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Introduction: The most prevalent bone tumor with a relatively high level of
aggressiveness and malignancy is osteosarcoma. The characteristics of the
serpin family in osteosarcoma have not been defined.

using machine learning and in vitro testing,
SERPINH1 functions as a novel tumorigenic
and immunogenic gene and predicts
immunotherapy response in osteosarcoma.
Front. Oncol. 13:1180191.

doi: 10.3389/fonc.2023.1180191

Methods: In this study, the predictive significance of the serpin superfamily was
investigated in the osteosarcoma and Gene Expression Omnibus (GEO)
databases from The Cancer Genome Atlas (TCGA).

Results: It was discovered that SERPINHL1 is a significant biological marker in
osteosarcoma. According to the CCK-8, EdU, and Transwell assays as well as the
IHC assay, SERPINH1 may promote osteosarcoma proliferation and migration. Itis
also more expressed in tumor samples than in healthy samples. SERPINH1 might
forecast the effects of immunotherapy. Additionally, immune cells are interacted
with through checkpoint, cytokine, and growth factor pathways in osteosarcomas
with high SERPINH1 levels. The biological function, immunological characteristics,
and treatment response (immunotherapy and chemotherapy responses) of
patients with osteosarcoma were successfully predicted using a model related
to SERPINH1. SERPINH1 and the SERPINH1-related score predict ferroptosis/
pyroptosis/apoptosis/necroptosis in osteosarcoma.
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open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author (s) and the
copyright owner (s) are credited and that
the original publication in this journal is
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academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Discussion: The SERPINH1-related score was an effective method for identifying
osteosarcoma patients who would respond to immunotherapy and
chemotherapy, as well as for predicting the survival outcomes of such patients.
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Introduction

The most prevalent bone tumor with a relatively high level of
aggressiveness and malignancy is osteosarcoma. Children and
teenagers are frequently affected by osteosarcoma, which has an
annual incidence of 1 to 3 incidences per million persons globally
(1). Osteosarcoma typically involves lung metastasis and mostly
develops from primitive mesenchymal cells found in bone. Surgery
to remove pathogenic lesions and adjuvant chemotherapy are still
the go-to treatments for people with osteosarcoma (2). Sometimes,
the cure rates are underwhelming. The scientific community has
faced a formidable challenge in enhancing the chances of survival
for people with osteosarcoma (3). A thorough understanding of
osteosarcoma biology has been made possible by the rapid
advancement of high-throughput sequencing, growing viability of
molecular profiling, and reliable model systems based on extensive
bioinformatics research.

A popular family of protease inhibitors called serpin uses
conformational changes to block the activity of the target enzyme.
The coagulation route, inflammation, immunology, and cancer are
just a few of the crucial proteolytic cascades that the serpin
superfamily regulates (4). It has been demonstrated that the brain
metastasis Serpin superfamily promotes tumor growth and vascular
co-option (5). A biomarker for colorectal cancer that interacts with
CEA was identified as SERPINBS5 (6). The motility and invasiveness
of oral carcinoma cells may be aided by overexpressed SERPINB1
(7). Notably, SERPINE2 could encourage osteosarcoma tumor cell
proliferation and medication resistance (8). The serpin superfamily
in osteosarcoma has not yet been thoroughly examined, yet. It is still
unknown if the serpin superfamily has a significant predictive
significance in osteosarcoma. As SERPINHI has been widely
studied in pan-cancer except for osteosarcoma (9, 10), the
prognostic value of SERPINHI in osteosarcoma was reasonably
expected. We, therefore, paid special attention to SERPINHI1 and
performed a comprehensive analysis on its role in osteosarcoma.

The prognostic utility of the serpin superfamily was investigated
in this study. It was discovered that SERPINHI is a significant
biological marker in osteosarcoma. The physical function,
immunological characteristics, and medication response of
patients with osteosarcoma were successfully predicted using a
SERPINHI-related model.

