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HER-2/neu raises SHP-2, stops IFN-y anti-proliferation in bladder cancer
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Abstract

Gene amplification or HER-2/neu protein overexpression signals a poor outcome for bladder cancer patients. We investigated the
anti-proliferative effect of IFN-y in HER-2/neu-transfected human bladder cancer cells (TCC-N5 and TCC-N10). The cells continued
growing after IFN-y stimulation but did not activate the Janus kinase (Jak)/Stat pathway. We found Jak/Stat protein phosphatase in
TCC-N5 and TCC-N10 cells with upregulated Src homology 2-containing protein tyrosine phosphatase-2 (SHP-2). After the cells
had been treated with AG825, a HER-2/neu-specific inhibitor, SHP-2 expression declined, and Jak2/Statl reactivated. Similar results
were reported in a mouse bladder cancer cell line, MBT2, with constitutive HER-2/neu overexpression. Further, AG825 pretreatment
restored the anti-proliferation activity of IFN-y in TCC-NS and TCC-N10 cells. Therefore, the suppression of IFN-y signaling in
HER-2/neu-overexpressing bladder cancer cells might be due to SHP-2 upregulation. The regulation of SHP-2 by HER-2/neu provides

a new target for blocking the HER-2/neu oncogenic pathway.
© 2007 Elsevier Inc. All rights reserved.
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The oncogene HER-2/neu, also known as c-erbB-2, is
on chromosome 17q21; it encodes a transmembrane glyco-
protein [1]. HER-2/neu protein, associated with tyrosine
kinase activity [2,3], stimulates cell growth [4]. Gene ampli-
fication or protein overexpression of the HER-2/neu gene
was found in approximately 30% of human breast carcino-
mas [5], and is closely associated with a poor prognosis and
response to therapy [5,6]. In bladder cancer, the clinical sig-
nificance of HER-2/neu has remained controversial [7,8],
perhaps because of different methods of assessing HER-
2/neu status (detecting amplification versus detecting over-
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expression using polymerase chain reaction, fluorescence
in situ hybridization, or immunohistochemistry) and the
definition of HER-2/neu positivity [9,10]. Some well-
designed studies, however, have offered strong evidence
that gene amplification [11] and protein overexpression of
HER-2/neu [12] are related to a poor outcome.
Interferons (IFNs), a family of cytokines, suppressed
cellular proliferation in human bladder cancer cells
in vitro [13,14] and in vivo [15]. Clinically, intravesical
IFN-vy instillation inhibited bladder cancer growth and pre-
vented bladder cancer recurrence [16,17]. IFN-y activates
signal transducer and activator of transcription 1 (Statl)
after it attaches to IFN-y receptor 1 (IFNGR1) [18], and
then it upregulates cell-cycle inhibitor P21/WAF1 [19].
IFN-y also sensitizes tumor cells to the cytotoxic effect of
Fas and the Fas-ligand complex, and then it initiates a cas-
pase-associated apoptotic pathway [20,21]. IFN-y inhibited
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the expression of HER-2/neu in cancer cells [22] by phos-
phorylating Statl [23]. Conversely, HER-2/neu overexpres-
sion downregulated MHC class I products in tumor cells
by blockading IFN-y signaling [24,25].

Two mammalian Src homology 2 (SH2)-containing pro-
tein tyrosine phosphatases, SHP-1 and SHP-2, have been
implicated in the regulation of IFN signaling, and both
participate in negative control in IFN-stimulated Janus
kinase (Jak)/Stat pathways [26,27]. SHP-1 is expressed only
in hematopoietic cells [26,28], but SHP-2 is expressed ubiq-
uitously [27,28]. A dysfunction in SHP-2 regulation can
cause abnormal cell growth and induce different kinds of
cancers. Somatic SHP-2 mutations are associated with spo-
radic juvenile myelomonocytic leukemia [29] and the path-
ogenesis of Helicobacter pylori, the major cause of gastric
carcinoma [30]. Because the SHP-1 and SHP-2 association
with HER-2/neu receptors has been previously demon-
strated [31,32], SHP-2 may be involved in HER-2/neu
overexpression that leads to the suppression of the IFN sig-
naling pathway in non-hematological malignancies.

