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The PEST-containing nuclear protein (PCNP) has been reported to play paradoxical roles 
in tumorigenesis. While PCNP functions as a tumor suppressor in neuroblastoma and lung 
adenocarcinoma, it has been identified as a tumor promoter in ovarian cancer. However, the 
underlying mechanisms driving these contrasting effects remain unclear. Gene Expression Profiling 
Interactive Analysis (GEPIA) was employed to analyze relevance of PCNP expression with prognosis in 
HCC. To evaluate the role of PCNP in hepatocellular carcinoma (HCC), we analyzed the expression of 
PCNP in 87 HCC tissues and 80 adjacent normal tissues. Correlation between PCNP and ubiquitin-like 
with PHD and ring finger domains 2 (UHRF2) was transcriptionally detected, and then their effects 
on malignant behaviors, including proliferation, invasion, tumor formation in vitro and in vivo were 
evaluated. According to tissues array results, it is found that PCNP was significantly upregulated in 
HCC tissues, which was further confirmed in HCC cell lines by western blotting. Importantly, both 
the cytoplasmic and nuclear PCNP fractions were correlated with pathological grade, T staging, 
clinical staging and recurrence, and patients with a high level of PCNP had lower overall survival 
and disease-free survival and a higher recurrence rate than those with a low PCNP level, indicating 
that PCNP might be an independent prognostic factor for HCC patients. Functional investigations 
revealed that PCNP knockdown inhibited malignant behaviors, including proliferation, invasion, 
colony formation and tumor formation, in vitro and in vivo. Pearson correlation analysis indicated a 
positive association between PCNP and UHRF2, with evidence that PCNP transcriptionally upregulates 
UHRF2. Furthermore, ectopic overexpression of PCNP activated the ErbB3/Ras/Raf1 signaling pathway 
through upregulation of UHRF2. Our findings suggest that PCNP promotes HCC progression by 
activating the ErbB3/Ras/Raf signaling pathway through upregulation of UHRF2. Consequently, PCNP 
holds potential as both a diagnostic biomarker and a therapeutic target for hepatocellular carcinoma.
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Hepatocellular carcinoma (HCC), the predominant histological subtype of liver cancer, represents a significant 
contributor to the global cancer burden1. Over recent decades, the incidence of HCC has risen in many 
countries2, and it accounts for the majority of liver cancer-related diagnoses and mortality worldwide3. Despite 
significant improvements in the clinical diagnosis and treatment of early-stage liver cancer, the overall prognosis 
of HCC remains dismal4. The limited understanding of the cellular and molecular mechanisms driving HCC 
pathogenesis underscores the urgent need to explore its underlying biology and identify novel diagnostic 
biomarkers and therapeutic targets.

PEST-containing nuclear protein (PCNP) is a nuclear protein that has recently attracted attention due to its 
roles in tumorigenesis and cell cycle regulation5. Emerging evidence suggests that PCNP interacts with cell cycle 
regulators, influencing tissue fate by modulating apoptosis and proliferation through both tumor suppressors 
(e.g., p53, pRB) and oncogenic promoters (e.g., cyclin E, cyclin D)6. Clinically, aberrant PCNP expression has 
linked to the initiation and progression of multiple cancers, such as neuroblastoma, lung adenocarcinoma, 
and ovarian cancer. Mechanistically, PCNP disrupts key signaling pathways including PI3K/AKT/mTOR and 
MAPK, facilitating tumorigenesis7. Notably, PCNP has been shown to promote ovarian cancer progression via 
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activation of the Wnt/β-catenin pathway and induction of epithelial-mesenchymal transition (EMT)8. However, 
the biological role and clinical significance of PCNP in liver cancer have not been fully elucidated.

Ubiquitin-like with PHD and ring finger domains 2 (UHRF2) is a member of the UHRF family, containing 
five identifiable functional domains: ubiquitin-like (UBL), tandem Tudor domain (TTD), plant homeodomain 
(PHD), SET and RING-associated (SRA), and a novel RING finger domain9. This complex domain architecture 
endows UHRF2 with diverse cellular roles. As an ubiquitin E3 ligase, UHRF2 can ubiquitinate PCNP and acts 
as an important cell cycle by interacting with multiple cell cycle proteins such as CDKs, p53, pRB, and PCNA10. 
Additionally, UHRF2 can promote DNA damage repair by reducing RING domain-mediated levels of p21. 
Previous studies have shown that UHRF2 is involved in tumor development and progression in several human 
cancers, such as esophageal squamous cell carcinoma, lung cancer, and colorectal cancer11. In a recent study, it 
was found that UHRF2 is significantly increased in HCC tissues compared to normal tissues, and high levels of 
UHRF2 are significantly associated with the malignant features of HCC12.

