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PPIH acts as a potential predictive biomarker 2
for patients with common solid tumors

JunYe', Jianchao Ying?, Haixia Chen?, Zhiping Wu', Chaolin Huang®, Chuan Zhang?, Zhitao Chen® and Haini Chen'”

Abstract

Background Our previous studies have indicated that mRNA and protein levels of PPIH are significantly upregulated
in Hepatocellular Carcinoma (LIHC) and could act as predictive biomarkers for patients with LIHC. Nonetheless, the
expression and implications of PPIH in the etiology and progression of common solid tumors have yet to be explored,
including its potential as a serum tumor marker.

Methods We employed bioinformatics analyses, augmented with clinical sample evaluations, to investigate the
mRNA and protein expression and gene regulation networks of PPIH in various solid tumors. We also assessed the
association between PPIH expression and overall survival (OS) in cancer patients using Kaplan-Meier analysis with
TCGA database information. Furthermore, we evaluated the feasibility and diagnostic efficacy of PPIH as a serum
marker by integrating serological studies with established clinical tumor markers.

Results Through pan-cancer analysis, we found that the expression levels of PPIH mRNA in multiple tumors were
significantly different from those in normal tissues. This study is the first to report that PPIH mRNA and protein levels
are markedly elevated in LIHC, Colon adenocarcinoma (COAD), and Breast cancer (BC), and are associated with a
worse prognosis in these cancer patients. Conversely, serum PPIH levels are decreased in patients with these tumors
(LIHC, COAD, BC, gastric cancer), and when combined with traditional tumor markers, offer enhanced sensitivity and
specificity for diagnosis.

Conclusion Our findings propose that PPIH may serve as a valuable predictive biomarker in tumor patients, and its
secreted protein could be a potential serum marker, providing insights into the role of PPIH in cancer development
and progression.
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Introduction

Cancer continues to be a principal cause of mortality
globally, inflicting profound distress on individuals and
defying effective prevention and treatment [1]. Despite
relentless efforts yielding enhanced insight into tumor
pathogenesis and the evolution of treatments from radio-
therapy and chemotherapy to immune checkpoint (ICP)
blockade and targeted drug therapies, challenges persist.
These include limited patient benefits, suboptimal sur-
vival rates, and difficulties in achieving lasting therapeu-
tic responses [2—4]. The prognosis for malignant tumors
remains grim, partly due to delayed diagnosis and the
absence of early, sensitive diagnostic and prognostic
markers. Thus, identifying novel therapeutic targets and
sensitive tumor biomarkers for early detection and treat-
ment is imperative [5].

PPIH, part of the Cyclophilins (Cyps) family and known
in prior studies as Cyp-H, USA-Cyp, or U4/U6-20 K [6,
7], is recognized not only for its role in protein folding
but also for its significant involvement in pre-mRNA
splicing and the U4/U5/U6 tri-snRNP complex assembly
[7-9]. Research by Li et al. [10] has associated increased
PPIH expression in gastric adenocarcinoma (STAD) with
poor patient outcomes, whereas PPIH downregulation
may inhibit STAD cell proliferation, migration, and inva-
sion. Gao et al. [11] confirmed that PPIH, as a COVID-
19 susceptibility gene in LUAD patients, can increase the
susceptibility of LUAD patients to COVID-19 through a
variety of biological processes and pathways. Li et al. [12]
also highlighted the pivotal role of RNA-binding proteins,
including PPIH, in the development of HBV-associated
hepatocellular carcinoma. Our prior research identified a
substantial overexpression of PPIH mRNA and proteins
in LIHC [13], correlating with advanced disease stages,
poor differentiation, and TP-53 mutations. These find-
ings propose PPIH as a potential predictive biomarker for
LIHC, warranting further exploration of its role in can-
cer progression. Nevertheless, comprehensive analyses of
PPIH ‘s gene regulatory network and its diagnostic value
in LIHC, as well as its expression in COAD, and BC,
remain uncharted territories, making it vital to ascer-
tain PPIH ‘s expression profiles and their implications for
diagnosis and prognosis in common solid tumors.

