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Background: Serpine Protease Inhibitorclade H1 (SERPINHL]I) is abnormally expressed in a variety of
tumor tissues and is linked to the biological processes of tumorigenesis, migration, invasion, and metastasis.
SERPINHI expression and prognosis in malignant tumors, such as gastric, colorectal, and breast cancers,
have previously been studied, but the gene has not yet been investigated in lung adenocarcinoma (LUAD) in
terms of prognosis and the potential mechanisms of action.

Methods: SERPINHI was identified as an independent prognostic factor for LUAD in The Cancer
Genome Atlas (TCGA) cohort and Affiliated Hospital of Nantong University (NTU) cohort (the
LUAD data set) by univariate and multivariate Cox regression analyses. Additionally, we performed
immunohistochemical staining to analyze the expression of SERPINH1 in LUAD and normal lung tissue.
Based on the TCGA database, we analyzed the correlation of this gene with the tumor mutation burden
(TMB), tumor microenvironment, immune infiltration, immune checkpoints, and anti-tumor drugs using
the R language-related R package.

Results: SERPINHI was highly expressed in LUAD tissue. Kaplan-Meier survival curves in both the
TCGA cohort and the NTU cohort showed that the SERPINH1 low-expression group had a higher
survival rate than the high-expression group. The Gene Ontology and Kyoto Encyclopedia of Genes and
Genomes enrichment analyses of the SERPINH1 co-expressed genes revealed that the gene was associated
with the extracellular matrix and cell proliferation and migration. The analysis of SERPINHI and the
TMB revealed a superior survival advantage for patients with high TMB and high SERPINHI expression,
and worse survival for those with low TMB and high SERPINHI expression. The analysis of the tumor
microenvironment (TME) and immune infiltration revealed that the high and low expression of SERPINH1
was associated with different immune infiltration characteristics. The analysis of the immune checkpoints
and anti-tumor drugs showed that immunotherapy and anti-neoplastic treatment were more efficacious in
the high SERPINHI expression group than the low SERPINHI expression group.

Conclusions: Using LUAD tissues and clinical samples, we showed that SERPINHI1 can be used as
a prognostic biomarker for LUAD. Our findings provide a new approach and strategy for the clinical
treatment of LUAD patients.
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Introduction

Lung cancer is the leading cause of cancer-related deaths
and one of the most serious malignancies threatening
human health and life (1). The incidence and mortality rates
of lung cancer have risen dramatically in recent years (2),
with both men and women experiencing the 2nd highest
incidence of any malignancy (3). At the time of diagnosis,
the majority of lung malignancies are already either locally
progressed or metastatic. There are two types of lung cancer
(i.e., small cell lung cancer and non-small cell lung cancer),
of which non-small cell lung cancer comprises about 85%
of all lung cancer cases (4). Lung adenocarcinoma (LUAD)
accounts for 40% of lung cancers (5,6) and 55% of non-
small cell lung cancers. For early-stage non-small cell lung
cancer, the main treatment modality is surgical resection (7).
For advanced-stage non-small cell lung cancer, treatment
options include chemotherapy (8), molecular targeted
therapy (9), and immunotherapy (10). The etiology of
LUAD development is still unclear, and it is crucial to
explore new prognostic biomarkers and therapeutic targets.
As one of the most frequently amplified areas of
human malignancies, Serpine Protease Inhibitorclade H1
(SERPINH]1) is on chromosome 11q13.5 and encodes
the protein heat shock protein 47 (HSP47), which is an
important molecular chaperone required for the proper
folding and secretion of various types of collagen (11).
SERPINHI has been identified as a possible biomarker
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for several cancer types (12-15), and studies have shown
that the aberrant expression of this gene is closely linked to
tumor growth, invasion, and metastasis (16,17).

Collagen is the most abundant protein in the body and
a major component of the extracellular matrix (ECM) (18).
Extracellular matrix changes have been found to be strongly
associated with cancer development and progression (19),
particularly collagen remodeling (20) and collagen
deposition (21). A study has confirmed that SERPINH1
may promote cancer growth and invasion by regulating the
extracellular matrix (22). First, inhibition of SERPINH1
expression reduces collagen deposition (23). Secondly,
Epithelial-Mesenchymal Transition (EMT) can promote
tumor invasion and metastasis (24,25). SERPINHI1 can
regulate EMT by modulating the Wnt/B-catenin signaling
pathway to affect tumor development (26).

