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Purpose: The extracellular matrix in the tumor microenvironment are closely related to the development of tumors. This study’s
primary aim is to study the association between prolyl 3-hydroxylase 1 (P3H1) which mainly expresses collagen in extracellular matrix
and the progression and prognosis of bladder cancer (BC).

Methods: The clinical and transcriptome data were acquired from the cancer genome atlas database. BLCAsubtyping is used to
evaluate tissue subtypes of BC. The COX proportional hazards can be used to evaluate the survival process’s influencing factors.
Immunohistochemistry was used to identify differences in the expression of P3H1 in cancer and paired adjacent tissues. GSEA was
used to investigate the underlying biological processes. Finally, ssGSEA, TIMER and pRRophetic were used to study the relationship
between P3H1 and immune cell infiltration and drug sensitivity.

Results: The expression of P3H1 was substantially higher in highly invasive BC samples than in low invasive BC. P3H1 was an
independent predictor of overall survival (HR = 1.12, p = 0.03). P3H1 expression was significantly higher in tumor tissues than
adjacent normal tissues in clinical tissue samples, and was significantly higher in highly stage cancer than low stage cancer samples.
Samples with high P3H1 expression had a higher level of immune cell infiltration and immune function, as well as a significant
correlation with macrophage and dendritic cell infiltration and TGF-beta, Th1 cells, and macrophage regulation (cor >0.3, p <0.05).
P3H1 high expression samples were substantially more sensitive to docetaxel, cisplatin, vinblastine, camptothecin, paclitaxel, and
other medicines than P3H1 low expression samples.

Discussion: P3H1 is a possible oncogene and an independent predictor of poor prognosis in BC; it also has enhanced sensitivity to
docetaxel, cisplatin, vinblastine, camptothecin, paclitaxel, and other medications.
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Introduction

Bladder cancer (BC) is one of the most prevalent malignant tumors of the urinary system, and its prevalence is among the
top 10 for all tumor types in humans. Only in 2018, the number of new cases and deaths reached 549,000 and 200,000,
respectively.! Although the 5-year survival rate of these patients can reach 95.8% with early treatment, the recurrence
rate of patients with high-grade T1 is greater than 45% and the rate of tumor progression is between 14-40%.> Based on
the current research of genome structure, it has been shown that the alteration of genetic material is still the primary
cause of the beginning and progression of BC; therefore, it is particularly necessary to investigate the alteration of the
bladder’s critical genes.*’
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Currently, it is known that the tumor microenvironment which mainly composed of stromal cells and immune cells is
closely related to the occurrence, growth, and metastasis of tumors. Depending on the context and tumor type, immune
cells can be either pro-tumor or anti-tumor. For example, regulatory T cells promote tumor development and progression
by inhibiting anti-tumor immune response, cytotoxic T cells (CD8+) detect abnormal tumor antigens expressed on cancer
cells and target them for destruction, while cytotoxic T cells can also inhibit angiogenesis by secreting interferon-y in
addition to killing tumor cells.® Stromal cells are another major component, with tumor-associated fibroblasts being the
major component of the extracellular matrix with the three-dimensional macromolecular network composed of various
macromolecular substances, such as collagen, proteoglycans, amino glycans, and other glycoproteins.”* Collagen is
a significant component of the extracellular matrix, which can be secreted by fibroblasts, chondrocytes, myocytes, and
other stromal cells.” It is capable of transmitting signals to cells that impact cell motility, adhesion, angiogenesis, and
other functions, and subsequently reshaping the extracellular matrix to promote cancer.'®!'! For instance, macrophages
associated with tumors deposit, cross-link, and linearize type I collagen in fibrous collagen and type XIV collagen in
microfibrous collagen, hence increasing tumor formation. The absence of type VI collagen in basement membrane
collagen will alter the structure and biomechanical properties of the extracellular matrix, resulting in an increase in
apoptosis and oxidative stress, a decrease in autophagy, and delayed cell regeneration.'” Consequently, changes in the
components of the extracellular matrix may play a role in the growth of tumors.

