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The expression of an enzyme, GnT-V, that catalyzes a specific
posttranslational modification of a family of glycoproteins, name-
ly a branched N-glycan, is transcriptionally up-regulated during
breast carcinoma oncogenesis. To determine the molecular basis of
how early events in breast carcinoma formation are regulated by
GnT-V, we studied both the early stages of mammary tumor for-
mation by using 3D cell culture and a her-2 transgenic mouse mam-
mary tumormodel. Overexpression of GnT-V inMCF-10Amammary
epithelial cells in 3D culture disrupted acinar morphogenesis with
impaired hollow lumen formation, an early characteristic ofmamm-
ary neoplastic transformation. The disrupted acinarmorphogenesis
of mammary tumor cells in 3D culture caused by her-2 expression
was reversed in tumors that lacked GnT-V expression. Moreover,
her-2-induced mammary tumor onset was significantly delayed
in the GnT-V null tumors, evidence that the lack of the posttrans-
lational modification catalyzed by GnT-V attenuated tumor forma-
tion. Inhibited activation of both PKB and ERK signaling pathways
was observed in GnT-V null tumor cells. The proportion of tumor-
initiating cells (TICs) in the mammary tumors from GnT-V null mice
was significantly reduced compared with controls, and GnT-V null
TICs displayed a reduced ability to form secondary tumors in NOD/
SCIDmice. These results demonstrate that GnT-V expression and its
branched glycan products effectivelymodulate her-2-mediated sig-
naling pathways that, in turn, regulate the relative proportion of
tumor initiating cells and the latency of her-2-driven tumor onset.
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The amplification and overexpression of her-2/erbB2, a mem-
ber of the epidermal growth factor (EGF) receptor family,

play a pivotal role in the development of several different types
of cancers, including breast carcinoma (1, 2). Oncogenesis obser-
ved in mouse mammary epithelia induced by her-2 expression
shares similarities with that of human breast carcinoma (3). Her-2
signaling is activated through its interactions with other EGF
family receptors after they bind ligands, including epidermal
growth factor (EGF) and neuregulin (NRG) (4). Ligand-induced
phosphorylation of this family of receptors recruits various do-
cking proteins and signaling molecules that convey prolifera-
tive and survival signals via MAPK and PI3K/PKB pathways (5).
In a reconstituted basement membrane culture system (3D cul-
ture), activation or overexpression of the her-2 receptor in a non-
transformed mammary epithelial cell line (MCF-10A) elicits a
multiacinar phenotype characterized by excessive cell prolifer-
ation and filling of the acinar luminal space that results from
inhibited apoptosis and altered apicobasal polarization (6, 7).
These in vitro alterations caused by her-2 overexpression are
linked to the phenotypes observed for human breast ductal carci-
noma in situ (DCIS) with erbB2 amplification (8). Recent studies
have shown that her-2 regulates the mammary epithelial stem/
progenitor cell population that drives tumorigenesis and progre-
ssion (9, 10), and these tumor-initiating cells (TICs), also refer-
red to as cancer stem cells, have been isolated and characterized
from her-2-induced mouse mammary tumors (11, 12).

Changes in branched N-glycan structures on specific growth
factor and adhesion receptors are associated with abnormal
receptor-mediated signaling and resulting phenotypes (13, 14).
A family of glycans whose expression is controlled by the ras-ets
signaling pathway and is often up-regulated during malignant
transformation is synthesized by the glycosyltransferase, N-
acetylglucosaminyltransferase V (GnT-V, EC 2.4.1.155) (15,
16). Studies have implicated GnT-V in regulating tumorigenesis
and invasiveness via modulation of the function of matriptase
and several cell surface receptors, as well as in the progres-
sion of polyoma middle-T–induced mouse mammary carcinoma
(17–23). Moreover, increased expression of the glycan prod-
ucts of GnT-V in human breast carcinoma is associated with
poor prognosis (24).
The her-2 receptor is a glycoprotein with seven N-linked gly-

