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PPIB-regulated alternative splicing of cell cycle
genes contributes to the regulation of cell proliferation
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Abstract: Background: Peptidylprolyl cis-trans isomerase B (PPIB) plays an important role in the process of inflamma-
tion through binding RNA, but the molecular pathogenesis is not yet clearly understood. The objective of this study
was to investigate and verify the PPIB-regulated gene expressions and alternative splicing in Hela cells. Methods:
We examined the PPIB-regulated transcriptomes in Hela cells using RNA-seq data. Differentially expressed genes,
alternative splicing analysis were carried out. Functional enrichment analysis was used to define the enrichment of
each term. Results: We found that PPIB knockdown successfully downregulated PPIB in Hela cells, which promoted
cell proliferation (P < 0.001), but no significant effect on cell apoptosis. Ten alternative splicing genes regulated by
PPIB were detected in Hela cells. The ten top Gene Ontology biological process analysis and functional pathways
of the alternative splicing genes were screened and identified. The pathways where differentially expressed genes
are most enriched were toll-like receptor 4 signaling pathways and other signaling pathways relating to inflam-
mation and immune response. In addition, PPIB affects the alternative splicing of multiple genes, and the Gene
Ontology-biological process analysis showed that genes significantly related to alternative splicing changes were
mainly enriched in the cell cycle (P < 0.05). Conclusion: PPIB regulates the alternative splicing of cell cycle-related
genes to affect cell proliferation and regulate the occurrence and development of chronic inflammatory diseases

such as Nasal polyps.
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Introduction

Nasal polyposis (NP), a chronic inflammatory
disease affecting the upper airways, is known
to cause significant burden to quality of life,
lead to significant health care expenditures and
has been proved to have an impact on cogni-
tive function [1-3]. NP affects almost 4% of
population and is frequently associated with
chronic lower airway disease with genetic or
nongenetic origin [4]. Protein maturation in the
endoplasmic reticulum (ER) needs proper fold-
ing, assembly and post-translational modifica-
tions [5], while the abnormal accumulation of
unfolded or misfolded proteins at ER could lead
to stressful situations of human diseases,
including cancer, obesity and neurodegenera-
tion. The ER proteostasis is mediated by the
unfolded protein response (UPR), a signal
transduction pathway that senses the fidelity of
protein folding in the ER lumen [6, 7].

Cyclophilins are part of the immunophilin super-
family, which binds to the immunosuppressive
drug cyclosporin as cell receptor proteins.
Cyclophilins could catalyze the cis-trans isom-
erization of xaa-proline bonds, a rate-limiting
step in protein folding, which is required for pro-
teome homeostasis [8]. Peptidylprolyl cis-trans
isomerase B (PPIB) is a functional peptidyl-pro-
lyl cis/trans isomerase (PPlase), belonging to
the cyclophilin family, regulates protein confor-
mation of its substrates via prolyl cis-trans-
isomerization in the ER lumen and nucleus, par-
ticipates in protein folding, secretion and post-
translational modification processes, and has
multiple functions such as a novel regulator of
endometrial cell proliferation and metastasis,
taking part in sustaining normal growth and
stress tolerance [9]. PPIB also play an impor-
tant role in response to inflammatory stimuli
and oxidative stress, participating in tissue or
systemic inflammation [10]. In HEK293 and
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Hela cells, PPIB is believed to bind RNA and
may be a new RNA binding protein (RBP) [8,
11]. During RNA transcription and post-tran-
scriptional alternative splicing (AS), modifica-
tion, transport, translation and degradation
metabolism, a variety of specific RBPs bind to
them for transcription and post-transcriptional
regulation [12], and their expressions are
abnormal or loss of function leading to the
development of cancers and other diseases
[13, 14]. For example, the biological role of
3-hydroxyacyl-CoA dehydrogenase type 2, wh-
ich is considered as an unconventional RBP,
has been characterized to regulate AS in the
post-transcription [15]. Therefore, PPIB may
affect the variable cleavage of RNA through its
possible RBP function, thereby affecting the
inflammatory response process and conse-
quently the development and progression of
nasal polyps. Previously studies have shown
that PPIB acts as the UPR target proteins and
are upregulated in NP tissues [16]. Moreover,
oxidative stress induces UPR in human NP tis-
sues and human nasal mucosal epithelial cells
(HNEC), which in turn causes the secretion of
inflammatory factors [17]. In the process of
lipopolysaccharide-induced inflammatory res-
ponse in macrophages, simultaneous adminis-
tration of PPIB induces the expression of Bcl-3,
reduces the expression of NF-a, and inhibits
the inflammatory response [18]. In gastric can-
cer cells, PPIB and the pro-apoptotic factor
CHOP are up-regulated by oxidative stress, and
the inflammatory factor IL6 stimulates gastric
cancer cells, which activates the JAK2/STAT3
signaling pathway and inhibits the expression
of miR-520d-5p, while PPIB will further enhance
the JAK2/STAT3 signaling pathway, thereby pro-
moting the proliferation of gastric cancer cells
[19]. In addition, PPIB interacts with E4 ligase
P300 and then binds to CHOP to promote
the phosphorylation and degradation of CHOP
protein, thereby inhibiting the cell apoptosis
induced by hypoxia [20]. However, the role of
PPIB in NP is not yet fully understood. Hence,
the objective of this study was to investigate
and verify the PPIB-regulated gene expressions
and AS in Hela cells.