Abbreviations: TARGET, Therapeutically Applicable Research to Generate
Effective Treatments; GEO, Gene Expression Omnibus; LASSO, least absolute
shrinkage and selection operator; ROC, receiver operating characteristic; AUC,
area under the curve; ssGSEA, single-sample gene-set enrichment analysis;
ESTIMATE, Estimated Stromal and Immune cells in Malignant Tumor tissues
using Expression data; DEGs, differentially expressed genes; GSVA, gene set
variation analysis; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and
Genomes; IHC, Immunohistochemistry; RT-qPCR, Real-time quantitative

polymerase chain reaction.
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Method
Data gathering

The TCGA osteosarcoma and GSE21257 databases were used to
gather the osteosarcoma samples. The data were transformed to
TPM value. The R package SVA was used for data standardization
and batch-to-batch difference removal.

Value for prognosis of SERPINH1

Based on the cutpoint value of SERPINH1 determined using the
R package survminer, the osteosarcoma patients were split into two
groups. The R package pROC was used to create the time-
dependent receiver operating characteristic (ROC) curve for
SERPINHI1. On SERPINHI, the gene set variation analysis
(GSVA) of the Kyoto Encyclopedia of Genes and Genomes
(KEGG) and gene ontology (GO) pathways was carried out. The
TISCH2 database was used to investigate the SERPINH1 expression
pattern in the osteosarcoma tumor microenvironment (TME).

Immunotherapy prediction of SERPINH1

The TIDE was used for the immunotherapy prediction of
SERPINHI (11). The TISMO was used for immunotherapy and
cytokine treatment prediction of SERPINHI (12).

Immunohistochemistry (IHC)

Detailed methods were provided in the Supplementary File
following the previous study (13).

Cell culture

Detailed methods were provided in the Supplementary File
following the previous study (13).

Small interfering RNA (siRNA) transfection

The siRNAs sequences are as follows: SERPINHI1-1 (F:
GCAGCAAGCAGCACUACAATT R: UUGUAGUGC
UGCUUGCUGCTT), SERPINHI1-2 (F: CCAGCCUCAUCAU
CCUCAUTT R: AUGAGGAUGAUGAGGCUGGTT), SER
PINH1-3 (F: GGCCUAAGGGUGACAAGAUTT R: AUCUUG
UCACCCUUAGGCCTT). The exact method is provided in the
Supplementary Material.
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Real-time quantitative polymerase chain
reaction (RT-qPCR)

The primer sequences are SERPINH1 (F: ATATTTAT
AGCCAGGTACCTTCTCACC R: TTTTATAGTTGGGAGAGGT
TGGGATAG), GAPDH (F: AATGGGCAGCCGTTAGGAAA R:
GCCCAATACGACCAAATCAGAG). The exact method is
provided in the Supplementary Material.

Cell counting Kit-8 (CCK-8) assay

The U20S and MNNG/HOS cells were seeded into 96-well
plates at 5,000 cells/well density. After 24h, 1/10 volume of CCK-8
reagent (Proteintech, USA) was added to the wells, and the
absorbance value was detected at 450nm after one h incubation at
37°C. The exact method is provided in the Supplementary Material.

EdU assay

Detailed methods were provided in the Supplementary File
following the previous study (13).

Transwell assay

The migration of U20S and MNNG/HOS cells was assessed
using a Transwell chamber (Corning, USA) with polycarbonic
membranes (6.5 mm in diameter and eight pm pore size). Cells
in serum-free medium were added into the upper chamber at the
density of 5 x 10° cells/ml (200 pl/well), and the culture medium
with 10% FBS was added to the lower chamber. After incubating for
48h at 37°C, U20S and MNNG/HOS cells that penetrated the lower
surface were stained with 0.1% crystal violet and counted. The exact
method is provided in the Supplementary Material.

SERPINHI was the subject of a weighted correlation network
analysis (WGCNA) in the TCGA dataset. The input was the matrix
from the TCGA dataset. For further investigation, the genes from
the turquoise module were taken out.

Building the SERPINH1-related score

Between two SERPINHI-related groups, the differentially
expressed genes (DEGs) were identified. The prognostic DEGs were
discovered using a single-variable Cox regression analysis. Dimension
reduction and the creation of the SERPINH]-related score employed
the Random Survival Forest method and the least absolute shrinkage
and selection operator (LASSO) technique. The expression value of the
gene’s * coefficient was used to construct the SERPINH]1-related score.
The R package survival was used to create the Kaplan-Meier survival
curve for the SERPINH1-related score. The R package pROC was used
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to create the time-dependent ROC curve for the SERPINH-related
score. The predicted clinical variables were identified using univariate
and multivariate Cox regression analysis.

