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ABSTRACT

Immunotherapy is currently one of the most viable therapies for head and neck squamous cell carcinoma
(HNSCC), characterized by high immune cell infiltration. The Wnt-signaling inhibitor and immune activation
mediator, Dickkopf-1 (DKK1), has a strong correlation with tumor growth, tumor microenvironment, and,
consequently, disease prognosis. Nevertheless, it is still unclear how DKK1 expression, HNSCC prognosis, and
tumor-infiltrating lymphocytes are related. To better understand these associations, we examined how DKK1
expression varies across different tumor and normal tissues. In our study, we investigated the association
between DKK1 mRNA expression and clinical outcomes. Next, we assessed the link between DKK1 expression
and tumor immune cell infiltration. Additionally, using immunohistochemistry, we evaluated the expression
of DKK1 in 15 healthy head and neck tissue samples, and the expression of CD3, CD4, and DKK1 in 27 HNSCC
samples. We also explored aberrant DKK1 expression during tumorigenesis. DKK1 expression was remarkably
higher in HNSCC tissues than in healthy tissues, and was shown to be associated with tumor stage, grade,
lymph node metastasis, histology, and a dismal clinical prognosis in HNSCC. DKK1 expression in HNSCC
tissues was inversely correlated with CD3+ (P < 0.0001) and CD4+ (P < 0.0001) immune cell infiltration,
while that in immune cells was inversely associated with HNSCC prognosis. These findings offer a
bioinformatics perspective on the function of DKK1 in HNSCC immunotherapy and provide justification for
clinical research on DKK1-targeted HNSCC treatments. DKK1 is a central target for improving the efficacy of
HNSCC immunotherapy.
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INTRODUCTION

Head and neck squamous cell carcinoma (HNSCC)
ranks sixth among all cancers in terms of global
prevalence [1]. Clinicians diagnose more than 600,000
cases of HNSCC globally [2]. Approximately 95% of
head and neck cancers are HNSCC, which develops in
the mouth, hypopharynx, throat, or oropharynx [3]. The
five-year survival rate for patients with HNSCC is less
than 50%, despite the existence of intensive multimodal
treatment techniques, such as surgical intervention,
chemotherapy, radiation, targeted therapy, and immune
therapy [4]. This is primarily because 80-90% of
individuals with advanced HNSCC experience local
recurrence or distant metastases [5]. Therefore, identify-
ing novel therapeutic targets or possible biological
markers, as well as a comprehensive investigation of the
molecular processes underlying HNSCC progression,
will be crucial for developing additional treatment
modalities.

Recent research indicates a correlation between tumor-
infiltrating immune cells (T1ICs) and HNSCC prognosis
[6]. Numerous studies have demonstrated that the
number of invading immune cells in HNSCC represents
an antitumor immune response and is indicative of
overall survival (OS) [6]. Clinicians will have access to
more accurate prognostic data regarding HNSCC if they
have a better understanding of immune activities in the
tumor microenvironment (TME). Previous studies have
shown a link between TIIC and the onset and
development of HNSCC [7]. In HNSCC, tumor-
infiltrating lymphocytes (TIL), particularly T helper 1
(Th1) cells, promote interferon-mediated signaling and
increase the levels of programmed death ligand 1 (PD-
L1) in tumor tissues, thereby protecting them from a
tumor-directed immune response [8]. Macrophage
infiltration is critical for tumor immune escape, angio-
genesis, proliferation, and metastasis [9]. Circulating
CD4+CD25+FoxP3+ regulatory T (Treg) cells are
linked with a dismal prognosis in HNSCC [10]. While
previous studies have linked elevated Treg levels to
favorable prognosis in HNSCC [11], these findings
collectively suggest that TIICs may be a viable
treatment target for improving clinical outcomes in
individuals with HNSCC.

Dickkopf-1 (DKK1; a DKK family member) inhibits
the Whnt-signaling pathway, which, in several tissues
and many tumors, regulates a variety of biological and
cellular functions, such as cellular proliferation,
invasion, motility, apoptotic activity, and metastatic
spread, via both B-catenin-dependent and independent
pathways [12]. Recently, dysregulated DKK1 expres-
sion was identified as a possible biological marker of
cancer progression and a prognostic factor for a variety

of malignancies [13]. Recent research in colorectal
cancer has shown that, due to mismatch repair defects,
DKK1 can inactivate CD8+T Ilymphocytes, thereby
inhibiting the tumor response to PD-1 blockade therapy
[14]. Another study demonstrated that DKK1
overexpression influences the immune cell population
with anti-tumor antibody effects within the TME by
reducing CDA45+leukocyte infiltration levels and
decreasing the abundance of natural killer cells (NKSs)
and CD8+T cells [15]. In summary, DKK1 exerts its
immunomodulatory effects by enhancing Th2 cell
responses, impairing T cell function via myeloid-
derived suppressor cell (MDSC) regulation, and
inhibiting the growth of CD8+ T lymphocytes and NK
cells, thereby enhancing inflammation and cancer
immune escape [16].

Therefore, further studies on the role of DKKL1 in cancer
are warranted. While DKK1 plays several roles in the
TME, the fundamental processes involving TILs and
their impact on HNSCC progression, including the
potential association between DKK1 and TILs, remain
unclear. The main objective of this study was to explore
the relationship between DKK1 expression, HNSCC
prognosis, and TILs.

RESULTS

Different cancers express different levels of DKK1
mMRNA

The Oncomine database was used to analyze the
mRNA-expression levels of DKK1 in distinct
malignancies and matched normal tissues. DKK1
MRNA expression was higher in brain, central nervous
system, head and neck, pancreatic, lung, esophageal,
and liver cancers, but lower in bladder and prostate
cancers (Figure 1A). To verify the DKK1 expression
levels in various malignancies, we used the TIMER
database to analyze mRNA sequencing (mMRNA-Seq)
data from The Cancer Genome Atlas (TCGA).
Stomach adenocarcinoma (STAD), thyroid carcinoma
(THCA), HNSCC, lung squamous cell carcinoma
(LUSC), liver hepatocellular carcinoma (LIHC),
esophageal carcinoma (ESCA), colon adenocarcinoma
(COAD), and cholangiocarcinoma (CHOL) all showed
considerably higher DKK1 expression. DKK1 levels,
however, were substantially reduced in several
cancers, including prostate adenocarcinoma (PRAD),
kidney renal papillary cell carcinoma (KIRP), breast
invasive carcinoma (BRCA), kidney chromophobe
(KICH), and bladder urothelial carcinoma (BLCA).
These findings show that DKK1 was expressed at
varied levels in distinct malignancies, indicating that
DKK1 performs a variety of functions in different
tumors (Figure 1B).
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Figure 1. DKK1 expression in different cancers and its relationship with individual clinical characteristics of HNSCC. (A) DKK1
MRNA expression levels in different types of cancer tissues compared to that in normal tissues, based on information in the Oncomine
database. (B) DKK1-expression levels in different cancers in the TIMER database. (C, D) DKK1-expression levels in representative HNSCC
samples and normal tissues, as determined using IHC. The DKK1 levels were higher in HNSCC tissues than in normal tissues (P = 0.0024).
(E) Differences in DKK1 expression in various HNSCC sample types, based on information deposited in the UALCAN database.
(F) DKK1 exhibited a high diagnostic value for distinguishing between tumor and normal tissues. (G—J) DKK1 mRNA expression levels were
remarkably correlated with the tumor grade (H), nodal-metastasis status (l), and HPV status (G, J) of patients with HNSCC, based on
information from the UALCAN database (***p < 0.001, **p <0.01, *p < 0.05).
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DKK1 expression was increased in HNSCC tissues
and had a high diagnostic value

Next, we used immunohistochemistry (IHC) analysis to
measure the level of DKK1 expression in 27
representative HNSCC samples and 15 normal head and
neck tissues. The results indicated that HNSCC tissues
had significantly higher DKK1 expression than normal
tissues (P = 0.0024; Figure 1C, 1D). Data from the
UALCAN, Oncomine, and TIMER databases were
analyzed to verify this fact (Figure 1E). The results
confirmed that an increase in DKK1 expression in
patients with HNSCC can accurately distinguish
between cancerous and non-cancerous  tissues.
Compared to normal tissues, the expression of DKK1 in
patients was significantly upregulated, indicating that
DKK1 may serve as an important biomarker for
evaluating the condition of HNSCC (Figure 1F).
Furthermore, DKK1 expression was linked to nodal
metastatic status, tumor grade, individual cancer stage,
and presence of HPV in HNSCC (Figure 1G-1J).

