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Abstract
Background: The mechanism of transition from low-grade to high-grade head and neck carcinomas
(HNC) still remains unclear. The aim of this study was to explore the genes expression pro�les that drive
malignancy from low to high-grade HNC, as well as analyze their correlations with the survival.

Methods: Gene expressions and clinical data of HNC were downloaded from the Gene Expression
Omnibus (GEO) repository. The signi�cantly differential genes (SDGs) between low and high-grade HNC
were screened by GEO2R and R software. Bioinformatics functions of SDGs were investigated by the
enrichment analyses. Univariate and multivariate cox regressions were performed to identify prognostic
SDGs of progression free survival (PFS) and disease speci�c survival (DSS). ROC curve was established
to evaluate the ability to predict the prognosis. Then, the correlations between SDGs and clinical features
were evaluated. The genes were experimentally validated by RT-PCR in clinical specimens’ tissues at last.

Results: Thirty-�ve SDGs were identi�ed in 47 low-grade and 30 high-grade HNC samples. Enrichment
analysis showed these SDGs were mainly enriched in the DNA repair pathway and the regulation of
I−kappaB kinase/NF−kappaB signaling pathway. Cox regression analyses showed that CXCL14,
SLC44A1 and UBD were signi�cantly associated with DSS, and PPP2R2C and SLC44A1 were associated
with PFS. Patients at a high-risk or low-risk for prognosis were established based on genes signatures.
High-risk patients had signi�cantly shorter DSS and PFS than low-risk patients (P=0.033, 0.010
respectively). Multivariate cox regression showed HPV (P=0.033), lymph node status (P=0.032) and
residual status (P 0.044) were independent risk factors for PFS. ROC curves showed the risk score had
better e�cacy to predict survival both for DSS and PFS (AUC=0.858, 0.901 respectively). In addition, we
found UBD, PPP2R2C and risk score were signi�cantly associated with HPV status (all P 0.05). The
experiment results showed CXCL14 and SLC44A1 were signi�cantly overexpressed in the HNC grade I/II
tissues and the UBD were overexpressed in the HNC grade III/IV tissues.

Conclusions: Our results suggested that SDGs had different expression pro�les between the low-grade
and high-grade HNC, and these genes may serve as prognostic biomarker to predict the survival.

Background
Head and neck carcinomas (HNC) are a group of heterogeneous tumors arising from oral cavity,
oropharynx, nasopharynx, hypopharynx, and larynx, ranking the sixth most prevalent cancer [1,2]. Head
and neck squamous cell carcinomas (HNSCC) account for 90% of all head and neck cancer. It’s estimated
that there are more than 600000 new HNC cases and 350000 deaths per year globally [3,4]. About 42%
patients of HNC are diagnosed as advanced stage with extensive lymph nodes or distant metastasis at
their initial visits [5]. Patients with HNC have bene�ted from the comprehensive treatment in recent years.
However, the low-grade HNC have different treatment modalities from the advanced ones, and the 5-year
survival remains less than 50% despite the tremendous progress has been made in the multidisciplinary
treatment, including the surgery, radiotherapy and chemotherapy [6].
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Selection of optimal management plans for HNC mainly is dependent on tailored risk evaluation [7-8].
Histological grade in HNC helps to assess the patients’ risks to make therapeutic strategies and provide
important clinical prognostic information. Despite the signi�cances, relying solely on histological grade
cannot provide a reference for clinical decision-making as a result of diagnostic inconsistence and
classi�cation discordance with different standard [9-10]. Therefore, it’s imperative to identify new methods
and biomarkers for increasing pathological grade values along with discovering new mechanisms about
the transition from low-grade towards high-grade. Thanks to the extensive applications of high-
throughput sequencing technologies to cancer biology, it’s increasing evident that the gene pro�les
analyses have revealed thousands of aberrant genes expressions associated with HNC patients [11-12].
Among them that have been functionally characterized, several has been linked to malignant progression
[13-14]. Notably, many genes have key roles for diagnostic accuracy and predicting the prognosis [15-16].