Immune characteristics of the SERPINH1-
related score

The correlation between the SERPINH1-related score and immune
infiltrating cells (10 cells from MCPcounter algorithm (14), 28 cells
from the ssGSEA algorithm (15), six cells from TIMER algorithm (16))
were analyzed. The association between the SERPINHI-related and
microenvironment scores (17) (ESTIMATE, Immune, and Stromal)
was investigated.

Single-cell RNA sequencing (scRNA-seq)
analysis on SERPINH1

For the scRNA-seq investigation, GSE152048 was employed.
The R package “Seurat” was used to annotate the cell type. The R
package “iTalk” was used to evaluate the cell communication
pattern. The R package “monocle” was used to diagnose the
pseudotime trajectory analysis.

Immunotherapy prediction of the
SERPINH1-related score

The correlation between the SERPINHI-related score and
classical immune checkpoints was analyzed. The association
between the SERPINHI-related score and APM (antigen
processing and presenting machinery) score, Cytotoxic activity
(CYT), T cell-inflamed gene expression profile (GEP), and
interferon y (IFN-y) were analyzed (18-20). The TIDE was used
for immunotherapy prediction of the SERPINH-related score (11).

Drug prediction using the SERPINH1-
related score

The chemotherapy medications associated with the SERPINH1-
related score were predicted using the R package OncoPredict (21).
Results

Prognostic value of serpin superfamily
and SERPINH1

Figure 1A depicts the location of the serpin superfamily on
human chromosomes. In patients with osteosarcoma, SERPINH1
and SERPINA7 were found to be two independent prognostic
indicators by univariate Cox regression analysis on the serpin
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FIGURE 1

Prognostic value of serpin superfamily and SERPINH1. (A) Circplot of the serpin superfamily in human chromosomes. (B) Univariate Cox regression
analysis on the serpin superfamily. (C) Survival curves of the two SERPINH1-stratified groups. (D) The 1-year, 2-year, 3-year, 4-year, and 5-year ROC
regarding SERPINHL1. (E) The correlation between SERPINH1 and GO, KEGG terms quantified by GSVA. (F) The levels of microenvironment scores in

two SERPINH1 groups. *P<0.05; **P<0.01; ***P<0.001.

superfamily (Figure 1B). We focused specifically on SERPINHI,
which has drawn more attention from the scientific community
since it is more likely to contribute to the development of
osteosarcoma as a malignancy. Patients with osteosarcoma were
divided into two groups according to the expression level of
SERPINHI,
dramatically different survival rates (Figure 1C). The prognostic

and it was shown that the two groups had
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value of SERPINHI1 was validated by the 1-year, 2-year, 3-year, 4-
year, and 5-year ROCs, which have the respective values of 0.487,
0.701, 0.714, 0.704, and 0.637. (Figure 1D). SERPINH1 was
favorably related with biological processes, including cellular
amino acid biosynthetic process, glycosylation, phospholipid
carbolic process control, and protein export, according to GSVA
of GO and KEGG keywords (Figure 1E). In the low SERPINHI
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group, microenvironment scores such as ESTIMATE, Immune, and
Stromal scores were significantly higher (Figure 1F).

Immunotherapy prediction of SERPINH1

SERPINH1 was given the highest priority possible for mechanistic
follow-up research using TIDE’s regulator prioritization module
(Figure 2A). Based on the Normalized Z score calling using Cox-PH
regression in the Immunotherapy dataset, high expression of
SERPINHI1 was discovered in the ICB Mariathasan2018 PDL1 and

10.3389/fonc.2023.1180191

ICB VanAllen2015 CTLA4 datasets. Based on the Normalized Z score
calling from selection 1og2FC in the CRISPR Screen dataset, it was
discovered that SERPINHI1 had a high expression level in the Pech
2019 NK E/T=2.5 dataset. Based on normalized expression values
from immunosuppressive cell types, increased expression of
SERPINHI was discovered in CAF FAP and MDSC. Eight human
immunotherapy datasets that included SERPINHI achieved AUC
values greater than 0.5. (Figure 2B). SERPINHI exhibited a higher
predictive value than TMB and B. Clonality, which respectively gave
AUC values of > 0.5 in seven and seven immunotherapy cohorts. The
predictive value of SERPINH1 was, however, lower than the MSI score
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FIGURE 2