Building on previous results linking poor LIHC prog-
nosis to elevated PPIH levels, this study aims to delve
deeper into PPIH ‘s potential function and prognostic sig-
nificance in common solid tumors. Through bioinformat-
ics analysis utilizing open-access databases, we explored
differences in PPIH mRNA expression in pan-cancer, and
subsequently we meticulously examined PPIH expression
in LIHC, COAD, and BC, assessing its correlation with
patient outcomes. This was complemented by empirical
validations such as protein immunoassays and immu-
nohistochemistry (IHC), confirming PPIH upregulation
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in tumor tissues. Additional investigations into PPIH
‘s involvement in tumorigenesis were conducted using
TCGA, GeneMANIA, and GSEA data sources. More-
over, by integrating serological studies with conventional
tumor markers for a joint diagnostic approach, we evalu-
ated PPIH’s potential as a serological marker for solid
tumors.

The outcomes of this study may enhance our compre-
hension of PPIH’s functionality in the ontogeny and pro-
gression of common solid tumors, positioning PPIH as a
promising novel prognostic marker and a target for ther-
apeutic interventions.

Materials and methods

Patients and LIHC tissue specimens

At the First Affiliated Hospital of Wenzhou Medical
University, six pairs of matched LIHC tumor tissue and
adjacent normal tissue were collected immediately after
surgical resection and instantly quenched in liquid nitro-
gen. Each pair was obtained from a patient clinically and
pathologically confirmed with liver cancer. The Board of
Directors and Ethics Committee of the hospital approved
the informed consent process, and written informed con-
sent was obtained from all participants.

Clinical samples and IHC staining

Chengdu GaoxinDaan Medical Laboratory Co., Ltd. pro-
vided paraffin-embedded tissue samples of LIHC, COAD,
and BC patients for immunohistochemical analysis.
Comprehensive clinical data and laboratory results were
followed up for all patients, who gave informed consent
for participation. We made minor modifications to the
previously published IHC staining method [14]. Paraffin
sections were incubated overnight at 4°C with an anti-
PPIH primary antibody (diluted 1:100), with PBS serving
as a negative control and tonsil tissue as a positive con-
trol. The sections were then treated with biotin-labeled
goat anti-rabbit IgG, followed by the streptavidin-biotin-
peroxidase complex at room temperature for 30 minutes.
IHC staining utilized 3,3’-diaminobenzidine tetrahy-
drochloride, with hematoxylin as a counterstain. After
ethanol dehydration and xylene washing, samples were
mounted. The expression of PPIH protein was evaluated
semi-quantitatively, Positive expression was indicated
by cytoplasmic staining in yellow or brownish-yellow.
Expression intensity scores ranged from 0 to 3, indicating
negative (no positive staining), weakly staining (light yel-
low), moderately staining (brownish-yellow cytoplasm),
and strongly staining (yellowish-brown or granular).

Clinical serum specimens

From September to October 2023, serum samples from
sixteen patients each with LIHC, COAD, GC, and BC
were collected at the Second Affiliated Hospital of
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Guizhou Medical University. Inclusion criteria included
no history of other malignancies, histologically con-
firmed solid tumors, and comprehensive clinical and
follow-up data. Exclusion criteria encompassed recent
systemic infections, autoimmune or active immune dis-
eases, severe hypertension or cardiac conditions, and
pregnancy. Control serum samples were also taken from
sixteen health check participants. All patients provided
informed consent, and the hospital’s Ethics Committee
approved the study protocol.

Western blot analysis

Clinical tissues and whole-cell proteins were lysed with
1% Triton X-100 buffer containing protease and phos-
phatase inhibitors. The protein concentration was deter-
mined using BCA protein assay kits (Beyotime, Shanghai,
China). We loaded 40 mg of total protein per sample on
12% SDS-PAGE gels for separation, then transferred onto
PVDF membranes (Bio-Rad, Hercules, CA) using a wet
transfer system (Bio-Rad, United States). After the blot
was sealed in TBST with 5% skim milk at room tempera-
ture for 1 h, the membrane segment where the target
proteins (PPIH: 19 kDa and B-actin: 42 kDa) were located
was cut off according to the molecular weight of Marker.
Overnight incubation was performed with specific pri-
mary antibodies PPIH (ab235595) (Abcam, Cambridge,
MA) (1:2000) and p-actin (Beyotime, Shanghai, China)
(1:5000) at 4°C, respectively. After washing with TBST,
blots were incubated with HRP-conjugated secondary
antibodies and visualized using ECL (Thermo Fisher
Scientific, Rockford, IL). Image] software quantified the
optical density.

