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Introduction

Colorectal carcinoma (CRC) is a common malignant diges-
tive cancer, ranking as the third most common cancer 
in men and the second in women worldwide (Biller and 
Schrag 2021; Lucchetti et al. 2017; Rossi et al. 2018). In 
recent years, CRC has accounted for nearly one million 
new cancer cases and 600,000 deaths annually, with num-
bers steadily increasing. The primary cause of mortality in 
CRC is early, undetected, and uncontrolled metastasis (Punt 
et al. 2017; Sa et al. 2018). Anoikis, a specialized form of 
programmed cell death, acts as a crucial barrier to cancer 
metastasis by inducing cell death when cells detach from 
their native extracellular matrix (Strilic and Offermanns 
2017; Wang et al. 2018).
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Abstract
Purpose  This study aims to determine whether Pokemon regulates Bim activity in colorectal carcinoma (CRC) carcinogenesis.
Methods  Clinical tissue samples were analyzed to detect the expression and clinicopathological significance of Pokemon 
and Bim in CRC. Proliferation, apoptosis, and invasion assays were conducted to identify the regulatory effect of Poke-
mon on Bim. The combined treatment effects of Pokemon knockdown and diamminedichloroplatinum (DDP) were also 
examined.
Results  Immunohistochemical analysis of 80 samples of colorectal epithelia (CRE), 80 cases of colorectal adenoma (CRA), 
and 160 of CRC samples revealed protein expression rates of 23.8%, 38.8%, and 70.6% for Pokemon, and 88.8%, 73.8%, 
and 31.9% for Bim, respectively. A significant negative correlation was observed between Pokemon and Bim expression 
across the CRE, CRA, and CRC lesion stages. In CRC, higher Pokemon and lower Bim expression correlated with higher 
histological grades, advanced Dukes stages, and increased cancer invasion. In both LoVo and HCT116 cells, overexpression 
of Pokemon significantly reduced Bim expression, leading to increased proliferation, resistance to anoikis, and cell invasion. 
Additionally, Pokemon overexpression significantly decreased DDP-induced Bim expression, reduction of anti-apoptosis 
and invasion, whereas Pokemon knockdown resulted in the opposite effects.
Conclusion  These findings suggest that Pokemon inhibits Bim transcription, thereby promoting CRC proliferation, resis-
tance to apoptosis, invasion, and advancing histological grade and Dukes staging. Pokemon knockdown enhances the thera-
peutic efficacy of DDP in the treatment of CRC.
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Anoikis resistance is vital for CRC cells to metasta-
size and establish secondary tumors. Maamer-Azzabi 
et al. described that the upregulation of Bcl-2 interacting 
mediator of cell death (Bim) expression is a critical factor 
in anoikis initiation in CRC cells. Bim, a member of the 
BH3-only subfamily of the Bcl-2 family, is a regulator of 
apoptosis (Shukla et al. 2017). Bim-mediated anoikis could 
be a pivotal mechanism in preventing CRC metastasis, yet 
another unidentified pathway may regulate Bim expression 
(Maamer-Azzabi et al. 2013).

The proto-oncogene POK erythroid myeloid ontogenic 
factor (Pokemon) is a member of the transcription factor 
BTB/POZ-ZF family (Lunardi et al. 2013; Maeda et al. 
2009). Pokemon has a pleiotropic role in various biological 
processes and is involved in tumor occurrence and develop-
ment in various types of cancer (Guo et al. 2017; Lunardi 
et al. 2013; Maeda et al. 2005a). Pokemon contributes to 
tumorigenesis by suppressing the p14ARF–MDM2–p53 
pathway (Maeda et al. 2005b). Our previous research found 
that Pokemon overexpression in CRC tissues is related to 
malignant behavior, independent of the P14ARF-MDM2-
P53 pathway, suggesting the possibility of another underly-
ing mechanism (Zhao et al. 2014).

Liu et al. investigated the cancer-promoting effects of 
Pokemon in human hepatoma cells and non-malignant liver 
cell lines, demonstrating that silencing Pokemon signifi-
cantly upregulates Bim expression and increases the sensi-
tivity of hepatoma cells to anoikis, especially in the presence 
of chemical reagents and cell-specific culture conditions 
(Liu et al. 2012). Conversely, ectopic Pokemon expression 
in QGY7703 and HL7702 cells significantly reduced Bim 
expression and anoikis in non-malignant liver cells, sug-
gesting that Pokemon suppresses Bim to prevent anoikis 
(Liu et al. 2012).