Although (27) and others have made a preliminary
exploration of SERPINHI1 expression on lung
adenocarcinoma prognosis, our study is innovative in the
following ways. Firstly, there are more reasonable and
innovative sources of data for our study. We have downloaded
LUAD data from The Cancer Genome Atlas (TCGA)
database, standardized the data and the results are reasonable
and reliable. Secondly, we analyzed the prognosis of high
and low SERPINH1 expression and lung adenocarcinoma
by collecting clinical data samples from Affiliated Hospital
of Nantong University. In addition, for exploring the
functional study of SERPINHI in lung adenocarcinoma,
we first identified the genes co-expressed with SERPINHI1
in lung adenocarcinoma by performing enrichment analysis
of GO and KEGG pathways on the co-expressed genes,
which resulted in more reliable analysis. Our study is the first
to collect clinical data for the analysis of SERPINHI and
lung adenocarcinoma prognosis. This is the first systematic
assessment of SERPINHI expression in relation to prognosis,
associated pathways, tumor mutation burden (TMB) and
immune infiltration, immune checkpoint inhibitors, and
antitumor drug sensitivity in lung adenocarcinoma.

The tumor microenvironment can provide a specific
environment and plays a non-negligible role in tumor
development (28,29). The level of immune infiltration in
the tumor microenvironment can promote or suppress the
biological behavior of tumors (30-33). Previous studies
have shown that SERPINHI is associated with tumor
immune cell infiltration and may have an impact on tumor
prognosis (13,27). Therefore, we further explored the
correlation of SERPINH1 and immune infiltration in lung
adenocarcinoma.
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This study examined SERPINHI and LUAD prognosis
and related pathway mechanisms and found considerable
variations in the prognosis, TMB, immune infiltration,
and treatment sensitivity of patients with high and low
expression of SERPINHI1. Our findings suggest that
SERPINHI1 may be crucial in the growth of LUAD
and could be used as a cutting-edge and precise tool for
clinical diagnosis and individualized care. We present the
following article in accordance with the TRIPOD reporting
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-22-1518/rc).

Methods
Collection of LUAD data

In this study, 598 transcriptomic samples (539 tumor tissue
samples and 59 normal tissue samples) and 522 clinically
relevant LUAD samples were downloaded from TCGA
database (https://portal.gdc.cancer.gov/). After eliminating
samples with incomplete clinical data and missing survival
times, 503 samples remained for further investigation.

Collection of LUAD tissue microarray (TMA) samples

TMA samples were obtained from Affiliated Hospital of
Nantong University (NTU). All the samples were collected
from patients who had undergone lung cancer resection
without other primary sites from 2009 to 2010. These TMA
samples had complete clinicopathological data on lung
adenocarcinoma and 10-year follow-up information. In total,
140 LUAD tissue samples and 15 normal tissue samples
were collected. Information from the medical records of
the 140 LUAD patients was collected, including age, sex,
pathological diagnosis, tumor diameter, lymph node status
(N), clinical stage, pathological grade, survival status, survival
time, and smoking history. Informed consent was obtained
from the patients to use their human tissue for this study.
The study was approved by the Clinical Research Ethics
Committee of Affiliated Hospital of Nantong University
(No. 2022-L094). The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013).

Analysis of differential expression of SERPINH1 in

different tumors

To explore the expression of SERPINHI in different
tumors, we analyzed the results using the hiplot (https://
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hiplot-academic.com) online website.

IHC staining and scoving

Surgical specimens that had been formalin-fixed and
paraffin-embedded were used to create the TMAs. Tissue
blocks were cut to a thickness of 4 pm and prepared as
TMAs on slides. Immunohistochemistry investigations
were then performed to evaluate SERPINHI expression.
This was done as follows: after dewaxing, endogenous
horseradish peroxidase (HRP) was inactivated with
hydrogen peroxide, and the tissue was subjected to antigen
repair using sodium citrate antigen repair solution at high
temperature and pressure. The tissue was then closed
with phosphate-buffered solution (PBS) containing 5%
Blocking Buffer (BSA), and 0.3% TritonX-100, for 2 h at
room temperature. After rinsing, a rabbit anti-SERPINHI1
antibody (1:200, Abcepta) was diluted with antibody diluent
and the tissue was incubated with this antibody overnight.
The next day, PBS was washed the tissue 3 times, and
then murine general secondary antibody HRP (k8002,
DAKO, Denmark) was dropwise incubated at 37 °C for
120 min. Finally, diaminobenzidine color development,
hematoxylin-stained nuclei, gradient dehydration, and
neutral gum sealing were carried out. Each specimen was
independently re-evaluated by 2 pathologists following the
Tumor Node Metastasis (TINM) categorization criteria used
by the International Union Against Cancer. The staining
intensity levels were described as follows: negative [0],
weak [1], moderate [2], and strong [3], while the degree of
staining was scored according to the percentage of positive
cells: 0 (0%); 1 (1-25%); 2 (26-50%); 3 (51-75%); and 4
(76-100%). Finally, a composite score was calculated by
multiplying the intensity and density of staining; a low
expression of SERPINHI was defined as <2, and a high
expression of SERPINH1 was defined as >3.

