Int J Clin Exp Med 2026;19(7):167-185
www.ijcem.com /ISSN:1940-5901/I1JCEM0157323

Original Article

Pan-cancer analysis reveals RPRD1B overexpression as
a prognostic biomarker associated with altered immune
cell infiltration in diffuse large B-cell lymphoma

Lu Xu*223, Zhihao Xie', Shi Tao', Yuwei Shen?, Xinbao Hao'?

1Department of Hematology, The First Affiliated Hospital of Hainan Medical University, Haikou 570102, Hainan,
China; 2School of Medicine, Tsinghua University, Beijing 100084, China; *Department of Hematology, Roswell
Park Comprehensive Cancer Center, NY 14263, USA

Received April 21, 2024; Accepted June 10, 2026; Epub July 15, 2026; Published July 30, 2026

Abstract: Objective: RPRD1B plays an essential role in transcriptional and cell cycle regulation, and has been re-
ported to influence the initiation and progression of certain tumors. This study was done to systematically evaluate
RPRD1B function in human tumors, especially in diffuse large B-cell ymphoma (DLBCL), and correlation with prog-
nosis. Methods: RPRD1B expression was analyzed using the Human Protein Atlas and TCGA datasets, with differen-
tial expression and survival analysis conducted in R software. Mutation and genomic heterogeneity were assessed
with maftools. Immune infiltration correlations were evaluated using ESTIMATE and psych R packages. Cell colony
formation and apoptosis assays were used to validate the analysis results. Statistical analysis was performed in R
and GraphPad Prism. Results: RPRD1B mRNA was significantly upregulated in 16 cancer types and downregulated
in 9, with markedly elevated expression in DLBCL compared to normal lymphoid tissues. Univariate Cox regression
in TCGA cohorts identified RPRD1B as a prognostic factor in seven tumor types, including unfavorable associations
in GBMLGG (HR = 1.87, P = 1.8 x 10%) and LGG (HR = 2.57, P = 2.5 x 10?), and a favorable association in KIRC
(HR = 0.75, P = 7.7 x 103). This prognostic significance was further validated in an independent DLBCL cohort
(GSE10846, n = 414; HR = 1.41, 95% Cl 1.02-1.94, P = 0.038). RPRD1B expression was significantly correlated
with copy number variation in 15 cancer types and associated with the ImmuneScore in all 30 cancer types ana-
lyzed, with predominantly negative correlations. In DLBCL, RPRD1B expression was negatively correlated with CD4*
T cells, yo T cells, and Th1 cells, and positively correlated with Th2 cells (P < 0.05 for all). In vitro, RPRD1B knock-
down reduced colony formation in SU-DHL-2 cells (P < 0.001) and its overexpression suppressed early apoptosis in
SU-DHL-4 cells (P < 0.01). Conclusion: RPRD1B is universally overexpressed in pan-cancer and is associated with
the prognosis of multiple tumors, especially poor prognosis in DLBCL. RPRD1B may be used as an indicator for
evaluating the efficacy of immunotherapy for DLBCL.
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Introduction

RPRD1B, which we previously identified and ini-
tially named CREPT (cell cycle-related and ele-
vated-expression protein in tumors) [1], is a
member of the RPRD protein family, which also
includes RPRD1A and RPRD2 [2, 3]. RPRD1B
is ubiquitous in the nuclei of human tissues.
RPRD1B can bind to the phosphorylated C-
terminal heptapeptide repeat domain (CTD) of
POLR2A subunit of RNA polymerase Il (RNAPII),
regulate the transcriptional activity of RNAPII,
and promote the binding of RNAPII to the pro-
moter region and transcription termination

region of target genes to promote their tran-
scription [4]. RPRD1B can stimulate the tran-
scription of tumor genes, including the Wnt
pathway and cell cycle-related genes, and is
related to the malignant phenotype of tumor
cells [5-11].

