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CBX7 silencing promoted liver
regeneration by interacting

with BMI1 and activating the Nrf2/
ARE signaling pathway

Zhimin Dou?, Fei Lu?, Jinjing Hu3, Bin Li2 & Xun Li%34*

Multiple studies have shown knockdown of chromobox 7 (CBX7) promotes the regenerative
capacity of various cells or tissues. We examined the effect of CBX7 on hepatocyte proliferation and
liver regeneration after 2/3 hepatectomy in a mouse model. For in vitro experiments, NCTC 1469
and BNL CL.2 hepatocytes were co-transfected with siRNA-CBX7-1 (si-CBX7-1), siRNA-CBX7-2
(si-CBX7-2), pcDNA-CBX7, si-BMI1-1, si-BMI1-2, pcDNA-BMI1, or their negative control. For in vivo
experiments, mice were injected intraperitoneally with lentivirus-packaged shRNA and shRNA CBX7
before hepatectomy. Our results showed that CBX7 was rapidly induced in the early stage of liver
regeneration. CBX7 regulated hepatocyte proliferation, cell cycle, and apoptosis of NCTC 1469 and
BNL CL.2 hepatocytes. CBX7 interacted with BMI1 and inhibited BMI1 expression in hepatocytes.
Silencing BMI1 aggregated the inhibitory effect of CBX7 overexpression on hepatocyte viability and
the promotion of apoptosis. Furthermore, silencing BMI1 enhanced the regulatory effect of CBX7 on
Nrf2/ARE signaling in HGF-induced hepatocytes. In vivo, CBX7 silencing enhanced liver/body weight
ratio in PH mice. CBX7 silencing promoted the Ki67-positive cell count and decreased the Tunel-
positive cell count after hepatectomy, and also increased the expression of nuclear Nrf2, HO-1, and
NQO-1. Our results suggest that CBX7 silencing may increase survival following hepatectomy by
promoting liver regeneration.
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The mammalian liver has a strong regenerative ability due to the cell division of cholangiocytes and hepatocytes'.
After removing 2/3 of the liver of the mouse the residual liver tissue can restore its original size in about 10 days
and maintain the original function of the liver?. Liver regeneration is an important protection mechanism that
guarantees the liver to maintain metabolic homeostasis®. However, when the liver suffers destructive damage
or chronic liver damage, the liver’s regenerative ability is significantly destroyed, and it is no longer possible to
repair itself through regeneration, resulting in acute and chronic liver failure**. The prevalence of liver disease
is increasing worldwide®. Acute and chronic liver insufficiency and liver failure caused by various liver diseases
are major problems that clinicians need to solve. Thus, studying the molecular regulation mechanism of liver
regeneration will provide potential biological therapeutic targets for the treatment of chronic hepatitis, liver
fibrosis, liver failure, and other liver diseases, and has important scientific and clinical significance.

Polycomb Group (PcG) proteins, a family of master epigenetic regulators, regulate gene expression mainly
through repression of gene transcription’. There are a variety of biological and pathological functions carried out
by PCG proteins, including maintaining stemness, controlling the cell cycle, inactivating the X chromosome, and
tumorigenesis®'°. The best-characterized protein complexes composed of PcG proteins are Polycomb Repressive
Complexes 1 and 2 (PRC1 and PRC2)'"'2, They act synergistically in chromatin recognition and transcription
regulation at their common target genes. As one of the core components in PRC1, chromobox 7 (CBX7) protein
facilitates the recruitment and stabilization of PRC1 to target chromatin'®. Multiple studies have shown that
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knockout of CBX7 promotes the regenerative capacity of a variety of cells or tissues'. It has been shown that the
knockdown of CBX7 has a positive effect on tooth extraction socket healing'®>. CBX7 was reported as a novel
regulator of axon growth and regeneration. In particular, CBX7 deficiency increases the ability of dorsal root
ganglion neurons (DRGs) to grow axons'®. Similarly, CBX7 plays a critical role in the regenerative properties of
adult pluripotent-like olfactory stem cells (APOSCs)"”. The downregulation of hepatic CBX7 was confirmed in
patients diagnosed with portal hypertension and exhibited a significant correlation with the hepatic venous pres-
sure gradient'®. In addition, CBX7 has been shown to inhibit liver cancer progression'®*. However, the effects
of CBX7 on the regulation of liver regeneration have not been investigated.

B-lymphoma Mo-MLV insertion region (BMI1) is also an important member of the PcG protein family, which
regulates cell differentiation and self-renewal. A prior study established that BMI1 contributed to the regeneration
of the exocrine pancreas after cerulein-induced injury?. In addition, BMI1 (High)-positive cells played important
roles in maintaining germ stem cells (GSCs) and in regenerating spermatogenic progenitors after injury*. In
a mouse model of dystrophinopathy, BMI1 promoted skeletal muscle regeneration through metallothionein 1
(MT1)-mediated oxidative stress protection”’. BMI1 was essential for efficient muscle regeneration after injury.
BMI1~~ mice leading to reduced postnatal muscle fiber size and impaired regeneration upon injury*.

The present study explored the regulatory effect and molecular mechanism of CBX7 on liver regeneration.
Knockdown of CBX7 promotes liver regeneration, and its mechanism is closely related to the binding of BMI1
and the regulation of Nrf2-ARE pathway activity.

Material and methods

Animal model

Male C57/BL6 mice were purchased from Chengdu Dossy Experimental Animals CO., LTD. (Chengdu, Sichuan).
Mice were fed and watered freely. Feeding conditions were 20-25 °C, relative humidity 50 + 1%, and light/
darkness for 12 h. The experimental protocol was reviewed and approved by the Experimental Animal Care
and Ethics Committee of the First Hospital of Lanzhou University (LDYYLL2022-380). Animal studies were
conducted by the Animal Research: Reporting of in Vivo Experiments (ARRIVE) guidelines, and all breeding
and research on experimental animals strictly abide by the regulations on the administration of experimental
animals at Lanzhou University.

In experiment 1, mice were randomly divided into two groups: sham group and partial hepatectomy (PH)
group (24 per group). In experiment 2, using a random number generator, four groups of mice were divided:
sham group, PH group, shRNA NC group, and shRNA CBX7 group (10 per group). Mice in the PH group were
performed two-thirds PH using standard procedures®. The surgeries were performed between 9:00 AM and
12:00 PM. Mice in the shRNA NC group and shRNA CBX?7 group were injected with lentivirus-packaged shRNA
and shRNA CBX7 (50 pl 1 x 10210 IU/ml) with the tail vein before modeling, respectively. the mice were eutha-
nized with 70% (VDR/min) carbon dioxide (CO,) at 72 h after surgery. The livers were immediately excised and
weighed for follow-up experiments.