can sequons, and its function is likely to be affected by the action
of GnT-V, as is EGFR (erbB1) function (22, 23). To determine
whether GnT-V expression levels can regulate her-2–induced
tumorigenesis, we studied both a her-2 transgenic mouse model
of mammary carcinoma formation in a GnT-V null background
and a mammary acinar formation observed during 3D culture of
mammary epithelial and mammary carcinoma cells. The results
demonstrate that GnT-V expression levels regulated the N-gly-
cosylation of her-2 and her-2–induced signaling pathways, lead-
ing to a significantly altered proportion of TICs in the mammary
tumors. As a result, the major effects of eliminating GnT-V ex-
pression on early stages of mammary tumorigenesis were the re-
versal of the disrupted mammary acinar formation caused by
her-2 induction and significantly delayed onset of mammary car-
cinoma formation induced by her-2 expression.

Results
Overexpression of GnT-V Increased Cell Proliferation and Disrupted
Mammary Acinar Morphogenesis. Human mammary epithelial
MCF-10A cells recapitulate several aspects of mammary epithe-
lium organogenesis when grown in a reconstituted matrix (3D)
culture, including the formation of polarized, acinar-like sphe-
roids with hollow lumens and the basal deposition of basement
components (collagen IV and Laminin V) (25). To determine
the effects of altering GnT-V activity on early stages of tumor
formation, we overexpressed GnT-V in MCF-10A cells by ret-
roviral infection and observed greatly increased GnT-V activity
and cell staining by L-PHA, which binds specifically its products,
as expected (Fig. S1). Compared with control cells, GnT-V over-
expressing cells showed increased cell proliferation in 2D culture
(Fig. 1A), accompanied by increased phosphorylation of PKB
and ERK (Fig. 1B). When grown in 3D culture (Fig. 1C), the
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control cells developed into small, regular acini, often with hol-
low lumens formation after 10–12 d; these lumens became more
evident by day 15, as reported (6, 7). By contrast, the GnT-V–

expressing cells developed into larger, asymmetric aggregates
(multiacini), very often with cells filling the luminal space,
a characteristic of the early neoplastic transformation of breast
epithelium. Lumen formation by MCF-10A cells in 3D culture is
mainly associated with the selective apoptosis of centrally located
cells (7). Control cells showed apoptotic clearance of acinar
lumens from day 8 to day 12 of 3D culture, detected by caspase-3
activation (cleaved caspase-3), whereas the activation of caspase-
3, however, was significantly inhibited after expression of GnT-V

(Fig. 2A and Fig. S2A). GnT-V expression also caused increased
expression of Ki-67, a marker of proliferation, on both day 8 and
day 11 (Fig. 2B and Fig. S2B), consistent with decreased apo-
ptosis of luminal cells in 3D culture. In addition, control cells
showed a delineated outer rim of Laminin V (LN-V) staining,
indicating a well-organized acinar structure with apical/basal pol-
arity (7), whereas GnT-V cells displayed stronger antibody stain-
ing for LN-V, not only in the outer layer, but even within the
acinar structure, indicating increased deposition of LN-V and
disrupted polarity (Fig. 2B). The structural changes in mammary
acinar morphogenesis caused by GnT-V overexpression are
similar to those of MCF-10A cells that express activated her-2
(erbB2) (6, 25) and, therefore, likely reflect early stages of mam-
mary tumorigenesis.

