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CD98 is a heterodimeric glycoprotein of 125-kDa, which consists
of a 90-kDa heavy chain (hc) subunit and 35-kDa to 55-kDa light
chain (lc) subunits. It is strongly expressed on the surface of pro-
liferating normal cells and almost all tumor cells. To investigate
the participation of CD98 in cellular proliferation and malignant
transformation, we analyzed cell-cycle progression of NIH3T3
clones transfected with cDNA of human CD98hc. Although NIH3T3
and control transfectant cells grown to the subconfluent state
were arrested in the G0/G1 phase by serum starvation, consider-
able portions of CD98hc-transfected cells resided at S and G2/M
phases. Under serum-starved and confluent conditions, significant
fractions (20–25%) of NIH3T3 and control transfectant cells
contained less than 2n content DNA, indicating occurrence of
apoptosis, whereas no apoptotic cells were detected in CD98hc-
transfectant cells. Under serum-starved conditions, a marked
increase in the levels of cyclin D1 and cyclin E and a decrease in
p16 were observed in CD98hc-transfectant cells. The reverse was
true for NIH3T3 and control transfectant cells. Our results suggest
that resistance to G1 arrest and apoptosis by CD98 overexpression
are associated with high G1-cyclins and low p16 levels. (Cancer Sci
2012; 103: 1460–1466)

C D98, which was originally identified as an early lympho-
cyte activation antigen with a 4F2 monoclonal antibody

(mAb),(1) B3 mAb(2) or RL388 mAb,(3) respectively, in human,
rat or mouse species, is a disulfide-linked heterodimeric pro-
tein with relative molecular mass of 125 000. This protein
consists of a CD98 heavy chain (hc) subunit with molecular
mass of 90 000 Da and one of six CD98 light chain (lc)
subunits with molecular mass of 35 000 to 55 000 Da. CD98lc
are 12-pass non-glycosylated transmembrane proteins, and are
sorted to the plasma membrane through association with
CD98hc single-pass type II transmembrane glycoprotein.(4,5)

In the functional aspect, involvement of CD98hc in the trans-
port of various amino acids has been reported;(6,7) however,
CD98hc is now regarded as a molecular chaperone of CD98lc
or a regulator of amino-acid transport activity by CD98lc,
because six CD98lc have been identified as the main body of
amino-acid transport (systems L, y+L, xc� and asc).(8–13)

In addition to the role in amino-acid transport, the involve-
ment of CD98 in cellular calcium uptake,(14–16) homotypic
aggregation and apoptosis of lymphoid progenitor cells,(17)

virus-mediated cell fusion(18,19) and regulation of integrin
affinity(20) have been reported. Several groups report the higher
expression of CD98 in restricted normal tissues, which contain
actively dividing cells.(1,2,21–25)

As to the involvement of CD98 in cancers, we have reported
higher expression of CD98 in various cancer cells using spe-
cific anti-CD98hc mAb,(2,26) growth inhibition of cancer cells

by anti-CD98hc mAb(27–29) or by liposomes containing anti-
cancer drug and coated with anti-CD98hc mAb,(30) malignant
transformation of mouse fibroblasts by DNA transfection of
human and rat cDNA of CD98hc,(31–33) and cooperation
between CD98hc and CD98lc in the malignant transforma-
tion.(32) We have recently demonstrated that the CD98lc
responsible for CD98hc-mediated malignant transformation is
L-type amino-acid transporter 1 (LAT1), also referred to as
solute carrier (SLC) 7A5, among six CD98lc, namely, LAT1,
LAT2 (SLC7A8), y+LAT1 (SLC7A7), y+LAT2 (SLC7A6),
asc1 (SLC7A10) and xCT (SLC7A11), from experimental
genetics using LAT1 gene-disrupted chicken DT40 cells.(34)

Although many cellular functions are attributed to the CD98
complex, the precise role(s) of CD98 in cellular proliferation
and malignant transformation in mammalian cells remains
unclear. As mentioned above, we have found that murine
fibroblasts transfected with human or rat CD98hc cDNA show
various malignant phenotypes.(31–33) Proliferation of normal
mammalian cells is directly related to the cell cycle,(35) and
deregulation of cell cycle progression results in oncogene-
sis.(36) To understand the function of CD98 with respect to
cellular proliferation and malignancy, in the present study, we
analyze the cell-cycle progression and expression of G1
cyclins, CDK, and their inhibitors using NIH3T3 clones trans-
fected with full-length cDNA of human CD98hc.

