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Background: Malignant pleural mesothelioma (MPM) is a particularly fatal cancer with a median survival of less than one year. The
value of single-agent checkpoint inhibitors is still obscure in MPM. We aim to reveal CUL4B prognostic role and immune infiltrates in
MPM patients.

Methods: CUL4B expression profile and clinical information of malignant pleura mesothelioma individuals were collected from
Gene Expression Omnibus (GEO) and The Cancer Genome Atlas (TCGA) dataset. Quantitative real-time PCR (qQRT-PCR) analysis
measured CUL4B mRNA expression in epithelioid, biphasic, sarcomatoid, and normal pleural cell lines.

Results: CUL4B expression elevated in MPM and had a high diagnostic value with AUC = 0.772. Additionally, our results showed
that CUL4B high expression significantly correlated with poorer outcomes in MPM. Moreover, GSEA revealed 15 KEGG pathways
enriched in the CUL4B high-expression group, and 22 were exhibited in the CUL4B low-expression group. Otherwise, our results
showed that CUL4B was relevant to Wnt antagonistic factors (BARX2), Insulin-like growth factor binding protein 3 (IGFBP3), and
Phosphatase and tensin homolog (PTEN). In addition, our results revealed that CUL4B expression was positively linked with four
types of immune cells, whereas CUL4B expression was negatively linked with three types of immune cells. Additionally, our results
showed that CUL4B expression regulates T helper cells, Tem, and Th2 cells infiltration MPM microenvironment. Finally, our results
identified CUL4B high expression in MPM cell line NCI-H2052 (epithelioid), MSTO-211H (biphasic), and NCI-H28 (sarcomatoid).
Conclusion: CUL4B is a valuable prognostic biomarker and a critical immune cell infiltration regulator in MPM.
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Introduction

Malignant pleural mesothelioma (MPM) is a fatal disorder with the tumor in the pleural mesothelial cells and a history of
asbestos exposure.'”> MPM median survival is lower than one year.** The therapeutic choices for MPM are restricted,
consisting of surgical procedures, intraperitoneal chemotherapy, and systematic chemotherapy.”® The first-line che-
motherapy, which comprises a combination of pemetrexed and cisplatin, only extends survival by around three months.
Thus, new therapeutic approaches are urgently demanded to improve the outcome of this carcinoma.

Cullin 4B (CUL4B) is a family member of cullin proteins, potentially assembling ROC1 and/or ROC2, forming
Cullin-RING E3 ubiquitin ligases.”® CUL4B has a function in a wide array of biological processes, consisting of cell
cycle progression, chromatin remodeling, DNA damage response, signaling transduction, and embryonic development.
Recent studies showed that CUL4B participated in the tumorigenesis of several types of cancers, including cervical
cancer, lung cancer, esophageal cancer, breast cancer, and colorectal cancer.”'® CUL4B plays an essential role in the
development of various tumors by inhibiting the expression of Wnt antagonistic factors (BARX2 and PAX?7), insulin-like
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growth factor binding protein 3 (IGFBP3), and Phosphatase and tensin Homolog (PTEN) via histone H2A
Monoubiquitylation (H2AK119) single ubiquitination.”'”'* Mayura et al found CUL4B high expression and worse
progression-free survival in MPM patients. Furthermore, their study illustrates that pevonedistat inhibited CUL4B to
alleviate MPM progression. However, there is no study related to CUL4B, and immune infiltrates lead to MPM occur.
Some studies showed CUL4B played an essential role in immune regulation. Asif et al found that CD4+ T cells are
more abundant in CUL4B than Cul4A, Cul4B-deficient CD4+ T cells showed DNA damage sensing. This study revealed
Cul4B in promoting the repair of damaged DNA to allow survival and expansion of activated T cells.”® Hung et al found
that myeloid-specific Cul4B deficiency worsens LPS-induced peritonitis, and Cul4B deficiency leads to enhanced DNA
replication and proliferation, increased production of chemokines, and decreased proinflammatory production cytokines
of macrophages.>' These results suggested that CUL4B played a crucial role in the immune system. Immunotherapies
including programmed death-1 (PD-1) inhibitors, programmed death ligand-1 (PD-L1) inhibitors and cytotoxic
T lymphocyte correlated antigen 4 (CTLA4) inhibitors have made remarkable strides in recent years.”> 2> In MPM, PD-
L1 inhibitors show 17.3 and 6.1 months in overall survival and Progression-free survival in small phase II trials.?® The
phase 3 study (CheckMate 743) shows CTLA4 inhibitors plus PD-L1 inhibitors have better overall survival.?” This
clinical trial supports the use of CTLA4 inhibitors plus PD-L1 inhibitors as first-in-class regimen that was approved in
the USA in October 2020 for previously untreated unresectable MPM. In some trials, dendritic cell (DC) immunotherapy
shows it obtains antitumor efficacy.”® The value of single-agent checkpoint inhibitors is still obscure in MPM. CUL4B
could be a biomarker to select the optimal immune treatment among MPM patients based on efficacy and tolerance.
Here, we conduct a comprehensive study of the association between CUL4B and MPM prognosis. In addition, we
investigate the relationship between CUL4B and immune cells infiltration and related genes leading to MPM tumor-
igeneses. This study provides a novel insight into the function of CUL4B in MPM. It suggests a potential mechanism
whereby CUL4B serves as an immunotherapy biomarker via MPM infiltrating immune cells in the tumor

