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Background: Hepatocellular carcinoma (HCC), one of the commonest cancers at present, possesses elevated mortality. This study
explored the predictive value of CSTF2/PDE2A for HCC prognosis.

Methods: In this study, clinical information and RNA sequencing expression profiles of HCC patients were acquired from common
databases. Kaplan—Meier curve compound with time-dependent ROC curve, nomogram model, and univariate/multivariate Cox
analysis were carried out to access the prediction capacity of CSTF2/PDE2A. The immune status, tumor microenvironment, drug
sensitivity, biological function and pathway between HCC and adjacent non-tumorous tissue were analyzed and compared. Finally, RT-
gPCR, Western blot, and apoptosis assays were performed to verify the effect on HCC cells of CSTF2/PDE2A.

Results: The optimal cut-off value of CSTF2, PDE2A and CSTF2/PDE2A was 6.95, 0.95 and 3.63, respectively. In TCGA and ICGC
cohorts, the high group of CSTF2/PDE2A presented higher OS compared to low group. The area under the curve (AUC) for OS at 1-,
2-, and 3-years predicted by CSTF2/PDE2A were 0.731/0.695, 0.713/0.732 and 0.689/0.755, higher than the counterparts of the single
gene CSTF2 and PDE2A. Multivariate Cox analysis revealed that CSTF2/PDE2A (HR = 1.860/3.236, 95% CI = 1.265-2.733/1.575—
6.645) was an independent prognostic factor for HCC. The OS nomogram model created according to five independent factors
including CSTF2/PDE2A showed excellent capacity for HCC prognosis. Furthermore, the immune status of the CSTF2/PDE2A high
group was deleted, cell cycle-related genes and chemotherapy resistance were increased. Finally, cell experiments revealed distinct
differences in the proliferation, apoptosis, protein and mRNA expression of HCC cells after si-CSTF2 transfection compared with the
negative control.

Conclusion: Taken together, the gene pair CSTF2/PDE2A is able to forecast the prognosis of HCC and regulates cell cycle, which is
promising as a novel prognostic predictor of HCC.
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Introduction

Primary liver cancer possesses the sixth highest tumor incidence rate as well as ranks third in terms of cancer-related
causes of death all over the world.' Whereas hepatocellular carcinoma is the predominant pathologic category, consisting
of about 90% of total cases.” HCC cases tend to occur in underdeveloped areas such as Southeast Asia (comprising
10.8% of cases) and East Asia (comprising 54.8% of cases).” It is also reported that in western countries more than
a million people are dying yearly on account of HCC.* Proverbially, as a sophisticated procedure, the development of
HCC is related to various risk factors. In developing regions, chronic hepatitis B virus (HBV) and aflatoxin B1 (AFB1)
play the foremost role in the development of HCC.>*® While hepatitis C virus (HCV)’ and nonalcoholic fatty liver disease
(NAFLD)?® contribute to HCC most in developed regions. Radiofrequency or microwave ablation, liver transplantation,
and liver resection remain the first-line treatments of HCC.” However, the poor prognosis of HCC has sparked our
motivation to explore the underlying molecular mechanisms of HCC and discover innovative diagnostic predictors to

discriminate HCC patients at disparate risk for precise therapeutic strategies.
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Increasingly differentially expressed genes (DEGs) between HCC tissue and adjacent tissue are being demonstrated to
associated with prognosis of HCC.'®!" Moreover, gene pairs such as autophagy, and immune and RNA-binding protein-
related gene pairs also perform stable predictive capability of HCC prognosis.'>'* CSTF2, the 64,000 Mr. RNA-binding
subunit of CSTFE,'>'® plays a significant role in recognizing the GU-rich component downstream of the site of
cleavage.'”'® It is reported that CSTF2 promotes HCC progression by affecting aerobic glycolysis.'® Additionally,
CSTF2 facilitates malignant progression of HCC via activating PI3K/AKT/mTOR pathway.?’ Phosphodiesterases
(PDEs), consisting of 11 families (PDE!1 to PDE11), are particular enzymes that play a significant part in the hydrolysis
of cyclic guanosine monophosphate (¢cGMP) and/or cyclic adenosine monophosphate (cAMP).?! While PDE2A is an
evolutionarily conserved cAMP and cGMP PDE that play a vital part in resisting tumor cell invasion and growth, it has
been well related to the prognosis of HCC.?*** Given the high expression of CSTF2 and the low expression of PDE2A in
HCC, and CSTF2 and PDE2A can predict the prognosis of HCC, respectively,”*** we speculated that the ratio of CSTF2
to PDE2A may possess a more accurate prediction ability for HCC prognosis than the single gene. Therefore, we
combined CSTF2 and PDE2A into gene pair CSTF2/PDE2A to predict the HCC prognosis.

In this study, we utilized two public databases as the training group and the test group to evaluate the precision for
forecasting the HCC survival rate of the gene pair CSTF2/PDE2A. Considering the higher area under the curve (AUC) of
CSTF2/PDE2A at 1-, 2-, and 3-year OS compared to both CSTF2 and PDE2A, which presents a more accurate prediction of
HCC prognosis, CSTF2/PDE2A was subjected to further analysis. Additionally, we investigated the relevancy of CSTF2/
PDE2A with immune status and cancer chemo-resistance. To uncover the latent mechanism of gene pair, functional enrichment
analysis was carried out. Finally, through cell transfection assay, the function of gene pair CSTF2/PDE2A in HCC cells was
identified. We sincerely hope that the gene pair CSTF2/PDE2A may provide a novel predictor of HCC prognosis.