Methods and materials
RNA extraction and sequencing
The sample names, description, the RNA-seq

sequencing information were listed in Supple-
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mentary Table 1. Total RNA was extracted with
TRIZOL (Ambion, USA). The RNA was further
purified then treated with RQ1 DNase (Prome-
ga, Madison, USA) to remove DNA. The quality
and quantity of the purified RNA were redeter-
mined by measuring the absorbance at 260
nm/280 nm using Smartspec Plus (BioRad,
USA).

For each sample, 1 ug of the total RNA was
used for RNA-seq library preparation. Poly-
adenylated mRNAs were purified and fragment-
ed, and then converted into double strand
cDNA. After the step of end repair and A tailing,
the DNAs were ligated to VAHTS RNA Adapters
(Vazyme, China). Purified ligation products cor-
responding to 200-500 bps were digested with
heat-labile UDG, and the single strand cDNA
was amplified, purified, quantified and stored
at -80°C before sequencing. For high-through-
put sequencing, the libraries were prepared
following the manufacturer’s instructions and
applied to lllumina HiSeq X Ten system for 150
nt paired-end sequencing.

RNA-Seq raw data clean and alignment

Raw reads containing more than 2-N bases
were first discarded. Then adaptors and low-
quality bases were trimmed from raw sequenc-
ing reads using FASTX-Toolkit (Version 0.0.13).
Then, clean reads were aligned to the GRch38
genome by tophat2 allowing 4 mismatches
[21]. Uniquely mapped reads were used for
gene reads number counting and FPKM calcu-
lation (fragments per kilobase of transcript per
million fragments mapped) [22].

Differentially expressed genes (DEGs) analysis
and qRT-PCR validation of DEGs

The R Bioconductor package edgeR [23] was
utilized to screen out the DEGs. A false discov-
ery rate < 0.05 and fold change > 2 or < 0.5
were set as the cut-off criteria for identifying
DEGs.