microenvironment.

Materials and Methods
RNA-Sequencing (RNASeq) and Clinical Characteristics

The gene expression profiles and clinical characteristics of pleura mesothelioma patients were downloaded from the
publicly available TCGA and GEO datasets. GSE2549 includes 40 mesothelioma and 10 normal pleural tissues, and the
TCGA dataset consists of 0 normal tissues and 86 MPM tissues. Furthermore, insufficient or missing data were excluded.
Subsequent processing transformed RNASeq data to values more like those resulting from microarrays. To explore the
influences of CUL4B expression on the immune microenvironment, MPM tissue was divided to two groups based on the
expression of CUL4B in further study.

Gene Set Enrichment Analysis (GSEA)

GSEA was performed via the R package clusterprofiler (3.6.3) to reveal the potentially significant pathways related to the
list of the genes initiated by CUL4B expression. For each analysis, the number of permutations was 1000. The pathway
set with an adjust p value < 0.05, false discovery rate (FDR) g-value < 0.25, and a |normalized enrichment score (NES)| >
1 were recognized as significantly enriched.

Immune Infiltration Analysis via Single-Sample GSEA (ssGSEA)

According to the signature gene lists of 24 types of immune cells, the relative tumor cell infiltration levels were
performed by the ssGSEA method from the Gene Set Variation Analysis GSVA package in R 3.6.3.%° Furthermore,
CUL4B expression and immunocytes correlation was analyzed by Spearman correlation. In addition, the immune
infiltration differences among the different expression groups of CUL4B were analyzed by the Wilcoxon rank-sum
test.
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Cell Culture

MPM cell line NCI-H2052 (epithelioid), MSTO-211H (biphasic), NCI-H28 (sarcomatoid), and normal mesothelium cell
line Met-5A were purchased from ATCC, US. Met-5A cells were cultured in Medium-199 (Gibco, US) with 10% fetal
bovine serum (Gibco, US), and NCI-H2052, MSTO-211H cells NCI-H28 were cultured in RPMI-1640 (Gibco, US) with
10% fetal bovine serum (Gibco, US). Cells were cultured in an incubator under 5% CO2 at 37 °C.

Quantitative Real-time Polymerase Chain Reaction (qRT-PCR) Analysis

Cell total RNA were isolated by RNeasy Mini Kit (QIAGEN, Germany), iScript cDNA Synthesis Kits (BIO-RAD, US) was
used to reverse transcription, and SsoFast EvaGreen Supermix With Low ROX (BIO-RAD, US) was utilized to qRT-PCR
of CUL4B and 18S (as endogenous control). Thermal cycling procedure is as follows: denaturation (95 °C, 3min); 40 cycles
of denaturation (95 °C, 3s) and elongation (60°C, 30s). Each gene was measured in triplicate. The primers were purchased
from CUL4B forward 5°’-ACTCCTCCTTTACAACCCAGG-3, reverse 5’-TCTTCGCATCAAACCCTACAAAC-3’; 18S
forward CCATCCAATCGGTAGTAGCG, reverse GTAACCCGTTGAACCCCATT.