ErbB3 is a member of the receptor tyrosine kinase EGFR family and plays an important role in cancer as a 
homolog of EGFR (ErbB1) and HER2 (ErbB2)13. Overexpression of ErbB3 has been reported in multiple cancers, 
including breast, gastric, ovarian, prostate, bladder, colon cancers, head and neck squamous cell carcinoma, 
and melanoma14. Activation of ErbB3 and its downstream signaling pathways, notably PI3K/AKT and Ras/Raf, 
contributes to tumor development and progression15. Intriguingly, UHRF2 has been suggested to upregulate the 
ErbB3/Ras/Raf signaling axis, promoting HCC progression14. However, the relationship between UHRF2 and 
ErbB3 remains elusive, and whether UHRF2 influences this pathway through regulation of PCNP has not been 
clarified.

In this study, we aimed to elucidate the role of PCNP in HCC, focusing on its regulatory impact on UHRF2 
and downstream signaling pathways. We explored the subcellular localization of PCNP, assessed its correlation 
with clinical features and prognosis, and investigated its role in cell proliferation, invasion, and tumor formation 
both in vitro and in vivo. Our findings suggest that PCNP drives HCC progression via the UHRF2–ErbB3/Ras/
Raf signaling cascade, identifying a novel axis with potential therapeutic implications.

Results
PCNP is upregulated in HCC and correlates with poor prognosis
Increased Expression of PCNP in LIHC (Liver Hepatocellular Carcinoma) To investigate the difference in PCNP 
expression levels between tumor and adjacent tissues, we employed Singerbox3.0 to analyze RNA-seq data, 
matched TCGA tumor tissue with GTEx data. PCNP mRNA levels were significantly upregulated in multiple 
cancer types in tumor vs. matched adjacent tissues across multiple cancers (p < 0.01), including LIHC (Fig. 1A).

Subsequently, the prognostic value of PCNP in liver hepatocellular carcinoma (LIHC) was evaluated using 
Sangerbox 3.0. The analysis demonstrated that elevated PCNP expression was significantly associated with: 
Shorter overall survival (OS) (HR 1.7, 95% CI p = 0.0033; Fig. 1B); Poorer disease-specific survival (DSS) (HR 
1.59, p = 0.0033; Fig. 1C). These findings suggest that PCNP may be post-transcriptionally upregulated in LIHC 
and may function as a prognostic indicator.

PCNP protein is upregulated in HCC tissues and correlates with clinical parameters
To confirm the expression pattern of PCNP at the protein level, we performed immunohistochemical staining 
using a tissue microarray containing 87 HCC tissues and 80 adjacent non-tumor tissues. As shown in Fig. 2A, B, 
both nuclear and cytoplasmic PCNP expression were markedly higher in tumor tissues. Western blotting further 
confirmed elevated PCNP levels in HCC cell lines compared to normal hepatic L-02 cells (Fig. 2C).

Clinicopathological analysis (Table  1) revealed that cytoplasmic PCNP expression showed no significant 
correlation with pathological grade (p = 0.788) but was significantly associated with T stage (r = 0.245, p = 0.022), 
clinical stage (r = 0.245, p = 0.022), and recurrence (r = 0.228, p = 0.042). In contrast, nuclear PCNP levels (Table 2)
correlated exclusively with pathological grade (r = 0.292, p = 0.006), with no significant associations for T stage 
(p = 0.755) or clinical stage (p = 0.755). Kaplan–Meier survival analysis revealed that patients with high PCNP 
expression, either in the nucleus or the cytoplasm, exhibited significantly shorter overall survival and disease-
free survival compared with those with low PCNP expression (Fig. 2D). These findings indicate that elevated 
PCNP levels in both compartments are strong predictors of poor prognosis in HCC.