Cell culture and transfection
Mouse normal hepatocytes NCTC 1469 (CL-0407), were obtained from ProCell (Wuhan, China). The murine
embryonic liver cell line BNL CL.2 was purchased from the Cell storeroom of the Chinese Academy of Sciences
(Shanghai, China). After centrifugation at 1000xg for 10 min, cells were grown in DMEM complete medium
(Gibco BRL, USA) containing 10% fetal bovine serum (FBS, Gibco BRL, USA) at 5% CO, concentration at 37 °C.
BNL CL.2 and NCTC 1469 cells were transfected using Lipofectamine®2000 reagent (Invitrogen, Grand
Island, NY), with different plasmids and RNA sequences transfecting different numbers of cells according to
different experimental purposes. Liposomes, antibiotic-free OPTI-MEM medium (Gibco), and plasmids, or RNA
interference sequences, or their respective negative controls were mixed and added to serum-free cell culture
medium according to the Lipofectamine®2000 reagent instructions, and the medium containing the liposome
complex was replaced with serum-containing complete medium after 4-6 h of incubation. The final concentra-
tion of siRNA and control sequence transfection was 100 nmol. After 48 h post-transfection, transfected cells
were collected and treated with different concentrations of hepatocyte growth factor (HGE, 5, 10, and 20 ng/ml)
for 24 h to induce hepatocyte proliferation in vitro.

Cell proliferation assay
BNL CL.2 and NCTC 1469 cells were digested and seeded in 96-well plates (1.0 x 10° cells/well). 100uL of DMEM
medium containing 10% FBS and 10 pL cell counting kit-8 (CCK-8) solution were added to each well, and incu-
bation was continued for 0.5-2 h in a cell incubator.

Then the absorbance was measured at 450 nm.

RT-gqPCR assay

The mRNA expression of CBX7 and BMI1 was evaluated using RT-qPCR. For gene analysis, equal amounts of
cDNA were added to a reaction mixture containing gene-specific forward and reverse primers deoxynucleo-
tide Taq DNA polymerase and SYBR (Bio-Rad, Her cules, CA) in a reaction mixture. Quantification of cDNA
was based on monitoring increased SYBR fluorescence during exponential phase amplification in an RT-qPCR
Machine (Bio-Rad, Hercules, CA), and determination of the PCR cycle number at which the amplified product
exceeded a defined threshold.
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Western blot analysis

Liver tissues, NCTC 1469, and BNL CL.2 cell lyses solution was fabricated using RIPA buffer (Santa Cruz Bio-
technology, Dallas, TX) to collect total proteins. Protein concentration was determined using the bicinchoninic
acid (BCA) protein assay kit (Pierce, Rockford, IL). Thirty micrograms of total cellular protein were subjected to
SDS-PAGE, followed by electrophoretic transfer to nitrocellulose. Filters were probed with a primary antibody
followed by an HRP-conjugated anti-rabbit-IgG secondary antibody and then developed using the ECL system
(Amersham, Piscataway, NJ). Densitometric analysis was performed with Scion Image analysis software v 4.02
(http://www.scioncorp.com/, Scion Corporation, Frederick, MD). The corresponding protein primary antibod-
ies are present in Table 1.

Cell apoptosis and cell cycle analysis

Cells were washed with PBS (Invitrogen, Carlsbad, CA, USA) and diluted to 1.0 x 10° cells/mL. A 150 ul buffer
solution was then used to suspend the cells. An additional staining step was performed at 4 °C with 10 pg/ml
Annexin V-FITC and 5 pl PI for 20 min in darkness. BD FACSCelestaTM Flow Cytometer (Becton, Dickinson,
and Company) was used to analyze apoptotic cells. The cell cycle of NCTC1469 and BNL CL.2 cells was detected
by BD FACSCalibur Flow Cytometry System using propidium iodide (Beyotime, Shanghai, China; C1052).

Blood biochemical index detection

Venous blood was collected 12 h after PH, and the levels of alanine aminotransferase (ALT, #C009-2-1), aspartate
aminotransferase (AST, #C010-2-1), albumin (ALB, #A028-2-1) and hepatocyte growth factor (HGF, #H181)
were detected by biochemical kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China).

Hematoxylin—eosin (H&E) stain

The hepatic lobules were fixed in a 4% paraformaldehyde solution overnight. Subsequently, the samples were pro-
cessed and embedded in paraffin. The tissue sections, measuring 5 pm, were subjected to dewaxing with toluene,
dehydration with ethanol, and washing with distilled water. The sections were then stained with hematoxylin,
followed by rinsing and separation using an alcohol solution containing 1% hydrochloric acid. Eosin staining
was applied, followed by a 10-min immersion in distilled water. The sections were dehydrated with xylene and
sealed with a neutral glue. The resulting samples were examined using a digital trinocular camera microscope
at magnifications of 400x.

Immunohistochemistry (IHC) stain

The streptavidin-peroxidase (SP) method was performed in strict accordance with the kit instructions. 4 pm
thick liver tissue sections were routinely dewaxed and hydrated with gradient ethanol. The samples were treated
with antigen repair solution at 95-99 “C for 40 min and cooled at room temperature for 20 min. After washing 3
times, Ki-67 primary antibody (No. ab15580, Abcam, Cambridge, MA, USA; 1:100) or CK19 primary antibody
(No. bs-15590R, Bioss, Beijing, China; 1:100) was added and incubated overnight at 4 °C. Then the EnVision
detection and color development kit was used for DAB color development, hematoxylin re-staining, gradient
ethanol dehydration, xylene transparency, and then treacle sealing for observation. IHC images were evaluated
microscopically (BA400Digital, Motic Instruments, Inc., Baltimore, MD, USA).

Tunel stain

The paraffin section of liver tissues was dewaxed with different concentrations (100%, 95%, 80%, and 70%) of
ethanol. The sections were then exposed to sodium citrate solution for antigenic repair. Deparaffinized brain
sections were permeabilized with 0.1% Triton X-100 (ST795, Beyotime, Shanghai, China) for 8 min and were
incubated with the Tunel reaction mix at 37 °C for 60 min. The sections were re-incubated with 4,6’-diamidino-
2-phenylindole (DAPI, Vector Laboratories, Burlingame, CA, USA) before the visualization of the sections
with an optical microscope. Green Tunel dots were identified by the BX53 fluorescence microscope (Olympus,
Tokyo, Japan).