Bioinformatics analysis

TCGA, LinkedOmics, and GeneMANIA databases pro-
vided multi-omics information and clinical data for ana-
lyzing PPIH mRNA expression and prognosis in solid
tumors, as well as a comprehensive gene regulatory net-
work analysis for PPIH in BC, and LIHC. All database
analyses followed previously described methods [14, 15].

Elisa analysis

The ELISA kit (Jingmei Biological Technology Co., Ltd,
Jiangsu, China) instructions were adhered to as follows:
(1) Standard product addition and dilution; (2) Test sam-
ple addition to designated wells; (3) Incubation at 37°C
for 30 min; (4) Plate washing four times; (5) Enzyme
reagent addition; (6) Further incubation and washing; (7)
Color development; (8) Reaction termination; (9) Mea-
surement by setting blank well readings to zero, record-
ing absorbance (OD value) at 450 nm wavelength with an
enzyme-linked immunosorbent assay reader, and calcu-
lating PPIH concentration from the standard curve.
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Statistical analysis

GraphPad Prism (v.9.0) and SPSS 27.0 conducted the
statistical analyses, with p-values less than 0.05 denoting
significance. Kaplan-Meier survival analysis utilized the
log-rank test, while Logistic regression and ROC curve
analysis were applied for ROC analysis. Two-group com-
parisons used Student’s t-test.

Results

Elevated expression of PPIH in three types of cancers

By analyzing the TCGA dataset, we found that the
expression of PPIH in cancer tissues was significantly
different from that in normal tissues (Fig. 1A). It can
be seen from the results that, except for a few tumors
such as KICH and THCA, the expression level of PPIH
is generally elevated in cancer cell lines of different tis-
sue sources. Subsequently, we used TCGA data sources
to focus on the differential expression of PPIH in COAD,
BC, and LIHC. We observed overexpression of PPIH in
colon adenocarcinoma tissues relative to normal tissues
(Fig. 1B). Boxplot analyses revealed that breast cancer
specimens exhibited significantly higher PPIH mRNA
expression than normal tissues (Fig. 1C). Similarly, PPIH
mRNA expression was elevated in liver cancer tissues
compared to adjacent normal liver tissues (Fig. 1D). Fur-
thermore, protein analysis in six LIHC patients (compris-
ing six tumor tissues and six matched adjacent normal
tissues) confirmed statistically significant higher levels of
PPIH in LIHC tissues (Fig. 1E-F).

IHC verification of PPIH overexpression in three types of
cancers

IHC staining was conducted on paraffin-embedded
tumor tissues to determine PPIH protein levels. Accord-
ing to the set of semi-quantitative assessment criteria,
PPIH staining was moderate in normal liver (Fig. 2A-C),
while PPIH staining was strong in tumor tissue. Nor-
mal colon tissue (Fig. 2D-F) and normal breast tissue
(Fig. 2G-I) showed weak PPIH staining, while tumor tis-
sue showed moderate PPIH staining. These findings col-
lectively indicate a significant overexpression of PPIH in
COAD, BC, and LIHC tissues compared to their normal
counterparts.

Prognostic implications of PPIH mRNA expression in cancer
patients

Previous studies by our team indicated that elevated
PPIH expression was associated with poor overall sur-
vival, progression-free interval, disease-free interval,
and disease-specific survival in LIHC patients [13]. In
this study, Utilizing the TCGA database, we explored the
association between PPIH expression levels and onco-
genic or suppressive gene activity in relation to patient
prognosis in COAD, and BC. Figure 3A and B show
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Fig. 1 Expression levels of PPIH in three types of cancer. (A) Comparison of PPIH expression between tumor and normal samples(TCGA database). (B)
mMRNA expression levels of PPIH in colon adenocarcinoma tissues versus adjacent normal colon tissues (TCGA database). (C) mRNA expression levels of
PPIH in breast cancer tissues versus adjacent normal breast tissues (TCGA database). (D) mRNA expression levels of PPIH in Liver cancer tissue and adja-
cent normal liver tissues (TCGA database). (E, F) Representative western blots showing PPIH protein expression in LIHC tissues (T) compared to matched

normal liver tissues (N) (n=6). *p<0.05; **p<0.01; ***p<0.001

that higher PPIH expression corresponded with poorer
overall survival in BC patients, a statistically significant
difference (P=0.0094). However, for COAD patients,
Kaplan-Meier survival analysis suggested that high PPIH
expression did not significantly correlate with a worse
prognosis, potentially due to the limited sample size.