Prognostic value of DKK1 mRNA expression in
human cancers

To determine the prognostic significance of DKK1
expression in human malignancies, we searched the
Kaplan—Meier (KM) plotter database. Patients with
HNSCC, LUAD, BRCA, KIRP, pancreatic ductal
adenocarcinoma (PAAD), LIHC, and STAD who had
high DKK1 levels had shorter survival times (Figure
2A-2G). In contrast, patients with sarcoma and ovarian
cancer who expressed high levels of DKK1 showed
little effect on their OS (Figure 2H, 21). Analyzing OS
values obtained using the KM Plotter, we applied the
“survival” and “ggplot2” packages in R software to
assess multiple clinical prognostic markers associated
with DKK1 expression across various malignancies. In
patients with HNSCC, STAD, ACC, LUAD, or PADD,
a forest plot demonstrated that elevated DKK1
expression was a risk factor for unfavorable OS,
progression-free interval (PFI), and disease-specific
survival (DSS) (Figure 3A-3C). These results indicate
that patients with HNSCC have poor prognosis when
their DKK1 expression is upregulated.

Association of DKK1 expression with clinical
subtypes of HNSCC

We screened the KM Plotter database to assess the link
between DKK1 levels and several clinicopathological
factors associated with HNSCC (Table 1). A poor
HNSCC prognosis was linked to DKK1 upregulation in
grade 1 (OS: HR = 3.81, P = 0.0049), grade 2 (OS: HR
=2.02, P =6.8¢—05; RFS: HR = 3.36, P = 0.019), grade
3 (0S: HR = 2.69, P = 0.00027), stage 2 (OS: HR =

294, P = 0.0097), stage 3 (OS: HR = 552, p =
0.00022), stage 4 (OS: HR = 1.73, P = 0.0026), and
both males (OS: HR = 2.3, P = 2.1e-06), and females
(OS: hazard ratio [HR] = 2.49, P = 0.0033). Likewise,
DKK1 upregulation was linked to lower levels of OS
and RFS in patients with high mutation burdens (OS:
HR = 2.48, P = 1.3e-06; RFS: HR = 0.25, p = 0.027)
and low mutation burdens (OS: HR = 1.91, P = 0.0026).
Based on these clinicopathological factors, DKK1
upregulation in patients with HNSCC may indicate a
poor disease prognosis.

Correlation between immune infiltration and DKK1
expression in HNSCC

Although DKK1 has been linked to immune infiltration
and prognosis in LIHC, ESCA, and PAAD, how DKK1
immune infiltration is related to HNSCC remains
unknown. The link between DKK1 expression and the
infiltrating levels of immune cells in distinct cancer
subtypes was examined using the TIMER database. The
findings indicated a substantial inverse correlation
between DKK1 expression, CD8+ T cell (r = -0.181, p
= 7.19e-05), and B cell (r = -0.198, p = 1.37e-05)
infiltration in HNSCC (Figure 4A). Additionally, we
used a Cox proportional hazards model with TIMER to
assess the prognostic significance of DKK1 levels and
TIICs in HNSCC. The findings showed a significant
correlation between DKK1 expression and the clinical
prognosis of HNSCC (p< 0.001). (Table 2). Next, we
probed the TISIDB database to examine the link
between DKK1 levels and the 28 TIIC subtypes. Based
on these findings, DKK1 was linked to 11 immune cell
subtypes in HNSCC (Figure 4B and Table 3). We
discovered that DKK1 expression was moderately
linked to immature B cells (r = -0.156, p = 0.000338),
activated B cells (r = -0.187, p = 1.78¢—05), Th17 cells
(r = -0.115, p = 0.00877), effector memory CD8+ T
cells (r = -0.137, p = 0.00169), central memory CD8+ T
cells (r = 0.179, p = 4.1e—05), and activated CD8+ T
cells (r = -0.143, p = 0.00105) (Figure 4C). These
results suggest that DKK1 is involved in the regulation
of THCs in HNSCC.

markers and

Correlation between immune cell

DKK1 expression

Using the TIMER database, we analyzed the link
between the abundance of DKK1 and TIIC gene
markers in HNSCC tissues. Our findings demonstrated
an inverse link between the levels of DKK1 in HNSCC
tissues and the B cell and CD8+ T lymphocyte marker
genes. A striking observation was that DKK1
expression in HNSCC was linked to markers of various
B cell subtypes (CD79A and CD19), Tregs (STAT5B,
FOXP3, and TGF-B), Th2 cells (GATA3, STAT6, and
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STAT5A), Thl cells (TBX21, STAT4, and IFNG),
tumor-associated macrophages (TAMs) (CCL2 and
CD68), neutrophils (CCR7 and ITGAM), NK cells
(KIR3DL1), monocytes (CD86),
(PTGS2 and IRF5), M2 macrophages (VSIG4 and
CD163), dendritic cells (NRP1 and CD1C), T cell-
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(Table 4). Additionally, IHC analysis revealed that
DKK1 expression was upregulated, whereas CD3 and
CD4 expression was downregulated in HNSCC tissues
(P < 0.0001) (Figure 5A, 5B). Furthermore, DKK1

DKK1 in breast cancer,0S

HR = 1.42 (1.02 - 1.98)
logrank P = 0.037

| Expression
— low
high
T T T T T T
0 50 100 150 200 250
Time (months)
Number st risk
788 231 66 13 6 2
301 89 20 5 5 3

DKK1 in pancreatic ductal adenocarcinoma,0S

HR =3.21(1.71 - 6.03)
logrank P = 0.00013

. | E—
Expression L
— low

| —— high
T T T T T
0 20 40 60 80
Time (months)
Number at risk
7 4 1
134 40 10 4 0

DKK1 in ovarian cancer,0S

HR =1.24 (0.95 - 1.62)
logrank P = 0.11

| Expression
— low
high
T T T T
0 50 100 150
Time (months)
Number at risk
155 50 10 1
218 56 " 2

Figure 2. OS curves for patients with nine different cancer types generated by analyzing mRNA-Seq data from TCGA with KM
plotter databases. (A—G) High DKK1 expression correlated with a poor OS in patients with HNSCC (n = 500), KIRP (n = 288), BRCA (n = 1090),
LUAD (n = 513), STAD (n = 375), PAAD (n = 177), and LIHC (n = 371). (H, 1) Survival differences among patients with SARC (n = 259) and OV
(n =374), with high and low DKK1 levels.
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expression was inversely linked to CD3+ and CD4+
immune cell infiltration in HNSCC. In summary, DKK1
was implicated in the regulation of TIICs in HNSCC.

Prognostic value of DKK1 expression in HNSCC
based on immune cells

The findings of this study prove that immune cell
infiltration in HNSCC is linked to the degree of DKK1
expression. Patients with HNSCC had poor prognosis
when DKK1 was upregulated. Thus, we postulate that
DKK1 might, in part, influence the prognosis of patients
with HNSCC via immune infiltration. With the aid of a
KM plotter, we discovered that patients with HNSCC had
a dismal prognosis when DKK1 expression was higher in
macrophages (p = 1.7e—05), mesenchymal stem cells (p =
0.001), NK T cells (p = 0.011), Thl cells (p = 3.3e—05),
Th2 cells (p = 7.6e—08), Treg cells (p = 1.5e—05), CD8+
T cells (1.6e—06), CD4+ memory T cells (p = 2e—08), and
B cells (p = 2.7e-06) (Figure 6A—6l). According to this
data, patients with HNSCC and high DKK1 levels may
have prognostic effects from immune infiltration.

Gene expression, CNV, and mutation-feature
analysis of DKK1 in HNSCC

DKK1 was expressed at substantially higher levels in
HNSCC samples. Consequently, we investigated the
cause of the upregulated DKK1 levels. Notably, tumor

A oS

Characteristics N
HNSC
ESCA
STAD

P value
0.001
0.054

HR(95%C1)
2.10 (1.59-2.77) e
0.61 (0.36-1.01)
1.46 (1.05-2.03) -
2.92 (1.31-6.51) '
1.17 (0.87-1.56)
0.98 (0.71-1.35)
67 (0.42-1.08)
16 (0.46-2.94)
(0.75-1.62)

0
1.
1.10
1.17 (0.83-1.65)
1.05 (0.58-1.89)
0.88 (0.65-1.19)
1.11 (0.79-1.57)
504  2.04 (1.52-2.74) C-@ -
093 (0.71-121)
117
183
2.29
1.32

8:
2
3.

PFI

C

HR(95%C1)
10(159277) =
1(0.36-1.01)
46 (1.05-2.03)
(1.31-6.51)
(0.87-1.56)
(0.71-1.35)
(0.42-1.08)
(0.46-2.94)
(0.75-1.62)
(0.83-1.65)
(0.58-1.89)
(0.65-1.19)
(0.79-1.57)
04 (1.52-2.74)
0.71-1.21)
(0.90-1.51)
(1.20-2.78)
(0.59-8.96)
(0.89-1.97)

o
L

24 @l
1

L X

L8IN
e.