Statistics Analysis

R 3.6.3 was performed for statistical analysis for the dataset acquired from GEO and TCGA. X? test, fisher's exact test,
and Wilcoxon rank-sum test were used to assess the link between CUL4B expression and patients’ clinicopathological
characteristics. Survival curves were plotted via the kaplan—meier method and Log rank test, including HR and p-values.
Moreover, univariate and multivariate Cox analysis were performed to assess the influence of CUL4B expression and
clinicopathological characteristics on survival. Bivariate and Spearman rank correlations were used to evaluate the
correlation between CUL4B expression and 24 types of immune cells. Pearson rank correlation was utilized to evaluate
the correlation between CUL4B expression and expression of Treg regulator (FOXP3), Wnt antagonistic factors (BARX2
and PAX7), insulin-like growth factor binding protein 3 (IGFBP3). Student’s -tests were conducted to identify the
statistical difference in CUL4B mRNA expression. The relative expression of CUL4B mRNA in qRT-PCR was
calculated by the 2(-AAC(T)) method. All tests were set p < 0.05 as the cut-off criterion.

Results

Clinicopathological Characteristics

TCGA data of 86 malignant pleural mesothelioma (MPM) patients included their characteristics regarding the T, N, M,
and pathological stages, radiation therapy, gender, race, histological type, history of asbestos exposure, laterality, and age.
The CUL4B expression was not significantly associated with patients’ clinicopathological characteristics (Supplementary
Table 1).

Assessment of CUL4B Expression in MPM and Normal Tissues

We first explored the CUL4B expression in the GEO database (GSE2549) and verified it was significantly elevated
relative to normal controls in pleural mesothelioma (Figure 1A). Otherwise, CUL4B expression was performed in the
ROC test revealing that CUL4B expression had an excellent predictive use in pleural mesothelioma (AUC=0.772)
(Figure 1B). Moreover, we evaluated the relationship between CUL4B expression and pleural mesothelioma patients
using the TCGA database. We noticed that CUL4B expression elevation was related to prognosis (Progression-free
interval HR = 2.02, 95% CI = 1.19-3.44, p = 0.009) (Figure 1C).

Gene Sets Enriched in CUL4B Expression Phenotype

CULA4B-related signaling pathways depended on GSEA were used to identify signaling pathways involved in pleural
mesothelioma between high and low CUL4B expression data sets and indicated significant differences (p-value < 0.05,
FDR q < 0.25, INES| > 1) in enrichment using the molecular signatures database collection (C2.cp.v7.2.symbols.gmt).
Thirty-seven enriched KEGG pathways were identified, consisting of 15 pathways that demonstrated a significantly
differential enrichment in the CUL4B high-expression group and 22 pathways exhibited in the low-expression group
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Figure | The expression and Kaplan—Meier survival analysis of CUL4B in malignant pleural mesothelioma (MPM) and normal tissues. (A) CUL4B mRNA expression in MPM
tissues and normal tissues (**p < 0.001). (B) CUL4B mRNA expression ROC curve in normal and MPM (AUC = 0.772). (C) Progression-free survival.

(Supplementary Table 2). In addition, the top nine KEGG items (Table 1) include focal adhesion, regulation of actin
cytoskeleton, maturity-onset diabetes of the young, arrhythmogenic right ventricular cardiomyopathy, progesterone

mediated oocyte maturation, calcium signaling pathway, extracellular matrix (ECM) receptor interaction, transforming
growth factor B (TGF ) signaling pathway and cell cycle were indicated significantly differential enrichment in CUL4B
high expression phenotype based on p-value, FDR q and NES (Figure 2).

Tumorigenesis Genes Related to CUL4B Expression

Wnt antagonistic factors, insulin-like growth factor binding protein 3 (IGFBP3), and Phosphatase and tensin Homolog
(PTEN) are relevant to CUL4B tumorigenesis. We have checked the association between CUL4B expression and Wnt
antagonistic factors BARX2 and PAX7, IGFBP3 and PTEN in mesothelioma, and there are significant association
between CUL4B and BARX2; CUL4B and IGFBP3; and CUL4B and PTEN. However, there is no significant association
between CUL4B and PAX7 (Figure 3).