Primary antibody | Commercial source | Catalog number | Species | Antibody type | Working concentration
CBX7 Abcam ab21873 Rabbit | Polyclonal 1:1000

BMI1 Abcam ab38295 Rabbit | Polyclonal 1:1000

CyclinD1 Abcam ab16663 Rabbit | Monoclonal 1:50

CyclinE Abclonal A12000 Rabbit | Polyclonal 1:500

HO-1 Abcam ab21873 Rabbit | Polyclonal 1:2000

NQO-1 Abclonal A19586 Rabbit Polyclonal 1:500

LaminB Abcam ab16048 Rabbit | Polyclonal 1:1000

B-actin Abcam ab8227 Rabbit | Polyclonal 1:1000

Table 1. Antibodies in western blot.
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Co-immunoprecipitation (Co-IP)

CBX7 and BMI1 interactions were analyzed by Co-IP experiments. Briefly, we overexpressed His-tagged CBX7 or
HA-tagged BMI1 in NCTC 1469 cells for 24 h. Next, NCTC 1469 cells were lysed in an IP buffer for 15 min. The
lysate was centrifuged at 17,000 x g for 10 min at 4 °C. 2.5 mg of precleared lysate was then incubated overnight
with 6 pg of anti-BMI1 or anti-CBX7 at 4 °C with gentle rotation. A 50% slurry of protein G-Sepharose beads
was used to bind the immune complexes. SDS-PAGE and immunoblotting were used to separate the samples.

Statistical analysis

The results of the experiments were statistically analyzed using SPSS 20.0 software (http://www.spss.com, SPSS,
Chicago, IL, USA). The experimental results were expressed using the mean + standard deviation (SD). One-way
analysis of variance (ANOVA) was used for statistical analysis. A difference of p <0.05 was defined as significant.

Results

CBX7 regulated hepatocyte proliferation, cell cycle, and apoptosis

To investigate CBX7 expression in liver tissues of PH mice, liver tissue samples were collected at different time
points after PH. The expression of CBX7 in liver tissues was determined using RT-qPCR. The expression of
CBX7 was significantly higher than that in the sham group at 3 h and 12 h after PH (Fig. 1A). At 48 h after PH,
the expression of CBX7 decreased to the same level as that in the sham group (Fig. 1A).

Next, to explore the potential function of CBX7 in liver cell viability, si-CBX7-1, si-CBX7-2, pcDNA-CBX7,
and their negative control were transfected into NCTC 1469 and BNL CL.2 cell lines. The RNA and protein
expression of CBX7 was decreased and increased by si-CBX7-1, si-CBX7-2, and pcDNA-CBX?7 transfection,
respectively (Fig. 1B-D). CCK-8 assay indicated that CBX7 silencing caused an increase in cell proliferation
of hepatocytes compared with the siRNA-NC group (Fig. 1E). Conversely, CBX7 overexpression showed the
opposite trend (Fig. 1E). The transfection of CBX7-siRNA successfully promoted cell cycle arrest (Fig. 1IF-H).
Meanwhile, western blot analysis evidenced that CBX7 silencing significantly induced cyclin D1 and cyclin E
expression in hepatocytes, and pcDNA-CBX7 transfection showed the opposite results (Fig. 11-K). In addition,
the apoptosis level of hepatocytes was inhibited by CBX7-siRNA and was promoted by pcDNA-CBX?7 (Fig. 1L,M).

CBX7 interacted with BMI1 and inhibited BMI1 expression in hepatocytes

As shown in Fig. 2A, A STRING prediction predicts proteins that interact with CBX7. The results suggested that
CBX7 could interact with BMI1 (Fig. 2A). Co-IP further revealed an interaction of CBX7 with BMI1 (Fig. 2B).
Moreover, The expression of BMI1 was significantly lower than that in the sham group at 3 h, 12 h, 24 h after
PH (Fig. 2C). At 48 h after PH, the expression of BMII increased to the same level as that in the sham group
(Fig. 2C). In NCTC 1469 and BNL CL.2 cells, the mRNA and protein expression of BMI1 was promoted by CBX7
silencing and was inhibited by CBX7 overexpression (Fig. 2D-F). Subsequently, si-BMI1 or pcDNA-BMI1 was
transfected into NCTC 1469 and BNL CL.2 cells to efficiently silence and overexpress BMI1 (Fig. 2G-I). Our
data demonstrated that BMI1 silencing induced CBX7 expression, whereas BMI1 overexpression reduced CBX7
expression in hepatocytes (Fig. 2]-L). Collectively, these results demonstrated that CBX7 could interact with
BMI1 and negatively regulate the expression of BMII.

Silencing BMI1 aggregated the inhibitory effect of CBX7 overexpression on hepatocyte viabil-
ity and the promotion of apoptosis

CBX?7 expression was promoted by CBX7 overexpression, and further strengthened by BMI1 silencing co-
transfection in hepatocytes (Fig. 3A). Furthermore, CBX7 overexpression inhibited cell proliferation of hepato-
cytes, which were further weakened by BMII silencing (Fig. 3B). Flow cytometry results showed that CBX7
overexpression suppressed cell cycle arrest of hepatocytes, which were further inhibited by BMI1 silencing
(Fig. 3C-E). In addition, the decreased expression of CyclinD1 and CyclinE in pcDNA-CBX7-transfected NCTC
1469 and BNL CL.2 cell lines was further decreased by BMI1 silencing (Fig. 3F-H). Meanwhile, the apoptosis of
hepatocytes was further eliminated by si-BMI1 co-transfection compared with the pcDNA- CBX7-transfected
groups (Fig. 3L]).

Silencing BMI1 enhanced the regulatory effect of CBX7 on the Nrf2/ARE signaling pathway in
HGF-induced hepatocytes

HGF induces mitosis in hepatocytes by activating the tyrosine kinase receptor c-Met, which is the predominant
mitogen in hepatocytes?. Thus, We used different doses of HGF (5, 10, and 20 ng/ml) to induce NCTC1469
cells and detected the changes in the expression of CBX7 and BMII. As shown in Fig. 4A,B, HGF induction
concentration-dependently decreased the expression level of NCTC 1469 cells, while it increased the expression
level of BMII in a concentration-dependent manner. Mechanically, CBX7 overexpression suppressed the nuclear
expression of Nrf2 and decreased the expression of downstream genes HO-1 and NQO-1 in HGF-induced
hepatocytes, all of which were enhanced by silencing of BMI1 (Fig. 4C-G). These results suggest that CBX7
overexpression inhibited Nrf2/ARE signaling pathway activity during HGF-induced hepatocyte regeneration,
which was further enhanced by BMI1 silencing.

