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Head and neck cancer (HNC) is the sixth most common cancer wdédwide. Over the last

decade, an enormous amount of well-annotated gene and drug dta has accumulated

for HNC. However, a comprehensive repository is not yet aviaible. Here, we constructed

the Head and Neck Cancer Database (HNCDB: http://hncdb.canerbio.info) using text
mining followed by manual curation of the literature to caktt reliable information on
the HNC-related genes and drugs. The high-throughput gene xpression data for HNC

were also integrated into HNCDB. HNCDB includes the followg three separate but

closely related components: “HNC GENE,” “Connectivity Map) and “ANALYSIS.” The

“HNC GENE” component contains comprehensive informatiorofr the 1,173 HNC-related

genes manually curated from 2,564 publications. The “Connativity Map” includes

information on the potential connections between the 176 digs manually curated from
2,032 publications and the 1,173 HNC-related genes. The “AMLYSIS” component

allows users to conduct correlation, differential expresen, and survival analyses in the
2,403 samples from 78 HNC gene expression datasets. Taken wether, we believe

that HNCDB will be of signi cant bene t for the HNC communityand promote further

advances for precision medicine research on HNC.
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INTRODUCTION

Head and neck cancer (HNC) is characterized by tumors thatiom the head and neck regions,
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excluding the eyes, brain, ears, thyroid, and esophagubelpast 10 years, the incidence of head
and neck cancer has increased signi cantly, with an aveodge&00,000 new patients per year, and
has become the sixth most common cancer in the world todgyRased on its underlying cause,
head and neck cancer is divided into the following two majaegaries: HPV-negative head and
neck cancer associated with smoking and drinking and HPV4{pashead and neck cancer caused
by high-risk HPV. According to the size and developmentafstaf the head and neck cancer
tumor, the main treatment methods are surgery, chemotheraggiotherapy, molecular targeted
therapy and multimethod combination therapg)( Although concurrent chemoradiotherapy can
greatly promote e ective treatment of head and neck canceorsicderable number of patients are
intolerant to this treatment. Cetuximab is a targeted drog EGFR and is the only molecularly
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targeted therapy for head and neck cancer, but cetuximablis onfor HNC, such as “HNC,” “HNCSCC,” “head and neck cancer,’

e ective in 10-13% of patients with head and neck can8grAt  “oral cancer,” “throat cancer,” “laryngeal cancer,’” “phaggal

present, the 5-year survival rate of patients with head andkneacancer,” and “oropharyngeal cancer.” Each abstract wasisdan

cancer is still only 50-60%. Therefore, new treatment meshodor genes and drugs obtained from HGN®){ ENTREZ Gene

are needed to enrich the treatment of head and neck cancé®), OMIM (10), UniProt (11), and DrugBank {2). As a result,

and improve the survival rate of patients with head and neckd8,324 abstracts were found to contain gene informatiord an

cancer, which necessitates the understanding of the uyiderl 40,478 abstracts were found to contain drug informationefth

molecular biology of HNC. a text mining strategy was then applied to assess the geneséisea
Over the last decade, research in HNC has led to an enormowassociation and drug-disease association in these atsstide

amount of well-annotated data on the molecular biology ofcalculated the score of the gene-disease associations|SGO

HNC that is freely accessible at PubMed, which is maintainedrug-disease associations (SDDs) as follows:

by the US National Library of Medicine. However, PubMed is

not speci cally designed for HNC, and it is tedious and time-  SGDD N¢  WcC FLAGyene Nhne  Whnc C FLAG ¢

consuming to nd the information of interest. Several HNC- Ngene Wgene 1)

speci ¢ databases have been established to solve this problem g g

HNOCDB is a comprehensive database of genes relevant to PP D Ne WeCFLAGiug  Ninc WhncC FLAGnc