Our previous in vitro study showed that high Pokemon 
expression is associated with CRC malignancy, therefore, 
we hypothesized that Pokemon inhibits Bim-mediated 
anoikis to promote CRC growth. To the best of our knowl-
edge, no studies have specifically examined the impact of 
Pokemon on Bim-mediated activity in CRC. We conducted 
a five-year study in patients with cancer to investigate the 
correlation between Pokemon and Bim protein expres-
sion. Additionally, we performed in vitro experiments 
to validate our clinical findings and further explore the 
Pokemon-Bim-Anoikis pathway. Considering the multi-
pathway nature of the carcinogenic effect of Pokemon, we 
also assessed its effects under diamminedichloroplatinum 
(DDP) treatment.

This study aims to elucidate the mechanism of the Poke-
mon-Bim-Anoikis pathway in carcinogenesis and metastasis 
of CRC, particularly under challenging environments such 
as exposure to chemical reagents and during cell metastasis.

Materials and methods

Clinical specimens

Archival formalin-fixed and paraffin-embedded specimens 
from 160 colorectal neoplasms (CRN), 80 colorectal ade-
noma (CRA), and 80 colorectal epithelium (CRE) samples 
were collected from the Affiliated Hospital of Guangdong 
Medical University (Zhanjiang, China) between 2009 and 
2015. The median age of the patients was 60 years (range: 
26–89). All samples were obtained before clinical treat-
ments (chemotherapy or radiotherapy). The study protocol 
for human experiments was approved by the ethics commit-
tee of the hospital. This study adhered to the standards set 
by the Declaration of Helsinki. All patients were informed 
and consented to the use of their specimens for clinical diag-
nosis, treatment, and scientific research. The diagnosis of 
CRN was confirmed by two senior pathologists according 
to the latest World Health Organization (WHO) criteria and 
American Clinical Practice Guidelines (Benson et al. 2017; 
Vogel et al. 2017).

Immunohistochemistry

Immunohistochemistry (IHC) was performed following 
previously described protocols (Guo et al. 2017; Wu et al. 
2013; Zhao et al. 2014). The streptavidin-peroxidase immu-
nohistochemical staining kit (SP-0023) was obtained from 
Biosynthesis Biotechnology Co., Ltd. (Beijing, China). 
Anti-Pokemon polyclonal antibody (ab70208, 1:400; 
Abcam, Cambridge, UK) and anti-Bim monoclonal anti-
body (#2933, 1:400; Cell Signaling Technology, Danvers, 
MA, USA) were used for IHC. Phosphate-buffered saline 
(PBS) was used instead of the primary antibodies as the 
blank control. The staining results were evaluated and 
scored independently by two expert pathologists under 
double-blinded conditions, as described by Shimizu et al. 
(Shimizu et al. 1990; Zhao et al. 2014).

Cell lines and cell culture

Two human CRN cell lines, LoVo (ATCC®CCL-229) and 
HCT116 (ATCC®CCL-247), were used for in vitro stud-
ies. LoVo-PKD cells (stable knockdown of the Pokemon 
gene in LoVo cells) and LoVo-NC cells (control cells in the 
Pokemon knockdown assay) were obtained from the Insti-
tute of Oncology, Guangdong Medical University (Zhao et 
al. 2014). HCT116-P cells (HCT116 cells stably expressing 
Pokemon) and HCT116-NC cells (control cells transfected 
with empty vectors) were obtained from Shanghai Gene 
Chem Co. Ltd (Shanghai, China). The cells were cultured in 
standard growth medium.
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Plasmid construction

The GV-144-Pokemon plasmid was constructed by inserting 
a full-length cDNA fragment, retro-transcribed from Poke-
mon mRNA (GenBank accession number: NM_015898) 
(Zhao et al. 2014; Zhu et al. 2017), into the GV-144 com-
mercial transformation plasmid (Shanghai Gene Chem Co. 
Ltd). The plasmid included coding sequences for EGFP, 
Kana, and Neo et al., which were used for screening and 
tracking transfection efficiency in both prokaryotic and 
eukaryotic cells.

