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Introduction

Laryngeal Cancer (LC) is a common malignant tumor of the 
upper respiratory tract. Although the current treatment meth-
ods such as surgery, radiotherapy and chemotherapy have im-
proved the efficacy of patients with early LC, the prognosis of 
patients with advanced LC is still not optimistic [1]. Therefore, 
revealing the potential biomarkers of LC is crucial for explor-
ing effective treatment strategies [2]. Heat Shock Protein 90 
(HSP90) is an important chaperone protein, which regulates 
the signal pathway and corrects the misfolded proteins in 

cancer cells by interacting with oncogenic client proteins and 
co-chaperone proteins [3]. The inhibition of HSP90 molecular 
chaperone mechanism has been proved to be a potential way 
to inhibit tumor survival, proliferation, invasion and migration 
[4]. The role of HSP90 in the prognosis of LC is still unclear and 
needs to be studied [5].

Higher levels of HSP90AA1 transcription and expression 
and activity of the AKT1/ERK pathway have been confirmed 
in studies of other cancer patients. In human and mouse lung 
cancer cell lines, knockdown of HSP90AA1 promotes apoptosis 
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by reducing the phosphorylation of itself and its downstream 
factors mTOR and BAD, as well as downregulating Mcl1, Bcl- 
and inhibiting the pro-survival effects of AKT1. XL and survival. 
This knockdown also inhibited laryngeal cancer cell prolifera-
tion by inhibiting ERK activation and downregulating CyclinD1 
expression [6]. Treatment with the HSP90 inhibitor 17-DMAG 
recapitulated these effects in vitro, inhibited tumor cell growth 
and induced apoptosis in a lung tumor xenograft mouse model 
without apparent side effects. This study suggests that target-
ing HSP90 with may be a potential therapy for the treatment of 
laryngeal cancer [7]. 

Therefore, in this work, we evaluated the significance of 
HSP90AA1 gene expression patterns, prognostic value, func-
tional pathways, and clinical data in LC by performing compre-
hensive bioinformatics analysis in several large online databas-
es. These findings reveal the important role of HSP90AA1 in LC 
and identify potential therapeutic targets for LC [8].

Materials and methods

Data process: Open access data on transcriptional profiles 
and clinical characteristics were downloaded from The Cancer 
Genome Atlas (TCGA) database. The initial expression profiles 
(STAR-Counts form) of LC patients were organized into a combi-
nation matrix (TPM form) for subsequent analysis. We extract-
ed survival and clinical information based on the bcr-xml file in 
TCGA-LC. Pan-cancer expression data are from UCSC Xena web-
site (https://xenabrowser.net/) [9]. The limma and affay pack-
ages in the R environment were used for data preprocessing, 
including background correction, probe ID annotation, miss-
ing value completion and normalization [10]. Open access LC 
immunohistochemistry images from the Human Protein Atlas 
database [11]. For further exploring the prognostic role of clus-
ters, univariate regression analysis was also performedto filter 
the significant prognostic factors [12].

Differential expression analysis and enrichment analysis: 
Use the limma package in the R environment to perform DEG 
analysis under specific parameters and visualize by using gg-
plot. Clusterprofiler in R was used to enrich Gene Ontology (GO) 
terms. Gene Set Enrichment Analysis (GSEA) was used to study 
potential biological differences between two selected groups 
based on set reference gene sets, including the Hallmark gene 
set [13]. Functional enrichment analysis was performed by con-
verting gene names into gene IDs using the R package org. Hs. 
e.g., db [14]. Gene Ontology (GO) of DEGs and the Kyoto En-
cyclopedia of Genes and Genomes were analyzed using the R 
package clusterProfiler. Significantly different GO projects and 
signaling pathways were screened by a threshold P value of 
0.05 and a threshold q value of 0.05 [15]. Results were visual-
ized using the R package enrichment plots and ggplot2 [16].

Prognostic nomogram construction: To further explore the 
prognostic role of clustering, univariate regression analysis was 
also performed to screen for significant prognostic factors. To 
determine which clusters were significantly associated with OS, 
a univariate regression model was used and p values were cal-
culated. Gene classifier features with a p value<0.05 were sig-
nificantly associated with clinicopathological features. Subse-
quently, a prognostic nomogram was constructed by combining 
significant features derived from multiple regression analysis 
with survival and RMS packages to improve the predictive pow-

er. Calibration plots are commonly used charts for assessing the 
consistency of nomograms and were generated using the rms 
package of R software [14].