Methods
HCC Patient Data and Specimens

RNA sequencing data as well as relevant clinical information of 365 patients with Hepatocellular Carcinoma were

provided from the Cancer Genome Atlas (TCGA) (https:/portal.gdc.cancer.gov/repository) and were regarded for

a training cohort. The gene expression profile using RNA sequencing and matched clinicopathological information of
another 231 cancer specimens were acquired from the International Cancer Genome Consortium (ICGC) data portal
(https://dcc.icge.org/projects/LIRI-JP) and were regarded as a test cohort. In compliance with TCGA and ICGC data
access policies and published handbooks, all data from TCGA and ICGC were legally obtained.

Gene Expression Analysis, Survival Analysis, and ROC Curves

Above all, the value of CSTF2/PDE2A was the expression of CSTF2 divided by the expression of PDE2A. With a false
discovery rate <0.05, the gene expression analysis of CSTF2, PDE2A, and gene pair CSTF2/PDE2A used in HCC tissue
and adjacent non-tumorous tissue was implemented employing the “limma” package. The optimal cut-off value of the
survival curve was obtained via the “glmnet”, “survival” and “survminer” packages. And the high and low groups of
CSTF2, PDE2A, and gene pair CSTF2/PDE2A were divided on the basis of the optimal cut-off value. Besides this,
survival analysis was carried out employing the “survival” package as well as the “survminer” R package for the purpose
of analyzing the OS of high-group and low-group of single gene CSTF2, PDE2A, and gene pair CSTF2/PDE2A,
respectively. With the “survival” R and “timeROC” R package, a time-dependent ROC curve was enforced for exploring
their forecast probability in HCC prognosis.

Independent Prognostic Factors Analysis
To validate CSTF2/PDE2A was an accurate independent prognostic factor for OS in HCC compared to other clinical
features such as gender, age, tumor grade, and tumor stage, univariate and multivariate analyses with a Cox proportional

hazard regression model were performed.
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Establishment and Validation of Prognosis Nomogram Model

A prognostic nomogram to predict 1-, 2-, and 3-year survival was established using five prognostic factors containing age,
gene pair CSTF2/PDE2A, gender, grade, and stage with the “survival” and “replot” packages for the sake of elucidating the
prognostic ability of gene pairs more straightforward and clearer. The nomogram was produced via allotting a weighted score
to every single prognostic parameter. The scales of age and CSTF2/PDE2A ranged from 15 to 85 and 0 to 100, respectively.
Besides this, the scale of the 1-year, 2-year, and 3-year survival rates ranged from 0.5 to 0.9, 0.3 to 0.8, and 0.3 to 0.8,
respectively, with the highest total score reaching 180 points. Importantly, the higher the overall score summed up from each
prognostic factor point, the lower the survival probability. Moreover, to assess the prognosis ability of nomogram accurately,
calibration and time-dependent ROC curves were used employing the “rms” and “timeROC” package. In brief, calibration
graphs were performed for comparing the nomogram-predicted outcome with the practical outcome using a 45-degree line as
an optimal model. The expected likelihood of collinearity was drawn graphically as an observable indicator for evaluating the
alignment of the nomogram. Simultaneously, to detect the specificity and sensitivity of a nomogram, ROC curves were
executed. The higher the degree of fitting between the calibration curve and the reference curve and the AUC of the ROC
curve, the higher the prediction accuracy of the nomogram we manufactured.

Immune Status and Tumor Microenvironment Analysis

With the “GSVA” and “GSEABase” packages, immune cell and immune function scores of HCC tissue were computed
using the ssGSEA method to calculate the expression values of specific genes. The immune cell and immune function
differential analysis was conducted via the R “limma” package, aiming at the high and low groups. And tumor purity was
inferred using the “estimate” R package. Spearman correlation was carried out to explore the relation between CSTF2/
PDE2A and tumor purity.

Biological Function and Pathway Analyses

With the “limma” package, the differentially expressed genes (DEGs) between the high and low groups were obtained.
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses were conducted using Gene set
enrichment analysis (GSEA) with the “clusterProfiler” package targeting the DEGs between two groups.

Chemotherapy Sensitivity Analysis

Consisting of 60 diverse cancer cell lines from 9 diverse tumor species, the NCI-60 database was analyzed by the
CellMiner (GIFURE) (https://discover.nci.nih.gov/cellminer/). For analyzing the relationship of the CSTF2/PDE2A
expression with chemotherapy sensitivity, Pearson correlation was employed through the efficacy analysis of 263

drugs in clinical trials or authorized by the FDA (Supplementary Table 1).

Cell Culture and Transfection

Immortalized HCC cell line Huh7 kindly provided from Guangzhou Cellcook Biotech Co., Ltd. Cells were fostered in
a suitable medium with the addition of 10% fetal bovine serum (FBS; Gibco) containing streptomycin (100 pg/mL) and
penicillin (100 U/mL) for the sake of minimizing the risk of bacterial contamination, and culture conditions were
employed in a humidification incubator at 37°C with 95% air and 5% CO2. For cell transfection, logarithmic cells were
collected and seeded in 6-well plates at 2 x 10° cells per well, following small interfering RNA (siRNA) negative
including control (si-NC) and si-CSTF2 groups were added into incubator. After 12 h incubation, then mixture consisting
of siRNA (100nM), Lipofectamine™ 3000 (Thermo Fisher Scientific, Inc.), and medium (Opti-mem) was added into
cells. Following 6 h culturation at 37°C, the medium was replaced with fresh medium and cells was cultured at 37°C for
another 48h. The effectiveness of the CSTF2 siRNA transfection was validated by Western blot and RT-qPCR.