RPRD1B is highly expressed and associated
with poor prognosis in some tumor types [7,
12-18]. RPRD1B can promote the proliferation,
migration, and invasion of tumor cells in vitro
and in animal experiments, but its specific role
in tumorigenesis and development is still un-
clear [13, 19]. The expression of RPRD1B in
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Table 1. Abbreviations of cancer types in TCGA database modified

tumors and examined its rela-

tionship with genome hetero-

Abbreviation Cancer type
ACC Adrenocortical carcinoma iigizlyng UdS;?ag \?v\éai\l/f/aillc;lestj(je);
BLCA Bladdeljurothellal c§r0|noma the expression of RPRD1B in
BRCA Breast invasive carcinoma immune cells and delve into
CESC Cervical and endocervical cancers possible mechanisms underly-
CHOL Cholangiocarcinoma ing its role in immune regula-
COAD Colon adenocarcinoma tion. This study will provide
COADREAD Colorectal adenocarcinoma essential insight to explore the
DLBC Lymphoid Neoplasm Diffuse Large B-cell Lymphoma potential of RPRD1B for prog-
ESCA Esophageal carcinoma nosis of DLBCL.
ESCC Es.ophageal squamous cell carcinoma Materials and methods
GBM Glioblastoma multiforme
GBMLGG Glioma Cancer abbreviations and
HNSC Head and Neck squamous cell carcinoma extraction of gene expression
KICH Kidney Chromophobe datasets
KIRC Kidney renal clear cell carcinoma
KIRP Kidney renal papillary cell carcinoma The abbreviations of cancers
KIPAN Pan-kidney cohort (KICH+KIRC+KIRP) are as shown in Table 1
LAML Acute Myeloid Leukemia _(https://stephenturner.github.
LGG Brain Lower Grade Glioma lo/tega-codes/).
LIHC Liver hepatocellular carcinoma We obtained a uniformly nor-
LUAD Lung adenocarcinoma malized pan-cancer dataset,
LUSC Lung squamous cell carcinoma The Cancer Genome Atlas Pro-
MESO Mesothelioma gram (TCGA), Therapeutically
ov Ovarian serous cystadenocarcinoma Applicable Research to Gener-
PAAD Pancreatic adenocarcinoma ate Effective Treatments (TAR-
PCPG Pheochromocytoma and Paraganglioma GET), and Genotype-Tissue Ex-
PRAD Prostate adenocarcinoma pression (GTEx) project (PAN-
READ Rectum adenocarcinoma CAN, N = 19131, G = 60499),
from the UCSC database
SARC Sa_rcoma (https://xenabrowser.net/).
SKCM Skin Cutaneous Melanoma Subsequently, we extracted
STAD Stomach adenocarcinoma the expression data of the
TGCT Testicular Germ Cell Tumors RPRD1B gene from each sam-
THCA Thyroid carcinoma ple in the dataset. We applied
THYM Thymoma alog,(x+0.001) transformation
UCEC Uterine Corpus Endometrial Carcinoma for each selected sample to
ucs Uterine Carcinosarcoma the expression values. Addi-
UVM Uveal Melanoma tionally, we separately extract-

hematologic tumors and its influence on prog-
nosis and its relationship with tumor immune
response have not been reported.

In this study, we aimed to analyze the expres-
sion of RPRD1B across various pan-cancer
tumors, specifically focusing on diffuse large
B-cell ymphoma (DLBCL), and to investigate its
correlation with prognosis. Furthermore, we
explored the mutations of the RPRD1B gene in
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ed the gene expression pro-
files for each tumor, which we-
re used for the correlation analysis between
RPRD1B expression and genomic heterogene-
ity and immune infiltration scores.

Distribution and differential expression of
RPRD1B in normal and tumor tissues

We utilized the Human Protein Atlas (HPA,

https://www.proteinatlas.org/) to analyze the
protein and mRNA expression levels and tissue

Int J Clin Exp Med 2026;19(7):167-185



RPRD1B in pan-cancer prognosis and DLBCL immunity

distribution of RPRD1B in normal tissues,
blood, and tumor samples. Furthermore, based
on the RPRD1B gene expression dataset from
TCGA Pan-Cancer patients that we obtained,
we calculated the expression differences be-
tween normal samples and tumor samples for
each type of tumor using R software (version
3.6.4). The statistical significance of the differ-
ences was analyzed using unpaired Wilcoxon
Rank Sum and Signed Rank Tests.