. I
1 'e

5@@‘0#—
-1
g
T
11

28833
ol 2L X

N
1

]
N
AN S ONAO L= 0O0aN=ON)
1 @
1

93
17
.83
29
32

id
(e
P

~
©

onset and progression were influenced by DNA
methylation, gene mutations, and copy-number variations
(CNVs). We used the web-based cBioPortal tool and
TCGA cohort data to examine DKK1 genetic alterations,
which primarily encompassed mutations, amplifications,
and copy number deletions, in patients with HNSCC.
Copy number alterations (CNAs) of the amplification
type, with an alteration frequency of approximately 2.2%,
were the primary type in patients with HNSCC (Figure
TA, 7B). Figure 7B provides more information on the
various genetic alterations in DKK1. Using the UCSC
Xena database, we verified the levels of CNV, somatic
mutations, and DNA methylation of DKK1 in HNSCC.
DKK1 mRNA expression in HNSCC was associated with
CNVs and DNA methylation; however, it was not
associated with somatic mutations, as illustrated in the
heatmap (Figure 7C). According to cBioPortal data,
samples with amplified DKK1 had higher levels of DKK1
MRNA (Figure 7D). Thus, our findings suggest that DNA
methylation and CNV play a role in DKK1
overexpression in HNSCC.

DISCUSSION

In this study, we examined DKK1 expression and its link
to HNSCC prognosis using the UALCAN, TIMER, and
Oncomine datasets, as well as the KM Plotter website. In
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DKK1 and TIHCs in the TME using the TIMER
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Table 1. Correlation of DKK1 mRNA expression and the prognosis in HNSCC with
different clinical subtypes, based on the Kaplan—Meier plotter.

HNSCC
Clinical subtypes OS RFS
HR | HR P
Gender
Female (n = 4305) 2.49 (133-467)  0.0033 0.34(0.11-1.02)  0.043
Male (n = 3184) 23(1.61-3.27)  2.1e-06 276 (0.96-7.99)  0.051
Stage
1 (n=1790) 6.71 (0.69-65.63)  0.06 0.35(0.08-1.59)  0.16
2 (n=1707) 2.94(125-693)  0.0097 0 (0-Inf) 0.11
3 (n=1269) 5.52(2.03-14.96)  0.00022 234(0.6-9.08) 021
4 (n=676) 173 (1.2-247)  0.0026 ; ;
Grade
1 (n=304) 3.81 (1.41-1029)  0.0049 236 (0.47-11.94)  0.29
2 (n=1297) 2.02 (1.42-2.87) 6.8¢—05 3.36 (1.15-9.87) 0.019
3 (n=1510) 2.69 (1.54-4.67) 0.00027 0.3 (0.06-1.51) 0.12
4 (n=93) ; - ; ;
Mutation burden
High (n=3510) 2.48 (1.7-3.63) 1.3e—06 0.25 (0.07-0.94) 0.027
Low (n =3390) 1.91 (1.25-2.94) 0.0026 2.3(0.91-5.85) 0.071
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T cell infiltration into tumors. (B) Relations between DKK1 expression and the levels of 28 types of TILs in human heterogeneous cancers.
(C) The top six TILs displayed significant differences in Spearman correlation coefficients with DKK1-expression differences in HNSCC.
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Table 2. Cox proportional hazard model of DKK1 and six tumor-
infiltrating immune cell types in HNSCC, as determined using the

TIMER database.

HNSCC

coef HR 95% CI_|

95% Cl_u p-value

B cells -1.769 0.170
CD8+ T cells -0.892 0.410
CD4+ T cells -2.990 0.050

Macrophages 2.269 9.668
Neutrophils -0.976 0.377
Dendritic cells 0.863 2.371
DKK1 0.133 1.142

0.013
0.064
0.002
0.800
0.021
0.534
1.060

2.155
2.638
1.136
116.786
6.831
10.520
1.230

0.172
0.348
0.060
0.074
0.509
0.256
0.000

Table 3. Correlations between DKK1-expression levels and tumor lymphocyte

infiltration in HNSCC, as determined using the TISIDB database.

HNSCC
r p
Activated CD8+ T cell (Act _CD8) -0.143 0.00105
Central memory CD8+ T cell (Tcm _CD8) 0.179 4.1e-05
Effector memory CD8+ T cell (Tem _CD8) -0.137 0.00169
Activated CD4 T+ cell (Act _CD4) -0.011 0.795
Central memory CD4+ T cell (Tcm _CD4) 0.1 0.0227
Effector memory CD4+ T cell (Tem _CD4) -0.078 0.0751
T follicular helper cell (Tfh) -0.073 0.0956
Gamma delta T cell (Tgd) 0.056 0.204
Type-1 T helper cell (Thl) -0.074 0.0908
Type-17 T helper cell (Th17) -0.115 0.00877
Type-2 T helper cell (Th2) 0.067 0.126
Regulatory T cell (Treg) 0.019 0.671
Activated B cell (Act_B) -0.187 1.78e—05
Immature B cell (Imm_B) -0.156 0.000338
Memory B cell (Mem_B) -0.026 0.561
Natural killer cell (NK) -0.066 0.129
CD56bright natural Killer cell (CD56bright) 0.104 0.017
CD56dim natural Killer cell (CD56dim) -0.068 0.119
Myeloid-derived suppressor cell (MDSC) -0.1 0.0225
Natural killer T cell (NKT) 0.038 0.386
Activated dendritic cell (Act_DC) -0.023 0.594
Plasmacytoid dendritic cell (pDC) 0.045 0.306
Immature dendritic cell (iDC) -0.044 0.314
Macrophage (Macrophage) -0.011 0.807
Eosinophil (Eosinophil) -0.144 0.001
Mast (Mast) -0.099 0.0235
Monocyte (Monocyte) 0.005 0.914
Neutrophil (Neutrophil) 0.052 0.239
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Table 4. Correlation analysis between DKK1, related genes, and

markers of immune cells, as determined using the TIMER database.

HNSCC
Description mi?’rllir None Purity
cor p cor p
B cell CD19 -0.162  1.95¢-04 -0.171 1.42¢-04
CD79A -0.15 5.88¢—04 -0.155 5.77e—04
CD8A -0.146  8.15¢e-04 -0.138 2.09e—03
CD8+ T cell CD8B 0181 3.06e05 -0175 9.13¢-05
CD3D -0.179  4.05e-05 -0.172 1.26e—04
T cell (general) CD3E -0.148  6.94¢—04 -0.139 2.08¢-03
CD2 -0.153  4.53¢-04 -0.145 1.29¢-03
CTLA4 0.065 1.35¢e-01 -0.06 1.85e—01
LAG3 -0.08 6.69¢—02 -0.071 1.15¢-01
T cell exhaustion HAVCR2 0.001 8.7¢—01 0.031 4.98¢—01
GZMB -0.082  6.01e-02 -0.074 1.03e—01
PDCD1 -0.117  7.49¢-03 -0.109 1.52e—02
ITGAX -0.01 8.19¢-01 0.004 9.30e—01
NRP1 0.185 2.15¢-05 0.208 3.38¢—06
CDiC -0.126  4.04e-03 -0.108 1.64e—02
Dendritic cell HLA-DPA1 -0.07 1.09e—01 -0.051 2.58¢—01
HLA-DRA  -0.07 1.13¢e-01 -0.054 2.30e-01
HLA-DQB1 -0.044 3.21e—01 -0.031 4.95¢01
HLA-DPB1 -0.107 1.46e-02 -0.095 3.48¢—02
PTGS2 0.124 4.66e—03 0.123 6.27¢-03
M1 Macrophage IRF5 -0.128  3.37e-03 -0.124 6.07¢e—03
NOS2 -0.005 9.17¢e-01 0.003 9.44e—01
MS4A4A 0.07 1.08¢—01  0.095 3.49e—02
M2 Macrophage VSIG4 0.098 2.56e—02 0.123 6.27¢-03
CD163 0.076 8.43e-02 0.098 3.01e—02
Monocyte CSFIR -0.015  7.35e-01 0.006 8.89e—01
CD86 0.115 8.52¢e-03 0.145 1.28e—03
KIR2DS4  -0.078  7.67¢e-02 -0.075 9.77e—02
KIR3DL3  -0.051 2.47e-01 -0.034 4.56e—01
KIR3DL2  -0.054 2.18¢-01 -0.033 4.67¢-01
Natural killer cell KIR3DL1  -0.096  2.84¢-02 -0.105 1.95¢-02
KIR2DL4  -0.032 4.59¢-01 -0.023 6.17e-01
KIR2DL3  -0.066  1.31e-01 -0.052 2.52¢-01
KIR2DL1 0.028 5.22e-01 0.042 3.49¢-01
CCR7 -0.138  1.59¢-03 -0.137 2.33¢-03
Neutrophil ITGAM 0.1 2.22e-02 -0.08  7.48¢—02
CEACAM8 -0.016 7.14e-01 -0.022 6.30e—01
CCL2 0.075 8.8¢—02  0.094 3.76e-02
TAM IL10 -0.005  9.06e-01 -0.012 7.88¢—01
CD68 0.11 1.16e—02 0.135 2.77e-03
THh BCL6 -0.037 4e—01 -0.035 4.35e—01
IL21 -0.064  1.44e-01 -0.042 3.51e-01
TBX21 -0.12 6.22¢-03  -0.11 1.42e—02
Thl STAT4 0.098 2.54e-02 0.126 5.23e-03
STAT1 0.047 2.82¢-01 0.065 1.51e-01
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IFNG -0.11 1.19e—02 -0.101 2.44e-02