In this study, to elucidate the validity of the
RNA-seq data, quantitative reverse-transcrip-
tion polymerase chain reaction (QRT-PCR) was
performed for some of the DEGs. The informa-
tion of primers is presented in Supplementary
Table 2. Total RNA remaining from RNA-seq
library preparation was used for qRT-qPCR.
RNA was reverse transcribed into cDNA using a
M-MLV Reverse Transcriptase (Vazyme, China).
Real-time PCR was performed with the StepOne
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Table 1. Primer sets in this study

colony PCR (30 cycles) with univer-

Gene Primer Sequence (5-3")

Related figures

sal primers (located on the back-

GAPDH Forward CGGAGTCAACGGATTTGGTCGTAT
Reverse AGCCTTCTCCATGGTGGTGAAGAC

PPIB Forward CCCAGTTCTTCATCACGACA
Reverse GCTTCTCCACCTCGATCTTG

Figure 1A

Figure 1A

bone vector). The interference se-
quence of shRNA was verified by
Sanger sequencing. shRNA target
PPIB: GTTCTTCATCACGACAGTCAA.

RealTime PCR System using the SYBR Green
PCR Reagents Kit (Yeasen, China). The PCR
conditions were consisted of denaturing at
95°C for 10 min, 40 cycles of denaturing at
95°C for 15 s, annealing and extension at
60°C for 1 min. PCR amplifications were per-
formed in triplicate for each sample. The RNA
expression levels of all the genes were normal-
ized against that of glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH).

AS analysis

The AS events (ASEs) and regulated ASEs
(RASEs) between the samples were defined
and quantified by using the ABLas pipeline as
described previously [8, 24]. In brief, ABLas
detection of ten types of ASEs was based
on the splice junction reads, including exon
skipping (ES), alternative 5’ splice site (A5SS),
alternative 3’splice site (A3SS), intron reten-
tion (IR), mutually exclusive exons (MXE), mutu-
ally exclusive 5’UTRs (5pMXE), mutually exclu-
sive 3'UTRs (3pMXE), cassette exon, A3BSS&ES
and A5SS&ES.

To assess RBP-RASEs, student’s t-test was per-
formed to evaluate the significance of the ratio
alteration of ASEs. Those events which were
significant at P-value cutoff corresponding to a
false discovery rate cutoff of 5% were consid-
ered RBP-RASEs.

Construction of shPPIB vector

Sense and antisense strands were annealed to
be shRNA. Vector pGFP-B-RS was digested by
Hindlll and BamHI at 37°C for 2 h-3 h. Then
enzyme-digested vector was also run on 1.0%
agarose gel and purified by Qiagen column Kkit.
A linearized vector DNA digested by Hindlll and
BamHI and insert shRNA were catalyzed by T4
DNA Ligase (NEB). Plasmids were introduced
into Escherichia coli by chemical transforma-
tion. Cells were plated onto LB plates contain-
ing kanamycin. The clates were then incubated
overnight at 37°C. Colonies were screened by
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Cell culture and transfections

Human CC (Cervical Carcinoma) cell lines, HelLa
(CCTCC@GDCO009) cells were obtained from
China Center for Type Culture Collection
(Wuhan, Hubei, China). HelLa cells were cul-
tured at 37°C with 5% CO,, in Dulbecco’s modi-
fied Eagle’s medium (DMEM) with 10% fetal
bovine serum (FBS), 100 pg/mL streptomycin,
and 100 U/mL penicillin. Plasmid transfection
of Hela cells was performed using Lipofec-
tamine 2000 (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’'s protocol.
Transfected cells were harvested after 48 h for
RT-gPCR analysis.

Assessment of gene expression

GAPDH was used as a control gene for assess-
ing the effects of PPIB knockdown. cDNA syn-
thesis was done by standard procedures,
and RT-gPCR was performed on the Bio-Rad
S1000 with Bestar SYBR Green RT-PCR Master
Mix (DBI Bioscience, Shanghai, China). The
information of primers is presented in Table 1.
The concentration of each transcript was
then normalized to GAPDH mRNA level using
288 method (Livak and Schmittgen 2001).
Comparisons were performed by paired Stu-
dent’s t-test with the use of GraphPad Prism
software (San Diego, CA).

