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Abstract: Objectives: To understand the clinical relationship between PRMT5 and cancer, and to
explore an accurate prediction of a cancer patient’s survival and response to individualized treatment
therapy. Methods: We analyzed clinical data from The Cancer Genome Atlas (TCGA) in comparison
with previous preclinical studies on PRMT5. Gene Expression Profiling Interactive Analysis (GEPIA)
was utilized to investigate the correlation between PRMT5 expression and clinicopathologic
information in lymphoma. GSEA was used to detect the pathways in which genes are primarily
enriched. LASSO-COX regression was used to evaluate if PRMTS5 is a credible survival prediction
index for lymphoma. Results: Our results showed that PRMT5 was upregulated in multiple cancers
including diffuse large B cell lymphoma (DLBCL) compared with normal tissues. And increased
expression of PRMT5 in lymphomas was significantly associated with poor overall survival. Then we
performed GSEA algorithm which inferred that high PRMT5 was correlated with cell cycle, ribosome,
cytosolic DNA sensing pathway, autophagy regulation and olfactory transduction. Four types of
immune cells, namely, macrophages M1 (R = 0.29, p = 0.0072), neutrophils (R = 0.29, p = 0.0077),
macrophages M2 (R =0.23, p = 0.034), and resting mast cells (R=0.23, p =0.037) in lymphoma showed
correlation with PRMT5 expression. Conclusions: Our results have bridged the gap between
preclinical and clinical data of PRMT5 and thus consolidated the knowledge supporting the role of
PRMTS5 in lymphoma prognosis prediction.

Keywords: PRMT5; cancer progression; lymphoma; tumor immune microenvironment

1. Introduction

Cancer is the second cause of death in the United States and the leading cause among people
younger than 85 years [1]. Due to the high mortality and high possibility of recurrence, cancer has
been a major health issue in recent century [2]. Lymphoma is a highly heterogeneous hematological
tumor comprising Hodgkin lymphoma and non-Hodgkin lymphoma (NHL). In US, non-Hodgkin
lymphoma collectively account for 38.7 per 100,000 in incidence and 10.4 per 100,000 in mortality [1].
Even though chemotherapy, radiotherapy, targeted therapy and cell therapy have dramatically
improved the outcomes of lymphoma, the prognosis of some lymphoma patients was much worse
than it had been predicted [3,4]. Therefore, to explore an accurate prediction of a cancer patient’s
survival and response to individualized treatment therapy, a reliable biomarker for lymphoma is
required.

Protein arginine methyltransferase 5 (PRMT5) is the main type-II arginine methyltransferase and
forms a tight hetero-octameric complex with its substrate-binding partner MEP50 [5]. PRMT5
symmetrically demethylate histone [6] and chromatin remodeling factors in nuclei [7], and thus
directly or indirectly modulate oncogenic genes [8-10]. At pan-cancer level, PRMT5 up-regulates
cancer cell survival, proliferation and migration via promoting DNA repairing, destabilizing p53,
and boosting E2F1 activity [11-13]. In lymphoma, preclinical studies strongly indicated that
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overexpression of PRMTS5 is closely related to lymphomagenesis [14], resistance to Bruton tyrosine
kinase (BTK) inhibitors [11] and Richter’s transformation [15]. These data indicated that PRMT5
might be a biomarker to predict the prognosis of lymphoma patients. However, the relationship
between PRMT5 and cancer remains to be solidified, and the gap between preclinical and clinical
data of PRMT5 remains to be bridged.

In this study, we collected clinical and genetic information from The Cancer Genome Atlas
(TCGA), and identified the overall clinical correlation of PRMT5 with cancer, including malignant
lymphoma. Additionally, we evaluated the association of PRMT5 with tumor-infiltrating immune
cells in lymphoma using CIBERSORT. Coincident with previous preclinical findings, our
retrospective analysis data demonstrated a possible clinical correlation and mechanism among
PRMTS5, tumor immune microenvironment, and tumor progression signaling. Based on the accordant
pre-clinical and clinical data showing tumor-supporting effect of PRMT5, LASSO-COX regression
was used to evaluate if PRMTS5 is a credible survival prediction index for lymphoma.