Cell Proliferation Assay
Huh7 cells were plated into 96-well plates at 8000 cells per well and incubated over-night. Then, 10 pL cell counting kit
8 (CCKS8, MedChemExpress, Cat# HY-K0301) solution was applied to each well for 2 h. The absorbance value
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representing cell numbers was determined at 450 nm utilizing a microplate reader (Bio-Rad Laboratories; Hercules,
CA, USA).

Cell Apoptosis Analysis

As for cell apoptosis analysis, cells were collected and resuspended using culture medium containing Annexin V-FITC
and Propidium Iodide dyes (10 pg/mL) (Lianke, Shanghai, PRC). Following 30 minutes incubation at 37°C in dark room,
apoptosis of the cells was determined by Flow Cytometry (Beckman Coulter, California, USA) and analyzed using
Flowjo v10 software (BD Biosciences, Heidelberg, BRD).

Western Blot Analysis

Total proteins of cells were extracted using cold RIPA lysis buffer (Solarbio, China) added with phosphatase inhibitor
cocktail (GlpBio, United States) and PMSF (Beyotime, China), and the concentration of protein was measured by BCA
assay (Beyotime, China) with 20 ug total proteins used for immunoblotting. The protein samples were separated by SDS-
PAGE (10%) and transferred to the PVDF membranes (Millipore, United States). Then the PVDF membranes were
blocked using 5% dried skim milk for 2 h and then incubated overnight at 4°C with corresponding primary antibodies
presented in Table 1. After that, the membranes were washed three times with TBST and incubated using an HRP-IgG
antibody for 2 h at room temperature. Then, the membranes were cleaned again with TBST as before. In the end, the
proteins were detected with an ECL detection system. The intensities of protein were analyzed utilizing ImageJ software
with B-actin used as the reference for normalizing protein expressions.

Quantitative Real-Time PCR (RT-qPCR)

With the TRIzol reagent (Thermo Scientific, Cat# 15596018), total RNA was abstracted from the cells. The concentration
of extracted RNA was detected on Nanodrop. Then, using a Prime Script RT Reagent Kit (Takara, Cat#RR036A), the
RNA was reverse-transcribed into complementary DNA based on the manufacturer’s protocol. Taking the cDNA, RT-
gPCR was executed via the CellAmp™ Direct TB Green® RT-qPCR Kit (Takara, Cat# 3735A). The relative mRNA
levels of the target mRNA were calculated using the 2-AACT method with GAPDH or B-actin used for normalization.
The primers are summed up in Table 2.

Statistical Analysis

Paired Student’s #-test was performed to compare CSTF2, PDE2A and the value of CSTF2/PDE2A between tumor and
adjacent tissue. Wilcoxon rank-sum test was used to compare variables between the high- and low-CSTF2/PDE2A
groups and between other unmatched patient groups. Using Kaplan—Meier analysis and Log rank test, the OS in different
groups were analyzed. Receiver operating characteristic (ROC) curves were analyzed by the Wilson/Brown method and
95% confidence intervals to evaluate the predictive significance of variables for OS. And univariate and multivariate

Table | The Information of Antibodies Used in the Present Experiment

Antibody | Catalog Number | Dilutions | Company

CSTF2 26825-1-AP 1:1000 Proteintech Group, United States

VTCNI 12080-1-AP 1:1000 Proteintech Group, United States

CD276 abl34161 1:200 Abcam, United States

ANGPT2 ab155106 1:5000 Abcam, United States

LGALS9 17938-1-AP 1:1000 Proteintech Group, United States

VEGFB ab1 10649 1:5000 Abcam, United States

CDK2 10122-1-AP 1:1000 Proteintech Group, United States

CDK4 11026-1-AP 1:2000 Proteintech Group, United States

Cyclin A2 18202-1-AP 1:5000 Proteintech Group, United States

Cyclin DI 26939-1-AP 1:5000 Proteintech Group, United States

B-actin ACO038 1:50000 Abclonal Technology, China
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Table 2 The Detailed Information of the Primer Sequences Used in Real-Time Quantitative-
Polymerase Chain Reaction

Gene Forward Primer Reverse Primer

GAPDH CCACCCATGGCAAATTCCATGGCA TCTAGACGGCAGGTCAGGTCCACC
ANGPT2 ACAACTTTCGGAAGAGCATGGACAG GCACAGCATTGGACACGTAGG
VEGFB ATGATCCGGTACCCGAGCAGTC GTCTGGCTTCACAGCACTGTCC
CD276 GGGCTGTCTGTCTGTCTCATTGC AGCTCCTGCATTCTCCTCCTCAC
LGALS9 GCAACACGAGGCAGAACGGAAG GAAGCAGAGGTCAAAGGGCATCC
VTCNI TGACCAGGGAGCCAACTTCTCG AGAGCACAGACACAACCTTCATGG
Cyclin A2 TCCTCCTTGGAAAGCAAACA GGGCATCTTCACGCTCTATT