CBX7 silencing promoted liver regeneration in vivo

The liver function of mice was detected using an automatic biochemical detector. Compared with the sham
group, the levels of ALT, AST, and HGF in the serum of mice after PH were significantly increased, while the
levels of ALB and were significantly decreased (Fig. 5A-D). Notably, CBX7 silencing significantly decreased
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Figure 1. CBX7 regulated hepatocyte proliferation, cell cycle, and apoptosis. (A) CBX7 expression in liver
tissues of PH mice at different time points was tested by RT-qPCR. (B) The RNA expression of CBX7 in NCTC
1469 and BNL CL.2 cells was assayed by RT-qPCR. (C,D) The protein expression of CBX7 in NCTC 1469 and
BNL CL.2 cells was determined by Western Blot analysis. f-actin was a loading control. (E) The proliferation of
NCTC 1469 and BNL CL.2 cells was evaluated by CCK-8 assay. (F-H) Cell cycle of NCTC 1469 and BNL CL.2
were observed by flow cytometry. (I-K) Western blot was used to assay CyclinD1 and CyclinE expression in
NCTC 1469 and BNL CL.2 cells. (L,M) Cell apoptosis was tested by flow cytometry. Values are means + SD,
**P<0.01 vs normal tissue. *P<0.05, **P<0.01 vs siRNA-NC; “P<0.05, P <0.01 vs pcDNA-NC.

the levels of ALT, AST and increased the levels of ALB and HGF in the serum of mice after PH (Fig. 5A-D). As
shown in Fig. 5E-F, the liver weight of mice in the PH group was decreased significantly after 24 h, 48 hand 72 h
compared with the sham group. In addition, compared with the shRNA NC group, the liver/body weight ratio
was increased significantly after CBX7 silencing (Fig. 5E-F). H&E staining suggested focal necrosis and inflam-
matory cell infiltration in the model group (Fig. 5G). However, CBX7 silencing decreased the necrotic cells and
inflammatory infiltration (Fig. 5G). Then, the expression of the bile duct epithelial cell marker CK19 in liver tissue
was detected by IHC stain (Fig. 5H,I). Compared with sham operation group, CK19 stain showed significant
hyperplasia of bile duct in liver tissue of mice after PH (Fig. 5H,I). In addition, CBX?7 silencing further promoted
the CK19 positive percentage of bile duct epithelial cells (Fig. 5H,I). IHC results confirmed that the expression
of the proliferation marker Ki67 was significantly induced in the liver tissue of mice after PH and was further
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Figure 2. CBX7 interacted with BMI1 and inhibited BMI1 expression in hepatocytes. (A) proteins that interact
with CBX?7 are predicted by STRING (https://string-db.org/cgi/input.pl). (B) Co-IP assay was used to verify

the mutual binding of CBX7 and BMI1. (C) BMI1 expression in liver tissues of PH mice at different time points
was tested by RT-qPCR. BMI1 protein and RNA expression in NCTC 1469 and BNL CL.2 cells were analyzed
by RT-qPCR (D,G) and western blot (E,F,H,I), respectively. CBX7 protein and RNA expression in NCTC 1469
and BNL CL.2 cells was detected by RT-qPCR (J) and Western blot (K,L), respectively. B-actin was a loading
control. Values are means +SD, **P<0.01 vs normal tissue. *P<0.05, **P<0.01 vs siRNA-NC; *P<0.05, P <0.01
vs pcDNA-NC.

enhanced by CBX7 silencing (Fig. 5],K). The level of apoptosis in mouse liver tissue was significantly increased
after PH and was counteracted by CBX?7 silencing (Fig. 5L,M). Western blot analysis showed that the increased
expression of CBX7 in liver tissue was significantly decreased by CBX?7 silencing (Fig. 6A,B). Meanwhile, the
decreased expression of BMI1 in liver tissue was significantly increased by CBX7 silencing (Fig. 51,K). Mechani-
cally, CBX7 silencing promoted Nrf2 nuclear translocation and enhanced the HO-1 and NQO-1 expression in
the liver tissue of PH mice (Fig. 6A,C-G).

Discussion

The mouse liver regeneration process is affected by circadian rhythm. Matsuo et al. found that after PHx in mice,
mouse hepatocytes from G2 to S phase always occurred at the same time every day”’. Weglarz et al. confirmed
that DNA synthesis and replication in mice began to increase significantly at 32 h after PH and peaked at 40 h,
while DNA synthesis in rats peaked 12-16 h earlier than in mice?®. In the present study, CBX7 expression was
increased at 3 h after PH peaked at 12 h, and returned to normal level at 48 h. In addition, the expression of BMI
showed the opposite trend. To investigate whether CBX7 could directly regulate hepatocyte proliferation, we
used NCTC 1469 and BNLCL.2 hepatocytes as in vitro models. The results showed that CBX7 overexpression
inhibited hepatocyte proliferation and entered the cell cycle by negatively regulating BMI1 expression.

The process of liver regeneration is a complex pathophysiological process, which is mainly divided into the
initial stage, the proliferation stage, and the termination stage. The proliferation of hepatocytes during liver
regeneration requires the action of several growth factors, such as HGF and EGF. c-Met is a receptor for HGE,
which was secreted by hepatic stromal cells next to hepatocytes. HGF bound to c-Met t on the surface of hepato-
cytes and activated ERK1/2, thereby promoting hepatocytes to enter the cell cycle. Cell cycle-related proteins are
important players in liver regeneration and proliferation. Cyclin D1, mainly expressed in the early stage of DNA
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Figure 3. Silencing BMI1 aggregated the inhibitory effect of CBX7 overexpression on hepatocyte viability
and the promotion of apoptosis. (A) CBX7 RNA expression in NCTC 1469 and BNL CL.2 cells was detected
by RT-qPCR. (B) The proliferation of NCTC 1469 and BNL CL.2 cells was evaluated by CCK-8 assay. (C-E)
Cell cycle of NCTC 1469 and BNL CL.2 were observed by flow cytometry. (F-H) Western blot was used to
assay CyclinD1 and CyclinE expression in NCTC 1469 and BNL CL.2 cells. (LJ) Cell apoptosis was tested by
flow cytometry. Values are means+ SD, *P<0.05, **P<0.01 vs pcDNA-NC; “P<0.05, #*P<0.01 vs pcDNA-
CBX7 +5i-NC.
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Figure 4. Silencing BMI1 enhanced the regulatory effect of CBX7 on the Nrf2/ARE signaling pathway in HGF-
induced hepatocytes. (A,B) The RT-qPCR was used to assay the expression of CBX7 and BMI1 in NCTC 1469
cells induced by different concentrations of hepatocyte growth factor (HGE, 5, 10, and 20 ng/ml). (C-G) Nuclear
Nrf2, Nrf2, HO-1, and NQO-1 expression in NCTC 1469 and BNL CL.2 cells was tested by Western blot.
B-actin and lamin B was loading control. Values are means + SD, *P<0.05, **P<0.01 vs HGF-0 or pcDNA-NGC;
*P<0.05, P<0.01 vs pcDNA-CBX7 +5i-NC.

