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Abstract.

BACKGROUND: Lung adenocarcinoma (LUAD) is a major histological subtype of lung cancer with a high mortality rate
worldwide. Heat shock protein family D member 1 (HSPD1, also known as HSP60) is reported to be increased in tumor tissues of
lung cancer patients compared with healthy control tissues.

OBJECTIVE: We aimed to investigate the roles of HSPDI1 in prognosis, carcinogenesis, and immune infiltration in LUAD using
an integrative bioinformatic analysis.

METHODS: HSPDI1 expression in LUAD was investigated in several transcriptome-based and protein databases. Survival
analysis was performed using the KM plotter and OSluca databases, while prognostic significance was independently confirmed
through univariate and multivariate analyses. Integrative gene interaction network and enrichment analyses of HSPD1-correlated
genes were performed to investigate the roles of HSPD1 in LUAD carcinogenesis. TIMER and TISIDB were used to analyze
correlation between HSPD1 expression and immune cell infiltration.

RESULTS: The mRNA and protein expressions of HSPD1 were higher in LUAD compared with normal tissues. High HSPD1
expression was associated with male gender and LUAD with advanced stages. High HSPD1 expression was an independent
prognostic factor associated with poor survival in LUAD patients. HSPD1-correlated genes with prognostic impact were mainly
involved in aberrant ribosome biogenesis, while LUAD patients with high HSPD1 expression had low tumor infiltrations of
activated and immature B cells and CD4+ T cells.

CONCLUSIONS: HSPD1 may play a role in the regulation of ribosome biogenesis and B cell-mediated immunity in LUAD. It
could serve as a predictive biomarker for prognosis and immunotherapy response in LUAD.
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1. Introduction

Lung cancer is one of the most common cancers with
a high mortality rate worldwide [1]. The majority of
lung cancer is non-small cell lung cancer (NSCLC), in
which lung adenocarcinoma (LUAD) is the most com-
mon subtype [2]. Although treatment options are cur-
rently available, LUAD patients still have a poor prog-
nosis and low survival rate [2,3]. Moreover, the effec-
tiveness of chemotherapeutic and targeted drugs is often
limited by the drug resistance [3,4]. Therefore, identi-
fying new prognostic markers and therapeutic targets
for LUAD is necessary.

Tumor-infiltrating immune cells (TIICs) are one of
the key components in the tumor microenvironment
(TME) that influence tumor progression and aggres-
siveness [5]. Previous studies have shown that TIICs
are related to clinical outcomes and prognosis of LUAD
patients [6,7,8]. The composition of TIICs also affects
patients’ response to immunotherapy [9,10,11]. Hence,
TIICs are promising targets for predicting the prognosis
and immune response in LUAD patients.

Heat shock protein family D member 1 (HSPD1),
also known as HSP60, is a molecular chaperone that
participates in various cellular functions. It is present
in different cellular compartments and implicated in
both intracellular and extracellular processes [12,13,14,
15]. Accumulating evidence has highlighted the critical
role of HSPDI1 in cancer development, progression, and
chemoresistance across various types of cancer [16,17].
HSPD1 has been shown to exert its oncogenic func-
tions through several mechanisms, such as p53, Erk1/2,
[-catenin, and caspase 3 pathways [18,19,20,21,22].
Furthermore, apart from its intracellular roles, extracel-
lular HSPD1 acts as a mediator in cell-cell communi-
cation, immune regulation, and TME modulation [14,
15]. Due to its diverse roles, HSPD1 has emerged as an
interesting target for diagnosis and therapy in various
cancers [16].

Previous studies have reported a correlation between
HSPD1 overexpression and poor prognosis in NSCLC
patients [25,26]. HSPD1 has been shown to promote
NSCLC development through modulation of mito-
chondrial metabolisms [27]. Additionally, extracellu-
lar HSPDI1 can induce an inflammatory response in
bronchial epithelial cells [28] and modulate the effec-
tor functions of immune cells, such as macrophages
and neutrophils [23,24]. The involvement of HSPD1
in regulating these critical aspects of tumor biology
suggests its potential as a prognostic marker in LUAD.
A deeper understanding of the precise mechanisms by

which HSPD1 modulates these processes could provide
valuable insights into LUAD pathogenesis and poten-
tially reveal therapeutic targets.

