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Abstract

Head and neck squamous cell carcinoma (HNSCC) is one of the most common malignancies worldwide, because its disco@
time is in the late stage of the disease, so it is important to develop HNSCC biomarkers to achieve the purpose of early detection
and treatment. Fatty acid desaturase 3 (FADSS), the third member of the FADS family, is involved in sphingolipid biosynthesis.
Here, we for the first time investigated FADS3 expression in HNSCC, as well as its potential biological function, prognostic value
and its impact on the immune system. In this study, we used bioinformatics for gene expression analysis, clinicopathological
analysis, enrichment analysis, and immune infiltration analysis of The Cancer Genome Atlas (TCGA) datasets. Statistical analysis
was done using R. Tumor IMmune Estimation Resource (TIMER) and CIBERSORT were used to analyze the effect of FADS3
on immune responses in HNSCC. Gene Expression Profiling Interactive Analysis (GEPIA), Kaplan-Meier (KM) survival analysis,
and the Human Protein Atlas (HPA) data were used to validate the results from bioinformatics analysis. Our findings indicate
that FADS3 influences HNSCC prognosis. High expression of FADSS is related to higher lymphatic metastasis, histologic grade,
and lymphovascular invasion. Gene set enrichment analysis (GSEA) revealed that FADSS is related to inhibition of amino acid
metabolism. CIBERSORT analysis showed high FADS3 expression correlates with reduced levels of B cells. FADSS is a marker of
HNSCC, and high expression of FADSS is associated with poor prognosis of HNSCC.

Abbreviations: FADS3 = fatty acid desaturase 3, GEPIA = gene expression profiling interactive analysis, GO = gene ontology,
GSEA = gene set enrichment analysis, HNSCC = head and neck squamous cell carcinoma, HPA = Human Protein Atlas, KEGG
= Kyoto encyclopedia of genes and genomes, KM = Kaplan—-Meier, OS = overall survival, TCGA = The Cancer Genome Atlas,

TIMER = Tumor IMmune Estimation Resource.
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1. Introduction

Head and neck squamous cell carcinoma (HNSCC) is the 6th
most common malignancy, worldwide and is characterized by
high recurrence and metastasis rates."! HNSCC has an indolent
clinical course and is often diagnosed at an advanced stage.!*' The
treatment of head and neck malignancies is challenging, with
locally advanced disease requiring a multidisciplinary approach
involving surgery, radiotherapy, and systemic therapy.*l However,
the 5-year survival rate of patients with locally advanced HNSCC
is only 50% using standard chemoradiotherapy.! The higher
recurrence rate of HNSCC further reduces 5-year survival.!
Thus, effective biomarkers for predicting HNSCC progression
are urgently needed for better treatment outcomes.
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Human fatty acid desaturase 3 (FADS3), the 3rd member of
the FADS family,®l is located within a 100kb region on the long
arm of chromosome 11 (11q12-13.1), which is a cancer hot
spot.l” Recent findings have identified FADS3 as a key factor in
sphingolipid biosynthesis.[**!

Although HNSCC is a common cancer type, the role
of FADS3 in HNSCC remains unclear. Here, we analyzed
microarray datasets from The Cancer Genome Atlas (TCGA)
to determine FADS3 expression in HNSCC samples. We used
R (version 3.5.3) to evaluate the correlation between FADS3
expression and clinical parameters and HNSCC prognosis. We
used gene set enrichment analysis (GSEA), Kyoto Encyclopedia
of Genes and Genomes (KEGG), and enhanced gene ontol-
ogy (GO) analyses to determine the mechanisms underlying
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FADS3 activity in HNSCC. CIBERSORT and Tumor IMmune
Estimation Resource (TIMER) were used to assess the rela-
tionship between FADS3 and tumor infiltrating immune cells
(TIIC). Finally, Kaplan—-Meier (KM), Gene Expression Profiling
Interactive Analysis (GEPIA) and the Human Protein Atlas
(HPA) analyses were used to assess the relationship between
FADS3 and HNSCC prognosis. Our data show that elevated
FADS3 expression correlates with shorter survival in HNSCC
patients, highlighting its potential as a prognostic biomarker for
HNSCC. Our findings uncover the relationship between FADS3
and HNSCC tumorigenesis.

2. Materials and methods

2.1. TCGA database analysis

In this study, the TCGA (https://www.cancer.gov/about-cancer)
database of HNSCC was used to obtain immune system inva-
sion, clinical information (Data Type: Clinical Supplement) and
gene expression (workflow type: HTSeq-FPKM).'"! Samples
with missing or insufficient data on age, local invasion, overall
survival (OS) time, lymph node metastasis, distant metastasis,
and tumor-node-metastasis (TNM) stage, were excluded from
the analysis. Ribonucleic acid sequencing (RNAseq) and clinical
data are reserved for further study.