Deletion of GnT-V Resulted in Both Inhibition of Mammary Tumor
Onset Induced by her-2 and Reversal of Disrupted Acinar
Morphogenesis. To determine whether the dysregulation of aci-
nar morphogenesis by GnT-V overexpression was mediated by
erbB2 signaling, her-2 transgenic mice in which her-2 is expressed
under the control of the mouse mammary tumor virus (MMTV)
promoter (3) were bred with GnT-V null (KO) mice. Her-2 mice
with wild-type (WT) GnT-V expression showed mammary tumor
formation in 50% of the 24 mice by 58 wk (Fig. 3A). Her-2–
induced tumor onset was significantly retarded, however, in GnT-
V null mice, with 50% of these mice developing tumors by 68 wk
(Fig. 3A). The median week of tumor onset was also remarkably
increased after GnT-V deletion from 48 to 62 wk (Fig. 3B).
Tumors from GnT-V KO mice showed a reduced tumor histo-
logical grade and reduced mitotic index compared with GnT-V
WT mice (Fig. S3 A and B). Consistent with these results, im-
munochemical staining also showed reduced Ki-67 expression,
increased cleaved caspase-3 staining of tumors with GnT-V de-
letion, and elimination of L-PHA binding, as expected, because
of deletion of GnT-V, indicating inhibition of proliferation and
induction of apoptosis in GnT-V KO tumors (Fig. S3C). The
expression levels of her-2 in tumor tissues of both GnT-V WT
and KO background were similar (Fig. S3D), indicating that the
inhibition of tumor onset and tumor progression observed for
the her-2/GnT-V KO mice was not due to suppression of total
her-2 levels.
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Fig. 1. Increased expression of GnT-V stimulated cell proliferation and
disrupted mammary acinar morphogenesis of MCF-10A cells in 3D culture.
(A) Cells were grown on six-well plates and counted at each indicated time
point and expressed as the mean ± SD of triplicate samples. *P < 0.05; **P <
0.001. (B) Cells were collected for detection of indicated proteins by immu-
noblot. (C) Cells were grown in 3D culture for 12 or 15 d. Nuclei (DNA) were
stained with DAPI (4′,6-diamidino-2-phenylindole) and visualized by confo-
cal microscopy. Images are representative of three independent experi-
ments. (Scale bars: 25 μm.)
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Fig. 2. GnT-V overexpression increased proliferation and reduced sensitivity to anoikis during acinar morphogenesis of MCF-10A cells. (A) Cells were grown
in 3D culture for the indicated times and stained for cleaved caspase-3. Graph shows percentages of acini with cleaved caspase-3 staining, which were cal-
culated by counting the number of acini with or without cleaved caspase-3 staining in five different fields and expressed as the mean ± SD. (B) Cells were
grown in 3D culture for 8 d and stained for LN-V (green), Ki-67 (red), and DAPI (blue). Graph shows number of Ki-67 positive cells per acinus on day 8 and day
11; 50–100 acini were scored in each group. -, median value; *P < 0.05; **P < 0.001. (Scale bar: 25 μm.)
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Primary mammary tumor cell lines were derived from her-2
tumors, and both growth factor-dependent (cultured with serum)
and -independent (cultured without serum) cell growth were
reduced in GnT-V KO cells detected by both a cell proliferation
assay (Fig. S4A) and by cell cycle analysis (Table S1). Other her-
2–induced phenotypes were also reduced in GnT-V KO tumor
cells, including increased contact-inhibition and cell-cell adhe-
sion (Fig. S4 B and C). When grown in 3D culture, the majority
of GnT-V WT cells formed large multiacinar or stellate struc-
tures with filled lumens (Fig. 3 C–E), a typical morphology ob-
served for her-2–expressing mammary epithelial cells (6). The
majority of GnT-V KO cells, however, developed into much
smaller spherical structures, some of which showed hollow lumen
formation after day 15 of culture that was to some degree similar
to the acinar formation of native MCF-10A cells grown in 3D
culture (Fig. 1C). Consistent with reversed disruption of acinar
structures, GnT-V KO cells showed decreased staining of Ki-67
in luminal spaces after day 10, compared with WT cells (Fig. 3F),
indicating a suppression of cell proliferation during lumen for-
mation. These results indicated that deletion of GnT-V inhibited
cell proliferation and partially reversed her-2–induced disruption
of acinar formation in 3D culture, which may both contribute to
the delayed tumor onset observed in GnT-V null mice.

