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Growth of epidermoid carcinoma cell lines, A431 and KB, has been known to be controlled by the inter-
action of epidermal growth factor (EGF) and its receptor (EGFR) with tyrosine kinase. Ganglioside GM3
was previously found to interact with EGFR and to inhibit EGFR tyrosine kinase. However, motility of
these cells, controlled by EGFR and ganglioside, was not studied. The present study is focused on the con-
trol mechanism of the motility of these cells through interaction of ganglioside, tetraspanin (TSP), and
EGFR. Key results are as follows: (i) The level of EGFR expressed in A431 cells is ~6 times higher than that
expressed in KB cells, and motility of A431 cells is also much higher than that of KB cells, yet growth of
AA431 cells is either not affected or is inhibited by EGF. In contrast, growth of KB cells is enhanced by EGF.
(ii) Levels of TSPs (CD9, CD82, and CD81) expressed in A431 cells are much higher than those expressed in
KB cells, and TSPs expressed in A431 cells are reduced by treatment of cells with EtDO-P4, which inhibits
the synthesis of glycosphingolipids (GSLs) and gangliosides. (iii) These TSPs are co-immunoprecipitated
with EGFR in both A431 and KB cells, indicating that TSPs are closely associated with EGFR. (iv) High
motility of A431 cells is greatly reduced, while low motility of KB cells is not affected, by treatment of
cells with EtDO-P4. These results, taken together, suggest that there is a close correlation between high
motility of A431 cells and high expression of EGFR and TSPs, and between ganglioside GM3/GM2 and TSP.
A similar correlation was suggested between the low motility of KB cells and low levels of EGFR and TSP.
The correlation between high motility and high level of EGFR with the ganglioside-TSP complex in A431
cells is unique. This is in contrast to our previous studies that indicate that motility of many types of
tumor cells is inhibited by a high level of CD9 or CD82, together with growth factor receptors and
integrins.

© 2009 Published by Elsevier Ltd.

1. Introduction

sine kinase activity, which is inhibited by ganglioside GM3 but
not by ganglioside GM1 or sialyl-nLc4. Such an inhibitory effect

Human epidermoid carcinoma cell lines A431 and KB are char-
acterized by a clear expression of epidermal growth factor receptor
(EGFR) tyrosine kinase activity.'”> Both A431 and KB cells stimu-
lated with epidermal growth factor (EGF) display enhanced tyro-

Abbreviations: DMEM, Dulbecco’s Modified Eagle’s Medium; EtDO-P4, p-theo-1-
(3',4'-ethylenedioxy)phenyl-2-palmitoylamino-3-pyrrolidino-1-propanol;  EGFR,
epidermal growth factor receptor; FCS, fetal calf serum; FITC, fluorescein isothio-
cyanate; GM3, NeuAca3Galp4Glcp1Cer; GM2, GalNAcp4[NeuAca3]Galp4GlcpiCer;
GSL, glycosphingolipid; HRP, horseradish peroxidase; ITS, insulin-transferrin-
selenium medium; TLC, thin-layer chromatography; T-TBS, TBS (140 mM NaCl-
10 mM Tris-HCl, pH 8.0) with addition of 0.05% Tween 20.
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by ganglioside GM3 was found to be due to the interaction of
GM3 ganglioside with the extracellular EGFR domain.” Recent
studies on the mechanism of such interaction in A431 cells indi-
cated that GM3 interacts with N-linked glycan having multiple
GlcNAc termini, expressed in EGFR, and such interaction was as-
sumed to inhibit EGF-induced EGFR tyrosine kinase.®

Previous studies on A4317 and KB cells® were focused on cell
growth based on EGF-stimulated EGFR tyrosine kinase, and the ef-
fect of gangliosides on cell growth through modulation of EGFR ki-
nase activity. No studies have been conducted so far on the
regulation of EGFR-dependent cell motility. The present study is
based on our recent, incidental observation that A431 cells express
much higher levels of TSPs CD9, CD81, and CD82 than do KB cells.
These TSPs were shown to interact with ganglioside GM3 or
GM2,%1% and such ganglioside-TSP complexes were found to inhibit
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motility, in addition to growth, of various tumor cells, possibly
through integrin-dependent pathways,® 2 although the exact
mechanism still remains unclear. In the present study, we therefore
explore how the level of TSPs is correlated with motility of A431 ver-
sus KB cells, in association with the level of EGFR expressed in A431
versus KB cells. A novel GSL-TSP-EGFR association in A431 cells,
which mediates high cell motility, is clearly demonstrated.

2. Materials and methods
2.1. Cell lines

Two types of human epidermoid carcinoma cell lines, A431 and
KB, were purchased from ATCC and were originally described in
Refs. 7 and 8, respectively. These cells were grown and maintained
in DMEM supplemented with 10% FCS, 100 IU/mL penicillin, and
100 unit/mL streptomycin at 37 °C in 5% CO,-95% air.