Clinical data collection: Analyze 90 cases of laryngeal cancer 
patients who underwent surgical treatment at Chaohu Hospital 
of Anhui Medical University from January 2017 to December 
2022 and were classified into the observation group; all patients 
were clearly diagnosed with laryngeal cancer by pathological 
examination.

Inclusion criteria for laryngeal cancer patients: (1) Diag-
nosed with laryngeal cancer for the first time through pathology, 
imaging, clinical signs and other examinations, and the patho-
logical type has been clarified; (2) Not receiving surgery, anti-
tumor drugs and radiotherapy; (3) Not combined with other 
diseases Tumor; (4) There are no serious abnormalities in liver, 
kidney, and heart functions. (5) Have not taken any drugs that 
affect CEA, CA125, or SCC-Ag levels. Those who had a healthy 
physical examination showed no tumor disease, laryngeal dis-
ease, or heart disease. The collection of medical history data 
obtained informed consent from the patients and was reviewed 
by the Medical Ethics Committee.

CEA, CA125, and SCC-Ag detection: CEA, CA125, and SCC-Ag 
detection were performed in all patients before surgery [17]. 
5 ml of peripheral venous blood was collected and uniformly 
sloshed, and stored at 2-8OC to ensure completion of detection 
within 24 h. All test kits were purchased from Shenzhen New 
Industry Biomedical Engineering Co., LTD. The detection meth-
od was chemiluminescence immunoassay. Add 10 ul standard 
products, quality control products and specimens into each test 
tube, add 40 ul luminescent label and 40 ul fluorescin label, mix 
well and put them in a water bath for 30 min, the temperature 
of the water bath is 37OC, add them in a magnetic separator for 
4 min, remove the supernuant and add 400 ul washing solution, 
mix them well and put them in a magnetic separator for 4 min. 
Remove the supernatant and test on the machine. According 
to the normal reference value range of automatic chemilumi-
nescence similar products, the normal reference value is 95% 
distribution.

Result

Whole-cancer analysis of HSP90AA1 and its clinical prog-
nostic role in LC: The expression of HSP90AA1 is shown in 
Figure 1A, in which HSP90AA1 exhibits abnormal expression 
patterns in most cancers, indicating its important role in can-
cer development. According to TCGA data, HSP90AA1 showed 
higher expression levels in LC tumor tissues compared with 
control normal tissues (Figure 1A,B). Furthermore, according to 
the immunohistochemistry results of the HPA database, higher 
HSP90AA1 protein levels were observed in renal cancer tissues 
(Figure 1C). Furthermore, we sought to investigate the prognos-
tic role of HSP90AA1 in LC. The results indicate that HSP90AA1 
may be associated with poor prognostic performance in LC 
patients, including Overall Survival (OS), Disease-Free Survival 
(DSS), and Progression-Free Survival (PFS) in the TCGA co-
hort (Figure 1D,F). We then explored the clinical relevance of 
HSP90AA1 in LC patients. There were obvious differences in the 
expression of HSP90AA1 in patients with different Stage clas-
sifications (Figure 1G). Based on univariate analysis, HSP90AA1 
was an independent risk factor for LC (Figure 1H).
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Figure 1: Expression pattern and clinical role of HSP90AA1 in LC. A: The landscape of HSP90AA1 in pan-cancer; 
B: Expression of HSP90AA1 in LC tumor and normal tissue based on the TCGA database; D: Representative immunohis-
tochemical images of HSP90AA1 in HPA database; E: Prognosis performance of HSP90AA1 in TCGA database; 
F: Prognosis performance of HSP90AA1 in E-MTAB-1980 database; G-J Clinical correlation of HSP90AA1; K,L Univariate 
analysis of HSP90AA1 ****P<0.0001.

Figure 2: Correlation between the groups and clinicopathological features of TCGA–GBM samples. A,B: Time-depen-
dent c-index plot for the nomogram and other clinical factors. C: Time-dependent Receiver Operating Characteristic 
(ROC) of HSP90AA1. D: Calibration plots for estimating the 1-, 3-, and 5-year OS for TCGA–LC samples.
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Table 1: Comparison of sample data among three groups.