Analysis of RPRD1B expression in pan-cancer
and its association with patient prognosis

Based on the previously obtained expression
data of RPRD1B across pan-cancers, we ac-
quired high-quality prognostic data sets from
TCGA [20]. We supplemented this with TARGET
follow-up data from the UCSC Cancer Browser
(https://xenabrowser.net/datapages/) and ex-
cluded samples with a follow-up duration of
less than 30 days. Using the R survival package
(version 3.2-7), we analyzed the association
between RPRD1B expression and overall sur-
vival in each tumor type by univariate Cox pro-
portional hazards regression, with results visu-
alized as a forest plot [21]. The log-rank test
was employed for statistical testing to deter-
mine prognostic significance. The Kaplan-Meier
Plotter database (https://kmplot.com/analy-
sis/) was further used to validate the prognos-
tic significance of RPRD1B expression in pan-
cancer, with patients in each tumor type strati-
fied into high- and low-expression groups by the
platform’s auto-select best cutoff algorithm.

Analysis of RPRD1B mutation and its correla-
tion with tumor genome heterogeneity

We acquired Simple Nucleotide Variation (SNV)
datasets of all TCGA samples processed using
the MuTect2 software [22] from the Genomic
Data Commons (GDC, https://portal.gdc.can-
cer.gov/). Subsequently, we integrated the mu-
tation data from these samples and obtained
protein domain information using the R soft-
ware package maftools (version 2.2.10).
Additionally, we downloaded gene-level Copy
Number Variation (CNV) datasets of all TCGA
samples processed using the GISTIC software
[23] from the GDC. We integrated the copy
number data with gene expression data.

Furthermore, we obtained the Microsatellite
Instability (MSI) scores for each tumor from a
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previous study [24] and calculated the Tumor
Mutation Burden (TMB) for each tumor using
the R software package maftools (version
2.8.05) We then integrated the MSI and TMB
data with gene expression data. Each expres-
sion value was normalized using the log,(x+
0.001) transformation and cancer types with
fewer than three samples were excluded.
Pearson correlations were computed within
each tumor type.

Correlation analysis of RPRD1B expression
with immune infiltration scores in tumors

We mapped each tumor’s gene expression pro-
files to GeneSymbol. Furthermore, using the R
package ESTIMATE (version 1.0.13) [25], we
computed the STROMAL and IMMUNE scores
for each tumor patient based on their gene
expression profiles. Employing the R pack-
age psych (version 2.1.6), we calculated the
Pearson’s correlation coefficient between the
RPRD1B gene and immune infiltration scores
across the tumors to identify significantly cor-
related immune infiltration scores.

To analyze RPRD1B expression in immune cells
and its correlation with immune cell infiltration
in DLBCL, we mapped the gene expression pro-
files of DLBCL patients to GeneSymbol. Sub-
sequently, using the deconvo_cibersort from
the R package I0BR (Immuno-Oncology Biologi-
cal Research) (version 0.99.9) [26, 27], we
evaluated the infiltration scores of 22 types of
immune cells in DLBCL patients. Employing the
R package psych (version 2.1.6), we calculated
the Pearson’s correlation coefficient between
RPRD1B gene expression and immune cell infil-
tration scores across the tumors and assessed
their statistical significance.

Analysis of RPRD1B expression and its prog-
nostic implication in lymphoma

The results of RPRD1B immunohistochemical
staining in normal lymph node tissue and lym-
phoma were obtained from the HPA database.
RPRD1B mRNA analysis of lymphoma and nor-
mal lymphoid tissues, expression data obtained
from UCSC XENA (https://xenabrowser.net/
datapages/) by the Toil process unified pro-
cessing of TCGA, and GTEX transcripts per mil-
lion (TPM)-formatted RNA-seq data [28]. Data
corresponding to DLBCL in TCGA and normal
tissue in GTEx were extracted, and the ggplot2
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package was used to visualize the data. The
DLBCL expression data of GSE 10846 (n =
414) were downloaded from the Gene Ex-
pression Omnibus (GEO, www.ncbi.nlm.nih.gov/
geo) database. Patients were stratified into
high- and low-expression groups (n = 207 each)
by the median value of RPRD1B mRNA expres-
sion. The prognostic significance of RPRD1B
was assessed using the R survival package
(version 3.3.1) with a univariate Cox proportion-
al hazards regression model, and Kaplan-Meier
survival curves were compared by the log-rank
test.