HNC and was constructed based on text mining on PubM&d ( Ndrug  Wdrug 2

HNdb is an integrated database of gene and protein infornmatio

that covers genomics, transcriptomics, proteomics, ancdlitee ~ where Nc is the number of sentences containing both

evidence for HNC §). OrCGDB is a database of genes involveddNC-relevant and gene/drug-relevant terms, amg is the

in oral cancer ). However, none of these databases provideorresponding weight;Np,c is the number of sentences

insights into the treatment of HNC. To successfully treat acontaining only HNC-relevant terms, andwp, is the

disease, the disease symptoms ultimately need to be codnecg®rresponding weight;Ngene is the number of sentences

with altered gene function(s) and clinically used drugsygh containing only gene-relevant terms, an@gene is the

highlighting the necessity of understanding disease-spgene- ~ corresponding weight; andNy.g is the number of sentences

drug relationships. containing only drug-relevant terms, andvyyg is the
The rapid development of high-throughput technology corresponding weightFLAGgeneindicates if any gene-relevant

methods, such as RNA sequencing and microarray, has resultégrms exist in the whole abstradtLAGyene D 1 means that

in large amounts of transcriptomic data on HNC. The gene-relevant terms exist, whiELAGyene D 0 means that

gene expression analysis of transcriptomic data is useful f@ene-relevant terms do not exisSELAGyg indicates if any

understanding cancer biology and nding candidate druggtets. ~ drug-relevant terms exist in the whole abstraeLAGyyg D 1

The NCBI GEO database and the Cancer Genome Atlas (TCGA)eans that drug-relevant terms exist, wileAGyg D 0 means

projects host transcriptomic data for tens of thousands othat drug-relevant terms do not exist.

cancer samples. However, there is still a gap between cancerWe developed a web server to facilitate the curation process.

genomic data and data mining for users without high-thropgh ~ For gene curation in each abstract, the keywords indicating

analysis skills. In particular, a database that integratesedge ~ disease name, gene name, molecular event, and molecular

from literature text mining and high-throughput data is laoky ~ function were highlighted, and the candidate genes weteditor

for HNC. manual review igure SJ. For drug curation in each abstract,
Here, we present an integrated database called the Head atit® keywords indicating disease name, drug name, and drug

Neck Cancer Database (HNCDB) dedicated to addressing thecacy were highlighted, and the candidate drugs were tiste

above issues. We constructed HNCDB by integrating liteeatu for manual review Figure SJ. The corresponding evidence of

text mining of PubMed abstracts and high-throughput genemolecular and genetic changes from each abstract was also

expression data collected from the GEO and TCGA databasesllected. A MySQL relational database system was builote st

for HNC (Figure 1A). The literature text mining process was the curated information.

followed by manual curation to collect reliable informatio . .

on HNC-related genes and drugs. R packages were used &pPllection of HNC-related Expression

implement the gene expression analysis methods. The databddatasets

is available at http://hncdb.cancerbio.info. The HNC-related keywords were used to query the NCBI GEO

database. The microarray expression datasets togetherthdth
clinical data were downloaded. All the data were manually

MATERIALS AND METHODS curated. Additionally, we collected processed expressida da

. of the TCGA samples from Broad Institute's Fireho4é&)(and
Collection of HNC-related Genes and TANRIC (14) databF:ases. &
Drugs

HNC-related genes and drugs were collected using the previolProbe Reannotation
reported strategy 7). Briey, HNC-related abstracts were All probe sequences from the dierent platforms were
extracted from NCBI PubMed using the disease-related kegsvor downloaded from the ocial website. The probes were
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FIGURE 1 | Construction of HNCDB. (A) Flowchart of the database construction process.(B) HNC-related abstracts associated with gene dysregulatiormn HNC. (C)

HNC-related abstracts associated with drug ef cacy in HNC.(D) Summary of the HNC gene expression dataset in HNCDB.

reannotated following the previously reported procedur&s).( same probe set and ensured that there were at least 3 perfectly
First, all the probe sequences from the di erent platforms weranatching and adjacent probes in each probe set. Second, we
aligned to the human genome (GRCh38) using a BLAST-likenapped the probes to their coding genes or IncRNAs according
alignment tool (BLAT) (6). Only the alignments with no more to their genomic coordinates. If any probes were targetedtb b
than one mismatch, no gaps and a similarity score larger thanoding genes and IncRNAs, we only preserved the annotation of
90 were preserved. In general, probes (50-60 nucleotidas) frathe coding genes.

