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Abstract 22 

Head and neck squamous cell carcinoma (HNSCC) is a high mortality disease. 23 

Extension of long-chain fatty acid family member 6 (ELOVL6) is a key enzyme 24 

involved in fat formation that catalyzes the elongation of saturated and 25 

monounsaturated fatty acids. Overexpression of ELOVL6 has been associated with 26 

obesity-related malignancies, including hepatocellular carcinoma, breast, colon, 27 

prostate, and pancreatic cancer. The following study investigated the role of ELOVL6 28 

in HNSCC patients. Gene expression and clinicopathological analysis, enrichment 29 

analysis, and immune infiltration analysis were based on the Gene Expression 30 

Omnibus (GEO) and the Cancer Genome Atlas (TCGA), with additional bioinformatics 31 

analyses. The statistical analysis was conducted in R, and TIMER was used to 32 

analyze the immune response of ELOVL6 expression in HNSCC. The expression of 33 

ELOVL6 was related to tumor grade. Survival analysis showed that patients with high 34 

expression of ELOVL6 had a poor prognosis. Moreover, the results of GSEA 35 

enrichment analysis showed that ELOVL6 affects the occurrence of HNSCC through 36 

fatty acid metabolism, biosynthesis of unsaturated fatty acids, and other pathways. 37 

Finally, ELOVL6 verified by the Human Protein Atlas (HPA) database were consistent 38 

with the mRNA levels in HNSCC samples. ELOVL6 is a new biomarker for HNSCC 39 

that may be used as a potential predictor of the prognosis of human HNSCC. 40 
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Head and neck squamous cell carcinoma (HNSCC) is an aggressive epithelial 45 

malignancy worldwide, usually classified in tobacco-related HNSCC and human 46 

papillomavirus (HPV)-positive HNSCC. More than 650,000 new cases and 330,000 47 

deaths were reported in 2018(1). Despite technological advances, which have 48 

promoted early detection and timely intervention, clinical outcomes and long-term 49 

survival rates in HNSCC patients have not improved; the 5-year survival rate remains 50 

around 50 percent (2, 3), while the median survival rate of patients with recurrent or 51 

metastatic disease is approx.10 months. The high mortality is associated with a high 52 

rate of late diagnosis, and the survival rate of late patients is only 34.9 percent(4). 53 

Radiotherapy, surgery, and chemotherapy have been considered as the main 54 

treatment approaches. Although HNSCC is treated in a variety of ways, patients still 55 

have a lower survival probability. Therefore, the discovery of sensitive HNSCC 56 

biomarkers remains crucial.  57 

Extension of long-chain fatty acid family member 6 (ELOVL6) is part of a highly 58 

conserved endoplasmic reticulum family involved in long-chain fatty acid formation. 59 

ELOVL6 catalyzes the elongation of saturated and monounsaturated fatty acids with 60 

12, 14, and 16 carbon atoms to 18 carbon fatty acids (5). ELOVL6 is commonly 61 

expressed in high-fat tissues, such as the liver, brown and white adipose tissue, and 62 

the brain (6, 7). ELOVL6 up-regulation is involved in insulin resistance. Moreover, 63 

ELOVL6 has been associated with obesity-related malignancies, including 64 

hepatocellular carcinoma (5), breast, colon, prostate, and pancreatic cancer (8-10). 65 

Yet, its role in HNSCC progression remains unclear.  66 
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In this work, we used microarray data obtained from the TCGA and GEO 67 

database to investigate the expression of ELOVL6 in HNSCC samples. We used R 68 

(3.6.3 version) to examine the association of ELOVL6 expression with certain clinical 69 

parameters and the prognosis of patients with HNSCC. To better understand the 70 

biological processes associated with ELOVL6 regulatory networks, which may be the 71 

basis for head and neck squamous cell carcinogenesis, we performed gene set 72 

enrichment analysis (GSEA) and Kyoto Encyclopedia of Genes and Genomes (KEGG) 73 

analysis. We also used TIMER to detect the association of ELOVL6 with 74 

tumor-infiltrating immune cells (TIICs). Besides, we analyzed the correlation between 75 

ELOVL6 and HNSCC and the role of ELOVL6 in the occurrence and development of 76 

HNSCC. 77 

Material and methods 78 

Evidence from TCGA database 79 

Data on gene expression were obtained from the GEO 80 

(https://www.ncbi.nlm.nih.gov/gds). Moreover, additional data on gene expression, 81 

immune system infiltration (workflow type: HTSeqFPKM), and related clinical 82 

information (Data type: Clinical Supplement) were obtained from the TCGA database 83 

of HNSCC (https://portal.gdc.cancer.gov/). The clinical factors included gender, stage, 84 

age, grade, T-phase, M-phase, N-phase, survival status, and a number of days of 85 

survival. We retained RNA-Seq and clinical data for further studies. In addition, R 86 