To explore the influence of HER-2/neu overexpression
in bladder cancer, we transfected a plasmid containing
HER-2/neu genes into a human bladder cancer cell line,
TCC-SUP, in which HER-2/neu protein was scarcely
expressed. We found that HER-2/neu overexpression sup-
pressed IFN-y-mediated anti-proliferation activity and
IFN-y-induced Jak/Stat activation. Upregulation of SHP-
2 by HER-2/neu overexpression might mediate the sup-
pression. Similar results were reported in a mouse bladder
cancer cell line (MBT?2) with constitutive HER-2/neu over-
expression [33]. These findings reveal a new mechanism by
which  HER-2/neu oncoprotein facilitates  tumor
progression.

Materials and methods

Cell culture and DN A transfections. MBT?2 cells (American Type Culture
Collection, Manassas, VA) overexpressing HER-2/neu and TCC-SUP cells
(American Type Culture Collection, Rockville, MD) with very low HER-2/
neu protein expression were grown in Dulbecco’s modified Eagle’s medium
(Gibco-BRL, Grand Island, NY) containing 10% fetal bovine serum. To
generate stable TCC-SUP cell lines overexpressing HER-2/neu protein, we
cloned wild-type rat HER-2/neu complementary DNA (4.4 kb) into pSV40
vector. The generated cell lines were then co-transfected, using the calcium
phosphate method, with a pMam-neo-vector (Clontech, BD Biosciences,
Palo Alto, CA), which confers resistance to neomycin. We selected the
TCC-N5 and TCC-N10 cell lines as the HER-2/neu-overexpressing cell
lines. The TCC-CI1 cell line, generated by transfecting a pMam-neo vector
into TCC-SUP cells, was a control. We selected all cell lines from medium
containing 400 pg/ml of neomycin.

Antibodies and reagents. Commercial sources of the antibodies used
were as follows: HER-2/neu (Oncogene Science Inc., Manhasset, NY);
Statl (N-terminus) (Transduction Laboratories Inc., Lexington, KY);
phosphotyrosine-Statl (Cell Signaling Inc., Beverley, MA); SHP2, inter-
feron regulator factor-1 (IRF-1), and IFNGR1 (Santa Cruz Biotechnol-
ogy, Santa Cruz, CA); Jak2 (Upstate Inc., Lake Placid, NY); phosphor
(Y1007/1008)-Jak2 (Biosource Inc., Worcester, MA); and B-actin
(Chemicon Inc., Pittsburgh, PA). IFN-y was from Genzyme Diagnostics
(Cambridge, MA), AG825-HER-2/neu-specific inhibitor from Biomol
Research Laboratories Inc. (Plymouth Meeting, PA), and sodium ortho-

vanadate from Sigma Chemical Co. (St. Louis, MO). All of these were
used according to the manufacturers’ instructions.

Inhibiting cell growth using IFN-y. TCC-SUP, -C1, -N5, and -N10 cells
were plated in 6-well tissue-culture plates and incubated overnight. IFN-y
(100 ng/ml) was added to the treatment groups the next day. The culture
medium of the treatment groups was supplemented with IFN-y 72 h after
plating. Cell viability was assessed using the Trypan blue dye (0.2%)
exclusion method [34] 24, 72, and 120 h after plating the cells. We
determined the anti-proliferation effects of IFN-y on TCC-SUP, -Cl1, -NS5,
and -N10 cells by counting the total number of viable cells grown with or
without 100 ng/ml of IFN-y at the indicated times.

Western blotting. Fifty micrograms of protein from cell lysates was
resolved using sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE), and was transferred onto polyvinylidene fluoride (PVDF)
membranes (Millipore, Bedford, MA); the membranes were probed with
antibodies specific for the proteins of interest. Blots were developed using
enhanced chemiluminescence (Amersham, Arlington Heights, IL).

Statistical analysis. Data were analyzed using Prism 4 (GraphPad
Software for Science Inc., San Diego, CA). Differences between two
independent groups were determined using the Mann-Whitney U-test.
Statistical significance was set at p < 0.05.

Results

HER-2/neu expression increased in TCC-N5 and TCC-N10
cells

To study the interaction between IFN-y and HER-2/neu
overexpression, we created the TCC-C1 cell line from
TCC-SUP cells, which were transfected with pMam-neo
plasmid containing the neomycin resistance selection mar-
ker gene. TCC-NS5 and TCC-N10 cell lines were created by
co-transfecting pMam-neo plasmid and pSV40-neu plas-
mid, which contained rat HER-2/neu complementary
DNA, into TCC-SUP cells. TCC-N5 and TCC-N10 cells
had higher HER-2/neu protein expression (Fig. 1A).

