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identified RPS27 as a potential regulator
associated with Kaposi’s sarcoma development
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Abstract

Background Kaposi's sarcoma (KS) is a locally aggressive, multicentric tumor. RNA-binding proteins (RBPs) are pivotal
for post-transcriptional regulation in various tumors. However, the aberrantly expressed RBP genes and their regula-
tory patterns in KS remain unclear. This study aimed to identify relevant RBP genes in KS and assess the potential func-
tions and molecular interactions of RPS27, a dysregulated RBP in KS tissues,

Methods Matched KS lesions and normal control tissues from ten patients were chosen for the study. Differentially
expressed genes (DEGs) were first identified by RNA-sequencing, and results were validated through an independent
public RNA-seq dataset (GSE147704). Among the DEGs, RBPs were selected for further analysis, with RPS27 chosen
for detailed investigation due to its dysregulation in KS tissues. RT-gPCR and immunohistochemistry were employed
to validate RPS27 expression. Cellular experiments were conducted for dysregulated RPS27 to explore its functions.
Additionally, improved RNA immunoprecipitation (iRIP)-seq was performed to investigate potential binding interac-
tions of RPS27 in KS.

Results We identified 828 DEGs through RNA-seq, with 367 overlapping DEGs confirmed by the public RNA-seq
dataset. We obtained 48 RBP genes from the overlapping DEGs, including 3 upregulated (PCBP3, L1TD1, and PEG10)
and 45 downregulated RBP genes in KS. Notably, downregulated RBPs included TECR, PUSL1, DQX1, MAT1A, RACKT,
EEF1A2, and EEF1B2, and the remaining downregulated RBPs were all ribosomal protein genes, including RPS27, which
was selected for further exploration. Cellular experiments confirmed that RPS27 inhibition could promote cellular
proliferation, migration, invasion, and angiogenesis of HUVECs, consistent with its downregulation in KS. iRIP-seq

and RNA-seq analyses showed RPS27's ability to selectively bind to 26 DEGs and showed correlation. The major-

ity of RPS27-bound DEGs were ribosomal protein genes, including RPL8, RPL13, RPL13A, RPL18, RPL19, RPL23, RPLP1,
RPL27A, RPL40, RPS2, RPS4X, RPS13, RPS18, RPS21, and RPS27, which were associated with viral transcription and gene
expression.

Conclusion Our results identified dysregulated RBP genes in KS and explored the cellular functions and molecular
targets of RPS27, indicating its potential regulatory role in KS development.

Keywords Kaposi's sarcoma, RNA-binding proteins, Ribosomal protein S27, RNA-sequencing, Improved RNA-binding
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Introduction

Kaposi’s sarcoma (KS) is a multifocal, endothelial, pro-
liferative neoplasm of mesenchymal origin [1] and sig-
nificantly affects patients’ quality of life, imposing a
substantial economic and psychological burden [2, 3].
It predominantly affects the skin, presenting as purple
macules and plaques on both the skin and mucous mem-
branes, and can also infiltrate multiple organs, including
internal organs and lymph nodes [4]. In recent years, due
to the use of immunosuppressive drugs and HIV infec-
tion, the number of KS cases has gradually increased,
making it the second most common malignant tumor in
HIV-positive patients [5]. Unfortunately, the disease is
challenging to treat and prone to relapse [6]. The patho-
genesis of KS involves Kaposi’s sarcoma-associated her-
pesvirus (KSHV) infection, immune impairment, and
genetic and environmental factors [7]. The application of
various omics techniques, including genomics, has accel-
erated the depth and breadth of research on the immu-
nological underpinnings and molecular mechanisms
of tumors. This, in turn, enables precise treatment for
susceptible individuals and the development of targeted
drugs [8, 9]. Therefore, it is necessary to employ multiple
omics approaches to explore the molecular mechanisms
underlying the onset and development of KS in depth to
identify potential effective targets to guide the diagnosis
and treatment of KS.

Among the various omics methods, RNA-sequencing
(RNA-seq) is commonly used to characterize the abnor-
mal transcriptome profiles of tumors [10] and has been
employed in several KS-associated studies. As early
as 2018, Tso et al. sequenced KS tissue and found sig-
nificant differences in genes related to lipid and glucose
metabolism pathways [11]. Subsequently, Ramaswami
et al. compared gene expression variations in skin and
gastrointestinal KS lesion tissues, revealing heterogeneity
in tumor gene expression in different regions, potentially
linked to variations in KSHYV infection within distinct
tumor microenvironments [12]. Furthermore, Lidenge
et al. sequenced tissues from 24 patients with KS, detect-
ing a substantial downregulation of numerous ribosomal
protein (RP) genes [13]. Thus, RNA-seq is indispensable
for identifying differentially expressed genes (DEGs) that
have essential roles in important biological processes,
including genes encoding RNA-binding proteins (RBPs)
[14].

