing either tfragment sides 64—70). In particular, the production of vascular
or the entire sequence of the GD3-synthase cDNA. The endothelial growth factor (VEGF), an angiogenic factor, is
results demonstrated that ganglioside GD3, as well as itsstimulated by either ganglioside GD3 or T@Hn human
down stream product OAc-GD3, were selectively inhibited glioma cells, suggesting that both ganglioside GD3 and
in the F-11 cells transfected with either of the two antisense TGF43 may act as indirect angiogenic factors by stimulating
expression vectors. The altered ganglioside composition in VEGF secretiong9). In addition, formation of new vessels
the antisense-transfected F-11 cells resulted in morphologicalinduced by angiogenic factors can be stimulated or repressed
changes, characterized by suppressed neurite processes aiilthe cornea by reduction or enhancement of the GM3:GD3
reduced cell growth properties in culture. This is in contrast ratio of tissue gangliosides, respectiveg0). Our results
with our previous study, in which OAc-GD3 in F-11 cells showed that the decrease in the level of ganglioside GD3
was specifically destroyed by introducing the influenza virus slightly reduced the growth rate of the antisense-transfected
C hemagglutinin-esterase gene into the cells with a con- F-11 cells in culture (Figure 5) while greatly suppressed the
comitant increase in the level of GD&3). Similar results growth of xenografts of the cells in nude mice (Figure 6).
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The possibility that GD3 may stimulate angiogenesis merits 32. Yates, A., Thompson, D. K., Boesel, C. P., Albrightson, C.,

serious consideration, although other mechanisms exist, such

as effects of GD3 on growth factor receptors and/or the cell
adhesion.
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