Materials and Methods

Cell Culture. NIH3T3 cells (American Type Culture Collec-
tion, Bethesda, MD, USA) were grown in DMEM supple-
mented with 10% heat-inactivated FBS (ICN Biomedicals,
Aurora, OH, USA). Stable NIH3T3 transfectant clones
expressing full-length human CD98hc protein (NIH/hH-1,
NIH/hH-2 and NIH/hH-3) and a control NIH3T3 transfectant
clone (NIH/neo) were maintained in DMEM containing 10%
FBS and 400 lg/mL of Geneticin disulfate (G418; Wako Pure
Chemical Industries, Osaka, Japan).(31,33) Multiple aliquots of
individual clones (passages 5–10) were frozen, and each ali-
quot was used for no more than 2 weeks, to avoid potential
phenotypic changes. Expression of human CD98hc protein on
the cell surface of each clone was confirmed periodically by
flow cytometry, as described previously.(31,33)

Primary antibodies. HBJ127 (IgG1) mouse mAb recognizes
CD98hc of human cells(26) and shows species-specific reactiv-
ity.(30) Rabbit polyclonal antibodies against cyclin E (M-20),
p16 (M-156), p27 (M-19), CDK2 (M-2) and CDK4 (C-22),
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and a mouse mAb against cyclin D1 (72-13G) were obtained
from Santa Cruz Biotechnology (Santa Cruz, CA, USA). A
rabbit mAb against cyclin D1 (SP4) and integrin b1
(EP1041Y) were obtained from Abcam (Tokyo, Japan).

Cell-cycle analysis. For synchronization, cells grown to
approximately 50–80% confluency were washed twice with
FBS-free DMEM and starved in DMEM containing 0.2% FBS
for 48 h. Cells were harvested by a brief trypsinization, and
washed twice with PBS by centrifugation. Cellular DNA was
stained using a Cycle Test Plus DNA reagent kit (Beckton-
Dickinson, Sunnyvale, CA, USA) according to the manufac-
turer’s protocol. Flow cytometric analysis was performed using
the FACScan flow cytometer and Cell Fit-DNA software
(Beckton-Dickinson).

Analysis of apoptotic cells. Detection of DNA fragmentation
by agarose gel electrophoresis was performed, as described
previously.(37) To detect DNA fragmentation by flow cytome-
try, separated nuclei were stained using the MEBSTAIN Apop-
tosis kit (MBL, Nagoya, Japan) based TUNEL and analyzed
on a FACScan flow cytometer, as described previously.(38)

Immunoprecipitation and Immunoblot. Monolayered cells
were rinsed twice with ice-cold PBS, and harvested by a brief
trypsinization. Cells were extracted by addition of lysis buffer
(50 mM Tris, pH 7.6, 150 mM NaCl, 1 mM EDTA containing
1% SDS, 1% Triton X-100, 1 mM dithiothreitol and inhibitors
[1 mM PMSF, 20 lg/mL aprotinin, 20 lg/mL leupeptin,
10 lg/mL pepstatin, 1 mM NaF, 0.1 mM Na3VO4 and
10 mM glycerophosphate]) three to five times its volume of
cell pellet(s). The solution was incubated on ice for 20 min
and then ultracentrifuged at 18 000g for 45 min at 4°C. The
cleared cell lysate (100 lg protein in each lane) was separated
on SDS-PAGE and transferred to Fluorotrans membranes (Pall
BioSupport, Port Washington, NY, USA) using the semidry
transfer apparatus. Membranes were treated with Block Ace
(Dainihon Seiyaku, Osaka, Japan) 1:2 diluted with PBS, and
incubated sequentially with rabbit polyclonal antibodies (2 lg/
mL in 1% BSA-PBS) and HRP-conjugated protein A (Zymed
Laboratories, South San Francisco, CA, USA) diluted 1:10 000
in PBS containing 0.05% Tween 20 (T-PBS). When mouse
mAb were used as primary antibodies, membranes were suc-
cessively treated with mouse mAb, rabbit anti-mouse immuno-
globulins (Dako Japan, Kyoto) diluted 1:200 in 1% BSA-PBS,
and HRP-conjugated protein A. Between each step, membranes
were washed extensively with T-PBS. HRP activity was
detected using 0.05% 3,3′-diaminobenzidine (Wako) and
0.01% hydrogen peroxide in 0.1 M Tris buffer, pH 7.5. For
the analyses of immunocomplex, monolayer-cultured cells
were treated with ice-cold NP-40 lysis buffer, and the lysates
sonicated and cleared by the ultracentrifugation at 18 000g for
45 min at 4°C. These cleared lysates were incubated succes-
sively with rabbit polyclonal antibodies to CDK4 or cyclin E