In this study, we analyzed HSPD1 expression and
its correlation with clinicopathologic features in LUAD
patients using various databases, including TIMER,
GEPIA2, HPA, and UALCAN. Prognostic value of
HSPD1 expression in LUAD was investigated by KM
plotter and OSluca. Survival prognosis, interaction net-
work, and enrichment analyses of HSPD1-correlated
genes in LUAD were performed using GEPIA2, Gene-
MANIA, and DAVID, respectively. In addition, associa-
tion between HSPD1 expression and immune cell infil-
tration was also explored with TIMER and TISIDB. Our
findings provide new insights into the role of HSPD1
and its relationship to tumor immunity in LUAD.

2. Materials and methods

2.1. Differential expression analysis of HSPDI in
LUAD and normal tissues — mRNA level

We investigated the mRNA expression of HSPD1
in tumor and normal samples across various human
cancers using Tumor Immune Estimation Resource
(TIMER) database (https://cistrome.shinyapps.io/
timer/) [29,30]. The Gene Expression Profiling Interac-
tive Analysis 2 (GEPIA2) database (http://gepia2.cancer
-pku.cn/) [31] was used to analyze the mRNA expres-
sion of HSPD1 in normal (n = 59) and LUAD (n =
483) samples from The Cancer Genome Atlas (TCGA)
dataset. The differential mRNA expression of HSPD1
was further confirmed in LUAD-TCGA dataset (n =
574) through the University of ALabama at Birming-
ham CANCcer data analysis portal (UALCAN) database
(http://ualcan.path.uab.edu) [32]. A statistical differ-
ence was analyzed using one-way ANOVA and Stu-
dent’s t-test with unequal variance in GEPIA2 and
UALCAN, respectively.

2.2. Differential expression analysis of HSPDI in
LUAD and normal tissues — protein level

Differential protein expression of HSPD1 was ana-
lyzed from normal (n = 111) and LUAD (n = 111)
samples in the Clinical Proteomic Tumor Analysis Con-
sortium (CPTAC) dataset through UALCAN database.
Statistical comparison was made using Student’s ¢-test
with unequal variance on the database. The Human
Protein Atlas (HPA) database (http://www.proteinatlas.
org) [33,34] was used to explore HSPD1 protein ex-
pression in normal lung and LUAD tissues.
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2.3. Association analysis of HSPD1 expression and
clinicopathologic features of LUAD patients

Relationships between HSPD1 mRNA expression
and clinicopathologic features, including age, race, gen-
der, and stages were analyzed in normal (n = 59) and
LUAD (n = 515) samples in TCGA dataset using UAL-
CAN database, with statistical analysis by Student’s
t-test assuming unequal variance.

2.4. Survival analysis

To evaluate the prognostic value of HSPD1 in LUAD,
we used two different tools: Kaplan-Meier (KM) plot-
ter database (www.kmplot.com/lung) [35] and Online
consensus Survival for Lung Cancer (OSluca) database
(http://bioinfo.henu.edu.cn/LUCA/LUCAList.jsp) [36]
In KM plotter, the Affymetrix probe ID: 200806_s_at
was used to analyze the overall survival (n = 719) and
first progression survival (n = 461) in LUAD patients,
comparing low- and high-expression groups based on
the median of HSPD1 expression values. We employed
OSluca to assess the association of HSPD1 expression
with overall survival (n = 597) and disease-specific
survival (n = 551) in LUAD, using the TCGA dataset
and splitting patients by “upper 50%”. KM survival
curves of the patients were plotted, and the log-rank
p-value and hazard ratio (HR) were calculated by the
web tools. Additionally, we performed univariate and
multivariate Cox hazard regression analyses of HSPD1
and other variables for survival in LUAD patients using
TIMER.

2.5. Integrative gene interaction network and
enrichment analyses of HSPD1-correlated genes

To comprehensively analyze the potential role of
HSPD1 in LUAD, we retrieved the top 25 genes that are
positively and negatively correlated with HSPD1 in the
LUAD-TCGA dataset based on the Pearson correlation
coefficient value from the UALCAN database. Survival
impact of HSPD1-correlated genes on overall survival
in LUAD patients was explored using GEPIA2. The
GeneMANIA (https://genemania.org/) [37] was used to
construct an interaction network of HSPD1-correlated
genes. Gene Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway enrichment
analyses were performed using the Database for Anno-
tation, Visualization and Integrated Discovery (DAVID)
(https://david.ncifcrf.gov/summary.jsp) [38,39]. The
dot plots of enriched pathways were depicted by us-
ing GraphBio online tool (http://www.graphbiol.com/
en/) [40].