RBPs directly interact with RNAs, governing tis-
sue-specific gene expression and participating in the
post-transcriptional regulation of tumors [15-17]. We
reviewed the literature focusing on RBPs in KS. We found
only a few studies predominantly centered around RBPs
associated with KSHV infection and replication, consti-
tuting a pivotal element in KS pathogenesis. Research
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has unveiled that the ORF57 protein encoded by KSHV
safeguards viral transcripts against specific nuclear RNA
decay pathways by impeding hMTR4 recruitment [18].
Furthermore, the K8 protein functions as an RBP to gov-
ern viral DNA replication [19]. However, expressional
alterations and regulatory mechanisms of RBPs within
the tumor following viral infection in KS remain obscure.
In our investigation, we employed RNA-seq and bio-
informatics analysis, such as differential gene expression
and RNA-binding profiles, functional enrichment, and
co-expression network analysis, to assess upregulated
and downregulated RBP genes between KS lesions and
normal control tissues. Among the identified RBPs, the
RPS27 gene exhibited significant differential expression,
prompting us to evaluate its biological functions through
cellular experiments and its RNA partners through
improved RNA immunoprecipitation and sequencing
(iRIP-seq). This study is the first examination of RBP gene
expression in KS and delves into the binding patterns of
RBPs within this context. The outcomes of this research
can offer novel insights into KS pathogenesis, molecular
markers, and potential therapeutic targets. These findings
must be substantiated through further experimentation.

Materials and methods

Patients and sample collection

We enrolled ten patients with KS who were admitted to
the People’s Hospital of Xinjiang Uygur Autonomous
Region (Table 1). These patients received confirmation
through pathological examination and had not under-
gone any prior treatment. Matched KS skin lesions and
normal control skin tissues were collected and preserved
in RNA preservation solution at —80 °C. Local surgery
was employed to obtain KS tumor tissue and normal con-
trol skin tissue, ensuring a distance greater than 0.5 cm
from the cancerous lesion edge. This study was approved
by the Institutional Review Board of People’s Hospital
of Xinjiang Uygur Autonomous Region (Register num-
ber: KY2021052633), and all participating patients pro-
vided written informed consent. All experiments were
performed in accordance with the relevant institutional
guidelines and regulations.

RNA-seq preparation and analysis

Total RNA was extracted from the KS lesions and nor-
mal control tissues of three patients using TRIzol reagent
(Invitrogen, USA) [20]. Following RNA extraction, DNase
I was used to digest DNA. RNA quality was assessed by
measuring the A260/A280 ratio with a Nanodrop"" One/
OneC spectrophotometer (Thermo Fisher Scientific,
USA). Electrophoresis (1.5% agarose gel) was conducted
to verify RNA integrity. Qualified RNAs were quanti-
fied with the Qubit" RNA Assay kit (Life Technologies,
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Table 1 Characteristics of the study subjects
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Sample ID Gender Age (years) Duration HIV Lesion Type of lesion Type of experiment
(months)

KS251 Male 54 12 Negative Hand Plaque RNA-Seq

KS252 Male 65 17 Negative Foot Plaque RNA-Seq

KS259 Male 63 5 Negative Foot Plaque RNA-Seq

KST2 Male 66 25 Negative Leg Nodule iRIP-Seq

KS250 Male 74 14 Negative Foot Plaque iRIP-Seq

KS263 Male 63 10 Negative Leg Nodule Immunohistochemistry

KS267 Male 60 12 Negative Leg Nodule Immunohistochemistry

KS268 Male 78 5 Negative Foot Plaque Immunohistochemistry

KS272 Male 47 18 Negative Hand Plaque Immunohistochemistry

KS275 Male 67 16 Negative Foot Plaque Immunohistochemistry

HIV human immunodeficiency virus, RNA-seq RNA-sequencing, iRIP-seq Improved RNA-Binding Protein Immunoprecipitation sequencing

USA). A library for RNA-seq was generated from 2 pg
of total RNA using the KCTM Stranded mRNA Library
Prep kit for Illumina (Wuhan Seq Health, China). PCR
products corresponding to 200-500 bp were enriched.
Quantification and final sequencing were performed
with a NovaSeq 6000 sequencer (Illumina, USA) using
the PE150 model. RNA-seq raw data cleaning and align-
ment, differentially expressed gene (DEG) screening
(|log,FC|>2 and adjusted P-value <0.05) by DESeq2 (ver-
sion 1.42.0) [21], and pathway analysis by KOBAS (ver-
sion 2.0) [22] were then performed following a previously
published protocol [23].