Agilent, lllumina, and other companies were designed to teca L .

target genes or transcripts. The microarrays from A ymetrix Normalization of the Microarray

utilized a probe set containing a group of 25-mer probes tdExpression Data

represent a gene or transcript. Thus, for the A ymetrix data,For the A ymetrix data, raw CEL les were obtained when
we combined probes that specically corresponded to thepossible and normalized with the RMA algorithm (“a y” package
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v. 1.26 (7) or “apt-probeset-summarize” in A ymetrix Power RESULTS

Tools v. 1.19.0). The datasets from Agilent, lllumina, artiteo

platforms were quantile-normalized with the Limma packagfpata Summary o i i

(18). For certain studies that lacked raw data, we used the datd'€"® Were 1,173 genes implicated in dysregulation (such
downregulation, polymorphism, DNA

matrix provided in the GEO database as a normalized expressid’r? hO\I/erexpreSS|qn, deleti i cati d a0
matrix. In addition, each gene was log2 transformed if it waé"e‘ ylation, mutation, deletion, ampli cation and trans n)

not already in log space. Next, all the probes were transformeld HNC from 2,564 abstracts. In total, 17_6 drugs associat w
to gene names based on the reannotation le. The averadySegulation were shown to be e ective as HNC treatment

expression was calculated to represent this gene when multip%udCh as Sectlve in clt|n|caldtr|als,t e ectlyel in bzt;\smf resdﬂgrg?)z
probes targeted a given gene. and no adverse events and controversial e ects) from 2,

abstracts Figures 1B,Q. In addition, 78 expression datasets in
. . . . 13 platforms containing 2,403 samples were obtained from the
Differential Expression Analysis NCBI GEO and TCGA databaseBigure 1D). The probes were
Tumor samples vs. normal samples, HPV-positive samples Mgannotated to map their protein-coding genes or IncRNAs. In

HPV-negative samples and smokers vs. non-smokers were Usgfial, 17,883 coding genes and 4,158 IncRNAs were identied i
as the categories for di erential expression analysis. Foh eag|| samples.

condition, the dierential expression analysis was performed

with the Limma package1¢). P < 0.05 was used as the Web Interface and Usage

signi cance threshold. We utilized a robust rank aggregati HNCDB is available at http://hncdb.cancerbio.info and umbés
algorithm to integrate the di erential expression analysisuks the following three separate but closely related components:
from di erent microarray studies in an unbiased mannetrd.  “HNC GENE,” “Connectivity Map,” and “ANALYSIS.”

The aggregation rank score (AR score) represents the irtesjra

rank from the meta-analysis of the fold-change in the di eren HNC Gene _
microarray studies. An interactive heatmap was implemented to present the

di erential expression results of the 1,173 HNC-related gene
- across all the datasetd-igure 2A). Dierential expression
Building _th_e HNC-related Drug-Gene analyses were performed between tumor and normal HNC
Connectivity Map samples or between HPV-positive and HPV-negative HNC
The HNC-related genes and drugs collected from text miningsamples. The log2 (fold change) value from the dierential
were used to build a drug-gene connectivity map modi ed fromexpression analysis of each dataset was presented in the
a previous studyZ0). Brie y, we assigned a connectivity score,interactive heatmap. A meta-score obtained by aggregating
ga» for each possible pair of HNC-related genes and drugs usinge fold change from all the datasets using R package

aregularized log-odds function as shown in formu ( “RobustRankAggreg” 10) was provided in the heatmap.
Moreover, the number of PubMed abstracts supporting each
dfyg PC HNC-related gene was also provided. Users are able to browse
gdD |H(W) (1C Corryg) (3)  the dierentially expressed HNC-related gene in each dataset

with search and sort functions. A search box helps users quickly

locate HNC-related genes of interest. Furthermore, users can
wheredfyq is the number of PubMed abstracts in which gene andsort the HNC-related genes based on the meta-scores, number
drug terms co-occurredify and dfy are the number of PubMed  of supporting PubMed abstracts and fold change values derived
abstracts in which gene g and drug d are mentioned, respégtivefrom each study. The detailed information for the di erentia
P is the number of total PubMed abstracts related to HNCiexpression of the HNC-related gene of interest in a certain
Corryq is the average absolute Pearson correlation between tigtaset was shown when the box representing the fold change
expression of drug d targets and gene g in all the gene expressig clicked Figure 2B). The detailed information is composed of
datasets; and is a small constant introduced to avoid domain the following four sections: “Gene Basic Information” canta

errors—and here, we letD 1. the gene name and external database IDs of the selected gene;
“Gene Records” contains the PubMed abstracts that contain the
Survival Analysis detailed information about the relationship between thiested

