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Abstract

Owing to recent advances in immunotherapies, the overall survival of patients with
skin cutaneous melanoma (SKCM) has increased; however, the 5-year survival rate of
metastatic patients remains poor. Skin cutaneous melanoma—upregulated genes were
screened via analysis of differentially expressed genes (GSE3189 and GSE46517),
and metastasis-related oncogenes were identified via weighted gene coexpression
network analysis of the GSE46517 dataset. As confirmed by the Tumor Immune
Estimation Resource, we found highly expressed centromere protein F (CENPF) in
SKCM and its metastases. Immunostaining of human melanoma tissues demonstrated
high CENPF expression. According to the Kaplan-Meier survival curve log-rank test,
receiver-operating characteristic curve, and univariate and multivariate analyses, the
Cancer Genome Atlas (TCGA) database suggested CENPF be a typical independent
predictor of SKCM. The CIBERSORT algorithm classified the types of the immune cells
from GSE46517 and showed higher proportion of CD4+ memory-activated T cells
in metastatic melanoma. Single-sample gene set enrichment analysis of TCGA data
confirmed the correlation between CENPF and activated CD4+ T cells. Centromere
protein F was positively correlated with tumor mutational burden and CD4+ memory
T cell markers (interleukin [IL]-23A, CD28, and CD62L), negatively associated with
memory T cell maintenance factors (IL-7 and IL-15) by correlation analysis. Moreover,
immunofluorescence showed high coexpression of CENPF and IL23A, CD4 in mela-
noma. Upregulated CENPF might lead to premature depletion of CD4+ memory T
cells and immunosuppression. Nomogram indicated CENPF clinical predictive value

for 1-, 3-, 5-, and 7-year melanoma overall survival. Therefore, CENPF plays a vital role

Abbreviations: AUC, area under the ROC curve; CCNB1, cyclin B1; CD4, cluster of differentiation 4; CDK2, cyclin-dependent kinase 2; Cl, Confidence Interval; DEGs, differentially
expressed genes; GEO, Gene Expression Omnibus; GEPIA, Gene Expression Profiling Interactive Analysis; GTEx, Genotype-Tissue Expression; HCC, hepatocellular carcinoma; IL,
interleukin; KIF20A, kinesin family member 20A; KM, Kaplan-Meier; NK, Natural Killer; OS, Overall Survival; PPI, protein-protein interaction; ROC, receiver-operating characteristic;
SKCM, skin cutaneous melanoma; ssGSEA, single-sample gene set enrichment analysis; TCGA, The Cancer Genome Atlas; TIMER, Tumor Immune Estimation Resource; TMB, Tumor
Mutation Burden; WGCNA, weighted gene coexpression network analysis.
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1 | INTRODUCTION

Skin cutaneous melanoma (SKCM) is the most aggressive skin can-
cer derived from melanocytes.! Owing to advances in immuno-
therapies, the overall and progression-free survival rates, as well
as the quality of life, of patients with advanced melanoma have im-
proved.2 However, the 5-year survival rate of patients with stage
IV SKCM remains low at only 19%.% The prognosis for patients with
melanoma remains poor due to the occurrence of metastasis, drug
resistance, and recurrence. Therefore, recent efforts have focused
on screening for more effective underlying immune-related on-
cogenic mutations in advanced SKCM to identify new biomarkers
and potential drug targets and improve the accuracy of melanoma
prognosis.

Cluster of differentiation 4 (CD4) memory T cells are antigen-
specific CD4+ T cells that persist after the expansion, contraction,
and memory phases of primary T cell response; these cells provide a
lifelong, immediate, and accelerated response upon future encoun-
ters with specific antigens.*® CD4 memory-activated T cells increase
in number after a secondary antigenic stimulation and differentiate
into certain CD4+ T cell subsets against specific pathogens.7 Recent
studies have shown that CD4 memory-activated T cell infiltration
was significantly higher in colorectal cancer tissues than in normal
tissues and was more elevated in stages T1-2 than in stages 73-4.8
Additionally, intratumoral CD4+ T cell density has been proven to
be a reliable prognostic indicator in colorectal cancer patients.” It
can be an adverse prognostic factor in many cancers, such as kidney,
prostate, lung, and breast cancers. 1013