Tumors with GnT-V Deletion Showed a Reduced Proportion of TICs.
Recent studies have shown that only a relatively small percent-
age of primary tumor cells, called TICs, can efficiently form sec-
ondary tumors (26, 27). These cells show high activity of aldehyde
dehydrogenase 1 (ALDH1), detected by the Aldefluor assay, and
is widely used as a marker of many types of stem cells (9, 28, 29).
The Aldefluor-positive cell population was remarkably reduced in
primary tumors from GnT-V KO mice (0.87%) compared with
GnT-V WT tumors (2.54%; Fig. 4A); similar results were ob-
served for secondary tumors formed from GnT-V KO primary
tumor cells (4.55%) compared with GnT-VWT cells (8.37%; Fig.
S5A), indicating a significantly reduced TIC population in the
absence of GnT-V expression. A reduced TIC population in

GnT-V KO cells was further confirmed by an assay for TICs
based on their ability to exclude a vital dye, Hoechst 33342 (28).
Using this assay, the GnT-V KO tumors showed a significantly
reduced population of 0.62% (Fig. S5B) compared with WT
(5.64%). Moreover, after prior depletion of lineage-positive
(Lin+) cells, the Lin−/GnT-V KO tumor cells displayed a reduced
Scal−/CD24+ population (9.05%) compared with Lin−/GnT-V
WT tumor cells (68.7%; Fig. 4B). The TICs mainly arise from this
Scal−/CD24+ population, which represent transformed luminal
precursor cells, and show the highest ability to initiate secondary
tumors when injected into NOD/SCID hosts (11). A reduction in
this cell population is consistent with the delayed her-2–induced
tumor onset observed in theGnT-VKOmice. If GnT-V expression
levels regulated the TIC population size in her-2–induced mam-
mary tumors, then GnT-V levels would likely also have an effect on
the nontransformed mammary gland stem cell population. Analy-
sis of the MCF-10A cells with GnT-V overexpression revealed a
significantly increased proportion of TICs (0.83%) compared with
control cells (0.12%; Fig. S5C), supporting the ability of GnT-V
levels to regulate the size of the TIC compartment.
Consistent with a reduced cell population of TICs in GnT-V

KO cells, secondary tumor growth in NOD/SCID mice was sig-
nificantly slower for the GnT-V KO cells (Fig. 4C). The sec-
ondary tumors formed by injection of GnT-V WT cells invaded
beyond the boundaries of the mammary fat pad into skeletal
muscle; by contrast, the GnT-V KO cells showed little invasion
(Fig. S6). To compare the tumor forming ability of TICs from
GnT-V KO and GnT-V WT tumors, the same number of TICs
(103 cells) were sorted from tumors and injected into mammary
fat pads of NOD/SCID mice. Tumor formation was significantly
delayed in those mice that received GnT-V null TICs (Fig. 4D),
suggesting that GnT-V deletion resulted in defects in self-
renewal of TICs or their proliferative ability (28).

Deletion of GnT-V Inhibited her-2–Induced Oncogenic Signaling
Pathways. To determine the mechanisms whereby deletion of
GnT-V led to the reduced proportion of TICs, the expression

80

w
ks

) 80un
it)

D

*

A B
100

%
)

T1/2=68 wks
E

la
te100

(%
) ** **

30

40

50

60

70

A
ge

 o
f t

um
or

 o
ns

et
 (w

0

20

40

60

A
ci

na
rs

iz
e 

(a
rb

itr
ar

y 

62

48
21

8(n=16)
(n=14)

**

0

20

40

60

80

Tu
m

or
-fr

ee
 m

ic
e 

(%

WT
KO

T1/2=58 wks

n=24

n=24

21   35  49   63  77  91 (wks)

S
ph

er
ic

al
   

   
   

 S
te

l

0

20

40

60

80

C
el

l m
or

ph
ol

og
y/

fie
ld

 

WT      KO

WT
O KOWT     

OKO30A

si
tiv

e 
ce

lls
/a

ci
nu

s

   
   

   
   

   
  W

T

14

**

F C

10

15

20

25

K
i-6

7 
po

s

K
O

   

Day8                           Day10                          Day12                          Day15   