2. Materials and Methods

Data Acquisition

Cancer patient datasets with gene expression profiles and clinical information were downloaded
from the publicly available TCGA [16], in which included 4 normal and 180 tumor tissues.
Subsequent processing excluded cases with insufficient or missing data on overall survival time.
Then, RNA sequencing data were utilized to explore the influence of PRMT5 expression on
tumorigenesis and immune microenvironment.

Survival and expression analysis by GEPIA

Gene  Expression  Profiling Interactive  Analysis (GEPIA) (http://gepia.cancer-
pku.cn/index.html), an online database was utilized to investigate the correlation between PRMT5
expression and clinicopathologic information in lymphoma. GEPIA [17] was a webserver with a
standard pipeline that analyzes 9,736 tumors from the RNA sequencing expression data and 8,587
normal samples from projects known as the GTEx and TCGA. Survival curve of differential PRMT5
expression were analyzed by GEPIA to explore the correlation of the gene expression with prognosis
of lymphoma patients. Additionally, boxplots using disease state (Tumor or Normal) as variable was
graphed to calculate differential expression of PRMTS5.

Gene set enrichment analysis (GSEA)

GSEA generated an initial list on the classification of the genes according to their correlation
with PRMTS5 expression. Then this computational method was used to detect the pathways in which
genes are primarily enriched. Nominal p < 0.05 and the FDR < 0.25 were considered statistically
significant [18].

Functional enrichment analysis of DEGs

Significant differentially expressed genes (DEGs) in cancer were analyzed by the clusterProfiler
of R package (version 4.0) [19], including Gene Ontology and Kyoto Encyclopedia of Genes and
Genomes (KEGG) analysis [20,21]. The biological processes, cell components and molecular functions
were evaluated. Significant pathways were statistically identified by KEGG analysis, in which p <
0.05 was applied.

Immune response of TIICs in lymphoma via CIBERSORT

CIBERSORT [22](http://cibersort.stanford.edu/), a deconvolution algorithm based on gene
expression can evaluate the changes in the expression of one set of genes relative to all other genes in
the sample. TIIC concentration can therefore be precisely estimated via this process. CIBERSORT’s
consistent performance encourages a growing focus on cell heterogeneity studies [23,24]. Our current
analysis gauged the immune response of 22 TIICs in lymphoma via CIBERSORT, to assess its
correlation with survival and molecular subpopulation. Shortly, gene expression datasets were set
out using standard annotation files and uploaded to CIBERSORT web portal, with the algorithm
running with its default signature matrix at one thousand permutations. CIBERSORT estimated a P-
value for deconvolution via Monte Carlo sampling, establishing a measure of confidence in the
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results. In order to assess the influence of PRMT5 expression, we used 183 samples from the TCGA,
where the full range of genes are represented. We divided 183 samples into one half with low
expression and another half with high expression, and then used the data to make vioplot.

LASSO-COX regression

LASSO-COX regression with multicollinearity control was utilized to identify the most probable
prognostic factors on survival of lymphoma [25]. We established LASSO-COX regression based on
training dataset to select prognostic variables for overall survival evaluation. LASSO-COX method
coefficients can be calculated equivalently from the following equation:

Risk score = L(Coefi * Expi)

where Coefi represented the risk coefficient and Expi represented the expression of each gene.
According to the median risk score, patients were divided into two groups for Kaplan-Meier survival
analysis and receiver operating characteristic (ROC) curve. The test set and all sets were equally
divided into high-risk and low-risk groups, and Kaplan-Meier survival analysis and ROC curve were
conducted for each group to verify the accuracy of the model.