replication (G1 phase), was a key protein for cells to cross the G1/S checkpoint and was also the most important
protein in regulating cells from the early stage of DNA replication to DNA replication (S phase). The synthesis
of Cyclin E started in the mid-G1 phase, and the expression level was highest after the cells entered the S phase.
Meanwhile, the degradation of Cyclin E also occurred in the S phase, while Cyclin E was not expressed in the G2
and M phases. Similar to Cyclin D1, Cyclin E is a key protein that assists cells to transition from the G1 phase
to the S phase. The previous report documented that remifentanil increased the expression of cyclin D1 in the
livers of PH rats®. In addition, prostaglandin E1 (PGE1) significantly increased the expression levels of Cyclin
C and Cyclin D1 after hepatectomy™. In male Wistar rats, the absence of bile in the intestinal tract delayed liver
regeneration associated with cyclin E-associated kinase inactivation at 18 h after 70% hepatectomy®'. Oltipraz
enhanced the expression of cyclin E and the activity of cyclin E-dependent kinase in PH rats*. In this study, we
found that CBX7 overexpression inhibited cyclin D1 and cyclin E in NCTC 1469 and BNLCL.2 hepatocytes by
negatively regulating the expression of BMI1. These data indicated that CBX7 overexpression blocked liver cell
regeneration in vitro.

ALT and AST are enzymatic catalysts intricately involved in the intricate process of protein metabolism™.
These enzymes assume a pivotal function in the intricate process of liver regeneration subsequent to PH, actively
participating in the intricate synthesis and intricate repair of hepatic proteins***. ALB is a prominent hepatic
protein that assumes a crucial role in various physiological processes™®. It serves as an essential transport pro-
tein, contributing significantly to the maintenance of plasma osmolarity, nutrient transportation, and drug
metabolism®**”. HGF is a pivotal protein that plays a crucial role in facilitating liver regeneration™. Its primary
function involves stimulating the proliferation of hepatocytes, thereby aiding in the repair and restoration of
liver function subsequent to surgical interventions***. Our data showed that the silencing of CBX7 resulted in
a significant reduction in the levels of ALT, AST, while concurrently increasing the levels of ALB and HGF in
the serum of mice after PH. The regenerative process following liver resection may trigger apoptotic pathways,
resulting in the activation of apoptotic cells*’. In addition, the surgical trauma itself can cause oxidative stress and
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Figure 5. CBX7 silencing promoted liver regeneration in vivo. (A-D) The serum levels of alanine transaminase
(ALT), aspartate transaminase (AST), total protein, albumin (ALB), and HGF were assayed automatic
Biochemical Detector. (E) Liver regeneration grossing images. (F) Liver/body weight ratio. (G) H&E stain of
liver tissues. Green arrows, hepatocyte degeneration and necrosis, red arrows, lymphocyte. Scale bar, 10 pm.
(J,K) The expression of bile duct marker CK19 in liver tissues of mice was tested by IHC stain. Scale bar, 50 pm.
(J,K) Ki67 expression in liver tissues of mice was tested by IHC stain. Scale bar, 50 pm. (L,M) Cell apoptosis of
liver tissues was analyzed using a Tunel assay. Scale bar, 20 um.
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inflammation, which may contribute to cell death and apoptosis**%. The previous study showed that apoptotic
liver cells were significantly increased in the liver resection group compared with the sham group*’. Meanwhile,
it was reported that the percentage of TUNEL-positive cells was already increased 3 days after PH in control
animals, and was decreased again after 10 days*:. Similarly, the present study indicated that revealed a noteworthy
elevation in the apoptotic rate of mouse liver tissue after 72 h of PH, which was subsequently alleviated by the
inhibition of CBX7.

The Keap1/Nrf2/ARE pathway is one of the most important endogenous antioxidant stress pathways known at
present®. Nrf2 transcription factor is anchored in the cytoplasm through binding to Keapl and facilitates ubiquit-
ination/proteolysis of Nrf2*>4¢, Inactivation of Keap1 leads to stabilization of Nrf2, which in turn translocates into
the nuclei to activate cytoprotective target genes through binding to ARE*’. Nrf2/HO-1 driven regulation of anti-
oxidant and anti-inflammatory functions is important in cytoprotection**. Moreover, the report demonstrated
the regulator role of Nrf-2 in the cellular cycle of the hepatocyte®. Keap1/Nrf2/ARE signaling attenuated hypoxia/
reoxygenation injury in hepatocytes by inhibiting apoptosis and oxidative stress'. Particularly, previous reports
revealed that Nrf2 impeded liver regeneration after PH*>**. Meanwhile, dynamic and coordinated regulation of
Keap1/Nrf2/ARE and p53/p21 signaling pathways was associated with compensatory liver regeneration after
acetaminophen (APAP) -induced acute liver injury®. In this study, the overexpression of CBX7 inhibited Nrf2
nuclear translocation and decreased HO-1 and NQO-1 expression, which were further aggravated by BMI1
silencing. These results suggest that CBX7 inhibited Nrf2/ARE signaling pathway activity after PH.

In conclusion, after PHx in mice, CBX7 was rapidly induced in the early stage of liver regeneration. CBX7
overexpression could significantly inhibit the proliferation and promote DNA damage of liver cells in vivo and
in vitro. Mechanically, CBX7 decreased Nrf2/ARE signaling pathway activity by negatively regulating BMI1
expression. Taken together, our results highlight the importance of CBX7 knockdown during liver regeneration.

Data availability
The datasets used or analyzed during the current study are available from the corresponding author upon rea-
sonable request.

