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Abstract: Pokemon is an important proto-oncogene that plays a critical role in cellular
oncogenic transformation and tumorigenesis. Anoikis, which is regulated by Bim-mediated
apoptosis, is critical to cancer cell invasion and metastasis. We investigated the role of
Pokemon in anoikis, and our results show that Pokemon renders liver cells resistant to
anoikis via suppression of Bim transcription. We knocked-down Pokemon in human
hepatoma cells QGY7703 with small interfering RNAs (siRNA). Knockdown of Pokemon
alone did not significantly affect the growth and survival of QGY7703 cells but notably
enhanced their sensitivity to apoptotic stress due to the presence of chemical agents or cell
detachment, thereby inducing anoikis, as evidenced by flow cytometry and caspase-3
activity assays. In contrast, ectopic expression of Pokemon in HL7702 cells led to
resistance to anoikis. Dual-luciferase reporter and ChIP assays illustrated that Pokemon
suppressed Bim transcription via direct binding to its promoter. Our results suggest that
Pokemon prevents anoikis through the suppression of Bim expression, which facilitates
tumor cell invasion and metastasis. This Pokemon-Bim pathway may be an effective target
for therapeutic intervention for cancer.
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1. Introduction
Pokemon, an erythroid myeloid ontogenic factor, is a member of the POK (POZ and Krüppel)
family of transcriptional repressors [1]. Pokemon is a master regulator of B-cell and T-cell lymphoid
fate and erythroid development and maturation [2,3]. However, aberrant over-expression of Pokemon
in some human tumors, such as breast and liver cancer, lymphomas and adult malignant glioma [4–6],
plays a key role in oncogenic transformation and tumorigenesis. Pokemon acts as a proto-oncogene by
inhibiting the expression of several important tumor suppressors. For instance, Pokemon prevents
apoptosis via suppression of p53 and Bim to promote cell survival with a tendency towards
transformation. Pokemon suppresses p53 via the ARF-MDM2-p53 pathway but down-regulates Bim
via direct binding to its promoter [7,8]. Pokemon also represses p21 and Rb expression to promote cell
cycle progression. p21 is an inhibitor of cyclin-cdk2 complexes and a major regulator of the
mammalian cell cycle [9–11], whereas Rb controls cell cycle progression at the G1/S checkpoint by
suppressing the activity of an important transcription factor [12–14]. In addition, Pokemon promotes
fatty acid synthesis to generate the membrane components phospholipids, which needed for rapid cell
growth and proliferation [15,16]. Therefore, Pokemon has many functions in cancer cells that promote
cell survival and cell cycle progression. These functions may also be essential for embryonic
development. For example, the abrogation of Pokemon expression leads to lethal anemia in mouse
embryos due to apoptosis of late-stage erythroblasts. This programmed cell death is mediated by
upregulation of the pro-apoptotic factor, Bim, in Pokemon-null cells. GATA1 suppresses
Bim-mediated apoptosis [3,17].
The Bcl-2 family of proteins is composed of both pro-apoptotic and anti-apoptotic members. The
BH3-only protein Bim is pro-apoptotic, as it both activates Bax and suppresses the anti-apoptotic Bcl-2
proteins [18]. Bax is a key effector of mitochondria-mediated apoptosis, and its activity is
conformationally regulated based on the ratio of BH3-only proteins, such as Bim, to the anti-apoptotic
Bcl-2 family members [19,20]. Pro-survival Bcl-2 proteins are oncogenic; therefore, the loss of Bim
expression and/or function may facilitate resistance to apoptotic stress during tumor development.
Cells rely on cell-cell and cell-matrix interactions for proper differentiation and survival [21,22].
Cells that lose these interactions die from programmed cell death through a process known as
“anoikis” [23]. Anoikis relies heavily on the mitochondrial pathway of apoptosis in which Bim is a
critical player that tips the balance of detached cells towards enhanced apoptotic potential. Bim
transcription is found to be upregulated by sevenfold at 24 h after cell detachment. Knockdown of Bim
renders NIH3T3, A549 and MCF10A cells able to survive anoikis [24–26]. Pokemon is a
transcriptional suppressor of Bim [3]. Aberrantly over-expressed Pokemon may block apoptosis via
suppression of detachment-induced Bim upregulation and thus render cells able to resist anoikis.
Resistance to anoikis may allow cancer cells to survive during systemic circulation, thereby facilitating
secondary tumor formation in distant organs [27,28]. Thus, the acquisition of anoikis resistance is
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essential for tumor cell invasion and metastasis. In this report, we studied the role of Pokemon in
anoikis and identified a Pokemon-Bim-anoikis pathway.