6

WT
O KO0

5

Fig. 3. Tumor onset was inhibited and the disrupted acinar formation was reversed in her-2/GnT-V KO cells. (A) Kaplan–Meier curves were used to display the
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and glycosylation of her-2 and its downstream signaling pathways
were investigated. Recent studies have implicated her-2 signaling
pathways in the regulation of TICs (9, 10). The levels of her-2
were not significantly affected by deletion of GnT-V in both
primary tumor cells (Fig. 5A) and Aldefluor-positive TICs (Fig.
S7A). The expression levels of the glycans synthesized by GnT-V
on her-2, however, were eliminated in GnT-V KO cells (Fig. 5B,
lane 1 and 2), detected by L-PHA precipitation, as expected,
indicating that N-glycosylation of her-2 was clearly affected by
deletion of GnT-V. When grown in complete culture media,
GnT-V WT tumor cells showed higher levels of both p-PKB and
p-ERK compared with GnT-V KO cells (Fig. 5C). Depletion of
serum for 48 h had no effect on the levels of both p-PKB and p-
ERK in WT cells, consistent with her-2–induced growth factor-
independent cell proliferation (Table S1), but depletion signifi-
cantly lowered levels of p-PKB and p-ERK in the GnT-V KO
cells. When treated with either PD98059 or wortmannin, inhib-
itors of MAPK and PI3K/PKB signaling pathways, respectively,
increased phosphorylation of ERK and PKB observed in the
GnT-V WT cells was significantly reduced. Inhibited activation
of both PKB and ERK caused by elimination of GnT-V was
further confirmed by stimulating cells, grown in serum-free me-
dia, with serum (Fig. 5D) or growth factors, including EGF and
neuregulins (NRG) (Fig. S7 B and C). When GnT-V cDNA was
transiently reintroduced into GnT-V KO cells, the levels of p-
PKB inhibited relative to control cells were significantly rescued
(Fig. 5E), strengthening the conclusion that the inhibition of her-
2–induced signaling pathways in the GnT-V KO tumor cells was
due to the lack of GnT-V expression. It is likely that aberrant
glycosylation of her-2, and likely other erbB family receptors,
inhibited her-2–mediated signaling pathways, leading to a re-

duced proportion of TICs and, therefore, a delay in the onset of
her-2–induced tumor formation.

Discussion
Our results document that the expression levels of GnT-V–

regulated acinar luminal formation, which is linked to early
neoplastic transformation of mammary epithelium, and affected
her-2–induced tumor onset via modulating the population of
TICs. We found that overexpression of GnT-V in MCF-10A cells
increased cell proliferation and cell survival by inhibiting anoikis
of luminal cells, which led to the disruption of mammary acinar
morphogenesis with impaired (filled) lumen formation, as well as
enhanced LN-V deposition around and within the acini. These
results link an alteration of enzyme expression and activity,
which often occurs during oncogenic transformation and mam-
mary tumorigenesis, directly to a morphological alteration (filled
acinar lumens). Activated PKB and ERK signaling and aberrant
mammary acinar morphogenesis of MCF-10A cells caused by
GnT-V overexpression were similar, to a large extent, to that ob-
served for MCF-10A cells with erbB2 activation (6), suggesting
that dysregulation of acinar morphogenesis caused by GnT-V
overexpression likely results from regulating the signaling of the
erbB2 receptor. To test this hypothesis, the her-2 mouse mam-
mary tumor model was used and revealed that elimination of
GnT-V expression significantly delayed her-2–induced tumor
onset. Our results are consistent with an earlier study using mice
expressing the polyoma middle-T antigen in mammary epithe-
lia, which showed a delay of tumor formation after deletion of
GnT-V (17).

Serum    Serum depletion (48 h)
PD: - - - - +  + - -

WM:  - - - - - - +  +

p-PKB

PKB

her-2

her-3

C A 
WT       KO  

WT   KO    WT   KO   WT   KO    WT   KO

p-ERK

ERK

B 

p-PKB

WT                           KO   
1     2      3     4  

her-2

her-3

D 
1.5

p-PKB

WT  KO    WT   KO

E

0    10  30  60 120  0  10   30  60 120 (min)

PKB

p-ERK

ERK

Time in serum (complete media)