The R package “survival” was used to perform survival analysigene and HNC; “Gene expression” contains a boxplot showing
Univariate Cox proportional hazards regression analysis wd8€ di erential expression between tumor and normal sam.ples
performed to assess the associations between survival med g@ Petween HPV-positive and HPV-negative HNC samples; and

expression in the datasets we collected containing overaihal  SUrvival” shows the Kaplan-Meier survival plots describing
data or progression-free survival data. the association between the expression of the selected gene

and survival.
Implementation of a Web Server Connectivity Map
A Linux server hosted the MySQL database, and JavaScript wHse “Connectivity Map” is designed to connect the HNC-rethte
used to build the web page. genes and drugs in the context of HNC disease, which is expected
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MMP13 10027405 unclassified MMP-13 expression was especially abundant in vulvar carcinomas showing metastasi.
MMP13 15291964 overexpression increased expression was observed in highly invasive tumors, as reflected by the.
MMP13 18368586 overexpression High MMP-13 staining intensity predicted poor survival (3 vs 1; p=0.08) in the w.
MMP13 9924429 overexpression collagenase-3 expression may contribute to the progression of a significant subs.
\ J
FIGURE 2 | Web interface for “HNC GENE” in HNCDB(A) An interactive heatmap displaying the differential expre®on results of the 1,173 HNC-related genes
across all the HNC gene expression datasets(B) Detailed information of a selected gene in a certain dataset

to provide insights into potential new strategies for HNCthat contain the HNC-related gene and drug are displayed in
treatment. An interactive heatmap was implemented to preserthe rst column and the rst row, respectively. By clicking the
the Connectivity Map[igure 3A). The 1,173 HNC-related genes number, users able to check the details of papers that dishass t
are shown as rows of the heatmap, and the 176 HNC-relategenes or drugs of interest. Users can explore the “Connegctivi
drugs are shown as columns. Each cell in the heatmap is thdap” by searching for the genes or drugs of interest in the
“connectivity score” that represents the association gitierof  search box. By clicking the “connectivity score” cell, usars c
the gene-drug pair. In addition, the number of PubMed abstact obtain detailed information about the connection of theeszed
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FIGURE 3 | Web interface for “Connectivity Map” in HNCDB(A) The interactive heatmap of the “connectivity score” for théiNC-related gene and drug pair.(B)
Detailed information of a selected HNC-related gene-drug ar.

genes and drugs~(gure 3B). The detailed information for the “HPV-positive” and “HPV-negative” samples or “tumor” and
connectivity map includes six sections. “Drug Information “normal” HNC samples. A heatmap shows the signi cant
shows the basic information from DrugBank about the seléctedi erentially expressed genes in the selected dat&sgti(e 4A).
drug. “Drug Records” shows the PubMed evidence supportingsers can click “Show Result Table” to browse more details of
the association between the selected drug and HNC. Moreovehe di erential expression analysis resulEdqure 4B). A boxplot
gene-related information, such as “Basic Gene Informationrepresenting the di erential expression of a gene of interest
“Gene Records,” “Gene Expression,” and “Survival” are alds displayed when users click on the gene name in the table

shown for the selected gene as described above. (Figure 40). “Correlation analysis” allows users to investigate
the coexpression between two genes in the selected dathset. T
Analysis correlation between the two genes is shown as a scatter plot