Experimental validation of RPRD1B for pro-
moting cell colony formation and inhibiting
apoptosis

Plasmids and cell lines: Expression plasmids
for human CREPT are pCMV/HACREPT con-
structed in our lab. The plasmid pBS/U6/
CREPT-si was developed as previously des-
cribed [1]. The target sequence for siRNA
(CREPT-si), GGACCTGAATTCACTAGAGA, was ori-
ginally designed and validated by Lu et al. [1]
and is conserved between human and mouse.
B cell lymphoma cell lines SU-DHL-2 and SU-
DHL-4 were purchased from the Shanghai Cell
Bank. Cells used for transfection and apoptosis
assays were cultured based on prior research
[1]. Specific experiments were replicated three
times.

Cell colony formation assay: For anchorage-
independent growth in soft agar, 7 x 102 cells
were cultured in a medium containing 0.35%
agar and placed in a six-well plate with 0.7%
agar medium. Cells were cultured for two weeks
or four weeks. Cell colonies were enumerated
and data are presented as mean * SD from
three independent biological replicates. Differ-
ences between the control group and each
shRNA group at each time point (14 and 28
days) were assessed by independent-samples
t-test using GraphPad Prism (version 8.0).

Cell apoptosis assay using flow cytometry: Cells
were stained using the APC Annexin V Apoptosis
Detection Kit (BioLegend) per the manufactur-
er's instructions and then analyzed using a
FACSCalibur flow cytometer (BD Biosciences,
San Jose, CA, USA).

Statistical analysis

All statistical analyses were performed in R
(v3.6.3 and v4.2.1) and GraphPad Prism (ver-
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sion 8.0). Statistical significance was assessed
using an independent samples t-test or the
Wilcoxon rank-sum test for expression data. For
correlation analysis, Pearson or Spearman cor-
relation coefficient were used according to data
distribution. Survival analyses were performed
using the R survival package; Kaplan-Meier
curves were compared by the log-rank test, and
univariate Cox proportional hazards regression
was used to estimate hazard ratios (HRs) and
95% confidence intervals (Cls). A two-sided P
value < 0.05 was considered significant.

Results

RPRD1B distribution in normal tissues and dif-
ferential expression in tumors

According to the HPA database, the protein
expression of RPRD1B was detected in 44 tis-
sues, except for adipose tissue. The expression
score was the lowest in the liver, cerebellum,
and hippocampus and moderate or high in the
other 41 tissues (Figure 1A). Compared to the
distribution of the protein in tissues, we found
that the mRNA abundance of RPRD1B in 54 tis-
sues showed roughly the same trend. Still, the
content was higher in the myocardium, skeletal
muscle, and lymphatic blood system. In con-
trast to the lowest content of RPRD1B protein
in the liver, its mMRNA level was significantly
higher than all other tissues (Figure 1B). These
results suggest that RPRD1B has tissue differ-
ences in protein translation and post-transla-
tional regulation in liver tissues.

Immunofluorescence staining of colon cancer
and rhabdomyosarcoma cell lines showed that
RPRD1B protein expression was localized to
the nucleus (Figure 1C). Immunohistochemical
staining results of 20 tumor tissues in the HPA
database showed that all tumor tissues had
moderate or higher intensity nuclear staining,
and the positive percentage was 72-100% in
patients with various tumors (Figure 1D).

Using data from the TCGA and GTEx databases,
the differential expression between normal and
tumor samples for each tumor type was calcu-
lated. The results showed that RPRD1B was
significantly upregulated in 16 tumor types and
downregulated in 9, as shown in Figure 1E.

RPRD1B expression is correlated to the prog-
nosis in pan-cancers

The correlation analysis between gene expres-
sion and prognosis revealed that in four tumor
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Figure 1. RPRD1B expression in normal and cancer tissues. A. Distribution level of RPRD1B protein in various organs. B. RPRD1B mRNA in normal tissues (55 tissue
types). C. RPRD1B protein is localized in the nucleus of the CACO-2 cell (left) and RH-30 cell (right). D. Positive expression percentage of RPRD1B protein in tumor
tissues of patients (20 tumor types). E. Differential expression of RPRD1B in pan-cancers (30 tumor types).
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types (GBMLGG, LGG, TARGET-LAML, LAML),
high RPRD1B expression was associated with
poor prognosis. Conversely, in two tumor types
(KIRC, READ), low RPRD1B expression correlat-
ed with unfavorable outcomes, as shown in
Figure 2A.