The collagen prolyl hydroxylase family (P3H1, P3H2, and P3H3) is necessary for collagen production, folding,
and assembly. They are found in the endoplasmic reticulum and are iron-dependent 2-ketoglutarate dioxygenases.'?
The ectopic production of P3H2 and P3H3 will limit colony development in breast cancer cell lines with endogenous
gene silencing.'® Recent studies have found that the expression of P3HI is significantly associated with poor
prognosis of hepatocellular carcinoma, and it can shape the tumor microenvironment of clear cell renal cell
carcinoma and correlate with drug treatment response, but the detailed mechanism is still unclear.'>'® P3HI is
currently regarded as a critical protein in high-grade intraepithelial neoplasia and adenocarcinoma; its expression
level is positively correlated with mesenchymal molecular subtypes, and its high expression is associated with
a poor prognosis for survival.'” Moreover, hydroxylation of type I collagen by P3HI is associated with bone
metastasis and is implicated in osteosarcoma cell proliferation, migration, and invasion.'® However, its biological
function in BC is unknown.

In this study, TCGA database and clinical tumor tissue samples were used to evaluate the relationship between P3H1
expression and the clinical characteristics and tumor prognosis of BC, and to analyze the biological functions of P3H1.
Finally, the relationship between P3H1 expression and immune infiltration and drug sensitivity was evaluated. The aim is

to explore potential personalized therapeutic targets based on P3HI1 expression levels.

Materials and Methods

Data and Patient Sources
Download the data format for BC FPKM transcriptome sequencing data from the cancer genome atlas database (TCGA)
database (https://portal.gdc.cancer.gov/), which contains 413 cases of BC tissues and 19 cases of normal tissue. Using the

human genome annotation files (ftp:/ftp.ncbi.nih.gov/genomes/) on the expression of matrix annotate, filter to obtain mRNA

expression matrix. Several bioscores were obtained from Thorsson’s analysis for BC samples in the TCGA database.'’
After the approval of the Ethics Committee of the Second Hospital of Lanzhou University (number: 2023A-487), 19
tumor samples and paired paracancerous samples from patients who underwent radical cystectomy were collected from
the Second Hospital of Lanzhou University. This study involving human participants was in accordance with the ethical
standards of the institutional and national research committee and with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. Consent to participate informed consent was obtained from all individual
participants included in the study. The clinical characteristics of the enrolled patients are shown in Table 1.
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Table | The Clinical Characteristics of the Patients in the Study Sample Were Included

Characteristic

TCGA
N =413, N (%)

Validation Cohort
N =19, N (%)

Overall
N =432, N (%)

Age, years, median (IQR)

Gender
Female
Male
Clinical stage
[
1l
n
v
NA
T stage
T0
TI
T2
T3
T4
TX
N stage
NO
NI
N2
N3
NX
M stage
MO
MI
MX
Pathological grade
High grade
Low grade
NA
Surgery
Endoscopic Biopsy
Other
Radical cystectomy
TURBT
Neoadjuvant chemotherapy

Smoking history

69.00 (60.00,
76.00)

108 (26.15%)
305 (73.85%)

2 (0.48%)
131 (31.72%)
141 (34.14%)
137 (33.17%)
2 (0.48%)

I (0.24%)
3 (0.73%)
121 (29.30%)
196 (47.46%)
59 (14.29%)
33 (7.99%)

239 (57.87%)
48 (11.62%)
76 (18.40%)
8 (1.94%)

42 (10.17%)

197 (47.70%)
Il (2.66%)
205 (49.64%)

389.00 (94.19%)
21.00 (5.08%)
3.00 (0.73%)

45 (10.90%)
61 (14.77%)
0 (0.00%)
307 (74.33%)
10 (2.42%)
225 (54.48%)

68.00 (65.50, 76.00)

5 (26.32%)
14 (73.68%)

0 (0.00%)
6 (31.58%)
9 (47.37%)
4 (21.05%)
0 (0.00%)

0 (0.00%)
0 (0.00%)
6 (31.58%)
9 (47.37%)
4 (21.05%)
0 (0.00%)

12 (63.16%)
6 (31.58%)

| (5.26%)

0 (0.00%)

0 (0.00%)

19 (100.00%)
0 (0.00%)
0 (0.00%)

18.00 (94.74%)
1.00 (5.26%)
0.00 (0.00%)

0 (0.00%)
0 (0.00%)

19 (100.00%)
0 (0.00%)

0 (0.00%)

2 (10.53%)

69.00 (60.00,
76.00)

113 (26.16%)
319 (73.84%)

2.00 (0.46%)
137.00 (31.71%)
150.00 (34.72%)
141.00 (32.64%)
2.00 (0.46%)

| (0.23%)
3 (0.69%)
127 (29.40%)
205 (47.45%)
63 (14.58%)
33 (7.64%)