Centromere protein F (CENPF) is a ~350-kDa protein that en-
codes the centromere-kinetochore complex-associated protein,
which assembles onto kinetochores during the late G2 phase of in-
terphase.'*% It is associated with the progression of various human
tumors, such as hepatocellular carcinoma (HCC),*¢" breast cancer,*®
non-Hodgkin’s lymphoma,*’ and lung adenocarcinoma,?® and with
poor prognosis. CENPF was shown to promote the proliferation
and migration of HCC cells*® and accelerate bone metastasis of
breast cancer.?! Additionally, CENPF participates in CD4+ T cell-
related cell cycle regulation in HCC, which is regulated by the E2F1
feedback-interactive BRCA1 pathway.?? CENPF was significantly
associated with the count of CD4+ T cells in HCC.Y”%® However, the
immunomodulatory function of CENPF in SKCM and its expression
in clinical melanoma specimens have not been investigated.

In this study, we confirmed that CENPF is highly expressed in mel-
anoma and is a valuable predictor of SKCM prognosis and metastasis
based on multiple online databases, such as the Gene Expression
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in the progression and metastasis of melanoma and can be an effective therapeutic

CD4+ activated T cells, CD4+ memory-activated T cells, CENPF, cutaneous melanoma,
metastasis, nomogram, TMB, tumor immunology

Omnibus (GEO) database, The Cancer Genome Atlas (TCGA), and
the Tumor Immune Estimation Resource (TIMER). According to
immunofluorescence staining of clinical melanoma specimens, we
found that CENPF was highly coexpressed with the CD4 and CD4+
memory T cell marker IL23A. Moreover, we constructed a valid
clinical nomogram associated with CENPF expression that demon-
strated a notable estimating ability. Our results show CENPF as a
feasible immunotherapeutic strategy for patients with SKCM. The
detailed workflow is shown in Figure 1.

2 | MATERIALS AND METHODS

2.1 | Differentially expressed gene (DEG) analysis
The microarray datasets GSE3189 and GSE46517 were downloaded
from the GEO database and normalized via log2 transformation for
analysis. The inclusion criteria of the GSE3189 dataset were as fol-
lows: melanoma or nevus tissues with more than 50% melanocyte
content without mixed histology.31 The melanocyte content of the
GSE46517 samples was also determined. Based on these criteria,
we selected 45 primary melanoma and 18 nevus samples from the
GSE3189 dataset and 12 primary melanoma and six nevus samples
from the GSE46517 dataset. Data filtering, original annotation, qual-
ity control, normalization, and DEG identification were performed in
Rstudio (Version 1.2.5042) using the GEOquery, hgu133a.db, limma,
stringr, and reshape2 packages. We used the VennDiagram function
on the ImageJ online database (http://www.ehbio.com/ImageGP/)
to identify DEGs.

2.2 | Identification of the hub genes

The online database STRING (https://string-db.org/) was used to
generate a protein-protein interaction (PPI) network of DEGs.*®
Cytoscape (version 3.7.2) software was used to construct the mo-
lecular interaction networks, with a combined score of >0.4.* The
MCODE clustering algorithm was used to identify highly intercon-
nected regions.*® The following criteria were used to define the re-
gions: degree cutoff = 2, node score cutoff = 0.2, max depth = 100,
and K-score = 2. To screen for specific functional genes, we assessed
the overlap between the top 10 genes identified by four differ-
ent methods (degree, edge-percolated component, maximal clique
centrality, and maximum neighborhood component) based on the
Cytoscape plug-in cytoHubba.*¢


http://www.ehbio.com/ImageGP/
https://string-db.org/
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FIGURE 1 The detailed workflow of this study

Gene expression levels and survival rates were assessed using
the boxplot function and survival analysis function according to
Gene Expression Profiling Interactive Analysis (GEPIA).*” The hub
genes for subsequent analyses were defined based on the log-rank
test results of the Kaplan-Meier (KM) estimator (p < 0.05).