2.2. Antibodies and other materials

Antibodies used were as follows: mouse anti-GM2 IgM mAb
MK1-8'3 was donated by Reiji Kannagi (Aichi Cancer Center, Na-
goya). Mouse anti-GM3 IgG3 mAb DH2 was established in this lab-
oratory.'* Mouse anti-EGFR mAb, rabbit polyclonal anti-CD9 IgG,
rabbit polyclonal anti-CD82 IgG, mouse monoclonal anti-integrin
o3 IgG,, goat anti-mouse IgG-HRP, goat anti-rabbit IgG-HRP, and
bovine anti-goat IgG-HRP (all obtained from Santa Cruz Biotechnol-
ogy, Santa Cruz, CA); mAb anti-phospho-Tyr (PY20, BD Biosciences);
mouse anti-CD81 mouse IgG2a (Beckman-Coulter, Brea, CA); and
mouse anti-y-tubulin mAb (Sigma, St. Louis, MO). PVDF membrane
was obtained from Millipore Corp. (Billerica, MA). A cell prolifera-
tion assay kit including WST-1-ECS solution was obtained from
Chemicon (Temecula, CA). Lipid stain reagent, Primulin, was ob-
tained from Sigma-Aldrich Chemical Co. (Milwaukee, WI). EtDO-
P4, the potent inhibitor of GlcCer synthase,!® was donated by James
A. Shayman (Dept. of Internal Medicine, Univ. of Michigan).

2.3. Expression pattern of epidermal growth factor receptor in
A431 and KB cells

Levels of epidermal growth factor receptor (EGFR) expressed in
A431 and KB cells were determined by Western blot analysis, fol-
lowed by densitometry of the EGFR band by the scioNIMAGE program,
relative to y-tubulin as the loading control, which was blotted in a
separate membrane.

Cells (7 x 10°) were grown in a 100-mm round culture plate un-
til 80% confluency. Cultured cells, harvested by a rubber scraper,
were lysed in RIPA buffer (1% Triton X-100, 0.1% SDS, 0.5% sodium
deoxycholate, 5 mM tetrasodium pyrophosphate, 50 mM sodium
fluoride, 1 mM Na3VO,, 5 mM EDTA, 150 mM NacCl, 20 mM Tris-
HCI, pH 7.5, 2 mM phenylmethanesulfonyl fluoride, and 0.076 IU/
mL aprotinin), and centrifuged at 13,000 rpm for 10 min. A defined
amount of the lysate protein (20 pg) determined by the Micro
BCA™ Protein Assay Kit, was subjected to SDS-PAGE, followed by
transfer to PVDF membrane. After blocking with 5% skim milk for
2 h, the membrane was rinsed with T-TBS, and bands for EGFR
and vy-tubulin in each separate membrane were blotted with
respective mAbs overnight at 4 °C. Membranes were rinsed, incu-
bated with goat anti-mouse IgG-HRP, and developed by the Super-
signal Chemiluminescence Substrate Kit (Pierce).

2.4. Determination of A431 and KB cell growth with or without
various concentrations of EGF

The effect of EGF on cell growth was studied by dose-dependent
and time-dependent changes of EGF (i) an increase in cell number

determined under a microscope; (ii) >H-thymidine incorporation
as described below.

A431 or KB cells (2 x 10%) in 400 uL of 10% FCS-DMEM were
plated in 24-well plates, incubated in a CO, incubator at 37 °C for
24 h, washed twice with 5% FCS-DMEM, and further cultured in
200 pL of 5% FCS-DMEM, without addition of EGF (0 pM), or with
addition of various concentrations of EGF (1.7 pM, 3.4 pM, or
3.4 nM) for various durations (1, 3, or 5 days). Fresh 5% FCS-DMEM
containing EGF was changed every 24 h. At the indicated time, the
wells were washed three times with 0.5 mL of 5% FCS-DMEM and
subjected to two procedures: (i) Cells were stained with Trypan
Blue, and cell numbers were counted in all nine sections of the
hemocytometer under a microscope. (ii) Cells were further cul-
tured in 200 pL 5% FCS-DMEM containing *H-thymidine (10 pCi/
mL) in a 37 °C CO; incubator for 2 h, detached by treatment with
200 pL of trypsin-EDTA, and transferred into a scintillation count-
ing vial. After recovering all cells by washing with 5 x 0.5 mL of
PBS, H was counted.