In this study, we have comprehensively analyzed the signi�cantly differential genes (SDGs) and clinical
information from the Gene Expression Omnibus (GEO) in order to explore whether different grade HNC
have distinct gene expressions. To determine the clinical relevance, we also investigated the associations
between genes and survival. Results were further veri�ed in experiment using the clinical specimens’
tissues.

Methods
Patients samples and gene extraction

The gene expression data and clinical information of HNC were downloaded from the Gene Expression
Omnibus (GEO) (https://www.ncbi.nlm.nih.gov/gds/). SDGs were obtained from the GPL10558 and were
initially analyzed with GEO2R. R software (version 3.6.1) were used to identify by using the Wilcoxon test
with the limma package. In this dataset, HSC is divided into low-grade (grade I/II) and high-grade (grade
III/IV) groups. The SDGs with false discovery rate (FDR) < 0.05 and |log2 fold change (FC)| >0.5 were
considered to be differentially expressed.

Enrichment analysis

The functional analyses of Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway were conducted by using the SDGs with R package. GO analysis include the biological process
(BP), cellular component (CC), and molecular function (MF). Top results with the false discovery rate
(FDR) ≤0. 05 were considered noteworthy.

Survival analysis and ROC analysis

We evaluated the correlations between the disease speci�c survival (DSS), progression free survival (PFS)
and SDGs by univariate and multivariate cox proportional hazards regression analysis. The prognostic
factors (P 0.05) were entered into multivariate cox regression to identify the independent prognostic risk
factors.
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The Receiver Operating Characteristic (ROC) analysis was used to assess the sensitivity and speci�city of
the independent risk factors. The area under curve (AUC) of the ROC ranges from 0.5 to 1, with near 1
indicating perfect predictive ability and 0.5 indicating without predictive ability.

Experimental validation

To verify the prognostic genes expression levels in HNC tissues, we conducted the experimental
validation in 25 HNC patients’ specimens (15 grade I/II and 10 grade III/IV) who received surgery from
2019 January to 2020 August in the Clinical Medical College of Yangzhou University, Yangzhou, Jiangsu.
This study was approved by the Internal Review Board of the Clinical Medical College of Yangzhou
University, Yangzhou, Jiangsu.

Total RNA from 25 HNC tissues was puri�ed using RNAiso plus (Takara, Dalian, China). Complementary
DNA (cDNA) was synthesized from 1 μg of total RNA using a PrimeScript® RT reagent Kit with gDNA
(genomic DNA) Eraser (Takara). TB Green® Premix Ex Taq® II kit (Takara) was used to detect the
indicated RNA levels on the QuantStudio Real-Time polymerase chain reaction (PCR) System (Applied
Biosystems, USA). The RT reaction was performed for 1 cycle under the condition of 30˚C for 10 min,
42˚C for 30 min, 95˚C for 5 min and 5˚C for 5 min. Then the PCR reaction was performed using a Takara
Shuzo PCR Ampli�cation kit (cat. no. R011; Takara Bio, Inc.) with primer sets speci�c for different genes.
The thermal conditions for the gene and GAPDH were denaturation for 30 sec at 95˚C, annealing for 30
sec at 56˚C, and extension for 30 sec at 72˚C. The ampli�cations were performe using 25-28 cycles,
respectively. The relative expression levels of the candidate genes were normalized to endogenous
GAPDH (glyceraldehyde-3-phosphate dehydrogenase). The primers synthesized and by GENEWIZ
company, Suzhou, China. The primers are listed in Supplementary Table S1.

Results
Distinct gene patterns in low-grade and high-grade HNC tissues

A total of 77 HNC samples with gene expressions and clinical data were obtained from GSE117973
series, including 47 low-grade and 30 high-grade samples. There were 35 signi�cantly different genes
(SDGs) between the two groups. Among these SDGs, 23 genes were down-regulated and 12 were up-
regulated in the high-grade group compared with low-grade group (Table 1). The heatmap and volcano
plots were shown in Figure 1.