followed by protein A-Sepharose (Pharmacia, Uppsala, Swe-
den). The resultant immune complexes were washed exten-
sively with the lysis buffer. Pellets containing immune
complexes were analyzed by SDS-PAGE.

Immunocytochemistry. Cells grown on Cellgen (collagen
type 1, Koken, Tokyo, Japan) or poly-L-lysine (Sigma, 10 lg/
mL) pretreated eight-chamber culture slides (Falcon, Franklin
Lakes, NJ, USA) with or without HBJ127 anti-human CD98hc
mAb (10 lg/mL) were rinsed once with PBS, fixed with ace-
tone–methanol or 4% paraformaldehyde (2% sucrose) in PBS,
and permeated with Triton buffer (0.5% Triton X-100 in
20 mM HEPES, pH 7.4, 50 mM NaCl, 3 mM MgCl2 and
300 mM sucrose). After a rinse with PBS, cells in each well
were overlaid with Block Ace 1:2 diluted with PBS for 1 h at
37°C, and either immediately used or stored at 4°C for up to
10 days until use. For the antibody labeling, cells were treated
with 2 lg/mL of primary antibodies in PBS containing 1%
BSA for 12 h at 4°C. After washing with PBS, cells were trea-
ted with biotinylated secondary antibodies (Vector Laborato-
ries, Burlingame, CA, USA), which were diluted 1:200 in PBS
containing 1% BSA for 1 h. After washing with PBS, cells
were treated with ABC reagent (Vector) diluted 1:100 in PBS
for 1 h. Following extensive washing with PBS, cells were
incubated with 0.05% 3,3′-diaminobenzidine and 0.01% hydro-
gen peroxide in 0.1 M Tris buffer (pH 7.5), rinsed with water,
dehydrated with ethanol, cleared by xylene and mounted by
Permount (Fisher Scientific, Fair Lawn, NJ, USA). Localiza-
tion of antibody-defined components was observed under a
microscope (Zeiss Axiolab, Thornwood, NY, USA) and photo-
graphed.

Results

CD98hc-overexpressing NIH3T3 cells resist G0/G1 arrest under
serum-starved and subconfluent conditions. We have demon-
strated that CD98hc-transfected murine 3T3 clones are able to
grow in soft agar and to develop tumors in athymic mice.(31–33)

In the study, CD98hc-transfected NIH3T3 cells were assessed
for cell cycle progression under the serum-starved condition.
The distribution patterns in the cell cycle of subconfluent (50–
80% confluent) cells cultured in the medium containing 10%
FBS were indistinguishable between the control (NIH3T3 and
NIH/neo) and CD98hc-transfected cells (Fig. 1, left). Follow-
ing the culture of subconfluent cells in the medium containing
0.2% FBS for 48 h, more than 90% of the NIH3T3 and NIH/
neo cells were arrested in the G0/G1 phase and less than 5%
of the cells were in the S phase. In contrast, <75% of the
CD98hc-transfected clone NIH/hH-1 and hH-2 cells were in
the G0/G1 phase and more than 10% of the cells were in the S
phase (Fig. 1, middle). However, 66 h after culturing subcon-
fluent cells with 0.2% FBS, more than 95% of the NIH3T3,