Pokemon stable expression cell lines

Before transfection, HCT116 cells were seeded onto six-
well plates at a density of 1 × 105 cells per well in serum-
free medium without antibiotics and cultured overnight. 
Lipofectamine 3000 (10 µL; Thermo Fisher Scientific, 
Guangzhou, Guangdong, China) was used to transfect 4 µg 
of each plasmid per well (GV-144-Pokemon or GV-144). 
Transfected cells were incubated with G418 (500 ng/
mL) for 14 days to establish a stable Pokemon expression 
cell line (HCT116-P cells) and an empty control cell line 
(HCT116-NC). Pokemon expression was validated using 
qRT-PCR and western blotting.

RNA extraction and qRT-PCR

Total RNA was extracted from cells using a TRIzol reagent 
kit (Thermo Fisher Scientific, Waltham, MA, USA), fol-
lowing manufacturer’s instructions. cDNA was synthesized 
from 1 µg of total RNA using the M-MLV First-strand Sys-
tem for qRT-PCR Kit (Thermo Fisher Scientific) follow-
ing manufacturer’s instructions. qRT-PCR was performed 
using FastStart Universal SYBR Green Master Mix (Roche, 
Shanghai, China) and repeated three times.

The primer sequences used for qRT-PCR are listed in 
Table S1. PCR cycling conditions were: pre-denaturation at 
50℃ for 2 min, denaturation at 95℃ for 10 min, followed 
by 40 cycles of denaturation at 95℃ for 15 s and annealing 
at 60℃ for the 60 s.

Western blot assay

Total protein was extracted using the Radio-Immunopre-
cipitation Assay (RIPA) Lysis Buffer system (sc24948, 
Santa Cruz, Shanghai, China). Protein concentrations 
were determined using a BCA Protein Quantification Kit 
(ab102536; Abcam, Cambridge, UK), following manufac-
turer’s instructions. Proteins (20  µg) were separated on 
a 10% SDS/PAGE under denatured reducing conditions 
and transferred to PVDF membranes. Membranes were 

blocked with 5% non-fat dried milk for 2 h and incubated 
overnight at 4℃ with primary antibodies. After washing 
with cold TBST, membranes were incubated with second-
ary antibodies (ab191866; Abcam, Cambridge, UK) for 
1  h. Signals were detected using a western blot luminol 
reagent (sc2048, Santa Cruz, Shanghai, China). Primary 
antibodies used were anti-Pokemon (ab70208, Abcam, 
Cambridge, UK), anti-Bim (#2933, cell signal technol-
ogy, Guangzhou, China), and anti-(β-actin) (sc8432, Santa 
Cruz, Shanghai, China). This experiment was repeated 
thrice.

Cell proliferation assay

A Cell Counting Kit 8 (CCK8; Sigma, St. Louis, MO, 
USA) was used to measure cell proliferation. Absorbance at 
450 nm was measured using a BioTek Synergy 2 automatic 
enzyme-labeled meter (Biotek, USA). Each cell prolifera-
tion assay was repeated thrice.

Transwell migration assay

Cell migration was assessed using Transwell permeable 
support system (6.5 mm in diameter, 8 μm pore size, Corn-
ing Costar Corp., Shenzhen, China). Following manufac-
turer’s instructions, cells were suspended in serum-free 
Dulbecco’s modified Eagle’s medium (DMEM), and 0.2 
mL of the cell suspension (1 × 104 cells/well) was added 
to the upper chamber of the Transwell system. The lower 
chamber contained 0.6 mL of DMEM supplemented with 
10% fetal bovine serum as chemoattractant. After 48 h of 
culture, non-migrating cells were removed from the upper 
surface of the membrane using cotton swabs. Cells that 
had migrated to the bottom of the membrane were stained 
with 0.1% crystal violet solution for 30  min at 37℃, 
rinsed twice with PBS, and counted under a microscope 
(×100) in four randomly selected visual fields. Results 
were expressed as means ± SD, with each experiment 
repeated three times.

Anoikis and apoptosis assays

After 48 h in culture, cells were harvested, washed twice 
with cold PBS, and fixed in 70% alcohol at -20℃ overnight. 
Apoptotic rates were determined using the Annexin V-FITC 
apoptosis kit (E606336, Sangon Biotech Co., Ltd., Shang-
hai, China) and analyzed with the FACSCanto II system 
(BD, CA, USA).

