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ABSTRACT

Diffuse large B-cell lymphoma (DLBCL) is the most prevalent form of lymphoma. The overexpression of CtBP2 in tissues may
contribute to tumor occurrence and progression. The expression of EGR1 in DLBCL is elevated, suggesting its potential role as an
oncogene that promotes the proliferation of DLBCL cells. Database predictions indicate that CtBP2 can bind to EGR1. The objective
of the present study was to investigate whether CtBP2 can influence the proliferation and apoptosis of DLBCL cells by regulating the
Whnt signaling pathway through EGR1. Western blot assay showed that CtBP2 expression was upregulated in DLBCL cells. Cell
proliferation level was detected by CCK8 assay and EdU staining, and the apoptosis level and cycle distribution were analyzed
through flow cytometry. Our data indicated that interference with CtBP2 and EGR1 can inhibit the proliferation and cell cycle
progression of DLBCL cells while promoting apoptosis. The predictions from the HDOCK server, along with the results of Co-IP
experiments, suggested that EGR1 and CtBP2 can effectively bind to each other, with EGR1 positioned downstream of CtBP2 and
regulated by it. Furthermore, interference with CtBP2 could also inhibit the expression of the Wnt/B-catenin signaling pathway.
Overexpression of EGR1 counteracted the effects of siRNA-CtBP2, promoting cell proliferation and cycle, inhibiting apoptosis and
upregulating the expression of the Wnt/f3-catenin signaling pathway. From the above experiments, we found that CtBP2 can regulate
the Wnt/f-catenin signaling pathway through EGR1 to influence the proliferation and apoptosis of DLBCL cells. Therefore, EGR1

may be one of the key contributors involved in the regulation of Wnt/g-catenin signaling by CtBP2.

1 | Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most prevalent
form of lymphoma, characterized by significant genetic heteroge-
neity. This variability contributes to marked differences in clinical
presentations, treatment responses and patient outcomes [1]. The
mortality rate for malignant lymphoma is as high as 15%, placing
it between the 11th and 13th positions among all malignant
tumors in China [2]. Currently, the primary treatment strategies
for DLBCL include radiotherapy, chemotherapy, hematopoietic
stem cell transplantation, targeted therapy and immunotherapy.
Due to the toxic and side effects of chemotherapy and a high
recurrence rate, many patients ultimately discontinue the treat-
ment, resulting in a final survival rate of only 30%-50% [3].

Consequently, there is an urgent need to identify biomarkers for
the diagnosis and treatment of DLBCL.

The expression of CtBP is abundant during the developmental
process, where it plays a crucial role in axial patterning, as well as
in the proliferation and differentiation of various organs (such as
eyes, heart, brain, and placental vascular system) [4]. CtBP func-
tions synergistically to inhibit complex processes in various
developmental stages, suggesting that the overexpression of CtBP
in adult tissues may influence both tumor initiation and progres-
sion [5]. CtBP2 enhances the malignancy of osteosarcoma cells via
the JAK1/Stat3 signaling pathway [6], and the interaction between
CtBP2 and ZBTB18 further promotes the malignant development
of glioblastoma [7]. Additionally, CtBP2 facilitates the proliferation
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of non-small-cell lung cancer and diminishes drug sensitivity
through the Wnt/B-catenin pathway [8]. However, it remains
unclear whether CTBP2 can participate in the malignant pro-
gression of DLBCL. The results from the GSE56315 database
indicated that the expression of CtBP2 was elevated in DLBCL
tissue (55 in the DLBCL group compared to 33 in the control
group). Therefore, this study aims to investigate whether inter-
ference with CtBP2 can impede the malignant processes of DLBCL
cells by inhibiting their proliferation and inducing apoptosis.