Survival analysis

We used the “limma” package to analyze the variations in
SERPINHI expression between LUAD cases and normal
paracancerous tissue samples using clinical data from
the TCGA database. The median value of SERPINH1
expression was used to group samples according to their
level of expression, and the survival time and survival
status of LUAD patients were merged with SERPINH1
expression. There were 251 samples with high expression
and 252 samples with low expression. The 140 LUAD
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samples collected from Affiliated Hospital of Nantong
University were scored according to the intensity and
density of staining, with the low expression of SERPINH1
defined as <2, and the high expression of SERPINH1
defined as >3. The survival analysis was performed using
the “survminer R” package and the “survival R” package
for the high and low expression groups, and a P value <0.05
indicated a statistically significant difference between the 2
groups.

Comprebensive clinical prognostic analysis

Clinical data downloaded from the TCGA database were
used for the analysis. A univariate Cox regression analysis
was conducted to initially explore the relationship between
SERPINHI and age, gender, and stage. A multivariate
Cox analysis was used to verify whether SERPINH1 could
be used as an independent prognostic factor in LUAD. A
univariate Cox regression analysis was used to primarily
investigate the association between SERPINHI1 and age,
gender, T stage, N stage, and pathological grade using tissue
data from the 140 LUAD cases obtained from Affiliated
Hospital of Nantong University. The multivariate Cox
analysis was used to confirm whether SERPINHI1 could
be employed as an independent prognostic risk factor. The
“goplot2” package was used for the visualization process.
Using the “complexHeatmap” package, clinical correlation
heat maps were generated.

Establishment of nomogram and analysis

Based on the univariate and multivariate Cox analyses,
we used SERPINHI, gender, age, and stage to construct
a TCGA column nomogram to predict the survival rates
of LUAD patients at 1, 3, and 5 years. The NTU group
nomograms were constructed using SERPINH1, gender,
T stage, and N stage to predict the survival rates of LUAD
patients at 1, 3, and 5 years. The nomogram was constructed
using the “rms” and drew using the “regplot” packages.
We used calibration curves to assess the consistency of the
model predictions. The diagnostic value of the nomogram
was evaluated using the receiver operating characteristic
(ROC) curve, with a larger area under the curve (AUC)
representing a higher diagnostic value.

SERPINH]1 co-expression and enrichment analysis

First, we used the “limma” package to assess the genes
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related to SERPINHI. Those with correlation coefficients
>0.5 and P values <0.001 were considered significantly
associated genes and selected for further study. Further,
we chose the top 100 genes related to SERPINHI for the
enrichment analysis. Using the “clusterProfiler” R package,
we ran enrichment analyses for the Gene Ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes (KEGG)
based on the associated genes we had identified.

Assessing TMB values and the relationship with survival

The TMB was calculated using single-nucleotide variant
data from LUAD patients acquired from the TCGA
database. The link between the risk score and the TMB was
investigated using the Spearman correlation analysis. To
evaluate TMB and the prognostic differences between the
high and low-expression groups, a Kaplan-Meier survival
curve analysis was used. The “maftools” R package was
used to calculate the number of non-synonymous point
mutations in somatic cells within each sample.

SERPINH]1 correlation analysis with the TME and
immune infiltration

The Estimation of Stromal and Immune Cells in Malignant
Tumors using the Expression Data (ESTIMATE) algorithm
was used to calculate ESTIMATE, immune, and stromal
scores to predict the level of infiltrating immune and
stromal cells. Next, using box plots to show the outcomes
of the CIBERSORT analyses and single-sample gene set
enrichment analyses (ssGSEAs), we used the CIBERSORT
algorithm to score the common 22 immune cells and the
ssGSEA algorithm to evaluate the common 29 immune
cell features. For the Wilcoxon test, a P value <0.05 was
considered statistically significant.