IFN-y did not inhibit TCC-N5 or TCC-N10 cell proliferation

TCC-SUP, -Cl1, -N5, and -N10 cells were grown over-
night in culture plates, and then IFN-y (100 ng/ml) or sol-
vent only were added to each treatment group. Using the
Trypan blue dye exclusion method, we determined the
anti-proliferative effects of IFN-y on these tumor cells.
IFN-y did not significantly suppress TCC-N5 or TCC-
NI10 cell growth (Fig. 1B). After 120 h, IFN-y had time-
dependently inhibited TCC-SUP and TCC-C1 cell growth
by 63% and 60%, respectively.

HER-2/neu overexpression in TCC-N5 and TCC-N10 cells
suppressed IFN-y-induced phosphorylation of Statl, Jak2,
and downstream signaling

IFN-y treatment induced tyrosine phosphorylation of
Statl in TCC-SUP and TCC-C1 cells. Statl activation in
both cell-types peaked at 30 min (lane 2) and lasted for
24 h (lane 5) (Fig. 1C). In TCC-N5 and TCC-N10 cells,
however, phosphorylated Statl was barely evident after
IFN-y stimulation (Fig. 1C). In addition, Statl protein
increased 24 h after IFN-y stimulation in TCC-SUP and
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Fig. 1. Western blotting for HER-2/neu expression and treatment responses to IFN-y. (A) TCC-N5 and TCC-N10 cells had the higher HER-2/neu
expression (lanes 3 and 4). (B) IFN-y did not inhibit growth in TCC-N5 or TCC-NI10 cells. (C) Changes in phosphorylated Statl protein and the total
amount of Stat] protein in TCC-SUP, -C1, -N5, and -N10 cells after IFN-y treatment. Tyrosine phosphorylation on Statl in TCC-SUP and TCC-Cl cells
peaked at 30 min (lane 2) and lasted for 24 h (lane 5). We found few Statl phosphotyrosines in TCC-N5 and TCC-N10 cells after IFN-y treatment, and

total Statl protein did not markedly increase.

TCC-C1 cells, which might have resulted from an autoreg-
ulatory mechanism [35]. Total Statl protein in TCC-N5
and TCC-N10 cells remained low and was not induced
by IFN-vy treatment (Fig. 1C).

To determine how HER-2/neu overexpression inhibited
IFN-y-induced Statl activation, we analyzed IFNGR 1 and
Jak2, two upstream signaling proteins in TCC-C1, -NS5,
and -N10 cells. Both proteins had similar expression levels
(Fig. 2A). Although Jak2 protein levels were comparable in
TCC-C1, -N5, and -N10 cells, IFN-y activated Jak2 only in
TCC-C1 cells (Fig. 2B). We then examined IRF-1, the
downstream signal transducer in the IFN-y/Jak/Stat path-
way. IFN-y induced IRF-1 protein expression in TCC-C1
cells, but not in TCC-NS5 or TCC-N10 cells (Fig. 2C).

Twenty-four hours after TCC-N5 and TCC-N10 cells
had been treated with AG825, a HER-2/neu-specific inhib-
itor, the phosphorylated Statl became evident (Fig. 3A,
lane 4), and AGS825 restored Statl phosphorylation after
IFN-y treatment (Fig. 3A, lane 5). These results (Figs. 2
and 3A) indicated that HER-2/neu overexpression did
not reduce IFNGRI1 or Jak2 expression but that it
suppressed IFN-y-induced phosphorylation of Jak2 and
Statl. Conclusively, HER-2/neu overexpression blocked
the IFN-vy signaling pathway.