Enrichment analysis

Given the importance of the SDGs and further exploration about their functions, we performed the GO and
KEGG analysis. GO results showed the SDGs were mainly associated with nucleotide-excision repair and
DNA polymerase complex pathways. In the BP category, the SDGs were obviously enriched in the
nucleotide-excision repair pathway, as well as the regulation of I−kappaB kinase/NF−kappaB signaling
pathway. In the CC category, the SDGs were mainly enriched in DNA polymerase complex pathway. In the
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MF category, the SDGs were obviously enriched in the structural constituent of cytoskeleton (Figure 2A-B).
In the KEGG analysis, the SDGs were mainly involved in the base excision repair activity, which was
similar in the GO analysis (Figure 2C-D).

Prognosis-related SDGs

To explore whether the SDGs are associated with the DSS and PFS, we �rstly performed the univariate
cox regression was used to investigate SDGs with prognosis (Figure 3A, 3B). Then, we performed the
multivariate cox regression, and four (CXCL14, SLC44A1, UBD and PPP2R2C) were found to be linked
with survival (shown in Table 2). We identi�ed the CXCL14 and SLC44A1 were signi�cantly associated
with DSS, and the PPP2R2C and SLC44A1 were prognostic genes of PFS. Among these, CXCL14 and
PPP2R2C were risk genes (HR 1). The SLC44A1 and UBD genes were protective in survival (HR 1).
According to the prognostic genes expressions and their coe�cient [17], we then calculated the risk score

(=  , with Coef j indicating the coe�cient and Xj representing the relative expression
levels of each gene standardized by z-score) of each patient and used the median risk score value as a
cutoff point for classifying the 30 high-grade HNC patients into a high-risk group and a low-risk group
(n=15, respectively). The DSS and PFS time was much lower in the high-risk group (DSS, median time =
1.431 years vs. 2.625 years, P=0.033, Figure 4A; PFS, median time = 1.361 years vs. 2.261 years, P=0.010,
Figure 4B).

Prognostic hazard curves

We ranked the risk scores of patients for DSS and PFS and analyzed their distributions. As the heatmap
of risk score shown, patients with high risk scores in the DSS group showed upregulation of CXCL14 and
the downregulation of UBD (Figure 5A). Moreover, patients with high risk scores in the PFS group showed
the downregulation of PPP2R2C, implying it’s a protective gene (Figure 5B). The dot plots showed the
survival status of DSS and PFS of HNC patients (Figure 5C-F). When the risk score increased, the patients’
risk increased, and the survival time decreased.

Independent risk factors of OS

We combined the SDGs with clinical information in HNC patients. Then we performed univariate cox and
multivariate cox regression analyses to investigate the independent risk factors for DSS and PFS. As
shown in Figure 6A, univariate cox regression showed the risk score was associated with DSS (P=0.003).
And the multivariate regression showed there was no independent risk factors for DSS (all P 0.05) (Figure
6B). For the PFS, the risk score was the signi�cant risk factor in the univariate cox regression (P=0.003)
(Figure 6C). Multivariate cox regression showed HPV (P=0.033), lymph node status (P=0.032) and
residual status (P 0.044) were independent risk factors for survival (Figure 6D).

ROC model for predicting the survival
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In order to provide a model to predict the survival, we constructed the ROC curves using the possible risk
factors associated with DSS and PFS respectively. In addition, we assess the feasibility using the area
under curve (AUC) values. Risk score, HPV, R and tumor cell content were selected to establish the ROC,
and the results showed the risk score had better ability to predict the DSS (AUC=0.858) (Figure 7A). In the
PFS analysis, �ve prognostic parameters, including the risk score, HPV, T, N, R and tumor cell content were
recruited. The risk score performance showed more excellent predictive ability than other factors
(AUC=0.901) (Figure 7B).