For the anoikis assay, cells were seeded into six-well 
plates (Corning, NY, USA) with a low attachment surface 
area (to prevent cell aggregation) in standard growth media 
(Chen et al. 2018). Non-adherent cells were collected for 
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Results

Protein expression of Pokemon and Bim in CRE, 
CRA, and CRN

Immunohistochemical analysis showed positive staining for 
Pokemon and Bim in the nuclei and/or cytoplasm of cells 
(Fig. 1), whereas cells in the blank control group (no pri-
mary antibodies) exhibited no staining. The expression rates 
of Pokemon in CRE, CRA, and CRN were 23.8%, 38.8%, 
and 70.6% (P < 0.05), respectively. Conversely, the expres-
sion rates of Bim were 88.8%, 73.8%, and 31.9% (P < 0.05), 
respectively (Table  1). The results showed that the high 
expression rate of Pokemon and the low expression rate of 
Bim were observed in CRN tissues compared with CRE and 
CRA tissues.

flow cytometry, while adherent cells in CellBIND® surface 
plates served as controls. Experiments were performed in 
according to the manufacturer’s instructions and repeated 
three times.

Treatment of cells with chemotherapeutic agents

LoVo cells were divided into three groups: LoVo-NC, 
LoVo-NC + DDP, and LoVo-PKD + DDP. HCT116 cells 
were divided into three groups: HCT116-NC, HCT116-
NC + DDP, and HCT116-P + DDP. The LoVo-NC + DDP, 
LoVo-PKD + DDP, HCT116-NC + DDP, and HCT116-
P + DDP groups were treated with DDP (1.0  µg/mL) for 
24 h, after which the expression of Bim, cell apoptosis, and 
invasion were assessed.

Statistical analysis

Data are expressed as the means ± SD of three indepen-
dent experiments. Statistical analyses were performed 
using SPSS 17.0, including one-way analysis of variance 
(ANOVA). Measurement data were compared using the 
LSD and SNK methods of analysis of variance. Correla-
tion and chi-square tests were also applied. A p-value of 
< 0.05 was considered statistically significant, and p-value 
of < 0.01 was considered highly significant.

Table 1  The expression rates (%) of Pokemon and Bim proteins in 
CRE, CRA and CRC tissues
Tissues Case Pokemon Bim

no. % (P/T) % (P/T)
CRE 80 23.8 (19/80) 88.8 (71/80)
CRA 80 38.8 (31/80)* 73.8 (59/80)*
CRC 160 70.6 (113/160)‡,# 31.9 (51/160)‡,#

P, positive case number; T, total case number
*, P < 0.05 between CRE and CRA; ‡,P < 0.05 between CRE and 
CRC; #, P < 0.05 between CRA and CRC

Fig. 1  Immunohistochemistry staining of Pokemon and Bim in CRE, CRA, and CRC samples (SP × 400). A: Blank control; B: Positive staining 
in CRE; C: Positive staining in CRA; D: Positive staining in CRC
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Pokemon inhibited Bim mRNA and protein levels in 
CRC cells

LoVo cells in the LoVo (untreated control), LoVo-NC (nega-
tive control), and LoVo-PKD (stable knockdown of Poke-
mon) groups were cultured for 48 h. To further investigate 
the effect of Pokemon on Bim expression, we ectopically 
overexpressed Pokemon in HCT116 cells, which normally 
have low endogenous expression of Pokemon. HCT116 
cells in the HCT116 (untreated control), HCT116-NC (neg-
ative control), and HCT116-p groups (stably overexpress-
ing Pokemon) were cultured for 48 h. qRT-results (Fig. 2A) 
showed similar mRNA levels of Pokemon and Bim in the 
LoVo-NC and LoVo groups. In contrast, the mRNA levels 
of Pokemon in the LoVo-PKD group decreased by 70.0%, 
while Bim increased by 76.2% compared to those in the 
LoVo-NC group. Figure  2B showed no detectable Poke-
mon mRNA in HCT116 and HCT116-NC and no differ-
ences in Bim mRNA expression between these two groups. 
Moreover, mRNA levels of Pokemon were significantly 
increased in the HCT116-p group, while mRNA levels of 
Bim decreased by 79.8% in this group compared to the 
HCT116-NC group.