Upregulated SHP-2 in HER-2/neu-overexpressing TCC-NJ,
TCC-N10, and MBT?2 cells suppressed IFN-y signaling

To study whether the HER-2/neu overexpression that
suppressed IFN-y signaling is mediated by phosphatase,
we added a phosphatase inhibitor to the cell culture med-
ium. Five minutes after treatment with the non-specific
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Fig. 2. IFN-y treatment downregulated the Statl signaling pathways in
TCC-N5 and TCC-N10 cells. (A) IFN-yR1 and Jak?2 levels did not change
compared to those in TCC-CI cells (controls). (B) IFN-y inhibited Jak2
activation in TCC-NS and TCC-N10 cells, but not in TCC-C1 cells. (C) In
TCC-C1 but not in TCC-N5 and TCC-N10 cells, IFN-y (100 ng/ml)
increased the expression of IRF-1, the downstream signal transducer of
Statl, after 3 and 24 h of treatment.

phosphatase inhibitor sodium orthovanadate (1 mM),
phosphotyrosine-Statl was induced in TCC-C1, -N5, and
-N10 cells (Fig. 3B), suggesting that phosphatase induction
is related to HER-2/neu-mediated suppression of IFN-y
signaling.
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Fig. 3. AGS825 and sodium orthovanadate restored Statl phosphorylation
in TCC-NS and TCC-N10 cells, and differential baseline SHP-2 levels in
TCC-C1, -N5, and -N10 cells and MBT2 cells. (A) AG825 (40 uM)
increased Statl phosphorylation in TCC-N5 and TCC-N10 cells 24 h after
treatment (lane 4). Then IFN-y (100 ng/ml) treatment for 30 minutes
AGR825 further increased Statl phosphorylation (lane 5). (B) Sodium
orthovanadate (1 mM) induced Statl phosphorylation in TCC-C1, -NS5,
and -N10 cells 5 min after treatment. (C) The baseline SHP-2 level was
higher in HER-2/neu overexpressing TCC-N5, TCC-N10, and MBT2
cells.

The cellular phosphatases SHP-1 and SHP-2 have been
implicated in downregulating the interferon-stimulating
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Jak/Stat signaling pathway [26,27]. Our system barely
detected SHP-1 expression in TCC-C1, -N5, and -N10
and MBT?2 cells (data not shown); however, SHP-2 protein
was highly expressed in HER-2/neu-overexpressing TCC-
NS5, TCC-N10, and MBT?2 cells (Fig. 3C).

To define the regulatory role of HER-2/neu overexpres-
sion in SHP-2 expression, AG825 was added to TCC-NS5
and TCC-N10 cells with or without IFN-y treatment
(Fig. 4A). AG825 reactivated Statl and IFN-y treatment
increased phospho-Statl (lanes 4 and 5). The SHP-2 pro-
tein level gradually declined after AGS825 treatment, and
IFN-y treatment increased the decline (lanes 4 and 95).
Therefore, HER-2/neu regulated the expression of SHP-2
protein in TCC-N5 and TCC-N10 cells and then sup-
pressed IFN-y signaling. Similar results were found in
MBT?2 cells (Fig. 4B). IFN-y also downregulated HER-2/
neu expression in AG825-treated MBT?2 cells.

AG825 pretreatment restored IFN-y anti-proliferation
activity in TCC-N5 and TCC-N10 cells

Because we found a similar growth-rate inhibition in
IFN-y-treated TCC-SUP and TCC-C1 cells (Fig. 1B),
TCC-C1 cells were controls in our study of whether
AGB825 reverses IFN-y-induced growth inhibition. TCC-
Cl1, -N5, and -N10 cells were grown for 72 h in medium
containing IFN-y (100 ng/ml), AG825 (40 uM), or both,

Il Control
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[] AGsas
AG825+ IFNy

TCC- N5

TCC- N10

Fig. 4. AG825 downregulated SHP-2 in MBT2 cells and reactivated Statl in TCC-N5 and TCC-N10 cells. AG825 inhibited the HER-2 pathway by
partially counteracting the IFN-y-induced growth inhibition. (A) Treatment with AG825 (40 uM) for 12 or 24 h, and then 30 min with or without IFN-y
(100 ng/ml) treatment, downregulated SHP-2 and reactivated Statl in TCC-N5 and TCC-N10 cells. IFN-y augmented the AG825 effect (lanes 4 and 5).
(B) MBT?2 cells received the same treatment as in (A), which reduced SHP-2 levels, and reactivated Statl, and also which increased Statl protein by
autoregulation (as Fig. 1C). IFN-y also downregulated HER-2/neu expression in AG825-treated MBT?2 cells (lanes 4 and 5). (C) TCC-C1, -N35, and -N10
cells (5 x 10*) were incubated overnight. One group of each type was then left untreated (Control), one was treated with of IFN-y (100 ng/ml), one was
treated with AG825 (40 uM), and one was co-treated with AG825 and IFN-y. After 72 h, IFN-vy, with or without AG825 pretreatment, strongly inhibited
TCC-C1 cell growth. In TCC-NS5 and TCC-N10 cells, IFN-y alone did not affect cell growth; however, AG825 inhibited cell proliferation. Further, AG825
significantly restored the anti-proliferation effect of IFN-y only in TCC-N10 cells (**p < 0.005, ***p < 0.0005).
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or only solvent. IFN-y inhibited TCC-C1 (Fig. 4C) cell
growth markedly with or without AG825. IFN-y did not
significantly suppress TCC-N5 or TCC-N10 cell growth.
AGS825 treatment alone reduced the number of viable
TCC-NS5 and TCC-N10 cells. IFN-y added to AG825-pre-
treated TCC-N5 and TCC-N10 cells further reduced the
number of viable cells, but only TCC-N10 cells signifi-
cantly (p <0.005). These data suggested that TCC-NS
and TCC-NI10 cells were sensitive to AG825 treatment,
and that HER-2/neu inhibitor restored the anti-prolifera-
tive activity of IFN-y in TCC-N5 and TCC-N10 cells.