We used the Kaplan-Meier Plotter database to
produce survival curves for pan-cancer pa-
tients, stratifying them based on their RPRD1B
expression levels. The analysis demonstrated
that for tumors including BRCA, ESCA, HNSC,
LIHC, KIRP, THCA, and UCEC, increased RPRD1B
expression was linked to less favorable overall
survival (0S) outcomes (P < 0.05). Conversely,
for ESCC, STAD, and KIRC, higher RPRD1B
expression was connected to improved OS (P <
0.05) (Figure 2B).

Across the nine tumor types analyzed by both
panels, the directions of association between
RPRD1B expression and overall survival were
consistent, although the levels of statistical
significance differed. These differences likely
reflect the use of distinct datasets (TCGA/
TARGET versus Kaplan-Meier Plotter cohorts)
and stratification strategies (median dichotomi-
zation with univariate Cox regression versus
the data-driven best-cutoff algorithm). The
TCGA-based results (Figure 2A) should there-
fore be considered the primary evidence, with
Figure 2B serving as supportive validation;
KIRC, where both analyses concurred, repre-
sents the most robust association.

RPRD1B is mutated in tumors, and its expres-
sion favors tumor genomic heterogeneity

By analyzing gene sequencing data from rele-
vant tumors in the GDC database, we identified
the types of mutations of RPRD1B in 20 can-
cers and calculated their mutation rates. By
aligning the nucleotide mutation locations with
the protein sequence, it can be observed that
all types of mutations can occur in the CID,
Linker, and CCT regions of RPRD1B. The lowest
mutation rate was 0.1% in KIPAN, while the
highest was 3.4% in UCEC (Figure 3A). Re-
garding the relationship between RPRD1B gene
expression and CNV, we ultimately obtained
expression data for 20 types of cancer using
the TCGA database. We computed the expres-
sion differences of the RPRD1B gene in various
CNV samples within each tumor. Significant dif-
ferences were observed in 15 types of cancers,
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with the most marked differences seen in
LUAD, BRCA, and LUSC (Figure 3B). The expres-
sion data of 37 cancer types were obtained to
analyze the correlation between RPRD1B ex-
pression and MSI and TMB in pan-cancer.

Correlation analysis between RPRD1B expres-
sion and tumor MSI showed a significant corre-
lation in 13 tumors, including five tumors with a
positive correlation (LUAD, KIRC, LUSC, TGCT,
UVM) and eight tumors with a negative correla-
tion (COAD, COADREAD, STES, STAD, PRAD,
HNSC, THCA, DLBC) (Figure 3C). Pearson cor-
relation of TMB and RPRD1B was calculated in
each tumor, and significant correlation was
observed in five tumors, among which a signifi-
cant positive correlation was observed in LUAD
tumors, and negative correlation was observed
inthe remaining four tumors (COAD, COADREAD,
STES, THCA) (Figure 3D).

RPRD1B expression suppresses tumor im-
mune cell infiltration

Using the ESTIMATE immune scoring system,
we conducted a statistical analysis on the cor-
relation between RPRD1B gene expression and
tumor microenvironment scores. Analysis of
the association between RPRD1B expression
and the ImmuneScore, which represents im-
mune cell infiltration, indicated that RPRD1B
expression was significantly correlated with the
ImmuneScore across all 30 cancer types ana-
lyzed, predominantly in a negative direction
(Figure 4A). We further analyzed the correlation
between RPRD1B expression and the Stromal-
Score, which represents the infiltration of stro-
mal cells. We observed a significant correlation
between RPRD1B expression and stromal cell
infiltration in 20 types of cancer, with six tumors
showing a significant positive correlation and
14 tumors showing a significant negative cor-
relation (Figure 4B). These findings suggest
that the RPRD1B protein exhibits a negative
regulatory function in antitumor immunity.