Cyclin DI GCGGAGGAGAACAAACAGAT GAGGGCGGATTGGAAATGA

CDK2 AGATGGACGGAGCTTGTTATC CTTGGTCACATCCTGGAAGAA
CDK4 ATGTGGAGTGTTGGCTGTATC CAGCCCAATCAGGTCAAAGA
B-actin ATCGGCGGCTCCATCCTG GACTCGTCATACTCCTGCTTGC

analyses were conducted using Cox regression to filter independent prognosis factors of overall survival. The Mann—
Whitney test was performed to make the ssGSEA scores of immune cells or immune pathways a comparison between the
high and low groups, while p values were adjusted by the BH method. Correlation analysis was performed by the Pearson
method and Spearman method. Comparisons between two groups were analyzed using unpaired Student’s ¢-test. And
comparisons of multiple groups were analyzed by one-way analysis of variance (ANOVA) followed by Tukey’s post hoc
test. We consider a two-tailed p-value <0.05 to be statistically significant.

Results

We assembled 365 data of HCC patients using The Cancer Genome Atlas (TCGA) and 231 HCC patients using the
International Cancer Genome Consortium-Japan (LIRI-JP) in this research. The circumstantial clinicopathological
features of patients are summed up in Table 3.

Gene Expression Analysis

First of all, gene expression analysis was performed to detect the expression levels of CSTF2, PDE2A, and CSTF2/
PDE2A in HCC tissue and adjacent non-tumorous tissue. The results from the TCGA cohort illustrated that CSTF2 and
CSTF2/PDE2A presented higher expression levels (P < 0.001) while the expression of PDE2A appeared at a lower level
in HCC tissue in contrast with adjacent non-tumorous tissue (P < 0.001) (Figure 1A, B, E and F). Interestingly, from the
ICGC cohort, identical results were obtained (Figure 1B and D).

Survival Analysis and ROC Curves
The high and low groups of single gene CSTF2, PDE2A, and gene pair CSTF2/PDE2A were obtained on the basis of the
optimal cut-off value (Figure 2A—C). Survival analysis was conducted to analyze the OS of high-group and low-group of
single gene CSTF2, PDE2A, and gene pair CSTF2/PDE2A, respectively. We found that the results of survival analysis
were the same in the TCGA cohort and ICGC cohort. The Kaplan—Meier curves showed that OS was worse in the high
group of CSTF2 and CSTF2/PDE2A compared to responding low counterparts (P < 0.001) (Figure 2D, F, G and I);
inversely, the OS was higher in the high group of PDE2A than their low counterparts (P < 0.001) (Figure 2E and H).
To estimate the predictive capacity of CSTF2, PDE2A, and CSTF2/PDE2A, time-dependent ROC curves were
employed. Firstly, in the TCGA cohort, the results indicated that the 1-year OS of CSTF2, PDE2A, and CSTF2/
PDE2A reached an AUC of 0.710, 0.670, and 0.731, respectively (Figure 2J). The AUC of CSTF2, PDE2A, and
CSTF2/PDE2A at 2-year OS arrived at 0.643, 0.679, and 0.713, respectively (Figure 2K). And the AUC of
CSTF2, PDE2A, and CSTF2/PDE2A at 3-year OS was 0.649, 0.651, and 0.689, severally (Figure 2L). The ICGC
cohort revealed similar results: the 1-year OS of CSTF2, PDE2A, and CSTF2/PDE2A reached an AUC of 0.668,
0.659, and 0.695, severally (Figure 2M). And the AUC of CSTF2, PDE2A and CSTF2/PDE2A at 2-year OS was
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Table 3 Clinical Characteristics of the HCC Patients Used in This Study

TCGA-LIHC cohort | ICGC-LIRP-JI cohort

No. of patients 365 231
Age (median, range) 57 (16-90) 67 (31-89)
AFP (mean) 13,528 NA
Albumin (mean) 21.9 NA
Platelet (mean) 24,515 NA
Creatinine (mean) 2.77 NA
Prothrombin time (mean) | 4.04 NA
Gender

Female 119 (32.6%) 61 (26.4%)

Male 246 (67.4%) 170 (73.6%)
Grade

Grade | 55 (15.1%) NA

Grade 2 175 (47.9%) NA

Grade 3 118 (32.3%) NA

Grade 4 12 (3.3%) NA

Unknown 5 (1.4%) NA
Stage

| 170 (46.6%) 36 (15.6%)

I 84 (23.0%) 105 (45.5%)

n 83 (22.7%) 71 (30.7%)

v 4 (1.1%) 19 (8.2%)

Unknown 24 (6.6%) 0 (0%)
Survival status

Alive 235 (64.4%) 189 (81.8%)

Deceased 130 (35.6%) 42 (18.2%)

0.689, 0.699 and 0.732, respectively (Figure 2N). Furthermore, the AUC of CSTF2, PDE2A and CSTF2/PDE2A at
3-year OS arrived at 0.714, 0.711 and 0.755, respectively (Figure 20). Based on the above results, the AUC of the
gene pair CSTF2/PDE2A at 1-, 2-, 3-year is higher than the counterparts of the single gene CSTF2 and PDE2A,
demonstrating that the gene pair CSTF2/PDE2A has a more accurate prediction of HCC prognosis.