2.6. Analysis of correlation between HSPDI and
ribosome biogenesis marker gene expression

Correlation between HSPD1 expression and ribo-
some biogenesis marker genes (i.e. NHP2, H/ACA ri-
bonucleoprotein complex subunit 2; NMD?3, 60S ribo-
somal export protein NMD3; NOP56, Nucleolar pro-
tein 56; RCL1, RNA 3’-terminal phosphate cyclase-like
protein; and TCOF1, Treacher Collins syndrome pro-
tein) expression was analyzed in LUAD-TCGA dataset
using GEPIA2 with Pearson’s correlation analysis.

2.7. Analysis of correlation between HSPD1
expression and immune cell infiltration in LUAD

TIMER was used to analyze the correlation be-
tween HSPD1 expression with tumor infiltrating im-
mune cells in LUAD, including B cells, CD8+ T cells,
CD4+ T cells, neutrophils, macrophages, and dendritic
cells. KM survival curves of each immune cell infil-
tration were plotted with the log-rank p-value using
the TIMER. Additionally, we confirmed the correla-
tion between HSPD1 expression and abundance of ac-
tivated B cells, immature B cells, and memory B cells
using Tumor and Immune System Interaction Database
(TISIDB) (http:// cis.hku.hk/TISIDB) [41] with Spear-
man’s correlation test.

3. Results

3.1. Expression of HSPDI in human cancers and
LUAD tumor tissues

The workflow chart of this study is showed in Fig. 1.
The expression level of HSPD1 in human cancers was
initially investigated using TIMER database. As shown
in Fig. 2A, HSPD1 mRNA expression was markedly
increased in LUAD and various other types of cancers.
Similarly, an elevated HSPD1 mRNA expression in
LUAD tissues was found in GEPIA?2 database (Fig. 2B).
Furthermore, UALCAN analysis demonstrated a signif-
icant increase in HSPD1 expression in LUAD at both
mRNA and protein levels (Fig. 2C and 2D). Immuno-
histochemistry results obtained from HPA database also
showed that HSPD1 protein level was higher in LUAD
compared with normal lung tissues (Fig. 2E). Consis-
tently, HSPD1 expression is upregulated in LUAD tu-
mor tissues at both mRNA and protein levels among
multiple databases, which therefore supports further
investigations on its correlation with clinical character-
istics of LUAD patients.
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Fig. 1. The workflow chart of this study.

3.2. Association between HSPD1 expression and
clinicopathologic features of LUAD patients

We employed UALCAN analysis to evaluate the re-
lationship between HSPD1 mRNA expression in tu-
mor tissues and clinicopathologic features of LUAD
patients. As expected, the results showed that HSPD1
expression was significantly higher in LUAD patients
compared with normal control in all subgroup analy-
ses categorized by age, race, gender, and cancer stages
(Fig. 3). While HSPD1 expression was not differ-
ent among patients with various age and race groups
(Fig. 3A and 3B) the significantly higher HSPD1 ex-
pression was found in male patients compared to female
patients (Fig. 3C). Patients with LUAD stage 3 and
stage 4 had significantly higher HSPD1 expression than
those with stage 1 (Fig. 3D). This result also suggested
that HSPD1 may exhibit a dose-dependent effect on the

disease severity and probably determine the prognosis
in LUAD patients.

In this direction, we then performed univariate and
multivariate Cox regression analyses of HSPD1 expres-
sion and clinicopathologic parameters for the overall
survival of LUAD patients by using TIMER database.
The univariate analysis showed that HSPD1 expression
(HR = 1.466, p < 0.001), stage 2 cancer (HR = 2.417,
p < 0.001), stage 3 cancer (HR = 3.584, p < 0.001),
and stage 4 cancer (HR = 3.828, p < 0.001) were sig-
nificantly associated with the higher risk of mortality
in LUAD patients (Table 1). The multivariate analysis
confirmed the independent prognostic value of HSPD1
expression (HR = 1.382, p = 0.007), along with stage 2
cancer (HR = 2.205, p < 0.001), stage 3 cancer (HR =
2.715,p < 0.001), and stage 4 cancer (HR =2.771,p <
0.001) for overall survival of LUAD patients (Table 1).