2.5. Colorimetric determination of EGF-induced cell
proliferation

Cell proliferation, based on activity of mitochondrial dehydro-
genases, was colorimetrically determined using Chemicon’s WST-
1 reagent, according to the manufacturer’s instructions. Briefly,
A431 or KB cells (1 x 10°) suspended in 100 pL culture medium
(serum-free DMEM, F12-DMEM + insulin-transferrin-selenium
medium [ITS], and 5% FCS-DMEM) were plated into each well of
a 96-well plate, incubated for 24 h, and washed twice with
100 pL of each medium. The cells were further incubated in
100 uL of each culture medium containing EGF (0, 1.7 pM,
3.3pM, 6.6pM, 13.3pM, 26.6 pM, 53.1 pM, 106 pM, 213 pM,
425 pM, 850 pM, 1.7 nM, 3.4 nM, 6.8 nM, and 13.6 nM). After incu-
bation for 44 h, 10 pL WST-1-ECS solution from the Cell Prolifera-
tion Assay Kit was added to each well, cells were incubated for 3 h,
shaken thoroughly for 1 min on a shaker, and the absorbance was
measured using a microplate reader (y1 =405 nm, y1 =630 nm).
This assay is based on reductive cleavage of the tetrazolium salt
WST-1 to formazan by cellular mitochondrial dehydrogenases.

2.6. Flow cytometric analysis of expression of gangliosides GM3
and GM2, and tetraspanins in A431 and KB cells

Cells were cultured in a T-75 flask containing DMEM with 10%
FCS until 80% confluency, detached by 2 mL of 1 mM EDTA-PBS,
added to 2 mL of 10% FCS-DMEM, and centrifuged at 1000 rpm
for 5min. After counting the cell number, cells (1 x 10°) were
placed in a 1.5-mL Eppendorf tube, centrifuged at 1000 rpm for
5 min, washed with 1% BSA-PBS, and incubated with (i) 100 pL
of mouse IgG (10 pg/mL in 1% BSA-1% goat serum-0.05% azide),
(i) mouse IgM (10 pg/mL in 1% BSA-1% goat serum-0.05% azide),
(iii) anti-GM3 DHZ2, and (iv) anti-GM2 MK1-8, on ice for 1.5 h. After
washing twice with 0.5 mL of 1% BSA-PBS, the cells were mixed
with 50 pL of goat anti-mouse Ig (G+M)-FITC (25 pg/mL) and incu-
bated on ice for 45 min in the dark. After centrifugation and wash-
ing twice with 0.5 mL of PBS, cells were fixed with 100 pL of 1%
paraformaldehyde-PBS overnight. Stained cells were subjected to
flow cytometric analysis.

2.7. Effect of inhibition of the GSL synthesis by EtDO-P4 on the
phosphorylation of EGFR

To explore the functional role of GM3, GM2, and other GSLs on
the growth and motility of A431 and KB cells, EtDO-P4, the potent
inhibitor of GlcCer synthase, was used. This treatment inhibits the
synthesis of all GSLs derived from GlcCer, without significant
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enhancement of ceramide level.'"'>16 A431 and KB cells (7 x 10°)
were plated in a 100-mm round culture plate for 24 h. After cells
were attached to the plate, they were rinsed with 10% FCS-DMEM
and cultured in 10% FCS-DMEM with added 1 pM EtDO-P4 for
72 h. After rinsing with serum-free DMEM, cells were cultured in
serum-free DMEM with or without addition of 1 uM EtDO-P4 for
24 h. For stimulation of EGFR, cells were rinsed with serum-free
DMEM, and grown in serum-free DMEM with addition of 100 ng/
mL EGF for 1 h. GSLs extracted from cells were subjected to TLC
or immunostaining as described below. For determination of inte-
grin and tetraspanin, the cell lysate prepared in RIPA buffer was
subjected to Western blotting using various antibodies as de-
scribed below.

2.8. GSL extraction, thin-layer chromatography (TLC), and
immunostaining

GSLs expressed in A431 and KB cells treated with or without
EtDO-P4 were determined as below. Cells pre-treated with or with-
out 1 uM EtDO-P4 were grown in a 150-mm round culture plate
containing 10% FCS-DMEM as described above, and harvested in
a 50-mL glass tube containing 1 mL of 2:1 chloroform-methanol
(C-M). After sonication, the cell pellet was mixed with 1 mL of
55:25:20 2-propanol-hexane-water, sonicated, and centrifuged.!”
The supernatant was combined with 2:1C-M extract, and dried un-
der an N, stream. The dried residue was subjected to isolation of
the GSL fraction by alkaline hydrolysis of phospholipids as de-
scribed previously.!® Briefly, the residue was dissolved in 2 mL of
0.1 M NaOH-methanol and incubated for 2 h at 40 °C. After neu-
tralization using 200 pL of 1 N HCI, the released fatty acids were
eliminated by mixing with 2 mL of hexane and shaking. After
standing at room temperature, the supernatant was aspirated,
and the lower layer was evaporated under an N, stream. The resi-
due was dissolved in 1 mL of 6:4 methanol-water (M-W), and ap-
plied onto a SepPak C;g cartridge (Varian, Palo Alto, CA) that had
been prewashed with 2:1C-M (3 mL x 4) and 6:4 M-W. After rins-
ing five times with 1 mL of 6:4 M-W, the C,g cartridge-bound frac-
tion was eluted twice with 1 mL of 2:1 C-M, evaporated under an
N, stream, and dissolved in 50 pL of 2:1:0.1 chloroform-metha-
nol-water (C-M-W).