1L13 -0.067 1.25¢—01 -0.049 2.82¢-01
GATA3 -0.073  9.56e-02 -0.076 9.17e—02
Th2 STAT6 0.065 1.39e—01 0.093 4.01e-02

STATSA  -0.103  1.86e—02 0.095 2.49¢—-02
STAT3 -0.063  1.49¢-01 -0.042 3.52¢—01

Thi? IL17A -0.095  3.03e-02 -0.081 7.30e—02
FOXP3 -0.098  2.54e-02 -0.088 5.16e—02
CCR8 -0.028  5.28e—-01 -0.008 8.52¢—01
Treg

STATSB 0.108 1.37e—02 0.121  7.07¢-03
TGFB1 0.199 4.63e—06 0.209 1.84e—06

* %%

B P<0.0001
* %%
o 3007 P<0.0001
o -
= "
T 200- &
S oo 4
) A
S A LA
A
S 100- r .
» A
(&) A
z
0

1 1 1
DKK1 CD3 CD4

Figure 5. Increased DKK1 expression and decreased CD3 and CD4 expression in HNSCC. (A) IHC of DKK1, CD3, and CD4 expression
in representative HNSCC samples. (B) Scatter plots showing that the DKK1, CD3, and CD4 IHC scores differed significantly in HNSCC
(***p < 0.001).
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portal and TISIDB database. Through IHC, we probed
the expression of DKK1, CD3, and CD4 in HNSCC
tissues, and DKK1 in normal head and neck tissues.
Moreover, using the cBioPortal and UCSC Xena
databases, we probed the molecular mechanisms of
DKK1 dysregulation, with a focus on CNVs, somatic
cell mutations, and DNA methylation. Our results
highlight the crucial role of DKK1 in HNSCC

A

DKKI, enriched B cells

1.0 m

DKKI, enriched CD4+ memory T-cells

prognostication and elucidate the underlying
mechanism by which DKK1 expression may regulate
TIICs.

DKK1 is a 35-kDa protein belonging to the DKK
gene family, and is known for its involvement in
the regulation of tumor proliferation, invasion,
and metastasis, as well as the extracellular micro-
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Figure 6. Comparison of KM survival curves of patients with low and high DKK1 expression in HNSCC, based on their immune
subtypes. (A-l) Patients with HNSCC and high DKK1 levels in B cells, CD4+ memory T cells, CD8+ T cells, Treg cells, Th1 cells, Th2 cells,
NK T cells, mesenchymal stem cells, and macrophages had a worse OS.
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environment [16, 17]. Herein, we examined DKK1
expression profiles in HNSCC for the first time,
together with their prognostic significance and
associations with TIICs, CNVs, DNA methylation, and
somatic mutations.

We discovered that, compared to healthy samples,
DKK1 expression was markedly upregulated in HNSCC

(Figure 1A-1E). Furthermore, TCGA data for HNSCC
tissues showed that DKK1 expression had a high
diagnostic value (Figure 1F). In addition, DKK1 mRNA
expression levels were significantly related to the cancer
stage, HPV status, nodal-metastasis status, and tumor
grade of individuals with HNSCC. Elevated DKK1
levels were also linked to HPV-negative status, a high
mutation load, lymph node metastasis, and late-stage
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tumors with high tumor grades (Figure 1G-1J and
Table 1). Compared with HPV-negative HNSCC,
DKK1 mRNA levels were reduced in HPV-positive
HNSCC (Figure 1J), indicating that DKK1 is
specifically involved in HPV-negative HNSCC and
plays a crucial role in the progression and metastasis of
HNSCC. These findings are consistent with those of
previous studies. For instance, it has been demonstrated
that DKK1 is elevated in specific tumor tissues and is
linked to clinicopathological variables, such as high
tumor grade, lymph node metastasis, late N stage, and
tumor-node-metastasis staging [18-20].

According to the survival and forest plot analyses,
DKK1 upregulation was linked to unfavorable OS,
DSS, and PFI rates in patients with HNSCC. Several
preclinical studies on both in vitro cellular and in vivo
animal models have demonstrated that DKK1
overexpression could accelerate tumor development,
invasion, and metastatic spread [21, 22]; these
inferences are in line with the findings of this
investigation. According to Shi et al., patients with
intrahepatic cholangiocarcinoma and DKK1 up-
regulation have dismal prognoses following surgery and
lymphatic metastases [23]. Importantly, our findings
suggest that DKK1 is a useful biological marker for
HNSCC.

According to previous studies, DKK1 modulates
immune cell function and serves as an immuno-
suppressor in the TME [16]. Based on these earlier
findings, we examined whether DKKL1 is linked to
immune escape in HNSCC. In HNSCC, we discovered
that CD8+ T cells, CD3+ T cells, CD4+ T cells, B cells,
and Th17 cells were all related to the degree of DKK1
expression (Tables 2, 3 and Figures 4, 5). These
findings indicate that DKK1 plays a role in TIICs
regulation. According to Sui et al., DKK1 inhibits
colorectal cancer tumor response to PD-1 blockade by
inactivating CD8+ T cells [14]. Another study
demonstrated that tumors of metastatic castration-
resistant prostate cancer with high DKK1 expression
exhibited a CD8+ T cell-poor TME infiltrated by
immature MO and M2 macrophages [24]. The findings
of these earlier investigations are supported by our
present analysis.

Additionally, we examined HNSCC immunotype
biomarkers in more detail. We discovered that DKK1
was negatively associated with various immune cell
markers in HNSCC, after accounting for cell purity
(Table 4). Our analysis also illustrates that immune cell
infiltration and DKK1 expression are associated with
HNSCC. DKK1 expression in HNSCC was inversely
linked to CD3 and CD4 expression (Figure 5), and
DKK1 may exert negative modulatory effects on CD8+,

B, and CD4+ memory T cells, leading to T cell
exhaustion. Notably, Treg and T-cell exhaustion
indicators, such as PDCD1 and FOXP3, were inversely
linked to DKK1 upregulation. In the cancer
microenvironment, FOXP3 is a viable target for
detecting Tregs, which substantially promotes tumor
immune evasion [25]. In HNSCC samples, significant
associations were found between DKK1 expression and
a range of Th subtypes (Thl, Th2, and Thl7). These
links represent the subtle ways in which DKK1
potentially controls T cell activity in HNSCC.
Moreover, the infiltration levels of most MDSCs,
including macrophages and mesenchymal stem cells, in
HNSCC were adversely associated with DKK1
expression. Predicated on these findings, we
hypothesized that DKK1 influences immune cell
recruitment and regulation, which may contribute to
poor prognosis in HNSCC. Overall, our findings imply
that DKK-1 may indirectly stimulate tumor
development by inducing immunosuppressive effects in
malignant tumors.

Based on an examination of the KM plotter database
and data from HNSCC cohorts, we discovered that
elevated DKK1 expression in different types of immune
cells was associated with a dismal prognosis. Tregs aid
in the immunological escape of tumors by blocking
antitumor T-effector responses [26]. Dendritic cells aid
in the metastatic spread of tumors by lowering the
levels of cytotoxic CD8+ T cells and increasing the
number of Tregs [27]. In the past, MDSCs were referred
to as a heterogeneous group of immature myeloid cells
recruited by tumors to promote CD8+ T cell tolerance
[28]. According to newly discovered experimental data,
the accumulation of MDSCs by DKK1 has been shown
to contribute to T cell differentiation and the induction
of cancer immune surveillance evasion [16]. These
insights help to clarify how immune infiltration
influences the prognosis of patients with HNSCC and
DKK1 overexpression.