To further validate the prognostic impact of HSPD1
expression in LUAD, we performed survival analy-
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Table 1
Univariate and multivariate Cox analysis of clinicopathological parameters and HSPD1 expres-
sion for survival in LUAD patients estimated by TIMER

Parameters Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value
Age 1.008 (0.992-1.024) 0.33 1.008 (0.990-1.026) 0.393
Gender (Male) 1.065 (0.796-1.424) 0.672 0.956 (0.688-1.328) 0.786

Race (Black) 2.031 (0.270-15.289) 0.491 2.399 (0.313-18.364) 0.399
Race (White) 2.788 (0.390-19.939) 0.307 2.938 (0.405-21.336) 0.287

Stage 2 2.417 (1.68-3.476) <0.001  2.205(1.478-3.288) < 0.001
Stage 3 3.584 (2.450-5.244) < 0.001  2.715(1.796-4.104) < 0.001
Stage 4 3.828 (2.206-6.642) < 0.001  2.771 (1.481-5.187) 0.001
HSPDI 1.466 (1.189-1.808) < 0.001  1.382 (1.093-1.747) 0.007

HR: Hazard ratio, CI: confidence interval.
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sis by using two databases. In KM plotter database,
LUAD patients with high HSPD1 expression had sig-
nificantly shorter overall survival (HR = 2.32, Logrank
p < 0.0001) (Fig. 4A) and time to first progression (HR
= 1.51, Logrank p = 0.0098) (Fig. 4B) than those with
low HSPD1 expression. Data from OSluca also demon-
strated that high HSPD1 expression was significantly
associated with poor overall survival (HR = 147, p =
0.0099) (Fig. 4C) and disease-specific survival (HR =
1.81, p = 0.0025) (Fig. 4D) of LUAD patients. These

cross-validation findings among multiple analyses and
databases support a crucial role of HSPD1 overexpres-
sion as a key player in LUAD disease pathogenesis and
progression.

3.3. Survival prognosis, interaction network, and
enrichment analysis of HSPDI-correlated genes
related to LUAD

In order to investigate the potential roles of HSPD1
in LUAD carcinogenesis, top 25 genes that are posi-
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Fig. 6. GO and KEGG pathway enrichment analysis of HSPD1-correlated genes in LUAD. GO terms for biological process (A), cellular component
(B), and molecular function (C), and KEGG pathway (D) assigned to HSPD1-correlated genes by using DAVID online tool.

tively and negatively correlated with HSPD1 expression
were retrieved from UALCAN database. Expression
heatmaps of HSPD1-correlated genes are represented
in Fig. SA and details of these genes are summarized
in Supplementary Table S1. Then, the prognosis val-
ues of HSPD1-correlated genes in LUAD patients was
explored by the survival heatmap using GEPIA2. As
shown in Fig. 5B, 17 genes of the top 25 positively cor-
related genes had high HR (p < 0.05), whereas 11 genes
with low HR (p < 0.05) were found among the top 25
negatively correlated genes. The interaction network

data obtained from GeneMANIA showed that these
HSPDI1-correlated genes were connected with each
other by co-expression (63.61%), predicted interaction
(22.32%), physical interaction (9.24%), co-localization
(4.27%), and shared protein domain (0.56%) (Fig. 5C).
Furthermore, we performed GO and KEGG pathway
enrichment analysis using DAVID. Based on GO terms,
HSPD1-correlated genes were significantly enriched
in biological processes, including “rRNA processing”,
“protein folding”, “cell cycle”, and “maturation of
LSU-rRNA from tricistronic rRNA transcript (SSU-
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Fig. 7. Ribosome biogenesis in eukaryotes pathway and its correlation with HSPD1 in LUAD. (A) Ribosome biogenesis in eukaryotes pathway
obtained from KEGG. Red stars denote components regulated by HSPD1-correlated genes. Genes that were selected for further correlation analysis
are indicated by red dotted boxes. (B) Correlation of HSPD1 with TCOF1, NOP56, NHP2, RCL1, and NMD3 in LUAD analyzed by GEPIA2.
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Table 2