Enrichment analysis of PPIH functional networks in cancers
KEGG pathway analyses of co-expression genes correlated
with PPIH in Breast cancer

Utilizing TCGA mRNA sequencing data, we constructed
a network diagram illustrating 367 genes co-expressed
with PPIH in breast cancer. In this diagram, red lines
indicate positive correlations and blue lines negative
ones (Fig. 3C). These genes were subjected to KEGG
enrichment analysis with an FDR cutoff set at <0.05. The
analysis revealed that the co-expressed genes, mostly
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Fig. 2 IHC analysis of PPIH for three types of cancers. (A, D, G) HE staining of LIHC, COAD, BC. (B, C) IHC results showing PPIH levels in LIHC tissues versus
normal tissues. (E, F) IHC results showing PPIH levels in COAD tissues versus normal tissues. (H, I) IHC results showing PPIH levels in BC tissues versus
normal tissues
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associated with PPIH in breast cancer, were significantly
involved in the cell cycle and spliceosome pathways
(Fig. 3D).

GO and KEGG pathway analyses of co-expression genes
correlated with PPIH in LIHC

We employed LinkedOmics to analyze the mRNA
sequencing data from 371 LIHC patients within the
TCGA database, using a Pearson test to examine the co-
expression relationship with PPIH (Fig. 4A). Heatmaps
display the top 50 genes that showed significant positive
or negative correlation with PPIH (Fig. 4B-C). As shown
in Fig. 4D-F, the mRNA expression of PPIH showed the
strongest positive association with expression of Clorf91
(Pearson  correlation=0.71, p=1.691e-58), NUDT1
(Pearson correlation=0.70, p=4.088e-56), and SNRPD2

(Pearson correlation=0.70, p=6.635e-56), which reflect
changes in the cell cycle, RNA polymerase II [16],and
spliceosomal components [17].

These significant genes were further analyzed for GO
and KEGG enrichment using the DAVID database (Sup-
plementary Tables 1-4), maintaining the FDR cutoff at
<0.05. Cellular component analysis located these pro-
teins primarily in the nucleoplasm, ribosome, and cytosol
(Fig. 5A-D). Biological processes were notably enriched
in SRP-dependent cotranslational protein targeting to
the membrane, rRNA processing, translational initiation,
and translation. Molecular function analysis identified
significant involvement in poly(A) RNA binding, ribo-
some structure, protein binding, and RNA binding. The
KEGG pathway results indicated predominant partici-
pation in the ribosome, spliceosome, RNA degradation,
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and non-alcoholic fatty liver disease (NAFLD) pathways
(Fig. 5E).

PPIH networks of miRNA and transcription factor targets in
LIHC

Further investigation into PPIH targets in LIHC identi-
fied the top five significant PPIH-related genes in the
miRNA and transcription factor target networks (Supple-
mentary Tables S5-S6). Notable targets included ATAC
CTC, MIR-202, and GGAANCGGAANY_UNKNOWN.
We then constructed the PPI network for MIR-202 and
transcription factor GGAANCGGAANY_UNKNOWN
using the GeneM ANIA database. This network suggested
that miR-202-associated gene sets were mainly impli-
cated in regulating nuclear mRNA catabolic processes,
including deadenylation-dependent decay and posi-
tive regulation of mRNA catabolic processes (Fig. 6A).
Similarly, gene sets connected to the transcription fac-
tor GGAANCGGAANY_UNKNOWN were primarily
involved in translation initiation, ribosomal structure,
and SRP-dependent cotranslational protein targeting to
the membrane (Fig. 6B).