The regulation of immunological tolerance and cancer
progression through genetic and epigenetic alterations
is a promising research field [29]. For instance, earlier
research revealed that some PD-L1 mutants have
structural differences that might result in abnormal
PD-L1 production and immunosuppression [30, 31].
These findings indicate that epigenetic mechanisms
play a critical role in regulating immune cell activity
and promoting antitumor immunity. The various
regulatory mechanisms linked to DKK1 expression
represent diverse cellular localization functions in
various cell types. According to preliminary research,
CNAs and DNA methylation both genetically and
epigenetically control DKK1 expression. Gene
amplification, deletion, gain, diploidy, and other
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processes can result in DNA CNVs. CNVs play
critical roles in pathogenesis and tumorigenesis.
Zhang et al. illustrated that ablation of MT1 gene
might function as a standalone prognostic indicator
for hepatocellular cancer [32]. David et al. determined
that DNA methylation is likely the mechanism
controlling DKK1 expression in metastatic castration-
resistant prostate cancer [24]. Another implication of
these findings is that the suppression of therapeutic
DNA methyltransferases, which is currently being
investigated in clinical trials, may lead to resistance if
DKKZ1 is upregulated. Therefore, we speculated that
DNA hypomethylation and CNVs may be the causes
of DKK1 upregulation in HNSCC. We plan to
investigate this in future studies.

In hepatocellular carcinoma, inhibition of DKK1
enhances the anti-tumor efficacy of sorafenib via
inhibition of the PI3K/Akt and Wnt/B-catenin pathways
[33]. DKK1 promotes PD-L1 expression through the
activation of Akt/p-catenin signaling, providing a
potential strategy to enhance the clinical efficacy of PD-
1/PD-L1 blockade therapy in patients [34]. In prostate
cancer, the pro-cancer effect of DKK-1 is related to
increased bone metastasis growth and decreased bone
induction [35]. In HNSCC, the expression level of DKK1
was increased in patients with higher T-stage HNSCC,
and this increase was related to shorter OS and PFS/DFS
[36]. Our results suggest that DKK1 overexpression in
HNSCC is strongly correlated with a range of clinical
features, dismal prognosis, and immune filtration. DNA
methylation and CNVs may be involved in DKK1
upregulation. Our study also suggests the intriguing
potential of DKKZ1 in influencing the prognosis of patients
with HNSCC by infiltrating the tumor immune system.
Our findings thus pave the way for additional
investigations into cancer immunotherapy for HNSCC.
This is a pilot version of a larger study that includes
validation using a prospectively registered study
population. To confirm our findings, further trials will be
conducted in the future.

However, this study has certain limitations. The clinical
sample size was relatively small, and the mechanism
underlying the relationship between DKK1 expression
and immune cell infiltration was not thoroughly studied.
We intend to explore the relationship between DKK1
expression and immune cell infiltration in subsequent
research, and elucidate its specific mechanism of action
to compensate for these limitations and deepen our
understanding of DKKZ1 function. In summary, our
findings offer a theoretical framework for the clinical
investigation of HNSCC treatment through DKK1 gene
targeting. DKK1 may play a noteworthy role in
revolutionizing HNSCC immunotherapy and enhancing
its therapeutic effects.

MATERIALS AND METHODS
Oncomine database

Oncomine is an online data-mining tool that includes a
microarray database covering most human malignancies
(https://www.oncomine.org). It is primarily employed to
analyze gene expression levels, co-expression,
enrichment, and interaction networks [37]. We
examined DKK1 expression in several cancer types
using the Oncomine database.

TIMER database

The TIMER database (https:/cistrome.shinyapps.io/
timer/) is an online portal that facilitates thorough
investigation of the expression of genes and TIICs in
various types of cancers. This platform can be used to
determine the abundance of immune cells infiltrating
tumors (macrophages, B cells, dendritic cells,
neutrophils, CD4+ T cells, and CD8+ T cells) [38].
Investigating the level of gene expression in healthy and
cancerous tissues is another feature of the TIMER site.
We investigated DKK1 expression in several tumors
and healthy tissues from various malignancies using the
TIMER platform. Additionally, we assessed the link
between DKK1 expression in six distinct immune cell
types that infiltrate tumors and biomarkers from 16
different immune cell types. Furthermore, we examined
how the gene expression levels influencing the clinical
prognosis of HNSCC are related to infiltrating immune
cells (gene expression levels are presented as the log, of
the RSEM value).

UALCAN database

Online studies of distinct gene expression levels in tumor
and normal tissues are possible using the UALCAN
database (http://ualcan.path.uab.edu/index.html). For the
analysis of 31 different cancers, UALCAN utilizes
clinical information and TCGA transcriptome sequencing
data [39]. Additionally, UALCAN provides survival-
prognosis information for 31 different tumor types based
on variations in gene expression. Findings from the
Oncomine database were verified using the UALCAN
database, and correlations between DKK1 expression
levels and clinicopathological variables were ascertained.

Sample selection and data collection

We assessed DKK1 expression in 15 healthy head and
neck tissue samples along with CD3, CD4, and DKK1
expression in 27 HNSCC samples. Samples from
normal tissues (n = 15) and patients with
nasopharyngeal carcinoma (n = 10), tongue carcinoma
(n =7), laryngeal carcinoma (n = 7), and other forms of
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head and neck carcinoma besides HNSCC (n = 3), were
collected from December 2017 to August 2018 at the
Affiliated Cancer Hospital of Guizhou Medical
University and Affiliated Hospital of Guizhou Medical
University. A competent pathologist assessed the IHC-
labelled sections, and patients who met the criteria for
an appropriate diagnosis were chosen for the study.

Validation of diagnostic significance of genes

Using TCGA HNSCC data (https:/portal.gdc.
cancer.gov/), receiver-operating characteristic (ROC)
curve analysis was conducted to examine the diagnostic
performance of several genes. R (version 3.6.3) was
used to analyze the ROC curve that predicted no TCGA
HNSCC data [40]. Genes were deemed to have a strong
diagnostic value if they had an area under the curve
(AUC) >0.7.

KM plotter

Prognostic analysis was performed using the KM plotter
(http://kmplot.com/analysis/)  [41]. The DKK1-
expression levels in several tumor types were correlated
with clinical outcomes using the KM plotter database.
Based on the DKK1 expression levels in the
corresponding immune cell subgroups, we performed
prognostic analysis using the KM website. We
calculated the HRs for the log-rank p-values and 95%
confidence intervals (Cls).

TISIDB database

TISIDB is an integrative archive platform for studying
interactions between tumors and the immune system
(http://cis.hku.hk/TISIDB/) [42]. Using data from the
TISIDB database, we analyzed Spearman correlations
between DKK1 levels and TILs.

IHC analysis

Four-micrometer-thick, 4%formalin-fixed, paraffin-
embedded tissue sections of 27 head and neck tumor
tissues, including nasopharyngeal carcinoma (n = 10),
tongue carcinoma (n = 7), laryngeal carcinoma (h = 7),
other forms of head and neck carcinoma (h = 3), and
normal tissues (n = 15), were subjected to the
previously mentioned techniques for dewaxing and
rehydration [43]. Antigen retrieval was performed in a
microwave oven for 8 min with EDTA Antigen
Retrieval Solution (50X) (Beyotime, P0085) at pH 9.0.
The slides were immersed in a solution of 3% hydrogen
peroxide, incubated in the dark for 25 min at ambient
temperature, submerged in phosphate-buffered saline
(pH 7.4), and rinsed thrice with shaking on a destaining
shaker (5 min per wash). Subsequently, the slides were

subjected to overnight incubation at 4° C with primary
rabbit polyclonal antibodies against 1:200, 1:1000, and
1:200 dilutions of DKK1 (Proteintech; 21112-1-AP),
CD3 (Proteintech; 17617-1-AP), or CD4 (Abeam;
ab133616), respectively. Next, we used the 2-Sstep
Plus® Polyhorseradish Peroxidase (HRP) Anti-
goat/Rabbit Immunoglobulin G [IgG] Detection System
(Abcam, Ab6721), as per the recommendations
provided by the manufacturer. Color development and
comparisons were performed using a DAB Kit
(Solarbio; DA1010) and hematoxylin, respectively.

All the stained slides were independently scored by two
researchers. IHC staining values of O (negative), 1+
(weak), 2+ (moderate), and 3+ (strong) for cancer cells
were used for semiquantitative assessments in each
case. The total score, ranging from 0-300, was derived
by computing the percentage of positively stained
tissues (1 x x% + 2 x x% + 3 x x% = total score) [44].

UCSC Xena database

UCSC Xena (http://xena.ucsc.edu/) is a database
devoted to genomic data [45]. It enables the analysis of
CNVs, somatic mutations, gene expression levels, and
methylation. Moreover, the database provides clinical
data on patient survival and therapy.

cBioportal

A collection of cancer genomics datasets is available on
the cBioPortal for Cancer Genomics (http://www.
cbioportal.org) [46]. DKK1 CNAs and mutations were
examined in HNSCC and other malignancies.