Functional enrichment analysis

To sort out functional categories of DEGs, Ge-
ne Ontology (GO) terms and KEGG pathways
were identified using KOBAS 2.0 server [25].
Hypergeometric test and Benjamini-Hochberg
FDR controlling procedure were used to define
the enrichment of each term.

Availability of data and materials

The data discussed in this study are available
under GEO Series accession number GSE-
188372. We also downloaded another pub-
lished RNA-seq data of NP tissue from the
patients with eosinophilic CRSWNP (n=3), none-
osinophilic CRSWNP (n=3), and from healthy
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Figure 1. PPIB knockdown affects the proliferation of HelLa cells. A. PPIB expression quantified by gRT-PCR. B. MTT
assay revealed that PPIB knockdown promoted cell proliferation in HelLa cells. C. Flow cytometric analysis revealed
that PPIB knockdown had no significant effect on cell apoptosis. Error bars represent mean + SEM. ***P < 0.001.

control subjects (n=3) (GSE72713) to analyze
the ASEs between PPIB high expression and
low expression samples.

Patients with NP and control individuals

In the experimental group, NP tissue speci-
mens were obtained from 16 patients who
underwent endoscopic NP resection in the
First Affiliated Hospital of Zhengzhou University
from January 2022 to July 2022. The patients
were 21-66 years old, with 9 males and 7
females. Patients were excluded if they had
allergic rhinitis, history of bronchial asthma or
intolerance to aspirin. In the control group, infe-
rior turbinate mucosa tissue samples were
obtained from 16 patients with chronic hyper-
trophic rhinitis undergoing nasal endoscopic
inferior turbinate mucosal resection in First
Affiliated Hospital of Zhengzhou University dur-
ing the same period. There were 8 males and
8 females, and they were 24 to 62 years old.
This study was conducted in accordance
with the Declaration of Helsinki and approved
by the Medical Ethics Committee of First
Affiliated Hospital of Zhengzhou University.
Written informed consent was obtained from all
the participants.

Statistical analysis

Statistical analysis was performed using SPSS
software (version 18.0, Chicago, IL, USA). The
measured data expressed as (mean + stand-
ard deviation), were assessed by independent
sample t-test. The correlation analysis was per-
formed by Pearson test. Student’s t test was
performed to compare PPIB high and low
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groups with significance set at a P value of less
than 0.05.

Results

PPIB knockdown affect the proliferation of
Hela cells

gRT-PCR indicated that PPIB knockdown (shP-
PIB) was downregulated compared with the
control group (Figure 1A) (p < 0.001). MTT
assay demonstrated that shPPIB promoted
Hela cell proliferation (Figure 1B) (P < 0.001).
However, flow cytometry showed no significant
effect on apoptosis of Hela cells by shPPIB
(Figure 1C).

Identification of PPIB-RASEs in Hela cells

RNA-seq data were used to evaluate whether
PPIB could regulate ASEs in Hela cells. The
RNA-seq data further confirmed that the shP-
PIB was downregulated in Hela cells (Figure
2A). The ratio of exons of each RNA-seq sample
were detected in genome annotation exons
(Figure 2B). The number of known and novel
identified splice junction of ctrl knockdown
(shCtrl) and shPPIB were detected (Figure 2C).
The number of known and novel ASEs for each
type were distributed by using the ABLas pipe-
line (Figure 2D). RASE number of all ten AS
genes regulated by PPIB were detected (Figure
2E).

Function analysis and validation of genes with
PPIB-RASESs

The function and validation of genes with PPIB-
RASEs were investigated. Data demonstrated