Received: 23 August 2023; Accepted: 27 March 2024
Published online: 14 May 2024

References

1. Michalopoulos, G. K. & Bhushan, B. Liver regeneration: biological and pathological mechanisms and implications. Nat. Rev.
Gastroenterol. Hepatol. 18, 40-55. https://doi.org/10.1038/s41575-020-0342-4 (2021).

2. Groeneveld, D. et al. Intrahepatic fibrin(ogen) deposition drives liver regeneration after partial hepatectomy in mice and humans.
Blood 133, 1245-1256. https://doi.org/10.1182/blood-2018-08-869057 (2019).

3. Konishi, T. et al. Splenic enlargement induced by preoperative chemotherapy is a useful indicator for predicting liver regeneration
after resection for colorectal liver metastases. World J. Surg. Oncol. 18, 139. https://doi.org/10.1186/s12957-020-01918-4 (2020).

4. Riordan, S. M. & Williams, R. Perspectives on liver failure: Past and future. Semin. Liver Dis. 28, 137-141. https://doi.org/10.
1055/s-2008-1073113 (2008).

5. Wirth, K. M,, Kizy, S. & Steer, C. J. Liver regeneration in the acute liver failure patient. Clin. Liver Dis. 22, 269-287. https://doi.
0rg/10.1016/j.c1d.2018.01.004 (2018).

6. Montomoli, J., Erichsen, R., Gammelager, H. & Pedersen, A. B. Liver disease and mortality among patients with hip fracture: A
population-based cohort study. Clin. Epidemiol. 10, 991-1000. https://doi.org/10.2147/clep.s168237 (2018).

Scientific Reports |

(2024) 14:11008 | https://doi.org/10.1038/s41598-024-58248-8 nature portfolio


https://doi.org/10.1038/s41575-020-0342-4
https://doi.org/10.1182/blood-2018-08-869057
https://doi.org/10.1186/s12957-020-01918-4
https://doi.org/10.1055/s-2008-1073113
https://doi.org/10.1055/s-2008-1073113
https://doi.org/10.1016/j.cld.2018.01.004
https://doi.org/10.1016/j.cld.2018.01.004
https://doi.org/10.2147/clep.s168237

www.nature.com/scientificreports/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44.

45.

. Schubert, D. Evolution of Polycomb-group function in the green lineage. FI000Res 8, 1. https://doi.org/10.12688/f1000research.

16986.1 (2019).

. Dumasia, N. P. & Pethe, P. S. Pancreas development and the Polycomb group protein complexes. Mech. Dev. 164, 103647. https://

doi.org/10.1016/j.m0d.2020.103647 (2020).

. Chan, H. L. & Morey, L. Emerging roles for polycomb-group proteins in stem cells and cancer. Trends Biochem. Sci. 44, 688-700.

https://doi.org/10.1016/j.tibs.2019.04.005 (2019).

Zhao, X. & Wu, X. Polycomb-group proteins in the initiation and progression of cancer. J. Genet. Genom. 48, 433-443. https://doi.
org/10.1016/j.,jgg.2021.03.013 (2021).

Blackledge, N. P. et al. Variant PRC1 complex-dependent H2A ubiquitylation drives PRC2 recruitment and polycomb domain
formation. Cell 157, 1445-1459. https://doi.org/10.1016/j.cell.2014.05.004 (2014).

Blackledge, N. P. et al. PRC1 catalytic activity is central to polycomb system function. Mol. Cell 77, 857-874.e859. https://doi.org/
10.1016/j.molcel.2019.12.001 (2020).

Zhen, C. Y. et al. Live-cell single-molecule tracking reveals co-recognition of H3K27me3 and DNA targets polycomb Cbx7-PRC1
to chromatin. Elife 5, 1. https://doi.org/10.7554/eLife.17667 (2016).

van Wijnen, A. J. et al. Biological functions of chromobox (CBX) proteins in stem cell self-renewal, lineage-commitment, cancer
and development. Bone 143, 115659. https://doi.org/10.1016/j.bone.2020.115659 (2021).

Jiang, E, Yang, X., Meng, X., Zhou, Z. & Chen, N. Effect of CBX7 deficiency on the socket healing after tooth extractions. J. Bone
Miner. Metab. 37, 584-593. https://doi.org/10.1007/s00774-018-0958-4 (2019).

Duan, R. S. et al. Polycomb protein family member CBX7 regulates intrinsic axon growth and regeneration. Cell Death Differ. 25,
1598-1611. https://doi.org/10.1038/s41418-018-0064-0 (2018).

Fan, J. R. et al. Potential role of CBX7 in regulating pluripotency of adult human pluripotent-like olfactory stem cells in stroke
model. Cell Death Dis. 9, 502. https://doi.org/10.1038/s41419-018-0519-8 (2018).

Ortega-Ribera, M. et al. Increased sinusoidal pressure impairs liver endothelial mechanosensing, uncovering novel biomarkers of
portal hypertension. JHEP Rep.: Innov. Hepatol. 5, 100722. https://doi.org/10.1016/j.jhepr.2023.100722 (2023).

Chen, J. et al. Liver-specific deletion of miR-181ab1 reduces liver tumour progression via upregulation of CBX7. Cell. Mol. Life
Sci.: CMLS 79, 443. https://doi.org/10.1007/s00018-022-04452-6 (2022).

Tan, C. & Bei, C. Single nucleotide polymorphisms of CBX4 and CBX7 decrease the risk of hepatocellular carcinoma. BioMed Res.
Int. 2019, 6436825. https://doi.org/10.1155/2019/6436825 (2019).

Fukuda, A., Morris, J. P. T. & Hebrok, M. Bmil is required for regeneration of the exocrine pancreas in mice. Gastroenterology 143,
821-831. https://doi.org/10.1053/j.gastro.2012.05.009 (2012).

Komai, Y. et al. Bmil expression in long-term germ stem cells. Sci. Rep. 4, 6175. https://doi.org/10.1038/srep06175 (2014).

Di Foggia, V. et al. Bmil enhances skeletal muscle regeneration through MT1-mediated oxidative stress protection in a mouse
model of dystrophinopathy. J. Experim. Med. 211, 2617-2633. https://doi.org/10.1084/jem.20140317 (2014).

Robson, L. G. et al. Bmil is expressed in postnatal myogenic satellite cells, controls their maintenance and plays an essential role
in repeated muscle regeneration. PloS One 6, €27116. https://doi.org/10.1371/journal.pone.0027116 (2011).

Mitchell, C. & Willenbring, H. A reproducible and well-tolerated method for 2/3 partial hepatectomy in mice. Nature protocols 3,
1167-1170. https://doi.org/10.1038/nprot.2008.80 (2008).

