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Background: Dickkopf Wnt signaling pathway inhibitor (DKK) gene family, which is known to inhibit the Wnt regulation pro-
cess, is widely found in cancers. However, the roles and functions of specific family members in head and neck
squamous cell carcinoma (HNSCC) are still unclear.

Material/Methods: Online bioinformatics tools (Oncomine, UALCAN, Kaplan-Meier plotter, GEPIA, Metascape, and STRING) were
used to analyze the relationships between distinct DKKs and HNSCC. The transcriptome expression, clinical as-
sociation, functions, pathways, and protein-protein interaction networks of DKKs in HNSCC were explored.

Results: The mRNA expression of DKK1, DKK3, and Dickkopf-like acrosomal protein 1 (DKKL1) in HNSCC was signifi-
cantly higher than in normal tissues, while that of DKK4 was lower. The mRNA expression of DKK1, DKK3, and
DKKL1 was elevated in higher-grade HNSCC. The mRNA expression of DKK1 and DKK3 was elevated in human
papillomavirus (HPV)-negative HNSCC, while DKKL1 had a higher mRNA expression in HPV-positive HNSCC.
In addition, DKK1 was significantly associated with unfavorable overall survival in HNSCC patients. DKK3 was
more likely to be a negative factor for the 5-year survival rate, while DKK4 was the opposite. DKK1 function
was mainly enriched in GTPase-mediated signal transduction. Porcupine O-acyltransferase, a key regulator of
the Wnt signaling pathway, was also associated with DKK1 in the protein-protein interaction network.

Conclusions: With regard to improving the therapeutic strategies of HNSCC in the future, DKK1 could be an unfavorable
prognostic biomarker. DKK3, DKK4, and DKKL1 might be potential biomarkers for HNSCC.
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Background

Head and neck squamous cell carcinoma (HNSCC) has been
reported to be the sixth most common malignancy worldwide.
The most recent cancer statistics estimated that approximate-
ly 65 410 new cases and 14 620 deaths due to HNSCC were
projected to occur in the United States in 2019 [1]. Chronic ex-
posure to tobacco, tobacco-like products, and alcohol are well
known to increase the risk of HNSCC [2]. Moreover, due to the
emergence of a distinct subset of HPV-positive oropharyngeal
cancers, the epidemiology of HNSCC has changed dramatical-
ly in the past 2 decades [3].

In the past 30 years, the overall survival (OS) of HNSCC pa-
tients has not changed significantly. The 5-year OS of patients
with locally advanced disease is only 50%, and the OS of pa-
tients with relapsed or metastatic disease is approximately 6
months [4]. Therefore, an urgent need exists to uncover the
molecular mechanisms of HNSCC and develop new diagnos-
tic and/or therapeutic targets to facilitate early detection and
progression monitoring and improve treatment outcomes.

The Dickkopf Wnt signaling pathway inhibitor (DKK) gene fam-
ily, which comprises 4 members (DKK1-4) and a specific DKK3-
related gene (Dickkopf-like acrosomal protein 1 [DKKL1]), is relat-
ed to cancers through inhibition of the Wnt regulation process [5].
DKK1 has been reported to be increased in patient serum, and
overexpression of DKK1 was associated with a decrease in the OS
in patients with pancreatic ductal adenocarcinoma [6]. In HNSCC,
patients with DKK1 mutations had a lower distant metastasis rate
and a longer disease-free survival rate [7]. Meanwhile, DKK3 was
found to play a significant role in tumor suppression in pancre-
atic cancer, prostate cancer, gastric cancer, head and neck can-
cer (HNQ), breast cancer, and testicular cancer [8].

However, the roles of specific DKK family members in the de-
velopment and progression of HNSCC have not yet been fully
elucidated. We analyzed the expression of different DKK fam-
ily members in patients with HNSCC and the relationships be-
tween their expression and clinical parameters, using the online
bioinformatics tools Oncomine, UALCAN, Kaplan-Meier plot-
ter, GEPIA, Metascape, and STRING. In addition, we predicted
the functions, signaling pathways, and PPI networks of DKKs.