To determine the GSL pattern, 4 pL GSL was spotted on a TLC
plate and subjected to TLC in 65:20:8 or 60:25:8 C-M-W for less
polar GSLs such as GM3, GM2, and GM1; and in 5:4:1 C-M-W with
0.2% CaCl, for highly polar GSLs (GSLs with >5 sugars and >2 sialic
acids). After air drying, the TLC plates were stained by spraying
0.01% Primulin for detection of all types of lipids,'°® followed by
staining with 2% orcinol in 2 M H,SO,4, for detection of all types
of glycosyl residues.

Immunostaining for detection of GM2 and GM3 was performed
as follows. A TLC plate was blocked with blocking solution (1%
BSA-PBS) in T-TBS [TBS (140 mM NaCl, 10 mM Tris-HCl, pH
8.0)-0.05% Tween 20] for 1 h at room temperature. After rinsing
five times with T-TBS, plates were incubated with anti-GM2 anti-
body (1:1000 diluted in blocking solution) or with anti-GM3 anti-
body (cell culture supernatant) overnight at 4 °C. After rinsing five
times with T-TBS, plates were incubated with anti-mouse IgM-
HRP (1:1000 diluted in blocking solution) against anti-GM2 mAb
and with anti-mouse IgG-HRP (1:1000 diluted in blocking solution)
against anti-GM3 mAb for 1 h at room temperature. Plates were
developed by the Supersignal West Pico Chemiluminescence Sub-
strate Kit (Pierce, Rockford, IL).2°

2.9. SDS-PAGE and Western blot

Cell lysate prepared in RIPA buffer as described above was sub-
jected to SDS-PAGE (12.5% acrylamide) and transferred onto a

PVDF membrane. After blocking with 5% skim milk for 2 h, fol-
lowed by rinsing with T-TBS, the membrane was incubated sepa-
rately with various antibodies as described in Section 2.2. After
rinsing five times with T-TBS for 5 min, the membrane was incu-
bated with a secondary antibody as described in Section 2.2. After
rinsing with T-TBS, the membrane was developed by the Supersig-
nal Chemiluminescence Substrate Kit (Pierce).

2.10. Cell motility determination in A431 and KB cells

Cell motility was determined by a phagokinetic assay on a gold
sol-coated plate.?! Briefly, a 24-well plate was coated with 1% BSA
for 3 h, washed with ethanol, and sterilized under UV light for
30 min. Colloidal gold was prepared as follows: 16.4 mL of distilled
water and 0.6 mL of 365 mM Na,COs; were boiled and mixed with
1.8 mL of 14.5 mM AuHCl, and 1.8 mL of 0.1% formaldehyde. After
drying and coating with colloidal gold for 40 min, A431 and KB
cells (5 x 10?) treated with or without EtDO-P4 for 72 h were cul-
tured in a 24-well plate containing 10% FCS-DMEM with or with-
out EtDO-P4 for 18 h. The gold sol-coated area cleared by each cell
was measured by the iMAGg) program, for > 30 cells of A431 and KB,
respectively. Measurements were repeated four times.

2.11. Co-immunoprecipitation procedure

2.11.1. Fractions used for co-IP

The PNF (post-nuclear fraction) was prepared as described pre-
viously.'? A431 and KB cells (2 x 10°) were grown in 100-mm
round culture plates until confluency. Cells harvested by a rubber
scraper were lysed in 1% Brij 98 lysis buffer (1% Brij 98, 25 mM

A A431 KB B
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A431 KB

EGFR - —

Y-tubulin -- y-tubulin | ;
C p<0.01
L |

EGFR/ y-tubulin

-
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Figure 1. EGFR of A431 and KB cells. Cells (7 x 10°) grown in a 100-mm round plate
were harvested and lysed in RIPA buffer. A defined amount (equivalent to 20 ug
protein) of cell lysate was subjected to SDS-PAGE under reducing condition,
followed by Western blot analysis as described in Section 2.3. The EGFR band
(~170kDa molecular mass) was blotted by anti-EGFR mAb directed to the
cytoplasmic domain of EGFR, and y-tubulin (55 kDa) in a separate membrane was
detected by anti-y-tubulin antibody. The relative intensity of the EGFR band from
A431 versus KB cells was determined by densitometry with scionmace program. The
difference between A431 and KB cells based on triplicate analysis was highly
significant (P value <0.01). Panel A: The EGFR band from A431 cells was clearly
observed, but no clear band was observed from KB cells, when comparable levels of
v-tubulin from both cells were blotted. Panel B: In order to observe a clear EGFR
band from KB cells, a much larger quantity of lysate was required to be blotted. This
panel shows an example in which at least a sixfold higher quantity of the y-tubulin
band for KB cells than that for A431 cells was required. Panel C: The relative
intensity of EGFR expressed in A431 versus KB cells based on results shown in Panel
B. Experiments were repeated thrice; mean + SD and P-values are presented. Lane 1,
A431 cells; lane 2, KB cells. Standard deviation of EGFR blot per y-tubulin blot is
shown for each column, and the significance of the difference between A431 and KB
cells: P <0.01.