Statistical analysis

DKK1 expression levels were examined using the
TIMER, UALCAN, and Oncomine databases. The KM
plotter database, along with the R project “survival” and
“ggplot2” tools were used to annotate survival curves
and forest maps. To assess the link between DKK1 gene
expression and the TIMER database, we conducted
Spearman’s correlation analysis. For statistical analysis,
immunohistochemical data were imported into
GraphPad Prism (version 8.0). The means of two or
more groups were compared using t-tests and one-way
analyses of variance. The “pROC” package (for
analysis) and “ggplot2” package (for visualization) were
used to analyze ROC curves. P < 0.05 denoted the
significant level.

Data availability statement

All data generated or analyzed during this study are
included in this article. Additionally, the raw data

WWWw.aging-us.com

3851

AGING


https://portal.gdc.cancer.gov/
https://portal.gdc.cancer.gov/
http://kmplot.com/analysis/
http://cis.hku.hk/TISIDB/
http://xena.ucsc.edu/
http://www.cbioportal.org/
http://www.cbioportal.org/

supporting the findings of this study are available from
the corresponding author upon reasonable request.

Publication consent

Everyone’s data included in the study was approved for
publication.

AUTHOR CONTRIBUTIONS

CFZ conceived the idea and contributed to the drafting
of the manuscript. LNL has made equal contributions to
this article with CFZ. QYH extracted the data. YYL and
YC contributed to material preparation. JLF cut paraffin
blocks for immunohistochemical staining. YXL, XYX,
SYZ, and YMY helped edit the images. YJW and ZRZ
performed statistical analysis of the data. DAZ
contributed to the study conception and revision of the
manuscript. FJ approved the final version of the
manuscript. All the authors have read and approved the
final version of the manuscript.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest. The authors
are solely responsible for the content and writing of this
manuscript.

ETHICAL STATEMENT AND CONSENT

The study was conducted according to the Declaration
of Helsinki guidelines and was approved by the Ethics
Committee of the Affiliated Hospital of Guizhou
Medical University (approval number #2021-025). The
written informed consent was obtained from the patients
provided tissue samples.

FUNDING
This research was supported in part by grants from the

Guizhou Medical University 2021 National Foundation
Cultivation Project (grant number 20NSP041), the

Guizhou Medical University Affiliated Hospital
Doctoral Research Initiation Fund Project (grant
number gyfybskj-2022-07), the Guizhou Medical

University Affiliated Hospital 2023 National Natural
Science Foundation Cultivation Project (grant number
gyfynsfc-2023-39), the Technology Achievements
Application and Industry Plan Clinical Special (grant
number Qianke Synthetic Fruit LC [2023] 029), the
National Natural Science Foundation of China (grant
numbers 82060556 and 32060165).

REFERENCES

1. Leach DG, Dharmaraj N, Piotrowski SL, Lopez-Silva TL,

Lei YL, Sikora AG, Young S, Hartgerink JD. STINGel:
Controlled release of a cyclic dinucleotide for enhanced
cancer immunotherapy. Biomaterials. 2018; 163:67—75.
https://doi.org/10.1016/j.biomaterials.2018.01.035
PMID:29454236

Whiteside TL. Head and Neck Carcinoma
Immunotherapy: Facts and Hopes. Clin Cancer Res.
2018; 24:6-13.
https://doi.org/10.1158/1078-0432.CCR-17-1261
PMID:28751445

Machiels JP, René Leemans C, Golusinski W, Grau C,
Licitra L, Gregoire V, EHNS Executive Board. Electronic
address: secretariat@ehns.org, ESMO Guidelines
Committee. Electronic address: clinicalguidelines@
esmo.org, and ESTRO Executive Board. Electronic
address: info@estro.org. Squamous cell carcinoma of
the oral cavity, larynx, oropharynx and hypopharynx:
EHNS-ESMO-ESTRO Clinical Practice Guidelines for
diagnosis, treatment and follow-up. Ann Oncol.
2020; 31:1462-75.
https://doi.org/10.1016/j.annonc.2020.07.011
PMID:33239190

von Mehren M, Randall RL, Benjamin RS, Boles S, Bui
MM, Ganjoo KN, George S, Gonzalez RJ, Heslin MJ,
Kane JM, Keedy V, Kim E, Koon H, et al. Soft Tissue
Sarcoma, Version 2.2018, NCCN Clinical Practice
Guidelines in Oncology. J Natl Compr Canc Netw. 2018;
16:536-63.

https://doi.org/10.6004/jnccn.2018.0025
PMID:29752328

Marur S, Forastiere AA. Head and Neck Squamous Cell
Carcinoma: Update on Epidemiology, Diagnosis, and
Treatment. Mayo Clin Proc. 2016; 91:386—-96.
https://doi.org/10.1016/j.mayocp.2015.12.017
PMID:26944243

de la Iglesia JV, Slebos RJC, Martin-Gomez L, Wang X,
Teer JK, Tan AC, Gerke TA, Aden-Buie G, van Veen T,
Masannat J, Chaudhary R, Song F, Fournier M, et al.
Effects of Tobacco Smoking on the Tumor Immune
Microenvironment in Head and Neck Squamous Cell
Carcinoma. Clin Cancer Res. 2020; 26:1474-85.
https://doi.org/10.1158/1078-0432.CCR-19-1769
PMID:31848186

Oliva M, Spreafico A, Taberna M, Alemany L, Coburn B,
Mesia R, Siu LL. Immune biomarkers of response to
immune-checkpoint inhibitors in head and neck
squamous cell carcinoma. Ann Oncol. 2019; 30:57-67.
https://doi.org/10.1093/annonc/mdy507
PMID:30462163

Chow LQM, Haddad R, Gupta S, Mahipal A, Mehra R,
Tahara M, Berger R, Eder JP, Burtness B, Lee SH, Keam
B, Kang H, Muro K, et al. Antitumor Activity of
Pembrolizumab in Biomarker-Unselected Patients With

WWWw.aging-us.com

3852

AGING


https://doi.org/10.1016/j.biomaterials.2018.01.035
https://pubmed.ncbi.nlm.nih.gov/29454236
https://doi.org/10.1158/1078-0432.CCR-17-1261
https://pubmed.ncbi.nlm.nih.gov/28751445
https://doi.org/10.1016/j.annonc.2020.07.011
https://pubmed.ncbi.nlm.nih.gov/33239190
https://doi.org/10.6004/jnccn.2018.0025
https://pubmed.ncbi.nlm.nih.gov/29752328
https://doi.org/10.1016/j.mayocp.2015.12.017
https://pubmed.ncbi.nlm.nih.gov/26944243
https://doi.org/10.1158/1078-0432.CCR-19-1769
https://pubmed.ncbi.nlm.nih.gov/31848186
https://doi.org/10.1093/annonc/mdy507
https://pubmed.ncbi.nlm.nih.gov/30462163

10.

11.

12.

13.

14.

15.

16.

Recurrent and/or Metastatic Head and Neck Squamous
Cell Carcinoma: Results From the Phase Ib KEYNOTE-
012 Expansion Cohort. J Clin Oncol. 2016; 34:3838-45.
https://doi.org/10.1200/JC0O.2016.68.1478
PMID:27646946

Orillion A, Damayanti NP, Shen L, Adelaiye-Ogala R,
Affronti H, Elbanna M, Chintala S, Ciesielski M, Fontana
L, Kao C, Elzey BD, Ratliff TL, Nelson DE, et al. Dietary
Protein Restriction Reprograms Tumor-Associated
Macrophages and Enhances Immunotherapy. Clin
Cancer Res. 2018; 24:6383-95.
https://doi.org/10.1158/1078-0432.CCR-18-0980
PMID:30190370

Weed DT, Vella JL, Reis IM, De la Fuente AC, Gomez C,
Sargi Z, Nazarian R, Califano J, Borrello |, Serafini P.
Tadalafil reduces myeloid-derived suppressor cells and
regulatory T cells and promotes tumor immunity in
patients with head and neck squamous cell carcinoma.
Clin Cancer Res. 2015; 21:39-48.
https://doi.org/10.1158/1078-0432.CCR-14-1711
PMID:25320361

Yang WF, Wong MCM, Thomson PJ, Li KY, Su YX. The
prognostic role of PD-L1 expression for survival in head
and neck squamous cell carcinoma: A systematic
review and meta-analysis. Oral Oncol. 2018; 86:81-90.
https://doi.org/10.1016/j.oraloncology.2018.09.016
PMID:30409325

Mankuzhy P, Dharmarajan A, Perumalsamy LR, Sharun
K, Samji P, Dilley RJ. The role of Wnt signaling in
mesenchymal stromal cell-driven angiogenesis. Tissue
Cell. 2023; 85:102240.
https://doi.org/10.1016/].tice.2023.102240
PMID:37879288

Kagey MH, He X. Rationale for targeting the Wnt
signalling modulator Dickkopf-1 for oncology. Br J
Pharmacol. 2017; 174:4637-50.
https://doi.org/10.1111/bph.13894 PMID:28574171

Sui Q, Liu D, Jiang W, Tang J, Kong L, Han K, Liao L, Li Y,
Ou Q, Xiao B, Liu G, Ling Y, Chen J, et al. Dickkopf 1
impairs the tumor response to PD-1 blockade by
inactivating CD8+ T cells in deficient mismatch repair
colorectal cancer. J Immunother Cancer. 2021;
9:e001498.

https://doi.org/10.1136/jitc-2020-001498
PMID:33782107

Betella I, Turbitt WJ, Szul T, Wu B, Martinez A, Katre A,
Wall JA, Norian L, Birrer MJ, Arend R. Wnt signaling
modulator DKK1 as an immunotherapeutic target in
ovarian cancer. Gynecol Oncol. 2020; 157:765-74.
https://doi.org/10.1016/j.ygyn0.2020.03.010
PMID:32192732

Chu HY, Chen Z, Wang L, Zhang ZK, Tan X, Liu S, Zhang

17.