Independent Prognostic Factors Analysis

To explore whether the gene pair CSTF2/PDE2A was an autonomous prognostic predictor related to OS, univariate and
multivariate Cox analyses were performed. Above all, univariate Cox regression indicated that the CSTF2/PDE2A (TCGA
cohort: HR =2.147, 95% CI = 1.469-3.138, P < 0.001; ICGC cohort: HR = 3.796, 95% CI = 1.862-7737, P < 0.001) and the
tumor stage (TCGA cohort: HR = 2.500, 95% CI = 1.721-3.632, P < 0.001; ICGC cohort: HR = 2.492, 95% CI = 1.351-
4.599, P = 0.003) were independent prognostic factor for OS (Figure 3A and C). After modulating other confounding factors,
the multivariate Cox analysis manifested the CSTF2/PDE2A (TCGA cohort: HR = 1.860, 95% CI = 1.265-2.733, P = 0.002;
ICGC cohort: HR = 3.236, 95% CI = 1.575-6.645, P = 0.001) and the tumor stage (TCGA cohort: HR = 2.209, 95% CI =
1.508-3.236, P < 0.001; ICGC cohort: HR = 2.495, 95% CI = 1.309-4.754, P = 0.005) in both two cohorts were still
remarkably related to OS (Figure 3B and D). Furthermore, ROC curves were employed for detecting the predictive ability of
prognosis. The AUC of CSTF2/PDE2A at 1-year OS (TCGA set: AUC = 0.731; ICGC set: AUC = 0.732) and the AUC of
CSTF2/PDE2A at 2-year OS (TCGA set: AUC = 0.713; ICGC set: AUC = 0.695) as well as the AUC of CSTF2/PDE2A at
3-year OS (TCGA set: AUC = 0.689; ICGC set: AUC = 0.755) were higher than the corresponding AUC of tumor stage,
which proved CSTF2/PDE2A was the optimal independent prognostic factor for OS (Figure 3E-J).
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Figure 3 Univariate and multivariate Cox regression analysis for the prediction of OS probability and the AUC of clinical characteristics and gene pair CSTF2/PDE2 for OS.
(A) Univariate and (B) multivariate Cox regression analyses to screen OS-related factors in the TCGA cohort. (C) Univariate and (D) multivariate Cox regression analyses
to screen OS-related factors in the ICGC cohort. The AUC of clinical characteristics and CSTF2/PDE2 at (E) |-year, (F) 2-year, and (G) 3-year OS in the TCGA cohort. The
AUC of clinical characteristics and CSTF2/PDE2 at (H) |-year, (I) 2-year, and (J) 3-year OS in the ICGC cohort.

Correlation of CSTF2/PDE2A with Clinical Characteristics

Figure 4A—G showed the correlation of CSTF2/PDE2A with multiple clinical features of individuals with HCC acquired
from the TCGA and ICGC. Patients with more advanced tumor stages (P = 0.001) and higher tumor grades (P = 0.001)
invariably presented higher expressions of CSTF2/PDE2A in the TCGA cohort. Nevertheless, no significant relevancy
was detected between CSTF2/PDE2A with age and gender in this analysis. Similar results were acquired from the ICGC
cohort (There was no information related to the HCC grade contained in the ICGC cohort).

Journal of Hepatocellular Carcinoma 2023:10 htps:

1647

Dove:


https://www.dovepress.com
https://www.dovepress.com

Huang et al Dove

= CSTF2PDE2ALow = CSTF2|PDE2A High

= CSTF2/PDE2A Low = CSTF2|PDE2A High

ICGC patients.

= CSTF2PDE2ALow = CSTF2|PDE2A High = CSTF2IPDE2ALow = CSTF2|PDE2A High = CSTF2PDE2ALow = CSTF2|PDE2A High

Figure 4 The expression of CSTF2/PDE2A in different groups stratified by clinical characteristics. TCGA cohort (A-D), ICGC cohort (E-G). (A and E) Age, (B and F)
Gender, (€ and G) Tumor stage, (D) Tumor grade.

Establishment and Validation of the OS Nomogram Model

For illuminating the prognostic ability of gene pair CSTF2/PDE2A more directly and precisely, a prognostic nomogram
for 1-, 2-, and 3-year survival was created according to five independent factors containing age, CSTF2/PDE2A, gender,
grade, and stage (Figure SA and B). According to the contribution of each variable to survival, specific points ranging
from 0 to 100 were assigned for these variables. Unsurprisingly, the gene pair CSTF2/PDE2A was the most critical
variable among these parameters. High-quality calibration plots in the OS nomogram model had been identified in both
two cohorts (Figure 5C and H). Furthermore, the high AUC of nomogram at 1-year (TCGA cohort: AUC = 0.739; ICGC
cohort: AUC = 0.765), 2-year (TCGA cohort: AUC = 0.707; ICGC cohort: AUC = 0.783) and 3-year (TCGA cohort:
AUC = 0.719; ICGC cohort: AUC = 0.797) was detected in both TCGC cohort and ICGC cohort, respectively
(Figure 5I-N), which elucidated that the OS nomogram model had an excellent capacity for predicting prognosis of
a patient with HCC.

Immune Status and Tumor Microenvironment Analysis
Following, the relevancy of gene pair CSTF2/PDE2A with immune status, enrichment scores of various immune cell
subpopulations as well as relevant functions were quantified utilizing single-sample gene set enrichment analysis
(ssGSEA). The results from both two cohorts indicated that immune cells such as B cells, chemokine receptors, NK
cells, mast cells, neutrophils, T-helper cells, and tumor infiltrating lymphocytes (TIL) as well as immune functions
containing type I and II IFN response significantly reduced in the high group (P < 0.05) (Figure 6A and C). All
downregulation of immune cells and relevant functions indicated that the prognosis of individuals with HCC might be
affected to some extent by the tumor microenvironment and immune status.