Univariate and multivariate Cox analysis of infiltrating immune cells and HSPD1 expression

for survival in LUAD patients estimated by TIMER

Variables Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value
B cell 0.024 (0.004-0.142) < 0.001 0.006 (0.000-0.076) < 0.001
CD8+ T cell 0.299 (0.083-1.074) 0.064 1.195 (0.190-7.526) 0.850
CDA4+ T cell 0.346 (0.078-1.541) 0.164 32.942 (2.091-518.996) 0.013
Macrophage 0.577 (0.094-3.539) 0.552 1.524 (0.114-20.382) 0.750
Neutrophil 0.366 (0.055-2.452) 0.300 0.415 (0.009-18.781) 0.651
Dendritic cell ~ 0.553 (0.308-0.993) 0.047 0.879 (0.233-3.310) 0.849
HSPD1 1.466 (1.189-1.808) < 0.001 1.415 (1.124-1.781) 0.003

HR: Hazard ratio, CI: confidence interval.

rRNA, 5.8S rRNA, LSU-rRNA)” (Fig. 6A). Signifi-
cantly enriched GO cellular components were “nucleo-

EEINT3 99 ¢ CEINY3

plasm”, “membrane”, “extracellular exosome”, “mito-
chondrion”, “nucleolus”, “microtubule” and “intracellu-
lar ribonucleoprotein complex” (Fig. 6B). Significantly
enriched GO terms for molecular function include “pro-
tein binding”, “poly(A) RNA binding”, “ATP bind-
ing”, “ubiquitin protein ligase binding”, “GTP bind-
ing”, “GTPase activity”, and “unfolded protein bind-
ing” (Fig. 6C). Interestingly, KEGG pathway analysis
demonstrated that HSPD1-correlated genes were signif-
icantly involved in “ribosome biogenesis in eukaryotes”

pathway (Fig. 6D).

3.4. Correlation between HSPDI and ribosome
biogenesis marker genes expression in LUAD

We further assessed whether HSPD1 expression was
related to ribosome biogenesis in LUAD. Details of
ribosome biogenesis in eukaryotes pathway and com-
ponents regulated by HSPD1-correlated genes are rep-
resented in Fig. 7A. Correlation between HSPD1 and
ribosome biogenesis marker gene expression, includ-
ing TCOF1, NOP56, NHP2, RCL1, and NMD3 was
analyzed in LUAD dataset in GEPIA2. As shown in
Fig. 7B, HSPD1 expression was significantly positive
correlated with all of these marker genes, indicating the
potential involvement of HSPDI1 in ribosome biogene-
sis pathway in LUAD.

3.5. Relationship between HSPDI expression and
immune cell infiltration in LUAD

Aberrant ribosome biogenesis is not only involved
with tumorigenesis, e.g., MDM2/p53-mediated ribo-
some biogenesis checkpoint [42,43,44], but also reg-
ulates immune responses via multiple mechanisms,
such as interferon-y (IFN-y)-mediated inflammation
and NF-xB signaling pathway [45]. To this end, we
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sorted to elucidate the potential oncoimmunogenic role
of HSPD1 expression on the TIICs in LUAD by using
TIMER deconvolution analysis. As shown in Fig. 8A
HSPD1 expression level was negatively correlated with
B cells (r = —0.221, p = 8.96 x 1077), CD4+ T
cells (r = —0.26, p = 6.72 x 10~?), macrophages
(r = —0.155, p = 6.19 x 10_4), and dendritic cells
(r = —0.189, p = 2.74 x 10~5). KM survival curves of
each immune cell infiltration showed that low infiltra-
tion levels of B cells and dendritic cells were associated
with poor prognosis in LUAD patients (Log-rank p =
0 and p = 0.048, respectively) (Fig. 8B). Univariate
Cox regression analysis demonstrated the significant
associations of B cells (HR = 0.024, p < 0.001), den-
dritic cells (HR = 0.553, p = 0.047), and HSPD1 (HR
= 1.466, p < 0.001) with overall survival of LUAD
patients. The prognostic significance of B cells (HR =
0.006, p < 0.001) and HSPD1 (HR = 1.415, p = 0.03)
were confirmed in multivariate analysis (Table 2). In
addition, correlations between HSPD1 gene expression
and the abundance of different subsets of B cells were
also observed in the TISIDB database. Data showed
that HSPD1 expression was negatively correlated with
activated B (Act B) cells (tho = —0.361, p = 1.58 x
10~17) and immature (Imm B) B cells (tho = —0.385,
p =2.20 x 10716), but was not significantly correlated
with memory B (Mem B) cells (tho = —0.039, p =
0.371) (Fig. 8C).