18.

19.

20.

21.

22.

23.

24.

BT, Lu A, Yu Y, Zhang G. Dickkopf-1: A Promising Target
for Cancer Immunotherapy. Front Immunol. 2021;
12:658097.
https://doi.org/10.3389/fimmu.2021.658097
PMID:34093545

Jaschke N, Hofbauer LC, Gébel A, Rachner TD. Evolving
functions of Dickkopf-1 in cancer and immunity. Cancer
Lett. 2020; 482:1-7.
https://doi.org/10.1016/j.canlet.2020.03.031
PMID:32251706

Sui Q, Zheng J, Liu D, Peng J, Ou Q, Tang J, Li Y, Kong L,
Jiang W, Xiao B, Chao X, Pan Z, Zhang H, Ding PR.
Dickkopf-related protein 1, a new biomarker for local
immune status and poor prognosis among patients
with colorectal liver Oligometastases: a retrospective
study. BMC Cancer. 2019; 19:1210.
https://doi.org/10.1186/s12885-019-6399-1
PMID:31830954

Zhang Y, Chen P, Zhou Q, Wang H, Hua Q, Wang J,
Zhong H. A Novel Immune-Related Prognostic
Signature in Head and Neck Squamous Cell Carcinoma.
Front Genet. 2021; 12:570336.
https://doi.org/10.3389/fgene.2021.570336
PMID:34220923

Igbinigie E, Guo F, Jiang SW, Kelley C, Li J. Dkkl
involvement and its potential as a biomarker in
pancreatic ductal adenocarcinoma. Clin Chim Acta.
2019; 488:226-34.
https://doi.org/10.1016/j.cca.2018.11.023
PMID:30452897

Suda T, Yamashita T, Sunagozaka H, Okada H, Nio K,
Sakai Y, Yamashita T, Mizukoshi E, Honda M, Kaneko S.
Dickkopf-1 Promotes Angiogenesis and is a Biomarker
for Hepatic Stem Cell-like Hepatocellular Carcinoma.
IntJ Mol Sci. 2022; 23:2801.
https://doi.org/10.3390/ijms23052801
PMID:35269944

Song Q, Liu H, Li C, Liang H. miR-33a-5p inhibits the
progression of esophageal cancer through the DKK1-
mediated Wnt/B-catenin pathway. Aging (Albany NY).
2021; 13:20481-94.
https://doi.org/10.18632/aging.203430
PMID:34426559

Shi RY, Yang XR, Shen QJ, Yang LX, Xu Y, Qiu SJ, Sun YF,
Zhang X, Wang Z, Zhu K, Qin WX, Tang ZY, Fan J, Zhou J.
High expression of Dickkopf-related protein 1 is related
to lymphatic metastasis and indicates poor prognosis
in intrahepatic cholangiocarcinoma patients after
surgery. Cancer. 2013; 119:993-1003.
https://doi.org/10.1002/cncr.27788 PMID:23132676

Wise DR, Schneider JA, Armenia J, Febles VA,
MclLaughlin B, Brennan R, Thoren KL, Abida W, Sfanos

WWWw.aging-us.com

3853

AGING


https://doi.org/10.1200/JCO.2016.68.1478
https://pubmed.ncbi.nlm.nih.gov/27646946
https://doi.org/10.1158/1078-0432.CCR-18-0980
https://pubmed.ncbi.nlm.nih.gov/30190370
https://doi.org/10.1158/1078-0432.CCR-14-1711
https://pubmed.ncbi.nlm.nih.gov/25320361
https://doi.org/10.1016/j.oraloncology.2018.09.016
https://pubmed.ncbi.nlm.nih.gov/30409325
https://doi.org/10.1016/j.tice.2023.102240
https://pubmed.ncbi.nlm.nih.gov/37879288
https://doi.org/10.1111/bph.13894
https://pubmed.ncbi.nlm.nih.gov/28574171
https://doi.org/10.1136/jitc-2020-001498
https://pubmed.ncbi.nlm.nih.gov/33782107
https://doi.org/10.1016/j.ygyno.2020.03.010
https://pubmed.ncbi.nlm.nih.gov/32192732
https://doi.org/10.3389/fimmu.2021.658097
https://pubmed.ncbi.nlm.nih.gov/34093545
https://doi.org/10.1016/j.canlet.2020.03.031
https://pubmed.ncbi.nlm.nih.gov/32251706
https://doi.org/10.1186/s12885-019-6399-1
https://pubmed.ncbi.nlm.nih.gov/31830954
https://doi.org/10.3389/fgene.2021.570336
https://pubmed.ncbi.nlm.nih.gov/34220923
https://doi.org/10.1016/j.cca.2018.11.023
https://pubmed.ncbi.nlm.nih.gov/30452897
https://doi.org/10.3390/ijms23052801
https://pubmed.ncbi.nlm.nih.gov/35269944
https://doi.org/10.18632/aging.203430
https://pubmed.ncbi.nlm.nih.gov/34426559
https://doi.org/10.1002/cncr.27788
https://pubmed.ncbi.nlm.nih.gov/23132676

25.

26.

27.

28.

29.

30.

31

KS, De Marzo AM, Yegnasubramanian S, Fox JJ, Haas
M, et al., and International SU2C/PCF Prostate Cancer
Dream Team. Dickkopf-1 Can Lead to Immune Evasion
in Metastatic Castration-Resistant Prostate Cancer. JCO
Precis Oncol. 2020; 4:P0.20.00097.
https://doi.org/10.1200/P0.20.00097

PMID:33015525

Ringgaard L, Melander F, Eliasen R, Henriksen JR, Jglck
RI, Engel TB, Bak M, Fliedner FP, Kristensen K, Elema
DR, Kjaer A, Hansen AE, Andresen TL. Tumor
repolarization by an advanced liposomal drug delivery
system provides a potent new approach for chemo-
immunotherapy. Sci Adv. 2020; 6:eaba5628.
https://doi.org/10.1126/sciadv.aba5628
PMID:32917608

Kumar P, Bhattacharya P, Prabhakar BS. A
comprehensive review on the role of co-signaling
receptors and Treg homeostasis in autoimmunity and
tumor immunity. J Autoimmun. 2018; 95:77-99.
https://doi.org/10.1016/j.jaut.2018.08.007
PMID:30174217

Wang X, Feng M, Xiao T, Guo B, Liu D, Liu C, Pei J, Liu Q,
Xiao Y, Rosin-Arbesfeld R, Shi Y, Zhou Y, Yang M, et al.
BCL9/BCLOL  promotes  tumorigenicity  through
immune-dependent and independent mechanisms in
triple negative breast cancer. Oncogene. 2021;
40:2982-97.
https://doi.org/10.1038/s41388-021-01756-y
PMID:33767438

Talmadge JE, Gabrilovich DI. History of myeloid-derived
suppressor cells. Nat Rev Cancer. 2013; 13:739-52.
https://doi.org/10.1038/nrc3581

PMID:24060865

Topper MJ, Vaz M, Marrone KA, Brahmer JR, Baylin
SB. The emerging role of epigenetic therapeutics
in immuno-oncology. Nat Rev Clin Oncol. 2020;
17:75-90.
https://doi.org/10.1038/s41571-019-0266-5
PMID:31548600

Kataoka K, Shiraishi Y, Takeda Y, Sakata S, Matsumoto
M, Nagano S, Maeda T, Nagata Y, Kitanaka A, Mizuno
S, Tanaka H, Chiba K, Ito S, et al. Aberrant PD-L1
expression through 3’-UTR disruption in multiple
cancers. Nature. 2016; 534:402-6.
https://doi.org/10.1038/nature18294

PMID:27281199

Bellone S, Buza N, Choi J, Zammataro L, Gay L, Elvin J,
Rimm DL, Liu Y, Ratner ES, Schwartz PE, Santin AD.
Exceptional Response to Pembrolizumab in a
Metastatic, Chemotherapy/Radiation-Resistant
Ovarian Cancer Patient Harboring a PD-L1-Genetic
Rearrangement. Clin Cancer Res. 2018; 24:3282-91.
https://doi.org/10.1158/1078-0432.CCR-17-1805

32.