Correlation analysis of SERPINH1 with immune
checkpoints and anti-tumor drugs

We compared the differences between SERPINH1 and
common immune checkpoints with the Wilcoxon rank-
sum test and correlated the 2 with the Spearman test. The
associations between SERPINHI1 and 8 popular anti-cancer
medications were then examined. The 50% reduction in
growth concentration (IC50) of chemotherapeutic agents
was calculated using the R package “pRRophetic”. The
Wilcoxon rank-sum test was used to compare the variations
in IC50 between the high and low-expression groups.
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Statistical analysis

All the statistical analyses were conducted, and the graphs
were generated using an R programming language (version
4.1.1). The expression of SERPINHI in the unpaired
samples was analyzed using the Wilcoxon rank-sum test.
The expression of SERPINHI in the paired samples was
analyzed using the paired samples ¢-test, and P<0.05 was
considered statistically significant. Kaplan-Meier survival
analysis and the log-rank test were used to estimate the
survival distributions. For various clinical features, the Cox
regression analysis evaluated the risk ratios (HR) and 95%
confidence intervals (Cls) and determined the independent
prognostic markers.

Results

Differential expression analysis of SERPINH]1 in
LUAD and normal lung tissues and clinicopathological
characterization

To investigate the expression of SERPINHI in different
tumors, we performed a differential expression analysis, and
the results showed that SERPINHI was significantly more
highly expressed in breast, colon, LUAD, lung squamous cell
carcinoma, and gastric adenocarcinoma tissues than normal
tissues (see Figure 1A). Next, we looked at the expression
of SERPINHI in lung cancer tissues, and the results
showed that SERPINHI1 was more highly expressed in
LUAD tissues than in paraneoplastic tissues (see Figure 1B).
A paired difference analysis revealed that SERPINHI1
was abundant in lung cancer samples (see Figure 1C).
Subsequently, we performed immunohistochemical (IHC)
staining of the normal lung tissues and LUAD tissues
collected at Affiliated Hospital of Nantong University,
and the results showed that SERPINHI1 expression was
significantly higher in the LUAD tissues than in the normal
lung tissues (see Figure 1D). Based on IHC scores for high
and low SERPINHI1 expression, we also performed a
differential analysis of 15 normal samples and 140 LUAD
tissue samples obtained from Affiliated Hospital of Nantong
University. The results revealed that SERPINHI expression
differed in normal lung tissues and tumor tissues and was
more highly expressed in tumor tissues (see Figure 1E).
Additionally, we divided the 503 LUADs into a high-
expression group (n=251) and a low-expression group
(n=252) based on the median value of SERPINHI1
expression. The 140 LUAD samples collected from
Affiliated Hospital of Nantong University were scored
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according to the intensity and density of staining, with
low expression of SERPINHI defined as <2 and high
expression of SERPINHI1 defined as >3. According to both
Kaplan-Meier survival curves, the low-expression group
had a greater survival advantage than the high-expression
group (see Figure 1F, P=0.018; see Figure 1G, P=0.002).
The heat map shows the differences in the clinically
relevant characteristics (including age, gender, stage, T
stage, N stage, and M stage) between the high and low
SERPINHI1 expression groups (see Figure 1H). In summary,
SERPINHLI1 differed significantly between the normal lung
tissue and LUAD tissue and may play a vital role in tumor
development.

Construction and validation of a nomogram

To further explore the relationship between SERPINHI
and overall survival (OS), we performed univariate and
multivariate Cox analyses on the TCGA cohort. The
univariate Cox analysis showed that SERPINHI and stage
were significantly associated with OS (P<0.05), while the
multivariate Cox analysis showed that SERPINHI1 and
stage were independent prognostic factors for LUAD
(P<0.05) (see Figure 2A4,2B). The survival of LUAD patients
was then predicted using a nomogram based on age, gender,
stage, and SERPINHI expression at 1, 3, and 5 years (see
Figure 2C). The calibration curves showed that the actual
and expected OS values were quite similar (see Figure 2D).
The ROC curves were then used to evaluate the accuracy of
the model at 1, 3, and 5 years. According to a nomogram,
the AUCs for 1-, 3-, and 5-year OS were 0.718, 0.712, and
0.702, respectively (see Figure 2E).