Tr
an

sc
rip

t l
ev

el
s 

 (f
ol

d) 1

0.5

0

PKB

WT     KO  KO/V+

Fig. 5. Deletion of GnT-V inhibited her-2–mediated downstream signaling
pathways. (A) Cell surface proteins were labeledwith NHS-LC-biotin, followed
by streptavidin immunoprecipitation (IP). Precipitated proteins were sub-
jected to detection of indicated proteins by immunoblot. (B) Cells were lysed
for L-PHA IP, and both precipitated L-PHA bound proteins (lane 1 and 2) and
cell lysates (used as control, lane 3 and 4) were subjected to detection of in-
dicated proteins by immunoblot. (C) Cells grown either in serum-containing
or serum-free media for 2 d with or without PD98059 (PD, 20 μM) or wort-
mannin (WM, 200 nM) were collected for detection of indicated proteins by
immunoblot. (D) Cells grown in serum-free media for 2 d were stimulated
with complete growth media for indicated times and collected for detection
of indicated proteins by immunoblot. (E) GnT-V KO cells transiently trans-
fected with GnT-V cDNA (KO/V+) were collected for determination of GnT-V
transcripts by qRT-PCR (Lower) and immunoblot for detection of indicated
proteins (Upper).

Fig. 4. Her-2–induced GnT-V KO tumors displayed a reduced population of
TICs and decreased secondary tumor formation in NOD/SCID mice. (A) Alde-
fluor assays were performed by using tumor cells isolated from primary
tumors, and the percentage of Aldefluor-positive cells was determined under
similar gating criteria. Data are representative of two independent experi-
ments. (B) Lin− epithelial cells purified from eitherWT or KO tumor cells were
analyzed by flow cytometry with labeled Sca1 and CD24 antibodies to iden-
tify Sca1−/CD24+ populations. Data are representative of two independent
experiments. (C) Primary tumor cells (1 × 106) were injected into No. 4
mammary fat pads of NOD/SCID mice (n = 5), and secondary tumor growth
was observed up to 10wk. Tumor volumewas measured and expressed as the
mean ± SD. (D) Aldefluor-positive cells (103) were sorted from secondary
tumor tissues formed by implantation of either WT or KO cells and were then
injected into No. 4 mammary fat pads of NOD/SCID mice (n = 3). Tumor for-
mation was observed for 8 wk. *P < 0.05; **P < 0.005.
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Consistent with delayed tumorigenesis, her-2 tumor cells iso-
lated from tumor tissues of GnT-V KO mice showed reduced
malignancy-related phenotypes. Significantly, when these tumor
cells were grown in 3D culture, her-2–induced dysregulation of
mammary acinar morphology was partially reversed in GnT-V
KO cells. These results corroborate those obtained from MCF-
10A cells with GnT-V overexpression and strongly suggest that
GnT-V levels can regulate mammary acinar morphogenesis via
her-2 signaling pathway by either stimulating or attenuating
signaling. Inhibition of her-2–driven tumor onset in the GnT-V
KO mice may result, at least in part, from reversal of disrupt-
ed acinar morphogensis caused by overexpression of her-2
oncoprotein.
Recent studies have highlighted the importance of stem cell-like

TICs in regulating mammary tumorigenesis and progression (12,
29, 30). We found that the population of TICs was significantly
decreased in both GnT-V null primary and secondary tumor cells.
Supporting this finding, the proportion of TICs was significantly
increased in MCF-10A cells with overexpression of GnT-V, in-
dicating the regulation of the proportion of TICs by GnT-V ex-
pression levels, and the involvement of the reduced proportion of
TICs in increasing the time of onset of her-2–induced tumor for-
mation. Coincident with these results, secondary tumor formation
in NOD/SCID mice injected with GnT-V KO cells was signifi-
cantly suppressed, confirming the hypothesis that the reduced
proportion of TICs is a primary cause of the GnT-V–dependent
inhibition of mammary tumor formation. The inhibition of sec-
ondary tumor formation in NOD/SCID mice injected with TICs
isolated from GnT-V KO tumors indicated that self-renewal and
proliferation of TICs may likely be affected by deletion of GnT-V.
Studies have demonstrated that mammary stem cells can form
mammary acini in 3D culture and mammospheres in suspension
culture (9, 31), whereas differentiated mammary epithelial cells
undergo apoptosis (anoikis), similar to those located in acinar
lumens in 3D culture. TICs have, therefore, the ability to survive
and proliferate in an anchorage-independent way through mam-
mosphere formation, probably contributing to the disrupted
mammary acinar morphology with filled lumens observed in her-
2–induced mammary tumor. Deletion of GnT-V resulted in a re-
duced TIC population, therefore lessening the disruption of acinar
morphology by her-2 expression. However, changes in the pro-
portion of mammary TICs during tumor formation affect the
mammary bipotent progenitor population that expresses both lu-
minal and basal epithelial markers, changing the differentiation
status of mammary tumors (29). The reduced TIC population
observed in GnT-V null tumors may, therefore, result in defective
bipotent progenitor cells, leading to reduced malignant pheno-
types (Fig. 4 C and D).
Several signaling pathways regulate stem cell self-renewal, in-