Public data retrieval and RBP expression analysis

We obtained the published KS RNA-seq data GSE147704
[13] from the Sequence Read Archive (SRA) database. We
utilized the NCBI SRA tool fastq-dump (version 2.10.8,
https://github.com/rvalieris/parallel-fastq-dump) to con-
vert the SRA Run files into fastq format. Subsequently,
we trimmed the raw reads to eliminate low-quality bases
using the FASTX-Toolkit (version 0.0.13, https://github.
com/Debian/fastx-toolkit). The quality of the clean
reads was assessed by FastQC (version 0.12.1, http://
www.bioinformatics.babraham.ac.uk/projects/fastqc).
DEGs in KS lesions compared with normal control tis-
sues were conducted by employing the GEO2R tool of
the GEO database [24]. Hierarchical clustering heatmaps
were generated to illustrate the expression levels of dif-
ferentially expressed ribosomal RNA (rRNA) genes from
RNA-seq data and GSE147704. We compiled a catalog
of 2141 human RBPs from four previously published
reports and combined the data [16, 25-27]. The selected
genes were analyzed using the online network analysis
platform (http://bioinfogp.cnb.csic.es/tools/venny/index.
html) based on the following criteria: |log,FC|>2 and
adjusted P-value <0.05.

Reverse transcription qPCR validation of DEGs

We performed reverse transcription and quantitative
PCR (RT-qPCR) [28] on the previous three matched KS
lesions and normal control tissues to validate the DEGs
identified by RNA-seq analysis. RNA was reverse-tran-
scribed into cDNA using M-MLV reverse transcriptase
(Vazyme, China). Real-time PCR was conducted with a
SYBR Green PCR Reagent kit (Yeasen Biotechnology,
China). PCR involved an initial denaturation stage at
95 °C for 10 min, followed by 40 cycles at 95 °C for 15 s
and 60 °C for 1 min. Three PCR amplification runs were
executed for each sample. The expression levels of all
genes were normalized to that of GAPDH.

Immunohistochemistry

Five matched KS and normal control tissues were fixed in
4% paraformaldehyde for 24 h, followed by dehydration
and embedding in paraffin. Sections of 5 um thickness
were cut using a microtome and mounted on poly-L-
lysine-coated slides. The sections were deparaffinized
by incubating them in xylene and rehydrated using an
alcohol-to-water gradient. Antigen retrieval was per-
formed by heating the slides in an autoclave filled with
citrate buffer (pH 6.0) at 100 °C for 5 min. After cooling,
the slides were blocked with 10% normal serum to pre-
vent nonspecific binding. RPS27 antibody (Proteintech,
USA) was added (1:200), and samples were incubated
overnight at 4 °C. On the next day, slides were washed
and incubated with secondary antibodies (ZSGB-BIO,
China) conjugated with horseradish peroxidase for
30 min. The signal was detected using 3,3’-diaminobenzi-
dine, resulting in a brown stain at the site of the antigen.
The slides were counterstained with hematoxylin, dehy-
drated, cleared, and mounted for microscopic examina-
tion. Instructions specified for the RPS27 antibody were
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followed, and a qualitative method was used to interpret
the results.

Cell culture and transfection

Human umbilical vein endothelial cells (HUVECs) were
purchased from iCell Bioscience Inc. (Shanghai, China).
HUVECs were normally cultured in HUVEC-specific
culture medium (iCell, China) in an incubator at 37 °C
in an atmosphere with 5% CO,. The RPS27 siRNAs and
negative control (NC) sequences were obtained from
Sangon Biotech (Shanghai, China). They were transfected
into indicated cells using Lipofectamine 8000™ (Beyo-
time, China) following the manufacturer’s instructions.
RPS27 siRNAs -for (5'-CCC AAU UCC UAC UUC AUG
GAU TT-3’) and RPS27 siRNAs -rev (5-AUC CAU GAA
GUA GGA AUU GGG TT-3). siRNA NC -for (5-UUC
UCC GAA CGU GUC ACG UTT-3) and siRNA NC-rev
(5-ACG UGA CAC GUU CGG AGA ATT-3)).

The experiment was performed by dividing cells
into three groups, each with three replicates. The wild-
type (WT) group comprised normal HUVEC cells. The
siRNA normal control group (siNC) comprised HUVECs
transfected with 0.1 uM RPS27 siRNA NC. Cells were
collected after 48 h following the optimal transfection
conditions. The RPS27 siRNA group: HUVECs were
transfected with 0.1 uM RPS27 siRNA and collected after
48 h following the optimal transfection conditions. Total
RNA from HUVECs was extracted using the TRIzol"
Reagent (Ambion, USA). The RNA was then reversely
transcribed into cDNAs using the One-Step Reverse
Transcription Kit (Biosharp, China). The mRNA levels
of RPS27 were quantified by RT-qPCR assay (Biosharp,
China). The primer sequence information is as follows:
RPS27-for (5-GGATCTCCTTCATCCCTCT-3) and
RPS27-rev (5-CTGGGCATTTCACATCCA -3). RT-
qPCR and Western blotting were performed to detect the
expression of RPS27 after transfection.