2.2. GSEA

Normalized ribonucleic acid sequencing (RNAseq) datasets
from TCGA were used for GSEA." The number of permuta-
tions was set to 1000. GSEA was used for GO term and KEGG
pathway analysis to determine the potential functions of FADS3.
P < .05 and FDR < 0.05 indicated significantly enriched factors.

2.3. TIMER analysis

TIMER (https://cistrome.shinyapps.io/timer/) is a web resource
for the evaluation of the effects of immune cells on various
cancers.!'?l FADS3 was selected using the “Gene” module input
to generate a scatter map of the correlation between FADS3
expression and immune infiltration level in HNSCC. Next, the
“Survival” module input was used to select HNSCC life cycle
KM curve, which visualized the correlation between 6 immune
cell types and HNSCC survival.

2.4. GEPIA

GEPIA (http://gepia.cancer-pku.cn/index.html) is an analytical
tool containing data on thousands of tumors and normal con-
trol tissue.!'3! Patient survival analysis was done using KM anal-
ysis for further verify the above research conclusions.

2.5. Human Protein Atlas (HPA) analysis.

The Human Protein Atlas (HPA) (www.proteinatlas.org) was
used to examine FADS3 protein levels in normal oral mucosa
cells versus HNSCC tissues.!'*!

3. Results

3.1. Differential FADS3 expression in HNSCC

We examined TCGA datasets to determine if FADS3 was
differentially expressed in HNSCC tissues versus normal
controls. First, 502 tumor information and 44 normal infor-
mation were converted to the count data closer to the values
obtained by the microarray. Comparison of FADS3 expression
in normal versus HNSCC samples showed that its expression
was significantly higher in HNSCC tissues (Fig. 1A; unpaired
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Mann-Whitney U test: P < .001). A comparison of FADS3
expression in 43 HNSCC tumor samples and paired, adjacent
noncancer tissues showed that in 41 samples, FADS3 levels
were significantly higher than in control tissue (Fig. 1B, P <
.001). Next, we used Cox analysis to assess the correlation
between FADS3 expression and multivariable characteristics
and OS of HNSCC patients (Table 1). Univariate correla-
tion analysis showed that N stage (HR =1.384, P =.026),
M stage (HR =4.745, P =.002), lymphovascular invasion
(HR =1.699, P =.002) and FADS3 expression (HR =1.203,
P =.002) significantly correlated with OS. Multivariate anal-
ysis revealed that FADS3 expression (P =.040) was an inde-
pendent HNSCC prognosis factor (Fig. 1D). Data on HNSCC
survival and FADS3 expression profile are shown in Figure 1C.
Receiver operator characteristic (ROC) analysis of 3-year sur-
vival revealed an area under the curve (AUC) of 0.622, indi-
cating that FADS3 expression can effectively predict HNSCC
prognosis (Fig. 1E).

3.2. Relationship between FADS3 expression and
clinicopathology

Next, we examined the relationship between FADS3 expres-
sion levels and various HNSCC clinicopathological parame-
ters. Analysis of 502 HNSCC samples with FADS3 expression
data and accompanying clinical information were obtained
from TCGA and revealed that elevated FADS3 levels signifi-
cantly correlated with tumor M stage (Mann—-Whitney U test:
P =.020; Fig. 2A), histologic grade (G1 vs G2 & G1 vs G3,
Mann-Whitney U test: P < .001; Fig. 2B) and lymph node neck
dissection (Mann—-Whitney U test: P = .002; Fig. 2C). However,
there was no significant correlation between the expression
of FADS3 and lymphovascular invasion (Mann-Whitney U
test: P =.079, Fig. 2D). Logistic regression (univariate) anal-
ysis revealed correlation between FADS3 expression and poor
HNSCC prognosis. Increased FADS3 levels in HNSCC signifi-
cantly correlated with N stage (N1 & N2 & N3 relative to
NO, P =.045), histologic grade (G2 & G3 & G4 relative to
G1, P =.003), lymphovascular invasion (Yes or No, P = .02),
and lymph node neck dissection (Yes or No, P = .002), indicat-
ing that relative to HNSCC patients with low FADS3 levels,
those with high FADS3 levels are more prone to metastatic
disease, lymphovascular invasion, and higher malignant grade

(Table 2).