1482 S.-Y. Park et al. /Carbohydrate Research 344 (2009) 1479-1486

A 18- —@ No EGF B 18-
- 1.7 pM EGF
4~ 15-{ & 3.4pMEGF s 15
=) 3.4 nM EGF =
- -~
x 12 X 12
1Y S
S 94 2 9 [
£ £ I,
S S
Z 6 — Z 6
3 3 ’
(&) 3 - __.....ﬂ (&) 3 hy ER
0 T T T | 0 T T T |
0 1 2 3 4 0 1 2 3 4
Incubation time (day) Incubation time (day)
C 15q D 15q
c c
2 S
o j
o o
— 10 — 10
SE CE
<% Qo
o0 Qo
Sx £x
02 T 02
(= (=
5% 5 1\\\’ 5% 5 i
S S
> >
= £
5 [~
0 T T 1 0 T T |
0 2 4 6 0 2 4 6
Incubation time (day) Incubation time (day)

Figure 2. The effect of EGF on cell growth in A431 and KB cells. Panels A and B: The effect of EGF on the increase in cell numbers, as determined under a microscope. Cells
(2 x 10*) cultured in a 24-well plate containing 5% FCS-DMEM for 24 h were further cultured in the same medium containing various concentrations of EGF (no EGF, 1.7 pM,
3,4pM, and 3.4 nM) as indicated by different colors (see below). Cell number was counted on a hemocytometer under a microscope, and nine sites were counted and
calculated. Time of growth (days) is shown on the abscissa. Cell number is shown on the ordinate. Panels C and D: *H-thymidine incorporation was measured by a scintillation
counter after further culturing the cells in same medium containing *H-thymidine (10 puCi/mL) in a 37 °C CO, incubator for 2 h. Experiments were repeated thrice; mean + SD
are presented. Circle ®-®, no EGF. Square ll—ll, 1.7 pM EGF. Triangle 4 — A 3.4 pM EGF. Rhombus , 3.4 nM EGF.

HEPES buffer, pH 7.5, 150 mM NaCl, and 5 mM EDTA) containing 4 °C, the supernatant (post-nuclear fraction) was quantified by a
75 units aprotinin and 2 mM phenylmethanesulfonyl fluoride. Micro BCA™ protein assay kit based on a standard curve using com-
The suspension was left on ice for 30 min and lysed with 25G syr- mercial BSA, and then subjected to 12.5% SDS-PAGE and Western
inge 15 times on ice. After centrifugation at 2500 rpm for 5 min at blot analysis.

A 1.0 9 -@- Serum free DMEM B 1.0
-l F12-DMEM + ITS
-A-- 5% FCS-DMEM

~ 0.8 . 0.8
€ €
= =4
S 0.6 2 0.6
©o ©
g 5
T 04 2 04
a a
(@] o

0.2 0.2

0 T T T | 0 T T T |
0 5 50 500 5000 0 5 50 500 5000
Treated EGF(pM) Treated EGF(pM)

Figure 3. The effect of EGF on cell proliferation in A431 and KB cells determined by colorimetric analysis. A431 or KB cells (1 x 10°) plated in a 96-well plate were cultured in
serum-free DMEM, or F12-DMEM + ITS, or 5% FCS-DMEM for 24 h. Various concentrations of EGF were then added to the medium, and culturing was continued for 44 h.
Next, WST-1/ECS solution from Cell Proliferation Assay Kit was added to medium, and culturing was continued for 3 h in a CO, incubator at 37 °C. Cell proliferation with
various concentrations of EGF (pM) as indicated on the abscissa was measured as absorbance (y1 = 405 nm, y1 = 630 nm) as indicated on the ordinate. Each data point shown
represents mean value from three experiments. Panel A, A431 cells; Panel B, KB cells. Circle ®-®, serum-free DMEM. Square M---M, F12-DMEM + ITS. Triangle A— A, 5% FCS—

DMEM.
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2.11.2. Determination of interaction between EGFR and
tetraspanin by co-IP

To determine the interaction between EGFR and TSP, we per-
formed co-IP. Briefly, the post-nuclear fraction (400 pig protein/
400 pL) was mixed with protein A-G-agarose beads (~40 pL bead
volume), rotated for 3 h at 4 °C, and centrifuged at 2500 rpm for
5min at 4°C (i.e., pre-clearing). The supernatant was supple-
mented with 3 pg of anti-EGFR antibody, and the mixture was ro-
tated overnight at 4 °C. The protein A-G-agarose beads were added
to the mixture, rotated for 3 h at 4 °C, and centrifuged at 2500 rpm
for 5 min at 4 °C. After washing twice with 1 mL of lysis buffer, the
immunoprecipitates were mixed with SDS-PAGE sample buffer
and subjected to SDS-PAGE and Western blot analysis with anti-
bodies directed to TSPs, as described above.