PCNP knockdown suppresses malignant behaviors in HCC cells
To explore the functional role of PCNP, we performed PCNP knockdown in Huh-7 and SK-HEP-1 cells using 
shRNA (Fig. 3A). PCNP depletion caused G0/G1 phase arrest (Fig. 3B) and significantly reduced cell viability 
from day 1 to 5 (Fig. 3C). Moreover, PCNP knockdown inhibited cell invasion, colony formation, and anchorage-
independent growth in soft agar (Fig. 4A–C), confirming its pro-oncogenic role.

PCNP knockdown reduces MAPK pathway activation without inducing apoptosis
Given conflicting roles of PCNP in other cancers16,17, we evaluated MAPK pathway activity following PCNP 
knockdown. Western blotting showed reduced expression of ERK, JNK, and p38 MAPK proteins (Fig. 
5). Apoptotic markers such as cleaved caspase-3, cleaved PARP, Bax, and Bad showed minimal changes 
(Supplementary Fig. 1), and Annexin V/PI staining showed no significant increase in apoptosis (Supplementary 
Fig. 2), suggesting PCNP supports cell survival, potentially by regulating stress pathways rather than directly 
promoting apoptosis.

PCNP transcriptionally regulates UHRF2, which correlates with malignancy
UHRF2, an E3 ubiquitin ligase known to target PCNP, is implicated in HCC progression18,19. GEPIA analysis 
revealed a strong positive correlation between PCNP and UHRF2 mRNA in HCC tissues (R = 0.72, p < 0.001; 
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Fig. 6A). RT-qPCR further confirmed high UHRF2 expression in Huh-7 cells (Fig. 6B). Although UHRF2 
mRNA was slightly downregulated in tumor versus normal tissue (Fig. 6C, D), its high expression was associated 
with poorer overall survival, mirroring the trends observed for PCNP.

Functional experiments showed that knockdown of PCNP significantly downregulated UHRF2 mRNA, 
whereas knockdown of UHRF2 had little effect on PCNP expression (Fig.  6E), suggesting a unidirectional, 
transcriptional regulatory relationship.

PCNP activates ErbB3/Ras/Raf pathway via UHRF2
Previous studies have implicated UHRF2 in the activation of the ErbB3/Ras/Raf pathway in HCC12. Consistent 
with this, PCNP overexpression increased UHRF2 protein levels, along with ErbB3, Ras, and phosphorylated 
Raf1 (p-Raf1). These effects were reversed by UHRF2 knockdown (Fig. 7), supporting the hypothesis that PCNP 
indirectly activates the ErbB3/Ras/Raf signaling axis via upregulation of UHRF2.

PCNP knockdown inhibits tumor formation in vivo
To assess the tumorigenic role of PCNP in vivo, we established subcutaneous xenografts using Huh-7 cells 
stably expressing either shScrambled or shPCNP. Tumor growth was significantly reduced in the shPCNP 
group compared to control (Fig. 8A). Immunohistochemistry confirmed reduced Ki-67 expression (Fig. 8B) 
and decreased UHRF2 protein levels (Fig. 8C) in the PCNP knockdown tumors, validating in vitro findings and 
further supporting that PCNP promotes tumorigenesis through UHRF2 upregulation.

Fig. 1.  Prognostic significance of PCNP expression in pan-cancer analysis and LIHC.  A Pan-cancer mRNA 
expression profiling. PCNP expression is significantly upregulated in tumor tissues versus adjacent normal 
controls across multiple malignancies (including LIHC, lymphoma, and pancreatic carcinoma) based on RNA-
seq data from TCGA and GTEx, analyzed via Sangerbox 3.0.  B Overall survival (OS) in LIHC. Kaplan–Meier 
curves demonstrate significantly shorter OS in patients with high PCNP expression (HR = 1.7, 95% CI 1.2–2.4, 
*p* = 0.0028).  C Disease-specific survival (DSS) in LIHC. Elevated PCNP expression correlates with poorer 
DSS (HR = 1.59, 95% CI 1.2–2.1, *p* = 0.0033).
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Discussion
In this study, we identified PCNP as a novel oncogenic factor in LIHC. PCNP expression was significantly 
upregulated in LIHC tissues compared with adjacent non-tumorous tissues, and this elevation was associated 
with enhanced proliferation, invasion, and tumorigenicity both in vitro and in vivo. Importantly, tissue array 
analysis revealed cytoplasmic accumulation of PCNP in HCC samples, which correlated with higher recurrence 
and poorer survival. This mislocalization implies that PCNP may exert distinct functions depending on its 
subcellular distribution, with cytoplasmic retention potentially constraining nuclear activities while promoting 
oncogenic signaling through UHRF2 and ErbB3. Consistently, we demonstrated a positive regulatory 
relationship between PCNP and UHRF2, leading to activation of the ErbB3/Ras/Raf pathway. Together, these 
findings highlight both the clinical relevance of PCNP localization and the central role of the PCNP–UHRF2–
ErbB3 axis in HCC progression, suggesting its value as a prognostic marker and therapeutic target.