Material and Methods

Ethics statement

Our research protocol was approved by the Ethics Committee
of the Cancer Hospital of Shantou University Medical College.
All data were obtained from online databases. Additional writ-
ten informed consent was not required.
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Oncomine

Oncomine (https://www.oncomine.org) contains 18,000 cancer
gene expression profiles that have been standardized and ana-
lyzed to provide high-quality cancer transcriptome data to the
biomedical research community [9]. In our study, we utilized
the Oncomine database to analyze transcriptional levels of 5
different DKK members between different cancer tissues and
their normal control tissues. The statistical differences were
investigated by t test (P=0.01; fold change, 1.5; gene rank,
10%; data type, mRNA).

UALCAN

UALCAN (http://ualcan.path.uab.edu) is an interactive website
that utilizes TCGA level-3 RNA-sequencing and clinical data
from 31 cancer types to conduct in-depth analyses of TCGA
gene expression data [10]. In this study, we used UALCAN to
study the mRNA expression of 5 DKK family members in pri-
mary HNSCC tissues and their relationships with clinicopath-
ological parameters. The differences in transcriptional level
were compared by t test, and P<0.05 was considered statis-
tically significant.

Kaplan-Meier plotter

The prognostic value of the mRNA expression of distinct DKKs
in HNSCC was investigated through the Kaplan-Meier plotter
(http://kmplot.com/analysis/) [11]. In the Kaplan-Meier plot-
ter, cancer patients are divided into high- and low-expression
groups based on the median values for mRNA expression, and
the groups are compared on a Kaplan-Meier survival curve. The
differences are assessed by log-rank testing, and they are con-
sidered statistically significant if P<0.05.

GEPIA

GEPIA (http://gepia.cancer-pku.cn/) is a new web-based tool
that provides fast and customizable functions based on TCGA
and genotype-tissue expression data [12]. In this study, GEPIA
was used to detect the top 20 genes similar to 5 DKK family
members in HNSCC for further exploration.

Metascape

Metascape (https://metascape.org) is an interactive portal
designed to provide comprehensive gene list annotation and
analysis resources for research [13]. In this study, Metascape
was used to perform Gene Ontology (GO) enrichment analy-
sis and Kyoto Encyclopedia of Genes and Genomes (KEGG)
enrichment analysis for each DKK gene and the similar genes
detected by GEPIA. The P value was set to 0.05, and the min-
imum enrichment value was set to 3.
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STRING

STRING (https://string-db.org/) aims to collect, score, and in-
tegrate all publicly accessible protein-protein interaction (PPI)
data sources, and it predicts their potential functions [14]. In
this study, we performed a PPl network analysis of all DKKs
and similar genes to explore their interactions.

Results

Differential expression of 5 DKK family members in
patients with HNSCC

First, the mRNA expression level was studied through the
Oncomine and UALCAN. As shown in Figure 1 and Table 1, the
mRNA expression levels of 5 DKK family members were mea-
sured and compared with normal tissues for different kinds
of cancers, using the Oncomine database. Compared with
the normal controls, the mRNA expression of DKK1 and DKK3
in HNC was significantly higher, while the mRNA expression
of DKK2 and DKK4 was significantly lower. In HNSCC, DKK1
was overexpressed compared with normal tissues, with a
fold change of 3.734 (P=2.31E-14) in the head-neck dataset
of Peng et al. [15], while Toruner et al. [16] observed a 1.666-
fold increase in mRNA expression of DKK1 in HNSCC sam-
ples (P=0.005). For DKK2, significant downregulation was
found in HNSCC tissues compared with normal controls. The
results from the Ginos et al. [17] dataset showed that there
was a -2.451-fold (P=1.34E-06) change in mRNA expression in
HNSCC tissues. And, in the Peng et al. [17] dataset, a —1.883-
fold change in DKK2 mRNA expression was found in HNSCC
tissues compared with normal tissues (P=1.73E-10). Similarly,
Ginos et al. [17] found a -8.783-fold change in DKK4 mRNA
expression (=1.66E-10), while Peng et al. [15] found a -2.217-
fold change for it.