2.3 | Ethical statement and immunofluorescence

This study was approved by the Institutional Review Board of the
First Affiliated Hospital of Sun Yat-sen University, with the patients’
written informed consent. Six normal skin tissue samples and six
melanoma tissue samples from patients who underwent surgical
resection were collected. Immunofluorescence was used to assess
the distribution and localization of CENPF in melanoma and normal
skin tissues. Human melanoma formalin-fixed paraffin-embedded
(FFPE) tissues were used for immunofluorescence staining. The rep-
resentative FFPE sections were prepared to make epitopes available
for antibody binding via dehydration, deparaffinization, and antigen

retrieval, and then, endogenous peroxidases were quenched before
antibody staining. The sections were fixed in 4% paraformaldehyde
for 30 minutes, washed three times with PBS, and incubated with
0.01% (v/v) Triton X-100 in 5% bovine serum albumin at 37°C for
30 minutes. Slides were incubated with anti-rabbit CENPF (1:100,
Abcam, ab224813) for 2 hours at room temperature, washed three
times with PBS, and incubated with Alexa Fluor 555-conjugated
goat anti-rabbit secondary antibodies (1:500, Beyotime Institute of
Biotechnology) at room temperature for 1 hour in the dark. All sec-
tions were counterstained with 4,6-diamidino-2-phenylindole (DAPI)
(Beyotime Institute of Biotechnology) for 5 minutes. Images were
captured using an epifluorescence microscope (BX63, Olympus).

24 |
analysis

Fluorescent multiplex immunohistochemical

We also performed fluorescent multiplex immunohistochemical
staining to detect the expression of CENPF and CD4 in melanoma
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tissues. The preparation of multiplex immunohistochemical sections
before serial staining was the same as that used for immunofluores-
cence. The primary antibody for CENPF (1:100, Abcam, anti-rabbit
ab224813) was incubated overnight at 4°C and then incubated with
the SignalStain® Boost Detection Reagent (HRP rabbit, #8114) at
room temperature for 60 minutes. The antibody solution was re-
moved, and the sections were washed with Tris-buffered saline with
0.1% Tween (TBST) three times for 5 minutes each. All the subse-
quent steps were performed in the dark. One hundred microliters
of Opal 520 Reagent (1:100, Akoya Biosciences) were added to each
slide and incubated for 10 minutes at room temperature in a humidi-
fied chamber; then, the slides were washed with TBST three times
for 5 minutes per wash.

Subsequently, the antigen unmasking step was repeated for
stripping. Using a microwave oven, the slides were boiled in 10 Mm
sodium citrate buffer (Ph 6.0) at a sub-boiling temperature for
10 minutes and then cooled to room temperature for 30 minutes.
CD4 antibodies (1:100, Abcam, anti-rabbit ab183685) and IL23A an-
tibodies (1:100, Bioss antibodies, anti-rabbit bs-18146R) were incu-
bated overnight at 4 °C and then incubated with SignalStain® Boost
Detection Reagent (HRP rabbit, #8114). The sections were washed,
and 100 ul Opal 570 Reagent (1:100, Akoya Biosciences) was added,
followed by three TBST washes. All slides were counterstained with
DAPI for 5 minutes and captured using an epifluorescence micro-
scope (BX63, Olympus).

2.5 | Weighted gene coexpression network
analysis (WGCNA)

To explore the relationship between metastasis, primary mela-
noma, and nevus, we utilized the WGCNA algorithm using the
R package48'49 to construct a coexpression network based on
the GSE46517 dataset. After the cluster analysis, we created a
scale-free network. Module eigengenes were used to estimate
the correlation between modules and clinical features. The gene
significance (GS) represents the mediator p-value for each gene to
define the correlation between gene expression and clinical fea-
tures. We selected the most significant module related to metas-
tasis according to p < 0.01 and high GS value. CENPF was included
in this module.

2.6 | CIBERSORT

To explore the relationship between CENPF and immune cell sub-
types, we utilized the CIBERSORT package to estimate the propor-
tions of 22 immune cell subtypes®® and set the perm at 1000 and
the threshold at p < 0.05. The Mann-Whitney U test was used to
determine differences between immune cell subtypes in metastasis
melanoma, primary melanoma, and nevus samples. Spearman cor-
relation was used to measure the linear correlation between CENPF
expression and immune cell subtypes.
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2.7 | Single-sample gene set enrichment analysis
(ssGSEA)

The ssGSEA algorithm of the R package “Gene Set Variation Analysis
(GSVA)” was used to explore the immune cell types’ infiltration level
and immune-related genes.”! Pearson's correlation coefficient was

used to calculate the correlation between CENPF and immune cell

types.