Analysis of PPIH as a diagnostic serum tumor marker
Serum PPIH levels are down-regulated in cancer patients

To ascertain the potential of PPIH protein as a clinical
tumor marker, we conducted an enzyme-linked immu-
nosorbent assay (ELISA) to measure PPIH levels in
serum samples from patients with LIHC, COAD, BC,
and healthy controls, comprising 16 cases each. Addi-
tionally, serum from 16 gastric cancer (GC) patients was
analyzed. The ELISA results indicated that serum PPIH
levels in the LIHC, COAD, BC, GC, and the healthy
control group were 230.32+12.57 pg/ml, 220.83+11.90
pg/ml, 225.17+14.97 pg/ml, 230.31+14.36 pg/ml, and
250.01£11.49 pg/ml, respectively. Compared with the
healthy control group, serum PPIH levels were signifi-
cantly down-regulated in patients with LIHC, COAD,
BC, and GC (Fig. 7A-D). The differences were statisti-
cally significant, with p-values indicating increasing
levels of significance (*p<0.05; **p<0.01; ***p<0.001;
**#4p <0.0001).

ROC analysis of PPIH combined with conventional protein
markers for cancer diagnosis

We evaluated PPIH’s potential as a serological marker to
distinguish cancer patients from healthy individuals. The
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Receiver Operating Characteristic (ROC) curve analy-
sis of PPIH, combined with traditional tumor markers,
was conducted for the diagnosis of four types of cancers.
For LIHC diagnosis, AFP showed a sensitivity of 80.0%
and a specificity of 93.8%, with an area under the curve
(AUC) of 0.898 (95%CI: 0.777, 1.000). PPIH alone had a
sensitivity of 100.0% and a specificity of 68.8%, with an
AUC of 0.900 (95%CI: 0.793, 1.000). The combination
of AFP and PPIH improved the diagnostic performance
with a sensitivity of 86.7%, specificity of 93.8%, and an
AUC of 0.958 (95%CI: 0.896, 1.000) (Fig. 8A). In COAD
diagnosis, CEA had a sensitivity of 62.5% and specific-
ity of 93.8%, with an AUC of 0.824 (95%CI: 0.680, 0.968).
CA19-9’s sensitivity was 62.5%, specificity was 100.0%,
and AUC was 0.840 (95%CI: 0.701, 0.978). PPIH alone
had a sensitivity of 75.0%, specificity of 100.0%, and AUC
of 0.957 (95%CI: 0.897, 1.000). Combining CEA, CA19-
9, and PPIH resulted in a sensitivity of 87.5%, specificity
of 100.0%, and an AUC of 0.980 (95%CI: 0.944, 1.000)
(Fig. 8B). For BC, CA15-3 alone offered a sensitivity of
86.7%, specificity of 68.8%, and AUC of 0.852 (95%ClL:

0.721, 0.983). PPIH’s sensitivity was 66.7%, specificity was
100.0%, and AUC was 0.892 (95%CI: 0.782, 1.000). The
combination of CA15-3 and PPIH yielded a sensitivity of
86.7%, specificity of 93.8%, and an AUC of 0.938 (95%Cl:
0.852, 1.000) (Fig. 8C). In GC diagnosis, CEA had a sensi-
tivity of 56.3%, specificity of 93.8%, and an AUC of 0.816
(95%CL: 0.672, 0.961). CA19-9’s sensitivity was 81.3%,
specificity was 93.8%, and AUC was 0.934 (95%CI: 0.853,
1.000). PPIH alone showed a sensitivity of 93.8%, specific-
ity of 68.8%, and an AUC of 0.859 (95%CI: 0.732, 0.987).
The combined use of CEA, CA19-9, and PPIH provided
a sensitivity of 93.8%, specificity of 87.5%, and an AUC
of 0.965 (95%CI: 0.909, 1.000) for GC (Fig. 8D). These
results demonstrate that PPIH, particularly when used in
conjunction with traditional tumor markers, offers better
sensitivity and specificity as a serum marker for cancer.