Am J Transl Res 2022;14(9):6163-6174
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Figure 2. Identification of PPIB-regulated alternative splicing events (ASEs) in Hela cells. A. PPIB expression quantified by RNA sequencing data. Error bars represent
mean + SEM. B. The ratio of exons detected in genome annotation exons for each RNA-seq sample. C. Number of known and novel identified splice junction for each
sample. D. Distribution of known and novel ASEs for each type. E. Distribution of different AS types regulated by PPIB protein.
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Figure 3. Identification and functional analysis of genes with PPIB-regulated alternative splicing events (ASESs).
(A) Numbers of gene occurring one or more PPIB-regulated ASEs. (B) The top 10 GO biological process analysis

functional pathways of the ASEs. The ASEs of AURKA

(C) and ANAPC10 (D) regulated by PPIB were validated by

schematic diagrams and qRT-PCR. The schematic diagrams depict the structures of ASEs, AS1 (purple line) and
AS2 (green line). The exon sequences are denoted by boxes and intron sequences by the horizontal line (top panel).

RNA-seq quantification ASEs are shown in the bottom

panel. Error bars represent mean + SEM. *p < 0.05, **p

< 0.01. The altered ratio of ASEs in RNA-seq were calculated using the formula: AS1 junction reads/(AS1 junction

reads + AS2 junction reads).

that the genes were associated with one or
more PPIB-RASEs (Figure 3A). The top ten GO
biological process analysis functional pathways
of the AS genes were screened (Figure 3B).
The ASEs of AURKA (Figure 3C) and ANAPC10
(Figure 3D) regulated by PPIB were validated by
schematic diagrams and qRT-PCR (P < 0.05).

Identification and functional analysis of PPIB
potentially regulated AESs in NP tissue

We then explore whether PPIB could regulate
AESs in NP tissue. Using the downloaded tran-
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scriptome datasets, we analyzed the expres-
sion of PPIB in NP tissue from patients with
eosinophilic (ECRSwWNP) or noneosinophilic
(non-ECRSWNP) chronic rhinosinusitis with NP
and normal sinus mucosa (Ctrl) (Figure 4A).
RASE number showed that the distribution of
different AS types identified from different
comparisons included ECRSwNP vs. Ctrl or
non-ECRSwWNP vs. Ctrl (Figure 4B). Further, the
top 10 GO biological process terms of the AS
genes were identified between ECRSwWNP and
Ctrl tissue (Figure 4C) and non-ECRSwWNP and
Ctrl (Figure 4D).

Am J Transl Res 2022;14(9):6163-6174
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Figure 4. Identification and functional analysis of PPIB potentially regulated AS genes in NP tissue. A. Expression of PPIB in nasal polyp tissue from patients with
eosinophilic (ECRSWNP) or noneosinophilic (non-ECRSwWNP) chronic rhinosinusitis with nasal polyps and normal sinus mucosa (Ctrl) in the downloaded transcrip-
tome datasets (GSE72713). B. Distribution of different AS types identified from different comparisons, ECRSWNP vs. Ctrl or non-ECRSwWNP vs. Ctrl. C. The top 10 GO
biological process terms of the alternative splicing genes identified between ECRSWNP and Ctrl tissue. D. The top 10 GO biological process terms of the alternative
splicing genes identified between non-ECRSwWNP and Ctrl.
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PPIB potentially regulated AS of cell cycle as-
sociated genes in NP tissue

To determine whether PPIB could regulate AS
of cell cycle associated gene in NP tissue, the
overlap of PPIB-regulated AS genes (RASGs)
between HelLa cells and NP tissue from
ECRSWNP or non-ECRSwWNP were conducted
using Venn diagram (Figure 5A). Moreover, the
common GO terms for PPIB-RASGs in Hela
cells and NP tissue from ECRSwNP or non-
ECRSWNP were investigated (Figure 5B). A5SS
event on NAA 60 (Figure 5C) and A3SS event
on PSMD9 (Figure 5D) regulated by PPIB were
validated by gRT-PCR (P < 0.05).

Validation the DEGs in NP patients

To validate the mentioned DEGs, the expres-
sion levels of the top 6 ones were further id-
entified by gRT-PCR in our clinical samples.
Similar to the above demonstrated results,
the expression levels of AURKA, NAAGO and
PSMD9 were significantly lower in NP tissue
samples than in healthy individual samples
(Figure 6A). In addition, the expression levels of
ANAAPC10 and ANAAPC11 were significantly
increased. While the expression of ANAPC15
showed no significant difference between the
two groups (Figure 6B).