3. Results
3.1. Level of EGFR expressed in A431 versus KB cells

Expression levels of EGFR in A431 versus KB cells were deter-
mined by Western blot analysis. The EGFR blot from A431 cells
was clearly observed, but that from KB cells was not observed
when similar levels of y-tubulin were compared (Fig. 1A). In order
to observe the EGFR blot from KB cells, at least a sixfold higher le-
vel of total protein from KB cells than that from A431 cells was re-
quired for comparison; that is, a KB cell extract with ~6 times
higher y-tubulin level was required. Under these conditions, the
EGFR blot from KB cells was observable (Fig. 1B). The relative abun-
dance of the EGFR band expressed in A431 versus KB cells, using
sufficient cell extract to get a clear band for both A431 and KB cells,
from triplicate experiments, is shown in Figure 1C.

3.2. Difference of growth in A431 versus KB cells

The increase in cell numbers for A431 and KB cells in DMEM
with 5% FCS, in the absence or presence of various concentrations
of EGF, was studied as described in Section 2.4. The increase in cell
numbers of A431 cells was minimal during 4 days with or without
addition of EGF. The increase in cell numbers was essentially un-
changed with addition of 3.4 pM or 3.4 nM EGF (Fig. 2A). In con-
trast, an increase in cell number of KB cells between 2 and
4 days was clearly observed with or without EGF addition (0 pM,
1.7 pM, and 3.4 pM). A slightly lower increase was observed with
addition of 3.4 nM EGF (Fig. 2B).

The effect of EGF on DNA synthesis was studied by *H-thymi-
dine incorporation. A431 cells showed higher thymidine incorpo-
ration at early stage of culture, days 2-4 (with or without EGF
addition), but it declined significantly at 4-6 days with 3.4 pM or
3.4 nM EGF (Fig. 2C). In contrast, KB cells showed lower thymidine
incorporation response at early stages of culture, but displayed
clearly higher incorporation than A431 cells at 3-5days after
EGF addition (days 4-6 of culture) (Fig. 2D).

3.3. Effect of EGF on proliferation of A431 and KB cells

The proliferation pattern of A431 and KB cells in response to
increasing EGF addition was studied in a few different culture
media as described in Section 2.5. Growth of A431 cells in both ser-
um-free F12-DMEM + ITS medium and 5% FCS-DMEM was down-
regulated when EGF concentration was >50 pM (Fig. 3A). In con-
trast, growth of KB cells in the same media was clearly enhanced
when the EGF concentration was >50 pM (Fig. 3B). Neither A431
cells nor KB cells displayed EGF-induced proliferation in serum-
free DMEM without addition of ITS medium.

3.4. Expression pattern of GM3 and GM2 in A431 and KB cells by
flow cytometry

The expression patterns of GM3 and GM2 in A431 and KB cells
were studied by flow cytometric analysis using goat anti-mouse Ig
(G+M)-FITC, as described in Section 2.6. Surface reactivity of A431
cells with anti-GM3 mAb was higher than that of KB cells (Fig. 4,
panel A vs panel B), whereas reactivity of KB cells with anti-GM2
mAb was slightly higher than that of A431 cells (panel C vs panel
D). These flow cytometric data were based on the same cell num-
ber (1 x 10°). Relative expression of these gangliosides at the cell
surface is more reliable than a TLC pattern with orcinol-sulfuric
acid or immunostaining.

3.5. GM3 and GM2 in A431 and KB cells determined by thin-
layer chromatography with antibody staining

To determine the pattern of GSLs from A431 and KB cells, we
performed TLC, which was stained first by Primulin spray'®
(Fig. 5A-a, left panel), and then by orcinol-sulfuric acid (Fig. 5A-
b, right panel). Bands corresponding to GM3 or GM2 from A431
and KB cells (lanes 4 and 6, respectively) were reduced or depleted
in EtDO-P4-treated cells (lanes 5 and 7). Presence of GM2 and GM3
in A431 and KB cells was confirmed by TLC immunostaining using
anti-GM2 mAb MK1-8 (Fig. 5B-a) or anti-GM3 mAb DH2 (Fig. 5B-
b). While the GM2 level was similar between A431 and KB cells,
the GM3 level was lower in A431 cells than in KB cells. The level
of GM3 in both A431 and KB cells was lower than that of GM2.