Discussion

In the present study, we found that HER-2/neu-over-
expressing human bladder cancer cells (TCC-N5 and
TCC-N10) blocked IFN-y signaling by inducing SHP-2.
Treating TCC-N5 and TCC-N10 cells with AG825 down-
regulated SHP-2 and reactivated Statl. Similar results were
observed in MBT?2 cells with naturally constitutive HER-2/
neu overexpression. Finally in TCC-N5 and TCC-N10,
AGS825 restored the anti-proliferation activity of IFN-y.

Although IFN-y has downregulated HER-2/neu expres-
sion in prostate and ovarian cancer cells [22,23] and MBT2
cells (Fig. 4B), we found no such downregulation in
TCC-N5 and TCC-N10 bladder cancer cells (data not
shown). The reason is likely that the HER-2/neu gene in
the transfected plasmid is driven by SV40 instead of the
native promoter. Because of the consistently high expres-
sion of HER-2/neu in TCC-N5 and TCC-N10 cells, the
model was appropriate for studying the influences of
HER-2/neu on the IFN-y signaling pathway.

HER-2/neu abolished IFN-y downstream signaling in
TCC-NS5 and TCC-N10 cells not by downregulating IFN-
vR1 and Jak?2 protein, but by blocking the phosphorylation
of Statl and Jak2. That IFN-y did not induce IRF-1in TCC-
N5 and TCC-NI10 cells confirmed that Jak/Stat signaling
was blocked, because IRF-1 is a major downstream product
of Statl in mediating the anti-proliferative activity of IFN-y
[36]. Statl expression in cells is autoregulated by Statl
signaling [35]; therefore, Statl protein levels in TCC-N5
and TCC-N10 cells were low and not induced by IFN-y, in
contrast to the normal expression in TCC-SUP and TCC-
Cl1 cells (Fig. 1C, lane 5). These findings further supported
that Statl downstream signaling was blocked in TCC-N5
and TCC-N10 but not in TCC-SUP and TCC-CI1 cells.

In TCC-N5 and TCC-N10 cells, sodium orthovanadate,
a phosphatase inhibitor, reactivated Statl. Therefore, we
suspected that the inhibition of Statl activation in these
cells might be caused by cellular phosphatases. We then
found that SHP-2 expression was upregulated by HER-2/
neu overexpression and downregulated by HER-2/neu
inhibitor-AG825 in the two cell lines. In addition, MBT-2
cells show high similarity to human bladder cancer biolog-
ically and they overexpress HER-2/neu constitutively [33].
So AGS825 treatment increased Statl phosphorylation and
decreased SHP-2 expression in MBT2 cells. These results

were observed both in artificial and natural HER-2/neu
overexpression systems, which support our hypothesis.

SHP-2 upregulated MAPK and PI3K/Akt activation
through growth factors and cytokines [28,37,38], which
led to cell growth. Our findings suggested that SHP-2 is
induced by HER-2/neu receptors and suppresses IFN-y
signaling, which facilitates cell proliferation. Therefore,
HER-2/neu-induced upregulation of SHP-2 increases cell
proliferation and prevents cell death by activating MAPK
and PI3K.

Although it is well known that HER-2/neu promotes cell
proliferation by generating several mitogenic and trans-
forming signals [4], little is known about how HER-2/neu
suppresses MHC class I molecule expression; because the
IFN-y signaling pathway regulates this expression [39,40],
SHP-2 may mediate the suppressive effect of HER-2/neu.
This assumption requires verification, however.