Figure 3: A: Nomogram for comprehensively predicting the 1-, 3-, and 5-year OS of LC patients in 
the TCGA database. B: Time-dependent c-index plot for the nomogram and other clinical factors. 
C: Receiver operating curve of HSP90AA1. D-F: Calibration plots for estimating the 1-, 3-, and 
5-year OS for TCGA–GBM samples.

Group Counts
Gender

Age
Body mass 

index 
(kg/m2)

Smoking history [n(%)] Drinking history [n(%)]

Male Female Smoking 
history

No history of 
smoking

Smoking 
history

No history 
of drinking

Laryngeal cancer group 89 49 (55.06) 40 (44.94) 62.64±8.12 21.30±2.28 42 (47.19) 47 (52.81) 46 (51.69) 43 (48.31)

Laryngeal vocal cord 
benign tumor group 82 48 (58.54) 34 (41.46) 61.39±6.58 21.75±1.60 39 (47.56) 43 (52.44) 46  (56.10) 36 (43.90)

Control group 70 37 (52.86) 33 (47.14) 62.39±6.79 21.19±2.37 38 (54.29) 32 (45.71) 34 (48.57) 36 (51.43)

χ2/F value 0.510 0.691 1.570 0.953 0.878

P value 0.775 0.502 0.210 0.621 0.645

Table 2: Comparison of plasma Hsp90a and tumor markers among the three groups.

Group Counts Hsp90a (ng/mL) CEA (ng/L) SCC-Ag (ng/L) CA199 (U/mL)

Laryngeal cancer group 89 89.79±9.06 8.77±1.20 2.09±0.33 49.63±7.73

Laryngeal vocal cord benign tumor group 82 58.04±6.10* 5.13±0.64* 1.90±0.25* 15.57±2.17*

Control group 70 25.67±3.57*# 3.76±0.33*# 1.05±0.12*# 7.88±0.81*#

F value 1731.102 775.209 347.754 1707.557

P value <0.001 <0.001 <0.001 <0.001

Note: Compared with the normal control group, *P<0.05; compared with the laryngeal vocal cord benign tumor group, #P<0.05.
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Table 3: Comparison of plasma Hsp90a and tumor markers in patients with different characteristics of laryngeal cancer.

Clinical factor Type counts Plasma Hsp90a (ng/mL) CEA (ng/L) SCC-Ag (ng/L) CA199 (ng/L)

Gender male 49 90.40±9.41 8.73±1.25 2.05±0.31 49.15±8.14

female 40 89.04±8.67 8.83±1.15 2.14±0.36 50.21±7.26

T value 0.701 0.404 1.179 0.636

P value 0.485 0.688 0.242 0.527

Age <65 51 88.96±9.32 8.82±1.20 2.10±0.31 49.00±7.82

≥65 38 90.89±8.71 8.71±1.23 2.08±0.36 50.47±7.64

T value 0.994 0.404 0.111 0.886

P value 0.323 0.687 0.912 0.378

Clinical stages I 32 85.21±6.97 8.02±0.88 1.88±0.20 43.57±4.68

II 36 89.92±8.41* 8.73±0.87* 2.03±0.20* 50.01±4.68*

III 21 96.52±9.02*# 10.00±1.17*# 2.53±0.28*# 58.20±7.39*#

F value 12.444 27.678 56.223 46.179

P value <0.001 <0.001 <0.001 <0.001

Lymphatic metastasis transferred 31 97.57±8.08 9.51±1.27 2.34±0.36 56.18±7.26

Not transferred 58 85.63±6.47 8.38±0.97 1.96±0.22 46.12±5.35

T value 7.594 4.727 5.312 6.792

P value <0.001 <0.001 <0.001 <0.001

Note: Compared with stage II, * P < 0.05 ; compared with stage III, # P < 0.05.

Differential analysis, functional enrichment analysis and 
pathway enrichment analysis: A total of 123 LC samples in 
TCGA were differentially analyzed and 1524 common DEGs 
were obtained, of which 566 were up-regulated and 958 were 
down-regulated (Supplemental Data Set1). The difference anal-
ysis results were visualized through a volcano plot (Figure 2A). 
The gene ontology enrichment analysis results showed that the 
biological functions are mainly production of molecular media-
tor of immune response, immunoglobulin production and hum-
moral immune response. The cellular components are mainly 
immunoglobulin complex, plasma membrane signaling recep-
tor complex and T cell receptor complex. The molecular func-
tions are mainly antigen binding, receptor ligand activity and 
signaling receptor activator activity (Figure 2B). The GSEA en-
richment results are mainly MYOGENESIS, G2M_CHECKPOINT, 
UNFOLDED_PROTEIN_RESPONSE, MYC_TARGETS_V1, E2F_TAR-
GETS and MTORC1_SIGNALING (Figure 2C).