Discussion

The rapid growth and aging of the global population have
positioned cancer as a foremost cause of death and a sig-
nificant contributor to disability worldwide, with new
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Fig. 8 ROC curve analysis for diagnosing four types of cancer using serum PPIH combined with tumor markers. (A) ROC curve analysis of serum PPIH
combined with AFP for diagnosing LIHC. (B) ROC curve analysis of serum PPIH combined with CEA and CA19-9 for diagnosing COAD. (C) ROC curve anal-
ysis of serum PPIH combined with CA15-3 for diagnosing BC. (D) ROC curve analysis of serum PPIH combined with CEA and CA19-9 for diagnosing GC.

cases continually escalating and imposing a substantial
societal burden [18]. Notably, the incidence and mortal-
ity rates of LIHC, COAD, BC, and GC rank highly glob-
ally [19-22], with BC emerging as a significant health
challenge for women [23]. Currently, tumor clinical
management predominantly utilizes a combination of
surgery, radiotherapy, chemotherapy, immunotherapy,
and targeted drug therapy. These treatments aim to
enhance patient survival rates; however, associated cyto-
toxicity and drug resistance, arising from treatment side
effects, often result in low survival rates [24], It is well-
established that early tumor diagnosis and subsequent

treatment substantially improve patient prognoses [25],
underscoring the critical need for novel diagnostic mark-
ers and therapeutic target molecules in cancer care.
Although prior research has established PPIH ‘s
involvement in the progression of certain malignan-
cies [10-12], the specifics of its expression, impact on
patient prognosis, and regulatory mechanisms are not
fully elucidated. Our study concentrates on PPIH ‘s aber-
rant expression in LIHC, COAD, BC, and GC to discern
its correlation with clinicopathological characteristics.
We also aim to analyze prognostic factors that influence
patient outcomes and the feasibility of developing new
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tumor targets. By leveraging bioinformatics and validat-
ing with clinical specimens, we aimed to clarify PPIH ‘s
molecular role and its relationship with common solid
tumor progression. We first examined mRNA sequencing
data from the TCGA database, where we detected sig-
nificant differences in PPIH expression between tumors
and normal tissues for 16 cancers (Fig. 1A), after which
we focused on evaluating samples from LIHC, COAD,
and BC. This study presents novel evidence of signifi-
cantly elevated PPIH mRNA in BC, correlating with poor
prognosis (Figs. 1C and 3B). Peng et al. reported a similar
association between the upregulation of Cyclophilin A
(CypA) and a negative prognosis in colorectal cancer [26],
and both PPIH and CypA are Cyclophilins. However, our
findings showed no significant correlation between PPIH
mRNA overexpression in COAD and prognosis, likely
due to limited sample sizes (Figs. 1B and 3A), prompting
the need for larger sample studies in the future. Previous
studies have indicated higher PPITH mRNA levels in LIHC
compared to healthy liver tissue [27, 28], which is consis-
tent with our findings (Fig. 1D). Additionally, high PPIH
mRNA levels were strongly linked to poor LIHC progno-
sis [13]. We also validated abnormal PPIH expression in
human liver cancer tissues (Fig. 1E-F), and immunohis-
tochemical analyses revealed a correlation between PPIH
protein expression and mRNA levels in LIHC, COAD
and BC specimens (Fig. 2). These insights propose PPIH
as a potential biomarker for the early detection and prog-
nostic assessment of common solid tumors.

Pathway analyses of PPIH-associated co-expressed
genes in BC and LIHC patients implicated PPIH in cell
cycle control, spliceosome function, and RNA degrada-
tion (Figs. 4C-D and 5). These findings align with previous
research [8, 13], suggesting that PPIH may significantly
influence tumor development through the spliceosome
pathway. In our previous research, Further investigations
into PPIH’s interactome, constructed via STRING and
GeneMANIA, identified pre-mRNA processing factors
(PRPF3, PRPF31, and PRPF4) as intersection points, rein-
forcing PPIH’s pivotal role in tumorigenesis. Additionally,
we theorize that substantial downregulation of N6-meth-
yladenosine modification levels in PPIH mRNA could be
a primary factor in the observed overexpression of PPIH
in tumors [13].