3.3. GSEA investigation of FADS3

Next, we used GO and KEGG pathway analyses to investi-
gate the biological functions of FADS3 and selected the most
enriched signaling pathways based on normalized enrichment
score (NES). GO term analysis revealed that contractile fiber,
I band, muscle cell development, myofibril assembly, and mus-
cle filament sliding positively correlated with FADS3 expression
(Table 3) and that immunoglobulin receptor binding, immuno-
globulin complex circulating, complement activation, immuno-
globulin complex, and humoral immune response mediated by
circulating immunoglobulin negatively correlated with FADS3
levels. The biological processes and molecular functions that
strongly correlated with FADS3 were immune responses and
cell movements (Fig. 2E). KEGG pathway analysis revealed that
hypertrophic cardiomyopathy (HCM), dilated cardiomyopathy,
cardiac muscle contraction, focal adhesion, and viral myocardi-
tis had the strongest positive correlation with FADS3 expression,
while arachidonic acid metabolism, linoleic acid metabolism,
retinol metabolism, metabolism of xenobiotics by cytochrome
P450, and drug metabolism cytochrome P450 had the strongest
negative correlation (Fig. 2F). These results indicate that cell
metabolism, which is critically important in HNSCC, strongly
correlates with FADS3 expression.
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Figure 1. (A) The expression of FADS3 mRNA between normal and tumor tissues. (B) FADS3 mRNA expression between para-carcinoma tissues and tumor
tissues. (C) FADS3 mRNA expression distribution and survival status. (D) Multivariate Cox analysis of FADS3 mRNA expression and clinicopathological variables.
(E) ROC curves of FADS3. FADS3 = fatty acid desaturase 3, mRNA = messenger ribonucleic acid, ROC = receiver operator characteristic.

Correlation between overall survival and multivariable characteristics in TCGA patients via Cox regression and multivariate survival

model.
Univariate analysis Multivariate analysis

Characteristics Total (N) Hazard ratio (95% Cl) Pvalue Hazard ratio (95% Cl) Pvalue
Age 501 1.252 (0.956-1.639) 102 1.320 (0.916-1.904) 137
Gender 501 0.764 (0.574-1.018) .066 0.767 (0.512-1.149) 199
T stage 486 1.245 (0.932-1.661) 137 1.917 (0.968-3.797) .062
N stage 479 1.384 (1.040-1.842) .026 1.724 (1.146-2.593) .009
M stage 476 4.745 (1.748-12.883) .002 6.641 (1.410-31.284) 017
Clinical stage 487 1.217 (0.878-1.688) 238 0.709 (0.312-1.611) 412
Histologic grade 482 0.939 (0.688-1.282) 692 0.984 (0.652—1.484) 937
Lymphovascular invasion 340 1.699 (1.211-2.384) .002 1.735 (1.192-2.526) .004
Lymphnode neck dissection 498 0.731(0.526-1.016) .062 0.380 (0.193-0.746) .005
FADS3 501 1.205 (1.069-1.359) .002 1.188 (1.008-1.400) .040

TCGA = The Cancer Genome Atlas, FADS3 = fatty acid desaturase 3.

3.4. Relationship between FADS3 expression and tumor
immune cells

TIMER analysis of the correlation between FADS3 expression
and immune infiltration in HNSCC revealed that FADS3 expres-
sion negatively correlated with the level of CD8*T-cells infiltra-
tion (P =2.51 x 10-*) and positively correlated with the level of
neutrophil infiltration (P =7.62 x 10~*) (Fig. 3A). These results
indicate that in HNSCC, FADS3 plays an important role in
immune response. Next, we investigated differences in the tumor

immune microenvironment in HNSCC patients with high FADS3
levels relative to those with low FADS3 levels. To this end, 502
HNSCC tumors were divided into the high FADS3 expression and
low FADS3 expression group (251 samples per group). This study
used the established computational resource TCGA to explore
gene expression profiles of the downloaded samples to determine
the levels of 24 immune cell types. The gene set variation analysis
(GSVA) package on R was used to investigate the levels of 24
immune cell subtypes in the high FADS3 expression group rela-
tive to the low expression groups (Fig. 3B). This analysis revealed
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Figure 2. (A) Expression of FADS3 mRNA correlated significantly with M stage, (B) histological grade, and (C) lymph node neck dissection. (D) The expression
of FADS3 mRNA was not correlated with lymphovascular invasion. (E) GO term analysis revealed 5 positively correlated groups and 5 negatively correlated
groups. (F) KEGG pathway showed 5 positively correlated groups and 5 negatively correlated groups. FADSS3 = fatty acid desaturase 3, mRNA = messenger
ribonucleic acid, GO = gene ontology, KEGG = Kyoto encyclopedia of genes and genomes.