Previous studies have implicated PCNP in various cancers, including neuroblastoma, lung adenocarcinoma, 
and ovarian cancer20,21. Consistent with those reports, our findings further substantiate the oncogenic role of 
PCNP. While TCGA data show a significant upregulated in PCNP mRNA expression between tumor tissues and 
normal liver tissues, immunohistochemical analysis of tissue microarrays confirmed markedly elevated PCNP 
protein expression in LIHC. These results suggest that PCNP contributes to tumor regulation through both 
transcriptional and post-transcriptional mechanisms.

We also examined the subcellular localization of PCNP and its clinical significance. Cytoplasmic PCNP 
expression significantly correlated with advanced T stage, clinical stage, and recurrence. The distinct clinical 
correlations of cytoplasmic versus nuclear PCNP highlight subcellular localization as a key determinant of 
its oncogenic function. Cytoplasmic accumulation—likely resulting from failed ubiquitin-mediated nuclear 
import—promotes tumor progression by activating membrane-proximal signaling (e.g., ErbB3/Ras). Nuclear 

Fig. 2.  Immunohistochemical staining of PCNP in HCC tissues than the adjacent tissues.  A Representative 
IHC stain in HCC tissue array. Images of three representative patients were taken under amplification of 2 or 
40.  B The immunoreactive score (IRS) in cytoplasmic or nucleus fractions were calculated as intensity of the 
staining reaction multiplied by the percentage of positive cells.  C relative PCNP expression levels in HCC cell 
lines were measured by performing RT-qPCR using cDNA microarray, including SNU449, Hep3B, SK-HEP-1, 
PLC-PRF-5, RBE, Huh7 and non-tumor cell line L-02.  D The prognostic value of PCNP protein levels in 
cytoplasmic or nucleus faction on LIHC were analyzed.
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PCNP, while critical for transcriptional regulation, primarily reflects differentiation status through its association 
with pathological grade22. Its dynamic turnover and localization may be essential for fine-tuning its oncogenic 
functions. This aligns with previous studies showing PCNP involvement in tumorigenesis through cell cycle 
regulation and survival pathways23–25.

Our data indicate that PCNP knockdown suppressed malignant phenotypes in HCC cells, including 
proliferation, colony formation, and invasion. Interestingly, PCNP depletion only mildly altered pro-apoptotic 
proteins such as cleaved caspase-3, PARP, Bax, and Bad, suggesting that its role may be more related to enhancing 
tumor cell survival and proliferation rather than inducing apoptosis. This may also imply a potential contribution 
of PCNP to chemoresistance, a hypothesis worth further investigation.

UHRF2 has been reported to promote the proliferation, migration, and invasion of HCC cells26. Functionally, 
UHRF2 acts as a nuclear E3 ubiquitin ligase, regulating cell cycle progression through interactions with key cell 
cycle regulators27. In breast and lung cancers, UHRF2 has been shown to ubiquitinate cyclin D1 and cyclin E1, 
thereby inducing G0/G1 phase cell cycle arrest, and is considered a potential tumor suppressor28,29. Conversely, 
UHRF2 has also been implicated as an oncogene in several cancers. For instance, Li et al. reported that UHRF2 
is upregulated in colorectal cancer and positively correlates with poor prognosis30. In gastric cancer, UHRF2 
promotes cell migration and invasion by modulating epithelial-mesenchymal transition (EMT)31. These 
seemingly contradictory roles may stem from tissue-specific expression patterns and the context-dependent 
complexity of UHRF2 function32. Our findings support a model in which PCNP-driven UHRF2 expression 
facilitates LIHC progression via activation of the ErbB3/Ras/Raf cascade. The observed unidirectional 
regulation—where PCNP knockdown reduces UHRF2 expression but not vice versa—suggests a potential 
transcriptional control mechanism.