4. Discussion

HSPDI1 has been reported to play a role in the de-
velopment and progression of many cancers, including
LUAD [16,27]. Its overexpression is associated with
poor prognosis in LUAD patients [25,26] and chemore-
sistance in NSCLC cells [27]. Additionally, HSPD1 is
widely recognized for its interaction with the immune
system. Extracellular or secreted HSPD1 can modu-
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Fig. 8. Relationship between HSPD1 expression and immune cell infiltration in LUAD. (A) Correlation of HSPD1 expression with immune cell
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(C) Correlation of HSPD1 expression with activated B (Act B) cells, immature B (Imm B) cells, and memory B (Mem B) cells in LUAD from

TISIDB.

late the activation and function of various kinds of im-
mune cells [15]. TIICs serve as key modulators in TME,
and their composition is related to the prognosis and
therapeutic response of LUAD patients [6,7,8,9,10,11].
Therefore, HSPDI is an interesting molecule for fur-
ther investigations of its potential as a biomarker for
predicting prognosis and immune response and as a
therapeutic target for LUAD.

A previous study using immunohistochemistry has
reported an increased expression of HSPD1 and its sig-
nificant correlation with the prognosis of patients with
LUAD [25]. Overexpression of HSPD1 has been shown
to correlate with HSP10 expression, and LUAD patients
with high expression of HSP60 and HSP10 proteins

show poor overall survival [26]. Nevertheless, these
studies aimed to assess the prognostic impact of HSPD1
for LUAD patients, but the role of HSPD1 in cancer
development and progression has not been fully ex-
plored. To our knowledge, only a study by Parma et al.
has demonstrated the role of HSPD1 in promoting lung
cancer development through the modulation of mito-
chondrial metabolism [27]. However, the precise role
and underlying mechanism of HSPD1 in LUAD car-
cinogenesis remain largely unknown, and its association
with the immune response has not been reported.
Recently, several omics datasets and bioinformat-
ics tools have become publicly available, enabling fur-
ther comprehensive studies of cancers. In this study,
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we thus applied an integrated bioinformatic approach
to gain a more comprehensive insight into prognostic
and functional significance of HSPD1 in LUAD. We
first investigated the expression and prognostic signifi-
cance of HSPD1 in LUAD using several databases. A
significantly increased expression of HSPD1 in LUAD
tissue was found at both mRNA and protein levels in
multiple databases. The HSPD1 expression was signif-
icantly associated with cancer stages and was an in-
dependent prognostic factor for survival in LUAD pa-
tients. The patients with high HSPD1 expression had a
poorer prognosis than those with low HSPD1 expres-
sion, confirming the prognostic significance of HSPD1
expression in LUAD. Further analyses also showed
that most of HSPD1-positively correlated genes were
significantly predictive of poor overall survival, while
the favorable outcome of LUAD patients was associ-
ated with HSPD1-negatively correlated genes. Our find-
ings were consistent with previous studies [25,26,27]
in supporting the role of HSPD1 as a prognostic marker
for LUAD. Additionally, our findings provided novel
insights into the potential underlying mechanism of
HSPD1 in LUAD progression and metastasis through
regulation of ribosome biogenesis, and demonstrated a
possible relationship between HSPD1 and immune cell
infiltration in LUAD.