Schmidt-Arras, D. & Rose-John, S. IL-6 pathway in the liver: From physiopathology to therapy. J. Hepatol. 64, 1403-1415. https://
doi.org/10.1016/j.jhep.2016.02.004 (2016).

Matsuo, T. et al. Control mechanism of the circadian clock for timing of cell division in vivo. Science 302, 255-259. https://doi.
org/10.1126/science.1086271 (2003).

Weglarz, T. C. & Sandgren, E. P. Timing of hepatocyte entry into DNA synthesis after partial hepatectomy is cell autonomous.
Proc. Natl. Acad. Sci. USA 97, 12595-12600. https://doi.org/10.1073/pnas.220430497 (2000).

Zhu, L. et al. Remifentanil preconditioning promotes liver regeneration via upregulation of p-arrestin 2/ERK/cyclin D1 pathway.
Biochem. Biophys. Res. Commun. 557, 69-76. https://doi.org/10.1016/j.bbrc.2021.04.008 (2021).

Ishibe, A. et al. Prostaglandin E1 prevents liver failure after excessive hepatectomy in the rat by up-regulating Cyclin C, Cyclin D1,
and Bclxl. Wound Repair Regen. 17, 62-70. https://doi.org/10.1111/j.1524-475X.2008.00442.x (2009).

Ueda, J., Chijiiwa, K., Nakano, K., Zhao, G. & Tanaka, M. Lack of intestinal bile results in delayed liver regeneration of normal rat
liver after hepatectomy accompanied by impaired cyclin E-associated kinase activity. Surgery 131, 564-573. https://doi.org/10.
1067/msy.2002.123008 (2002).

Cho, L. ], Sung, D. K., Kang, K. W. & Kim, S. G. Oltipraz promotion of liver regeneration after partial hepatectomy: The role of
PI3-kinase-dependent C/EBPbeta and cyclin E regulation. Arch. Pharm. Res. 32, 625-635. https://doi.org/10.1007/s12272-009-
1419-3 (2009).

van Beek, J. H. et al. The genetic architecture of liver enzyme levels: GGT, ALT and AST. Behav. Genet. 43, 329-339. https://doi.
0rg/10.1007/s10519-013-9593-y (2013).

Oka, Y. et al. Heat-shock pre-treatment reduces liver injury and aids liver recovery after partial hepatectomy in mice. Anticancer
Res. 33, 2887-2894 (2013).

Apaer, S. et al. Subcutaneous inoculation of Echinococcus multilocularis induces delayed regeneration after partial hepatectomy.
Sci. Rep. 9, 462. https://doi.org/10.1038/s41598-018-37293-0 (2019).

Ozaki, L. et al. Albumin mRNA expression in human liver diseases and its correlation to serum albumin concentration. Gastroen-
terologia Japonica 26, 472-476. https://doi.org/10.1007/bf02782816 (1991).

Roda, E., Aldini, R. & Roda, A. Role of albumin in liver uptake. Gastroenterology 92, 1097. https://doi.org/10.1016/0016-5085(87)
91001-8 (1987).

Zhao, Y., Ye, W., Wang, Y. D. & Chen, W. D. HGF/c-Met: A key promoter in liver regeneration. Front. Pharmacol. 13, 808855.
https://doi.org/10.3389/fphar.2022.808855 (2022).

Michalopoulos, G. HGF and liver regeneration. Gastroenterologia Japonica 28(4), 36-39. https://doi.org/10.1007/bf02782887 (1993).
Garcea, G. & Maddern, G. J. Liver failure after major hepatic resection. J. Hepatobil.-Pancreat. Surg. 16, 145-155. https://doi.org/
10.1007/s00534-008-0017-y (2009).

Fisette, A. et al. High-dose insulin therapy reduces postoperative liver dysfunction and complications in liver resection patients
through reduced apoptosis and altered inflammation. J. Clin. Endocrinol. Metab. 97, 217-226. https://doi.org/10.1210/jc.2011-1598
(2012).

Mandic, P. et al. The effects of quercetin on liver regeneration after liver resection in rats. Folia Morphologica 75, 188-195. https://
doi.org/10.5603/FM.a2015.0097 (2016).

Yu, S. et al. Resveratrol reduced liver damage after liver resection in a rat model by upregulating Sirtuin 1 (SIRT1) and inhibiting
the acetylation of high mobility Group Box 1 (HMGBL1). Med. Sci. Monit. 25, 3212-3220. https://doi.org/10.12659/msm.913937
(2019).

Inomata, K. et al. A pre-clinical large animal model of sustained liver injury and regeneration stimulus. Sci. Rep. 8, 14987. https://
doi.org/10.1038/s41598-018-32889-y (2018).

Lu, M. C,, Ji, J. A, Jiang, Z. Y. & You, Q. D. The keap1-Nrf2-ARE pathway as a potential preventive and therapeutic target: An
update. Med. Res. Rev. 36, 924-963. https://doi.org/10.1002/med.21396 (2016).