251 (58.10%)
54 (12.50%)
77 (17.82%)
8 (1.85%)

42 (9.72%)

216 (50.00%)
11 (2.55%)
205 (47.45%)

407.00 (94.21%)
22.00 (5.09%)
3.00 (0.69%)

45 (10.42%)
61 (14.12%)
19 (4.40%)
307 (71.06%)
10 (2.31%)
227 (52.55%)

Survival Analysis
Limma is software for analyzing microarray or RNA-seq gene expression data.”’ The limma package was utilized to

normalize the expression matrix and remove genes with an average expression of 0. Based on the median expression

value of P3HI1, samples were divided into high expression and low expression groups, and the “survival” and

“survminer” package was used to analyze the Kaplan-Meier overall survival time (https://cran.r-project.org/package=

survival, https://cran.r-project.org/package=survminer). Simultaneously, the expression differences of P3HI1 in samples

with various clinical features were compared. p <0.05 was regarded as the significance threshold for expression

differences between groups.
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Evaluation of Tissue Subtypes

The BLCAsubtyping software”' could classify samples to be evaluated based on RNA transcription profile data and
classification data for six tissue subtypes, including Baylor, UNC, MDA, Lund, CIT-Curie, and TCGA. In this study,
a software package was utilized to classify BLCA samples in the TCGA database and to assess the expression differences
of P3HI in different tissue classification samples.

Analysis of Univariate and Multivariate COX Proportional Hazards Model

The COX proportional hazards model can be used to evaluate the survival process’s influencing elements. To further
analyze the impact of P3H1 on the overall survival of patients, the clinical features of the analyzed samples, such as age,
gender, clinical stage, tumor grade, and lymph node grade, were incorporated. Survival and the SurvMiner package were
utilized for both univariate and multivariate analyses of overall survival. p <0.05 was regarded as the clinically predictive
threshold.

Immunohistochemistry (IHC)

According to the relevant experimental procedures,”” tissue-containing slides were dewaxed in xylene for 20 minutes
after being roasted at 65 °C for 30 minutes. The slides were then put in citrate buffer and moistened with ethanol solution
and clean water before being autoclaved for two minutes. Endogenous peroxidase was removed from the slides using
90% methanol and 3% hydrogen peroxide solution. The slides were then incubated with anti-human P3H1 (1:200;
ab244326, Abcam) for 12 h at 4 °C and secondary antibody for 30 min at room temperature. The slides were then
counterstained with hematoxylin, developed using a diaminobenzidine kit (Solarbio, Beijing, China), and examined
under a microscope. For each slice, Average optical density (AOD, AOD=integrated optical density (IOD)/area) the
values in five fields were evaluated and averaged using Image J (National Institutes of Health, USA) software for
subsequent analysis.

Gene Set Enrichment Analysis

The Gene Set Enrichment Analysis (GSEA) approach was developed at the Broad Institute. GSEA ranks genes according
to their degree of differential expression in the two types of samples and then tests whether a prespecified set of genes is
enriched at the top or bottom of the ranking table.”® The biological differences between samples with high and low
expression were analyzed using entries from the Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGQG) databases (INES[>1, p<0.05).

Evaluation of Tumor Microenvironment Cell Infiltration

The ESTIMATE software suite was used to evaluate the stroma score, immune score, and estimate score of the TCGA
database samples.’* Single-sample gene enrichment analysis (ssGSEA) can evaluate the enrichment score in a single
sample by sorting and normalizing the gene expression values of a given sample and employing the empirical cumulative
distribution function of the genes in the feature and the remaining genes to generate enrichment scores.>> The amount of
immune cell infiltration and immune function pathway were analyzed by ssGSEA, and the link between P3H1 expression
and immunity was assessed. Using the TIMER (https://cistrome.shinyapps.io/timer), we assessed the relationship

between P3H1 expression level and tumor purity, B cells, CD8+T cells, CD4+T cells, macrophages, neutrophils, and
dendritic cells infiltration.?®

Drug Sensitivity Assessment
The pRRophetic package uses the Cancer Genome Project gene expression matrix and drug processing information to
predict clinical chemotherapeutic drug response based on the gene expression level of tumor patient samples.”’ The
software package was used to evaluate the correlation between P3H1 gene expression and sensitivity to major bladder
chemotherapy drugs. Simultaneously, immunotherapy information for advanced metastatic urothelial cancer was col-
lected from the IMvigor210 package.28
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Statistical Methodology

This study’s statistics were produced using R4.1.1 software. Independent sample ¢-test was utilized to analyze the
difference between two samples for quantitative data with normal distribution, non-parametric test was used for
quantitative data with non-normal distribution, non-parametric test was used for different quantitative data, and the
Log rank test was utilized for Kaplan-Meier analysis. For the correlation study, Pearson analysis was utilized. p <0.05
and cor > 0.30 were judged statistically significant.