33.

34.

35.

36.

37.

38.

39.

PMID:29351920

Zhang R, Huang M, Wang H, Wu S, Yao J, Ge Y, Lu Y, Hu
Q. Identification of Potential Biomarkers From
Hepatocellular Carcinoma With MT1 Deletion. Pathol
Oncol Res. 2021; 27:597527.
https://doi.org/10.3389/pore.2021.597527
PMID:34257549

Seo SH, Cho KJ, Park HJ, Lee HW, Kim BK, Park JY, Kim
DY, Ahn SH, Cheon JH, Yook JI, Kim MD, Joo DJ, Kim SU.
Inhibition of Dickkopf-1 enhances the anti-tumor
efficacy of sorafenib via inhibition of the PI3K/Akt and
Wnt/B-catenin pathways in hepatocellular carcinoma.
Cell Commun Signal. 2023; 21:339.
https://doi.org/10.1186/s12964-023-01355-2
PMID:38012711

Yang RH, Qin J, Cao JL, Zhang MZ, Li YY, Wang MQ,
Fang D, Xie SQ. Dickkopf-1 drives tumor immune
evasion by inducing PD-L1 expression in hepatocellular
carcinoma. Biochem Pharmacol. 2023; 208:115378.
https://doi.org/10.1016/j.bcp.2022.115378
PMID:36513141

Yuan S, Hoggard NK, Kantake N, Hildreth BE 3rd, Rosol
TJ. Effects of Dickkopf-1 (DKK-1) on Prostate Cancer
Growth and Bone Metastasis. Cells. 2023; 12:2695.
https://doi.org/10.3390/cells12232695
PMID:38067123

Chen K, Li J, Ouyang Y, Xie Y, Xu G, Xia T, You R, Liu G,
He H, Huang R, Chen M. Prognostic significance of
Dickkopf-1 in head and neck squamous cell carcinoma.
Expert Rev Anticancer Ther. 2023:1-8. [Epub ahead of
print].
https://doi.org/10.1080/14737140.2023.2289597
PMID:38044867

Rhodes DR, Kalyana-Sundaram S, Mahavisno V,
Varambally R, Yu J, Briggs BB, Barrette TR, Anstet MJ,
Kincead-Beal C, Kulkarni P, Varambally S, Ghosh D,
Chinnaiyan AM. Oncomine 3.0: genes, pathways, and
networks in a collection of 18,000 cancer gene
expression profiles. Neoplasia. 2007; 9:166—80.
https://doi.org/10.1593/ne0.07112

PMID:17356713

Li T, Fan J, Wang B, Traugh N, Chen Q, Liu JS, Li B, Liu
XS. TIMER: A Web Server for Comprehensive Analysis
of Tumor-Infiltrating Immune Cells. Cancer Res. 2017;
77:€108-10.
https://doi.org/10.1158/0008-5472.CAN-17-0307
PMID:29092952

Chandrashekar DS, Bashel B, Balasubramanya SAH,
Creighton CJ, Ponce-Rodriguez |, Chakravarthi BVSK,
Varambally S. UALCAN: A Portal for Facilitating Tumor
Subgroup Gene Expression and Survival Analyses.
Neoplasia. 2017; 19:649-58.

WWWw.aging-us.com

3854

AGING


https://doi.org/10.1200/PO.20.00097
https://pubmed.ncbi.nlm.nih.gov/33015525
https://doi.org/10.1126/sciadv.aba5628
https://pubmed.ncbi.nlm.nih.gov/32917608
https://doi.org/10.1016/j.jaut.2018.08.007
https://pubmed.ncbi.nlm.nih.gov/30174217
https://doi.org/10.1038/s41388-021-01756-y
https://pubmed.ncbi.nlm.nih.gov/33767438
https://doi.org/10.1038/nrc3581
https://pubmed.ncbi.nlm.nih.gov/24060865
https://doi.org/10.1038/s41571-019-0266-5
https://pubmed.ncbi.nlm.nih.gov/31548600
https://doi.org/10.1038/nature18294
https://pubmed.ncbi.nlm.nih.gov/27281199
https://doi.org/10.1158/1078-0432.CCR-17-1805
https://pubmed.ncbi.nlm.nih.gov/29351920
https://doi.org/10.3389/pore.2021.597527
https://pubmed.ncbi.nlm.nih.gov/34257549
https://doi.org/10.1186/s12964-023-01355-2
https://pubmed.ncbi.nlm.nih.gov/38012711
https://doi.org/10.1016/j.bcp.2022.115378
https://pubmed.ncbi.nlm.nih.gov/36513141
https://doi.org/10.3390/cells12232695
https://pubmed.ncbi.nlm.nih.gov/38067123
https://doi.org/10.1080/14737140.2023.2289597
https://pubmed.ncbi.nlm.nih.gov/38044867
https://doi.org/10.1593/neo.07112
https://pubmed.ncbi.nlm.nih.gov/17356713
https://doi.org/10.1158/0008-5472.CAN-17-0307
https://pubmed.ncbi.nlm.nih.gov/29092952

40.

41.

42.

43.

https://doi.org/10.1016/j.ne0.2017.05.002
PMID:28732212

Li XY, Zhao ZJ, Wang JB, Shao YH, Hu, You JX, Yang XT.
m7G Methylation-Related Genes as Biomarkers for
Predicting Overall Survival Outcomes for
Hepatocellular Carcinoma. Front Bioeng Biotechnol.
2022; 10:849756.
https://doi.org/10.3389/fbioe.2022.849756
PMID:35620469

Nagy A, Munkédcsy G, Gyérffy B. Pancancer survival
analysis of cancer hallmark genes. Sci Rep. 2021;
11:6047.
https://doi.org/10.1038/s41598-021-84787-5
PMID:33723286

Ru B, Wong CN, Tong Y, Zhong JY, Zhong SSW, Wu WC,
Chu KC, Wong CY, Lau CY, Chen I, Chan NW, Zhang J.
TISIDB: an integrated repository portal for tumor-
immune system interactions. Bioinformatics. 2019;
35:4200-2.
https://doi.org/10.1093/bioinformatics/btz210
PMID:30903160

Ramos-Vara JA. Principles and Methods of Immuno-
histochemistry. Methods Mol Biol. 2017; 1641:115-28.
https://doi.org/10.1007/978-1-4939-7172-5 5
PMID:28748460

44,

45.

46.

Fitzgibbons PL, Dillon DA, Alsabeh R, Berman MA,
Hayes DF, Hicks DG, Hughes KS, Nofech-Mozes S.
Template for reporting results of biomarker testing of
specimens from patients with carcinoma of the breast.
Arch Pathol Lab Med. 2014; 138:595-601.
https://doi.org/10.5858/arpa.2013-0566-CP
PMID:24236805

Goldman MJ, Craft B, Hastie M, Repecka K, McDade F,
Kamath A, Banerjee A, Luo Y, Rogers D, Brooks AN, Zhu
J, Haussler D. Visualizing and interpreting cancer
genomics data via the Xena platform. Nat Biotechnol.
2020; 38:675-8.
https://doi.org/10.1038/s41587-020-0546-8
PMID:32444850

Gao J, Aksoy BA, Dogrusoz U, Dresdner G, Gross B,
Sumer SO, Sun Y, Jacobsen A, Sinha R, Larsson E,
Cerami E, Sander C, Schultz N. Integrative analysis of
complex cancer genomics and clinical profiles using the
cBioPortal. Sci Signal. 2013; 6:pl1.
https://doi.org/10.1126/scisignal.2004088
PMID:23550210

WWWw.aging-us.com

3855

AGING


https://doi.org/10.1016/j.neo.2017.05.002
https://pubmed.ncbi.nlm.nih.gov/28732212
https://doi.org/10.3389/fbioe.2022.849756
https://pubmed.ncbi.nlm.nih.gov/35620469
https://doi.org/10.1038/s41598-021-84787-5
https://pubmed.ncbi.nlm.nih.gov/33723286
https://doi.org/10.1093/bioinformatics/btz210
https://pubmed.ncbi.nlm.nih.gov/30903160
https://doi.org/10.1007/978-1-4939-7172-5_5
https://pubmed.ncbi.nlm.nih.gov/28748460
https://doi.org/10.5858/arpa.2013-0566-CP
https://pubmed.ncbi.nlm.nih.gov/24236805
https://doi.org/10.1038/s41587-020-0546-8
https://pubmed.ncbi.nlm.nih.gov/32444850
https://doi.org/10.1126/scisignal.2004088
https://pubmed.ncbi.nlm.nih.gov/23550210