2. Results and Discussion
2.1. Pokemon-Silencing Sensitizes Human Hepatoma to Anoikis and an Apoptosis Inducer
We examined the expression of the Pokemon protein in three human hepatoma and two
non-malignant liver cell lines. QGY7703, HepG2 and Bel7704 human hepatoma cells and QSG7701
and HL7702 human liver cells were studied. Pokemon expression is relatively higher in the three
human hepatoma cells than in the two normal liver cell lines, particularly in human hepatoma
QGY7703 cells compared to non-malignant liver HL7702 cells (Figure 1a).
Figure 1. Pokemon expression level. (a) Pokemon protein in normal and cancer liver cells;
(b) Dose-dependent siRNA silencing of Pokemon in QGY7703 cells.

Silencing was optimized for the down regulation of Pokemon expression in QGY7703 cells using
si-P1 which has been reported to effectively silence Pokemon in previous study [29]. Figure 1b shows
the dose-dependent change in Pokemon expression after 48h si-P1 treatment. Figure 2a shows the
time-dependent change in Pokemon expression with 150 pmol of si-P1. The data indicated that
maximal Pokemon knockdown occurred at 48 h.
Pokemon is an important proto-oncogene; therefore, we are interested in the effect of Pokemon
knockdown on QGY7703 liver cancer cells. We analyzed cell proliferation, cell cycle progression and
apoptosis of QGY7703 cells when Pokemon is silenced. The results showed that Pokemon silencing
led to a limited decrease in the cell growth rate (Figure 2b), a negligible cell cycle arrest at the G2/M
checkpoint (Figure 2c), and a slight increase in apoptosis (Figure 2d) during regular culture. These
changes were marginal with no statistical significance, indicating that under normal cultural conditions,
Pokemon silencing does not significantly influence cell growth and survival. Furthermore, we tested
the effect of Pokemon on the cellular response to diverse apoptotic stressors. Doxorubicin treatment
(Aladdin, China) and detached culture conditions, which induces anoikis, were tested. The results
showed that the 0.5 μM Doxorubicin treatment for 24 h triggered approximately 24.55% of the
QGY7703 cells to undergo apoptosis when Pokemon is silenced, whereas 16.38% of cells treated with
a scrambled siRNA were apoptotic (Figure 2e). Notably, under detached culture conditions, 42.6% of
Pokemon-silenced QGY7703 cells underwent apoptosis compared to 35% of cells treated with a
scrambled siRNA control (Figure 2f). The occurrence of anoikis was confirmed by determination of
cleaved caspase-3 protein levels in Figure 3b.
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Figure 2. Sensitivity of QGY7703 cells to anoikis and Doxorubicin under Pokemon
knockdown conditions. (a) Time course of Pokemon silencing by small interfering RNAs
(siRNA) (150 pmol) in QGY7703 cells; (b) Cell growth rate; (c) FASC cell cycle analysis
of QGY7703 cells treated with 150 pmol siRNA for 48 h after transfection; (d) FASC
apoptosis analysis of QGY7703 cells treated with 150 pmol siRNA for 48 h; (e) FASC
apoptosis analysis of QGY7703 cells treated with 150 pmol siRNA for 48 h, followed by 0.5
μM Doxorubicin treatment; (f) QGY7703 cells were treated with 150 pmol siRNA for 48 h
and re-seeded on Ultra-Low attachment plates. After incubation for 24 h, cells were
processed by FASC apoptosis analysis.

2.2. Pokemon Enhances Resistance of HL7702 Cells to Anoikis
To further confirm the role of Pokemon in anoikis, we ectopically expressed it in human liver
HL7702 cells, which have low endogenous expression of Pokemon. Figure 3a shows the Pokemon
protein levels of HL7702 cells transfected with p3.1 or p3.1-Pok. As shown in Figure 3a, 44.2% of
HL7702 cells that express Pokemon exogenously underwent apoptosis compared to 54.9% of the
vector control cells when cultured under detachment conditions. This protective effect can also be
detected in stable cell line HL-P and siRNA treated HL-P, as indicated by cleaved caspase-3 (Figure 3c).
The effect of Pokemon on anoikis was further confirmed by a cell counting study. In this study,
green fluorescent protein (GFP)-tagged Pokemon was introduced into HL7702 cells. Following culture
in detached, semi-detached or attached conditions for 48 h, viable fluorescent cells were counted using
a fluorescent microscope. As shown in Figure 3d, the proportion of GFP-Pokemon-labeled cells was
elevated by anoikis selection. These changes were not observed in vector control HL7702 cells. The
results suggest that ectopic GFP-Pokemon expression protects HL7702 cells from anoikis.