The findings that SHP-2 is a downstream molecule of
the HER-2/neu oncoprotein and that it may mediate the
growth-promoting and immune-evading activities of
HER-2/neu are novel. This knowledge provides new con-
cepts for targeting HER-2/neu carcinogenic pathways.

Acknowledgments

This work was supported by Grant NHRI-GT-
EX89S912P from the Taiwan National Health Research
Institutes, and Grant DOH94-TD-B-111-004 from the Tai-
wan Department of Health.

References

[11 A.L. Schechter, D.F. Stern, L. Vaidyanathan, S.J. Decker, J.A.
Drebin, M.I. Greene, R.A. Weinberg, The neu oncogene: an erb-B-
related gene encoding a 1,85,000-Mr tumor antigen, Nature 312
(1984) 513-516.

[2] T. Akiyama, C. Sudo, H. Ogawara, K. Toyoshima, T. Yamamoto,
The product of the human c-erB-2 gene: a 185-kilodalton glycopro-
tein with tyrosine kinase activity, Science 232 (1986) 1644-1646.

[3] D.F. Stern, P.A. Heffernan, R.A. Weinberg, p185, a product of the
neu proto-oncogene, is a receptor-like protein associated with
tyrosine kinase activity, Mol. Cell. Biol. 6 (1986) 1729-1740.

[4]1J. Lee, T.J. Dull, I. Lax, J. Schlessinger, A. Ullrich, HER2
cytoplasmic domain generates normal mitogenic and transforming
signals in a chimeric receptor, EMBO J. 8 (1989) 167-173.

[5] D.J. Slamon, W. Godolphin, L.A. Jones, J.A. Holt, S.G. Wong, D.E.
Keith, W.J. Levin, S.G. Stuart, J. Udove, A. Ullrich, Studies of the
HER-2/neu proto-oncogene in human breast and ovarian cancer,
Science 244 (1989) 707-712.

[6] D.J. Slamon, G.M. Clark, S.G. Wong, W.J. Levin, A. Ullrich, W.L.
McGuire, Human breast cancer: correlation of relapse and survival
with amplification of the HER-2/neu oncogene, Science 235 (1987)
177-182.

[7] M. Underwood, J. Bartlett, J. Reeves, D.S. Gardiner, R. Scott, T.
Cooke, C-erbB-2 gene amplification: a molecular marker in recurrent
bladder tumors, Cancer Res. 55 (1995) 2422-2430.

[8] P. Lipponen, Expression of c-erbB-2 oncoprotein in transitional cell
bladder cancer, Eur. J. Cancer 29A (1993) 749-753.

[9] J. Bellmunt, M. Hussain, C.P. Dinney, Novel approaches with
targeted therapies in bladder cancer: therapy of bladder cancer by
blockade of the epidermal growth factor receptor family, Crit. Rev.
Oncol. Hematol. 46 (Suppl.) (2003) S85-S104.



186 W.-P. Su et al. | Biochemical and Biophysical Research Communications 356 (2007) 181-186

[10] S. Eissa, H.S. Ali, A.H. Al Tonsi, A. Zaglol, O. El Ahmady, HER2/
neu expression in bladder cancer: relationship to cell cycle kinetics,
Clin. Biochem. 38 (2005) 142-148.

[11] H. Miyamoto, Y. Kubota, S. Noguchi, K. Takase, J. Matsuzaki, M.
Moriyama, S. Takebayashi, H. Kitamura, M. Hosaka, C-ERBB-2
gene amplification as a prognostic marker in human bladder cancer,
Urology 55 (2000) 679-683.

[12] N.H. Chow, S.H. Chan, T.S. Tzai, C.L. Ho, H.S. Liu, Expression
profiles of ErbB family receptors and prognosis in primary transi-
tional cell carcinoma of urinary bladder, Clin. Cancer Res. 7 (2001)
1957-1962.

[13] E.C. Borden, D.S. Groveman, T. Nasu, C. Reznikoff, G.T. Bryan,
Antiproliferative activities of interferons against human bladder
carcinoma cell lines in vitro, J. Urol. 132 (1984) 800-803.

[14] J.W. Grups, H.G. Frohmuller, Antiproliferative effects of interferons
against human bladder carcinoma cell lines in vitro, Urol. Int. 43
(1988) 265-268.