Discussion

To study the potential function of PPIB in in-
flammation, the PPIB-regulated transcriptomes
in HelLa cells using RNA-seq data and PPIB-
regulated gene expression and AS were con-
ducted. Comparative transcriptome analysis
revealed that knock-down of PPIB led to an
extensive change of gene expression profiles
and AS in Hela cells. PPIB regulated the ex-
pression of ER proteins and might be affected
by AS. After PPIB was knocked down in Hela
cells, the pathways where differentially ex-
pressed genes are most enriched were toll-like
receptor 4 signaling pathways and other signal-
ing pathways relating inflammation and immune
response. Further, PPIB regulated the AS of
multiple genes (Supplementary Figure 1) in NP
tissue. The GO-biological process analysis of
genes, which AS level changes significantly
after PPIB silencing, is mainly enriched in the
cell cycle. Therefore, PPIB not only participates
in UPR’s regulation of the expression of im-
mune-inflammatory related genes and affects
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the inflammatory response, but also can regu-
late the AS of cell cycle-related genes to affect
cell proliferation and regulate the occurrence
and development of chronic inflammatory dis-
eases such as NP.

Many types of RBPs can regulate AS, including
the heterogeneous ribonucleoprotein (hnRNP)
family of proteins, K homology domain, and
other kinds of domains [26]. RNAi and CRISPR-
Cas-mediated ablation of genes by genome-
wide screening have identified a few hundred
proteins that act directly or indirectly to regu-
late specific alternative exons [27, 28]. In
this study, the PPIB knockdown has led to a
great variety of RNA AS relating apoptosis
process, gene expression, RNA splicing and
other processes. Unlike PPIB commonly ser-
ves as PPlase activity which contributes to
Staphylococcus aureus virulence or proteome
homeostasis in Burkholderia pseudomallei
[29, 30], the data in this study suggest that
PPIB may affect cell proliferation by regulating
the AS of cell cycle-related genes in ER, and
this regulatory mechanism may also play an
important role in the abnormal proliferation
of cells in NP tissue via direct or indirect regula-
tion pathway, although further research is
needed.

We found that knockdown of PPIB in Hela
cells can affect the expression of ADRA1B,
SLCBA12, NFE2, ATOH8 and other immune and
inflammation-related genes, which proves that
PPIB indeed participates in the regulation of
inflammation. It is worth noting that knocking
down PPIB can affect the RNA AS process
(cell cycle, cell proliferation and protein phos-
phorylation) of pathway genes including SGK1,
POM121, ANKLE2, and PDCD®. Interestingly,
SGK1 protein has different splicing variants,
and under hypoxic conditions, the expression
of different splicing bodies will change [31], and
SGK1 can participate in the regulation of cell
proliferation by participating in protein phos-
phorylation and apoptosis process [32].