Clinical correlation analysis

We further explored the relationships between the prognostic SDGs and clinical features, we calculated
the correlations using the t-test or Kruskal-Wallis test. We found UBD, PPP2R2C and risk score were
signi�cantly associated with HPV status (all P values 0.05). UBD expressions were higher in the HPV (+)
patients, and the PPP2R2C expression were higher in the HPV (-) patients (Figure 8A-B). We also found
risk score was signi�cantly associated HPV status (Figure 8C-D).

Experimental validation

According to the screening and validation steps as described above, we performed experimental
validation using the four prognostic genes (CXCL14, PPP2R2C, SLC44A1, UBD), and GAPDH was set as
an internal reference. The experiment results showed the CXCL14 and SLC44A1 were signi�cantly
overexpressed in the HNC grade I/II tissues and the UBD were overexpressed in the HNC grade III/IV
tissues. There was no signi�cant difference about PPP2R2C expression level between the two groups.
The results were shown in Figure 9A-D.

In addition, we divided the 25 HNC patients into 11 HPV (+) and 14 HPV (-) groups according their HPV
test results in clinic. Then, we further explored and veri�ed the relations between the four prognostic
genes (CXCL14, PPP2R2C, SLC44A1, UBD) and HPV status. As expected, the results showed the UBD was
signi�cantly higher in the HPV (+) group and PPP2R2C was signi�cantly higher in the HPV (-) group. The
results were shown in Figure 9E-F.

Discussion
Cancers are primary caused by genetic alterations that result in the dysregulation of gene networks which
are responsible for malignancy. Myriad studies have now used high-throughput sequencing technology to
pro�le different types of cancer samples. Current molecular landscapes of head and neck cancer
primarily focus on the biological differences between the HPV-negative and positive populations. It’s
already been demonstrated by large consortiums and well accepted that genes with frequent and
signi�cant genetic alterations are involved in various HNC cell functions, including the tumor
development and progression [18-19]. However, few provides de�nitive evidence for elucidating the gene
distinctions between the low-grade and high-grade HNC. In this study, we found that low-grade and high-
grade HNC had different gene expression pro�les, which directly linked to the DNA repair that may drive
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malignancy transformation from low-grade to high-grade. We also investigated the gene associations
with clinical implications and discovered that SDGs were signi�cantly with the DSS and PFS. To increase
the reliability of the research, we veri�ed these �ndings using our clinical specimens’ tissues, and the
results are consistent with our �ndings.

We discovered that the SDGs were mainly enriched in the NF−kappaB signaling pathway and DNA repair
by GO and KEGG analyses. Several studies have strongly supported the associations between
NF−kappaB signaling pathway and HNC [20-22]. Qin Y et.al found the CCL18 (chemokine (C‐C motif)
ligand 18) could promote the HNSCC malignancy and its level was signi�cantly associated with
histological grade through regulating the NF−κB signal pathway [20]. Yu B et al provided evidence that
NF−κB pathway can be activated by CD147, which was correlated positively with HNSCC grade.
Furthermore, the NF−κB inhibitor could obviously reduce the invasion of HNSCC cells [21]. In addition, the
NF−κB pathway induced by XPR1 was related to many aspects of TSCC (tongue squamous cell
carcinoma), including the tumor grade and patients’ prognosis [22]. These studies illuminated the
functions of NF−κB signal pathway in the HNSCC malignancy in terms of histological grade.