Similarly, we performed univariate and multivariate Cox
analyses on the clinical data collected from 140 LUAD cases
at Affiliated Hospital of Nantong University. According to
the results of the univariate Cox analysis. SERPINHI1, T
stage, N stage, and pathological grade were all significantly
linked to OS (P<0.05) (see Figure 34). The multivariate
Cox analysis showed that SERPINHI, gender, T stage, and
N stage were independent prognostic factors for LUAD
(P<0.05) (see Figure 3B). Next, using the factors of gender, T
stage, N stage, and the expression of SERPINH1, we created
a nomogram to predict the survival of LUAD patients at 1, 3,
and 5 years (see Figure 3C). The calibration curves showed
a general fit between the actual OS values and the predicted
OS values (see Figure 3D). The accuracy of the model was
then assessed using ROC curves at 1, 3, and 5 years. The
areas under the ROC curves at 1, 3, and 5 years were 0.879,
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Figure 1 Expression of SERPINHI in normal lung tissue and LUAD, and an analysis of the clinically relevant features. (A) Expression of
SERPINHLI in different tumor tissues. (B) SERPINHI expression in unmatched samples from normal and LUAD tissues in the TCGA
database. (C) SERPINHI expression in paired samples from normal lung tissue and LUAD tissue in TCGA database. (D) Representative
images of SERPINH1 IHC were taken at 4x and 20x magnification. (E) SERPINHI expression in unpaired samples from normal lung
tissues and LUAD tissues from the NTU cohort. (F) Kaplan-Meier curves of high and low expression of SERPINHI1 from TCGA cohort.
(G) Kaplan-Meier curves of high and low SERPINHI expression from the NTU cohort. (H) A heatmap was used to demonstrate the
correlation between high and low SERPINHI expression and clinicopathological features. *P<0.05; **P<0.01; ***P<0.001; ****P<0.0001; ns,
no significance. SERPINHI, Serpine Protease Inhibitorclade H1; LUAD, lung adenocarcinoma; TGCA, The Cancer Genome Atlas; NTU,

Affiliated Hospital of Nantong University.

0.813, and 0.801, respectively (see Figure 3E).

Co-expression analysis and functional envichment analysis
of SERPINH1

We conducted co-expression and functional enrichment
analyses of the SERPINHI1 gene to better investigate the
biological roles of this gene. Figure 44 shows the top 5 co-
expressed genes positively and negatively associated with
SERPINHI. The extracellular matrix (ECM) and collagen
fibrils were substantially enriched for GO terms among the
top 100 co-expressed genes that were most closely related
to one another (see Figure 4B). The KEGG enrichment
analysis showed that SERPINH1 was mainly associated
with metabolic pathways, cell proliferation, and migration

(see Figure 4C,4D).

Correlation analysis between SERPINH1 and the TMB

The TMB is positively associated with programmed death-
ligand 1 expression, and higher TMB levels are more
effective for immunotherapy (34-37). The TMB was
found to be positively correlated with clinically lasting
benefits and progression-free survival in non-small cell
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lung cancer immunotherapy (38). The TMB is a biomarker
that predicts tumor behavior and treatment response (38).
Thus, we combined SERPINHI with the TMB to explore
the potential interactions between the two factors. The
Spearman analysis showed that SERPINHI gene expression
and tumor mutations were positively correlated (see Figure
5A4). Patients with a high TMB and high SERPINHI1
expression had a greater survival advantage according to
the stratified survival analysis, while patients with a low
TMB and high SERPINHI expression had worse survival
(see Figure 5B). The “maftool” package was then used to
determine the somatic mutation rates, and a waterfall plot
was used to display the top 20 mutation driver genes. In
the SERPINHI1 high expression group, tumor protein p53
(TP53) had the highest mutation frequency (47 %), followed
by Titin (T'TN) (43%) and Mucin 16 (MUCI16) (41%).
However, in the SERPINHI low expression group, TP53
(40%) had the highest mutation rate among the driver
genes (see Figure 5C,5D).