GO and KEGG pathway enrichment analyses of
HSPD1-correlated genes highlighted a potential role
of HSPD1 involved in ribosome biogenesis in LUAD.
Several studies have demonstrated that ribosome bio-
genesis and ribosomal protein (RP) play important roles
in tumorigenesis and cancer progression. An increase in
ribosome biogenesis is associated with tumor growth,
progression, and drug resistance in many cancers [46,
47,48]. In LUAD, an elevated level of phosphorylated-
RPS6 was associated with metastasis and an unfa-
vorable prognosis [49,50]. Knockdown of RPS6 sup-
pressed the growth of NSCLC cells through induction
of the cell cycle arrest [S1]. A recent study has reported
an increased expression of RPL32 in LUAD tissues.
Its overexpression was associated with poor prognosis.
Knockdown of RPL32 induced ribosomal stress, result-
ing in the accumulation of p53 and inhibition of lung
cancer cell proliferation [52]. Furthermore, it has been
shown that treatment with triptolide, an extract from the
Chinese herb Tripterygium wilfordii, induced cell cycle
arrest and apoptosis in NSCLC cells through perturba-
tion of ribosome biogenesis [53]. These findings indi-
cated the crucial roles of RPs and ribosome biogenesis
in LUAD development. Although a direct function of
HSPD1 in ribosome biogenesis has not been clearly elu-

cidated, previous studies have demonstrated their rela-
tionship in cancer development. It has been shown that
knockdown of HSPDI1 results in the downregulation
of RPs and a decrease in protein synthesis, leading to
growth inhibition of ovarian cancer cells and glioblas-
toma cells [54,55]. Therefore, the positive correlation
between HSPD1 and ribosome biogenesis marker gene
expressions observed in our analyses suggested that
HSPD1 may exert a tumor-promoting activity in LUAD
through the regulation of ribosome biogenesis.

HSPD1 is well known for its modulatory activity on
many types of immune cells [15]. Composition of TI-
ICs is related with clinical outcomes and therapeutic
response in LUAD patients [6,7,8,9,10,11]. Therefore,
it was of interest to investigate an association between
HSPD1 expression and TIICs in LUAD. Among several
types of TIICs, our analyses showed that HSPD1 ex-
pression was negatively correlated with infiltration level
of B cell, particularly activated B cells and immature
B cells. A low abundance of tumor-infiltrating B cells
was strongly associated with poor overall survival of
the patients, suggesting a protective role of B cells in
LUAD. There is increasing evidence demonstrating that
B cells play an important role in anti-tumor immunity
in lung cancers [56]. A decrease in tumor-infiltrating
B cells was associated with poor survival in LUAD
patients [8]. The presence of B cells in tertiary lym-
phoid structures in TME was positively correlated with
tumor-specific antibody response, high level of acti-
vated CD4+T cells and low level of regulatory T cells
in NSCLS patients [57,58,59]. Recently, it has been
shown that depletion of B cells by anti-CD20 antibody
accelerates tumorigenesis and tumor progression in a
murine lung cancer model through suppression of tumor
infiltration of immune cells [59]. Hence, it was possible
that HSPD1 expression might affect B cell-mediated
immune response, thereby regulating anti-tumor immu-
nity in LUAD.

Speculatively, it is possible that HSPD1 overexpres-
sion could potentially contribute to the occurrence of
abnormal ribosome biogenesis and disrupt immune re-
sponses, resulting in limited B cell and CD4+ T cell
infiltration. However, some limitations of this study
should be noted. First, our analyses were based on the
limited datasets publicly available online on internet.
More datasets would help strengthen the findings of this
study. Second, bioinformatic analyses are susceptible to
various confounding factors, and the obtained data may
not be entirely accurate, necessitating experimental val-
idations. Examining the effects of HSPD1 using gene
knockdown and overexpression experiments in relevant
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cell lines or animal models, followed by comprehensive
molecular and cellular analyses in response to subse-
quent changes in specific signaling pathways and its
interaction, would provide direct evidence of the func-
tional role of HSPD1 in aberrant ribosome biogenesis
and dysregulated immune responses. Further studies are
warranted to assess clinical significance of HSPD1 in
LUAD development and immunotherapy responses

In summary, HSPD1 expression was significantly
higher in LUAD tissues. Its overexpression was associ-
ated with poor survival in patients with LUAD. HSPD1
had a potential role involved in the dysregulation of ri-
bosome biogenesis. HSPD1 expression was negatively
correlated with B cell infiltration and might be a pre-
dictive biomarker for prognosis and immunotherapy
response in LUAD.
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