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Abstract

Objective: In this study, we aimed to identify prognostic immune-related genes and establish a
prognostic model for laryngeal cancer based on these genes.

Methods: Transcriptome profiles and clinical data of patients with laryngeal cancer were down-
loaded from The Cancer Genome Atlas database. Integrated bioinformatics analyses were per-
formed to identify genes associated with prognosis.

Results: Thirty prognostic immune-related genes for laryngeal cancer were identified. We con-
structed a regulatory network of prognosis comprising transcription factors and immune-related
genes. Multivariate Cox regression analyses identified |5 immune-related genes in the network
that were used to establish the prognostic model. The model exhibited excellent prognostic
prediction ability with a high area under the curve value (0.916). The calculated risk score based
on expression of the |5 immune-related genes was shown to be an independent prognostic
factor for laryngeal cancer.

Conclusion: We identified prognostic immune-related genes and established a prognostic model
for laryngeal cancer, which might help identify novel predictive biomarkers and therapeutic
targets of laryngeal cancer.
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Introduction

Laryngeal cancer originates in the epithelial
tissue of the laryngeal mucosa. Morbidity
and mortality rates associated with laryngeal
cancer are increasing worldwide,'? and cur-
rently, there is no definite method for diag-
nosing laryngeal cancer. Furthermore,
patients with laryngeal cancer have high
rates of recurrence and often develop resis-
tance to chemotherapy or radiotherapy.
Therefore, the prognosis for patients with
advanced laryngeal cancer remains unsatis-
factory,>* and more effective predictive and
therapeutic targets are required.

At present, immunotherapy is one of the
most  promising cancer treatments.’
Immunotherapy is based on blocking inhib-
itory immune checkpoints to potentiate the
immune response to cancer.’ Immune
checkpoints such as cytotoxic T-lympho-
cyte antigen 4 (CTLA-4)/B7 and the pro-
grammed death 1/programmed death
ligand 1 (PDI1/PD-L1) axes have been
shown to be associated with the efficacy of
treatment of melanoma, renal cell carcino-
ma, and non-small-cell lung cancer
(NSCLC).*® Some studies have analyzed
immune genes in laryngeal cancer, but to
our knowledge, the transcription factor—
immune gene regulatory networks and
prognostic models have not been discussed
in previous studies.

In this study, we aimed to identify
immune-related genes in laryngeal cancer
and to explore the relationship between
these immune-related genes and the prog-
nosis of laryngeal cancer. We hoped to
identify novel predictive biomarkers and
therapeutic targets of laryngeal cancer.

Materials and methods

Data acquisition

Transcriptome profiling data of laryngeal
cancer were downloaded from The Cancer

Genome Atlas (TCGA) database (https://
portal.gdc.cancer.gov). Clinical data such
as age, sex, grade, stage, and survival out-
come were also obtained from TCGA data-
base. Immune-related human genes were
obtained from the ImmPort database
(https://www.immport.org/). Transcription
factor data were downloaded from
Cistrome database (https://cistrome.org)).
Sample information and data used in this
study were all downloaded from public
databases; therefore, no patient consent or
ethics committee approval was necessary.

Identification of DEGs

Differentially expressed genes (DEGs)
between laryngeal cancer and non-
cancerous samples were screened using the
Wilcoxon rank test in R software (version
3.6.1;  https://www.r-project.org/). The
DEGs of immune-related genes and tran-
scription factors were also screened. A
llog, fold change (FC)| >1 and adjusted
P-value < 0.05 were considered statistically
significant.

Bioinformatics analysis

In total, 111 patients were screened for anal-
ysis. The expression matrix of immune-
related genes was merged with survival
data to identify prognostic  genes.
Correlation analysis between transcription
factors and prognostic-associated immune
genes was performed, and Cytoscape soft-
ware (version 3.7.1; https://cytoscape.org/)
was used to visualize molecular interaction
networks. The prognostic model was estab-
lished with highly upregulated and downre-
gulated genes based on risk score.
Univariate Cox regression analyses were
performed to search for prognostic-
associated immune genes using the Survival
package (version 3.1-7) in R, and multivari-
ate Cox regression analysis was performed
to establish a risk score. The risk score was
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calculated follows: risk score=
Expression  gene; x figene; + Expression
gene, X fgene, + Expression genes X
fgene; + ...+ Expression gene, x ffigene,,
where f is the regression coefficient used as
the weight. The Kaplan—Meier survival
curve was based on risk scores for valida-
tion. Receiver operating characteristic
(ROC) curves were used to compare the
accuracy of the prognostic model, and the
value of the area under the curve (AUC)
was calculated using the survival ROC pack-
age (version 1.0.3) in R. The risk score map,
survival status distribution map, and expres-
sion heat map were drawn using the pheat-
map package (version 1.0.12) in R. The
expression matrix of clinical data was
merged with risk score data to perform inde-
pendent prognostic analysis.

as

Statistical analysis

Data were analyzed using R software
(https://www.r-project.org/). A  P-value
<0.05 was considered statistically signifi-
cant. The Pearson correlation test was used
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to analyze correlations between molecules.
The survival curves were compared using
Kaplan—Meier method and log-rank test.