Statistical analysis

Statistics from TCGA were conducted by R software (version 4.2.1). Overall survivals were
calculated with the Kaplan-Meier method and compared with the log-rank test. Statistical
significance of differences was determined by Student’s t test with p < 0.05. Correlation between
various immune cells and PRMT5 expression was evaluated by Spearman’s correlation coefficients,
and correlation between each target gene and PRMT5 expression was evaluated by Pearson’s
correlation coefficients.

3. Results

3.1. Patient Characteristics and Multivariate Analysis

Clinical information and gene expression data on 180 primary tumors were acquired from TCGA
database through available downloads. Pan-cancer analysis demonstrated that PRMT5 was
upregulated in multiple cancers including diffuse large B cell lymphoma (DLBCL) compared with
normal tissues (Figure 1A). Additionally, PRMT5 expression in tumor samples was obviously higher
than in normal samples (Figure 1B). Furthermore, increased expression of PRMT5 in lymphomas was
also significantly associated with poor overall survival (Figure 1C). To investigate the biological
consequence of differential PRMT5 expression, we performed GSEA algorithm which inferred that
high PRMT5 was correlated with cell cycle, ribosome, cytosolic DNA sensing pathway, autophagy
regulation and olfactory transduction (Figure 1D). Except for olfactory transduction, all the other
pathways above are closely related to cancer, suggesting that PRMT5 probably reshapes human
tumors via multiple aspects.
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Figure 1. PRMTS5 is upregulated in various cancers and its high expression is positively associated with poor
prognosis. A. Pan-cancer analysis showed PRMT5 expression in various cancers. Red spots indicated high
expression. Green spots indicated low expression. B. Differential expression of PRMT5 in clinical specimens
from 4 normal tissues and 180 tumor tissues. C. Survival curve of differential PRMT5 expression in lymphomas
were analyzed by Kaplan-Meier. D. GSEA results demonstrated differential enrichment of genes in KEGG with
high PRMTS5 expression.

3.2. PRMT5 Likely Regulates Tumor Immune Microenvironment and Tumor Per SE

In pan-cancer DEGs analysis, a broad spectrum of proteasomal proteins were positively
correlated with PRMT5 expression. Therefore, protein degradation related pathways and diseases
(GO pathways: proteasomal and regulation of protein catabolic progress, proteasome complex and
ubiquitin protein ligase binding (Figure 2A,C,E); KEGG pathways: proteasome, spinocerebellar
ataxia, Parkinson disease, Epstein-Barr virus infection and viral carcinogenesis (Figure 2B,D)) were
found in the top lists. Proteasome activity was fine adjusted to maintain cell cycle and survival-
apoptosis balance, and, for this reason, proteasome inhibitors were developed for cancer treatment
[26,27]. Resent findings also supported that proteasome activity is crucial for immune cell and anti-
tumor immunity [28,29], indicating that PRMT5 likely regulate cancer immunity via proteasome
activity. Besides proteasomal proteins, other cancer (SATB1, STAT5B and PPP2R5B) or immune
(BTG2, IRAK4 and CHMP4A) related genes were also found related to PRMT5 abundance.
Interactions among PRMT5 and its related genes were shown in Figure 2F, demonstrating the
cooperation of PRMT5 related genes reinforce each other to amplify the overall effect of PRMT5
overexpression on cancer. Those GO and KEGG data implied that PRMTS5 likely regulates both tumor
immune microenvironment and tumor per se.
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Figure 2. PRMTS5 likely regulates tumor immune microenvironment and tumor per se. A. Main biological
pathways in GO annotation with high PRMT5 expression. B. Main biological pathways analyzed by KEGG with
high PRMT5 expression. C and D. Number and enrichment level of genes in different biological activities
corresponding to A and B. Size indicated number of genes. Color indicated enrichment level of genes. E. Number
and proportion of involved genes in cellular components with high PRMT5 expression. F. Correlations among
involved genes in different biological processes with high PRMT5 expression.