Results
P3HI Expression Was Significantly Upregulated in Tumor Tissues

To determine if the expression of P3H1 was specific to tumor type and location, a pan-cancer investigation of common
human cancers was performed. Except for renal chromophobe cell carcinoma, the expression of P3H1 was considerably
greater in 16 common human tumor tissues (including the urogenital, digestive tract, respiratory tract, endocrine, and
other tissues and organs) than in normal tissues (Figure 1A).

The Expression of P3H| Was Associated with BC Clinical Progression Features

P3HI1 expression was substantially greater in BC than in paired or unpaired normal tissues (p <0.05), according to our further
analysis of the relationship between P3H1 expression and clinical features of BC (Figure 1B and C). Patients with high P3H1
expression had a substantially poorer overall survival rate than those with low P3H1 expression (p =0.014) (Figure 1D). The
expression of BC was substantially greater in male patients with high grade, high clinical stage, and high T grade than in
female patients with low grade, low clinical stage, and low T grade (p <0.05) (Figure 1F-I). However, the expression
distribution of P3H1 did not change significantly amongst individuals of different ages (p =0.304) (Figure 1E).

The Expression of P3HI in Several Subtypes of BC Tissue Differed

The tissue samples in the TCGA database have already been classified using six distinct classification algorithms. According
to Baylor, UNC, MDA, and other categorization criteria, the expression of P3H1 in basal type samples was considerably
greater than in the differentiated type, luminal type, p53 type, and other types of samples (p <0.05) (Figure 2A-C). According
to TCGA and Lund classification standards, the expression of P3H1 in invasive BC was significantly higher than in papillary
carcinoma, and the expression of P3H]1 in squamous cells and other rare specific differentiation types was significantly higher
than in luminal type (p <0.05) (Figure 2D and E). According to the CIT classification concept, P3H1 expression was also
substantially greater in MC7-type samples than in Mc1-3-type samples (p <0.05) (Figure 2F).

P3HI Wan Independent Survival Predictor in Patients with BC

Using univariate proportional hazard model, the patient’s age, gender, clinical stage, pathological T grade, N grade, and
P3HI expression level were evaluated. The results showed that the patients’ age (HR 1.04, 95% CI 1.02—-1.06, p<0.001),
clinical stage (HR 2.00, 95% CI 1.56-2.56, p<0.001) and pathological T grade (HR 1.69, 95% CI 1.30-2.20, p<0.001),
N grade (HR 1.61, 95% CI 1.35-1.92, p<0.001), and P3H1 expression level (HR 1.12, 95% CI 1.10-1.14, p=0.027) were
significant overall survival risk variables (Figure 3A). Age (HR 1.04, 95% CI 1.02-1.06, p <0.001) and P3H1 (HR 1.11,
95% CI 1.10-1.24, p=0.033) were determined to be independent risk variables for overall survival by multivariate
proportional hazard model (Figure 3B). The results of immunohistochemistry showed that the expression of P3HI in
tumor tissues was significantly higher than that in adjacent normal tissues, and the AOD ratio of tumor tissues to paired
normal tissues increased significantly with T grade (p<0.05) (Figure 3C-E).

Gene Enrichment Analysis

GSEA was used to enhance and examine the entries of biological functions in the GO database. The results indicate that
P3HI1 is primarily engaged in EXTERNAL ENCAPSULATING STRUCTURE ORGANIZATION (p <0.001, NES=2.56)
and also downregulates OXOGLUTARATE METABOLIC PROCESS (p <0.001, NES=-2.03) and BRANCHED
CHAIN AMINO ACID CATABOLIC PROCESS (p =0.0 04, NES=-2.01 (Figure 3F). Enrichment study of KEGG
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Figure | The association between the degree of P3H| expression in tumors and the clinical characteristics of bladder cancer. (A) P3H| expression in several types of
cancers. (B) Differential expression of P3H1 in paired and unpaired bladder cancer tissues. (C) The expression of P3H| in tumor tissues and matching paracancer tissues has
been analyzed using TCGA data. (D) Kaplan-Meier survival analysis of patients with high or low P3HI expression. (E-I) The distribution of P3HI expression in various

bladder cancer clinical features. “***” indicates p<0.001.

database entries revealed that cell adhesives were predominantly engaged in adhesives (p <0.001, NES=2.47) and
FOCAL ADHESION (p <0.001, NES=2.60), GLYCOSAMINOGLYCAN BIOSYNTHASE CHONDROITIN

SULFATE (p <0.001, NES=2.49) and other pathways (Figure 3G).