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Figure 3. Anoikis resistance induced by ectopic expression of Pokemon in HL7702 cells.
(a) HL7702 cells were treated with p3.1-Pok or p3.1 for 24 h, digested and re-plated on
ultra-low attachment plates. After a 24 h incubation period, cells were processed by FASC
apoptosis analysis. (b) Caspase-3 expression analysis. HL7702 cells were treated with
pGFP or pGFP-Pok for 24 h and then treated as described above. QGY7703 cells were
treated with 150 pmol siRNA for 48 h and then treated as described above. (c) HL-P, HL-G,
and HL-P cells were treated with 150 pmol siRNA and then treated as described above.
(d) HL7702 cells transfected with pGFP or pGFP-Pok were re-plated as described in the
Materials and Methods. 48 h after re-seeding, the ratio of cells with GFP labeling to the
total number of cells was calculated. The proportion of GFP alone or GFP-Pokemon cells
subjected to regular, suspension or semi-suspension culture. * p < 0.01.

2.3. Pokemon Prevents Anoikis through Suppression of Bim Expression
Bim is an apoptotic protein that plays a significant role in anoikis [23], and the Pokemon-Bim
pathway was reported in 2009 [3]. To understand the mechanism by which Pokemon suppresses
anoikis, we further evaluated the effect of Pokemon on Bim expression. In attachment culture,
Pokemon silencing did not appear to significantly alter Bim protein levels, although there was a clear
increase in its mRNA levels (Figure 4a,b). Interestingly, in anoikis induced by detachment, Pokemon
silencing significantly up-regulated Bim protein levels in QGY7703 cells, and in contrast, ectopic
Pokemon expression significantly reduced Bim protein levels induced by anoikis in HL7702 cells
(Figure 4c middle). We also detected Bim protein levels in HL-P cells that stably express Pokemon.
The results showed that stably expressed Pokemon impaired detachment-induced Bim accumulation
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and anoikis and that this effect was reversed by siRNA knockdown of Pokemon (Figure 4c). Figure 5d
shows that Matrigel weakened Bim accumulation. As in previous studies, the failure of Bim to
accumulate corresponds with a failure to proceed with anoikis [24,25]. This finding also explains how
Matrigel reverses the selective effect of anoikis in the fluorescence microscopy assay in which cells
encounter less apoptosis stress in the presence of Matrigel; therefore, the survival advantage brought
about by exogenous Pokemon would not be achieved. These results suggest that Pokemon regulates
anoikis through suppression of Bim expression in QGY7703 and HL7702 cells.
Figure 4. Pokemon suppresses detachment-induced Bim upregulation. (a) and (b)
QGY7703 cells were treated with 150 pmol siRNA for 48 h and analyzed by a Bim
Western blot or real-time RT-PCR; (c) QGY7703, HL-P, HL-G, and HL-P cells were
treated with 150 pmol siRNA or scrambled RNA for 48 h and re-plated onto Ultra-Low
attachment plates. After incubation for 24 h, Bim expression was assessed by Western blot.
HL7702 cells were transfected with pGFP or pGFP-Pok. 24 h after transfection, Bim
expression was analyzed as described above.

To rule out the possibility of off-target effect, anoikis induced Bim accumulation was assessed
using other si-RNAs. As shown in Figure 5a, si-P2 effectively silenced Pokemon and the time-course
result was consistent with former ones (Figure 5b). Figure 5c shows that silencing of Pokemon by
si-P2 also enhanced Bim accumulation under detachment. Thus, the increased Bim accumulation under
detachment when Pokemon is silenced is not caused by off-target effects.
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Figure 5. Pokemon silenced by si-P2. (a) Pokemon expression level of QGY7703 treated
with scramble RNA , Si-P1, Si-P2, Si-P3 and scramle RNA; (b) Pokemon expression level
of QGY7703 treated with Si-P2 for 48 h, 72hr and 96 h; (c) Bim expression level of
QGY7703 after si-P2 treatment; (d) Bim expression level of HL7702 under suspension or
semi-suspension culture.