Immunotherapy prediction of SERPINHL1. (A) The regulator prioritization module in TIDE. (B) Comparison of SERPINH1 and immunotherapy
determinants in human immunotherapy datasets. (C) The prediction of SERPINH1 in cytokine treatment (IFN-B, IFN-y, TGF-3, and TNF-o) in murine
datasets. (D) The prediction of SERPINH1 in immunotherapy in murine datasets. *P<0.05; **P<0.01; ***P<0.001.
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(AUC> 0.5 in 13 immunotherapy cohorts), T.Clonality (AUC > 0.5in
9 immunotherapy cohorts), CD274 (AUC > 0.5 in 21 immunotherapy
cohorts), TIDE (AUC > 0.5 in 18 immunotherapy cohorts), IFNG
(AUC > 0.5 in 17 immunotherapy cohorts), and CD8 (AUC > 0.5 in
18 immunotherapy cohorts). In 11 mouse datasets, SERPINH1 could
accurately predict the effects of cytokine treatment (IFN, IFN, TGF,
and TNF) (Figure 2C). SERPINHI1 might accurately forecast
immunotherapy in 5 murine datasets (Figure 2D).

Additionally, in six immunotherapy cohorts, including Dizier
(AUC = 0.651), Ascierto (AUC = 0.786), Riaz (AUC = 0.608),
Homet (AUC = 0.733), Amato (AUC = 0.729), and Kim (AUC =
0.678), SERPINHI1 shown excellent sensitivity in predicting
immunotherapy response (Figure 3A). Patients in Hugo and
Nathanson cohorts had more remarkable survival outcomes with
high SERPINHI expression, while patients in Lauss, Kim,

10.3389/fonc.2023.1180191

IMvigor210, and Van Allen cohorts had more remarkable
survival outcomes with low SERPINHI expression (Figure 3B).

Pan-cancer analysis on the
serpin superfamily

Pan-cancer mutation analysis on the serpin superfamily was
performed. The expression pattern of the serpin superfamily
between tumor and normal samples is shown in Figure SIA. The
methylation difference of the serpin superfamily between tumor and
normal samples is shown in Figure SI1B. The heterozygous CNV of the
serpin superfamily is shown in Figure S1C. The homozygous CNV of
the serpin superfamily is shown in Figure S1D. Pan-cancer function
analysis on the serpin superfamily was performed. Pathway annotation
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Immunotherapy prediction of SERPINH1. (A) ROC regarding the sensitivity of SERPINH1 in immunotherapy prediction in six immunotherapy cohorts.
(B) Survival curves of the two SERPINH1-stratified groups in six immunotherapy cohorts.
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on the serpin superfamily is shown in Figure S2A, in which EMT
activation showed a strong positive correlation with the serpin
superfamily. miRNA network annotation on the serpin superfamily
is shown in Figure S2B. Pan-cancer drug prediction analysis on the
serpin superfamily was performed based on the CTRP database (Figure
S3A) and the GDSC database (Figure S3B), in which SERPINB6,
SERPINE], and SERPINHI could predict most of the commonly used
chemotherapy drugs. We further explored the disease network of
SERPINH], in which SERPINH1 was highly enriched in osteogenesis
processes such as osteogenesis imperfecta (Figure S4A). Besides, the
protein interaction network of SERPINH1 showed that HSPAS, MIA3,
COL1A1, COL1A2, COL1A4, COL26A1, FKBP10, PPIB, LEPREL,
and CRTAP highly connected with SERPINH1 (Figure S4B).

In vitro validation on SERPINH1

It was investigated how SERPINHI1 functions biologically in
osteosarcoma. The expression of SERPINHI1 was considerably
reduced in three si-SERPINH1 groups compared to the si-NC
group in U20S and MNNG/HOS cells, according to the results of

10.3389/fonc.2023.1180191

RT-qPCR (Figure 4A). For the follow-up experiment, si-
SERPINHI, which has the most critical ability to suppress the
expression of SERPINH], was utilized. CCK-8 (Figure 4B) and EAU
tests (Figure 4C) demonstrated that infection with si-SERPINHI1
greatly reduced the ability of U20S and MNNG/HOS cells to
proliferate. Transwell experiment revealed that after exposure to
si-SERPINHI, U20S and MNNG/HOS cells’ ability to migrate was
drastically reduced (Figure 5A). The IHC results further
demonstrated that osteosarcoma tumor tissues had much greater
levels of SERPINHI1 expression than did normal tissues (Figure 5B).