Currently, research indicates that CtBP2 plays a biological role
by binding to target proteins. For instance, the interaction
between CtBP2 and ZBTB18 promotes the malignant pro-
gression of glioblastoma [7]. Additionally, CtBP2 enhances the
Wnt/B-catenin signaling pathway to participate in the devel-
opment of esophageal squamous cell carcinoma through its
interaction with TGIF [9]. The direct interaction between
CtBP2 and DvL1 has been shown to promote the proliferation
of non-small-cell lung cancer while reducing the drug sensi-
tivity [8], indicating that CtBP2 may also facilitate the malig-
nant processes of DLBCL through its interactions with specific
target proteins. The FPCLASS database predicts that CtBP2
can bind to EGR1, which has been demonstrated to promote
the proliferation of interstitial epithelial cells in pancreatic
cancer [10]. Furthermore, EGR1 can promote the aggressive-
ness of uterine cancer and is associated with poor prognosis by
inducing SOX9 expression [11]. Consequently, EGR1 is con-
sidered a potential oncogene that may drive the proliferation
of DLBCL cells.

Immunohistochemical analysis revealed that the expression
level of EGR1 in DLBCL was higher than that in normal
lymphoid tissue, and the expression level of EGR1 in the acti-
vated B cell-like (ABC) subtype was greater than that in the
germinal center B cell-like (GCB) subtype [12]. Additionally,
EGR1 has been shown to activate the Wnt signaling pathway
[13]. Therefore, this study aims to explore the mechanism of
CtBP2 regulating Wnt signal through EGR1 and affecting the
proliferation and apoptosis of DLBCL cells.

2 | Materials and Methods

2.1 | Cell Culture

GM12878, U2932, OCI-LY3, OCI-LY8, and OCI-LY10 cells were
all purchased from iCell Bioscience. GM12878 and U2932 cells
were cultured in RPMI 1640 (11875119, Gibco; Thermo Fisher
Scientific Inc.) (supplemented with 10% FBS), while OCI-LY3,
OCI-LY8, and OCI-LY10 cells were grown in IMDM (12440061,
Gibco; Thermo Fisher Scientific Inc) (containing 20% human
serum). The cells were maintained in a humidified incubator at
37°C with 5% CO,. The culture medium was changed or pas-
saged regularly based on the condition of the cells.

2.2 | Cell Transfection

The specific siRNAs, siRNA-CtBP2, and siRNA-EGR1, targeting
CtBP2 and EGRI, respectively, along with the corresponding

control siRNA (siRNA-NC), were synthesized by GenePharma.
The silencing of CtBP2 or EGR1 in OCI-LY10 cells was achieved
through siRNA transfection. EndoFecti MAX transfection
reagent (EF014, iGene Biotechnology Co. Ltd.) was utilized to
facilitate the transient transfection of CtBP2/EGR1 siRNAs into
the cells at 37°C. Forty eight hours posttransfection, the
medium was replaced with a fresh culture medium to continue
cell growth.

The specific overexpressed plasmid for EGR-1 (Ov-EGR1) and
the corresponding control plasmid (Ov-NC) were constructed
by GenePharma. EGR-1 was overexpressed in cells through
plasmid transfection. Two micrograms of the overexpression
plasmid were mixed with a pre-transfection reagent (Invitrogen;
Thermo Fisher Scientific Inc.), and the mixture was added to
the cell culture medium. After incubating at 37°C for 48 h, the
medium was replaced with fresh medium to continue cell
culture.

2.3 | Cell Counting Kit-8 (CCK-8) Assay

CCK-8 kit (Beyotime Technology) was utilized to evaluate the
proliferation levels of the cells. After 24 h of cell transfection,
10 puL of CCK-8 reagent was added to each well, and the sam-
ples were incubated at 37°C for 1 h. The optical density value
was measured at 450 nm using a microplate reader (Bio-Rad).
The average value from multiple wells was calculated, and each
experiment was repeated three times.

2.4 | Proliferation Level of Cells Was Observed by
EDU Staining

After adjusting the cell density, the cells were inoculated into a
24-well plate and incubated for 24 h. Subsequently, they were
treated with the EdU working solution (C0071, Beyotime
Institute of Biotechnology) at a final concentration of 10 umol/L
at 37°C for 2 h. Following this, DAPI staining (C1006, Beyotime
Institute of Biotechnology) was performed. According to the
instructions provided with the EdU-488 cell proliferation
detection kit, cells in each group were observed and photo-
graphed using a fluorescent microscope.