2.4. Pokemon Suppresses Bim Expression via Direct Binding to the Bim Promoter
We further investigated the regulatory mechanism by which Pokemon, which is a transcription
factor [3], affects Bim expression. Figure 4a shows that Pokemon silencing increased Bim mRNA
levels, but Bim protein level was not significantly changed (Figure 4b). It seems that Pokemon
silencing enhances Bim transcription, but the extra Bim protein is degradated so that the balance of
Bcl-2 protein is maintained in cells. The resultsindicate that Pokemon may regulate Bim expression at
the promoter level without influencing Bim degradation Data from a dual luciferase reporter assay
confirmed the presence of a regulatory activity of Pokemon on the Bim promoter whose activity
decreases along with Pokemon expression increasing (Figure 6a). A ChIP assay showed that Pokemon
binds to the Bim promoter in both HepG2 and QGY7703 cells (Figure 6b). These data suggest that
Pokemon suppresses Bim expression via direct binding to the Bim promoter.
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Figure 6. Pokemon suppresses Bim expression by directly binding to its promoter.
(a) HL7702 cells were treated as indicated in the Materials and Methods. Forty-eight hour
after transfection, the cells were processed by the dual luciferase reporter assay. p-POK is
abbreviation for p3.1-POK. The doses of p-POK for each bar are 0, 0, 0, 0.1 μg, 0.2 μg,
0.4 μg, 0.8 μg from left to right. (b) Images showing ChIP PCR results from HepG2 (upper
panel) and QGY7703 (lower panel) cells.

2.5. Discussion
Liver cancer is the most prevalent and most lethal cancer worldwide, especially in Asia, where the
incidence and mortality are strikingly high [30]. Pokemon has been reported to be highly expressed in
some cancers, including hepatoma, and particularly in metastasized hepatoma [4]. These reports imply
that there is a potential role for Pokemon in the development, progression, and especially metastatic
transformation of hepatoma. This study revealed that Pokemon suppresses anoikis by inhibiting
expression of the apoptotic protein Bim, thereby advancing the understanding of the pathological role
of Pokemon in hepatoma.
The effect of Pokemon on cell growth and survival was marginal under normal culture conditions.
Pokemon is a negative transcription factor that represses the tumor suppressor genes p53, p21 and Rb
as well as the Bcl-2 family pro-apoptotic protein Bim [7,13]. All of these genes function in a
homeostatic way under normal culture conditions but are induced or activated under certain
circumstances, which lead to relevant biological consequences. Therefore, it is not surprising that
Pokemon silencing did not have striking effects on cell growth and survival as shown by our results.
A question we asked in this study was whether Pokemon confers a survival advantage to cells in
harsh environments, such as in the presence of chemical reagents and during cell detachment.
Therefore, we tested the effect of Pokemon expression on QGY7703 cells exposed to a chemical
inducer or cultured under detachment conditions. Either transient or stable expression or silencing of
Pokemon affects the cell’s sensitivity not only to apoptosis triggered by a chemical inducer but also
dramatically to anoikis. Solid evidence was also obtained in a fluorescence microscopy study. In this
assay, the dramatically increased proportion of green cells after anoikis-selection and the
correspondingly opposing effect of Matrigel supplements suggest a survival advantage for cells with
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increased Pokemon expression due to anoikis. These data suggest that Pokemon improves the ability of
liver cancer cells to survive harsh environments caused by chemical reagent or detachment. This
protective effect, which is essential for cells to survive in the presence of increased apoptotic stress, as
is the case during the process of erythroid development, is exploited in tumor cells, as Pokemon allows
QGY7703 cells to survive not only a higher concentration of Doxorubicin but also suspension culture.
As a supplement to a previous study showing that Pokemon plays an important role in tumorigenesis,
our study shows that Pokemon may also promote tumor cell invasion and metastasis by improving the
ability of tumor cells to avoid anoikis because anoikis is a key barrier to metastasis for tumor cells.
Anoikis relies heavily on Bcl-2 family protein-mediated apoptosis. Bim is a key regulator of anoikis,
and changes in Bim are sufficient to influence cell anoikis [19,26]. Our study showed that the
Pokemon-Bim regulation pathway that exists in mice erythroid development also functions in the
process of anoikis. Under regular culture conditions, Pokemon silencing in QGY7703 cells had a
limited effect on Bim protein levels, although its mRNA levels were increased. However, under
detachment stress, Pokemon greatly changed Bim protein expression. In the cell lines we studied,
increased Pokemon levels were correlated with decreased Bim accumulation. Studies of the Bim
promoter using luciferase reporter and ChIP assays further revealed that Pokemon regulates anoikis in
liver cells by controlling Bim expression via direct binding to the Bim promoter. We proposed a
hypothetical pathway in which Pokemon regulates anoikis. When cells with low Pokemon levels are
exposed to detachment conditions, Bim transcription is upregulated and Bim protein accumulates;
therefore, the cells undergo apoptosis. When Pokemon is overexpressed in cells, Bim transcription is
blocked, which leads to a failure to accumulate Bim protein, causing an impairment of apoptosis
induced by detachment. It is noteworthy that under normal culture conditions (non-anoikis), Pokemon
silencing enhanced the mRNA but not the protein levels of Bim, which indicates the possibility that a
translational regulatory mechanism exists. Further study is warranted to test this hypothesis.