The “ANALYSIS” module implements three analysis methodgFigure 4D). In “survival analysis,” users can obtain the results
including “di erential expression analysis,” “correlati@malysis,” of a univariate Cox proportional hazards regression analysis
and “survival analysis.” Users can interactively performsthe assess the relationship between survival and the expresisioa
analyses on 2,403 HNC samples collected from the GEG@ene of interestigure 45). In addition, users can input multiple
and TCGA databases. “Di erential expression analysis” allowgenes of interest to perform multivariate Cox model survival
users to perform dierential expression analysis betweemnalysisEigure 4F).
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FIGURE 4 | Web interface for “ANALYSIS” in HNCDB(A) A heatmap showing all the differentially expressed genes wne selected HNC gene expression dataset(B)
Detailed information of the results of the differential expssion analysis.(C) Box plot showing the differentially expressed gene of intest in the selected dataset.(D)
Scatter plot showing the result of the correlation analysigE) KM plot showing the result of the univariate survival analiss (F) KM plot showing the result of the
multivariate survival analysis.

An Application Example: Oncogenic Role
of EGFR in Head and Neck Cancer and its

Clinical Implication, as Revealed by
HNCDB

expressed in HNC, and its expression is associated with poor
outcomes in patients with HNCZAY, 22). The overexpression

of EGFRactivates signaling pathways that lead to cell division,
the inhibition of apoptosis, cell invasion, and angiogenesis
(23). Consistent with previous studies, 55 HNC-related PubMed

EGFRknown as epidermal growth factor receptor, is a membeabstracts indicated thaEGFRwas dysregulated in HNC, and
of the erbB family of receptor tyrosine kinases. EGFR is ighl42 out of the 55 PubMed abstracts showed tfaBFRwas
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FIGURE 5 | Oncogenic role of EGFRin head and neck cancer and its clinical implication, as rexaed by HNCDB. (A) The PubMed abstracts indicating a relationship
between EGFR and HNC(B) Signi cant upregulation of EGFR in tumor samples compared tan normal samples in the HNC gene expression datasets colléed in
HNCDB. (C) The connectivity score for the identi ed drugs and EGFR(D) Correlation between EGFR and the two targets of quercetin (ENK2A1 and HSP90AAL).

overexpressed in HNGH{gure 5A). MoreoverEGFRwas found increased survival after chemotherapy for metastatic asment

to be signi cantly upregulated in tumor samples compared todisease and after radiation therapy for locally advancedadise

normal samples, as shown in 10 of the 23 HNC datasets collecté#l, 25). Consistently, as shown in the “Connectivity Map”

in HNCDB (Figure 5B). of HNCDB, cetuximab and EGFR have high connectivity
EGFR is the most validated molecular target in the treatmenscores [igure 5C). Among all the drugs that have high

of HNC. The monoclonal antibody cetuximab is an approvedconnections with EGFR, the drugs cetuximab, ge tinib, énit,

drug that targets EGFR in HNC and is associated witlpanitumumab, lapatinib, and trastuzumab directly target BGF
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as recorded in the DrugBank databaségre 50. In addition, provide potential hypotheses for treating HNC in both basic
some drugs that have not been shown to directly target EGFResearch and clinical studies.

such as quercetin, also have a high connection with EGFR Anotherimportant application of HNCDB is that it can enable
(Figure 50). Quercetin is a avonoid natural product found HNC researchers who lack high-throughput analysis expedenc
in many foods and is e ective for metastatic inhibition in to explore high-throughput transcriptomic data in a convertien
HNC (26). We hypothesized that quercetin might be e ectivemanner. HNCDB implements many gene expression analysis
in HNC through the indirect targeting of EGFR. Indeed, methods in the “ANALYSIS” section. By using the “ANALYSIS”
we observed that EGFR was highly positively correlated witbection, users can easily test their hypotheses throughetitgal

the expression of HSP90AA1 and CSNK2A1, which are twexpression analysis, correlation analysis and survivalysisal
direct targets of quercetin that were identied by LC MS/MSMoreover, users can discover new ideas by exploring HNCDB.