RPRD1B is markedly expressed in lymphoma
tissues and is associated with poor prognosis

In the HPA database, all lymphoma tissues
showed moderate expression or above of RP-
RD1B compared to normal lymph nodes (Figure
5A). Sequencing data from TCGA and GTEx
databases showed that the mRNA expression
level of RPRD1B in DLBCL patients was signifi-
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A

CancerCode pvalue Hazard Ratio(95%CI)
TCGA-GBMLGG(N=619) 1.80E-05 e 1.87(1.41,2.48)
TCGA-LGG(N=474) 2.50E-05 I ® I 2.57(1.67,3.95)
TARGET-LAML(N=142) 0.01 —e— 1.28(1.06,1.54)
TCGA-LAML(N=209) 0.05 —e— 1.22(1.00,1.49)
TCGA-LUSC(N=468) 0.06 —@— 1.24(0.99,1.55)
TCGA-THCA(N=501) 0.07 I ® 2.51(0.95,6.64)
TCGA-LUAD(N=490) 0.08 H—eo— 1.22(0.98,1.53)
TCGA-OV(N=406) 0.13 H—e— 1.12(0.97,1.28)
TCGA-BRCA(N=1044) 0.18 H—e— 1.15(0.94,1.41)
TCGA-HNSC(N=509) 0.2 FH—e— 1.13(0.94,1.36)
TCGA-KICH(N=64) 0.21 ! ® { 2.00(0.67,5.95)
TCGA-BLCA(N=398) 0.36 —e— 1.10(0.90,1.34)
TCGA-CESC(N=273) 0.38 —— 1.15(0.84,1.58)
TCGA-GBM(N=144) 0.46 ——A 1.13(0.82,1.55)
TCGA-KIRP(N=276) 0.48 T 1.15(0.78,1.68)
TCGA-PRAD(N=492) 0.52 I ® I 1.31(0.58,2.97)
TCGA-CHOL(N=33) 0.53 ® I 1.31(0.56,3.03)
TCGA-LTHC(N=341) 0.58 —ro— 1.05(0.87,1.27)
TCGA-COAD(N=278) 0.66 —— 1.08(0.76,1.54)
TCGA-PAAD(N=172) 0.66 —— 1.08(0.77,1.52)
TCGA-ESCA(N=175) 0.68 T 1.08(0.75,1.54)
TCGA-UCEC(N=166) 0.83 T 1.04(0.71,1.53)
TCGA-STES(N=547) 0.9 1.01(0.84,1.22)
TCGA-KIRC(N=515) 7.70E-03 —e— 0.75(0.61,0.93)
TCGA-READ(N=90) 0.02 f I 0.44(0.22,0.88)
TARGET-ALL(N=86) 0.24 e 0.87(0.69,1.09)
TARGET-ALL-R(N=99) 0.38 —e—— 0.91(0.75,1.12)
TCGA-COADREAD(N=368) 0.58 1 0.91(0.67,1.25)
TCGA-KIPAN(N=855) 0.72 —o— 0.97(0.81,1.16)
TCGA-STAD(N=372) 0.72 —e— 0.96(0.77,1.20)
TCGA-UCS(N=55) 0.88 e 0.97(0.64,1.47)
TCGA-DLBC(N=44) 0.9 @ I 0.95(0.43.2.12)

l—2|.0 —1|.5 —le.O —(|).5 0.0 0!5 1.|0 1|.5 2|.0 2.|5
log2(Hazard Ratio(95%Cl)) CH =
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Figure 2. Correlation between RPRD1B and pan-cancer prognosis. A. Elevated or decreased RPRD1B in a variety of tumor tissues is significantly associated with
poor prognosis in cancer patients. B. The correlation between RPRD1B and OS of cancers was analyzed using a Kaplan plotter (10 tumors with significant differ-
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Figure 4. Immune infiltration scores in various cancers correlated with RPRD1B expression. A. Types of cancer where immune cell infiltration scores significantly
correlate with RPRD1B expression. B. Types of cancer where stromal cell infiltration scores significantly correlate with RPRD1B expression.
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cantly higher than in the normal control group
(P < 0.01, Figure 5B). To validate the analysis
result, we incorporated a cohort, GSE10846,
from the Gene Expression Omnibus (GEO) data-
base. Following stringent data preprocessing,
we extracted overall survival (OS) data for the
subjects within the cohort. Stratified analysis
based on RPRD1B expression consistently
demonstrated that patients with elevated
RPRD1B expression had less favorable prog-
nostic outcomes. Notably, there was a signifi-
cant disparity in the median survival times
between the respective subgroups, as illustrat-
ed in Figure 5C.