Correlation analysis of SERPINH1 and immune
infiltration

Previous research has shown that the immunological
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Figure 2 Prognostic nomogram creation and validation in TCGA cohort. (A,B) Univariate and multivariate Cox regression
analyses were performed on the TCGA cohort. (C) Nomogram constructed in TCGA cohort combining SERPINHI
expression (messenger ribonucleic acid levels) and multivariate Cox regression analysis (including gender, age, and staging)
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CI, confidence interval; SERPINHI, Serpine Protease Inhibitorclade H1; OS, overall survival; LUAD, lung adenocarcinoma;
AUC, area under the curve; ROC, receiver operating characteristic.
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Figure 4 Co-expression and functional enrichment analysis of SERPINHI (A) Top 5 co-expressed genes positively and
negatively correlated with SERPINHI1. (B) GO enrichment analysis of co-expressed genes associated with SERPINHI.
(C,D) KEGG enrichment analysis of co-expressed genes associated with SERPINHI1. FDR, false discovery rate; SERPINHI,
Serpine Protease Inhibitorclade H1; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.

microenvironment is essential for the development of
tumors (39). Immunological cell infiltration in the immune
microenvironment either inhibits or promotes the growth
of tumors (40-43). Thus, we further explored the role
of SERPINHI in immune infiltration. We graded the
immune and stromal components of the tumor using the
ESTIMATE algorithm to forecast its stromal and immune
cell composition. The results showed that the SERPINH]1
high expression group had higher stromal scores and
estimated scores (see Figure 6A4). Additionally, we scored
22 immune cells using the CIBERSORT algorithm and
discovered that the SERPINH1 low expression group had
a larger amount of immunological infiltration in immune
cells, such as the cluster of differentiation (CD)8" T cells,
follicular helper T cells, and monocytes. Conversely,

© Journal of Thoracic Disease. All rights reserved.

regulatory T cells, MO macrophages, and activated mast
cells had higher immune scores in the SERPINH1 high
expression group than the SERPINHI1 low expression
group (see Figure 6B). Next, using the ssGSEA algorithm,
we evaluated 29 common immune cells and immunological
functions. We found that the SERPINH1 high-expression
group had higher expression levels of immunological
functions, such as antigen presentation, chemokines, and
immune checkpoints, than the low-expression group (see
Figure 6C). Finally, we assessed the correlation between 22
immune cells and SERPINHI using a Pearson correlation
analysis, the results of which are shown in Figure 6D.
In conclusion, we discovered that various SERPINHI1
expressions displayed various immune infiltration traits.
SERPINHI most likely contributes significantly to immune
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infiltration and TME.

Analysis of SERPINH1 and immune checkpoints and drug

correlations

The approaches used to treat malignancies have evolved
significantly in recent years, especially with the introduction
of immune checkpoint blockade medication, which has
altered how many cancers were previously treated. Immune
checkpoint blockade therapy, which is mainly used to
activate the immune system of the body by targeting
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4),
programmed cell death protein 1 (PD-1), or Programmed
cell death 1 ligand 1 (PD-L1), induces T cells to kill tumor
cells, thus achieving a therapeutic effect (44). The standard

© Journal of Thoracic Disease. All rights reserved.

of care for non-small cell lung cancer now includes immune
checkpoint blockade medication, which greatly increases
survival (45). We first analyzed popular immune checkpoint
genes to assess the potential propensity of SERPINHI to
predict treatment in LUAD patients. The results showed
that TNFSF9, CD86, TNFRSFS, TNFRSF4, TNFRSF9,
CD40, NRP1, CD276, LGALS9, TNFRSF18, CD44,
CD200, and TNFSF4 were more highly expressed in the
SERPINHI high expression group than the SERPINH1
low expression group, while CD40LG and TNFSF15
were more highly expressed in the SERPINHI low
expression group (see Figure 74). Subsequently, the Pearson
correlation analysis showed that most of the immune
checkpoints were positively correlated with SERPINHI (see
Figure 7B). This suggests that patients in the high
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SERPINHI expression group will have better treatment
outcomes when receiving immunotherapy. We also
analyzed the common clinical anti-tumor drugs and the
results showed that the 8 common anti-tumor drugs (i.e.,
cyclopamine, etoposide, lapatinib, paclitaxel, vinorelbine,
sunitinib, doxorubicin, and midostaurin) were more effective
in the IC50 of the SERPINHI high expression group was
significantly lower than that of the low expression group
(see Figure 7C-77). This suggests that anti-tumor therapy
was more efficacious in the SERPINH1 high-expression
group than the SERPINHI low-expression group. In brief,
the immunotherapy and anti-tumor treatment produced
better results for the SERPINHI1 high-expression group

© Journal of Thoracic Disease. All rights reserved.

than the SERPINHI low-expression group, and the study
of SERPINHI has the potential to provide a new approach
and strategy for the clinical treatment of LUAD patients.