Western blot

EDTA trypsin was used to digest the cells, and RIPA lysis
buffer (Solarbio, China) was used to lyse the HUVECs
to obtain proteins. Proteins were quantified using the
BCA method, 12% SDS polyacrylamide gel electropho-
resis (Biosharp, China), 5% BSA blocking (Biofroxx, Ger-
many), and primary antibody RPS27 (Proteintech, USA)
overnight at 4 °C. The secondary antibody, Goat Anti-
Rabbit IgG (H+L) (Proteintech, USA), was used to incu-
bate samples on a horizontal decolorizing shaker at 25 °C
for 1 h. B-actin (Abcam, USA) was used as an internal
control to normalize the protein expression.The protein
band density was identified using a chemiluminescence
system (Liuyi Biotechnology, China).
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Cell proliferation

Cells were seeded in a 96-well plate at a density of 5 x 10%/
well, and a CCK-8 assay (TransGen Biotech, China) was
conducted following the manufacturer’s protocol. Briefly,
100 pL of 10% CCK-8 solution was added into each
well at 0, 24, 48, and 72 h after transfection. Cells were
incubated with the CCK-8 reagent for 1 h at 37 °C. The
suspension was subsequently removed, and cells were
incubated with DMSO for another 10 min in the dark.
The absorbance at 450 nm was recorded for analysis.

Cell apoptosis

The culture medium from each group was aspirated from
the cell flasks into a centrifuge tube (containing sus-
pended cells that have undergone apoptosis or necrosis).
Adherent cells were washed twice with PBS, collected in
PBS, digested with trypsin, transferred, and centrifuged
at 1000 rpm for 5 min. The supernatant was discarded.
The samples were washed twice with pre-cooled PBS, and
the supernatant was discarded. Next, 500 puL 1xBind-
ing Buffer was added to resuspend the cells and passed
through a 200-mesh sieve. A single-cell suspension was
obtained. Next, 5 uL. Annexin V-PE and 110 puL 7-AAD
were added to each tube, gently mixed, and allowed to
stand at 4 C in the dark for 10 min. Flow cytometric
(FACSVerse, BD, USA) detection was performed within
30 min to evaluate the level of cell apoptosis.

Cell cycle analysis

The cells were collected and processed by washing them
once with PBS. Next, 500 uL pre-cooled PBS was used to
resuspend the cells. The cell suspension was added to 3.5
mL of pre-cooled 80% ethanol and fixed overnight at 4
°C. Cells were centrifuged at 2000 rpm for 5 min, and the
supernatant was carefully removed. Cells were washed
twice with pre-cooled PBS, and the supernatant was
discarded. Cells were resuspended in 500 uL PI/RNase
Staining Buffer, passed through a 200-mesh nylon sieve,
and a single-cell suspension was obtained. Cells were
incubated at 4 °C in the dark for 30 min. Red fluorescence
and light scattering were detected at an excitation wave-
length of 488 nm using a flow cytometer (FACSVerse,
BD, USA). An analysis software was used for cell DNA
content analysis, and light scattering analysis was per-
formed to evaluate cell cycle characteristics.

Transwell assay

Transwell assay (CORNING, USA) was performed to
analyze the migration and invasion abilities of HUVECs
after transfection. HUVEC cell-specific culture medium
was added to the lower chamber of the 24-well plate, and
serum-free medium was added to the upper chamber.
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Specifically, 4-5x10* cells were inoculated in each
chamber, and the 24-well plate was shaken and incubated
for 24—36 h. In brief, 4% paraformaldehyde was added to
the lower chamber to fix cells for 20 min. After washing
with PBS, cells were stained with 1% crystal violet solu-
tion for 30 min. Under the microscope, 3—6 fields were
randomly selected for observation and counting. The
experiment was repeated thrice. BD Matrigel (Becton
Dickinson, USA) was added for the invasion assay. Other
experimental procedures were the same as those for the
migration assay.

Tube formation assay

Pre-cooled Matrigel (BD, USA) 50 pL was added into a
96-well plate and incubated for 0.5 h at 37 °C. After cul-
turing each group of cells in serum-free HUVEC cell-
specific culture medium for 48 h, a cell suspension was
prepared, and 50 pL of cell suspension (1x 10° cells) was
seeded in the plate coated with Matrigel and incubated
for another 12 h. Representative photographs were sub-
sequently captured under the microscope (IX53, OLYM-
PUS, Japan) after co-culture. Branches of associated
tubes were counted and normalized against the mean
value of the control group for calculating the tube forma-
tion ratio [29].

iRIP-seq analysis

We selected two cases with large tumor tissues for iRIP
experiments. Each of the two KS tissue samples was sub-
jected to iRIP-seq analysis separately. Each sample was
divided into an immunoprecipitation (IP) group and an
input group. The iRIP-seq experimental method was con-
sistent with the procedure specified by Gao et al. [30].
We applied Piranha (version 1.2.1) for peak calling with
default parameters [31]. Target genes for IP were deter-
mined from these peaks, and the binding motifs of the IP
protein were identified using HOMER software (version
3.12) [32]. To categorize the functional domains of peak-
associated genes (target genes), we identified enriched
Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathways as previously described.
For clarity regarding the post-transcriptional binding
partners of RPS27, an overlap analysis was performed on
the DEGs obtained from the RNA-seq and iRIP-seq data.
Key genes were verified using RT-qPCR and RIP-PCR
[28].