Continuous and chronic exposure to the tobacco, alcohol and infection with human papillomavirus (HPV)
are the predominant risk factors for HNC, which induce DNA damage [23]. DNA repair mechanisms, such
as excision repair (ER), mismatch repair (MMR), NHEJ (non-homologous end joining) and HR
(homologous recombination) protect genome against damage and provide stability for gene and
chromosome [23]. Any low DNA repair e�cacy is recognized as one of the mechanisms for HNC initiations
and progressions. Besides these, gene mutations and polymorphisms associated with DNA repair that
HNC cells undergo are also determining factors promoting the HNC malignancy [23]. Much of the evidence
of this comes from whole exome sequencing studies. For example, exonic and intronic variants of several
genes work together during the process of DNA repair, especially in the DSBR (double strand break repair)
and FA (Fanconi anemia) pathways [24]. Moreover, it’s reported that certain gene involving the DNA repair
pathways was correlated with HNC tumor size and clinical stage [25].

Instead of distinguishing genes directly through their associations with survival, we screened genes from
different grades and then identi�ed the prognostic genes. SLC44A1, also known as CTL1 (choline
transporter-like 1), encodes an intermediate-a�nity choline transporter protein. Choline is an essential for
all cells to synthetize the membrane phospholipids phosphatidylcholine (PC) and sphingomyelin and its
uptake through CTL1 is strongly associated with cell viability, apoptosis and the malignant progression
[26-27]. SLC44A1 may be involved in the tumorigenesis and the metastasis of colon cancer, and currently
used as a prognostic biomarker [26]. However, the �eld is still in its early stages and only a handful of
studies have been developed to assess the roles of SLC44A1 in HNC. Our experimental results
demonstrated SLC44A1 was upregulated in the low grade (I/II) HNC, implying it may play a protective role
in HNC. Nishiyama R et al. found the functional inhibition of CTL1(SLC44A1) by cationic drugs could
signi�cantly increase caspase-3/7 activity and promote tongue cancer cell death [28]. Identi�cation of the
CTL1-mediated choline transport system could provide a potential new target for tongue cancer therapy.
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Also contained in the prognosis is the PPP2R2C. This gene has been con�rmed to be linked to gliomas,
lung cancer and prostate cancer, and it is thought to be a potential tumor-suppressor gene [29-31].
Nonetheless, the role of PPP2R2C in our results has been questioned, which showed the lower expression
in the high-grade group, implying a tumor-suppressor role. However, survival analysis showed the
contradictory risk role (HR >1) in the prognosis. The discrepancy may be explained by the small number
samples. The determination of the role of PPP2R2C in HNC necessitates experimental analysis that will
delineate the contribution of PPP2R2C in the function of HNC cells. Our experimental result con�rmed the
slightly higher level of PPP2R2C in high-grade HNC, implying it may serve as a tumor-promoting gene, but
without signi�cant statistical difference (P >0.05). The previous researches demonstrated that PPP2R2C
is subjected to transcriptional regulation by factors such as miRNAs that involved in the HNC cell
proliferation, invasion and recurrence [32-33]. However, the mechanisms of miRNAs on cancer cell activities
through regulating the expression of PPP2R2C are needed further investigations.

In order to verify whether the prognostic risk factors could predict the survival, we further established ROC
model using the factors selected from multivariate cox regression. The results demonstrated the risk
score manifested excellent predictive ability, implying it could serve as an accurate survival indicator both
for DSS and PFS (AUC=0.0858, 0.901 respectively). To gain a better estimate how the genes in�uence the
clinical characteristics, we assessed the relationships between the SDGs and clinical features in HNC
patients. Our study found the UBD, PPP2R2C and risk score were obviously associated with HPV status
(all P 0.05). As previous study reported by Wang J et.al, UBD expression level was much higher in the
HPV (+) oropharyngeal squamous cell carcinoma (OSCC) compared with the HPV (-) OSCC [34]. Their
results are congruent with our �ndings. We also found the PPP2R2C level was higher in the HPV (-) group
relative to HPV (+) group in the experiment results. However, no more literatures have studied the
correlation between PPP2R2C and HPV until now. Further researches are needed to explore the
associations. In addition, these may be critical to understand the cause of differences in clinical
presentation and molecular landscapes and develop tailed therapy between the HPV (+) and HPV (-) HNC.