[15] R.W. Glashan, A randomized controlled study of intravesical alpha-
2b-interferon in carcinoma in situ of the bladder, J. Urol. 144 (1990)
658-661.

[16] F. Pages, S. Lebel-Binay, A. Vieillefond, L. Deneux, M. Cambillau,
O. Soubrane, B. Debre, D. Tardy, J.L. Lemonne, J.P. Abastado,
W.H. Fridman, N. Thiounn, Local immunostimulation induced by
intravesical administration of autologous interferon gamma-acti-
vated macrophages in patients with superficial bladder cancer, Clin.
Exp. Immunol. 127 (2002) 303-309.

[17] A. Giannopoulos, C. Constantinides, E. Fokaeas, C. Stravodimos,
M. Giannopoulou, A. Kyroudi, A. Gounaris, The immunomodulat-
ing effect of interferon-gamma intravesical instillations in preventing
bladder cancer recurrence, Clin. Cancer Res. 9 (2003) 5550-5558.

[18] J.E. Darnell Jr., STATs and gene regulation, Science 277 (1997) 1630—
1635.

[19] Y.E. Chin, M. Kitagawa, W.C. Su, Z.H. You, Y. Iwamoto, X.Y. Fu,
Cell growth arrest and induction of cyclin-dependent kinase inhibitor
p21 WAF1/CIP1 mediated by STATI, Science 272 (1996) 719-722.

[20] N.K. Ossina, A. Cannas, V.C. Powers, P.A. Fitzpatrick, J.D. Knight,
J.R. Gilbert, E.M. Shekhtman, L.D. Tomei, S.R. Umansky, M.C.
Kiefer, Interferon-gamma modulates a p53-independent apoptotic
pathway and apoptosis-related gene expression, J. Biol. Chem. 272
(1997) 16351-16357.

[21] K. Kawakami, M. Kawakami, R.K. Puri, Cytokine receptor as a
sensitizer for targeted cancer therapy, Anticancer Drugs 13 (2002)
693-699.

[22] C. Marth, E. Muller-Holzner, E. Greiter, M.V. Cronauer, A.G.
Zeimet, W. Doppler, B. Eibl, N.E. Hynes, G. Daxenbichler, Gamma-
interferon reduces expression of the protooncogene c-erbB-2 in
human ovarian carcinoma cells, Cancer Res. 50 (1990) 7037-7041.

[23] S.L. Kominsky, A.C. Hobeika, F.A. Lake, B.A. Torres BA, H.M.
Johnson, Down-regulation of neu/HER-2 by interferon-gamma in
prostate cancer cells, Cancer Res. 60 (2000) 3904-3908.

[24] P.L. Lollini, G. Nicoletti, L. Landuzzi, C. De Giovanni, I. Rossi, E.
Di Carlo, P. Musiani, W.J. Muller, P. Nanni, Down regulation of
major histocompatibility complex class I expression in mammary
carcinoma of HER-2/neu transgenic mice, Int. J. Cancer 77 (1998)
937-941.

[25] F. Herrmann, H.A. Lehr, 1. Drexler, G. Sutter, J. Hengstler, U.
Wollscheid, B. Seliger, Her-2/neu mediated regulation of components
of the MHC class I antigen-processing pathway, Cancer Res. 64
(2004) 215-220.

[26] M. David, H.E. Chen, S. Goelz, A.C. Larner, B.G. Neel, Differential
regulation of the alpha/beta interferon-stimulated Jak/Stat pathway
by the SH2 domain-containing tyrosine phosphatase SHPTP1, Mol.
Cell. Biol. 15 (1995) 7050-7058.

[27] M. You, D.H. Yu, G.S. Feng, Shp-2 tyrosine phosphatase functions
as a negative regulator of the interferon-stimulated Jak/STAT
pathway, Mol. Cell. Biol. 19 (1999) 2416-2424.

[28] B.G. Neel, H. Gu, L. Pao, The ‘Shp’ing news: SH2 domain-
containing tyrosine phosphatases in cell signaling, Trends Biochem.
Sci. 28 (2003) 284-293.

[29] M. Tartaglia, C.M. Niemeyer, A. Fragale, X. Song, J. Buechner, A.
Jung, K. Hahlen, H. Hasle, J.D. Licht, B.D. Gelb, Somatic PTPN11
mutations in juvenile myelomonocytic leukemia, myelodysplastic
syndromes and acute myeloid leukemia, Nat. Genet. 34 (2003) 148—
150.