Next, we utilized UALCAN to study the mRNA expression
of 5 DKK family members based on the TCGA dataset. As
shown in Figure 2, the mRNA for DKK1, DKK3, and DKKL1
(Figure 2A, 2C, 2E) was significantly overexpressed in HNSCC
compared with normal tissue, while the DKK4 mRNA expres-
sion (Figure 2D) was significantly lower in HNSCC. However, the
mRNA expression of DKK2 (Figure 2B) had no statistical dif-
ference in the TCGA dataset. After comparing all results from
these 2 databases, we found convincing evidence that DKK1
and DKK3 were overexpressed in HNSCC patients at the mRNA
level, while DKK4 had low expression.

DATABASE ANALYSIS

mRNA expression of DKKs and clinicopathological
parameters of HNSCC

We also analyzed the relationship between the mRNA expres-
sion of specific DKK family members and the clinicopathological
parameters of HNSCC, including cancer stage, tumor grade, and
HPV status, through UALCAN. As shown in Figure 3, the mRNA
expression of DKK1, DKK3, DKK4, and DKKL1 (Figure 3A, 3C-3E)
did not correlate with tumor stage. For DKK1 (Figure 3A), mRNA
expression in stage 1 was significantly associated with the ex-
pression in stages 2—4.

However, as shown in Figure 4, the mRNA expression of DKK1,
DKK3, and DKKL1 (Figure 4A, 4C—4E) was significantly correlat-
ed with tumor grade, and the mRNA expression level of DKKs
tended to increase with the tumor grade. The mRNA expres-
sion in grade 4 was treated as an unreliable value due to the
small sample size (n=7). The expression of DKKL1 had signif-
icant correlations with tumor grade, while the expression of
DKK2 and DKK4 (Figure 4B, 4D) had no statistical correlation
with tumor grade.

The mRNA expression of DKK1 and DKK3 (Figure 5A, 5C) was
significantly associated with HPV status, and the level of mRNA
expression of DKK1 and DKK3 in HPV-negative patients tend-
ed to be higher. On the other hand, the level of DKKL1 mRNA
expression was higher in HPV-positive patients (Figure 5E).
The mRNA expression of DKK4 (Figure 5D) was not signifi-
cantly different between HPV-positive and HPV-negative pa-
tients. The mRNA expression of DKK2 (Figure 5B) had no sta-
tistical correlation with HPV status.

Prognostic Value of mRNA Expression of DKKs in HNSCC

We used the Kaplan-Meier plotter to analyze the prognos-
tic value of mRNA expression of distinct DKKs in HNSCC pa-
tients. As shown in Figure 6, the mRNA expression of DKK1,
DKK3, and DKK4 (Figure 6A, 6C, 6D) was statistically associ-
ated with prognosis in HNSCC patients. The mRNA expres-
sion of DKK3 and DKK4 (hazard ratio [HR]=1.46, 95% confi-
dence interval [Cl]: 1.11-1.92, P=0.0066, and HR=0.76, 95%
Cl: 0.58-0.99, P=0.045, respectively) had statistical differenc-
es for OS of HNSCC patients. However, due to the influence of
confounding factors, the survival curves of DKK3 and DKK4 in-
tersected. DKK3 was more likely to be an unfavorable factor in
prognosis, while DKK4 was more likely to be a favorable prog-
nostic factor for 5-year survival rate. High expression of DKK1
(HR=2.12, 95% Cl: 1.61-2.79, P=4.4e-08) was significantly as-
sociated with poor prognosis in HNSCC patients.
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Figure 1. The mRNA expression of DKKs in 20
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Table 1. Expression of DKKs at the transcription level in HNC and normal tissues (Oncomine).