3.6. Effect of EtDO-P4 on expression of EGFR and tetraspanin in
A431 and KB cells

Expression patterns of EGFR, its tyrosine phosphorylation, inte-
grins, and TSPs were studied in A431 and KB cells cultured with or
without EtDO-P4 pre-treatment. The EGFR band was slightly re-
duced by EtDO-PH-P4 treatment (Fig. 6A, row1; Fig. 6B-a, column

A431 KB
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Figure 4. Flow cytometric analysis of GM3 and GM2 expressed in A431 and KB
cells. Cells (1 x 10°) were washed with 1% BSA-PBS, incubated with (i) mouse IgG
(as control) or anti-GM3 IgG3 mAb DH2; (ii) mouse IgM (as control) or anti-GM2
IgM mAb MK1-8, on ice for 1.5 h, washed, mixed with Alexa Fluor 488 goat anti-
mouse IgG (H+L) (for case i) or goat anti-mouse Ig (G+M)-FITC (for case ii), kept on
ice for 45 min, washed, fixed with 1% paraformaldehyde, and subjected to flow
cytometric analysis as described in Section 2.6. Panels A and C: A431 cells. Panels B
and D: KB cells.
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Figure 5. TLC and immunostaining of GSLs from A431 and KB cells. Panel A: GSLs extracted from A431 and KB cells cultured with or without EtDO-P4 were subjected to TLC
and stained with Primulin (A-a) or orcinol-sulfuric acid (A-b). Lane 1: GM1; lane 2: GM2; lane 3: GM3; lane 4: GSLs from A431 cells cultured without EtDO-P4; lane 5: GSLs
from A431 cells cultured with EtDO-P4; lane 6: GSLs from KB cells cultured without EtDO-P4; and lane 7: GSLs from KB cells cultured with EtDO-P4. Panel B: GSLs from A431
and KB cells were subjected to immunostaining using anti-GM2 mAb MK1-8 (B-a), and anti-GM3 mAb DH2 (B-b) mAbs. Lane 1: standard GM2; lanes 2 and 4: GSLs from A431
cells; lanes 3 and 5: GSLs from KB cells; and lane 6: standard GM3.

1 vs column 2). Tyrosine phosphorylation associated with EGFR by EtDO-P4 treatment (Fig. 6A, row 4; Fig. 6B-d, column 1 vs col-
(P-EGFR) was not affected by EtDO-P4 treatment in either A431 umn 2). The degree of reduction for CD82 and CD81 bands by
or KB cells (Fig. 6A, row 2; Fig. 6B-b, column 1 vs column 2. The EtDO-P4 treatment was much greater (Fig. 6A, rows 5 and 6;
integrin o3 band was significantly enhanced by EtDO-P4 treatment Fig. 6B-e, -f, column 1 vs column 2). Reduced expression of these
(Fig. 6A, row 3; Fig. 6B-c, column 1 vs column 2). CD9 was reduced TSPs by EtDO-P4 treatment was clear in A431 cells, but expression
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Figure 6. Effect of EtDO-P4 on expression of EGF, integrin o3, and tetraspanins in A431 and KB cells. A431 and KB cells (7 x 10°) were cultured with or without 1 uM EtDO-
P4, followed by treatment of 100 ng/mL EGF as described in Section 2.7. Panel A: Cell lysate was subjected to Western blot analysis to determine expression of: 1, EGFR; 2,
phosphorylated EGFR; 3, Integrin o3; 4, CD9; 5, CD82; and 6, CD81, using respective antibodies. Band intensity was expressed relative to y-tubulin as loading control,
between EtDO-P4-treated A431 cells versus non-treated A431 cells. The same comparison was made for EtDO-P4-treated KB cells versus non-treated KB cells. Panel B: Effect
of EtDO-P4 pre-treatment on band intensity of: a, EGFR; b, phosphorylated EGFR; c, Integrin o3; d, CD9; e, CD82; and f, CD81. Height of columns 1, 2, 3, and 4 in each panel a-f
is based on band intensity relative to y-tubulin as the loading control, as in the ordinate. Standard deviation and significance of differences between columns, are shown.
Significant differences (P <0.01) are indicated by an asterisk in parentheses ( ).
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Figure 7. Cell motility determined by phagokinetic assay on a gold sol-coated plate. Panel A: Phagokinetic assay on gold sol-coated plate. A431 or KB cells (5 x 10?) were
cultured in a 24-well plate, and a phagokinetic assay was performed as described in Section 2.10. Examples of phagokinetic clearance of gold sol by A431 (a) and KB (b) cells.
Panel c: motility difference between A431 and KB cells, based on cleared area of >30 cells, using the imacej program. Panel B: Effect of inhibition of GSL synthesis on cell
motility. A431 and KB cells (5 x 10%) were cultured with or without EtDO-P4, and phagokinetic assay was performed as described in Section 2.10. Experiments were repeated
four times Standard deviation, and significance of differences between columns, are shown. ", P <0.005; ~, P <0.0001.

was low and unchanged in KB cells (Fig. 6A, rows 4, 5, and 6 under
column KB; Fig. 6B-d, -e, and -f, columns 3 and 4). Similarly, levels
of P-EGFR and integrin o3 for KB were very low and unchanged by
EtDO-P4 treatment (Fig. 6A, rows 2 and 3; Fig. 6B-b, and -c, col-
umns 3 and 4).