3. Experimental Section
3.1. Cell Lines and Culture
Human hepatoma (QGY7703, HepG2, and BEL7404) and non-malignant QSG7701 and HL7702
liver cell lines were purchased from the Shanghai Institutes of Biological Sciences Cell Bank
(Shanghai, China). QGY7703 and HepG2 cells were maintained in Dulbecco’s Modified Eagle
medium (DMEM) containing 10% fetal bovine serum (FBS) at 37 °C, 5% CO2. QSG7701, BEL7404
and HL7702 cells were maintained in RPMI 1640 medium with 10% FBS. Stable cell lines were
established as previously described [31]. Briefly, HL7702 cells were transfected with the
corresponding plasmids. After 48 h, the cells were trypsinized, diluted, and re-seeded onto plates,
followed by G418 selection for stable transfectants. For detachment culture, cells were seeded in
Ultra-Low attachment 6-well plates (Corning, Glendale, Arizona, USA), and 1% methylcellulose was
added to full media to avoid the survival effect caused by cell clumping.
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3.2. Plasmid Construction
PCR-amplified Pokemon cDNA was cloned into the pcDNA3.1(−) and pEGFP-N3 vectors, and the
resulting constructs were named p3.1-POK and pGFP-POK, respectively [32]. The Bim promoter was
cloned into the pGL4.10 vector and named p4.10-bim800. All vectors were constructed according to
standard cloning procedures. The primers used for the Bim promoter were Bim-p forward: 5′-ATA
GGT ACC ATG CCT CCC GCC CTC ACC CGG GA-3′, and Bim-p reverse: 5′-TTA CTC GAG TTG
AGC TCC AAC AAA CTG CAG ACC-3′.
3.3. Pokemon Silencing by siRNA
Three siRNAs were synthesised and were used to target Pokemon as described in previous studies [31].
The sequences are as follows: si-P1 sense 5′-GCU GGA CCU UGU AGA UCA Att-3′, si-P2 sense
5′-UCA AGA AAG ACG GCU GCA Att-3′ and si-P3 sense5′-GCA GAU GAU GUC AUC GGU Gtt-3′.
For siRNA delivery, cells (2 × 105 in Opti-MEM I media) were mixed gently with siRNA and
OligofectAMINE (Invitrogen, Grand Island, New York, USA) in a final volume of 0.5–1.5 mL,
according the manufacturer’s instructions, and incubated at 37 °C, 5% CO2 for 4 h, followed by the
addition of an equal volume of fresh media containing 20% FBS. Cells were continuously incubated
until harvest.
3.4. Flow Cytometry Analysis
For apoptosis analyses, cells were harvested and stained using an Annexin V-FITC apoptosis
analysis kit (Beyotime, China) according to the manufacturer’s instructions. For cell cycle analyses,
the cells were trypsinized, washed with PBS twice, and fixed with ethanol (−20 °C). Before flow
cytometry analyses, the ethanol was removed, and 1 mL of freshly made dying solution (0.05 mg/mL
PI, 0.025 mg/mL RNase, 0.0025% TritonX-100) was added. After staining for 5 min, the cells were
subjected to flow cytometry analysis, using a MoFloTM XDP cytometer (Beckman Coulter, Atlanta,
Georgia, USA). Three replicates were performed.
3.5. Real-Time PCR
Total RNA was extracted using the Trizol reagent (Invitrogen, Grand Island, New York, USA)
according to the manufacturer’s instructions and quantified with a Nano-drop ND-1000 (Thermo
Scientific, Wilmington, Delaware, USA). The quality of the RNA was verified by agarose-gel
electrophoresis. Real-time PCR was performed on an AB 7500 Real Time PCR System using the
cDNA obtained above. The results were analyzed by the AB 7500 PCR system SDS software (Applied
Biosystems, Bedford, Ohio, USA). Three replicates were performed.