Western blotting (Fig.  2C) revealed similar Pokemon 
protein levels in the LoVo-NC and LoVo groups, with a 
reduction of 90.0% in the LoVo-PKD group compared to the 
LoVo-NC group, whereas Bim protein levels increased 8.76-
fold. Figure 2D showed minimal protein levels of Pokemon 

Correlation between the expression of Pokemon 
and Bim and the clinicopathological characteristics 
of CRN

The expression of Pokemon was significantly higher in 
colon cancer than that in rectal cancer, in high-grade can-
cer than that in low-grade cancer, in deep invasive cancer 
than that in shallow invasive cancer, and in cancers with 
later Dukes stages than that in cancers with earlier Dukes 
stages (Table  2). Conversely, the expression of Bim was 
significantly lower in colon cancer than that in rectal can-
cer, in high-grade cancer than that in low-grade cancer, in 
late Dukes stage cancer than that in early Dukes stage can-
cer, and in deep invasive cancer than that in shallow inva-
sive cancer. There was no significant association between 
the expression of Pokemon and Bim and the sex or age of 
patients.

Relationship between the expression of Pokemon 
and Bim in CRN

A negative correlation was observed between Pokemon and 
Bim expression in CRN tissues, with a correlation coeffi-
cient of -0.203 (P < 0.05) (Table S2).

Table 2  The relationship between the expression of Pokemon, Bim and the clinicopathological characteristics in CRC
Clinicopathological
characteristics

Informative
cases

Pokemon P value Bim P value
Positive
cases

Positive
rate(%)

Positive
cases

Positive
rate(%)

Sex
M 89 68 76.4 0.072 29 32.6 0.829
F 71 45 63.4 22 31.0
Age
≤ 60 85 61 71.8 0.736 31 36.5 0.184
>60 75 52 69.3 20 26.7
Tumor location
colon 88 68 77.3 0.041 22 25.0 0.039
rectum 72 45 62.5 29 40.3
Histological grade
G1 35 17 48.6 0.012 13 37.1 0.020
G2 85 64 75.3 33 38.8
G3 23 19 82.6 4 17.4
mucinous
adenocarcinoma

17 13 76.5 1 5.9

Duke’s stage
A + B 78 49 62.8 0.035 31 39.7 0.037
C + D 82 64 78.0 20 24.4
Invasive depth
muscularis 23 12 52.2 0.036 12 52.2 0.024
serosa 137 101 73.7 39 28.5
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Apoptosis assays (Fig. 3C) demonstrated that the apop-
tosis rate in the LoVo-PKD group increased by 1.28-fold 
under adherent culture conditions (P < 0.05) and by 1.38-
fold under low-adhesion conditions (P < 0.01) compared to 
the LoVo-NC group. In addition, as presented in Fig. 3D, 
a 0.22-fold decrease(P < 0.05) in the apoptosis rate of the 
HCT116-P group under adherent culture conditions, com-
pared to that in the HCT116-NC group. Transitional growth 
in SC significantly promoted cell anoikis. However, the 
number of cells undergoing anoikis decreased by 1.68% 
in the HCT116-P group (P < 0.05) compared to that in the 
HCT116-NC group.

Transwell migration assays (Fig.  3E) demonstrated 
that cell invasion in the LoVo-PKD decreased by 45.4% 
(P < 0.01) compared to that in the LoVo-NC group. Figure 3F 
presented an increase of 43.6% (P < 0.05) in cell invasion of 
HCT116-P cells compared to that in the HCT116-NC group.

Pokemon knockdown enhances DDP-induced Bim 
expression, anoikis, and suppression of invasion, 
whereas Pokemon Overexpression has opposite 
effects

In LoVo cells treated with DDP (1.0  µg/mL) (Fig.  4A, 
B), qRT-PCR results showed that Pokemon mRNA levels 
decreased by 35.5% and 88.2% in the LoVo-NC + DDP and 

in the HCT116 and HCT116-NC groups, and similar Bim 
protein expression between the two groups (Fig. 2D). The 
protein levels of Pokemon in the HCT116-p group signifi-
cantly increased, while Bim protein levels were decreased 
by 68.85% compared to those in the HCT116-NC group.

Pokemon promoted cell proliferation, reduced 
apoptosis, and increased invasion in CRC cells

Cell proliferation assays (Fig. 3A) showed similar prolifera-
tion rates in the LoVo-NC and LoVo groups (P > 0.05). Con-
versely, proliferation in the LoVo-PKD group significantly 
decreased by 36.6% (P < 0.01) at 48 h compared with that in 
the LoVo-NC group. Moreover, cell proliferation rates were 
similar in both HCT116-NC and HCT116 groups (P > 0.05, 
Fig.  3B), whereas the proliferation rate in the HCT116-P 
group increased by 41.9% (P < 0.01) at 48 h compared with 
that in the HCT116-NC group.