Construction of the SERPINH1-
related score

It was determined that 17 DEGs were predictive genes, of which 15
were risky indicators and two were beneficial markers (Figure 6A).
Using machine learning Random Survival Forest, the most effective
prognostic genes were chosen (Figure 6B). Additionally, the most
potent predictor genes were identified using machine learning LASSO,
and the SERPINHI-related score was created (Figure 6C). The
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following formula was used to determine the SERPINHI score:
1.1077*CGREF1, 1.7743*TAC4, 1.4629*PROSER2, and
-1.2053*PCDHB?7. SERPINHI1-related score was used to classify
osteosarcoma patients. Figure 7A displays the expression profiles of
PCDHB7, TAC4, PROSER2, and CGREF1 in two score-stratified
groups associated to SERPINH]1. Osteosarcoma patients with higher
PCDHBY expression exhibited better survival rates (Figure 7B), while
those with lower CGREF1, PROSER2, and TAC4 expression had
worse survival rates (Figures 7C, D, E). The two SERPINHI-related
score-stratified groups in the TCGA and GSE21257 datasets had
significantly different survival outcomes (Figures 6D, E). In the
TCGA dataset, the 1-year, 3-year, and 5-year ROC values for the
SERPINHI1-related score are 0.822, 0.876, and 0.851, respectively
(Figure 6F). In contrast, the GSE21257 dataset’s 1-year, 3-year, and
5-year ROCs for the SERPINH1-related score had the respective values
of 0.679, 0.674, and 0.683 (Figure 6G), confirming the predictive
usefulness of the SERPINHI-related score. The SERPINHI-related
score was shown to be an independent predictive factor by univariate
and multivariate Cox regression analysis on the clinical
variables (Figure 6H).
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Immune characteristics of the SERPINH1-
related score

Multiple immune infiltrating cells, including T cells, B cells, NK
cells, macrophages, mast cells, Type 1 T helper cells, and Type 2 T
helper cells, were observed to strongly negatively correlate with the
SERPINHI1-related score (Figure 8A). According to the
aforementioned research, immune-cold microenvironment was
present in osteosarcoma patients with high SERPINHI-related
scores. In addition, the group with a high SERPINHI-related
score exhibited considerably lower levels of the crucial
immunotherapy determinants APM, CYT, GEP, and IFN-
(Figure 8B). ESTIMATE, Immune, and Stromal scores were
considerably lower in the group with high SERPINHI-related
scores (Figure 8C). Positive correlations between the SERPINH1-
related score and the traditional immunological checkpoints
CD274, PD-1, PDCD1LG2, and CTLA-4 were observed
(Figure 8D). Most importantly, patients with osteosarcoma who
had low SERPINHI-related scores had a higher likelihood of
responding to anti-PD-1 immunotherapy (Figure 8E).
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the clinical factors.

Biological functions of the SERPINH1-

related score

SERPINHI was a hazardous marker in most of the cancer types
(Figure 9A). Besides, SERPINHI1 positively correlated with the
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SERPINHI1-related score (Figure 9B). SERPINHI positively
correlated with ferroptosis, pyroptosis, apoptosis, and necroptosis
(Figure 9C). Besides, the SERPINHI-related score positively
correlated with ferroptosis, pyroptosis, apoptosis, and
necroptosis (Figure 9C).
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Drug prediction of the SERPINH1-
related score

Patients with osteosarcoma who had high SERPINHI1-related
scores had significantly lower drug sensitivity to AMG-319 2045,
AZD3759 1915, AZD8186 1918, Cisplatin 1005, CZC24832 1615,
Dactinomycin 1811, Dactolisib 1057, Entospletinib 1630, Foretinib
2040, GSK343 (Figure 10).