Immune Cell Infiltration Differed Between Samples with High and Low P3H|

Expression
Based on the median P3H1 expression value, the samples in the TCGA database were classified as high or low risk.

The immune score, stromal score, and estimate score of samples from the high-risk group were significantly higher
than those from the low-risk group, according to the data (Figure 4A). In addition, we evaluated the difference in
immune cell infiltration between the high and low risk groups and found that, with the exception of immature
dendritic cells and NK cells, the infiltration levels of other immune cells in the high risk group samples were
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Figure 2 Distribution of P3H| expression in different bladder cancer tissue subtypes. (A-F) Distribution of P3H1 in different subtypes of bladder cancer according to six
different subtypes of tissue classification methods.

Abbreviations: UNC, university of north carolina; MDA, MD Anderson Cancer Center; TCGA, The Cancer Genome Atlas; CIT, Curie Institute.

significantly greater than those in the low risk group samples (Figure 4B). Analysis of 13 immune-related pathways
revealed that, with the exception of type II interferon response, samples from the two groups differed in other
immune-related pathways (Figure 4C). The expression of P3H1 was shown to be correlated with macrophage
infiltration (cor =0.44, p = 1.73E"'®) and dendritic cells (cor =0.34, p = 2.13E '°) using the TIMER online tool
(Figure 4D).

P3HI Was Expressed Differently by Several Immunological Subgroups

We categorized the TCGA database population into five immunological subtypes using information from the
Thorsson research. C2(IFN-gamma dominant) P3H1 was substantially more highly expressed than Cl(wound
healing), C3(inflammatory), and C4(lymphocyte deficient) (p <0.05) (Figure 4E). The expression of P3HI was
connected with TGF-beta response, macrophage infiltration, Thl cell infiltration, macrophage regulation, and other
biological processes (cor >0.3, p <0.05) according to a correlation study (Figure 4F). The expression of six
immunotherapy-related genes, including PDCDI, CD274, CTLA4, LAG3, HAVCR2, and TIGIT, was significantly
higher in the high risk group than in the low risk group (p <0.05), according to a further analysis of the expression
differences of immunotherapy-related genes in samples from individuals with high and low risk (Figure 4G).

Drug Sensitivity Estimation for Samples from High-Low Risk Groups

The drug sensitivity prediction of popular chemical medicines in BC revealed that the P3H1 high expression samples
were more sensitive to docetaxel, cisplatin, vinblastine, camptothecin, paclitaxel, and other treatments, but they were less
sensitive to methotrexate (p <0.05). There was no significant difference in drug sensitivity between the two groups for
doxorubicin, gemcitabine, mitomycin, and other routinely used medicines in clinical practice (p >0.05) (Figure 5A-I).
Simultaneously, the relationship between P3H1 and immunotherapy (atezolizumab) was evaluated, and it was discovered
that after immunotherapy, the overall survival time of patients in the high and low risk groups was not significantly
improved, and there was no difference in gene expression levels between the treatment effective and treatment ineffective
groups (p >0.05) (Figure 5J and K).

Discussion
The survival prognosis for BC patients has greatly improved in recent years due to the development of innovative
surgical procedures, chemical medications, immunological drugs, and other therapy methods; nonetheless, there remain
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many restrictions.”’ In addition, the crucial treatment BC is to design a systematic treatment strategy for diverse tumor
progression and recurrence mechanisms. In order to enhance the prognosis of BC patients, it is crucial to investigate the

many progression mechanisms of the disease.
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analysis of overall survival after treatment with atezolizumab in patients with high and low P3H1 expression. (K) Distribution of P3HI expression in samples with different
immunotherapy outcomes.