Statistical analysis

Statistical analysis was primarily conducted using R soft-
ware (v 4.2.3). Data are presented as means * standard
error of the mean (SEM). Statistical difference between
the two groups was calculated using Student’s t-test.
GraphPad Prism 8.0 was used for the statistical analysis
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of cell experiments. One-way ANOVA was used to com-
pare data between groups. A P-value<0.05 was consid-
ered statistically significant.

Results

DEG screening and pathway analysis

To identify the DEGs in KS lesions compared to NC tis-
sues, we conducted RNA-seq analysis. Six cDNA librar-
ies were constructed and subsequently subjected to
paired-end sequencing. After aligning the quality-filtered
reads to the human genome, the RNA-seq data provided
a robust expression profile for 20,994 genes. Principal
Component Analysis (PCA) based on all DEGs dem-
onstrated clear separation between KS and NC sam-
ples (Fig. 1A). A total of 828 DEGs were identified in KS
lesions compared with NC tissues, with 275 upregulated
and 553 downregulated DEGs (Fig. 1B). To validate our
sequencing results, we used published RNA-seq data
from 24 patients with KS [13] and performed DEG analy-
sis. We finally identified 87 co-upregulated DEGs and 280
co-downregulated DEGs (Fig. 1C). Functional enrich-
ment analysis revealed that the co-upregulated DEGs
were associated with processes such as small GTPase-
mediated signal transduction, cell adhesion, positive
regulation of protein kinase activity, and protein binding,
while the co-downregulated DEGs were primarily linked
to translation and cytoplasmic translation processes
(Fig. 1D, E). Notably, among the upregulated genes, FLT4,
a lymphangiogenic factor [33], and CCL21 and PROXI,
lymphatic endothelial cell regulatory factors [34, 35],
were associated with KS development. Their expression
levels were validated by RT-qPCR results and were con-
sistent with the RNA-seq results (Fig. 1F). The above
results suggest the dysregulation of the transcriptome
profile with potential involvement in KS.

Abnormal expression of RBP genes and pathway analysis

The identity and functions of abnormally expressed RBP
genes in KS remain unclear. To address this, we cross-
referenced the 2141 reported RBPs with the differentially
co-expressed genes identified in both the RNA-seq and
GSE147704 datasets. Among the upregulated DEGs,
three RBP genes, namely PCBP3, LITD1, and PEGI10,
were identified. In contrast, among the co-downregu-
lated DEGs, 45 RBP genes were found, and most of the
downregulated RBP genes encode RP (Fig. 2A). The
downregulated RBP genes were primarily associated
with translation and cytoplasmic translation processes
(Fig. 2B), consistent with the co-downregulated DEGs
(Fig. 1E). To further validate these findings, we per-
formed RT-qPCR analysis on the same three matched
patients mentioned previously. Notably, the RT-qPCR
results aligned with the sequencing data (Fig. 2C). These
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Fig. 1 Differentially expressed genes

DEG) screening and pathway analysis. A Principal Component Analysis (PCA) based on the FPKM value of all

detected genes. Confidence ellipse in each group. B Volcano plot showing the number of DEGs identified in this study. C Venn diagram illustrating
the co-upregulated DEGs (left panel) and co-downregulated DEGs (right panel) identified in our RNA-seq and GSE147704 data. D Bubble chart
depicting the most enriched Gene Ontology (GO) biological processes for co-upregulated DEGs. E Bubble chart depicting the most enriched GO
biological processes for co-downregulated DEGs. F Bar graph presenting the expression patterns and statistical differences of DEGs between KS
lesions and NC tissues in RNA-seq, GSE147704 data, and RT-gPCR. The error bars indicate the mean + SEM. * p-value < 0.05, *** p-value <0.001, ****

p-value <0.0001

results indicate the repression of several RP genes and
their potential functions associated with the development
of KS. RBPs function through RNA interactions. To delve
into the specific RNA targets of RBPs in KS and offer
insights for further RBP functional research, we chose
to investigate RPS27, a significantly downregulated and
validated RBP in KS by RNA-seq and RT-qPCR (Fig. 2C),
which is known to be associated with viral infection [36,
37].