Our investigation identified critical networks of target
miRNAs and transcription factors linked to the differen-
tial expression of PPIH in liver hepatocellular carcinoma
(LIHC), as shown in Fig. 6. We discovered that potential
miRNAs regulating PPIH expression in LIHC include
miR-202, miR-129, miR-141, miR-200a, miR-199a, miR-
30a-3p, and miR-30e-3p. Zhuang et al. [29] reported that
miR-202 acts as a tumor suppressor in hepatocellular
carcinoma by reducing BCL2 expression, noting a sig-
nificant decrease in miR-202 in hepatocellular tissues and
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cell lines, with a concomitant increase in BCL2 expres-
sion. Zhai et al. [30] found that miR-129 hampers tumor
initiation and progression by targeting PAK5, whereas
Zhao et al. [31] observed that miR-141 curbs hepatocellu-
lar carcinoma cell proliferation and invasion by downreg-
ulating TGFPR1. According to Liu et al. [32], Circ-ZEB1
and PIK3CA are markers of poor prognosis in hepatocel-
lular carcinoma, with low levels of MiR-199a-3p correlat-
ing with reduced tumor cell proliferation and increased
apoptosis. Wang et al. [33] demonstrated the tumor-sup-
pressive role of miR-30a-3p in LIHC. Our research sug-
gests GGAANCGGAANY_UNKNOWN, V$PAX4 02,
and SCGGAAGY_VS$ELK1_02 as key transcription fac-
tors in PPIH regulation. Ma et al. [34] described how the
transcription co-activator P300 promotes malignancy in
hepatocellular carcinoma by enhancing «aPKC-1 expres-
sion, mediated by Elkl. The novel transcription factor
target (GGAANCGGAANY_UNKNOWN) identified in
our study has not been previously reported. Collectively,
our data suggest that aberrant PPIH expression may influ-
ence tumor cell proliferation, invasion, and metastasis by
modulating these targets, warranting further verification.

Serological markers offer significant benefits for tumor
diagnosis and monitoring, such as non-invasiveness and
reproducibility. Tumor detection via serum proteomics
provides a sensitive and informative alternative to tissue
samples due to its systemic perspective [35]. Alpha-feto-
protein (AFP) is a specific serum glycoprotein vital for
liver cancer diagnosis; however, its sensitivity and speci-
ficity are limited. Its detection alongside liver ultrasound
can facilitate early liver cancer detection in high-risk
groups [36—38]. CEA and CA19-9, while commonly used
in clinical settings to predict GC outcomes, have unsatis-
factory positive rates [38—40]. Similarly, CA15-3, despite
being a classical BC marker, is not always indicative of
early-stage BC and may elevate in benign conditions [41].
Thus, identifying more precise tumor markers remains
crucial. This study marks the first evaluation of PPIH lev-
els in the serum of patients with LIHC, COAD, BC and
GC, revealing lower PPIH levels in patients compared
to healthy controls, a finding that contrasts with earlier
tissue-based results (Fig. 7).

Circular RNA (circRNA) is a member of non-coding
RNAs, and currently, circRNA is thought to be generated
by selective reverse splicing of pre- mRNA [42]. CircRNA
is implicated in various tumorigenic processes and acts
as an epigenetic regulator [43]. Deng et al. [44] observed
that CircSKA3 is abundant in colorectal cancer tissues
but reduced in serum, potentially due to transcription
factor SLUG interactions that affect circSKA3’s cellu-
lar retention and secretion. The biological functions of
circRNA include regulating gene transcription or RNA
splicing in the nucleus, binding with RNA binding pro-
tein (RBP), etc [45]. The interaction between circRNA
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and protein will affect the synthesis and degradation of
circRNA and the expression and function of protein
[46]. Our analysis of PPIH co-expressed genes suggests
a significant role in RNA binding, positing that elevated
PPIH in tumor tissues and reduced serum levels might be
attributable to PPIH’s interaction with circRNA, foster-
ing tumor cell advantages while decreasing PPIH secre-
tion. This theory requires further investigation.

In our study, combining traditional tumor mark-
ers (AFP, CEA, CA19-9, CA15-3) with PPIH improved
diagnostic accuracy for LIHC, COAD, BC, and GC, as
depicted in Fig. 8. Nevertheless, a lack of significant cor-
relation between PPIH expression and clinicopathologi-
cal features due to limited patient data points to the need
for broader clinical validation (Supplementary Tables
7-10).

In summary, we found that PPIH is upregulated in
common solid tumors and correlates with poor prog-
nosis, possibly facilitating tumor development via the
spliceosome pathway. Despite reduced serum PPIH lev-
els in patients with tumors, suggesting its potential as a
biomarker, the inverse expression pattern of PPIH in tis-
sues and serum merits further study to substantiate our
conjectures.
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