(3.6.3 version) and R BioConductor software packages were used for data analysis. 87 

Our study was in accordance with the publication guidelines provided by TCGA. 88 
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Gene enrichment analysis 89 

GSEA was performed using normalized RNA-Seq data obtained from TCGA(11). 90 

The number of permutations was set to 1,000. KEGG pathways were analyzed using 91 

GSEA to investigate possible biological functions of ELOVL6. Enrichment results had 92 

to satisfy one condition, a nominal p-value<0.05. The GSEA created a list of all gene 93 

permutations associated with ELOVL6 expression. The samples were then divided 94 

into high ELOVL6 groups and low ELOVL6 groups as training sets to distinguish 95 

potential functions; GSEA was used to elucidate obvious survival differences. Multiple 96 

genome substitutions were performed for each test by the degree of ELOVL6 97 

expression as phenotypic markers. Normalized enrichment scores (NES) and nominal 98 

P-values were used to classify the enrichment pathways in each phenotype. 99 

Immune infiltrates analysis 100 

The potential relationship between ELOVL6 expression and TIICs was evaluated 101 

using timer-related modules. TIMER is a comprehensive resource for systematic 102 

analysis of immune infiltration in different cancer types 103 

(https://cistrome.shinyapps.io/timer/)(12), which relies on a recently published 104 

statistical method, deconvolution, to infer TIIC prevalence from gene expression 105 

profiles (13). To approximate TIIC abundance, the TIMER database used TCGA data 106 

from 10,897 samples of 32 cancers. We examined the expression of ELOVL6 in 107 

HNSCC and its relevance to the abundance of TIICs (including B cells, CD8+ T cells, 108 
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CD4+ T cells, macrophages, neutrophils, and dendritic cells) through gene modules. 109 

TIMER produced a graph illustrating gene expression levels against tumor purity(14). 110 

Data validation 111 

The human protein atlas database (HPA) (www.proteinatlas.org) was used to 112 

analyze the protein expression of ELOVL6 between normal and head and neck 113 

squamous cell carcinoma tissues. The HPA provides access to 32 human tissues and 114 

their protein expression profiles and uses antibody profiling to accurately assess 115 

protein localization. Additionally, the HPA provides measurements of RNA levels(15). 116 

Statistical analysis 117 

All statistical analyses were carried out using R (version 3.6.3). To calculate 95% 118 

CI and HR, we used the univariate and multivariate models for Cox analysis. Logistic 119 

regression, Wilcoxon rank-sum test, and Kruskal test were used to analyze the 120 

correlation between clinical features and ELOVL6 expression. Single-factor survival 121 

analysis was used to compare the relationship between several clinical characteristics 122 

and survival rates. Using multivariate Cox analysis, we assessed the expression of 123 

ELOVL6 and the effects of other pathological and clinical factors (sex, age, grade, 124 

lymph node, distant metastasis, tumor status, and stage) on overall survival (OS). The 125 

P-value>0.05 expressed by ELOVL6 was set as the threshold. 126 

Results 127 

Analysis of survival outcomes and variables 128 
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Four HNSCC-related gene expression profiling datasets, including GSE30784, 129 

GSE23036, GSE33205, and GSE59102, were obtained directly from the GEO 130 

website. GSE30784 consists of 44 normal tissues, 167 cancer tissue samples, and 17 131 

dysplasia tissue samples, among which 17 samples of abnormal tissues were 132 

removed. The data were generated using the GPL570 platform. GSE23036 consists 133 

of five normal tissues and 63 cancer tissue samples using the GPL571 platform; 134 

GSE33205 consists of 25 normal tissue samples and 44 cancer tissue samples. The 135 

data were generated using the GPL05175-3188 platform. GSE59102 consists of 13 136 

adjacent tissues and 29 cancer tissue samples using the GPL6480-9577 platform.  137 

We divided the four data sets into two groups: GSE30784 was included in the first 138 

group, GSE23036, GSE33205, and GSE59102 in the second group. The second data 139 

group was integrated after batch correction.  140 

The results of the two groups were consistent. A significant difference in ELOVL6 141 

expression (P<0.01) was found between normal, and tumor tissues; ELOVL6 was 142 

highly expressed in tumor tissue (Fig 1A, B).  143 

We then selected 502 tumor samples of HNSCC in the TCGA database. First, we 144 

converted the file to alter the count data to more similar values to those obtained from 145 

the microarray. Survival analysis indicated that HNSCC with high ELOVL6 expression 146 

had a worse prognosis than a tumor with low expression of ELOVL6 (P<0.0; Fig 1C).  147 