2.8 | TMB estimation and prognostic analysis

We downloaded the masked somatic mutation data from TCGA on-
line database. Then, the “maftools” R package was used to analyze
the somatic mutation data and transcriptome profiles.52 Pearson
correlation analysis was used to determine the relationship between
CENPF expression and TMB.

2.9 | TIMER database analysis

The TIMER database website has comprehensive tools for the
analysis of tumor-infiltrating immune cells across diverse carcino-
mas.?* We used the Diff Exp module to analyze the expression of
target genes in SKCM metastasis and SKCM tumors. Box plots show
gene expression levels between tumor and adjacent normal tissues
for CENPF across all TCGA tumors. The number of asterisks anno-

tates the statistical significance computed by the Wilcoxon test.

2.10 | Construction and verification of a nomogram
Based on univariate and multivariate analyses, we used CENPF
level, recurrence, radiation therapy, and TNM stage to construct
the nomogram to predict the 1-, 3-, 5-, 7-year survival of patients
with melanoma. This nomogram was built using “rms” and “survival”
R packages. The survival rate was assessed using the KM survival

curve log-rank test.

2.11 | Statistical analyses

The UCSC Xena platform (http://xena.ucsc.edu) was used to down-
load data regarding CENPF and phenotypic variables from TCGA
for melanoma (SKCM). The CENPF gene dataset was divided into
high- and low-expression groups based on the median expression
levels. General data parameters were assessed using descriptive
statistics. The chi-square test was used to determine the clinical
features of CENPF expression, which were significantly different
between the representative phenotypes. Univariate Cox regres-
sion was used to analyze the associations of CENPF level, radio-
therapy, recurrence, and TNM stage on the survival of patients
with SKCM. Multivariate analysis of the variables that showed


http://xena.ucsc.edu
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significant associations was used to identify the variables with
an independent impact on survival. The area under the receiver-
operating characteristic (ROC) curve (AUC) of each independently
associated factor was calculated to determine the best predictive
power for each factor. MedCalc statistical software (MedCalc
Software Ltd., v15.8; https://www.medcalc.org; 2015) was used
to generate ROC curves.

A Cox regression model was established to determine indepen-
dent prognostic factors affecting OS. The CENPF nomogram was
built based on multivariable analysis. Factors such as CENPF level,
recurrence, radiation therapy, and TNM stage were used to calcu-
late the nomogram score. We then used calibration curves to test
the performance of the CENPF nomogram. Finally, the KM survival
curve log-rank test was used to estimate the survival probabilities
of the low- and high-risk groups, as defined by the median of the

nomogram scores.

3 | RESULTS

3.1 | Identification of DEGs in SKCM

Differentially expressed genes analysis was used to identify up-
regulated and downregulated genes. As shown in the Venn diagram
(Figure 2A), 1842 (836 upregulated and 1006 downregulated) and
355 (143 upregulated and 212 downregulated) DEGs were identi-
fied using the GSE3189 and GSE46517 datasets, respectively. A
total of 74 upregulated and 129 downregulated genes were signifi-
cantly differentially expressed. The overlapping upregulated and
downregulated DEGs of the two gene sets are shown in Tables S1
and S2. Volcano plots illustrating the DEGs between SKCM and
nevus control tissues in GSE3189 and GSE46517 datasets are pre-
sented as volcano plots in Figure 2B,C. The top 30 DEGs between
tumor and normal tissues are presented as heatmaps in Figure 2D,E.