Results

Immune-related gene expression in
laryngeal cancer

All samples were obtained from the TCGA
database and 5494 laryngeal cancer DEGs
were screened. Immune-related genes were
downloaded from the ImmPort database,
and we extracted 432 DEGs using a thresh-
old of |logoFC| >1 and P-value <0.05.
Among the DEGs, we identified more upre-
gulated (371) than downregulated (61)
immune-related genes. The heatmap and
volcano map of DEGs are shown in
Figure 1.

Prognostic immune-related genes in
laryngeal cancer

The expression matrix of immune-related
genes was merged with survival data, and

(b)

~log10(fdr)

Figure |. Differentially expressed immune-related human genes in laryngeal cancer. (a) Heatmap of 432

differentially expressed immune-related genes. Genes with higher expression are shown in red, genes with
lower expression are shown in green, and genes that are not differentially expressed are shown in black. The
bar at the top indicates sample source: blue = non-cancerous samples; pink =tumor samples. (b) Volcano
plot of differentially expressed immune-related genes

FC, fold change; FDR, false discovery rate.
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univariate Cox regression was used to ana-
lyze the prognostic immune-related genes.
Among the 432 DEGs, 30 immune-related
genes were prognostic factors for laryngeal
cancer. The resulting forest plot is shown in
Figure 2.

Molecular interactions between
transcription factors and immune-related
genes

Transcription factors were downloaded
from the Cistrome database, and 65 differ-
entially expressed transcription factors were
extracted. The heatmap and volcano map of
differentially expressed transcription factors
are shown in Figure 3. Correlation analysis

pvalue Hazard ratio
CXCL11 0.015 1.016(1.003-1.030)
RBP1 0.013 1.007(1.001-1.012)
TLR2 0.004 1.036(1.011-1.061)
PAEP 0.027 1.112(1.012-1.222)
TFRC 0.026 1.007(1.001-1.014)
VEGFA 0.029 0.945(0.898-0.994)
AHNAK 0.026 1.007(1.001-1.013)
AQP9 0.005 1.091(1.026-1.160)
ccL2 0.047 1.024(1.000-1.048)
XCL2 0.030 0.387(0.164-0.911)
PPARG 0.045 1.219(1.004-1.481)
PROK2 0.031 1.156(1.013-1.320)
CYSLTR2 0.027 0.282(0.092-0.865)
FPR2 0.041 1.309(1.011-1.695)
BTC 0.006 1.518(1.126-2.046)
EPO 0.014 0.357(0.157-0.813)
PDGFA 0.017 1.058(1.010-1.108)
PDGFB 0.028 1.062(1.006-1.120)
sTC2 <0.001 1.048(1.022-1.074)
IL13RA2 0.002 1.106(1.037-1.179)
IL31RA 0.017 1.483(1.073-2.050)
TNFRSF25 0.019 0.854(0.749-0.974)
TNFRSF4 0.031 0.835(0.708-0.984)
TUBB3 0.006 1.392(1.098-1.764)
LCK 0.011 0.842(0.738-0.962)
FCGR3B 0.048 1.150(1.001-1.321)
ZAP70 0.008 0.683(0.514-0.908)
PLCG1 0.007 0.815(0.703-0.948)
TRBC1 0.050 0.352(0.124-0.999)
TRBJ2-3 0.010 0.459(0.254-0.827)

was performed between transcription fac-
tors and immune genes, with selection crite-
ria as follows: |correlation coefficient| >0.4
and P-value <0.05 (Supplemental Table
S1). The molecular interaction networks
indicated that the immune-related gene
TFRC was positively regulated by transcrip-
tion factors BRCA1, HEY1, BLIXR, TP63,
LEFI1, E2F7, CBX2, and the immune-
related gene PPARG; immune-related
genes AQP9, FPR2, LI3RA2, PROK?2, and
AHNAK were positively regulated by tran-
scription factor ETSI; and immune-related
genes XCL2, ZAP70, TNFRSF4, LCK,
TRBCI, and TRBJ2-3 were positively regu-
lated by transcription factor BATF.
However, immune-related gene AHNAK

0.0 0.5 1.0 15 20

Hazard ratio

Figure 2. Forest plot of univariate Cox regression analyses showing 30 immune-related genes identified as
prognostic factors for laryngeal cancer. An HR value >1 (red) indicates high-risk genes predicting poor
prognosis, and an HR value <1 (green) indicates low-risk genes predicting good prognosis