Bioinformatic evidence further supports this model. STRING analysis (combined score: 0.898) predicts that 
the RING domain of UHRF2 (its E3 ubiquitin ligase catalytic core) interacts with PEST motifs in PCNP (regions 
associated with proteolytic degradation) (Supplementary Fig.  3). This aligns with experimental annotations 
indicating that “UHRF2 ubiquitinates PCNP, leading to its degradation” (STRING: ENSP00000276893), and with 
the known rapid nuclear turnover of PCNP via the ubiquitin–proteasome system. Moreover, our observation 
of cytoplasmic PCNP accumulation in advanced HCC (Table 1) may reflect impaired nuclear import or failed 
degradation, further supporting the proposed mechanism.

In addition, although PCNP enhanced phosphorylation of ErbB3 and downstream Ras/Raf signaling, ERK 
activation remained largely unchanged. This observation indicates that PCNP selectively engages specific 
branches of the pathway rather than broadly amplifying MAPK cascades. The stable ERK activity suggests 
compensatory mechanisms or feedback regulation that limit its responsiveness, highlighting the pathway 

Factor N Total N Correlation coefficient Significance (2-tailed)

Gender

Male 74 87 − 0.066 0.542

Female 13

Age (y)

≤ 60 72 87 − 0.016 0.884

>60 15

Tumor size (cm)

≤ 3 38 87 − 0.002 0.984

>3 49

Tumor number

1 74 87 − 0.055 0.613

>1 13

Pahtological grading

I 1 87 − 0.029 0.788

I–II/II 54

II–III/III 32

T staging

T1 stage 58 87 0.245 0.022

T2 stage 29

Clinical staging

I 23 87 0.245 0.022

II–III/III 64

Recurrence

No 37 80 0.228 0.042

Yes 43

Table 1.  Correlation between the PCNP expression in cytoplasmic fraction and clinicopathological 
characteristics of LIHC.
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selectivity of PCNP-driven signaling. Presenting the ratio of phosphorylated to total protein further supports 
this interpretation and provides a more accurate representation of pathway activation.

Although direct transcriptional regulation has not yet been experimentally confirmed, this model offers a 
plausible explanation for PCNP-UHRF2 dysregulation in hepatocarcinogenesis: cytoplasmic accumulation of 
PCNP may evade UHRF2-mediated degradation and aberrantly activate oncogenic signaling pathways such 
as ErbB3/Ras. To validate this hypothesis, future studies—including chromatin immunoprecipitation (ChIP), 
luciferase reporter assays, and rescue experiments—are warranted to determine whether PCNP directly binds to 
and activates the UHRF2 promoter.

In conclusion, our study reveals that PCNP is significantly upregulated in HCC and is associated with adverse 
clinical features and poor prognosis. We uncover a novel regulatory axis in which PCNP transcriptionally 
upregulates UHRF2, thereby activating the ErbB3/Ras/Raf signaling pathway and promoting HCC malignancy. 
While the specific functions of nuclear versus cytoplasmic PCNP remain to be clarified, our findings provide 
compelling evidence for PCNP as a prognostic biomarker and potential therapeutic target in HCC.

Beyond mechanistic insights, our findings also hold translational elevance. According to Hoshida et 
al.’s molecular classification of HCC, distinct subclasses are associated with differences in prognosis and 
therapeutic responsiveness. The observed PCNP–UHRF2 axis, particularly its cytoplasmic and nuclear 
compartmentalization, could intersect with these subclasses, potentially informing patient stratification. For 
example, high PCNP expression may identify tumors with aggressive phenotypes and shorter survival, aligning 
with the poor-prognosis signatures defined by Hoshida’s33 classification. These associations raise the possibility 
that PCNP could be explored not only as a biomarker but also as a candidate target within subclass-specific 
therapeutic strategies. Nevertheless, further validation in prospective cohorts will be required to substantiate 
these translational applications.

Further investigation into its role in drug resistance and subcellular dynamics may pave the way for more 
effective HCC interventions.