Correlation Between CUL4B Expression and Immune Infiltration
We next further explored the correlation between CUL4B expression and levels of immune cell infiltration, which was
quantified using ssGSEA in a pleural mesothelioma microenvironment (Figure 4A). CUL4B expression was positively

Table | KEGG Gene Sets Enriched in the CUL4B High-Expression Phenotype

Gene Set Name NES P-value FDR
g-value
KEGG_FOCAL_ADHESION 1.867798 | 0.002558 0.059779
KEGG_REGULATION_OF_ACTIN_CYTOSKELETON 1.698559 0.0025 0.059779
KEGG_MATURITY_ONSET_DIABETES_OF_THE_YOUNG 1.632388 | 0.025346 0.209174
KEGG_ARRHYTHMOGENIC_RIGHT_VENTRICULAR_CARDIOMYOPATHY_ARVC | 1.566274 | 0.009456 0.112969
KEGG_PROGESTERONE_MEDIATED OOCYTE_MATURATION 1.553317 | 0.013986 0.148477
KEGG_CALCIUM_SIGNALING_PATHWAY 1.546929 | 0.005155 0.078378
KEGG_ECM_RECEPTOR_INTERACTION 1.511679 | 0.016241 0.161467
KEGG_TGF_BETA_SIGNALING_PATHWAY 1.503258 | 0.016317 0.161467
KEGG_CELL_CYCLE 1.498421 | 0.012165 0.135184

Notes: Gene sets with P-value < 0.05 and FDR g-value < 0.25, |[NES| > | are considered as significant.
Abbreviations: NES, normalized enrichment score; NOM, nominal; FDR, false discovery rate.
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Figure 2 Enrichment analysis by GSEA. Enrichment of genes in the KEGG ribosome. (A) Focal adhesion, (B) regulation of actin cytoskeleton, (C) maturity-onset diabetes of
the young, (D) arrhythmogenic right ventricular cardiomyopathy, (E) progesterone-mediated oocyte maturation, (F) calcium signaling pathway, (G) ECM receptor

interaction, (H) TGF b signaling pathway, (I) cell cycle.

linked with the abundance of Th2 cells, T helper cells, T central memory (Tcm) cells, and T effector memory (Tem) cells
(Figure 4B-E). CUL4B expression was negatively linked with the abundance of dendritic cell (DC), plasmacytoid DC
(pDC), and immature DC (iDC) (p < 0.05) (Figure 4F—H). The Wilcoxon rank sum test manifested that the infiltration
levels of T helper cells, Tcm, and Th2 cells in the CUL4B high-expression group were significantly higher than those in
the low-expression group (p < 0.05). In addition, FOXP3 plays a vital role in maintaining the homeostasis of the immune
system by regulating the expansion and functions of regulatory T-cells (Treg). We have checked the correlation between
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Figure 3 The correlation between CUL4B and Wnt antagonistic factors (BARX2 and PAX?7), insulin-like growth factor binding protein 3 (IGFBP3) and Phosphatase and
Tension Homolog (PTEN). (A) CUL4B and BARX2; (B) CUL4B and PAX7; (C) CUL4B and IGFBP3; (D) CUL4B and PTEN.

FOXP3 and CUL4B expression in the TCGA-Meso dataset, and we found FOXP3 and CUL4B correlation has
significance (p < 0.05) (Supplementary Figure 1).

CUL4B gRT-PCR Analysis
We confirmed the upregulation of CUL4B mRNA at the cellular level by qRT-PCR analysis. The average CUL4B/18S
mRNA expression fold changes are 4.46, 6.50, and 9.60 in epithelioid, biphasic, and sarcomatoid MPM cell lines

compared with normal mesothelium cell lines (Figure 5). The results above suggest that CUL4B may be a particular
factor in MPM.

Discussion

There are no effective therapies for malignant pleural mesothelioma (MPM) due to the lack of defined targets. This study
showed that CUL4B expression elevated in MPM and had a high diagnostic value with AUC = 0.772. Additionally, our
results showed that CUL4B high expression significantly correlated with poorer outcomes in MPM. Moreover, GSEA
revealed that 15 KEGG pathways enriched in the CUL4B high-expression group, and 22 pathways exhibited in the
CULA4B low-expression group. Otherwise, our results showed that CUL4B was relevant to Wnt antagonistic factors
(BARX2), insulin-like growth factor binding protein 3 (IGFBP3), and Phosphatase and tensin Homolog (PTEN). In
addition, our results revealed that CUL4B expression positively correlated with the abundance of Th2 cells, T helper
cells, T central memory (Tcm) cells, and T effector memory (Tem) cells. In contrast, CUL4B expression negatively
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Figure 4 The association between the expression of CUL4B and immune infiltrates via ssGSEA. (A) Correlation between CUL4B expression and 24 types of immune cells.
(B) Th2 cells = T helper 2 cells, (C) T helper cells, (D) Tem = T central memory cells, (E) Tem = T effector memory cells, (F) DC = dendritic cell, (G) pDC = plasmacytoid