Fig. 2  Pokemon downregulates Bim mRNA and protein levels in 
CRC cells. A: Knockdown of Pokemon upregulates mRNA expres-
sion of Bim. Groups: LoVo (untreated), LoVo-NC (negative control), 
and LoVo-PKD (Pokemon knockdown). B: Pokemon overexpres-
sion inhibits Bim mRNA expression. Groups: HCT116 (untreated), 
HCT116-NC (negative control), and HCT116-P (Pokemon overex-
pression). C: Stable knockdown of Pokemon increases Bim protein 
expression. D: Stable overexpression of Pokemon downregulates Bim 
protein expression. #P > 0.05; *P < 0.05; **P < 0.01

Fig. 3  Pokemon promoted cell proliferation, reduced apoptosis, and 
increased invasion in CRC cells. A, B: CCK8 assays in LoVo and 
HCT116 cells with Pokemon knockdown or overexpression, respec-
tively. A: LoVo (untreated control), LoVo-NC (negative control) and 
LoVo-PKD (Pokemon knockdown) #P > 0.05. **P < 0.01. B: HCT116 
(untreated control), HCT116-NC (negative control), and HCT116-P 

(Pokemon overexpression). #P > 0.05. **P < 0.01. C, D: Cell apop-
tosis was evaluated using flow cytometer. AC: adherent culture; SC: 
suspension culture. C: *P < 0.05, **P < 0.01 vs. LoVo-NC group. D: 
*P < 0.05, **P < 0.01 vs. HCT116-NC cell. E, F: Effects of Pokemon 
on invasion in CRC cells using invasion assays. *P < 0.05; **P < 0.01
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histological grade. The higher the expression of Pokemon, 
the lower the degree of tissue differentiation. This aligns 
with previous findings in breast adenocarcinoma (Aggarwal 
et al. 2010; Zu et al. 2011), suggesting that Pokemon is asso-
ciated with CRC progression through the regulation of cell 
differentiation.

Moreover, we observed that Pokemon expression posi-
tively correlates with invasion depth and Dukes staging, 
suggesting its involvement in tumor metastasis and inva-
sion. Additionally, Bim expression exhibited a negative 
correlation with tumor differentiation, showing higher 
expression in differentiated tumor tissues. Bim expression 
was therefore inversely proportional to tissue malignancy 
and was specific to tumor location (colon or rectum). These 
findings are consistent with studies highlighting the clini-
cal and epidemiological characteristics associated with a 
decline in rectal cancer rate and an increase in right-sided 
colon cancer (Xu et al. 2006). Bim expression also nega-
tively correlated with histological grade and with Pokemon 
expression. Furthermore, we observed a significant negative 
correlation between Pokemon and Bim expression and the 
invasion depth and Dukes stages.

There POK family members, characterized by a BTB 
domain and Kruppel zinc finger structure, are pivotal in 
embryonic development, cell differentiation, tumor for-
mation, and metastasis (Lunardi et al. 2013; Maeda et 
al. 2005a). In several cellular contexts, including mouse 
embryonic fibroblasts, fetal liver cells, and bone marrow 
cells, Pokemon has been shown to bind directly to the Bim 
promoter, repressing Bim transcription, and thereby inhibit-
ing Bim-mediated apoptosis (and possibly anoikis) (Liu et 
al. 2012; Maeda et al. 2005b, 2009). However, the specific 
impact of Pokemon-Bim interaction on anoikis and metas-
tasis in CRC remains unclear. Based on the results of our 
histological experiments, we hypothesize that Pokemon 
promotes malignancy and metastasis of CRC by inhibiting 
Bim expression and therefore inducing antagonistic anoikis.

We testes this hypothesis in LoVo and HCT116 cells, 
representing metastatic CRC and primary rectal cancer 
cells respectively. While LoVo cells expressed Pokemon, 
HCT116 cells did not show expression of Pokemon. More-
over, Pokemon knockdown in LoVo cells and overexpres-
sion in HCT116 cells demonstrated a negative correlation 
between Pokemon and Bim mRNA expression levels.

Additionally, we observed that Pokemon expression was 
positively correlated with proliferation and invasion, and 
negatively correlated with apoptosis rate in colon cancer 
cells. These findings underscore the functional relevance of 
Pokemon and Bim in influencing CRC cell behavior, rein-
forcing our clinical and histological observations.