Independent prognostic ability of groups: For evaluating the 
independent prognostic ability of the obtained gene classifier 
signatures, the clinically common factors like Grade, Age, TNM 
stage, gender and HSP90AA1 were registered as factor for anal-
ysis. A nomogram involving five items in LC was constructed, 
which is used as a clinically relevant quantitative method for 
predicting the mortality of LC patients. Obviously, we found that 
by adding points for each prognostic parameter, each patient 
will be assigned a total score value and higher total scores cor-
responded to poorer patient outcomes (Figure 3A). Timedepen-
dent C-index curves of different variables based on TCGA co-
horts show the optimum performance of nomogram compared 
with other single factors (Figure 3B). Evaluate the prediction ac-
curacy of HSP90AA1 on patient prognosis and survival through 
ROC curve (Figure 3C). Moreover, calibration plots for the TCGA 
LC reveal a similar performance of the nomogram to the devel-
oped prognostic model (Figure 3D-F).

Clinical indicator detection: There was no statistically sig-
nificant difference in the proportions of gender, age, body mass 
index, smoking history, and drinking history among the three 

groups (P>0.05, Table 1). The plasma Hsp90a, CEA, SCC-Ag, and 
CA199 levels in the laryngeal cancer group were higher than 
those in the laryngeal vocal cord benign tumor group and the 
normal control group. The plasma Hsp90a, CEA, SCC-Ag, and 
CA199 levels in the laryngeal vocal cord benign tumor group 
were also higher than those in the normal control group. , the 
differences are statistically significant (P<0.05, Table 2). There 
was no statistically significant difference in plasma Hsp90a, CEA, 
SCC-Ag, and CA199 levels among laryngeal cancer patients of 
different genders and ages (P>0.05); as the clinical stage of la-
ryngeal cancer patients increased, their plasma Hsp90a, CEA, 
SCC-Ag, and CA199 levels increased Increased (P<0.05); the 
plasma levels of Hsp90a, CEA, SCC-Ag, and CA199 in patients 
with lymph node metastasis were higher than those in those 
without lymph node metastasis (P<0.05, Table 3).

Discussion

Laryngeal cancer is the most common malignant tumor of 
the head and neck. Despite improvements in treatment tech-
nology, some patients still relapse after treatment. Therefore, 
it is of great significance to find appropriate and effective prog-
nostic indicators for laryngeal cancer [18]. In the era of, contin-
ued research on the function and regulation of the HSP90AA1 
gene should be beneficial [19]. Studying expression profiling 
may also help to better understand the biology of HSP90AA1.

We used differential expression analysis to obtain the differ-
ential genes between the HSP90AA1 high expression group and 
low expression group, and obtained the key biological pathways 
and biological processes through functional enrichment analy-
sis. Furthermore, based on clinical data, we analyzed the cor-
relation between various indicators and HSP90a [20].

Heat shock protein 90 (HSP90) is an ATP-dependent molecu-
lar chaperone that forms a dynamic chaperone complex with 
HSP70 and co-chaperones, regulating the folding and stability 
of more than 200 client proteins, including AR. Cancer cells rely 
on HSP90 to maintain the stability and function of oncoproteins 
and buffer cellular stress caused by malignant transformation 
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[21]. In tumor cells, HSP90 positively regulates the stability 
and activity of AR, and HSP90 inhibitors induce AR degradation 
and apoptosis [22]. Therefore, targeting HSP90 may provide a 
beneficial therapeutic strategy for the treatment of androgen-
dependent tumor and androgen-independent [23].

We need to collect additional data sets for further analysis 
to validate our findings and further investigate the biological 
functions of these key genes. Second, more basic experiments 
are needed to verify the mechanisms by which key tumor genes 
and immune cells promote or inhibit tumor cell growth. In the 
future, more functional studies are needed to better character-
ize the roles of key genes and immune cells in LC. We strongly 
recommend further research on this topic to gradually increase 
the scholarly impact of these genetic biological evidences.
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