HR, hazard ratio; 95% Cl, 95% confidence interval.
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Figure 3. Differentially expressed transcription factors associated with laryngeal cancer. (a) Heatmap of
differentially expressed transcription factors. Transcription factors with higher expression are shown in red,
those with lower expression are shown in green, and transcription factors that are not differentially
expressed are shown in black. The bar at the indicates sample source: blue = non-cancerous samples; pink =
tumor samples. (b) Volcano plot of differentially expressed transcription factors

FC, fold change; FDR, false discovery rate.

was negatively regulated by transcription
factors CBXS, IRF3, and USF1, as shown
in Figure 4.

Establishment and validation of
prognostic model

We established a prognostic risk score model
with prognostic immune-related genes.
Multivariate Cox regression analysis was
performed to obtain risk scores; 15
immune-related genes entered the risk score
model, and of these, 11 genes were upregu-
lated (PAEP, EPO, STC2, AQP9,
TNFRSF4, RBPI, FCGR3B, FPR2,
CYSLTR2, TLR2, PLCGI) and 4 were
downregulated (4AHNAK, PPARG, CCL2,
BTC) (Supplemental Table S2). The risk
score formula was as follows: risk score=
Expprc x (0.712) + Exprcgras % (0.296) +
EXPPPARG X (0249) + EXPPAEP X (0191) +
EXpAng X (O 109) + EXpTLRZ X (0070) +
EXpCCLZ X (0064) + EXpSTCZ X (0055) +
EXPRBP] X (0015) + EXpAHNAK X (0009) +
Exprnrrska X (—0.164) + Expprcgi X

(—0.286) + Expgpr2 X (—0.740) + Expgpo X
(—0.896) + Expcysitra X (—1.286),  where
Exp is gene expression.

A survival curve based on risk scores
was drawn for validation. In accordance
with the median value of the risk score,
laryngeal cancer patients were divided into
a high-risk group and a low-risk group, and
we found that the overall survival of
patients in the low-risk group was much
longer than that in the high-risk group.
ROC curves were also applied to compare
the efficiency of the prognostic model; the
AUC of the ROC was 0.916, suggesting
that the prognostic model showed excellent
ability to distinguish satisfactory from poor
survival in patients with laryngeal cancer.
The results of survival and ROC curves
are shown in Figure 5. The prognostic
risk score model analysis was based on
risk scores and survival outcomes; consis-
tently, we found that the overall survival of
patients in the low-risk group was much
longer than that in the high-risk group, as
shown in Figure 6.



Journal of International Medical Research

Figure 4. Networks showing molecular interactions between transcription factors and immune-related
genes related to laryngeal cancer. Red circles represent high-risk immune-related genes predicting poor
prognosis; blue circles represent low-risk immune-related genes predicting good prognosis; yellow circles
represent transcription factors. A red line represents positive regulation, whereas a blue line represents

negative regulation
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Figure 5. Kaplan—Meier survival and ROC curves used to predict survival in patients with laryngeal cancer.
(2) Kaplan—Meier survival curve. Patients were divided into high risk (red line) and low risk (blue line) based

on their risk scores. (b) ROC curve and AUC score

ROC, receiver operating characteristic; AUC, area under the curve.

Independent prognostic analysis in
laryngeal cancer

Subsequently, univariate Cox regression

analysis was performed to assess

relationship between independent prognos-
tic factors and prognosis. As shown in

Figure 7,

risk score was significantly

associated with prognosis (P <0.001). Sex

and N

stage were also significantly
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Figure 6. Prognostic risk score model analysis of 15 prognostic immune-related genes in patients with

laryngeal cancer. (a) Risk score map: red dots represent high-risk patients; green dots represent low-risk
patients. (b) Survival status distribution map: red dots represent dead patients; green dots represent alive
patient. (c) Expression heat map: prognosis-associated immune genes with higher expression are shown in
red, those with lower expression are shown in green, and genes that were not differentially expressed are
shown in black. The bar at the top indicates patient source: blue = high-risk patient; pink = low-risk patient

associated with prognosis (P <0.05). To
remove any factors that might not be inde-
pendent for laryngeal cancer patients, multi-
variate Cox regression analysis was also
performed. As shown in Figure 7, risk
score (P<0.001) and sex (P<0.05) were
potential independent prognostic factors

that could be applied to clinical analysis
for laryngeal cancer.