2.5 | Flow Cytometry

2.5.1 | Detection of Cell Cycle

The cells were digested with trypsin, washed with PBS, and
centrifuged three times. They were then fixed with pre-cooled
70% ethanol and stored at 4°C overnight. The following day, the
cells were washed by centrifugation with PBS for three times,
and the supernatant was discarded. After adding 100 pg/mL
RNase, the cells were bathed in water at 37°C for 30 min, fol-
lowed by staining with propidium iodide (PI) staining solution
(HY-D0815, MedChemExpress) for an additional 30 min. The
cell cycle distribution was analyzed using flow cytometry, and
the cell content in each phase was quantified and analyzed with
FlowJo software.
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2.5.2 | Detection of Apoptosis

The cells were digested with trypsin and collected by centrifu-
gation. Pre-cooled PBS was used to wash the cells and prepare
single-cell suspensions. The cells were then stained with 5 uL of
annexin V-APC and 5 uL of V-PE (BD Biosciences), a procedure
conducted at room temperature in the dark. Finally, 10 uL of
propidium iodide (HY-D0815; MedChemExpress) was added,
and cellular apoptosis was analyzed immediately using flow
cytometry.

2.6 | Western blot (WB)

Protein was extracted from cells using RIPA buffer (WB3100,
NCM Biotech Co. Ltd.), and the protein samples from each
group were quantified using a BCA kit (NCM Biotech Co. Ltd.).
The protein samples were loaded onto a 10% SDS-PAGE gel
(P2012, NCM Biotech Co. Ltd.) and subsequently transferred to
a PVDF membrane (Millipore, USA). The membrane was sealed
with 5% BSA at room temperature for 2h and then incubated
with the primary antibody at 4°C overnight. The antibodies
utilized in this study included CtBP2 (10346-1-AP; Proteintech),
EGR-1 (22008-1-AP; Proteintech), Bcl-2 (12789-1-AP; Pro-
teintech), Bax (ab32503; Abcam), Caspase 3 (9961, CST),
cleaved-Caspase 3 (9962, CST), DKK1 (ab307367, Abcam),
f-catenin (ab32572; Abcam) and c-Myc (ab185656; Abcam). The
following day, the PVDF membrane was incubated with the
corresponding secondary antibody at room temperature for 1 h.
After washing with PBS, the protein bands were detected using
an ECL detection system and protein density was analyzed
using ImageJ software.

2.7 | Molecular Docking Analysis

The three-dimensional protein structures of CtBP2 and EGR-1,
in PDB format, were obtained from the Protein Data Bank
(http://wwwl.rcsb.org/) and imported into the HDOCK
molecular docking server (http://hdock.phys.hust.edu.cn) for
molecular docking analysis. Once the docking results are gen-
erated, click on “Top 10 Predictions” to filter the 10 most
probable docking outcomes.

2.8 | Co-Immunoprecipitation (Co-IP)

Cells were collected by centrifugation at 4°C for 5 min at 500 g,
washed with precooled PBS, and then lysed on ice with 500 pL
of IP lysate (87788, Thermo Fisher Scientific Inc.) containing a
protease inhibitor for 30 min. After centrifugation at 4°C for
30 min at 10,000 g, the supernatant was collected, and a small
aliquot of the supernatant (approximately 10-20uL) was
reserved for the WB experiment. IgG antibody (1 ug) or IP-
indicating antibody (1 pg) was mixed with the remaining
supernatant and incubated overnight at 4°C to form the
antigen-antibody complex. An appropriate amount of the ex-
tracted protein was used as an input control. The IP-indicating
antibodies utilized in this experiment were CtBP2 (10346-1-AP;
Proteintech) and EGR-1 (22008-1-AP; Proteintech).