Discussion

The most prevalent malignant bone tumor with a significant
capacity for invasion and metastasis is osteosarcoma. Patients with
osteosarcoma are currently treated mostly with surgery, radiation,
chemotherapy, and neoadjuvant chemotherapy. But overall survival
rates for osteosarcoma patients are still woefully inadequate.
Additionally, some osteosarcoma patients are resistant to
conventional chemotherapy medicines. Clinically speaking,
treating people with osteosarcoma is quite difficult. Some modern
treatments, including as antiangiogenic drugs, immunotherapies,
and tumor apoptotic promoters, have been used to treat
osteosarcoma, however it is still unknown how well they work. In
order to screen the essential molecules or biomarkers for early
diagnosis, targeted therapy, and prognosis analysis of osteosarcoma,
it is crucial to have a complete understanding of the molecular
pathological pathways relating to the occurrence and development
of osteosarcoma.

Serpins are homologous proteins with different functions,
including tumor development, blood coagulation, fibrinolysis,
programmed cell death, and inflammation (22). The relationship
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between the serpin superfamily and the etiology of various
malignancies has been the subject of a plethora of research. The
specific roles of the serpin superfamily in osteosarcoma haven’t
been explored in any studies, nevertheless. SERPINA7, SERPINA3,
SERPINB7, SERPINHI1, SERPINCI1, SERPINDI1, SERPINFI,
SERPINBS, AGT, SERPINGI1, SERPINI1, SERPINB6, SERPINE],
SERPINAI, and SERPINEF?2 are the primary family members of the
serpin superfamily. In this study, SERPINHI outperformed other
members of the serpin superfamily in terms of prognostic value.
Specifically, SERPINHI1 could regulate EMT and metastasis of
gastric cancer via the Wnt/B-catenin signaling pathway (23).
Splicing factor-derived circular RNA circCAMSAP1 was reported
to accelerate the tumorigenic process of nasopharyngeal carcinoma
via a SERPINHI1/c-Myc positive feedback loop (24). SERPINH1
was found to be a potential prognostic biomarker based on a pan-
cancer analysis (25). Circular RNA circ-TNPO3 could inhibit
metastasis of clear cell renal cell carcinoma by binding to
IGF2BP2 and destabilizing SERPINH1 (26). CyPA could interact
with SERPINHI to promote extracellular matrix production and
inhibit the EMT of trophoblast (27). It has been established that
SERPINHI is crucial in controlling how biological processes in
osteosarcoma are carried out. A potential target in the study of
immunosuppressive TME and immunotherapy may also be
SERPINHI. In human and mouse immunotherapy datasets,
SERPINHI1 displayed impressive performance in predicting
cytokine treatment and immunotherapy.

Given the potent prognostic and predictive value of SERPINHI,
we constructed the SERPINHI-related score based on the
SERPINHI-related prognostic genes using two machine learning
algorithms. PCDHB7, TAC4, PROSER2, and CGREF1 were finally
included in the score. PCDHB7 was a potential marker in colorectal
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Immune characteristics of the SERPINH1-related score. (A) The correlation between the SERPINH1-related score and immune infiltrating cells
(B) APM, CYT, GEP, and IFN-y in the two SERPINH1-related score-stratified groups. (C) ESTIMATE, Immune, and Stromal scores in the two
SERPINH1-related score-stratified groups. (D) The correlation between the SERPINH1-related score and immune checkpoints. (E) TIDE-based
immunotherapy prediction of the SERPINH1-related score. *P<0.05; **P<0.01; ***P<0.001

cancer (28). TAC4 was a potential marker in osteosarcoma (29).
PROSER2 was a potential marker in melanoma (30). CGREFI was a
potential marker in prostate cancer (31). As expected, the
SERPINHI-related score efficiently stratified the survival
outcomes of osteosarcoma patients and served as an independent
prognostic factor. Notably, SERPINH1 and the SERPINH]1-related
score predict ferroptosis/pyroptosis/apoptosis/necroptosis in
osteosarcoma. In combating medication resistance, numerous
preclinical and clinical trials have been conducted. Interesting
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correlations have been found between ferroptosis and cancer
therapeutic resistance, and it has been shown that activating
ferroptosis can overcome medication resistance (32). Recently,
some studies found that pyroptosis can influence tumors’
proliferation, invasion, and metastasis, which is regulated by some
non-coding RNAs and other molecules (33). Apoptosis is a
coordinated and organized cellular process that takes place under
both healthy and unhealthy circumstances. Moreover, it is one of
the subjects that cell biologists study the most. One condition where
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(A) Pan-cancer analysis on SERPINH1. (B) The correlation between SERPINH1 and SERPINH1-related score. (C) The correlation between SERPINHI,
SERPINH1-related score, ferroptosis, pyroptosis, apoptosis, and necroptosis.