Immunohistochemical analysis of RPS27 expression in KS
and normal tissues

Immunohistochemical staining was performed to assess
RPS27 expression in five pairs of KS tissues and their
matched normal tissues, with a focus on endothelial
cells. In KS tissues, no expression of RPS27 was detected
in the endothelial-cell-derived spindle cells (Fig. 3A-E).
However, positive expression of RPS27 was observed in
the cytoplasm of endothelial cells (Fig. 3F-]J) across all
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Venn diagram illustrating the overlap of RBP genes from the reported 2141 RBP genes and the differentially co-expressed genes. B Bubble chart
displaying the most enriched Gene Ontology (GO) biological processes and Kyoto Encyclopedia of Genes and Genomes (KEGG) for downregulated
RBP genes. C Bar graph presenting the expression patterns and statistical differences in RBP genes of KS lesions and NC tissues in RNA-seq,
GSE147704 data, and RT-gPCR. The error bars indicate the mean + SEM. *** p-value < 0.001, **** p-value < 0.0001

five pairs. The results were qualitatively evaluated based
on the staining patterns. These observations suggest that
RPS27 is expressed at lower levels in the endothelial-cell-
derived spindle cells of KS tissues compared to their nor-
mal counterparts.

RPS27 inhibition promoted the pro-tumor ability

of HUVECs

As KS is an endothelial cell cancer [1], we used HUVECs
as the cell model to explore the functions of RPS27.
By using siRNAs to silence the expression of RPS27
(siRPS27), we detected a significant decrease in RPS27
expression in both RNA and protein levels compared
with WT and negative control (siNC) samples (Fig. 4A,
B). By assessing the cell cycle change, a higher percentage
of cells were in the G2 phase in siRPS27 samples com-
pared with the other two groups (Fig. 4C). A cell viabil-
ity experiment also indicated an increased survival rate
of HUVEC: in siRPS27 samples (Fig. 4D), implying that
siRPS27 increased the proliferation ability of HUVECs.
There was no significant difference in apoptotic lev-
els among these three groups. Further, we observed
that siRPS27 significantly increased the migration and

invasion ability of HUVECs (Fig. 4E, F). The ability of
tube formation, reflecting angiogenesis and tumorigene-
sis signatures, was also significantly increased in siRPS27
samples (Fig. 4G). Overall, these results demonstrated
the pro-tumor signatures after RPS27 repression in
HUVECs, consistent with the downregulation of RPS27
in KS samples.

Identification of RPS27 interacting RNAs in KS tissues

To evaluate how RPS27 interacts with its RNA targets,
we conducted an iRIP-seq experiment (Fig. 5A) followed
by a comprehensive analysis to uncover RNAs bound
by RPS27 in two KS tissues, facilitating the understand-
ing of both direct and indirect RNA-RPS27 interactions.
We generated four distinct cDNA libraries, including two
replicates for both RPS27_IP and Input samples. After
the alignment of iRIP-seq data and peak calling by Pira-
nha, we detected the distribution of peaks across the
reference genome. By using the HOMER software, motif
analysis of peaks from two RPS27_IP samples revealed
the G-rich binding signature of RPS27. Finally, we identi-
fied 341 genes associated with RPS27 binding peaks from
the results of the two iRIP-seq samples. These genes were
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Fig. 3 Immunohistochemical staining for RPS27 in KS and normal tissues. A-E No expression is observed in the endothelial-cell-derived spindle
cells of KS tissues. F-J Representative images show positive expression of RPS27 in the cytoplasm of endothelial cells in normal tissues. A 5-um scale

bar is shown in the lower-left corner of each image

predominantly involved in key pathways, such as trans-
lation, SRP-dependent co-translational protein targeting
to the membrane, mRNA catabolic process, rRNA pro-
cessing, and viral transcription (Fig. 5B), indicating that
RPS27-bound transcripts have important functions and
may affect viral replication in KS tissues. We observed
that RPS27 globally bound EEFIAI, an important fac-
tor controlling translation elongation, and validated
their significant interaction by RIP-qPCR experiments
(Fig. 5C). RPS27 was bound to the 5’-untranslated
regions of WDR74, which is involved in rRNA processing
and ribosomal large subunit biogenesis. This interaction
was confirmed by RIP-qPCR in both replicates (Fig. 5D).
Consistent with the above finding, we propose that
RPS27 may have a potential influence on translation or
viral transcription by interacting with and affecting tran-
scripts with these functions in KS lesion tissue.

Identification of correlated genes with RPS27 by iRIP-Seq
and RNA-seq

To identify the distinct correlated genes with RPS27,
we conducted an overlap analysis involving both DEGs
by RNA-seq and the 341 RPS27-bound genes. This
analysis focused on identifying the expression of dys-
regulated genes that exhibited potential interaction
with RPS27. We identified 26 DEGs that demonstrated
this potential interaction (Fig. 6A; p-value=0.002,