Materials and methods
Tissue microarrays and IHC testing of patient samples
Tissue microarrays (TMAs) were constructed for 87 liver cancer patients using three 2  mm tissue cores 
and bought from Shanghai Outdo Biotech Company. Sections were cut into 4  μm thickness, deparaffinized, 
rehydrated and treated with a peroxidase block. IHC staining for PCNP followed the manufacturer’s protocol. 
Sections were incubated overnight at 4  °C with anti-PCNP antibody (ab97909, Abcam, 1:100), followed by 

Factor N Total N Correlation coefficient Significance (2-tailed)

Gender

Male 74 87 − 0.101 0.93

Female 13

Age (y)

≤ 60 72 87 0.041 0.709

>60 15

Tumor size (cm)

≤ 3 38 87 − 0.103 0.341

>3 49

Tumor number

1 74 87

>1 13

Pahtological grading

I 1 87 0.292 0.006

I–II/II 54

II–III/III 32

T staging

T1 stage 58 87 0.034 0.755

T2 stage 29

Clinical staging

I 23 87 0.034 0.755

II–III/III 64

Recurrence

No 37 80 0.056 0.62

Yes 43

Table 2.  Correlation between the PCNP expression in nucleus fraction and clinicopathological characteristics 
of LIHC.
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30  min incubation with EnVision HRP-conjugated secondary antibody (DAKO, Denmark). Staining was 
visualized using 3,3′-diaminobenzidine (DAB) substrate.

PCNP expression was assessed in both nuclear and cytoplasmic compartments. Immunoreactivity was 
evaluated using an immunoreactive score (IRS), calculated as the product of staining intensity and percentage 
of positive cells. Based on IRS values, PCNP expression was categorized as low, medium, or high. Representative 
micrographs indicating that medium to high PCNP expression was observed exclusively in malignant tissues, 
while adjacent normal tissues exhibited low expression levels.

Cell culture
The human hepatocellular carcinoma (HCC) cell lines Huh-7 and SK-HEP-1 were purchased from Feiouer 
Cell Bank (Chengdu, Sichuan, China). Cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM, 
HyClone, Logan, UT, USA) supplemented with 10% fetal bovine serum (FBS). All cells were cultured at 37 °C in 
a humidified incubator with 5% CO₂.

Bioinformatics analysis using GEPIA and Sangerbox
To evaluate the transcriptional landscape of LIHC, we employed a combination of public database analysis and 
online bioinformatics platforms. Differential expression analysis and survival analysis were conducted using 
GEPIA3.0 (http://sangerbox.com/home.html), based on TCGA-LIHC and GTEx datasets. Gene expression 
was displayed as log₂(TPM + 1), and statistical significance was determined using ANOVA and Spearman 
correlation. DSS and OS curves were generated using the “Survival Analysis” module, with median expression 
levels as grouping thresholds. Statistical significance was determined using the log-rank test, and hazard ratios 
were provided with 95% confidence intervals.

To estimate the potential regulatory association between PCNP and UHRF2, Spearman correlation analysis 
was performed using GEPIA2, based on TCGA-LIHC tumor and adjacent normal tissue data.

All data used were normalized and statistically analyzed according to the platform’s default pipelines, 
ensuring reproducibility and public accessibility.

Cell transfection
Cells were seeded in six-well plates at approximately 80% confluence and transfected with lentivirus for either 
overexpression or knockdown of PCNP or UHRF2. The lentivirus expression vector (GV358) for PCNP 

Fig. 3.  Knockdown of PCNP decreased cell proliferation in Huh-7 and SK-HEP-1.  A After PCNP knockdown, 
PCNP protein levels were analyzed by performing western blot. *P<0.05, vs. shScram group.  B after PCNP 
knockdown, cell cycle distribution was analyzed by performing PI staining followed by flow cytometry. *P < 
0.05, vs. shScram group.  C Cell viability was measured from day 1 to 5 after PCNP knockdown. *P < 0.05, vs. 
shScram group.
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overexpression was constructed by GeneChem (Shanghai, China). Lentivirus encoding short hairpin RNAs 
(shRNA) targeting UHRF2 or PCNP were purchased from Invitrogen (USA) and GenePhama (China). Viral 
transduction was performed at a multiplicity of infection (MOI) of 20. After 4 h of incubation, the medium was 
replaced with fresh complete medium containing 10% fetal bovine serum (FBS). Stable cell lines were established 

Fig. 4.  The effects of PCNP on malignant behaviors in LIHC. To evaluate the effects of PCNP knockdown on 
malignant behaviors, including invasion, colony formation and tumor formation in soft agar, Transwell assay 
(A), colony formation in plate (B) and tumor formation assay (C) were performed. *P < 0.05, vs. shScram 
group.
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using lentiviral vectors provided by Shanghai Heyuan (Shanghai, China), followed by selection with 2 µg/mL 
puromycin. Transfection efficiency was confirmed by western blot analysis.