RPRD1B inhibits the tumor immune cells in
DLBCL and promotes lymphoma cell growth

Utilizing the CIBERSORT platform, we analyzed
the correlation between the expression of the
RPRD1B gene and various immune cells in
DLBCL. The results revealed that the expres-
sion of RPRD1B in DLBCL was significantly neg-
atively correlated with CD4* T cells, Th1 cells,
and major histocompatibility complex (MHC)-
restricted antigen-presenting cells. At the same
time, it demonstrated a significant positive cor-
relation with Th2 cells (Figure 5D).

We knocked down the expression of endoge-
nous RPRD1B in SU-DHL-2 and overexpressed
the RPRD1B protein in SU-DHL-4 using a lentivi-
rus vector to observe the effect of RPRD1B on
cell growth. The results indicated that the clo-
nogenic capacity of SU-DHL-2 cells with RP-
RD1B knockdown was also markedly reduced
(Figure 5E). To explore the mechanism by which
elevated RPRD1B expression enhances the
growth ability of lymphoma cells, we examined
its effect on cell apoptosis. Compared to wild-
type cells, apoptosis decreased in SU-DHL-4
cells overexpressing RPRD1B (Figure 5F).

Discussion

Although studies on RPRD1B have shown that
it is closely related to tumor progression [1, 29,
30], further studies across pan-cancers have
yet to be conducted. This study utilized public
databases to systematically analyze the distri-
bution of RPRD1B as a nuclear protein in nor-
mal tissues and organs. The results showed
that it commonly exists in normal tissues and
organs, and is especially highly expressed in
the muscular system and blood lymphatic tis-
sue, suggesting that it may have essential
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physiologic functions [29]. In addition, RPRD1B
also has an elevated expression in most tumor
tissues. From the 30 types of tumors analyzed
in the TCGA pan-cancer database, RPRD1B dis-
played significant expression deviations in 25
tumors compared to normal tissues: 16 were
upregulated and nine downregulated. Correla-
tion analysis between RPRD1B expression lev-
els and tumor prognoses revealed some signifi-
cant correlations in the TCGA database. The
validated unfavorable prognostic associations
of RPRD1B expression in LIHC, ESCA, BRCA,
HNSC, THCA, KIRP, and UCEC, and favorable
associations in STAD, ESCC, and KIRC, were
achieved using HKaplan-Meier Plotter. The
results suggest that RPRD1B plays diverse
roles in the pathogenesis and development of
different tumors.

Mutations in cancer-related genes can also
lead to abnormalities in cell function. The result
of mutation analysis showed that mutations in
the CID, Linker, and CCT structural regions of
RPRD1B protein can occur in 20 types of
tumors, with the lowest mutation rate being in
pan-renal cancer KIPAN at 0.1% and the high-
est being in UCEC at 3.4%, implying that the
mutation rate of the RPRD1B coding region var-
ies by more than 30 times in different tumors.
Still, its clinical significance for prognosis
remains unclear. CNV is widely present in the
human genome, which can lead to the activa-
tion of oncogenes or the inactivation of tumor
suppressor genes, resulting in the occurrence
and development of tumors. In different CNV
samples in each tumor, significant differences
expression of RPRD1B were observed in 15
tumors over 20 cancer types, suggesting that
RPRD1B may affect genome CNV formation
[31-33].

MSI and TMB, associated with DNA damage
and mismatch repair defects, are important
tumor markers in clinical practice, reflecting
the ability of tumors to produce new antigens
and can serve as predictive indicators for
immunotherapy efficacy [34-36]. Among 37
tumor datasets, RPRD1B expression signifi-
cantly correlated with MSI in 13 tumors and
TMB in five tumors, respectively. The previous
research from our and other labs has confirmed
that RPRD1B participates in DNA break and
mismatch repair through non-homologous end
joining (NHEJ), homologous recombination
(HR), and mismatch repair (MMR), which may
be the intrinsic mechanism related to chromo-
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and RPRD1B expression in DLBCL (GSE10846). (D) RPRD1B was significantly negatively associated with CD4* T, yo
T, and Th1 cells and positively associated with Th2 cells. (E) RPRD1B promotes colony formation of lymphoma cells
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181 Int J Clin Exp Med 2026:19(7):167-185



RPRD1B in pan-cancer prognosis and DLBCL immunity

somal instability and heterogeneity, and its ex-
pression level may affect the efficacy of tumor
immune checkpoint therapy [29].