Fig. 1. Cell-cycle analysis of CD98hc-transfected
clones. Asynchronously growing control (NIH3T3
and NIH/neo) and CD98hc-transfected clones (NIH/
hH-1 and hH-2) were transferred to various culture
conditions; namely, subconfluent cells were
cultured in a medium supplemented with 10% FBS
for 48 h (left) or in a medium with 0.2% FBS for
48 h (middle) or 66 h (right). Cells were subjected
to flow cytometric analysis after propidium iodide
staining (20 000 cells were routinely counted for
each sample.
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NIH/neo and three CD98hc-transfected cells were arrest in the
G0/G1 phase (Fig. 1, right). In these culture conditions, sub-
G0/G1 peak showing a peak of cells having less than 2n con-
tent of DNA was not detected in NIH3T3, NIH/neo and two
CD98hc-transfected cells.

CD98hc-overexpressing NIH3T3 cells resist apoptosis under
serum-starved and confluent conditions. When cells were
allowed to reach confluence and then cultured in the medium
containing 0.2% FBS for 48 h, NIH3T3 and NIH/neo showed
a sub-G0/G1 peak on the FACS histogram, corresponding to
30 and 26% of the population, respectively. However, the sub-
G0/G1 peak was not detected with any of the two CD98hc-
transfected clones (Fig. 2).
To determine whether the emergence of sub-G0/G1 peaks of

NIH3T3 and NIH/neo cells cultured under confluent and
serum-starved conditions were caused by apoptosis, we per-
formed TUNEL assays followed by flow cytometry (Fig. 3).
Relatively large numbers of NIH3T3 and NIH/neo cells
showed high fluorescence intensity, indicative of increased free
DNA ends, whereas for all three CD98hc cDNA-transfected
clones, the number of cells showing high fluorescence intensity
were negligible. Next, we prepared genomic DNA from con-
trol cells and CD98hc-transfected clones cultured for 48 h
under various culture conditions, and examined DNA fragmen-
tation by agarose gel electrophoresis (Fig. 4). Under the sub-
confluent conditions with 10% (Fig. 4, right) or 0.2% FBS

(Fig. 4, left), DNA fragmentation was not detected in the con-
trol or CD98hc-transfected cells. DNA fragmentation was evi-
dent in confluent NIH3T3 and NIH/neo cells but not in all the
two CD98hc-transfected clones, which were cultured under the
confluent and serum-starved conditions (Fig. 4, middle).

CD98hc-overexpression influences the expression of cell-cycle
regulators under the conditions that induce cell-cycle arrest or
apoptosis in NIH3T3 cells. Serum components (growth factors)
induce the expression of cyclin D1 in G0/G1-arrested cells.
Because overexpression of CD98hc in NIH3T3 cells induces
resistance to G0/G1 arrest or apoptosis caused by serum starva-
tion, we examined whether overexpression of CD98hc is asso-
ciated with altered expression and/or activity of cell cycle
regulators. Immunocytochemical analysis of subconfluent cells
cultured under the serum-starved conditions for 48 h revealed
that p16 was strongly expressed in NIH/neo as compared with
NIH/hH-1, whereas cyclin D1 and cyclin E were strongly
expressed in the nuclei of NIH/hH-1 cells, but not in NIH/neo
cells (Fig. 5). Higher expression of cyclin D1 in NIH/hH-1was
remarkably decreased by the addition of anti-human CD98hc
mAb to the culture of NIH/hH-1 cells (Fig. 6). Next, expression
of various cell cycle regulators was examined in the normal
(10% FBS) and serum-starved (0.2% FBS) conditions with sub-
confluent cells using immunoblot and immunoprecipitation
analysis (Figs 7 and 8). Two CD98hc-overexpressing clones
expressed higher levels of cyclin D1 than parental NIH3T3 and
control NIH/neo transfectant cells under normal or serum-
starved culture conditions (Fig. 7). As for the expression of
cyclin E, CD98hc-transfected clones, NIH/hH-1 and hH-2
expressed higher levels of this cyclin than control cells in the

Fig. 2. Cell-cycle analysis of CD98hc-transfected clones in confluent
and serum-starved conditions. Confluent NIH3T3, NIH/neo and
CD98hc-transfected clones (NIH/hH-1 and hH-2) were cultured in the
medium containing 0.2% FBS for 48 h and subjected to flow cytomet-
ric analysis after propidium iodide staining.