Western blot
Total protein was isolated by using SoniConvert® Tissue Cell Convertor (DocSense, Chengdu, China) and 
Animal Tissue/cells/bacteria total protein isolation kit (Cat. No.: PP003; DocSense, Chengdu, China) by 
following manufacturer’s instruction. Protein concentrations were measured using the BCA Protein Assay Kit 
(Thermo Fisher Scientific, Waltham, MA, USA), 20 µg/ml of total protein was fractionated by 10% SDS-PAGE 
gels. Membrane was blocked in 5% bovine serum albumin (BSA) in PBS for 1 h at room temperature and then 
incubated overnight at 4 °C with the following primary antibodies (1:1000 dilution): anti-PCNP (ab97909), anti-
ERK1/2 (ab184699), anti-phospho-ERK1/2 (ab214036), anti-p38 (ab170099), anti-phospho-p38 (ab195049), 
anti-JNK1 (ab179461), anti-phospho-JNK1 (ab124956), anti-UHRF2 (ab273667), anti-ErbB3 (ab32121), anti-
Ras (ab52939), anti-Raf1 (ab181115), anti-phospho-Raf1 (ab173539), and anti-β-actin (ab8226).Protein bands 
were visualized and quantified using the C-DiGit Blot Scanner (LI‐COR, Lincoln, NE, USA). All experiments 
were performed in triplicate, and results are presented as mean fold changes.

RT-qPCR
Total RNA was extracted from cultured cells using the Animal Tissue/Cells Total RNA Isolation Kit (Cat. 
No.: RP003; DocSense, Chengdu, China). NA quality and integrity were assessed via UV spectrophotometry 
and formaldehyde denaturing agarose gel electrophoresis. cDNA was synthesized from 1  µg of total RNA 
using the GoldScript cDNA Kit (Invitrogen) according to the manufacturer’s instructions. Quantitative PCR 
was performed with SsoFast EvaGreen Supermix (Bio-Rad, Hercules, CA) in a 20 µL reaction volume. The 
amplification protocol included initial denaturation at 95 °C for 35 s, followed by 35 cycles of 94 °C for 15 s, 60 °C 
for 30 s, and 72 °C for 1 min.

Cell cycle analysis via PI staining
For cell cycle analysis by PI staining, cells were harvested and washed three times with ice-cold PBS, then fixed 
overnight at 4 °C in 70% ethanol. After fixation, cells were washed again with PBS and incubated with RNase 
A (100 µg/mL) and propidium iodide (PI, 40 µg/mL; Beyotime, China) in the dark for 15 min. DNA content 
was analyzed using a 3-laser Navios flow cytometer (Beckman Coulter, Brea, CA, USA) to determine cell cycle 
distribution.

Cell viability assay
To evaluate cell viability, 2 × 103 cells were plated in each 96-well plates. For each well, 10 µL tetrazolium salt 
WST-8 (Cell counting Kit-8; Keygen, Nanjing, China) was added to each well for extra 2 h incubation at 37℃. 
Optical density was measured at a wavelength of 450 nm (OD450) using a microplate reader (Synergy 2 Multi-
Mode Microplate Reader; BioTek, Winooski, VT, USA).

Invasion assay
Cells were trypsinized with 0.25% Trypsin and washed three times with ice-cold PBS. A total of 1 × 104 cells 
were seeded into the upper chambers of transwell inserts with 8 μm pore polycarbonate membranes (Corning 
Incorporated, Corning, NY, USA) pre-coated with Matrigel (BD Biosciences, Franklin Lakes, NJ, USA). Each 
experiment was performed in triplicate. After 48 h of incubation, non-invading cells on the upper membrane 
surface were removed, and invading cells on the lower membrane surface were fixed and stained with crystal 
violet (Beyotime Institute of Biotechnology, Beijing, China). The number of invading cells was counted under a 
microscope at 100× magnification in four randomly selected fields.