The strength of our study is that we performed a systematic analysis to identify SDGs in different HNC
grades using a pubic database, with experimental validation. This work may help shed light on the HNC
malignant progression and develop new targeted drugs. Several limitations should not be ignored in this
study. Firstly, the sample number is too small to reach a robust conclusion that applies to all tumors in
the head and neck. Secondly, the exact mechanisms how these SDGs drive malignancy transformation
from low-grade to high-grade are still unknown. Lastly, we failed to examine the signi�cance of SDGs for
all clinical implications, such as therapy modality. Notwithstanding its limitations, this study does provide
a preliminary overview of SDGs pro�le in HNC and these limitations can be solved if there are enough
data in the future.

Conclusions
In conclusion, we identi�ed different SDGs expression pro�les between the high and low-grade HNC
grades by analyzing the pubic database and the experiment. This study explains the prognostic genes
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and survival of HNC from the perspectives of bioinformatics. However, there still needs further validations
to con�rm the �ndings of our study.
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Figures

Figure 1

Differential expression of SDGs in HNC samples. (A) heatmap of SDGs expression pro�les in low-grade
and high-grade HNC samples. The red color indicates the up-regulated genes and green indicates down-
regulated genes. L: low-grade; H: high-grade. (B) Volcano plot of SDGs in low-grade and high-grade HNC
samples. The red dots represent upregulated genes, and the green dots represent downregulated genes.
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Figure 2

Enrichment analysis of SDGs. (A) bar plot of GO analysis, including the BP, CC and MF analysis. (B)
bubble diagram of GO analysis. The larger bubble and darker color indicated the more signi�cant
enrichment process. (C) bar plot of KEGG analysis. (D) bubble diagram of KEGG analysis.
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Figure 3

Characteristics of risk SDGs in the prognostic forest plot models. P values and hazard ratios of the risk
SDGs for the (A) DSS and (B) PFS models are shown.

Figure 4
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K-M curves of HNC patients. Kaplan-Meier curve for (A) DSS and (B) PFS in the high-risk and low-risk
groups when strati�ed by the risk score.

Figure 5

Risk score analysis based on the gene signature in the HNC group. DSS: (A), (C), (E); PFS: (B), (D), (F).
Upper panel: heatmap of UBD, CXCL14, SLC44A1 and PPP2R2C expression in HNC samples. The colors
from green to red indicate the expression level from low to high. Middle panel: patient survival status and
time distributed by risk score. The dotted line indicates the individual in�ection point of the risk score
curve, by which the patients were categorized into low-risk and high-risk groups. Bottom panel: risk score
curve of the autophagy signature. The green dots represent patients alive and the red dots represent the
dead.
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Figure 6

Forest plots of prognostic risk factors. Univariate cox regression forest plots of (A) DSS and (C) PFS.
Multivariate cox regression forest plots of (B) DSS and (D) PFS.
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Figure 7

Prognostic performance of the risk factors models. ROC curves demonstrated the predictive abilities for
(A) DSS and (B) PFS. The AUC ranges from 0.5 to 1.0. The AUC closes to 1.0, implying the more accurate
it predicts. AUC: area under curve.
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Figure 8

correlations between SDGs and clinical features. (A) UBD expression level and HPV status. (B) PPP2R2C
expression level and HPV status. Risk score level and the HPV status in the DSS (C) and PFS (D) groups.
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Figure 9

Four prognostic genes expression pro�les and their correlations with HPV status in the clinical
specimens’ tissues. (A)UBD, (B) PPP2R2C, (C) SLC44A1 and (D)CXCL14 expression levels in the high
grade (III/IV) and low grade (I/II) HNC. (E)UBD, (F) PPP2R2C, (G) SLC44A1 and (H) CXCL14 expression
levels in the HPV (+) and HPV (-) HNC patients. *: signi�cantly different. ns: not signi�cant.
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