hypergeometric test). Among these genes, TANC2,
GRIAI, STOX2, ZFHX3, CNTNAP2, DOCK4, PDEIC,
HMBOX1, KIAA1217, and PPFIBPI were upregu-
lated, whereas RPLS, RPL13, RPL13A, RPL18, RPLI19,
RPL23, RPLP1, RPL27A, RPL40, RPS2, RPS4X, RPS13,
RPS18, RPS21, RPS27, and CTH were downregulated.
The downregulated and bound genes were mainly RP
genes, indicating that RPS27 prefers to bind to RP tran-
scripts and may modulate their process or translation
in KS tissues. Notably, TANC2, a multidomain adapter
protein and scaffold protein that interacts with mTOR,
has potential relevance in the context of KS treatment
[38]. To verify the changed expression and binding
potential, we conducted RT-qPCR and RIP-qPCR for
TANC?2, respectively (Fig. 6B, C). The results were con-
sistent with the sequencing data, showing significantly
enhanced expression levels and binding signals with
RPS27. Furthermore, our GO analysis revealed their
collective involvement in various biological processes
such as viral transcription, viral gene expression, mem-
brane establishment, protein localization to the endo-
plasmic reticulum, and SRP-dependent co-translational
protein targeting to the membrane. These results fur-
ther demonstrate that RPS27 is probably involved in
translation control and KS development through its
interaction with the associated genes and regulation of
their expression.
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Fig. 4 siRPS27 increased the pro-tumor signatures of HUVECs. A Bar plot showing the expression level of RPS27 mRNA in WT, siNC, and siRPS27
samples. B Western blot results show the expression level of RPS27 protein in three groups. The right panel shows the quantitative result. C Cell
cycle results show the percentages of three cellular stages in three groups. The right panel shows the quantitative result. D Bar plot showing
the cellular proliferation results in three groups. E Cell migration results show the migrated cell numbers in three groups. The right panel shows
the quantitative result. F Cell invasion results show the invaded cell numbers in three groups. The right panel shows the quantitative result. G
Tube formation results show the tube length in three groups. The right panel shows the quantitative result. * p-value < 0.05; ** p-value <0.01; ***
p-value <0.001; Student’s t-test
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on WDR74.The error bars represent the mean + SEM. *** p-value <0.001, **** p-value <0.0001, Student’s t-test

Discussion

In this study, we conducted RNA-seq analysis for KS
tissue and subsequently validated the results using the
RNA-seq data published by Lidenge et al. [13]. Our
analysis unveiled 48 KS-related RBP genes, compris-
ing 3 upregulated and 45 downregulated RBP genes.
Among the upregulated RBP genes were PCBP3, L1TD1,

and PEG10. The downregulated genes, except for TECR,
PUSL1, DQXI1, MATIA, RACKI, EEFIA2, and EEFIB2,
predominantly belonged to the RP gene category. Spe-
cifically, we selected the notably downregulated RP
gene RPS27 in KS tissues for further experiments. Cel-
lular experiments significantly demonstrated the regu-
latory functions of RPS27 in tumor development. We
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Fig. 6 RPS27 binds to and correlates with translation-associated mRNAs in KS tissues. A Venn diagram displaying the overlap between DEGs

in RNA-seq and RPS27-bound genes. B The bar graph presents the expression patterns and statistical differences of TANC2 in KS lesions and NC
tissues in RNA-seq and RT-gPCR. C IGV-sashimi plot showing the distribution of TNAC2 peak reads in iRIP-seq. The embedded bar graph presents
the RPS27-bound abundance and statistical differences of TNAC2 by RIP-gPCR

employed iRIP-seq to systematically identify its RNA tar-
gets and explored its association with DEGs. The RPS27
protein exhibited selective binding to 26 genes. Among
them, upregulated genes included TANC2, GRIAI,
STOX2, ZFHX3, CNTNAP2, DOCK4, PDE1C, HMBOX1,
KIAAI1217, and PPFIBPI. Downregulated genes were
mainly ribosomal genes associated with viral transcrip-
tion and viral gene expression. This observation suggests
that distinct RBPs, especially RPS27, may be involved in
the pathogenesis and progression of KS, enhancing our
comprehension of RBPs in KS pathogenesis and their
potential value in KS treatment.

Our findings and those of Lidenge et al. [13] have con-
sistently indicated a substantial downregulation of RP
genes in KS lesion tissues. Ribosomes are pivotal protein
complexes for cellular protein synthesis. RPs and riboso-
mal RNAs (rRNAs) work in tandem to translate mRNA
into polypeptide chains during protein synthesis. Under
normal conditions, cell ribosomes efficiently recognize
ribosome binding sites and synthesize proteins. However,
viral infections can disrupt this process. Viruses, being
small infectious agents with limited genomes, heavily
depend on the host cell’s structures and functions, which
include RPs and rRNA, the primary constituents of ribo-
somes. Viruses rely on these components to complete

their life cycle and generate new viral particles [39, 40].
During this process, the virus may interfere with the
functionality and structure of cell ribosomes, thereby
affecting their capacity to synthesize proteins. Such alter-
ations can impact normal cellular functions and overall
cell survival. Thus, evaluating the translational efficiency
change between normal and KS tissues by compar-
ing the polysomes using fractionation or other meth-
ods is important in future studies. The downregulation
of rRNA expression in KS might be directly related to
KSHYV through replication modulation. KSHV infection
can alter the composition of host cell ribosomes, induc-
ing specific ribosomal populations to facilitate efficient
translation of viral mRNAs [41]. Nevertheless, existing
antiviral therapies targeting ribosomes involved in viral
infections remain limited. Thus, further investigations
are warranted to assess antiviral strategies centered on
RPs and rRNAs [39].