3.3. PRMTY5 Correlates with Immune Infiltration in Lymphoma

Tumor-infiltrating lymphocytes independently predict the overall survival and sentinel lymph
node status among cancer patients. Since GO and KEGG data showed possible relationship between
PRMT5 and immunity, the proportions of immune cells in lymphoma with different PRMT5
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abundance were analyzed (Figure 3A). Four types of immune cells, namely, macrophages M1 (R =
0.29, p = 0.0072), neutrophils (R = 0.29, p = 0.0077), macrophages M2 (R = 0.23, p = 0.034), and resting
mast cells (R =0.23, p = 0.037) in lymphoma showed correlation with PRMT5 expression (Figure 3B—
E). In general, macrophages M2, neutrophils, and mast cells infiltrated in tumors are tumor-
supporting whereas macrophages M1 in tumors are tumor inhibiting [30-32]. The overall effect of
PRMTS5 overexpression on tumor immune microenvironment is likely beneficial to tumor growth.
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Figure 3. PRMT5 correlates with immune infiltration in lymphoma. A. Correlation between PRMT5 and
immune cells. B. Positive correlation between PRMT5 and macrophages M1. C. Positive correlation between
PRMT5 and macrophages M2. D. Positive correlation between PRMT5 and mast cells resting. E. Positive
correlation between PRMT5 and neutrophils.

3.4. PRMTS5 Related Genes in Lymphoma Overlapped with Those Found in Pan-Cancer
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After analyzing pan-cancer PRMTS5 related genes with GO and KEGG related pathways, we
further investigated the correlation between PRMTS5 expression and key genes expression in
lymphoma. Almost all PRMTS5 related DEGs found in lymphoma are overlapped with those found
in pan-cancer (Figures 4A-F and S1). This result indicated that PRMT5 function was likely conserved
in lymphoma and other cancer types. Since PRMTS5 is evolutionally conserved and critical for tumor
progression in many aspects, we considered if PRMTS5 is a reliable survival indicator for at least

lymphoma.
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Figure 4. PRMTS5 correlates with multiple gene expression in lymphoma. A. Positive correlation between
PRMT5 and HSP90AA1 by Pearson correlation analysis. B. Positive correlation between PRMT5 and BIRC5 by
Pearson correlation analysis. C. Positive correlation between PRMT5 and PARP2 by Pearson correlation analysis.
D. Positive correlation between PRMT5 and BCL2 by Pearson correlation analysis. E. Positive correlation
between PRMT5 and VDAC2 by Pearson correlation analysis. F. Positive correlation between PRMT5 and
YWHAB by Pearson correlation analysis.
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3.5. PRMTY5 is a Reliable Survival Prediction Index for Lymphoma Patients

The 10-fold cross-validation method was applied to the iterative analysis, and a model with
optimal performance with minimum number of variables was obtained (Figure 5A). Lasso regression
was used to screen parameters, and the variation characteristics of the coefficient of these variables
were shown in Figure 5B. Additionally, ROC curve analysis was utilized to predict the overall
survival at 1, 3, and 5 years in lymphoma patients. Notably, overall survival at 1, 3 and 5 years showed
adequate predictive ability based on the model (AUC 0.741, 0.767 and 0.794 respectively) (Figure 5C).
Then Kaplan-Meier curves were plotted based on the risk classes which showed that high PRMT5
expression could predict poor survival (Figure 5D).
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Figure 5. Survival prediction of lymphoma patients based on PRMT5 expression. A. Coefficient path diagram
of LASSO regression model. B. Most probable prognostic factors on lymphoma identified by LASSO-COX
regression. C. Survival prediction at 1 year, 3 year and 5 year by ROC curve analysis. D. Survival probability
between high risk and low risk were analyzed by Kaplan-Meier.