Anoikis is a form of apoptosis triggered by loss of cell 
adhesion to the extracellular matrix or neighboring cells 

LoVo-PKD + DDP groups, respectively. Bim mRNA and 
protein levels in the LoVo-NC + DDP group increased by 
138.2% (Fig. 4A) and 166.0% (Fig. 4B), respectively, and 
in the LoVo-PKD group by 98.7% (Fig.  4A) and 223.0% 
(Fig.  4B), respectively (P < 0.01). Moreover, In HCT116-
NC or HCT116-NC + DDP cells, Pokemon mRNA was not 
detected (Fig. 4C). HCT116 cells treated with DDP (1.0 µg/
mL) exhibited increased Bim mRNA (95.0%) and protein 
expression (123.0%) (Fig.  4C, D), respectively. However, 
Bim mRNA and protein levels decreased by 48.1% (Fig. 4C) 
and 131.0% (Fig. 4D), respectively, in the HCT116-P + DDP 
group compared to those in the HCT116-NC + DDP group.

Subsequently, Anoikis assay displayed that anoikis 
rates (Fig. 4E) increased by 1-fold and 1.48-fold (P < 0.01) 
in the LoVo-NC + DDP and LoVo-PKD + DDP groups, 
respectively, compared to that in the LoVo-NC group. Con-
versely, Anoikis rate increased by 1.14-fold (P < 0.01) in 
the HCT116-NC + DDP group (Fig. 4F), but decreased by 
20.0% (P < 0.05) in the HCT116-P + DDP group compared 
to the HCT116-NC + DDP group.

Additionally, Invasive activity decreased by 46.3% and 
85.9% in the LoVo-NC + DDP and LoVo-PKD + DDP 
groups (Fig. 4G) respectively, compared to that in the LoVo-
NC group. Invasive activity in the HCT116-NC + DDP group 
was reduced by 45.5% (P < 0.01) (Fig. 4H), but increased 
by 10.8% in the HCT116-P + DDP group (P > 0.05) com-
pared to that the HCT116-NC group.

Discussion

Pokemon protein, known for its diverse roles in various 
human carcinomas, including non-small cell lung cancer, 
laryngeal squamous cell carcinoma, and liver cancer (Gao 
et al. 2013; Koken et al. 1997; Liu et al. 2013; Zhao et al. 
2008, 2014), has been implicated with the development and 
progression of CRC (Wang et al. 2010; Zhao et al. 2013). 
Our results (Table 2; Fig. 1) revealed a significance asso-
ciation between the expression of Pokemon and increas-
ing malignancy in CRC, especially in differentiation and 

Fig. 4  Pokemon knockdown enhances DDP-induced effects on CRC 
cells. A, B: Pokemon knockdown increases DDP-induced Bim expres-
sion. Groups: LoVo-NC (negative control), LoVo-NC + DDP (treated 
with DDP, 1.0 µg/mL), and LoVo-PKD + DDP (Pokemon knockdown 
plus DDP treatment). *P < 0.05. C, D: Pokemon overexpression coun-
teracts DDP-induced Bim expression. Groups: HCT116-NC (nega-
tive control), HCT116-NC + DDP (treated with DDP, 1.0 µg/mL), and 
HCT116-P + DDP (Pokemon overexpression plus DDP treatment). 
*P < 0.05. E: Pokemon knockdown increases DDP-induced anoikis. 
*P < 0.05, **P < 0.01. F: Pokemon overexpression inhibits the DDP-
induced promotion of anoikis. **P < 0.01. *P < 0.05. G: Pokemon 
knockdown augments DDP-induced downregulation of invasive abil-
ity. **P < 0.01. H: Pokemon overexpression antagonizes the decrease 
of invasive activity induced by DDP in HCT116 cells. **P < 0.01
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especially under stress conditions such as chemotherapy. 
In conclusion, our study establishes the negative correla-
tion between Pokemon and Bim expression as pivotal for 
occurrence and development of CRC. Pokemon regulates 
Bim transcription and CRC malignancy through the inhibi-
tion of anoikis. Moreover, we found that DDP intervention 
can regulate Bim protein levels via Pokemon, offering novel 
therapeutic avenues for clinical application, particularly in 
knocking down Pokemon combined with DDP.
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