insufficient apoptosis occurs is cancer, which results in malignant
cells that resist death. Apoptosis has a complicated mechanism that
encompasses numerous routes. Anywhere along these pathways,
flaws might develop, resulting in the malignant transformation of
the afflicted cells, tumor spread, and medication resistance. Despite
being the root of the issue, apoptosis is a crucial component of many
therapeutic regimens for cancer and plays a significant part in its
management. The wealth of literature implies that it is possible to
target apoptosis in cancer (34). Receptor-Interacting Protein 1
(RIP1), RIP3, and Mixed Lineage Kinase Domain-Like are the
major mediators of necroptosis, a controlled necrotic cell death
mode that is caspase-independent (MLKL). Necroptosis is a type of
programmed cell death that can be used to treat cancer patients
resistant to apoptosis. It can also activate and intensify antitumor
immunity (35).
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In recent years, researchers have learned more and more
about the tumor microenvironment (36, 37). The tumor
microenvironment consists of cellular components, including
immune cells, endothelial cells, and fibroblasts, and non-cellular
components, including extracellular matrix, cytokines, and
hormones. Immune infiltrating cells play an essential role in
influencing tumor progression and therapeutic response (38). In
this study, osteosarcoma patients with high SERPINHI-related
scores had lower immune infiltrating cells, including as T cells, B
cells, NK cells, macrophages, mast cells, Type 1 T helper cells, and
Type 2 T helper cells. In osteosarcoma patients with high
SERPINH1-related scores, an immune-cold microenvironment
that promotes tumor development may exist.

Immunotherapy has emerged as a promising treatment option
for several cancers. Cancer immunotherapy tries to provide people
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Drug prediction of the SERPINH1-related score. The drug sensitivity of 23 chemotherapy drugs in the two SERPINH1-related score-stratified groups.

immunity to fight cancer. In recent years, a large number of novel
cancer-specific immunotherapeutic medicines have been approved,
highlighting the effectiveness and promise of immunotherapy as an
anticancer strategy (39). Among the multiple immunotherapy
approaches, immune checkpoint inhibitor based on T cells has
received the most attention due to their outstanding performance
(40). APM, CYT, GEP, and IFN- levels were all statistically lower in
the group with a high SERPINHI-related score, which were all
important factors in immunotherapy. Additionally, the SERPINH1-
related score was strongly adversely correlated with the CD274, PD-
1, PDCD1LG2, and CTLA-4 immunological checkpoints. The
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likelihood of patients with osteosarcoma responding to anti-PD-1
immunotherapy was significantly higher in those with low
SERPINHI-related scores. The SERPINHI-related score was
accurate at identifying osteosarcoma patients who could respond
to immunotherapy. Additionally, 23 chemotherapeutic agents had
significantly decreased drug sensitivity in osteosarcoma patients
with high SERPINHI-related scores. AZD3759 could inhibit the
proliferation and progression of osteosarcoma through the blockade
of the EGFR and JAK pathways (41). Inhibiting PI3KB with
AZD8186 could regulate key metabolic pathways in PTEN-null
tumors (42). Cisplatin is a well-known chemotherapeutic drug used
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to treat numerous human cancers, including bladder, head and
neck, lung, ovarian, and testicular cancers (43). Therefore, the
SERPINHI-related score was accurate in identifying osteosarcoma
patients who could respond to chemotherapy.

Conclusion

In conclusion, the biological role of SERPINHI in osteosarcoma
was investigated using in vitro confirmation. SERPINH1 and the
SERPINHI1-related score predict ferroptosis/pyroptosis/apoptosis/
necroptosis in osteosarcoma. Further research is still needed to
determine the precise processes underlying the osteosarcoma
pathogenesis mediated by SERPINHI. The SERPINHI-related
score was an effective method for identifying osteosarcoma patients
who would respond to immunotherapy and chemotherapy, as well as
for predicting the survival outcomes of such patients. A real-world
cohort must be used to further validate the SERPINHI-related

score’s universality.
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