Discussion

LUAD is a type of non-small cell lung cancer and
accounts for approximately 40% of lung cancers (6).
The development of lung cancer is a progressive process
that involves many steps and factors. The main causes of
LUAD include smoking, air pollution, and chronic lung
conditions. Previous studies have shown that lung cancer has
a high mortality rate and a poor survival rate, is one of the
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Figure 7 Correlation analysis of SERPINH1 with immune checkpoints and anti-tumor drugs. (A) Differential analysis
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and low SERPINHI expression and common immune checkpoints. (C-J) Sensitivity analysis of high and low SERPINH1
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malignancies with the worst prognosis (46), and is expected
to become the primary burden of human cancer by 2050 (47).
Thus, efficient biomarkers for the early detection and
prognostication of lung cancer urgently need to be found.
SERPINHI1 encodes the HSP47 protein that is required
for the proper folding and secretion of collagen (11).
Previous studies have shown that SERPINHI1 exhibits
high expression in a variety of tumors, including cervical

© Journal of Thoracic Disease. All rights reserved.

cancer (16), colorectal cancer (48), gastric cancer (26), and
breast cancer (22). In cervical cancer, it was found that
when SERPINHI1 was silently expressed in cervical cancer
cells, the invasion and migration ability of the cervical
cancer cells was significantly inhibited (16). Additionally,
in colorectal cancer tumor tissue, the high expression of
SERPINHI1 was found to be significantly correlated with
a high T stage, lymph node metastasis, venous infiltration,
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and a high TNM stage, indicating that SERPINH1 may be
a new biomarker for colorectal cancer and is closely linked
to its prognosis (15). However, to date, no studies had been
conducted on the expression of SERPINHI1 in LUAD and
its potential prognostic relevance.

In the present study, we collected information on LUAD
from the TCGA database to investigate the expression and
survival prognosis of SERPINHI1. Further, we analyzed
the genes co-expressed with it, carried out an enrichment
analysis of the GO and KEGG pathways, and further
investigated the mechanism of this gene for the generation
of LUAD. To better understand the mechanism of
SERPINHI in LUAD development, we then examined the
role of SERPINHI1 in the LUAD TMB, immunological
microenvironment, immune infiltration, immune
checkpoint inhibitors, and therapeutic sensitivity.

We found that the expression of SERPINHI1 varied
between LUAD tissues and normal tissues, and was highly
expressed in tumor tissues. The Kaplan-Meier survival
curves showed that the low-expression group had a greater
chance of survival than the high-expression group. To
further explore the relationship between SERPINHI1
and OS, we performed univariate and multivariate Cox
analyses on both the TCGA cohort and the NTU cohort.
The combined analysis of the two groups showed that
SERPINHI can be employed as a standalone predictor
of prognosis in LUAD. To further explore the biological
function of SERPINH1, we performed co-expression and
functional enrichment analyses of this gene. According to the
KEGG enrichment analysis, SERPINHI is mostly linked
to metabolic processes, cell proliferation, and migration.
According to the GO enrichment pathway analysis, the
ECM is the main SERPINHI1 pathway enriched in LUAD.
The ECM is part of the TME. A study has shown that
TME affects the growth of malignant tumors and their
treatment (49). Without the ECM, cellular processes, such as
growth, proliferation, migration, and differentiation, cannot
be accomplished (50). SERPINHI1 is mainly involved in the
synthesis of type I collagen, which is a major component of
the ECM (51,52) and plays a major role in tissue fibrosis (53).
Fibroblast ECM proteins primarily create a barrier around
tumor tissue, and when they are altered, tumors are highly
susceptible to invasion and metastasis (54-56). Conversely,
the KEGG enrichment analysis directly demonstrated that
SERPINHLI is closely associated with cell proliferation and
migration. We can infer from our findings that SERPINHI1
is critically involved in the development of LUAD.

Research has shown a significant correlation between

© Journal of Thoracic Disease. All rights reserved.
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TMB and immunotherapy. The TMB quantifies the number
of tumor mutations. The higher the number of tumor
mutations, the more immunogenicity is exposed by the tumor,
which can increase the chance of recognition by T cells,
which in turn increases the immunotherapeutic effect (57).
As a result, it has been demonstrated that the TMB can be
employed as a tumor immunotherapy prediction marker (38).
Thus, we further explored the correlation between
SERPINHI and TMB. The results showed that the TMB
was positively correlated with SERPINHI1 gene expression,
such that patients with high TMB and high SERPINH1
expression had a better survival advantage, and patients
with low TMB and high SERPINHI1 expression had the
worst survival advantage, which is consistent with the other
results.