To understand the specific correlation of CSTF2/PDE2A with tumor purity, Spearman correlation was performed. The
results enunciated that CSTF2/PDE2A was positively relevant to tumor purity (P < 0.001) (Figure 6B and D).

Biological Function and Pathway Analysis

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses were employed between two
different expression groups using Gene set enrichment analysis (GSEA). The GO function enrichment analysis demon-
strated in the high group 10 primary GO functions were enriched accompanying FDR < 0.05 (Figure 7A and B).
Specifically, GO function enrichment analysis manifested functions related to the cell cycle including the G2/M transition
of the mitotic cell cycle, cell cycle G2/M phase transition, signal transduction by p53 class mediator, cell cycle
checkpoint, G1/S transition of the mitotic cell cycle, cell cycle G1/S phase transition, GO to G1 transition were highly
enriched. Besides this, additional diverse functions such as type I interferon production, T cell receptor signaling pathway
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Figure 5 The nomogram models for OS and their calibration and ROC curves. Nomogram models combining the CSTF2/PDE2A and clinicopathological features for
predicting the OS probability of HCC patients from (A) TCGA cohort and (B) the ICGC cohort. The calibration plots for the OS nomogram model at (C) I-year, (D)
2-year, and (E) 3-year OS in the TCGA cohort. The calibration plots for the OS nomogram model at (F) |-year, (G) 2-year, and (H) 3-year OS in the ICGC cohort. The
ROC curves of OS nomogram model at (I) I-year, (J) 2-year, and (K) 3-year OS in the TCGA cohort. The ROC curves of OS nomogram model at (L) |-year; (M) 2-year,
and (N) 3-year OS in the ICGC cohort.
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Figure 6 The immune status between high and low groups and the relationship of CSTF2/PDE2A with tumor purity. TCGA cohort (A and B), ICGC cohort (C and D).
(A and C) The scores of 9 immune cells and related functions. (B and D) The association of CSTF2/PDE2A with tumor purity. P values are showed as: *P < 0.05; **P < 0.01;
*kP < 0.001.

as well as antigen processing and presentation were also enriched. Furthermore, in the high group under a false discovery
rate < 0.05, KEGG analysis identified 10 enriched KEGG pathways (Figure 7C and D). As shown in the KEGG pathway
analysis, the high group significantly enriched cell cycle-related pathways. In addition, a few pathways associated with
the cancer process containing the mTOR, AMPK, VEGF signaling pathway, viral carcinogenesis, and other functional
types of pathways were also correlated with CSTF2/PDE2A. To further explore the intrinsic link between CSTF2/
PDE2A and cell cycle, the enrichment scores of a variety of cell cycle-associated genes were quantified via ssGSEA. The
results from both two cohorts showed that the scores of all investigated cell cycle-related genes including CDC20,
CDC23, CDC25A, CCNA2, CCNBI1, CCNB2, E2F1, E2F3, E2F4, E2F5, CDK1, CDK2, CDK4, CDK?7, and CHEK1
were higher in the high group (P < 0.001) (Figure 7E and F). Therefore, it is logical to presume that CSTF2/PDE2A may
participate in the adjustment of the cell cycle to accelerate the development of HCC.

Chemotherapy Sensitivity Analysis
The correlation between the expression levels of CSTF2/PDE2A and chemotherapy sensitivity in NCI-60 database was
analyzed using Pearson correlation. Figure 8A—E showed that with the expression of CSTF2/PDE2A increasing, some
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Figure 7 Gene set enrichment analysis of biological function and pathway. (A, C and E) TCGA cohort, (B, D and F) ICGC cohort. (A and B) GO, Gene Ontology. (C and
D) KEGG, Kyoto Encyclopedia of Genes and Genomes. (E and F) The scores of |5 cell cycle-related genes.

drug resistance of tumor cells to anti-tumor drugs including Erlotinib, Staurosporine, Pyrazoloacridine, Sonidegib, and
Triciribine phosphate increased accordingly (P < 0.05), which indicated the CSTF2/PDE2A expression was positively
correlated with chemotherapy resistance.

CSTF2/PDE2A is Associated with the Malignant Behavior of HCC

The cell line Huh7 was transfected with si-CSTF2#1 and si-CSTF2#2, and Western blot and RT-qPCR demonstrated that
si-CSTF2#2 presented a better knockdown effect (Figure 9A and B). Then, the proliferation and apoptosis of Huh7 cells
were detected, and the results hinted that the knockdown of CSTF2 significantly inhibited the proliferation and enhanced
the apoptosis rate of Huh7 (Figure 9C and D).