Types of HNC vs. NC

Oral cavity squamous cell carcinoma
T
Oral cavity squamous cell carcinoma
Head and neck squamous cell carcinoma
Oral cavity squamous cell carcinoma
2 e
Floor of the mouth carcinoma
Tongue carcinoma
DKK3 Nasopharyngeal carcinoma
Head and neck squamous cell carcinoma
PLGER e

Oral cavity squamous cell carcinoma

Fold change

inhibitor.
]
[T
300
265

P value t Test Reference

2.31E-14 9.378 Peng et al. [15]
666 0005 2872 Toruner et al. [16]
451 134806 -5311 Ginosetal.[17]
883 17310 8124 Pengetal [15]
963 186E04  -4111 Pyeon etal.[18]
""""""""""" 488E-04 3743 Pyeonetal[18]
196 196E05 4777 Sengupta et al. [19]
783 166E10  -8783 Ginosetal.[17]
217 23311 9586 Pengetal [15]

HNC - head and neck cancer; DKK — Dickkopf Wnt signaling pathway inhibitor; NC — normal control.

Functions and pathways of DKKs and similar genes in
HNSCC

Similar genes may have similar functions. Therefore, we used
GEPIA to predict the top 20 genes that were similar to 5 DKK
family members in HNSCC. Then, we used Metascape to per-
form GO enrichment analysis and KEGG pathway enrichment
analysis on these genes to predict the functions and pathways
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of distinct DKKs. As shown in Figure 7, DKK1 function appeared
to be mainly related to small GTPase-mediated signal transduc-
tion, transmembrane receptor protein tyrosine kinase signal-
ing pathway, and positive regulation of cell death (Figure 7A).
DKK2 function appeared to be related to blood vessel devel-
opment, multicellular organismal homeostasis, and endotheli-
um development (Figure 7B). Cell adhesion molecule binding,
extracellular matrix organization, and endoplasmic reticulum
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Figure 2. (A—E) The mRNA expressions of distinct DKKs in HNSCC tissues and normal controls (UALCAN). *** P<0.001. DKK, Dickkopf
Whnt signaling pathway inhibitor; HNSCC, head and neck squamous cell carcinoma.

lumen could be associated with DKK3 (Figure 7C) function.
DKK4 function seemed to be related to receptor regulator ac-
tivity, receptor ligand activity, and cellular response to hor-
mone stimulus (Figure 7D). A search of GEPIA for genes similar
to DKKL1 had no result due to the small gene list (Figure 7E).
Due to limited enrichment conditions, there were no outcomes
for the KEGG pathway.

PPI network analysis of All DKKs and similar genes

Lastly, to further explore the interactions between DKKs and
similar genes, we conducted a PPl network analysis through
STRING. Unqualified genes were removed. As shown in Figure 8,
DKK1 and DKK2 were associated with every other DKK. DKK1
was also related to parathyroid hormone, fibroblast growth
factor, and porcupine O-acyltransferase (PORCN). DKK4 and
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Figure 3. (A-E) Relationship between the mRNA expression of distinct DKKs and tumor stage of HNSCC patients. * P<0.05, ** P<0.01,
*** P<0.001. DKK — Dickkopf Wnt signaling pathway inhibitor; HNSCC — head and neck squamous cell carcinoma.
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Figure 4. (A-E) Association of the mRNA expression of distinct DKKs and tumor grades of HNSCC patients. * P<0.05, ** P<0.01,
*** P<0.001. DKK — Dickkopf Wnt signaling pathway inhibitor; HNSCC — head and neck squamous cell carcinoma.
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Figure 5. (A—E) Association of the mRNA expression of distinct DKKs with the HPV status of HNSCC patients. HPV status and viral
subtypes were assessed by DNA sequencing and PathSeq algorithm [20]. * P<0.05, ** P<0.01, *** P<0.001. DKK — Dickkopf
Wnt signaling pathway inhibitor; HNSCC — head and neck squamous cell carcinoma; HPV — human papillomavirus.
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Figure 6. (A—E) Prognostic value of the mRNA expression of distinct DKKs in HNSCC patients (Kaplan-Meier Plotter). DKK — Dickkopf
Whnt signaling pathway inhibitor; HNSCC — head and neck squamous cell carcinoma.
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Figure 7. (A-E) Possible functions and pathways of distinct DKKs and the top 20 similar genes in HNSCC. DKK — Dickkopf Wnt signaling
pathway inhibitor; HNSCC — head and neck squamous cell carcinoma.
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Figure 8. PPl network of all DKKs and their similar genes. PPl — protein—protein interaction; DKK — Dickkopf Wnt signaling pathway