cluding activation of her-2 (9, 10, 32, 33). Our findings suggest that
deletion of GnT-V expression contributed to suppression of her-
2–induced tumorigenesis by impairing the two her-2–mediated
signaling pathways, PI3K/PKB and MAPK (5). Most importantly,
aberrant signaling pathways could be corrected by reintroduction
of GnT-V cDNA into GnT-V KO cells, demonstrating a direct

involvement of GnT-V expression levels in regulating her-2–
mediated signaling pathways. The reduced population of TICs in
GnT-V KO tumors, therefore, most likely resulted from attenu-
ated her-2–mediated signaling, thereby affecting her-2–mediated
acinar morphogenesis and tumor development. However, the
involvement of other signaling pathways in regulating the TIC
population in GnT-V KO cells cannot be ruled out because of the
ability of GnT-V glycan products to modify the function of mul-
tiple glycoproteins. We found that deletion of GnT-V had no
significant effect on expression levels of her-2 but did cause the
suppression of the expression of N-linked β(1,6) branching on the
her-2 oncoprotein. The attenuation of her-2–mediated signaling
pathways observed in GnT-V KO tumor cells is likely to be the
result of the aberrant N-glycosylation of her-2 and/or the erbB
family of receptors, which can lead to altered ligand (EGF and
NRG) binding, regulation of the endocytosis of signaling com-
plexes, and/or inhibition of dimer and multimer formation among
members of this family (22, 23, 34).
Increased GnT-V expression and aberrantly glycosylated gly-

coproteins in human breast carcinomas is associated with poor
prognosis (24), which is a likely consequence of decreased tumor
cell-cell and cell-matrix adhesion driven by increased growth fac-
tor receptor signaling. In the light of our results showing that
GnT-V can regulate the proportion of TICs in mammary carci-
nomas, the association of lower survival rates for patients with
breast tumors that show high GnT-V expression may also be due
to increased levels of TICs in these tumors.

Materials and Methods
Three-Dimensional Cell Culture (3D Culture). Three-dimensional culture was
performed as described (25) using growth factor-reduced matrigel (BD Bio-
sciences). Cellswere grown to confluence, trypsinized, and resuspended in assay
medium [DMEM/F12 supplemented with horse serum (2%), hydrocortisone
(0.5 μg/mL), cholera toxin (100 ng/ml), insulin (10 μg/mL), EGF (5 ng/mL),
matrigel (2%), and Pen/Strep] at 2.5 × 104 cells per mL. Cells were embedded
intomatrigel-coated chamber-slides and grown for 8–15 dwith replacement of
fresh assay medium every 4 d.

Mouse Breeding.GnT-V null mice (C57) have been described (17). MMTV-her-2
transgenic mice (FVB) were purchased from The Jackson Laboratory. Her-2
(+/−)/GnT-V(+/−) mice in a FVB/C57 background were generated by breeding
her-2(+/+) mice with GnT-V(−/−) mice; differences in mammary tumor for-
mation between FVB/C57 and FVB backgrounds have been noted (3). Her-2/
GnT-V(+/+) and her-2/GnT-V(−/−) mice were produced by mating male her-2
(+/−)/GnT-V(+/−) mice and female her-2(+/−)/GnT-V(+/−) mice. All mice were
genotyped by tail PCR as described (3, 20).

Detailed descriptions of additional methods are provided in SI Materials
and Methods.
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