[30] H. Higashi, R. Tsutsumi, S. Muto, T. Sugiyama, T. Azuma, M.
Asaka, M. Hatakeyama, SHP-2 tyrosine phosphatase as an intracel-
lular target of Helicobacter pylori CagA protein, Science 295 (2002)
683-686.

[311W. Vogel, R. Lammers, J. Huang, A. Ullrich, Activation of
phosphotyrosine phosphatase by tyrosine phosphorylation, Science
259 (1993) 1611-1614.

[32] S. Tomic, U. Greiser, R. Lammers, A. Kharitonenkov, E. Imyanitov,
A. Ullrich, F.D. Bohmer, Association of SH2 domain protein
tyrosine phosphatases with the epidermal growth factor receptor in
human tumor cells. Phosphatidic acid activates receptor dephospho-
rylation by PTP1C, J. Biol. Chem. 270 (1995) 21277-21284.

[33] S.A. Chen, M.H. Tsai, F.T. Wu, A. Hsiang, Y.L. Chen, H.Y. Lei,
T.S. Tzai, H.W. Leung, Y.T. Jin, C.L. Hsieh, L.H. Hwang, M.D. Lai,
Induction of antitumor immunity with combination of HER2/neu
DNA vaccine and interleukin 2 gene-modified tumor vaccine, Clin.
Cancer Res. 6 (2000) 4381-4388.

[34] S. Boiadjieva, C. Hallberg, M. Hogstrom, C. Busch, Methods in
laboratory investigation. Exclusion of trypan blue from microcarriers
by endothelial cells: an in vitro barrier function test, Lab. Invest. 50
(1984) 239-246.

[35]1 Y. Shang, C.R. Baumrucker, M.H. Green, The induction and
activation of Statl by all-trans-retinoic acid are mediated by RARB
signaling pathways in breast cancer cells, Oncogene 18 (1999) 6725-
6732.

[36] J.H. Yim, S.H. Ro, J.K. Lowney, S.J. Wu, J. Connett, G.M. Doherty,
The role of interferon regulatory factor-1 and interferon regulatory
factor-2 in IFN-gamma growth inhibition of human breast carcinoma
cell lines, J. Interferon Cytokine Res. 23 (2003) 501-511.

[37] .M. Cunnick, S. Meng, Y. Ren, C. Desponts, H.G. Wang, J.Y. Djeu,
J. Wu, Regulation of the mitogen-activated protein kinase signaling
pathway by SHP2, J. Biol. Chem. 277 (2002) 9498-9504.

[38] C.J. Wu, D.M. O'Rourke, G.S. Feng, G.R. Johnson, Q. Wang, M.1.
Greene, The tyrosine phosphatase SHP-2 is required for mediating
phosphatidylinositol 3-kinase/Akt activation by growth factors,
Oncogene 20 (2001) 6018-6025.

[39] W. Min, J.S. Pober, D.R. Johnson, Kinetically coordinated induction
of TAPI and HLA class I by IFN-gamma: the rapid induction of
TAPI by IFN-gamma is mediated by Statl alpha, J. Immunol. 156
(1996) 3174-3183.

[40] M. Hobart, V. Ramassar, N. Goes, J. Urmson, P.F. Halloran, IFN
regulatory factor-1 plays a central role in the regulation of the
expression of class I and II MHC genes in vivo, J. Immunol. 158
(1997) 4260-4269.



	HER-2/neu raises SHP-2, stops IFN- gamma  anti-proliferation in bladder cancer
	Materials and methods
	Results
	HER-2/neu expression increased in TCC-N5 and TCC-N10 cells
	IFN- gamma  did not inhibit TCC-N5 or TCC-N10 cell proliferation
	HER-2/neu overexpression in TCC-N5 and TCC-N10 cells suppressed IFN- gamma -induced phosphorylation of Stat1, Jak2, and downstream signaling
	Upregulated SHP-2 in HER-2/neu-overexpressing TCC-N5, TCC-N10, and MBT2 cells suppressed IFN- gamma  signaling
	AG825 pretreatment restored IFN- gamma  anti-proliferation activity in TCC-N5 and TCC-N10 cells

	Discussion
	Acknowledgments
	References