inhibitor; HNSCC — head and neck squamous cell carcinoma.
DKKL1 were related to every other DKK except DKK3. DKK3

was only related to DKK1 and DKK2. Finally, DKKL1 was also
related to fibulin 5 (FBLN5).

Discussion

DKKs are associated with many cancers, including pancreatic
cancer, prostate cancer, stomach cancer, HNC, breast cancer,

and testicular cancer [5-8]. However, the role of different DKK
family members in the occurrence and development of HNC
remains unknown. To clarify this relationship, we analyzed the
expression, clinicopathological relationship, prognostic value,
and functions of each DKK family member.

DKK1 is a secreted protein that can inhibit the Wnt signal trans-
duction pathway [21]. Previous studies showed that DKK1 had
a proapoptotic effect on tumor cells by inhibiting the classic

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€927368-11




DATABASE ANALYSIS

pathway by downregulating B-catenin [22]. In thyroid cancer,
DKK1 inhibited tumor cell survival and migration by regulating
Wnt/B-catenin signaling and E-cadherin expression [23]. DKK1
was also found to be overexpressed in hepatocellular carcino-
ma, and ectopic expression of DKK1 promoted tumor cell migra-
tion and invasion at least partly through the B-catenin/MMP7
signal axis [24]. The frequent allele loss of the DKK-1 locus
(10g11.2) was reported to be associated with low distant me-
tastasis of HNSCC and better prognosis [7]. In addition, in-
creased DKK1 expression was an independent poor prognos-
tic indicator of survival in HNSCC [25]. In our study, DKK1 was
overexpressed in HNSCC compared with normal tissues in the
Oncomine and TCGA databases. In addition, the mRNA expres-
sion of DKK1 was correlated with tumor grade and HPV sta-
tus. The mRNA expression level of DKK1 tended to be higher
as the tumor grade increased. The mRNA expression of DKK1
in HPV-negative patients also tended to be higher. Higher ex-
pression of DKK1 in patients with HNSCC was significantly as-
sociated with poor OS. The function of DKK1 was mainly en-
riched in GTPase-mediated signal transduction, which might
indicate the signaling mechanism of DKK1 in HNSCC. PORCN,
a key regulator of the Wnt signaling pathway, was also asso-
ciated with DKK1 in the PPI network. These results are consis-
tent with previous findings in HNSCC and suggest that DKK1
may be an unfavorable prognostic biomarker for HNSCC, thus
deserving further study.

To date, little is known about the expression and role of DKK2
in cancers (especially in HNSCC). MicroRNA (miR)-21 was found
to be overexpressed and correlated with tumor invasion in
tongue cancer, and miR-21 was reported to promote cancer cell
invasion via the Wnt/B-catenin pathway by targeting DKK2 in
vitro [26]. Other reports suggested that downregulating DKK2
could suppress the proliferation and invasion of prostate cancer
cells. Further, it was also shown that DKK2 caused tumor im-
mune evasion and correlated with poor prognosis in pancreatic
ductal adenocarcinoma [27]. Our results on DKK2 were incon-
sistent with previous studies of HNSCC. Using the Oncomine
database, we found that the mRNA expression of DKK2 sig-
nificantly declined in HNSCC, but no statistical difference was
found based on the TCGA database. Moreover, no correlation
was found between the mRNA expression of DKK2 and clini-
cal-pathological parameters, indicating that DKK2 might not
be a suitable biomarker for HNSCC.