The immune cells play a significant role in the
outcome of tumors, and RPRD1B may cause
poor prognosis in patients by promoting the
growth of tumor cells and inhibiting anti-tumor
immunity. Using the ESTIMATE immune scoring
system, RPRD1B gene expression and immune
cell infiltration (ImmuneScore) correlation anal-
ysis across various tumor types displayed a sig-
nificant correlation in 30 cancers, predomi-
nantly in a negative direction, suggesting that
RPRD1B inhibits immune cell infiltration and
tumor immunity function. About the stromal cell
infiltration score (StromalScore), out of 20 can-
cers, six showed significant positive correla-
tions with RPRD1B expression, and 14 dis-
played negative correlations, which may be a
bidirectional regulation in different tumors.

Current research into RPRD1B’s role in hemato-
logic cancers is limited. Our analysis revealed
significantly higher RPRD1B expression in DL-
BCL tissues than normal lymph nodes. Patients
with high RPRD1B expression had notably poor-
er prognoses than those with lower levels (see
Figure 5C). We investigated how RPRD1B ex-
pression affects different immune cells in
DLBCL. Our findings indicate that high RPRD1B
levels are associated with decreased in CD4* T
cells, Thl cells, and yd T cells while Th2 cell
numbers increase. This shift may lead to a Th2-
dominant environment that suppresses cyto-
toxic T and NK cells, enhances M2 macrophage
polarization, and ultimately undermines cell-
mediated immune responses, promoting tu-
mor escape. This mechanism underscores the
potential of RPRD1B as a target for immune
therapy.

To assess and verify its potential to promote
the growth of lymphoma cells, we overex-
pressed the RPRD1B protein in the SU-DHL-4
cell line and knocked down the expression of
RPRD1B in the SU-DHL-2 cell line. After the
RPRD1B expression level in SU-DHL-2 de-
creased, the cellular colony formation ability
decreased significantly, indicating that RPRD1B
indeed promotes the establishment of the bio-
logical phenotype of lymphoma cells.

To explore the mechanism by which RPRD1B
expression promotes the growth of lymphoma
cells, cell apoptosis analysis was conducted.

182

The results showed that apoptosis in SU-DHL-4
cells overexpressing the RPRD1B protein sig-
nificantly decreased compared to wild type
cells, indicating that RPRD1B might promote
tumor growth by inhibiting the cell apoptosis
pathway.

Several limitations should be acknowledged.
First, the bioinformatics analyses of public data-
sets establish statistical correlations between
RPRD1B and tumor prognosis, genomic hetero-
geneity, and immune infiltration, but do not
directly prove causation. Second, in vitro vali-
dation was performed in only two DLBCL cell
lines (SU-DHL-2 and SU-DHL-4), and confirma-
tion in additional cell lines and in vivo models is
warranted. Third, the best-cutoff stratification
used in Figure 2B may overestimate statistical
significance relative to median-based analysis
(Figure 2A); concordant findings between the
two strategies should therefore be considered
the most reliable. Although our study links
RPRD1B with tumor immune resistance, fur-
ther research is needed to elucidate the exact
mechanisms in different tumor microenviron-
ments and to develop effective immune-target-
ed therapies against RPRD1B. Additionally, our
conclusions are based on retrospective analy-
ses and require validation through prospective
clinical trials with broader patient samples.

Conclusion

Our study demonstrated that RPRD1B is broad-
ly overexpressed across multiple cancer types
and was significantly associated with poor
prognosis in several malignancies, particularly
in DLBCL. RPRD1B not only correlates with
genomic heterogeneity and reduced immune
cell infiltration but also directly promotes lym-
phoma cell proliferation and suppresses apop-
tosis. Mechanistically, RPRD1B appears to shift
the tumor immune microenvironment toward
an immunosuppressive Th2-dominant profile,
facilitating tumor immune evasion. These find-
ings suggest that RPRD1B is not only a promis-
ing prognostic biomarker but also a potential
therapeutic target for pan-cancers, especially
for DLBCL. Further prospective clinical and
mechanistic studies are warranted to validate
its role and application in precision oncology.
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