3.6. Western Blot
Lysates (30 μg protein) of treated or non-treated cells were resolved by SDS-PAGE, transferred to
PVDF membranes, and blocked with 0.5% skim milk in 1× TBS. Membranes were incubated with
primary antibodies overnight at −4 °C and washed three times for 10 min each in TBST (20 mM
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Tris-HCl, pH 7.5, 150 mM NaCl, 0.05% Tween-20). The membranes were then incubated with
HRP-conjugated secondary antibodies for 1.5 h at room temperature. Images were acquired using the
GeL Doc EQ image reader system (Bio-Rad, Munich, Germany). Protein amounts were normalized
according to beta-actin monoclonal antibody staining. The antibodies used included anti-human
Pokemon (Sigma, USA), anti-human BIM, anti-caspase3 and anti-cleaved caspase-3 (Cell Signaling
Technology, Danvers, Massachusetts, USA), and anti-human beta-actin (Beyotime, DaLian, China).
3.7. Chromatin Immunoprecipitation
Subconfluent QGY7703 or HepG2 cells were fixed with 1% formaldehyde, washed with PBS, lysed
with SDS lysis buffer (50 mM Tris-HCl, pH 8.1, 5 mM EDTA, 0.1% deoxycholate, 1% Triton
X-100,150 mM NaCl, 1% protease inhibitor cocktail), and sonicated to generate DNA fragments of
500–1000 bp in size. Pre-immune serum was added to the sonicated supernatant and incubated for 1 h
at 4 °C with rotation. Protein G Dynabeads (Invitrogen, USA） were added and incubated for 1 h at 4 °C.
A magnetic separator was used to collect the beads. The supernatant was diluted 2-fold with ChIP
dilution buffer (0.01% SDS, 1% Triton X-100, 2 mM Tris-HCl, pH 8.1, and 150 mM NaCl) and
incubated with either anti-Pokemon antibody or IgG as a control at 4 °C overnight. Protein G
Dynabeads were added to the mixture, incubated for 2 h at 4 °C with rotation, and separated with the
magnetic separator. DNA-Pokemon-antibody complex was eluted with TE buffer at pH 3.0. After
EDTA and proteinase K treatment, DNA was extracted with phenol/chloroform and precipitated with
ethanol. The primers used were Bim1-forward: 5′-TCG CGA GGA CCA ACC CAG TC-3′ and
Bim1-reverse: 5′-CCG CTC CTA CGC CCA ATC AC-3′.
3.8. Dual Luciferase Reporter Assay
A dual luciferase reporter assay system was purchased from Promega, USA and used according to
the manufacturer’s instructions. Briefly, HL7702 cells were cultured in RPMI 1640 medium with 10%
FBS on 6-well plate and were transfected with 0.8 μg of pRL-TK , 0.8 μg of pGL-4.10 or pBim-800
and 0.8μg of pcDNA3.1 and p3.1-POK using FuGENE HD (Roche, USA). After 36 h of incubation,
cells were harvested, lysed, and 10 μL of the resulting lysate was used to test luciferase activity.
Different Pokemon expression levels are obtained by transfecting different dose of p3.1-POK.
3.9. Cell Counting Assay
HL7702 cells were transfected with pGFP-POK or control vector for 24 h, trypsinized and divided
into three equal parts, labeled I, II and III. Part I was re-seeded onto regular six-well plates. Parts II and
III were plated on Ultra-Low attachment 6-well plates. Five percent matrigel was added to plates
containing Part II cells. After 48 h, green fluorescent cells were counted in five random areas of view
using a fluorescence microscope (Olympus, Japan). Three replicates were performed.
4. Conclusions
Pokemon render liver cells better ability to resist anoikis by suppressing Bim accumulation via direct
bind to Bim promoter. The Pokemon-Bim pathway is essential in mice erythroid development [3], but
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these new research findings reveal a novel function of this pathway in tumor progression, providing
experimental support for the potential role of Pokemon in tumor metastasis. Pokemon-targeted cancer
therapy may effectively suppress not only carcinoma in situ but also tumor metastasis and replacement.
Acknowledgments
We thank the financial support from the Ministry of Science and Technology of China
(2012ZX09506001-010, 2012CB722605, 2012AA020305 and 2011DFA30620).
Conflict of Interest
The authors declare no conflict of interest.
References
1.

Morrison, D.J.; Pendergrast, P.S.; Stavropoulos, P.; Colmenares, S.U.; Kobayashi, R.; Hernandez, N.
FBI-1, a factor that binds to the HIV-1 inducer of short transcripts (IST), is a POZ domain protein.