(27) (Figure 5D). In conclusion, HNCDB is a useful resource for the
HNC research community. HNCDB provides a comprehensive
DISCUSSION collection of well-curated HNC-related genes and drugs a w

as their connectivity maps and interactive interfaces fonege

First, HNCDB is an integrated knowledgebase for HNC-expression analysis, all of which enables researchers ter bett
related genes. By using HNCDB, users can obtain adnderstand the cancer biology of HNC and develop useful
overview of the knowledge about HNC simply, quickly andclinical treatments for patients with HNC. In the future, HNIB
accurately. The HNC-related genes along with evidence fromill be continuously updated. New HNC-related genes and drugs
PubMed are presented together with gene expression da@gene expression data, and other high-throughput data, such as
in an interactive heatmap. Through some mouse clickingyvhole-genome/exome sequencing and methylation data, will b
users can quickly nd information in the literature about added to HNCDB. We believe that HNCDB has the potential to
the genes of interest and the gene expression pattern ipecome aroutinely used knowledgebase for HNC research.
HNC samples.

The ultimate goal in biomedical research is to establis®DATA AVAILABILITY
networks that connect genes and drugs in the context of a speci
disease, thereby providing e ective drug candidates to ttkat Publicly available datasets were analyzed in this study. détia
disease. To this end, in 2006, Lamb et al. proposed the concegin be found here: http://hncdb.cancerbio.info.
of a “Connectivity Map” that connects the small molecules
and gene patterns associated with a speci c disea8e $ince AUTHOR CONTRIBUTIONS
then, various connectivity map projects have been undertake
to provide systemic solutions for the discovery of functibnazz, AY, and XP: study concepts. ZZ: study design. QZ, XL, XS,
connections between drugs, genes and diseases, as waligas @ind HZ: data acquisition. QZ, XL, and HW: quality control of
discovery and developmen?g, 30). However, this approach is data and algorithms. XL and ZZ: data analysis and interpiatat
time-consuming and costly since it requires the high-thgbput  XL: statistical analysis. ZZ and XL: manuscript preparatiot. Al
systematic screening of small molecules in human celllWés  authors have reviewed and edited the manuscript.
endorsed a computational strategy to build the connectirrigp
for HNC based on the highly curated knowledge in the literatu FUNDING
about HNC-related genes and drug&)]. The connectivity map

we implemented in HNCDB con rmed the known gene-drug This work was supported by grants from the National Key

relationship in HNC. Moreover, it also suggested new poténtiaResearch and Development Program [2017YFA0106700],
targeted therapy strategies for further experimental véiie  National Natural Science Foundation of China [81772614,
For instance, we found that EGFR had the highest Conney‘,tiVitU]_G:]_]_ZB]_], Fundamental Research Funds for the
score in the connectivity map. This is consistent with thet facCentral Universities (SYSU:17ykzd32), and Program for

that epidermal growth factor receptor (EGFR) inhibitors are th Guangdong Introducing Innovative and Entrepreneurial
only targeted agents that have been approved to treat HNC so fafeams [20172T07S096].

Moreover, we found that EGFR showed a high connectivity score

with 20 drugs, among which ge tinib, panitumumab, erlotinib SUPPLEMENTARY MATERIAL
lapatinib, cetuximab, and trastuzumab are known drugs that

target EGFR, as recorded in DrugBank. Some drugs, such ffie Supplementary Material for this article can be found
quercetin, have no evidence to support that they directly€arg gnjine at:  https:/Amww.frontiersin.org/articles/10.388nc.
EGFR but show a high connection. Quercetin is a major dietargyy 9 00371/full#supplementary-material

avonol that exists in many fruits and vegetables. Previstuslies _ . N .

. . . . Figure S1 | HNCDB gene curation. The keywords indicating tumor site, gee
have shown that quercetm has potentlal therapeutlc e ects Irlllame and molecular event are highlighted with different cots. A curation box
cancers including HNC, prostate cancer and breast cancefiows the drug-disease association information extractedy the curator.
Quergetln has be,en shown to inhibit cancer cell grOWth ﬂgbu Figure S2 | HNCDB drug curation. The keywords indicating tumor site, drg
targeting EGFR in HNC cancer Ce"ﬂi- Taken tOQether- the name and drug ef cacy are highlighted with different colorsA curation box shows
“Connectivity Map” in HNCDB could serve as a useful tool tothe drug-disease association information extracted by theurator.
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