3.2 | Protein-protein interaction network
construction and critical module analysis

A PPI network was constructed to determine the interactions be-
tween 203 identified genes using the STRING online database
and Cytoscape software. The network comprised 149 nodes and
297 edges, and the top 100 nodes are illustrated in Figure 2F.
Significantly upregulated and downregulated genes were identified
based on the shape of the nodes. Based on the degree of importance
of the Cytoscape MCODE plug-in, we found that CENPF belongs
to the top significant module, which contains 36 edges and nine
nodes, namely CENPF, SPAG5, cyclin B1 (CCNB1), TYMS, HJURP,
ASPM, kinesin family member 20A (KIF20A), PBK, and CEP55. The
intersection of the top 10 genes identified by four different meth-
ods using the Cytoscape plug-in cytoHubba was used to select four
hub genes: CCNB1, cyclin-dependent kinase 2 (CDK2), CENPF, and
KIF20A (Table 1).

The TIMER database website has comprehensive tools for the
analysis of tumor-infiltrating immune cells across diverse carcino-
mas.?* Additionally, according to the SKCM metastasis and tumor
data in the TIMER database, CENPF expression was significantly
higher in SKCM metastasis tumors than in SKCM primary tumors
(Figure 3A).

To verify the expression of these genes using the GEO database,
an ROC curve analysis was performed to evaluate the correspond-
ing sensitivity and specificity of SKCM diagnosis using the data
from the GSE3189 dataset. As shown in Figure 3B, the AUC value
of CENPF was 0.954, demonstrating a significant association with
the diagnosis. Moreover, the boxplot function of GEPIA showed that
the transcriptional level of CENPF increased in 461 SKCM tissues
compared with 558 normal tissues based on TCGA and Genotype-
Tissue Expression (GTEx) datasets (Figure 3C). We confirmed that
CENPF expression was higher in SKCM tissues than in normal ones
via immunofluorescence analysis in six clinical melanoma and three
normal skin samples (Figure 3D). These results suggest that CENPF
has high sensitivity and specificity for SKCM diagnosis.

3.3 | High expression of CENPF is significantly
correlated with poor survival

To investigate the impact of high CENPF expression on the progno-
sis of patients with SKCM, the OS analysis function in GEPIA was
used, which showed that CENPF was significantly associated with
survival time of patients with SKCM (Figure 3E). The baseline clinico-
pathological characteristics of 410 paired patients with SKCM from
TCGA database, including sex, age, recurrence, TNM stage, radiation
therapy, and event, are detailed in Table 2.

Univariate analyses of various prognostic parameters of pa-
tients with SKCM demonstrated that high expression of CENPF
(p = 0.017, adjusted hazard ratio [HR] = 1.204), recurrence
(p <0.001, HR = 3.119), TNM stage (p < 0.001), and radiation ther-
apy (p = 0.003, HR = 0.429) were significantly associated with the
risk of mortality (Table 3). CENPF expression (p = 0.070), recurrence
(p <0.001), TNM stage (p < 0.001), and radiation therapy (p = 0.019,
HR=0.504) remained independent predictors in a multivariate
model that included CENPF level, recurrence, TNM stage, and ra-
diation therapy (Table 3). As expected, the AUC values of CENPF
expression (AUC: 0.599; 95% Cl: 0.550-0.647) corresponded to a
better prognostic value than those of metastasis (AUC: 0.511; 95%
Cl, 0.461-0.560; p = 0.028) and recurrence (AUC: 0.502, 95% ClI:
0.453-0.552, p = 0.014), indicating that CENPF has a good prognos-
tic value. (Figure 3F).

3.4 | CENPF is significantly associated with clinical
traits of metastasis

To construct the coexpression module, we performed a WGCNA,
in which a total of 114 metastasis, primary melanoma, and nevus
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FIGURE 2 Identification of hub genes in skin cutaneous melanoma (SKCM)

TABLE 1 Hub genes identified by four

ranked methods in cytoHubba GEIL AT Bl Gl )

MNC Degree EPC MCC
Gene symbol top 10 CCNB1 SPP1 SPP1 CCNB1
SPP1 CCNB1 BMP4 CENPF
CDK2 BMP4 CDK2 ASPM
CENPF CDK2 VCAM1 PBK
ASPM VCAM1 CCNB1 KIF20A
PBK GATA3 KIF20A TYMS
TYMS KIF20A CEP55 CEP55
KIF20A CENPF ASPM HJURP
TIMP2 TYMS PBK SPAG5
HJURP TIMP2 CENPF CDK2

Note: Bold gene symbols were the overlap hub genes in top 10 by four ranked methods
respectively in cytoHubba.