Fig. 3. Analysis of resistance to apoptosis by overexpression of CD98hc using TUNEL method. Cells were cultured under the following three
conditions: standard culture conditions with 10% FBS (M), or culture for 48 h with 0.2% FBS after subconfluence ( ) or confluence ( ). Permea-
bilized cells were subjected to TUNEL. Cells were incubated with fluorescein-conjugated avidin and subjected to flow cytometry.

Fig. 4. Analysis of resistance to apoptosis by overexpression of
CD98hc revealed with DNA fragmentation. Genomic DNA was isolated
from cells cultured in 10% FBS medium (right), or 0.2% FBS medium
after subconfluence (left) or confluence (middle). Soluble DNA was
subjected to agarose gel electrophoresis and stained with ethidium
bromide. Lanes 1, NIH3T3; 2, NIH/neo; 3, NIH/hH-1; 4, NIH/hH-2; 5,
NIH/hH-3.
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culture with 0.2% FBS. Two CD98hc-transfected clones
expressed higher levels of cyclin E as compared with the con-
trol cells in the normal culture condition. We next examined
the expression of CDK4 and CDK2 that form a complex with
cyclin D1 and cyclin E, respectively. In the culture with 10%
FBS, the levels of CDK4 and CDK2 were almost the same
between the control and CD98hc-overexpressing cells. Under
the serum-starved condition, the levels of CDK4 and CDK2 in
both two CD98hc-transfected clones were slightly higher than
those of the control cells. Inhibitor proteins such as p16 and
p27 regulate the activities of CDK4 and CDK2, and the expres-
sion of these proteins in normal cells increases upon serum star-
vation and decreases after stimulation by growth factors. The
levels of p27 in CD98hc-overexpressing cells were similar to
those in the NIH3T3 and NIH/neo cells. Although p16 was
highly expressed in NIH3T3 and NIH/neo cells, it was not
expressed in NIH/hH-1 and NIH/hH-2 cells under either the
normal growth or serum-starved conditions.
We next examined the complex formation between cyclins

and CDK or p27 in subconfluent cells cultured in the serum-

starved conditions for 48 h (Fig. 8). Immunoprecipitation with
anti-CDK4 revealed the association of cyclin D1 with CDK4
in CD98hc-overexpressing cells. The association of p27 with
cyclin D1 was also observed in CD98hc-overexpressing cells.
The cyclin E-CDK2 complex was detected in CD98hc-overex-
pressing cells, and the association of p27 with cyclin E was
also observed in these cells.

Discussion

Over the past ten years, accumulating reports have demon-
strated the multiple functions of CD98hc-lc molecules, includ-
ing amino-acid transport,(4,5,8–13) regulation of integrin
affinity(20) and virus-induced cell fusion,(18,19) as well as the
possible correlation of this molecule with lymphocyte activa-
tion(1–3,21,23–25) and cell growth.(2,22,23) We have demonstrated
that murine fibroblasts transfected with human or rat CD98hc
acquire the transformed phenotypes to grow in soft agar and to
form tumors in nude mice,(31–33) and that CD98hc-mediated
transformation requires cooperation with CD98lc,(32) especially
with LAT1.(34) In this study, we have demonstrated that
overexpression of CD98hc allows subconfluent cells to resist
G0/G1 arrest and confluent cells to escape from apoptosis upon
serum starvation.
In normal cells, growth arrest occurs in response to mitogen

deprivation due to the inhibition of CDK kinase activities via
specific posttranslational modifications of the CDK subunits(39)