DCs, (H) iDC = immature DC.

correlated with the abundance of dendritic cells (DCs), plasmacytoid DCs (pDCs), and immature DCs (iDCs).
Additionally, our results showed that CUL4B expression regulates T helper cells, Tcm, and Th2 cells infiltrate in the

MPM microenvironment (Supplementary Figure 1A). Finally, our results identified CUL4B high expression in MPM cell

line NCI-H2052 (epithelioid), MSTO-211H (biphasic), and NCI-H28 (sarcomatoid).
CUL4B is a scaffold protein of the CUL4B-RING E3 ubiquitin ligase complex.>**! CUL4B plays a vital role in
regulating cell-cycle progression, DNA replication, and DNA damage response. Recent studies revealed that CUL4B is
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Figure 5 qRT-PCR analysis of CUL4B mRNA expression in MPM and normal mesothelium. The qRT-PCR analysis identified the CUL4B mRNA expression in epithelioid,
biphasic, sarcomatoid, and normal pleural cell lines (*p < 0.05, **p < 0.01).

overexpressed in various cancers and processes substantial oncogenic properties.*> >* However, the influence of CUL4B
in MPM remains still poorly understood. In this study, CUL4B was upregulated in the GEO dataset and high expression
in epithelioid, biphasic, and sarcomatoid cell lines. Furthermore, Mayura et al found CUL4B was upregulated in MPM
tumor specimens compared to nonmalignant pleural tissues. We next found that CUL4B AUC is 0.772 via the ROC
curve. To further understand the variation in CUL4B expression associated with prognosis in MPM, we used over
survival (OS) and Progression-free survival (PFS) to evaluate the CUL4B expression role in MPM patients from the
TCGA dataset. An elevated CUL4B expression was a prognostic factor for a negative prognosis. Those results suggest
that CUL4B may play a key role in MPM prognostic biomarker.

In addition, we performed GSEA via TCGA data to investigate CUL4B functions in MPM. We found that focal
adhesion, regulation of actin cytoskeleton, maturity-onset diabetes of the young, arrhythmogenic right ventricular
cardiomyopathy, progesterone mediated oocyte maturation, calcium signaling pathway, ECM receptor interaction, TGF
B signaling pathway, and cell cycle were enriched in CUL4B high expression phenotype. Otherwise, we found that
CULA4B tumorigenesis was related to Wnt antagonistic factors, IGFBP3 and PTEN. Yang et al found that CUL4B led to
a decrease in IGFBP3 and resulted in H2AK119 monoubiquitylation, H3K9 trimethylation, and DNA methylation. Fang
et al found that CUL4B modulates the proliferation and invasion via the Wnt/B-catenin pathway, indicating that CUL4B
is critical in controlling gastric cancer tumorigenesis'’. Song et al found that CUL4B negatively repressed PTEN
transcription by regulating Toll-like receptor-triggered proinflammatory responses.'® These suggest that CUL4B may
be identified as a prognostic marker and therapeutic target in MPM.

Another important finding in this study was that CUL4B expression correlated with MPM diverse immune marker
sets and immune infiltration levels. The results revealed that high CUL4B expression increased the immune infiltration in
Th2 cells, T helper cells, T central memory (Tcm) cells, and T effector memory (Tem) cells and decreased immune
infiltration in dendritic cells (DCs), plasmacytoid DCs (pDCs) and immature DCs (iDCs). T cells were typical tumor-
infiltrating immune cells in different types of human cancers. In addition, we identified that CUL4B expression is related
to T helper cells regulator FOXP3 (Supplementary Figure 1B). Several studies reported T cells’ response to immune

checkpoint inhibition, drug survival, and predictors thereof.>>>* Here, this study appends the growing frame of literature
revealing T cells as a positive prognostic aspect.
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Conclusion

In conclusion, CUL4B was upregulated in MPM and was associated with poor prognostic factor. Moreover, higher
CULA4B expression was involved in focal adhesion, regulation of actin cytoskeleton, maturity-onset diabetes of the
young, arrthythmogenic right ventricular cardiomyopathy, progesterone-mediated oocyte maturation, calcium signaling
pathway, ECM receptor interaction, TGF P signaling pathway, and cell cycle pathways. CUL4B tumorigenesis is related
to Wnt antagonistic factors, IGFBP3 and PTEN. CUL4B is a paramount immune cell infiltration regulator in
T lymphocytes for MPM.
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