Abbreviations: Degree, node connect degree; EPC, edge-percolated component; MCC, maximal
clique centrality; MNC, maximum neighborhood component.

samples were selected from the GSE46517 dataset, including independence degree was 0.97. Therefore, 13 coexpression modules
12,437 genes. After cluster analysis, 101 samples were selected containing 6000 genes were constructed and are shown in different
for the subsequent analysis. The power value was 7, and the colors in Figure 4A. The metastasis group was strongly associated
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with the red module containing 287 genes (p = 5e-17, r = 0.71)
(Figure 4B,C) (Table S3). Centromere protein F was included in this
module.

3.5 | Assessment of immune cell infiltration in
primary and metastatic melanoma

To further study the changes in the immune microenvironment in
primary and metastatic melanoma and melanocytes, we used the
CIBERSORT algorithm to classify the immune cell composition and
clinical type based on the GSE46517 dataset. As shown in Figure 5A,
the proportion of CD4+ memory-activated T cells and plasma cells
was higher in metastatic melanoma tissues. In contrast, the propor-
tion of CD4+ memory resting T, dendritic, and mast cells was signifi-
cantly lower in metastatic and primary melanoma tissues. Next, we
analyzed the correlations between CD4+ memory-activated T cells
and other types of immunocytes (Figure 5B,C), which were processed
and visualized using the R package “corrplot.” The score and gradient
of colors represent the correlation coefficient. Figure 5B shows a
heatmap of 22 immune-related cells and types in the high- and low-
CENPF expression groups. The correlation between activated CD4+
memory T cells and 21 immune cells is shown in Figure 5C. CD4+
memory-activated T cells were positively correlated with resting NK
cells, gamma delta T cells, M2 macrophages, monocytes, neutro-

phils, plasma cells, activated mast cells, and eosinophils. Moreover,

TABLE 2 Baseline characteristics of skin cutaneous melanoma
(SKCM) patients

Variable N =410 (%)
Sex

Male 256 (62.4)

Female 154 (37.6)
Age

<60 211 (51.5)

260 199 (48.5)
Recurrence

Yes 224 (54.6)

No 186 (45.4)
TNM stage

| 79 (19.3)

Il 140 (34.1)

1 167 (40.7)

\Y 24(5.9)
Radiation therapy

Yes 41 (10.0)

No 369 (90.0)
Event

Alive 219 (53.4)

Dead 191 (46.6)

Cancer Science U103

Spearman correlation was used to measure the linear correlation be-
tween CENPF expression and CD4+ memory-activated T cells, as
shown in Figure 5D (p = 8.58e-05, r = 0.36).

To investigate the reliability of the CENPF-related immune cell
infiltration clusters, we further analyzed the relationship between
CENPF expression and immune cell infiltration in patients with
SKCM based on TCGA database using the ssGSEA of the R “GSVA”
package. Pearson correlation analysis demonstrated that CENPF
expression was associated with activated CD4+ T cells (p = 0.001,
r=0.15) (Figures 5E and 6A).

Additionally, TMB (i.e., the number of somatic mutations per
million bases) is widely recognized as a key driver of immunogenic
mutations, as well as a predictor of the efficacy of immune check-
point inhibitors and patient outcomes with several malignancies,
including melanoma.?>?¢ Using the “maftools” R package, we ana-
lyzed the somatic mutation data and transcriptome profiles of 410
patients with SKCM from TCGA database. Pearson correlation anal-
ysis demonstrated that CENPF expression was associated with TMB
(p =0.0013, r = 0.14) (Figure 6B).

3.6 | Centromere protein F is positively correlated
with CD4+ memory T cell-related markers and
negatively correlated with CD4+ memory T cell
survival regulators in melanoma