Although DKK3 belongs to the DKK family, DKK3 did not seem
to antagonize Wnt signaling because DKK3 did not bind to li-
poprotein receptor-related or Kremen protein [5], making the
biological role of DKK3 unclear. The previous study demon-
strated that DKK3 protein expression was widely expressed in
HNSCC and its precursor lesions [5]. In addition, patients with
DKK3 expression displayed lower disease-free and metasta-
sis-free survival [28]. Knockdown of DKK3 reduced cancer cell
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migration and invasion independently of the Wnt pathways
in oral squamous cell carcinoma-derived cells [29]. But in pap-
illary thyroid carcinoma, knockdown demonstrated that the
DKK3 gene was a potential tumor suppressor gene, and aber-
rant promoter methylation was a significant mechanism for
its downregulation [30]. In our study, DKK3 mRNA was over-
expressed in the Oncomine and TCGA databases, and it was
correlated with tumor grade and HPV status. The higher mRNA
expression of DKK3 correlated with an unfavorable progno-
sis for the 5-year survival rate in HNSCC patients. Of note, the
function of DKK3 was mainly enriched in cell adhesion mol-
ecule binding, which might reveal its functional mechanism.
DKK3 was only related with DKK1 and DKK2 in the PPI net-
work, which suggests that it might not be significantly asso-
ciated with Wnt pathways. These results demonstrated that
DKK3 may participate in cell adhesion molecule binding to
regulate HNSCC progression and be a potentially unfavorable
prognostic factor for HNSCC.

The impact of DKK4 on the tumor process of HNSCC remains
unknown, and few studies have investigated DKK4 in HNSCC.
However, DKK4 transcription and translation have been de-
tected in hepatocellular carcinoma, colorectal cancer, gastric
cancer, pancreatic cancer, renal cell cancer, ovarian cancer, and
esophageal cancer. DKK4 tended to be downregulated in he-
patocellular carcinoma, but it was overexpressed in other can-
cers [31]. In our study, the mRNA expression of DKK4 in HNSCC
was significantly downregulated in the Oncomine and TCGA
databases. Higher mRNA expression of DKK4 had a favorable
prognosis for the 5-year survival rate in HNSCC patients. The
function of DKK4 was mostly enriched in receptor regulator
activity. These results indicate that DKK4 may be a potential
protective factor in HNSCC.

Among all DKKs, the least was known about DKKL1 and its
association with cancer. DKKL1 was found to be significant-
ly overexpressed in colorectal cancer compared with healthy
colon samples isolated from the same patient, and according
to the Dukes staging system, DKKL1 expression was positively
associated with disease progression [32]. In our study, no re-
sults were found in the Oncomine database, but in the TCGA
database, the mRNA expression level of DKKL1 in HNSCC was
significantly higher than in normal tissues. The mRNA expres-
sion of DKKL1 was also correlated with tumor grade and HPV
status. Therefore, the function of DKKL1 in HNSCC remains a
mystery. Whether DKKL1 could be a biomarker for HNSCC re-
quires further studies.

There are limitations to our research. First, this was a retro-
spective study, and all data were retrieved from online data-
bases, which may have led to a decline in reliability and va-
lidity. Large-scale prospective research should be conducted
in the future to validate our findings. Secondly, our research
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lacked in vitro or in vivo research, which should also be a focus
of future research. Thirdly, our results would be more valuable
if confirmed in a meta-analysis. Lastly, due to limited data, no
subgroup analysis was performed. These shortcomings need
to be addressed in future research.

Conclusions

In conclusion, this study provided a basic understanding of the
expression and clinical value of differently expressed DKKs in
HNSCC. Although DKKs belong to the same gene family, their
expression levels in HNSCC varied, indicating that they each
might have different functions in tumor progression. DKK1,
DKK3, and DKK4 were potential biomarkers that warrant further
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study. We also found that DKK1 was significantly associated
with poor OS in HNSCC patients. In addition, we found that
DKK3 was more likely to be a negative factor for the 5-year
survival rate, while DKK4 was the opposite. We also revealed
that the mRNA expression of DKKL1 was overexpressed in
HNSCC and significantly related to tumor grade and HPV sta-
tus. These results provide direction for developing new bio-
markers to promote future therapeutic strategies in HNSCC.
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