Association between FAD3 expression and clinicopathologic characteristics using logistic regression.

Characteristics Total (N) 0Odds ratio (OR) Pvalue
Age (>60 vs <60) 501 0.732 (0.515-1.040) .082
Gender (Male vs Female) 502 1.130 (0.761-1.681) 545
Tstage (T2 &T3 & T4 vs T1) 487 0.917 (0.448-1.866) .809
N stage (N1 & N2 & N3 vs NO) 480 1.445 (1.009-2.072) .045
M stage (M1 vs MO) 477 50497133.569 (0.000-NA) .992
Clinical stage (Stage Il & Stage Ill & Stage IV vs Stage I) 488 1.358 (0.540-3.564) 519
Histologic grade (G2 & G3 & G4 vs G1) 483 2.365 (1.360—-4.240) .003
Smoker (Yes vs No) 492 0.850 (0.555-1.297) 450
Alcohol history (Yes vs No) 491 1.291 (0.884-1.891) 187
Lymphovascular invasion (Yes vs No) 341 1.705 (1.090-2.683) .020
Lymphnode neck dissection (Yes vs No) 499 1.952 (1.226-3.151) .005

FADS3 = fatty acid desaturase 3.

that T-cells, NK cells, eosinophils, cytotoxic cells, B cells, Tgd, Th1  differences were observed between the levels of B cells, NK cells,
cells, and Th2 cells were affected by FADS3 expression. Marked ~ and Tgd in the high FADS3 expression group relative to the low
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Signaling pathways most significantly correlated with FADS3 expression based on their normalized enrichment score (NES) and

P-value.
GO NAME NES NOM P-value FDR g-values
Positive Contractile fiber 3.146677819 006329114 0.075950793
| band 2.974118691 .004854369 0.075950793
Muscle cell development 2.851901095 005154639 0.075950793
Myofibril assembly 2.848879257 .003496503 0.075950793
Muscle filament sliding 2.833193806 .003012048 0.075950793
Negative Immunoglobulin receptor binding —2.623954549 .001381215 0.075950793
Immunoglobulin complex circulating —2.657049121 .0013947 0.075950793
Complement activation —2.66081915 .001234568 0.075950793
Humoral immune response mediated by circulating immunoglobulin —2.682405634 .001265823 0.075950793
Immunoglobulin complex —2.992567084 .001256281 0.075950793
KEGG NAME NES NOM P-value FDR g-values
Positive Hypertrophic cardiomyopathy (HCM) 2.661862094 .003846154 0.053072241
Dilated cardiomyopathy 2.541487035 .004032258 0.053072241
Cardiac muscle contraction 2.539996672 .003703704 0.053072241
Focal adhesion 2.460728054 .005494505 0.062605588
Viral myocarditis 2.285167634 .003558719 0.053072241
Negative Arachidonic acid metabolism —1.879355011 .002877698 0.053072241
Linoleic acid metabolism —1.893264936 001481481 0.053072241
Retinol metabolism —2.073533352 .00140647 0.053072241
Metabolism of xenobiotics by cytochrome P450 —2.080359339 001371742 0.053072241
Drug metabolism cytochrome P450 —2.138592243 .001336898 0.053072241

FADS3 = fatty acid desaturase 3, FDR =, GO = gene ontology, KEGG = Kyoto Encyclopedia of Genes and Genomes, NES = normalized enrichment score, NOM = .

expression group. NK cells (P < .001), eosinophils (P < .01), Tgd
(P <.001), Th1 cells (P < .01), and Th2 cells (P < .05) were higher
in the high expression group than in the low expression group.
However, the levels of activated T-cells (P < .05), cytotoxic cells
(P < .05) and B cells (P < .001) were lower in the high FADS3
expression group. Analysis of the relationship between immune
cells and OS in HNSCC patients revealed that only reduced B cell
levels correlated with HNSCC survival (Fig. 3C, P =.045). The
expression levels of CD8 + T cells, CD4 + T cells, macrophages,
neutrophils and dendritic cells showed no significant difference in
the survival time of HNSCC patients. Analysis of the correlations
between the 24 immune cell types revealed weak to moderate cor-
relation between tumor-infiltrating immune cell subsets (Fig. 3D).