Discussion

In recent years, immune-targeting drugs are
an emerging treatment method for
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Figure 7. Forest map of univariate and multivariate Cox regression analyses assessing independent prog-
nostic factors age, sex, tumor grade, tumor stage, T, N, and risk score in patients with laryngeal cancer. (a)
Univariate Cox regression analyses; (b) multivariate Cox regression analyses. An HR value >1| (red) indi-
cates high risk, and an HR value <1 (green) indicates low risk

HR, hazard ratio; 95% Cl, 95% confidence interval.

malignancies; however, immunotherapy for
laryngeal cancer is still in its infancy com-
pared with that for other malignancies.”'°
Zeng et al.'' identified and evaluated 23
immune-related genes in laryngeal cancer
through gene co-expression networks.
Zhang et al.'? reported a novel prognostic
signature containing five genes in laryngeal
cancer. In this study, we constructed a reg-
ulatory network of prognosis between tran-
scription  factors and 30 prognostic
immune-related genes. In the regulation
network between transcription factors and
immune-related genes (Figure 4), ETSI and
BATF were key transcription factors that
regulated several immune-related genes.
The ETSI proto-oncogene is a member of
the ETS family of eukaryotic transcription
factors that play roles in a number of bio-
logical processes, including the regulation
of immune-related cells, such as B and T
cells."*'®> The ETS family genes and their
products have been implicated in several
malignant diseases and pathological genetic
disorders.'®!” Studies reported that ETSI
and ETS2 have been shown to act as
proto-oncogenes and promote tumor for-
mation in nude mice."”'® In our study, the
regulation network showed that the
immune-related genes AQP9, FPR2,
ILI3RA2, and AHNAK were positively

regulated by transcription factor ETSI.
Additionally, studies show that BATF
family transcription factors (BATF,
BATF2, and BATF3) also play important
roles in the regulation of immune-related
cells, such as T cells and dendritic cells.'””
2l Several studies suggest that BATF2 is a
novel tumor suppressor gene, which could
inhibit growth of cancer cells.”**> High
BATF2 expression and overexpression of
BATF2 promote growth inhibition and
apoptosis in cancer cells;>> however, low
BATEF?2 expression is associated with signif-
icantly increased mortality in colorectal
cancer,” hepatocellular carcinoma
(HCC),?® and oral (tongue) squamous cell
carcinoma.”’ Guler et al.>* suggest that
BATF2 could be a potential therapeutic
target against cancer by augmenting
BATF2 in malignant cells. In our study,
the regulation network showed that
immune-related genes XCL2, ZAP70,
TNFRSF4, LCK, TRBCI, and TRBJ2-3
were positively regulated by transcription
factor BATF. Thus, these results show
that ETS1 and BATF exhibit strong inter-
actions with several immune-related genes
and cancers and might be used as potential
biomarkers or promising therapeutic tar-
gets for laryngeal cancer prognosis.
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In this study, we explored the relation-
ship between immune genes and prognosis
in laryngeal cancer. Interestingly, we iden-
tified more upregulated (11) than downre-
gulated  (4)  immune-related  genes
(Supplemental Table S2). One laryngeal
cancer immune-related gene screened as a
hub gene was RBPI (also known as
CRBPI). CRBPI is reported to be down-
regulated in certain human cancer tissues,
including  prostate  cancer,”®  breast
cancer,” endometrial cancer,’® and ovarian
cancer,’! and upregulated in lung adenocar-
cinoma®* and laryngeal cancer.’>** Peralta
et al.¥*** reported that upregulation of the
CRBPI gene and its expression correlated
significantly with survival in patients with
laryngeal carcinoma and that CRBPI
could have potential as a novel marker for
long-term survival in laryngeal squamous
cell carcinoma. In our study, as in previous-
ly published studies, RBPI was also upre-
gulated in laryngeal cancer. FPR2 is
another laryngeal cancer immune-related
genes that we identified by screening; it is
overexpressed in colon cancer,®> melano-
ma,>® and ovarian cancer cells,?” and elevat-
ed FPR2 expression is associated with
poorer prognosis. Several other prognostic
immune-related  genes  (e.g., PAEP,
AHNAK, BTC, STC2) have also been
reported to be associated with cancers,”® *!
whereas CCL2 has been reported to be relat-
ed to immunity and inflammation.*?

Finally, we established a prognostic risk
assessment model based on risk scores. Both
survival analysis and ROC curve analysis
demonstrated that the prognostic model
was beneficial for assessing poor or satisfac-
tory survival time; detection of the expres-
sion level of genes in the model might have a
robust clinical impact and help in individu-
alized therapy and personalized laryngeal
cancer management. Nevertheless, there are
several limitations in our study because our
conclusions are drawn only from the

analysis of data in the TCGA database; fur-
ther study is needed for verification.

In conclusion, we identified 15 immune-
related genes by screening and established a
prognostic model for laryngeal cancer. The
results might indicate novel predictive bio-
markers and therapeutic targets for
research into the molecular mechanisms
and treatment of laryngeal cancer.
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