The protein A/G beads (20422, Thermo Fisher Scientific Inc.) were
prepared, and the antigen-antibody complexes were mixed with
50 uL of protein A/G beads and incubated at 4°C for 1 to 4 h. The
mixture was then centrifuged at 4°C for 5min at 3000 g to collect
the precipitate. The protein A/G beads were washed with 500 uL
of lysate. Following the appropriate elution method, the target
protein was obtained after eluting the antigen-antibody complex,
and the target protein was detected by WB.

2.9 | Statistical Analysis

All results were analyzed using GraphPad Prism 8.0. Differ-
ences between the two groups were compared using a t-test,
while comparisons among three or more groups were con-
ducted using one-way analysis of variance. The results are ex-
pressed as mean + standard deviation (SD). A p-value of less
than 0.05 indicates that the difference is statistically significant.

3 | Results

3.1 | The Expression of CtBP2 Increased in
DLBCL Cells

Firstly, we detected the expression of CtBP2 in the DLBCL cell
line. The results of the WB analysis indicated that the expres-
sion of CtBP2 in the U2932, OCI-LY3, OCI-LY8 and OCI-LY10
cells was higher than that in GM12878 cells, with OCI-LY10
cells exhibiting the strongest expression. Therefore, we selected
OCI-LY10 cells for the follow-up experiment (Figure 1).

3.2 | Interference With CtBP2 Inhibited the
Proliferation and Cycle Acceleration of DLBCL
Cells

The overexpression of CtBP2 in tissues may contribute to
tumorigenesis and progression [5]. To investigate this,
we constructed a small interfering RNA (siRNA) targeting
CtBP2 to inhibit its expression and conducted subsequent
experiments. WB assay revealed that the transfection of siRNA-
CtBP2 reduced the expression of CtBP in the cells. Upon com-
parison, we found that the transfection efficiency of siRNA-
CtBP2-1 was superior, leading us to select this siRNA for further
experiments (Figure 2A). The results from the CCK-8 assay and
EdU staining showed a significant decrease in cell proliferation
following CtBP2 interference (Figure 2B,C). We further assessed
the cell cycle distribution. Flow cytometry analysis showed that
after CtBP2 interference, there was an increase in the propor-
tion of cells in the G1 phase and a decrease in the S phase,
indicating a slowdown in the cell cycle (Figure 2D). These
findings suggested that interference with CtBP2 inhibited the
proliferation and cycle acceleration of DLBCL cells.

3.3 | Interference With CtBP2 Promoted
Apoptosis of DLBCL Cells

To detect the impact of interfering CtBP2 on the apoptosis of
DLBCL cells, we assessed the apoptosis levels in cells
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FIGURE1 |
***p < 0.001. DLBCL, diffuse large B-cell lymphoma.

transfected with siRNA-CtBP2. Comparative analysis showed a
significant increase in the percentage of apoptotic cells
(Figure 3A). Additionally, the expression level of the anti-
apoptotic protein Bcl-2 decreased, while the expression levels of
proapoptotic proteins Bax and cleaved caspase-3 increased sig-
nificantly (Figure 3B) after CtBP2 interference. From this, we
can know that interference with CtBP2 promoted the apoptosis
in DLBCL cells.

3.4 | Interference With CtBP2 Inhibited the
Expression of EGR-1

Literature research shows that the expression of EGRI1 is ele-
vated in DLBCL, indicating that it may function as a potential
oncogene that promotes the proliferation of DLBCL cells [12].
Additionally, database prediction also shows that CtBP2 can
combine with EGR1. We utilized the HDOCK server to predict
the combination between CtBP2 and EGRI, and the results
revealed a combination index of 0.9 (a value greater than 0.7
indicates a very high likelihood of combination), indicating a
strong potential for their combination (Figure 4A). We found
that the expression of EGR-1 protein in cells significantly
reduced after transfection with siRNA-CtBP2 (Figure 4B).
Furthermore, the Co-IP experiment was conducted to verify
whether CtBP2 and EGR-1 can interact with each other. The
results of the Co-IP experiment demonstrated that EGR-1 pro-
tein could be detected by WB when pulled down with an anti-
CtBP2 antibody. Similarly, when pulled down with an anti-
EGR-1 antibody, CtBP2 protein was also detectable, further
indicating that these proteins can interact (Figure 4C,D). The
above results showed that CtBP2 and EGR-1 can combine with
each other, and interference with CtBP2 inhibited the expres-
sion of EGR-1.