or association with CDK inhibitors.(40) NIH3T3 and NIH/neo
cells were arrested in the G0/G1 phase 48 h after serum depri-
vation, whereas CD98hc-transfected clones resisted arrest in
the G0/G1 phase. However, after 66 h, CD98hc-transfected
cells were also arrested in the G1 phase, indicating that over-
expression of CD98hc in NIH3T3 cells modulates the growth
inhibitory mechanism but does not cancel the requirement of
cells for serum growth factors to grow. The remarkable charac-
ter of CD98hc-transfected clones is that they express no or
negligible levels of p16INK4a, even under the serum-deprived
condition. The levels of cyclin D1 and cyclin E in NIH3T3
and NIH/neo were very low, whereas those in CD98hc-overex-
pressing cells cultured in serum-starved conditions for 48 h
were relatively high. Thus, loss or low levels of p16 and rela-
tively high levels of cyclin D1 and cyclin E might explain the
resistance of CD98hc-transfected clones to G0/G1 arrest.
Decreased expression of cyclin D1 by anti-human CD98hc
mAb might also substantiate the functional significance of
overexpressed CD98hc in NIH/hH-1 cells (Fig. 6).
Several lines of evidence suggest that regulation of apoptosis

is closely related to the regulation of the cell cycle.(41–44)

Although apoptosis can be induced at any point of the cell
cycle, inducibility of apoptosis greatly differs depending on
the point in the cell cycle.(45) Induction of apoptosis by growth
factor deprivation appears to be associated with cell cycle reg-
ulation, because a failure of the passage through a certain point
of G1 phase results in apoptotic cell death in normal

Fig. 5. Immunocytochemical analysis of cell-cycle regulators in con-
trol and CD98hc-transfected cells. Formaldehyde-fixed, and Triton
X100-permeated control (NIH/neo) as well as CD98hc-transfected cells
(NIH/hH-1) grown on poly-L-lysine-treated slides were successively
treated with indicated antibodies, biotinylated secondary antibodies
and ABC reagent.

Fig. 6. Effect of anti-human CD98hc mAb on the
expression of cyclin D1 in CD98hc-transfected cells.
Acetone-methanol-fixed cells grown on collagen-
treated slides cultured with or without anti-human
CD98hc mAb were successively treated with anti-
cyclin D1 rabbit mAb, biotinylated secondary
antibodies and ABC reagent.
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cells.(46,47) The progression through the G1 phase depends on
the balance between cyclin D1 and p16, according to their
positive and negative influence on G1 progression. In this con-
text, it is interesting that mutations or abnormal expression of
p16 and cyclin D1 were detected in various cancer cells.(48,49)

Thus, the CD98hc-transfected cells cultured under the serum-
starved and subconfluent conditions, which exhibit loss or low
levels of p16 and relatively high levels of cyclin D1, are prob-
ably arrested in the late G1 phase that is beyond the apoptosis-
sensitive point.(50)

At present, why CD98hc-transfected clones express no or
relatively low levels of p16INK4a and relatively high levels of
cyclin D1 and cyclin E under serum-starved conditions as
compared to control cells is not well understood. Cell growth
is dependent on the stimuli by cell adhesion to extracellular

matrix (ECM) proteins as well as serum growth factors. Both
stimuli are required for the induction of cyclin D1 mRNA,(51)

and the ECM is also required for the translation of cyclinD1
mRNA.(52) Cell anchorage to substratum reflects the interaction
of the ECM with integrin: a family of cell surface receptors
comprised of a and b chains that heterodimerize in distinct
combinations to confer ligand specificity.(53) Furthermore, it
has been demonstrated that the physical interaction between
the cytoplasmic domains of integrin b chains and CD98hc
leads to the activation of integrin affinity through a conforma-
tional change in the ligand-binding site of the integrins.(20)

Cross-linking of CD98hc by anti-CD98hc mAb promotes inte-
grin-like signaling and anchorage-independent growth through
the stimulation of phosphatidylinositol 3-kinase, focal adhesion
kinase and protein kinase B,(54) and mAb-induced CD98 acti-
vation increases surface expression and clustering of b1 inte-
grin.(55) CD98hc participates in fibronectin matrix assembly by
mediating integrin signaling,(56) and the association with inte-
grin b1 is required for CD98hc-mediated transformation.(57)