3.5. Data validation

It was found in the GEPIA database that FADS3 messenger
ribonucleic acid (mRNA) expression in HNSCC was signifi-
cantly higher than in the normal group (P < .05, llog2FCl > 1)
(Fig. 4A), and there were differences between FADS3 messenger
ribonucleic acid (mRNA) level and a shorter OS period signif-
icant correlation (P-value <.001, Fig. 4B). This was confirmed
using KM analysis, which showed that high FADS3 expression
correlated with poor OS (P =.004, Fig. 4C). Moreover, HPA
(immunohistochemical) analysis showed that FADS3 levels in
tumor tissue were higher than in non-tumor tissue (Fig. 4D).

4. Discussion

HNSCC has a high incidence and is associated with poor out-
comes.!"’! Hence, effective biomarkers for identifying HNSCC
patients with poor prognosis are urgently needed. FADS3 is
known to be involved in sphingase biosynthesis and has also
been implicated in cancer development./®%!¥l High sphingolipid
levels have been associated with HNSCC development and
poor prognosis,!'~'" suggesting that FADS3 influences HNSCC
pathogenesis. Here, analysis of the relationship between FADS3
and HNSCC pathogenesis and immune cell infiltration found
that FADS3 has independent prognostic value for HNSCC.

Our data show that HNSCC patients with high FADS3 levels
are more likely to have higher lymph node metastasis, histo-
logical stage, and lymphovascular invasion when compared to
those with low FADS3 levels. Elevated FADS3 levels may affect
HNSCC tumorigenesis and immune responses to HNSCC.

GO and KEGG pathway analyses showed that FADS3 upreg-
ulation mainly correlates with fiber movement, immune response,
and amino acid metabolism. Our findings show that FADS3 over-
expression in HNSCC patients may alter the immune microenvi-
ronment, migration and invasion of cancer cells, and amino acid
metabolism. In the HNSCC tumor microenvironment, anti-tumor
immune responses are highly immunosuppressed.?2!l Our data
indicate that FADS3 influences the immune microenvironment of
HNSCC. Arachidonic acid metabolism is also implicated in tum-
origenesis and its expression in HNSCC is markedly lower than
in normal tissues.?>? Thus, we speculated that FADS3 changes
inhibit amino acid metabolism. Further studies should determine
the mechanisms by which FADS3 influences in HNSCC in vivo.
Using TIMER analysis, we revealed the relationship between
FADS3 expression and the level of immune invasion in HNSCC.
Additionally, using CIBERSORT analysis, we show that FADS3
levels moderately or strongly correlated with immune cells infiltra-
tion levels, especially NK cells, eosinophils, cytotoxic cells, B cells,
Tgd, Th1 cells, and Th2 cells. Our data show that high FADS3
levels correlated with higher levels of NK cells and Tgd and lower
B cells levels. Studies show that B cell levels positively correlate
with HNSCC prognosis,***! which is consistent with our find-
ings (Fig. 3C). These results may suggest the cytochrome P450 by
which FADS3 regulates B cell function in HNSCC. These findings
indicate that in HNSCC, FADS3 plays a key role in the regulation
and recruitment of infiltrating immune cells. However, the rela-
tionship between FADS3 and B cells needs further investigation.

5. Conclusion

We for the first time show that FADS3 is a potential prognostic
factor and diagnostic value in HNSCC. Our findings improve
our understanding of the role of FADS3 in HNSCC immune cell
infiltration.
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Figure 3. (A) Correlations between FADS3 mRNA expression and immune infiltration levels. (B) The varied proportions of 24 subtypes of immune cells in high
and low FADS3 mRNA expression groups in tumor samples. (C) Relationship between the expression levels of 6 kinds of immune cells and the survival time of
HNSCC patients. (D) Heatmap of 23 immune infiltration cells in tumor samples. FADSS = fatty acid desaturase 3, mMRNA = messenger ribonucleic acid, HNSCC

= head and neck squamous cell carcinoma.
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Figure 4. (A) FADS3 mRNA expression levels in normal and HNSCC tissues, as obtained from GEPIA. (B) Levels of FADS3 mRNA expression and overall
survival based on data obtained from GEPIA. (C) Further validation of the correlation between FADS3 expression and overall survival, as shown in K-M survival
plot. (D) Oral mucosa cells expression of FADS3 protein was visualized using immunohistochemistry via HPA. FADS3 = fatty acid desaturase 3, K-M = Kaplan-
Meier, MRNA = messenger ribonucleic acid, HNSCC = head and neck squamous cell carcinoma, GEPIA = gene expression profiling interactive analysis, HPA

= Human Protein Atlas.
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