Colony formation assay
Cells were trypsinized, resuspended in PBS, and counted. Subsequently, 1,000 cells were seeded into each well 
of 6-well plates and cultured for 2–3 weeks. When visible colonies appeared, the plates were gently washed twice 

Fig. 5.  PCNP regulates MAPKs pathway. After PCNP knockdown, MAPKs pathway was detected by western 
blot. *P < 0.05, vs. shScram group.
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Fig. 6.  UHRF2 is positively correlated with PCNP in LIHC.  A correlation analysis of UHRF2 and PCNP 
was analyzed and presents positive correlation (R = 0.72, P value = 0).  B Relative expression levels of UHRF2 
in HCC cell lines.  C Differential UHRF2 expression levels between tumor and adjacent tissues in the GTEX 
databsets. Red code represents tumor tissues data. Green code represents adjacent tissues.  D Correlation of 
UHRF2 expression level with prognosis values in LIHC in the GEPIA database.  E After PCNP knockdown 
or UHRF2 knockdown, PCNP or UHRF2 protein expression was measured by performing western blot. *P < 
0.05, vs. shScram-1; #P < 0.05, vs. shScram-2.
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with PBS. Colonies were then fixed with 4% paraformaldehyde for 10 min and stained with 0.25% crystal violet 
for 20 min.

Soft agar colony formation assay
Cells were resuspended in 0.3% soft agar in RPMI-1640 medium supplemented with 10% FBS, and then overlaid 
onto a base layer of 0.6% solidified agar in RPMI-1640 with 10% FBS in 6-well plates Plates were incubated at 
37 °C for 2 weeks. Colonies larger than 50 μm in diameter were counted under a microscope.

Animal experiment
Five-week-oldmale BALB/c nude mice were purchased from Sichuan Dashuo Laboratory Animal Center 
(Sichuan, China). All procedures were approved by the Medical Ethics Committee of the Chengdu University 
of Traditional Chinese Medicine and conducted in accordance with institutional guidelines for animal care and 
use. The study was reported in accordance with the ARRIVE guidelines (https://arriveguidelines.org). For each 
group (n = 4), 2 × 106 cells were collected for each injection and injected subcutaneously into the left flank of 
the mice for each group (n = 4). From 10th day after injection, tumor size was measured every five days, and 
calculated using the following formula: TV (mm3) = a2 × b × 0.52, where a and b were the shortest and longest 
diameters, respectively. After 30-day later, nude mice were sacrificed and tumor specimens were fixed in 4% 
paraformaldehyde and analyzed for detecting positive rate of Ki67.

Mice underwent isoflurane anesthesia (4% induction, 2% maintenance via nose cone). Euthanasia was 
initiated upon reaching predefined humane endpoints (tumor volume > 1.5 cm³, > 20% weight loss, or ulceration) 
using cervical dislocation by certified personnel.

Annexin V-FITC/PI double staining
Apoptosis was measured using Annexin V-FITC/PI apoptosis detection kit (BD Biosciences, Franklin Lakes, 
NJ, USA) according to the manufacturer’s instructions. The cells were washed with ice-cold PBS and pelleted. 
After removing supernatant, pellet was resuspended in 1×binding buffer and stained with 5 µL fluorescein 
isothiocyanate-labeled Annexin V at 4℃ for 15 min in the dark. Then 10 µL of PI was added at 4℃ for 5 min in 
the dark. Then cells were analyzed by flow cytometry using 3 laser Navios flow cytometers (Beckman Coulter, 
Brea, CA, USA).

Fig. 7.  Affects of PCNP on ErbB3/Ras/Raf1 pathway.  After PCNP overexpression of UHRF2 knockdown, 
ErbB3/Ras/Raf1 pathway, including ErbB3, Ras, Raf1 were detected by performing western blot. *P < 0.05, vs. 
vector group; #P  < 0.05, vs. PCNP/shScram group.
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Statistical analysis
In this study, all experiments were repeat three times independently. Student’s t test was used to determine 
the statistical significance. All data in this study was presented as the mean ± s.e.m. P < 0.05 was considered as 
significant.

Data availability
All data generated or analyzed during this study are included in this published article.
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