Next, we assessed the association between ELOVL6 expression levels with 148 

various clinicopathological parameters in patients with HNSCC. The expression of 149 
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ELOVL6 was found to be significantly correlated with the tumor tissue grade (P<0.01; 150 

Fig 1D). 151 

Fig.1 ELOVL6 expression and the association among clinicopathologic factors. 152 

 (A) The scatter plot showed the difference of ELOVL6 expression between normal 153 

and tumor samples in GSE30784 (P<0.01). (B) The scatter plot showing the 154 

difference of ELOVL6 expression between normal and tumor samples in GSE23036, 155 

GSE33205 and GSE59102 (P<0.01); (C) Survival Analysis of ELOVL6 High and Low 156 

Expressions in TCGA (P < 0.01); (D) Expression of ELOVL6 correlated significantly 157 

with histological grade in TCGA (P < 0.01). 158 

Univariate Logistic regression analysis showed that the expression of ELOVL6 as 159 

a well-defined ward variable was related to clinicopathological factors with poor 160 

prognosis. The expression of ELOVL6 in HNSCC was significantly correlated with 161 

grade (OR=4.4, 95%CI 1.65~12.41, G1 vs. G3). These results suggest that 162 

HNSCC patients with high ELOVL6 expression are more likely to develop high-grade 163 

tumor (Table 1). 164 

Table 1. ELOVL6 expression associated with clinical-pathological characteristics (logistic 165 

regression) 166 

Clinical characteristics Total(N) Odds ratio in CENPM expression P-value 

age (> 65 vs. ≤ 65) 499 0.78(0.53-1.12) 0.187 

Gender (female vs. male) 500 1.10(0.74-1.64) 0.612 

Grade (G1 vs. G2) 171 2.11(0.92-5.09) 0.08 

Grade (G1 vs. G3) 171 4.4(1.65-12.41) 0.003* 

Stage (I vs. IV) 432 
1.68（0.73-4.00） 

0.22 

The categorical dependent variable, greater or less than the median expression level 167 

Relationship between ELOVL6 expression and 168 

clinicopathology 169 
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Cox analysis was used to explore the relationship between ELOVL6 expression 170 

and OS and other variable characteristics in patients with HNSCC. Single-factor 171 

correlation analysis indicated that stage (HR =1.904, p<0.01), T-phase (HR 172 

=1.499, p<0.01), M-phase (HR =20.531, p<0.01), N-phase (HR =1.795, 173 

p<0.001), and ELOVL6 mRNA expression (HR=1.457, p<0.01) were significantly 174 

correlated with OS. Our multivariate analysis (Fig 2) revealed that ELOVL6 175 

expression (HR=1.39, P=0.015), T-phase (HR=1.70, P=0.017), M-phase 176 

(HR=13.16, P=0.021), N-phase (HR=1.93, P=0.000) were independent 177 

prognostic factors in patients with HNSCC (Table 2).  178 

Fig.2. Multivariate Cox analysis of ELOVL6 expression and other 179 

clinicopathological variables. 180 

Analysis of ELOVL6 using GSEA 181 

GSEA was used to explore the potential biological functions of ELOVL6 through 182 

KEGG pathway analysis. Significant differences in the enrichment of high levels of 183 

ELOVL6 in KEGG pathways were found (p<0.050). According to the Normalized 184 

Table 2. Correlation between overall survival and multivariable characteristics in 

TCGA patients via Cox regression and Multivariate survival model 

Parameter Univariate analysis Multivariate analysis 

HR 95%CI P HR 95%CI P 

Age 1.01 0.98-1.03 0.286 1.00 0.98-1.03 0.443 

Gender 0.64 0.36-1.14 0.133 0.62 0.34-1.12 0.116 

Grade 1.47 0.98-2.22 0.062 1.37 0.84-2.24 0.203 

Stage 1.90 1.23-2.92 0.003** 0.73 0.37-1.45 0.379 

T 1.49 1.13-1.98 0.004** 1.70 1.09-2.63 0.017* 

M 20.53 2.56-164.16 0.004** 13.16 1.45-119.14 0.021* 

N 1.79 1.34-2.39 7.19E-05*** 1.93 1.37-2.72 0.000*** 

ELOVL6 1.45 1.12-1.88 0.004** 1.39 1.06-1.82 0.015* 

P-value significant codes: 0 ≤ *** < 0.001 ≤ ** < 0.01 ≤ * < 0.05 
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enrichment score (NES), highly enriched signaling pathways were selected. KEGG 185 

pathway enrichment analysis revealed nine categories positively associated with high 186 

levels of ELOVL6, as shown in Table 3: fatty acid metabolism, biosynthesis of 187 

unsaturated fatty acids, certain cancer, WNT signaling pathway, RNA degradation, 188 

cell cycle, insulin signaling pathway, and tight junction. The results showed that 189 