P3H1 is frequently upregulated in human tumor tissues compared to normal tissues, and it may be a potential oncogene; its
expression level has been shown to be elevated in solid tumors including osteosarcoma, pancreatic cancer, colorectal cancer,
breast cancer, and lung cancer.'®°>? In a particular investigation of BC, it was discovered that individuals with high
expression of this gene had a poorer clinical stage, pathological grade, and overall survival prognosis. We discovered that the
expression levels of tissue subtypes also differed considerably based on their distinct biological roles. For instance, basal-type
samples mostly include factor and cytokine receptor families, Toll-like receptor (TLR) and chemokine (CXCL) families,
suggesting the presence of inflammation and immune infiltration in the microenvironment.>® In differentiated samples,
however, they are predominantly implicated in fatty acid metabolism, drug metabolism, and the peroxisome proliferator-
activated receptor pathway.>* These distinct subtype classifications will assist in the development of more precise therapies
and suggest a possible association between P3H1 and these functions.

Gene enrichment analysis revealed that P3H1 was primarily involved in extracellular matrix composition and the down-
regulation of oxidized glutarate and branched chain amino acid catabolism. Collagen makes up the majority of the extracellular
matrix, and different quantities of collagen (mostly types I, III, IV, VI, and XII) make up the majority of the lamina propria and
muscularis of the bladder and contribute to bladder function.> In the process of cancer initiation and progression, the dysregula-
tion of oxidized glutarate metabolism has been demonstrated to disrupt cellular REDOX homeostasis, interfere with substrate
flow, and result in the buildup of tumor metabolites.*® Enrichment study of the KEGG pathway revealed that critical pathways
such as cell adhesion and mucopolysaccharide production chondroitin were significantly enriched.>’ Cell adhesion is a major

modulator of cancer development and a hallmark of cancer promotion via immune evasion and metastasis. Current studies have
also demonstrated the strong relationship between the P3H1 mutation and osteogenesis imperfecta.*® These biological activities
and critical pathways represent a putative method by which P3H1 affects the growth of tumors.
Tumor-related immune cell infiltration can significantly promote the formation and metastasis of lymphatic vessels in bladder
cancer.” The correlation study revealed a favorable correlation between P3H1 and macrophage and dendritic cell invasion. Under

the influence of various circumstances, macrophages can be polarized into two phenotypes of cells, M1 macrophages having pro-
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inflammatory and anti-tumor effects and M2 macrophages supporting angiogenesis, blocking pro-tumor immune response.*’
Currently, it has been shown that tumor-associated macrophages govern the continuing growth of BC by secreting type I collagen,
which can activate the PI3K/AKT signaling pathway.*' Dendritic cells are the most potent antigen-presenting cells in the immune
system and play a crucial role in the initiation and regulation of the immune response.*” The primary mechanism is the absorption
of tumor antigens, the high membrane expression of MHCI and MHCII molecules, and the activation of tumor-specific
T-lymphocytes.**** The relationship between immunotherapy-related target genes (PDCDI, CD274, CTLA4, LAGS3,
HAVCR?2, and TIGIT) and P3H1 was further studied based on the influence of dendritic cells on immunotherapy. Compared
to low expression samples, the high expression of P3HI may facilitate immune evasion, and the expression of P3H1 is closely
associated with TGF-beta, Th1 cell infiltration, and macrophage regulation, of which TGF-beta and M2 macrophages are known
to be associated with immune suppression.*> Immunotherapy did not increase overall survival and immunological response in
patients with high P3H1 expression, according to IMvigor210 immunotherapy data. Therefore, the high expression of P3H1 may
have a regulatory influence on immunity via the collagen of the extracellular matrix, which may be the mechanism of tumor
growth, but it is incompatible with immunotherapy. The particular mechanism requires additional investigation.

Finally, the sensitivity of prevalently used clinical chemical drugs was predicted, and it was discovered that docetaxel,
cisplatin, vinblastine, camptothecin, paclitaxel, and other drugs may exhibit greater sensitivity in individuals with high
P3H1 expression. This information can be used to guide the medication of patients in clinical practice and improve the
prognosis of patients. In conclusion, this study identified an oncogene significantly associated with the clinical progres-
sion and prognosis of BC, analyzed its potential biological function, and predicted its relationship with drug sensitivity in
order to provide a foundation for the clinical treatment of patients.

Conclusions
P3HI1 is a possible oncogene and an independent predictor of poor prognosis in BC; it also has enhanced sensitivity to
docetaxel, cisplatin, vinblastine, camptothecin, paclitaxel.

Data Accessibility
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gene.com/IMvigor210CoreBiologies/packageVersions/), The Cancer GenomeAtlas (https://portal.gdc.cancer.gov).
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