4. Discussion

PRMTS5 changes stability and/or interaction preference of its substrates by methylation of their
arginine residuals, and these substrates amplify the effect of PRMT5 by regulating their downstream
pathways. Accumulated preclinical studies showed tumor-promoting effects of PRMT5 via multiple
pathways [33-35]. Indeed, clinical data proved that PRMTS5 is overexpressed in a variety of cancer
tissues, including breast cancer [36], cervical cancer [37], prostate cancer [38] and mantle cell
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lymphoma [11]. By deep analyzing clinical data at pan-cancer level and in lymphoma, we found
many connections between preclinical and clinical data about PRMT5, and it gave us many
interesting inspirations.

PRMT5 methylates mRNA splicing proteins and alters splicing pattern of a subset of genes
including MDM4, a p53 inactivator. Alternative spliced MDM4 during PRMT5 deficiency showed
decreased p53 binding capability and thus activate p53 [13]. p53 stops tumor progression in many
aspects, such as arresting cell cycle, inhibiting ribosome biogenesis, facilitating cytosolic DNA
sensing and inducing autophagy [39]. All these aspects were found in PRMTS5 related pathways
concluded from GSEA analysis. In addition, PRMTS5 interacts with a majority proportion of ribosome
proteins and directly methylate RPS10, a protein member of ribosome small subunit. Correct arginine
methylation of RPS10 is required for ribosome biogenesis [40], coincident with our GSEA analysis
results using clinical data. Furthermore, arginine methylation of E2F1 by PRMT5 promotes cell cycle
progression, migration, and invasion by decreasing the affinity of E2F1 for retinoblastoma protein
[13], allowing for enhanced E2F1 target gene transcription. PRMT5 also methylates and thus enable
activation of AKT1, which stimulates cell cycle and suppresses autophagy [33]. All these pre-clinical
findings and the bioinformatic summary of clinical data in this study solidified the conclusion that
PRMTS5 promotes cancer progression by regulating cell cycle, ribosome biogenesis, and autophagy.

PRMTS5 regulates transcription of a subset of genes via histone arginine methylation (H3R2,
H3RS8, H4R3, and H2AR3). PRMT5 enhanced the transcription of STAT1 through symmetric
dimethylation of histone H3R2 and promoted PD-L1 expression in cervical cancer cells. In addition,
knockdown of PRMTS5 can increase the expression of IFN-y , TNF-a and granzyme B in T cells [37].
Similarly, we found several immune cells regulating genes corelated with PRMT5 expression and
overexpression of PRMT5 showed an impact on infiltrated immune cells in tumor. Previous pre-
clinical findings [41] and our results from clinical data all strongly supports the hypothesis that
PRMTS5 regulating tumor immune microenvironment. Interestingly, by comparing CHIP-Sequencing
data of PRMT5 with 1 kb distance from transcription starting site (TSS) on CHIP-atlas database and
PRMTS5 related genes (DEGs between high and low PRMT5 samples) in this study, only PSMD14 was
present in both data lists. How PRMT5 regulates transcription of proteasome proteins as well as other
related genes is still to be answered. Since PRMT5 CHIP-atlas data were based on certain cell lines,
transcription of those PRMT5 related genes is likely either only directly regulated under certain
signaling background, or indirectly regulated by PRMTS5 substrates.

In summary, bioinformatic data in this study and previous pre-clinical studies coincidently
showed that PRMT5 regulates both tumor immune microenvironment and tumor per se. Based on
this conclusion and the result of survival prediction, PRMT5 is qualified for a reliable survival
prediction index of lymphoma patients.

Supplementary Materials: The following supporting information can be downloaded at: www.mdpi.com/sl,

Figure S1: PRMTS5 correlates with multiple gene expression in lymphoma.
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The following abbreviations are used in this manuscript:

TCGA The Cancer Genome Atlas
GEPIA Gene Expression Profiling Interactive Analysis
DLBCL  Diffuse Large B Cell Lymphoma

NHL Non-Hodgkin Lymphoma

PRMT5  Protein Arginine Methyltransferase 5

BTK Bruton Tyrosine Kinase
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