3.7. Cell motility determined by the haptotactic method in
A431 versus KB cells

Haptotactic motility determined on gold sol-coated plate, as de-
scribed in Section 2.10, was much higher in A431 cells than in KB
cells (Fig. 7A-a,b). Cleared area, determined by the iMAGE) program,
was significantly greater in A431 cells than in KB cells (Fig. 7A-c).
In order to determine whether high motility of A431 cells is con-
trolled by ganglioside GM2 and/or GM3, the effect of EtDO-P4
treatment on haptotactic cell motility was studied. The large the
cleared area of KB cells was greatly reduced by EtDO-P4 treatment,
whereas the cleared area of KB cells was unchanged (Fig. 7B-a).
Quantitative motility difference in terms of squared pixels (ordi-
nate) was compared in A431 and KB cells with EtDO-P4 treatment
versus A431 and KB cells without EtDO-P4 treatment. The effect of
EtDO-P4 is very clear in A431 cells, but not in KB cells (Fig. 7B-b).

3.8. Association of EGFR with TSP in A431 and KB cells

While levels of EGFR and TSPs CD9, CD81, and CD82 are much
higher in A431 cells than in KB cells (see Figs. 1 and 6A and B), pos-
sible qualitative interaction between EGFR and TSP was studied by
co-IP, based on the same quantity of protein solubilized in neutral
detergent as described in Section 2.11. TSPs CD9, CD81, and CD82
were clearly co-IP’d with EGFR (Fig. 8). The level of TSP co-IP’d with
EGFR was similar between A431 and KB cells.
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Figure 8. Association of EGFR with TSPs CD9, CD81, and CD82 in A431 versus KB
cells. The post-nuclear fraction of cell lysate from A431 and KB cells was co-
immunoprecipitated with anti-EGFR antibody as described in Section 2.11, and
subjected to 12.5% SDS-PAGE and Western blot analysis using various anti-TSP
antibodies.

4. Discussion

The growth-inhibitory effect rather than growth-inducing effect
of EGF in A431 cells, particularly at high concentration (5-10 nM
EGF), was described??724 soon after EGF, EGFR, and its associated
kinases were discovered in the early 1980s.'~3 This growth-inhib-
itory effect was correlated with unusually high expression of EGFR
in A431 cells and its over-activated tyrosine kinase. While the ex-
act mechanism is still unclear, it is assumed to be due in part to
over-expenditure of intracellular ATP.?>2%

While EGF-dependent growth properties of similar epidermoid
carcinoma KB cells were studied previously to some extent,* the
present study clearly established differential properties of KB ver-
sus A431 cells, in terms of expression of EGFR level, susceptibility
to EGF, functional interaction of EGFR with TSPs, and ganglioside
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interaction with TSPs. Among these, much higher motility of A431
cells than KB cells, based on much higher levels of both EGFR and
TSPs in A431 cells than in KB cells, is a highly novel observation not
found in previous studies. This is in striking contrast to the fact
that EGFR tyrosine kinase activity is lower in A431 cells than in
KB cells, particularly stimulated by EGF under serum-free
conditions.

We previously demonstrated formation of complexes between
gangliosides and TSPs, that is, GM3 with CD9,°?” GM3 with CD9-
CD81,2829 and GM2 with CD82.1° These complexes interact in turn
with various growth factor receptors or integrin receptors, or affect
functional interaction (‘cross-talk’) between growth factor recep-
tors and o5 or o3 integrin.®~1227-3% In addition, a recent study indi-
cates that the GM2-GM3 heterodimer conjugate, complexed with
CD82, inhibits Met kinase.?! However, all these ganglioside-TSP
complexes inhibit, rather than promote, cell growth and motility.
In striking contrast, results of the present study suggest a correla-
tion between a high level of EGFR-TSP-GM3 or -GM2 complex and
high motility in A431 cells. Motility is much lower in KB cells, pos-
sibly associated with low levels of EGFR and TSP in these cells.

EtDO-P4, the highly effective inhibitor of GlcCer synthase,
which depletes all GSLs derived from GlcCer,!® does not affect
phosphorylation of EGFR in A431 or KB cells, indicating that GSLs,
including GM2 and GM3, by themselves may not affect EGFR ki-
nase activity. However, levels of CD82 and CD81 were significantly
reduced by EtDO-P4 treatment, suggesting that these TSPs may be
complexed with GM2 or GM3. As expected, A431 cell motility was
significantly reduced by EtDO-P4 treatment (Fig. 7B), indicating
that high A431 cell motility is maintained by gangliosides, orga-
nized with TSP and EGFR, possibly in glycosynaptic microdomain.
Interaction of EGFR with all types of TSPs expressed in A431 cells
was clearly indicated by co-IP data (Fig. 8).

Further detailed studies on TSP complexes with GM2 or GM3, or
with GM2-GM3 heterodimer,®! will help clarify their role in the
functional interaction between growth factor receptors and inte-
grins, to define tumor cell malignancy, which is based mainly on
cell motility and invasiveness, rather than on simple cell growth.
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