3.5 | Interfering With EGR1 Inhibited the
Proliferation and Cycle Acceleration of DLBCL
Cells and Promotes Apoptosis

To further explore the role of EGR-1 in DLBCL cells, we em-
ployed siRNA-EGR1 to silence EGR1 expression and evaluate

Relative CtBP2 expression (fold)
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The expression of CtBP2 increased in DLBCL cells. The expression of CtBP2 in DLBCL cell line was detected by western blot.

the effects of EGR1 interference on cellular behavior. By com-
paring the transfection efficiency of different si-RNAs, we
determined that siRNA-EGR1-1 exhibited the most significant
effect, leading us to select this si-RNA for subsequent experi-
ments (Figure 5A). The results from CCK-8 and EdU staining
indicated that EGR1 inhibited the proliferation of DLBCL cells
(Figure 5B,C). After transfection with siRNA-EGR1, the distri-
bution of cells in the G1 phase increased, while the proportion
in the S phase decreased, which indicated that the S phase of
the cells was blocked (Figure 5D). In addition, through com-
parative analysis, we found that interference with EGR1 upre-
gulated the apoptosis rate (Figure 5E) and inhibited the
expression of Bcl-2 (an antiapoptotic protein), while promoting
the expression of Bax and cleaved caspase-3 (proapoptotic
proteins) (Figure 5F). This ultimately enhanced the apoptosis of
DLBCL cells. However, the expression of CtBP2 remained
unchanged after interfering with EGR-1, indicating that EGR1
could not regulate CtBP2 and is positioned downstream of
CtBP2.

3.6 | Interfere With CtBP2 Inhibited the
Proliferation and Cycle Acceleration of DLBCL
Cells and Promoted Apoptosis Through EGR1

We have proved that EGR1 is located downstream of CtBP2 and
is regulated by it. Subsequently, we constructed an over-
expression plasmid for EGR1. Following successful transfection,
the expression of EGR1 in the cells was significantly enhanced
(Figure 6A). Through comparative analysis, we found that
silencing CtBP2 inhibited the proliferation and cycle accelera-
tion of DLBCL cells while promoting apoptosis. However, after
further overexpression of EGR1, the effects of siRNA-CtBP2
were reversed: the proliferation of DLBCL cells increased again
(Figure 6B,C), the distribution of cells in the G1 phase
decreased while that in the S phase increased, leading to an
accelerated cell cycle (Figure 6D). In addition, the level of the
protein Bcl-2 increased while the expression of the proteins Bax
and cleaved caspase-3 decreased, thereby inhibiting apoptosis in
DLBCL cells once more (Figure 6E,F). The above experimental
results suggested that interference with CtBP2 inhibited the
proliferation and the acceleration of the cell cycle in DLBCL
cells and promoted apoptosis through EGRI.
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Interference with CtBP2 inhibited the proliferation and cycle acceleration of DLBCL cells. The CtBP2 in cells was silenced through

siRNA transfection. (A) The detection of the interference level of CtBP2 was performed by western blot. (B) Cell proliferation was detected by CCK8.
(C) Cell proliferation was observed by EdU staining. (D) The cell cycle was detected by flow cytometry. *p < 0.05, ***p < 0.001. DLBCL, diffuse large

B-cell lymphoma.