Nucleic Acids Res. 1999, 27, 1251–1252.
2. Maeda, T.; Merghoub, T.; Hobbs, R.M.; Dong, L.; Maeda, M.; Zakrzewski, J.;
van den Brink, M.R.M.; Zelent, A.; Shigematsu, H.; Akashi, K.; et al. Regulation of B versus T
lymphoid lineage fate decision by the proto-oncogene LRF. Science 2007, 316, 860–866.
3. Maeda, T.; Ito, K.; Merghoub, T.; Poliseno, L.; Hobbs, R.M.; Wang, G.; Dong, L.; Maeda, M.;
Dore, L.C.; Zelent, A.; et al. LRF is an essential downstream target of GATA1 in erythroid
development and regulates BIM-dependent apoptosis. Dev. Cell 2009, 17, 527–540.
4. Ji, Y.; He, X.S.; Ma, Y.; Zhu, X.F.; Zhang, R.; Wu, J. Expression of Pokemon in HCC, HCC with
distant place metastasis, hepatocirrhosis and normal crowds. Chin. J. Exp. Surg. 2007, 24, 75–79.
5. Rovin, R.A.; Winn, R. Pokemon expression in malignant glioma: An application of
bioinformatics methods. Neurosurg. Focus 2005, 19, 1–2.
6. Aggarwal, A.; Hunter, W.J.; Aggarwal, H.; Silva, E.D.; Davey, M.S.; Murphy, R.F.;
Agrawal, D.K. Expression of leukemia/lymphoma-related factor (LRF/POKEMON) in human
breast carcinoma and other cancers. Exp. Mol. Pathol. 2010, 89, 140–148.
7. Maeda, T.; Hobbs, R.M.; Merghoub, T.; Guernah, I.; Arthur, Z.; Cordon-Cardo, C.;
Teruya-Feldstein, J.; Pandolfi, P.P. Role of the proto-oncogene Pokemon in cellular
transformation and ARF repression. Nature 2005, 433, 278–285.
8. Maeda, T.; Hobbs, R.M.; Pandolfi, P.P. The transcription factor Pokemon: A new key player in
cancer pathogenesis. Cancer Res. 2005, 65, 8575.
9. El-Deiry, W.S.; Tokinom, T.; Velculescu, V.E.; Levy, D.B.; Parsons, R.; Trent, J.M.;
Lin, D.; Mercer, W.E.; Kinzler, K.W.; Vogelstein, B. WAF1, a potential mediator of p53 tumor
suppression. Cell 1993, 75, 817–825.
10. El-Deiry, W.S.; Harper, J.W.; O’Connor, P.M.; Velculescu, V.E.; Canman, C.E.;
Jackman, J.; Pietenpol, J.A.; Burrell, M.; Hill, D.E.; Wang Y.; et al. WAF1/CIP1 is induced in
p53-mediated G1 arrest and apoptosis. Cancer Res. 1994, 54, 1169–1174.

Int. J. Mol. Sci. 2012, 13

5830

11. Ezhevsky, S.A.; Ho, A.; Becker-Hapak, M.; Davis, P.K.; Dowdy, S.F. Differential regulation of
retinoblastoma tumor suppressor protein by G1 cyclin-dependent kinase complexes in vivo.
Mol. Cell. Biol. 2001, 21, 4773–4784.
12. Goodrich, D.W.; Wang, N.P.; Qian, Y.W.; Lee, E.Y.; Lee, W.H. The retinoblastoma gene product
regulates progression through the G1 phase of the cell cycle. Cell 1981, 67, 293–302.
13. Choi, W.I.; Jeon, B.N.; Yun, C.O.; Kim, P.H.; Kim, S.E.; Choi, K.Y.; Kim, S.H.; Hur, M.W.
Proto-oncogene FBI-1 represses transcription of p21CIP1 by inhibition of transcription activation
by p53 and Sp1. J. Biol. Chem. 2009, 284, 12633–12644.
14. Jeon, B.N.; Yoo, J.Y.; Choi, W.I.; Lee, C.E.; Yoon, H.G.; Hur, M.W. Proto-oncogene FBI-1
(Pokemon/ZBTB7A) represses transcription of the tumor suppressor Rb Gene via binding
competition with Sp1 and recruitment of co-repressors. J. Biol. Chem. 2008, 283, 33199–33210.