The expression of RPS27, or metallopanstimulin-1, a
member of the RPS27E family, was downregulated in KS
lesions. RPS27 can activate the NF-kB pathway, thereby
regulating the expression of antimicrobial peptides and
consequently impeding viral replication [37]. Notably,
RPS27 is associated with various tumors, manifesting
as aberrant expression in glioma cells and neurons [42].
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Additionally, in the context of cutaneous melanoma,
patients with low RPS27 expression tend to experience
poorer prognoses [43]. The protein encoded by RPS27
encompasses a zinc finger peptide domain, which exhib-
its an affinity for both zinc and nucleic acids [44, 45]. This
zinc finger peptide domain is pivotal in regulating the
critical function of RPS27 in the viral life cycle [36]. RBPs
affect cellular proliferation and differentiation by govern-
ing the expression of associated proteins. They impact an
array of cellular processes, spanning migration, apopto-
sis, and even angiogenesis, rendering their dysregulation
a fundamental mechanism in the onset and progression
of cancer [46, 47]. We confirmed that RPS27 could exten-
sively regulate the cellular processes of HUVECs men-
tioned above, including cellular proliferation, migration,
invasion, and angiogenesis, all of which were tightly asso-
ciated with the development or progression of tumors.
This study unveiled RPS27’s capacity to bind to multiple
RBP genes, including EEFIAI and WDR74. The enriched
pathways among genes identified as potential binding
partners of RPS27 predominantly encompass translation,
transmembrane transport, intracellular signal transduc-
tion, and SRP-dependent co-translational protein target-
ing the membrane. Consequently, we ascertained that
RPS27 may interact with various RBPs at the transcrip-
tome level, thereby modulating the development of KS.

In transcriptional regulation in KS, TANC2 emerged
as a binding partner for RPS27 and was upregulated in
KS. TANC2 is a multifaceted adapter/scaffold protein
that interacts with the mammalian target of rapamy-
cin (mTOR), effectively restraining the signaling path-
way. The mTOR signaling system comprises mTORC1
and mTORC2 complexes [48]. Moreover, mTOR signal-
ing exerts considerable influence over the expression of
T cell-related cytokines, partaking in immunosuppres-
sion, regulating transcription and protein synthesis, and
controlling cell growth, apoptosis, and autophagy [49].
Similarly, the administration of rapamycin, an mTOR
inhibitor, results in mTOR hyperactivity, as well as syn-
aptic and behavioral irregularities [38]. Rapamycin, func-
tioning as a potent mTORCI inhibitor and an inducer
of autophagy, is a primary therapeutic option for KS
[50]. The precise mechanisms underlying the interac-
tion between RPS27 and TANC2 warrant further inves-
tigation, potentially offering novel avenues for targeted
treatment in KS. We finally analyzed the functions of cor-
related genes of RPS27 and found they were enriched in
viral development and membrane-associated pathways,
indicating that RPS27 may potentially regulate the viral
infection and replication that are associated with KS
pathogenesis and development.

Despite the identification of dysregulated RBP genes in
KS and the selection of RPS27, it is evident and credible
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that various RBPs in KS may interact and collaborate to
influence the pathogenesis and progression of this dis-
ease. Nevertheless, this study has some limitations. First,
the selected RBP genes and their underlying functions
necessitate validation within extensive clinical samples.
We acknowledge that the choice of RPS27 as a focus for
this study is based on its dysregulation in the transcrip-
tome, and its precise role in KS remains to be elucidated.
Second, the precise molecular mechanisms through
which distinct RBP genes function and interact with one
another remain elusive. The role of RBPs in the onset and
progression of KS necessitates further evaluation in suit-
able cell lines and animal models in addition to HUVECs
and clinical samples.

Conclusion

In summary, we identified 48 dysregulated RBP genes in
KS samples. A significant portion of the downregulated
RBP genes comprised ribosomal genes that were prob-
ably linked to viral transcription and gene expression.
The selected RPS27 affected the cellular phenotypes of
HUVECs that were associated with the development of
tumors. We propose that RPS27 functions probably by
interacting with and regulating ribosomal RNAs to mod-
ulate translation and viral gene expression. This inference
merits verification using additional experiments in the
future. Overall, the results suggest a potential synergy
of RBPs in the pathogenesis of KS, which expands our
comprehension of RBPs in the context of KS and offers
valuable insights for further investigation of the disease’s
underlying mechanisms.
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