3.7 | EGR1 May Be Involved in the Regulation of
the Wnt/f-catenin Signaling Pathway by CtBP2

Some studies have indicated that CtBP2 can participate in
cancer progression through the Wnt/f-catenin signaling path-
way. Therefore, we further investigated whether interfering
with CtBP2 could impact the Wnt/B-catenin signaling pathway
via EGR1 in DLBCL cells. Using WB analysis, we observed that
the expression of the DKK1 protein increased while the levels of

B-catenin and c-Myc proteins decreased after CtBP2 interfer-
ence. However, upon further overexpression of EGR1, the ef-
fects of siRNA-CtBP2 were reversed: the expression of DKK1
protein was inhibited while the levels of (-catenin and c-Myc
proteins increased (Figure 7). This suggested that CtBP2 may
influence the expression of the Wnt/@-catenin signaling path-
way through EGR1. Consequently, we judged that EGR1 could
be one of the factors involved in the regulation of the Wnt/{3-
catenin signaling pathway by CtBP2.
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FIGURE 3 | Interference with CtBP2 promoted apoptosis of DLBCL cells. The CtBP2 in cells was silenced through siRNA transfection. (A) The

level of apoptosis was detected by flow cytometry. (B) The expressions of Bcl-2, Bax, and caspase-3 (cleaved) in cells were detected by western blot.

#%p < 0.001.

4 | Discussion

DLBCL is the most prevalent form of non-Hodgkin's lymphoma
(NHL), accounting for approximately 30%-40% of all NHL cases
[14]. This type of lymphoma is highly aggressive, with rapid
disease progression [15, 16]. Although the currently recom-
mended R-CHOP therapy has significantly improved the overall
survival rate for DLBCL, 30%-40% of cases still experience
relapse or exhibit resistance to drugs after treatment [17].
Therefore, there is an urgent need to identify new biomarkers
that are involved in the onset and progression of DLBCL.

The vertebrate CtBP protein family primarily consists of CtBP1
and CtBP2, which serve various functions in development and
tumorigenesis. These proteins are closely associated with the
onset, progression, and metastasis of tumors [5]. CtBP1 and
CtBP2 are upregulated in numerous tumor tissues, including
those from breast cancer, ovarian cancer, colorectal cancer,

gastric cancer, and melanoma, and their expression is linked to
poor prognoses in these cancers [18-20]. However, it remains
unclear whether CTBP2 can be involved in the malignant pro-
cess of DLBCL. Firstly, we compared the expression levels of
CtBP2 between normal cells and DLBCL cell line, and found
that the expression of CtBP2 in DLBCL cell line was signifi-
cantly enhanced. Then, we constructed an siRNA-CtBP2
interference plasmid to inhibit CtBP2 expression and con-
ducted further experiments. The results from the CCK-8 assay
and EdU staining indicated a decrease in cell proliferation and a
slowdown in the cell cycle after interfering with CtBP2. The
expression level of the antiapoptotic protein Bcl-2 decreased,
while the levels of proapoptotic proteins Bax and cleaved
caspase-3 increased significantly, which showed that interfer-
ence with CtBP2 also promoted apoptosis in DLBCL cells.

Literature research shows that CtBP2 plays a biological role by
binding to target proteins. The CtBP2-PCIF1 complex regulates
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FIGURE 4 | Interference with CtBP2 inhibited the expression of EGR-1. The HDOCK server was utilized to predict the combination of CtBP2

and EGR-1. (B) The expression of EGR-1 was measured by western blot. (C, D) Co-IP assay was conducted to confirm the interaction between CtBP2

and EGR-1. **p < 0.001.

the modification of m6Am mRNA and promotes the progres-
sion of head and neck squamous cell carcinoma [21]. Addi-
tionally, CtBP2 offers protection against oxidative stress
through its interactions with NRF1 and NRF2 [22]. Further-
more, the interaction between CtBP2 and ZEB2 can regulate the
expression of LEF1 in acute lymphoblastic lymphoma [23].
Studies have demonstrated that the expression of EGR1 is ele-
vated in DLBCL, suggesting its role as a potential oncogene that
promotes the proliferation of DLBCL cells [12], and CtBP2 has
been shown to interact with EGR1 [10]. We utilized the
HDOCK server to predict the interaction between CtBP2 and
EGR-1, and the results indicated a strong binding affinity
between the two proteins. Furthermore, Co-IP experiments
confirmed that CtBP2 and EGR-1 can co-precipitate, providing
further evidence of their robust interaction. After transfection
with siRNA-CtBP2, the expression of the EGR-1 protein in the

