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Overexpression of the Notchl receptor intracellular domain inhibits the

proliferation of K562 cells.

In addition to its oncogenic role, there is mounting evidence that Notch
sighaling functions as a tumor suppressor. To date, the molecular mechanism
controlling the Notch signal pathway, which serves as an oncogene or a tumor
suppressor in tumorigenesis, remains obscure. To understand the role of the
Notchl signaling pathway in tumorigenesis, stable K562 cell lines constitutively
expressing the HA-NI1IC fusion protein were established in order to evaluate
their growth curves. Four pdols of the HA-NIIC fusion protein-expressing
K562 stable cell lines (K562/HA-N1IC pool-1~4) and the K562/HA-N1IC
stable cell line derived from a single cell (Yeh et al., 2003) were used in this
study., All of the cumulative cell numbers of the HA-NIIC fusion
protein-expressing K562 stable cell lines were lower than their control cells
(K562/pcDNA3). These results suggest that the expression of the HA-NIIC

fusion protein suppressed the proliferation of K562 cells.

Notchl receptor intracellular domain increases the proportion of K562 cells in

the G, phase, while Taxol arrests cells in the Gy/M phase.

In a previous study, we demonstrated that treatment with Taxol increased

the amount of nuclear By-tubulin in cells and promoted CBF1-dependent
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transactivation activity of N1IC (Yeh et al, 2004). To assess whether
Taxol-induced activation of CBF1-dependent Notch signaling can regulate cell
growth via alternation of cell cycle progression, a flow cytometric analysis was
performed. Results showed that N1IC increased the proportion of cells in the
G, phase of the cell cycle from 37% to 44%, and decreased the proportion of
S-Gy/M-phase cells from 63% to 56%. Therefore, these data demonstrate that
N1IC slightly arrested K562 cells in the G, phase. This is consistent with the
results of the growth curves, in which cumulative cell numbers were suppressed
in the presence of N1IC. Additionally, most of the K562 cells were arrested in

the G,/M phase after treatment with 3.5 pM Taxol regardless of whether or not

NI1IC was present.

Notchl receptor intracellular domain and Taxol suppress tumor growth of K562

cells in vivo.

We further investigated whether N1IC and Taxol also suppress cell growth
in the case of subcutaneously implanted HA-N1IC fusion protein-expressing
cells or their control cells in nude mice. Tumors of HA-NIIC fusion
protein-expressing K562/HA-N1IC cells were reduced to 19% of the sizes
observed in the control K562/pcDNA3 cells on day 15 after tumor inoculation.
After treatment with 3.5 puM Taxol for 24 hours, tumors of neither
K562/HA-N1IC nor K562/pcDNA3 cells exhibited any growth. As described
previously (Yeh et al., 2004), Taxol increased the nuclear content of y-tubulin

to promote the CBFI-dependent transactivation of N1IC. However, this
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enhancement of nuclear Py-tubulin induced by Taxol did not promote the
tumorigenesis in nude mice here. At the same concentration (3.5 uM), Taxol
also arrested the cells in G,/M phase to inhibit the tumor growth. These results

suggest that N1IC and Taxol can arrest K562 cells, thus suppressing tumor

growth in vivo.,

The nuclear content of By-tubulin was not increased by the nuclear localization

signal (NLS) pathway.

As described previously (Yeh et al., 2004), By-tubulin is present in both the
nuclei and cytoplasms of K562, SUP-T1, and HeLa cells. Taxol increased the
nuclear content of Py-tubulin and thus promoted the CBFI1-dependent
transactivation of N1IC. However, Taxol treatment arrested K562 cells in the
G»/M phase, but did not affect tumorigenesis in nude mice.