Scientific Reports |

(2024) 14:11008 | https://doi.org/10.1038/s41598-024-58248-8 nature portfolio


https://doi.org/10.12688/f1000research.16986.1
https://doi.org/10.12688/f1000research.16986.1
https://doi.org/10.1016/j.mod.2020.103647
https://doi.org/10.1016/j.mod.2020.103647
https://doi.org/10.1016/j.tibs.2019.04.005
https://doi.org/10.1016/j.jgg.2021.03.013
https://doi.org/10.1016/j.jgg.2021.03.013
https://doi.org/10.1016/j.cell.2014.05.004
https://doi.org/10.1016/j.molcel.2019.12.001
https://doi.org/10.1016/j.molcel.2019.12.001
https://doi.org/10.7554/eLife.17667
https://doi.org/10.1016/j.bone.2020.115659
https://doi.org/10.1007/s00774-018-0958-4
https://doi.org/10.1038/s41418-018-0064-0
https://doi.org/10.1038/s41419-018-0519-8
https://doi.org/10.1016/j.jhepr.2023.100722
https://doi.org/10.1007/s00018-022-04452-6
https://doi.org/10.1155/2019/6436825
https://doi.org/10.1053/j.gastro.2012.05.009
https://doi.org/10.1038/srep06175
https://doi.org/10.1084/jem.20140317
https://doi.org/10.1371/journal.pone.0027116
https://doi.org/10.1038/nprot.2008.80
https://doi.org/10.1016/j.jhep.2016.02.004
https://doi.org/10.1016/j.jhep.2016.02.004
https://doi.org/10.1126/science.1086271
https://doi.org/10.1126/science.1086271
https://doi.org/10.1073/pnas.220430497
https://doi.org/10.1016/j.bbrc.2021.04.008
https://doi.org/10.1111/j.1524-475X.2008.00442.x
https://doi.org/10.1067/msy.2002.123008
https://doi.org/10.1067/msy.2002.123008
https://doi.org/10.1007/s12272-009-1419-3
https://doi.org/10.1007/s12272-009-1419-3
https://doi.org/10.1007/s10519-013-9593-y
https://doi.org/10.1007/s10519-013-9593-y
https://doi.org/10.1038/s41598-018-37293-0
https://doi.org/10.1007/bf02782816
https://doi.org/10.1016/0016-5085(87)91001-8
https://doi.org/10.1016/0016-5085(87)91001-8
https://doi.org/10.3389/fphar.2022.808855
https://doi.org/10.1007/bf02782887
https://doi.org/10.1007/s00534-008-0017-y
https://doi.org/10.1007/s00534-008-0017-y
https://doi.org/10.1210/jc.2011-1598
https://doi.org/10.5603/FM.a2015.0097
https://doi.org/10.5603/FM.a2015.0097
https://doi.org/10.12659/msm.913937
https://doi.org/10.1038/s41598-018-32889-y
https://doi.org/10.1038/s41598-018-32889-y
https://doi.org/10.1002/med.21396

www.nature.com/scientificreports/

46. Medicinal chemistry research: An international journal for rapid communications on design and mechanisms of action of biologi-
cally active agents. https://doi.org/10.1007/s00044-020-02539-y.

47. Lee, S. & Hu, L. Nrf2 activation through the inhibition of Keap1-Nrf2 protein-protein interaction. Med. Chem. Res. 29, 846-867.
https://doi.org/10.1007/s00044-020-02539-y (2020).

48. Tu, W,, Wang, H., Li, S., Liu, Q. & Sha, H. The anti-inflammatory and anti-oxidant mechanisms of the Keap1/Nrf2/ARE signaling
pathway in chronic diseases. Aging Dis. 10, 637-651. https://doi.org/10.14336/ad.2018.0513 (2019).

49. Zenkov, N. K., Menshchikova, E. B. & Tkachev, V. O. Keap1/Nrf2/ARE redox-sensitive signaling system as a pharmacological
target. Biochem. Biokhimiia 78, 19-36. https://doi.org/10.1134/s0006297913010033 (2013).

50. Narozna, M. & Krajka-Kuzniak, V. The effect of novel oleanolic acid oximes conjugated with indomethacin on the Nrf2-ARE and
NF-«B signaling pathways in normal hepatocytes and human hepatocellular cancer cells. Pharmaceuticals 14, 1. https://doi.org/
10.3390/ph14010032 (2020).

51. Wu, H. & Jia, L. Scutellarin attenuates hypoxia/reoxygenation injury in hepatocytes by inhibiting apoptosis and oxidative stress
through regulating Keap1/Nrf2/ARE signaling. Biosci. Rep. 39, 1. https://doi.org/10.1042/bsr20192501 (2019).

52. Wakabayashi, N. et al. Regulation of notch1 signaling by nrf2: Implications for tissue regeneration. Sci. Signal. 3, 52. https://doi.
org/10.1126/scisignal.2000762 (2010).

53. Morales-Gonzélez, ]. A. et al. What is Known Regarding the Participation of Factor Nrf-2 in Liver Regeneration?. Cells 4, 169-177.
https://doi.org/10.3390/cells4020169 (2015).

54. Fan, X. et al. Dynamic and coordinated regulation of KEAP1-NRF2-ARE and p53/p21 signaling pathways is associated with
acetaminophen injury responsive liver regeneration. Drug Metab. Disposit.: Biol. Fate Chem. 42, 1532-1539. https://doi.org/10.
1124/dmd.114.059394 (2014).

Author contributions
Z.D. and X.L. conceived and designed the experiments. Z.D., EL., and J.H. performed the experiments. Z.D., EL.,
and B.L. analyzed the data. X.L. contributed to the reagents and materials. Z.D. wrote the manuscript.

Funding

This study was supported by a grant from the Gansu Provincial Health Industry Research Program
(GSWSKY2023-24), the Hospital Foundation of The First Hospital of Lanzhou University (1dyyyn2019-13),
and the Gansu Provincial Youth Science and Technology Foundation (20JRI0RA710).

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-024-58248-8.

Correspondence and requests for materials should be addressed to X.L.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports |

(2024) 14:11008 | https://doi.org/10.1038/s41598-024-58248-8 nature portfolio


https://doi.org/10.1007/s00044-020-02539-y
https://doi.org/10.1007/s00044-020-02539-y
https://doi.org/10.14336/ad.2018.0513
https://doi.org/10.1134/s0006297913010033
https://doi.org/10.3390/ph14010032
https://doi.org/10.3390/ph14010032
https://doi.org/10.1042/bsr20192501
https://doi.org/10.1126/scisignal.2000762
https://doi.org/10.1126/scisignal.2000762
https://doi.org/10.3390/cells4020169
https://doi.org/10.1124/dmd.114.059394
https://doi.org/10.1124/dmd.114.059394
https://doi.org/10.1038/s41598-024-58248-8
https://doi.org/10.1038/s41598-024-58248-8
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	CBX7 silencing promoted liver regeneration by interacting with BMI1 and activating the Nrf2ARE signaling pathway
	Material and methods
	Animal model
	Cell culture and transfection
	Cell proliferation assay
	RT-qPCR assay
	Western blot analysis
	Cell apoptosis and cell cycle analysis
	Blood biochemical index detection
	Hematoxylin–eosin (H&E) stain
	Immunohistochemistry (IHC) stain
	Tunel stain
	Co-immunoprecipitation (Co-IP)
	Statistical analysis

	Results
	CBX7 regulated hepatocyte proliferation, cell cycle, and apoptosis
	CBX7 interacted with BMI1 and inhibited BMI1 expression in hepatocytes
	Silencing BMI1 aggregated the inhibitory effect of CBX7 overexpression on hepatocyte viability and the promotion of apoptosis
	Silencing BMI1 enhanced the regulatory effect of CBX7 on the Nrf2ARE signaling pathway in HGF-induced hepatocytes
	CBX7 silencing promoted liver regeneration in vivo

	Discussion
	References