The present study has demonstrated that overexpression of
CD98hc allows subconfluent cells to resist G0/G1 arrest and
confluent cells to escape from apoptosis upon serum starvation,
and might link CD98hc-mediated activation of integrin b1 to
CD98hc-mediated malignant transformation and tumorigenesis.
We are now trying to analyze the mechanism(s) of CD98-med-
iated cell-cycle progression and resistance to apoptosis, by
evaluating the link to CD98hc-mediated activation of integrin
b1 in NIH3T3 cells. In this context, CD98hc-overexpressing
NIH/hH-1 cells showed higher levels of integrin b1 and stron-
ger adhesive activity to collagen (type 1) compared with
NIH3T3 cells (data not shown). Studies are currently underway
to further address the mechanism of CD98-mediated malig-
nancy and resistance to cell cycle arrest and apoptosis by eval-
uating possible roles of CD98lc,(32,34) and by searching for
novel CD98-associated molecules.(58–60)

CD98hc and CD98lc (LAT1 and xCT) were overexpressed
on the surface of almost all tumor cells irrespective of the tis-
sue of origin,(26,59–61) unlike typical receptor-type oncoproteins,
such as members of the HER family with restricted tumor dis-
tribution; therefore, analysis of CD98hc-mediated transforma-
tion might reveal general mechanisms involved in the
oncogenic process and might provide a novel target for cancer
therapy. The significance of LAT1 in addition to CD98hc for
the emergence of the malignant phenotype has been recently
revealed; namely, we have demonstrated the essential role of
LAT1 in malignant transformation through experimental genet-
ics using targeted disruption of the LAT1 gene in chicken
DT40 cells.(34) Furthermore, we characterized human LAT1 as
a promising target for the therapy of human cancers using
experiments showing in vitro and in vivo growth inhibition of
human cancer cells with hLAT1 small interfering RNA and
anti-hLAT1 mAb.(34,59,61) As for novel CD98-associated mole-
cules, we now focus on CD44 variant (CD44v) molecules
expressed on the surface of cancer stem cells (CSC) in the pre-
cancerous region of gastric adenocarcinomas of K19-Wnt1/
C2mE transgenic mice.(62) Our recent data provide evidence
that the expression of CD44v and its association with an xCT
CD98lc block the reactive oxygen species-induced stress sig-
naling that results in growth arrest, cell differentiation and
senescence, and, thereby, promote the proliferation of cancer
cells and the formation of lethal gastrointestinal tumors,(58) and
that anti-CD44v fully human mAb could inhibit tumor forma-
tion or tumor growth of xenografted human cancers.(63) Given
that CD44v-expressing CSC play a central role in resistance to
cancer therapy, it has been suggested that definitive treatment
should target the xCT-CD44vhigh cell population in cancer.(58)

We expect that anti-CD98 therapeutic reagents will be applied
to various types of human cancers, and that CD98hc/CD98lc

Fig. 7. Immunoblot analysis of the expression levels of the G1/S
Cyclin-CDK complex components. Equal amounts of lysate proteins
from NIH3T3, NIH/neo and two CD98hc-transfected clones cultured in
the medium with 10% (left) or 0.2% (right) FBS were subjected to
SDS-PAGE, blotted onto membranes and immunostained with anti-
bodies with indicated cell-cycle regulators.

Fig. 8. Immunoprecipitation and immunoblot analysis of cyclin D1-
CDK4 and cyclin E-CDK2 complexes. Equal amounts of lysate proteins
from NIH3T3, NIH/neo and two CD98hc-transfected clones cultured in
0.2% FBS-medium were treated with indicated antibodies (IP) for
immunoprecipitation. Immunoprecipitates were subjected to SDS-
PAGE, blotted onto membranes and stained with indicated anti-
bodies.
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(LAT1 and xCT) will become an excellent molecular target,
possibly even superior to existing target proteins.
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