CSTF2/PDE2A Reduction Benefits Tumor Immune Status and Angiogenesis

Our foregoing study indicated that CSTF2/PDE2A was correlated with tumor immune status. Consequently, Western blot and
RT-qPCR were implemented to verify the modification of tumor immune status-related genes following CSTF2 knockdown.
The si-CSTF2 significantly reduced the protein and mRNA levels of immune-related genes including VTCN1, CD276,
ANGPT2, and LGALS9 (Figure 9E-I). It is powerfully indicated that with the reduction of the CSTF2/PDE2A ratio, the
tumor immune checkpoint will be suppressed significantly. Analogical results were acquired in tumor angiogenesis,
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Figure 8 Scatter plots of the association between the gene pair CSTF2/PDE2A expression and anti-tumor drugs sensitivity. (A)Erlotinib, (B) Staurosporine, (C)
Pyrazoloacridine, (D) Sonidegib, (E) Triciribine phosphate.

angiogenesis-related gene such as VEGFB was down-regulated after si-CSTF2 (Figure 9E and J). The following results
commonly demonstrated that the enhancive ratio of CSTF2/PDE2A plays a crucial part in the malignant behavior of tumors.

Reduced CSTF2/PDE2A Regulates Cell Cycle and Tumor Resistance

As mentioned before, we found that CSTF2/PDE2A was positively correlated with cell cycle-related gene and tumor
resistance. Therefore, Western blot and RT-qPCR were performed to detect the effect of CSTF2/PDE2A on cell cycle in
Huh7 cell line. The results indicated that si-CSTF2 decreased the protein and mRNA expression levels of cell cycle-
related gene (Figure 9K—O). Then, we assessed the extent of chemotherapy drug resistance in tumor cells with flow
cytometry. The results indicated that si-CSTF2 enhanced the sensitivity of Huh7 cells to gemcitabine (Figure 9P).

Discussion

HCC, a highly heterogeneous disease, has a greatly severe mortality rate.”> Despite making progress in diagnostic as well
as surgical techniques, the prognosis of HCC still seems poor.® The prognosis principally relies on the extent of surgical
removal and countermeasures.”’ Hence, precise survival prediction and novel treatment in time are vital for HCC patients
with elevated risk. Crucially, an increasing number of gene pairs have been identified as prognostic markers of HCC.
Considering the prediction abilities for HCC prognosis of CSTF2 and PDE2A,**** we combined them into gene pair
CSTF2/PDE2A and further explore the prediction ability of it. Previous studies by others showed that 33 immune-related
gene pair signatures, autophagy-related gene pairs signatures, and RNA binding protein gene pair signatures predict
5-year OS using AUC for HCC at 0.772, 0.765, and 0.82, respectively, which resembled our research.'>'* A previous
study indicated that the AUC of AFP at 3-year OS in TCGA cohort is 0.571, which is lower than the AUC of gene pair
CSTF2/PDE2A at 3-year OS (0.689).%® Another study indicated that the AUC of radiomics based on CT at 1-, 2-, 3-year
OS was 0.729, 0.803, and 0.773, respectively, which is close to the AUC of CSTF2/PDE2A (1-year OS: 0.731, 2-year
0S: 0.713, 3-year OS: 0.689).”° Apart from the excellent predictive ability of HCC prognosis, our study conducted
a chemotherapy sensitivity analysis to probe the association of gene pairs with resistance. In our study, molecular
predictive marker CSTF2/PDE2A of HCC were screened by genomics, and it provided a novel prognostic strategy for
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Figure 9 Cell experiments presenting the effect of CSTF2 knockdown in HCC cells. The efficiency of si-CSTF2 transfection in Huh7 cells was validated by (A) Western blot
and (B) RT-qPCR (n = 3). (C) Cell viability assay was determined using CCK8 (n = 3). (D) Cell apoptosis was detected in Huh7 cells. (E) The protein levels of VTCNI,
CD276, ANGPT2, LGALS9, and VEGFB in Huh7 cells were analyzes by Western blot (n = 3). (F-J) The mRNA levels of VTCNI, CD276, ANGPT2, LGALS9, and VEGFB in
Huh7 cells were analyzed by RT-qPCR (n = 3). (K) Western blotting analysis of CDK2, CDK4, Cyclin A2, and Cyclin DI in Huh7 cells (n = 3). (L-O) The relative mRNA
expression of CDK2, CDK4, Cyclin A2, and Cyclin D1 in Huh7 cells was analyzed using RT-qPCR (n = 3). (P) The sensitivity of the Huh7 cells to gemcitabine. P values are
showed as: *P < 0.05; **P < 0.01; ***P < 0.001.
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personalized medicine of HCC patients. In addition, our research combined genomics with clinical application, expand-
ing the application of genomics.

In the current research, the TCGA cohort was considered as a training cohort, while the ICGC cohort was termed as
a test cohort. Based on the optimal cut-off value, we split the individuals into high-group and low-group. Using gene
expression analysis, survival analysis, and ROC curves for CSTF2, PDE2A, and CSTF2/PDE2A respectively, we
identified that CSTF2/PDE2A has a better predictive ability for HCC prognosis compared to CSTF2 and PDE2A.
Besides this, the results illustrated that the high group was relevant to the advanced TNM stage, higher tumor grade, and
shorter OS period, indicating that high expression of CSTF2/PDE2A facilitated the poor prognosis of HCC. Moreover,
CSTF2/PDE2A was proved to be an independent prognostic factor for HCC by independent prognostic analysis.
Furthermore, the nomogram created according to five independent factors including CSTF2/PDE2A presented an
excellent capacity for the prediction of HCC prognosis.