However, as there was no inflammation induc-
tion or activation of the ER stress response, the
overall expression of these genes was low, but
significant changes were still found. Therefore,
it is necessary to verify the effect of PPIB on the
expressions of these immune and inflamma-
tion-related genes under hypoxia or inflamma-
tion-induced conditions.
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Figure 5. PPIB potentially regulated alternative splicing of cell cycle associated genes in NP tissue. (A) Venn diagram
shows the result of overlap analysis of PPIB -regulated alternative splicing genes (RASGs) between Hela cells and
nasal polyp tissue from ECRSWNP or non-ECRSwWNP. (B) The common GO terms for PPIBRASGs in HelLa cells and na-
sal polyp tissue from ECRSWNP or non-ECRSwWNP. The color scale shows the significance (p-value) of the pathways.
An A5SS event on NAABO (C) and an A3SS event on PSMD9 (D) were shown. IGV-sashimi plots show the AS changes
that occurred in Hela cells after PPIB knockdown (left panel). The schematic diagrams depict the structures of
ASEs (right panel, top), AS1 (shown in purple), and AS2 (shown in green); exon sequences are denoted by boxes,
and intron sequences by the horizontal line. RNA-seq quantification of RASEs are shown (right panel, bottom). The
altered ratio of RASEs was calculated using the formula: AS1 junction reads/AS1 junction reads + AS2 junction
reads. Student’s t test was performed to compare PPIB high and low groups with significance set at a P value of less
than 0.05. *P < 0.05, **P < 0.01, **P < 0.001.
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Taken together, the data in this study support
PPIB as a regulatory gene for the occurrence
and development of chronic inflammatory dis-
eases such as NP, further expand the under-
standing of regulatory functions and mecha-
nisms in PPIB diseases and inflammation, and
provide a theoretical basis for the development
of therapeutic drugs for chronic inflammatory
diseases such as NP.

Conclusions

PPIB regulate the AS of cell cycle-related genes
to affect cell proliferation and regulate the
occurrence and development of chronic inflam-
matory diseases such as NP.
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Supplementary Table 1. Summary of sample names, description, the RNA-seq sequencing informa-
tion and mapping results in each sample

. Total clean Total Uniquel . .
Sample Description Total mapped quely Splice reads Non-splice reads
reads mapped
shCtrl_1st control_1 86378188 51755562 (59.92%) 47142331 (91.09%) 23499446 (49.85%) 23642885 (50.15%)
shCtrl_2nd control_2 89834074 61998584 (69.01%) 58070270 (93.66%) 30269177 (52.13%) 27801093 (47.87%)

shPPIB_1st PPIB_knockdown_1 80395764 58118992 (72.29%) 53464120 (91.99%) 27789043 (51.98%) 25675077 (48.02%)
shPPIB_2nd PPIB_knockdown_2 84720448 59495478 (70.23%) 54683975 (91.91%) 28684275 (52.45%) 25999700 (47.55%)

Supplementary Table 2. Primer information sets in Figure 6

Gene Primer Sequence (5’-3’)
GAPDH Forward TCCTGCACCACCAACTGCTTA
Reverse AGTGATGGCATGGACTGTGGT
AURKA Forward GTGCATGCTCCATCTTCCAG
Reverse AGTCTCCTGGTACGTGTGTG
ANAAPC10 Forward TCAGGCTGTYTGGTCACTCT
Reverse AGCCATCRGATTGCCAGTAA
NAAGO Forward GAATCTTCCTTAACGGAGC
Reverse AAGAGACTTGATCTTTCGGT
PSMD9 Forward AAGGCCAACTATGACGTGCTG
Reverse ATATGATGTTGTGCCTGGCG
ANAPC11 Forward ATGAAGGTGAAGATTAAGT
Reverse TCACTCCTTGAACTTCCATT
ANAPC15 Forward ACTCTACCCTGCTTATTGCCCG
Reverse CACCATGTGCTCATCAAAGCCG
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Supplementary Figure 1. PPIB potentially regulated AS of cell cycle associated genes in NP tissue. An A3SS event
on ANAPC15 (A) and an A5SS event on ANAPC10 (B) were shown. IGV-sashimi plots show the alternative splicing
changes that occurred in HelLa cells after PPIB knockdown (left panel). The schematic diagrams depict the struc-
tures of ASEs (right panel, top), AS1 (shown in purple) and AS2 (shown in green); exon sequences are denoted by
boxes, and intron sequences by the horizontal line. RNA-seq quantification of RASEs are shown (right panel, bot-
tom). The altered ratio of RASEs was calculated using the formula: AS1 junction reads/AS1 junction reads + AS2
junction reads. Student’s t test was performed to compare PPIB high and low groups with significance set at a P
value of less than 0.05. *P < 0.05, **P < 0.01, **P < 0.001.