cells decreased significantly, indicating that the interference
with CtBP2 inhibited the expression of EGR-1. To further ex-
plore the role of EGR-1 in DLBCL cells, we employed siRNA-
EGRI1 to silence EGR1 in the cells. Our findings revealed that
the interference with EGR1 inhibited the proliferation of
DLBCL cells and blocked the S phase of the cell cycle. Addi-
tionally, the interference with EGR1 reduced the expression of
the Bcl-2 protein while promoting the expression of Bax and
cleaved caspase-3 proteins, thereby enhancing the apoptosis of
DLBCL cells. However, the expression of CtBP2 remained
unchanged after the interference with EGR-1, indicating that
EGR1 is positioned downstream of CtBP2 and is regulated by it.

We further overexpressed EGR1 in the cells. Through
comparative analysis, we found that silencing CtBP2 in-
hibited the proliferation and cycle acceleration of DLBCL
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cells while promoting apoptosis. However, after the subse- the expression of the protein Bcl-2 increased while the ex-
quent overexpression of EGR1, the effects of siRNA-CtBP2 pression of the proteins Bax and caspase-3 decreased, and the
were reversed: the proliferation of DLBCL cells increased, apoptosis in DLBCL cells was inhibited again. This indicated
and the cell cycle was accelerated once again. Additionally, that interference with CtBP2 inhibited the proliferation and
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EGR1 may be involved in the regulation of the Wnt/B-catenin signaling pathway by CtBP2. The expressions of Wnt/B-catenin

signaling-related proteins DKK1, f-catenin and c-MyC were detected by western blot. ***p < 0.001.

the cycle acceleration in DLBCL cells and promotes apoptosis
through EGRI1.

Wnt signaling pathway is a crucial pathway involved in both
physiological and pathological processes within cells. It reg-
ulates cell proliferation, differentiation, metastasis, and
apoptosis, and is typically not activated in normal adults. The
Wnt/B-catenin signaling pathway is prevalent in human
cancers and animal experimental cancer models [24, 25].
Abnormal expression of the Wnt/f-catenin signaling path-
way has been identified in triple-negative breast cancer [26],
cholangiocarcinoma (CCA) [27], colorectal cancer [28], liver
cancer (HCC) [29], non-small cell lung cancer (NSCLC)
[30, 31] and other tumors. CtBP2 promotes the progression of
esophageal squamous cell carcinoma [9] and the proliferation
of prostate cancer cells [32] through the Wnt/B-catenin
pathway.

In addition, some studies have found that CtBP2 can par-
ticipate in the progression of NSCLC through the Wnt/g-
catenin signaling pathway [8]. Therefore, we further ex-
plored whether the interference of CtBP2 affects the Wnt/f-
catenin signaling pathway via EGR1 in DLBCL cells. First,
we assessed the expression of proteins associated with the
Wnt/B-catenin pathway. WB results indicated that the ex-
pression of DKK1 protein increased while the expression of
B-catenin and c-Myc proteins decreased following CtBP2
interference. However, upon further overexpression of
EGR1, the effects of siRNA-CtBP2 were reversed, which
indicated that CtBP2 may influence Wnt/@-catenin signaling
through EGR1. Thus, EGR1 may be one of the factors
involved in the regulation of the Wnt/B-catenin signaling
pathway by CtBP2.

5 | Conclusion

In summary, this study demonstrated that EGR1 may be one of
the key contributors involved in the regulation of Wnt/f3-
catenin signaling by CtBP2 to affect both the proliferation and
apoptosis in DLBCL cells. This discovery may offer a new in-
sights for identifying biomarkers associated with the onset and
progression of DLBCL, as well as strategies for inhibiting its
advancement.
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