The significance of the tumor microenvironment in the development of modern cancer treatment options is gradually
revealed, and increasing studies are underway to identify its components.*>*' As we all know, the tumor microenviron-
ment is a complicated ecology, containing malignant cells adipocytes, lymphocytes, fibroblasts, tumor vasculature,
dendritic cells, and cancer-related fibroblasts.*> TME compositions and the biomarkers of the immune system are vital
to tumor diagnosis, assessment of prognosis as well as therapeutic effectiveness.>* *> We elucidated that the fractions of
B cells, mast cells, chemokine receptors, TIL, neutrophils, T-helper cells, NK cells, type I IFN reaction, as well as type 11
IFN reaction decreased in the high group, suggesting CSTF2/PDE2A could transform the immune microenvironment to
exert an influence on the prognosis of HCC. Consistently, various previous research has shown that the decrease of
B cells,”® NK cells,”” T-helper cells,*®>® TIL,*® type I IFN reaction,***" and type II IFN reaction** was related with the

4344 chemokine receptors,*® and neutrophils*®*’

poor prognosis of HCC patients. However, the mast cells, play a role in
accelerating tumorigenesis. For instance, chemokines directly coordinate the biological behavior of cancer cells contain-
ing survival, growth, migration, and invasion.*® It still takes up to explore the specific potential mechanism underlying
the fact that in the high group the fractions of mast cells, chemokine receptors, and neutrophils were lower. Moreover,
Western blot and RT-qPCR indicated that si-CSTF2 decreased the expression levels of immune-related genes containing
VTCNI1, CD276, ANGPT2, LGALS9. The percentage of cancer cells in tumor tissue is the definition of tumor purity,
reflecting the specific circumstance of TME.* It is well known that higher tumor purity corresponds to a poor prognosis
of HCC.”® Consistently, the positive correlation of CSTF2/PDE2A with tumor purity in our research exactly signified that
a high expression level of CSTF2/PDE2A leads to a poor prognosis of HCC.

To gain further insights into the internal potential mechanism of gene pair CSTF2/PDE2A regulating biological processes
in HCC, GSEA enrichment analysis was employed. And the results demonstrated that signal pathways such as AMPK,
VEGF, mTOR, and viral carcinogenesis were enriched in the high group. Interestingly, these pathways have been identified
as being involved in the course of tumor progression.’'>* VEGF is correlated with aggressiveness, vascular density,
metastasis, recurrence, and prognosis in the majority of tumors.”> And mTOR signal can facilitate tumor growth and
development via a variety of mechanisms, covering the cancer cell migration, promotion of angiogenesis, lipid metabolism,
glycolytic metabolism, growth factor receptor signaling as well as autophagy inhibition.>® Inversely, the activation of AMPK
performs as a metabolic tumor inhibitor via modulating energy levels, enforcing metabolic checkpoints, and suppressing cell
growth.”” More significantly, diverse cell cycle-related processes and signaling pathways were also visibly enriched,
enlightening us that CSTF2/PDE2A could modulate biological processes in HCC by modulating the cell cycle. To validate
the novel speculation, we furthermore detected the enrichment of cell cycle-related genes.

The cell cycle, containing four successive periods (namely, G1, S, G2, and M), is a sophisticated as well as
well-organized regulation process and is predominantly modulated by diverse cyclin-dependent kinases (CDKs)
and their corresponding functional cyclin partners.’®>° Previous research has demonstrated that the aberrant
function of cell cycle regulators leads to tumorigenesis, making them prominent therapeutic targets in tumor
therapy.”®-°® Interestingly, in the high group, all explored cell cycle-related genes including CDC20, CDC23,
CDC25A, CCNA2, CCNBI1, CCNB2, E2F1, E2F3, E2F4, E2F5, CDK1, CDK2, CDK4, CDK7, and CHEK1 were
overexpressed. And Western blot and RT-qPCR demonstrated that si-CSTF2 decreased the expression levels of cell
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cycle-related genes including CDK?2, Cyclin A2, CDK4, Cyclin D1 in Huh 7 cells. So it is rational to presume that
CSTF2/PDE2A could impact the regulation of cell cycle, causing uncontrolled tumor cell proliferation in HCC.

Despite multikinase depressors such as sorafenib become a first-line drug, and regorafenib used in sorafenib
progressors shows benefits of OS with significant side effects, few efficient therapeutic methods were obtained for
patients with advanced HCC.®"%> Through the chemotherapy sensitivity analysis in NCI-60 database, our team
discovered that enhancive expression of CSTF2/PDE2A was related to incremental drug resistance with several
anti-tumor drugs authorized by FDA containing Erlotinib, Staurosporine, Pyrazoloacridine, Sonidegib, and
Triciribine phosphate. And the apoptosis assay indicated that si-CSTF2 increased the sensitivity of HCC cells to
gemcitabine and reduced drug resistance. These results indicate that the gene pair CSFT2/PDE2A is promising for
application as an original therapeutic target against oncology chemotherapy resistance in HCC.

Admittedly, there are some limitations in this research. Limited by experimental conditions, overexpression of
PDE2A in HCC cells has not been carried out. And in vivo experiments involving human tissue and animals have not
been conducted. In addition, the potential mechanisms of gene pair CSTF2/PDE2A in regulating cell cycle and immune
status remain to be further investigated.

Conclusion

The gene pair CSTF2/PDE2A was demonstrated to be independently correlated with OS and be significantly valuable in
functional enrichment analysis, immune status, tumor microenvironment as well as chemotherapy sensitivity, offering
a new direction with prognosis prediction of HCC. In brief, our study elucidated the value of the gene pair CSTF2/
PDE2A in the prognostic evaluation of HCC.
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