To induce the nuclear content of Py-tubulin and to gain further insights into
the mechanism of nuclear localization of fy-tubulin, the expression plasmid of
Bu-tubulin tagged with an N-terminal FLAG tag and nuclear localization signal
was constructed for transfection.  Although the exogenous NLS-tagged
Bu-tubulin was detected in nuclei of HeLa cells, its major localization was still
in the cytosol. The NLS tag did not seem not to significantly increase the
content of nuclear By-tubulin. These results show that the nuclear localization

of By-tubulin was not enhanced by the NLS pathway.
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The CBF1-dependent luciferase reporter activity transactivated by the Notchl

receptor intracellular domain is suppressed by small interfering RNAs (siRNAs)

targeting fy-tubulin.

To evaluate the effect of B-tubulin on the regulation of Notch signaling, the
method of siRNA targeting of By-tubulin was used to knock down its expression.
Both the U6 and H1 promoter-driven siRNA expression plasmids were
constructed and co-transfected with the FLAG-NLS-By-tubulin fusion protein
expression plasmid into the HeLa cells. A decrease in the expression of the
FLAG-NLS-By-tubulin fusion protein was observed in the lysates of cells
transfected with the PBy-tubulin siRNA expression construct (pSilencer
2.1-U6-1431), whereas neither another siRNA expression construct (pSilencer
3.1-H1-105) nor the control vector (pSilencer 2.1-U6 neo) affected By-tubulin
expression. Owing to the abundance of cytoskeletal proteins, the amount of
endogenous PBy-tubulin was not knocked down by the transient transfection of
the Bj-tubulin siRNA expression construct pSilencer 2.1-U6-1431 (data not
shown.),.

| To elucidate the role of Py-tubulin in regulation of the Notch signaling
pathway, a luciferase reporter gene assay was performed. A decrease in the
CBF1-dependent luciferase reporter activity transactivated by N1IC was shown
in HeLa cells co-transfected with Byp-tubulin siRNA expression constructs
(pSilencer 2.1-U6-1431 and pSilencer 3.1-H1-1431), but not in those
co-transfected with another siRNA expression constructs (pSilencer 3.1-H1-105)
or the control vector (pSilencer 2.1-U6 neo). In addition to HeLa cells, this

suppression of CBF1-dependent luciferase reporter activity was also observed in
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K562 celis. The above data suggest that CBF1-mediated transactivation
activity of N1IC was inhibited when By-tubulin was knocked down by siRNA.
These results are consistent with a previous study in which Taxol augmented the

CBFl-dependent luciferase reporter activity transactivated by N1IC (Yeh et al.,
2004).

Expressions of cell cycle-related proteins in K562 cells are regulated by the

activated Notchl receptor.

It was reported that the transition through the restriction point is blocked by
unphosphorylated or hypophosphorylated Rb during cell cycle progression
~ (Sherr, 2000). Rb is inactivated through phosphorylation by cyclin and
cyclin-dependent kinase (CDK) complexes which allows the cell to enter S
phase (Sherr, 2000). Based on the findings described above, the growth
suppression of K562 cells is due to an increase in the proportion of cells in the
G phase by the Notch1 receptor intracellular domain, To clarify the molecular
mechanism of cell growth suppression by N1IC, we further investigated the role
of Rb in Notch-mediated cell cycle arrest.

In HA-NI1IC fusion protein-expressing K562 cells, the expressions of
phospho-RB (ppRB) and Rb were higher than those of the control cells, whereas
E2F1 expression was decreased in the presence of NIIC. Since
phosphorylation of the Rb protein is regulated by both cyclin D/CDK4 and
cyclin E/CDK2 which allows cells to progress from the G, to the S phase, we

next investigated whether modulation of CDK4 and CDK2 expressions occurs in
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the presence of NIIC. The expressions of both CDK4 and CDK2 were
suppressed in HA-NIIC fusion protein-expressing K562 cells, compared to
control cells.  The activities of both CDK4 and CDK2 were also suppressed in
K562/HA-N1IC cells as compared with K562/pcDNA3 cells. These data
indicate that the Notch signal pathway plays a critical role in the control of the

G-S transition through cellular factors such as Rb, E2F1, CDK4, and CDK2,
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