ELOVL6 high expression differentially enriched fatty acid metabolism, biosynthesis of 190 

unsaturated fatty acids, certain cancer, WNT signaling pathway, RNA degradation, 191 

cell cycle, insulin signaling pathway, and tight junction (Fig 3). 192 

Fig. 3. Enrichment plots from gene set enrichment analysis (GSEA) 193 

Table 3. Gene Sets Enriched in Phenotype High 

Gene set name Size NES NOM P-value 

KEGG_FATTY_ACID_METABOLISM 42 1.5619199 0.045816734 

KEGG_WNT_SIGNALING_PATHWAY 150 1.4809166 0.022357723 

KEGG_BIOSYNTHESIS_OF_UNSATURATED_FATTY_ACIDS 22 1.595327 0.04296875 

KEGG_RNA_DEGRADATION 57 1.5997431 0.013806706 

KEGG_CELL_CYCLE 124 1.6361903 0.045009784 

KEGG_INSULIN_SIGNALING_PATHWAY 137 1.5313097 0.022044089 

KEGG_FATTY_ACID_METABOLISM 42 1.5619199 0.045816734 

KEGG_CHRONIC_MYELOID_LEUKEMIA 73 1.5339031 0.041749503 

KEGG_COLORECTAL_CANCER 62 1.4757243 0.04828974 

KEGG_TIGHT_JUNCTION 132 1.472029 0.048625793 

NES: normalized enrichment score; NOM: nominal. Gene sets with NOM P-value<0.05 is considered as 

significant 

Independent tumor-infiltrating lymphocytes have an essential role in predicting 194 

overall survival and sentinel lymph node status(16). Therefore, in this study, we used 195 

TIMER to analyze the possible correlation between ELOVL6 expression and immune 196 

infiltration level in HNSCC. ELOVL6 expression was positively correlated with B cells 197 

(p=3.72e-01), CD8+ T cells (p=1.48e-01), CD4+ T cells (p=2.92e-02), 198 

macrophages (p=1.07e-01), dendritic cells (p=2.43e-01) and negatively correlated 199 
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with neutrophils (p=5.04e-01), as shown in (Fig 4A). These results suggest that 200 

ELOVL6 has a key role in the immune invasion of HNSCC.  201 

Fig. 4 (A) Correlations between ELOVL6 expression and immune infiltration levels. 202 

(B) Immunohistochemistry of ELOVL6 based on the Human Protein Atlas. 203 

Data validation 204 

The ELOVL6 protein levels, verified by the HPA database, were all increased, 205 

which was consistent with the mRNA levels in head and neck squamous cell 206 

carcinoma samples (Fig 4B). 207 

Discussion 208 

Extension of long-chain fatty acid family member 6 (ELOVL6) is part of a highly 209 

conserved endoplasmic reticulum family involved in long-chain fatty acid formation. 210 

ELOVL6 catalyzes the saturation and elongation of monounsaturated fatty acids. 211 

Dietary polyunsaturated fatty acids may severely inhibit ELOVL6 expression (6). 212 

Moreover, overexpressed ELOVL6 has been found in several cancers, including 213 

non-alcoholic steatohepatitis-related hepatocellular carcinoma (17), squamous cell 214 

carcinoma (18), and breast cancer (19, 20). Phospholipids containing longer acyl 215 

chains are abundant in cancer tissues, and ELOVL6 is the main enzyme responsible 216 

for prolonging fatty acids in cancer(18). This elongation has been detected in 217 

non-alcoholic steatohepatitis (NASH) associated with hepatocellular carcinoma (17). 218 

Moreover, Marien et al suggested that inhibition of ELOVL6 might be a potential 219 

treatment for lung squamous cell carcinoma(18). In addition, ELOVL6 overexpression 220 
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has been associated with axillary lymph node metastasis and short disease-free 221 

survival in breast cancer(19).  222 

Our results indicate that the expression of ELOVL6 was related to 223 

clinicopathological factors (grade), survival time, and poor prognosis in patients with 224 

HNSCC. Univariate analysis found that ELOVL6 expression, as a clear-cut variable, 225 

was associated with clinicopathological factors with poor prognosis. Stage, T-phase 226 