Further, by calculating the somatic mutation data, we
found that TP53 had the highest mutation frequency (47%)
in the high SERPINHI expression group, followed by
TTN (43%) and MUCI16 (41%). Conversely, the driver
gene with the highest rate of mutation in the group with
low SERPINHI expression was TP53 (40%). TP53 is an
important regulator of the cell cycle, cell differentiation,
and cell death (58). Studies have shown that TP53
mutations in LUAD are closely associated with tumor
immunotherapy (59,60). Our study suggests that patients
with TP53 mutations in the SERPINH1 high expression
group may derive greater benefits when treated with
immune checkpoint inhibitors. These findings suggest that
differences in the distribution of SERPINH1-associated
somatic mutation driver genes are significantly associated
with anti-tumor immunity and that the complex regulatory
mechanisms of their interactions could provide new
directions for immunotherapy in LUAD.

To further explore the potential mechanisms and
complex role of SERPINHI in the tumor immune
microenvironment (TIME), we used the ESTIMATE
algorithm to score immune cells and stromal cells in
the TME, and the results showed that the SERPINH1
high expression group had higher stromal scores and
ESTIMATE scores. We then scored 22 common immune
cells using the CIBERSORT algorithm and showed that
immune cells, such as CD8" T cells, follicular helper T
cells, and monocytes, had a higher abundance of immune
infiltration in the SERPINHI low expression group.
Additionally, the SERPINHI1 high expression group
exhibited a greater immunological score in terms of
regulatory T cells, MO macrophages, and activated mast
cells than the SERPINHI1 low expression group. We also
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used the ssGSEA algorithm to assess 29 common immune
features. The results showed that immune features,
such as antigen presentation, chemokines, and immune
checkpoints, were more highly expressed in the SERPINHI1
high expression group than the SERPINHI1 low expression
group. Thus, we hypothesize that immunotherapy may
have greater benefits for patients with high expressions
of SERPINHI. In conclusion, SERPINHI plays a non-
negligible role in TIME.

Over the past decade, immune checkpoint inhibitors
have become the standard of care for the treatment of non-
small cell lung cancer (61). Inmunotherapy outperforms
traditional chemotherapy in terms of response and
tolerability, and OS time (62). Thus, we explored the
correlation between SERPINHI and immune checkpoints.
First, we analyzed the expression levels of common immune
checkpoint genes. The results showed that most immune
checkpoint genes were more highly expressed in the
SERPINHI high expression group than the SERPINH1
low expression group. The subsequent correlation analysis
confirmed that SERPINHI1 was positively correlated with
most of the immune checkpoints. All results above predict
a better immunotherapeutic outcome in the SERPINH1
high expression group and are consistent with the immune
signature results obtained from our ssGSEA. Finally,
we explored the relationship between SERPINHI and
common clinical anti-tumor drugs. We found that the IC50
values were lower in the high-expression group than in the
low-expression group, which means that chemotherapeutic
agents are likely to produce better treatment benefits for
patients with high expressions of SERPINHI. These
findings imply that immunotherapy and chemotherapy
are more effective for patients with high expressions of
SERPINHLI, and that SERPINHI may be a useful marker
for anticipating immunotherapy and chemotherapy
outcomes in LUAD.

There is no conflict between the worse prognosis in
higher SERPINHI1-expression population and better
immunotherapy and anti-tumor drug treatment in high
SERPINHI-expression population. Because the effect
of immunotherapy and anti-tumor drug treatment is
affected by many factors. Factors affecting immunotherapy
include TMB (63), DNA mismatch repair defects (64),
microsatellite instability (65), tumor microenvironment
(66,67), etc. The efficacy of antitumor drugs depends on
the individual genetic differences (68), the sensitivity to
chemotherapy, and the drug concentration in vive (69). The
effect of high SERPINH1 expression on immunotherapy
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and anti-tumor drug treatment is only one aspect of judging
the prognosis.

Conclusions

In summary, we comprehensively assessed the prognosis
of SERPINHI and LUAD and their relationship to
immunotherapy and chemotherapy and obtained good
validation results from several perspectives. Thus,
SERPINHI is an ideal and stable predictor for the
clinical treatment of patients with LUAD. However,
this study still has its limitations, and studies involving
prospective cohorts need to be conducted to demonstrate
the reliability of SERPINHI1. Additionally, the in vivo and
in vitro experimental validation of SERPINHI is needed
to fully understand the unique role of SERPINHI in the
development of LUAD and its regulatory mechanisms.
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