15. Choi, W.I.; Jeon, B.N.; Park, H.; Yoo, J.Y.; Kim, Y.S.; Koh, D.I.; Kim, M.H.; Kim, Y.R.;
Lee, C.E.; Kim, K.S.; et al. Proto-oncogene FBI-1 (Pokemon) and SREBP-1 synergistically
activate transcription of fatty-acid synthase gene (FASN). J. Biol. Chem. 2008,
283, 29341–29354.
16. Kuhajda, F.P. Fatty acid synthase and cancer: New application of an old pathway. Cancer Res.
2006, 66, 5977–5980.
17. Bouillet, P.; Zhang, L.C.; Huang, D.C.S.; Webb, G.C.; Bottema, C.D.K.; Shore, P.;
Eyre, H.J.; Sutherland, G.R.; Adams, J.M. Gene structure, alternative splicing, and chromosomal
localization of pro-apoptotic Bcl-2 relative Bim. Mamm. Genome 2001, 12, 163–168.
18. Adams, J.M.; Cory, S. The Bcl-2 protein family: Arbiters of cell survival. Science 1998,
281, 1322–1326.
19. Gilmore, A.P.; Metcalfe, A.D.; Romer, L.H.; Streuli, C.H. Integrin-mediated survival signals
regulate the apoptotic function of Bax through its conformation and subcellular localization.
J. Cell. Biochem. 2000, 149, 431–446.
20. Lindsten, T.; Ross, A.J.; King, A.; Zong, W.X.; Rathmell, J.C.; Shiels, H.A.; Ulrich, E.;
Waymire, K.G.; Mahar, P.; Frauwirth, K. The combined functions of proapoptotic Bcl-2 family
members bak and bax are essential for normal development of multiple tissues. Mol. Cell 2000,
6, 1389–1399.
21. Schwartz, M.A. Integrins, oncogenes, and anchorage independence. J. Cell. Biochem. 1997,
139, 575–578.
22. Chiarugi, P.; Giannoni, E. Anoikis: A necessary death program for anchorage-dependent cells.
Biochem. Pharmacol. 2008, 76, 1352–1364.
23. Frisch, S.M.; Ruoslahti, E. Integrins and anoikis. Curr. Opin. Cell Biol. 1997, 9, 701–706.
24. Li, Z.; Zhao, J.; Du, Y.; Park, H.R.; Sun, S.Y.; Bernal-Mizrachi, L.; Aitken, A.; Khuri, F.R.;
Fu, H. Down-regulation of 14-3-3ζ suppresses anchorage-independent growth of lung cancer cells
through anoikis activation. Proc. Natl. Acad. Sci. USA 2008, 105, 162–167.
25. Gan, L.; Liu, P.; Lu, H.; Chen, S.; Yang, J.; McCarthy, J.; Knudsen, K.; Huang, H. Cyclin D1
promotes anchorage-independent cell survival by inhibiting FOXO-mediated anoikis. Cell Death
Differ. 2009, 16, 1408-1417.

Int. J. Mol. Sci. 2012, 13

5831

26. Woods, N.T.; Yamaguchi, H.; Lee, F.Y.; Bhalla, K.N.; Wang, H.G. Anoikis, initiated by Mcl-1
degradation and Bim induction, is deregulated during oncogenesis. Cancer Res. 2007,
67, 10744–10752.
27. Frisch, S.M.; Screaton, R.A. Anoikis mechanisms. Curr. Opin. Cell Biol. 2001, 13, 555–562.
28. Hanahan, D. The hallmarks of cancer. Cell 2000, 100, 57–70.
29. Zu, X.; Ma, J.; Liu, H.; Liu, F.; Tan, C.; Yu, L.; Wang, J.; Xie, Z.; Cao, D.; Jiang, Y.
Pro-oncogene Pokemon promotes breast cancer progression by upregulating survivin expression.
Breast Cancer Res. 2011, 13, doi:10.1186/bcr2843.
30. Parkin, D.M.; Pisani, P.; Ferlay, J. Global cancer statistics. CA Cancer J. Clin. 1999, 49, 33–64.
31. Ku, S.C.Y.; Ng, D.T.W.; Yap, M.G.S.; Chao, S.H. Effects of overexpression of X-box binding
protein 1 on recombinant protein production in Chinese hamster ovary and NS0 myeloma cells.
Biotechnol. Bioeng. 2008, 99, 155–164.
32. He, S.; Liu, F.; Xie, Z.; Zu, X.; Xu, W.; Jiang, Y. P-Glycoprotein/MDR1 regulates Pokemon gene
transcription through p53 expression in human breast cancer cells. Int. J. Mol. Sci. 2010,
11, 3039–3051.
© 2012 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).