N-phase and M-phase, may have an indispensable role in the further progression of 227 

tumors. Univariate and multivariate analysis also showed that ELOVL6 was still 228 

closely related to OS. Patients with high expression of ELOVL6 had a decreased 229 

survival rate, which was consistent with Martin et al (21). To sum up, these data 230 

suggest that ELOVL6 may be a potential prognostic biomarker and therapeutic target 231 

for the prognosis of HNSCC; however, further studies are warranted. 232 

KEGG pathway analysis indicated that the upregulation of ELOVL6 was mainly 233 

related to fatty acid metabolism, WNT signaling pathway, cell cycle, RNA degradation, 234 

and then controlled the occurrence and development of cancer cells. More and more 235 

studies have shown that cell metabolic disorders are associated with tumor 236 

development(22, 23). Metabolic diseases, such as obesity and diabetes are 237 

associated with increased risk of cancer, including hepatocellular carcinoma, breast, 238 

colon, prostate, and pancreatic cancer(5, 8-10). ELOVL6 is involved in fatty acid 239 

metabolic pathways. Increased generation of new fat is an early and common event in 240 

the development of cancer(24). Lipogenesis is considered as a potential target for 241 
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cancer therapy. Some enzymes associated with lipogenesis have been reported as 242 

targets for cancer therapy (25). 243 

Upregulation of ELOVL6 expression affects WNT signaling pathways critical to 244 

tissue development and homeostasis by regulating their endogenous stem cells. WNT 245 

signaling abnormalities can affect the behavior of cancer stem cells (CSC) and trigger 246 

and/or maintain and develop many cancers (26).  247 

ELOVL6 upregulation affects tight junctions. Claudins are integral 248 

transmembrane proteins in tight junctions essential to maintain cell adhesion and 249 

polarity. Changes in individual claudin expression have been detected in cancer and 250 

appear to be associated with tumor progression (27). 251 

So far, no association between ELOVL6 and tumor immune response has been 252 

reported. In the present study, we used online tools to analyze the correlation 253 

between immune infiltration in HNSCC and ELOVL6. TIMER database was applied to 254 

analyze the link between ELOVL6 expression and immune infiltration levels in 255 

HNSCC. ELOVL6 had the strongest association with B cells, CD8+T cells, CD4+T 256 

cells, neutrophils, macrophages, and dendritic cells. HNSCC, especially an 257 

oropharyngeal tumor, is a highly immune-infiltrating tumor (28, 29). CD8+ T cells are 258 

the main anticancer effector cell subsets in HNSCC. Their function is often hampered 259 

by overexpression of immune checkpoint molecules such as programmed cell death 260 

protein 1(PD-1), programmed cell death 1 ligand 1(PD-L1), or cytotoxic T 261 

lymphocyte-associated protein 4 (CTLA-4)(30). These molecules have become 262 
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targets for immunotherapy approaches that alter cancer treatment patterns. At the 263 

same time, lymphocytes B are another critical component of TILs that are associated 264 

with good prognosis in several human cancer types(31). Large numbers of B 265 

lymphocytes in lymph node metastasis are associated with better prognosis in 266 

HNSCC patients (32). In the tumor microenvironment, dendritic cells through blood 267 

circulation and interact with tumor cells in the tumor microenvironment. At different 268 

stages of tumor progression, dendritic cells may exhibit different functions, both as 269 

immune stimulators and as immunosuppressive factors (33). All these suggest that 270 

ELOVL6 may have an important role in tumor immune response and be a good target 271 

for immunotherapy. The association with various tumor characteristics and immune 272 

cell responses highlights the role of ELOVL6 upregulation as an independent 273 

prognostic factor for poor overall survival.  274 

HNSCC patients with higher expression of ELOVL6 are more likely to develop 275 

advanced grade tumors compared to those with low expression in patients with 276 

HNSCC. ELOVL6 may affect tumorigenesis mechanism and tumor immunological 277 

progression in HNSCC, which suggests that ELOVL6 has a vital role in tumor immune 278 

response and can be a good target for immunotherapy. 279 

Conclusions 280 

To the best of our knowledge, this is the first study that confirmed the importance 281 

of ELOVL6 in the prognosis of HNSCC. However, future clinical trials are needed to 282 

validate these results. With further understanding of its functional scope, ELOVL6 283 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted February 14, 2021. ; https://doi.org/10.1101/2021.02.13.431065doi: bioRxiv preprint 

https://doi.org/10.1101/2021.02.13.431065


may become a useful tool for diagnosing and treating HNSCC and promoting the 284 

application of ELOVL6 in the prognostic evaluation of HNSCC. Moreover, biomarker 285 

therapy may be regarded as a promising option for the treatment of HNSCC. 286 
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