We analyzed the correlation of CENPF with CD4+ memory T cell
markers via pairwise gene expression correlation analysis using
SKCM tumor and not-sun-exposed skin datasets of TCGA and the
GTEx data provided by GEPIA. Our results showed that CENPF ex-
pression was positively correlated with phenotypic markers of CD4+
memory T cells, such as IL-23A (p = 2.7e-18, r = 0.32) (Figure 6C),
CD62L (SELL) (p = 2e-47, r = 0.51) (Figure 6D), and CD28 (p = 7.1e-
37, r =0.46) (Figure 6E). However, CENPF was negatively correlated
with survival and generation-related regulators of memory T cells,
such as IL-7 (p = 1.2e-24,r = -0.38) (Figure 6F) and IL-15 (p = 0.0012,
r = =0.12) (Figure 6G). Furthermore, we performed immunofluo-
rescence analysis and found that CENPF was highly coexpressed
with IL23A (Figure 6H) and CD4 (Figure 6l) in melanoma tissues.
Collectively, these findings indicate an association between CENPF
and the activation and depletion of CD4+ memory T cells.

3.7 | Centromere protein F nomogram and survival
curve validation

To predict the OS rates of melanoma patients at 1, 3, 5, and
7 years, we designed a Nomogram melanoma diagnosis map based
on TCGA. The decision curve analysis for the predictive nomo-
gram model containing CENPF level, recurrence, radiation ther-
apy, and TNM stage is presented in Figure 7A. This curve showed
high CENPF levels, indicating a high risk of mortality. Therefore,
this model can quickly determine the estimated probability of
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TABLE 3 Univariate and multivariate analyses of various prognostic parameters in patients with skin cutaneous melanoma (SKCM) Cox

regression analysis

Univariate analysis

Multivariate analysis

Hazard ratio 95% ClI P Hazard ratio 95% ClI P
CENPF 1.204 1.033-1.402 0.017 1.157 0.988-1.355 0.070
Recurrence 3.119 2.142-4.543 <0.001 3.165 2.154-4.649 <0.001
TNM stage
| 1 - 0.001 <0.001
1l 1.580 1.049-2.380 0.028 1.741 1.149-2.637 0.009
1] 2.077 1.408-3.062 <0.001 2.671 1.799-3.968 <0.001
[\ 2.938 1.493-5.782 0.002 3.927 1.973-7.816 <0.001
Radiation therapy 0.429 0.244-0.755 0.003 0.504 0.284-0.893 0.019
Abbreviation: CENPF, centromere protein F.
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FIGURE 4 Centromere protein F (CENPF) is significantly associated with metastasis

survival by adding the total scores and finding the matching posi-
tion at each time point.

To evaluate the efficiency of this predictive nomogram, we cal-
culated the C-index of the model, which was 0.683 (with a standard
error of 0.044), thereby confirming that the CENPF nomogram is
moderately accurate. The 1-, 3-, 5-, and 7-year bias-corrected lines
were close to the ideal curve, indicating that the CENPF nomogram

prediction results agree with the actual 1-, 3-, 5-, and 7-year over-
all survival rates (Figure 7B-E). Additionally, we distinguished two
risk subgroups (low-risk subgroup: <234.162, high-risk subgroup:
2234.162) using the median of nomogram scores. The KM survival
curve log-rank test showed that the low-risk subgroup had better
survival than the high-risk subgroup (p < 0.001) (Figure 7F), thereby
confirming the prognostic value of the CENPF nomogram model and
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FIGURE 5 Assessment of immune cell infiltration in primary and metastatic melanoma
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associated with CD4+ memory T cell survival regulators in melanoma
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FIGURE 7 Centromere protein F (CENPF) nomogram and survival curve validation by nomogram scores
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the high predictive value of CENPF mutations for survival responses
in patients with SKCM.

4 | DISCUSSION

Melanomas often arise from distinctive precursor lesions, such as
melanocytic nevi, intermediate lesions, or melanoma in situ, and

their progression can be analyzed.27

The malignant transformation
of melanocytes into metastatic melanoma is a multifactorial process
caused by complex interactions between exogenous and endog-
enous triggers, as well as tumor-intrinsic and immune-related fac-
tors.?® Previous studies have identified genes that are differentially
expressed in benign and malignant lesions?? and genes that might be
of prognostic value.®° In melanoma, many genes with altered expres-
sion were found to be highly associated with the development of
the disease. The gene expression changes are associated explicitly
with malignant melanocyte transformation, contributing to identify-
ing the overexpressed novel gene in melanoma precisely.®! In this
study, we systematically analyzed GEO and TCGA SKCM databases,
adopted various prediction algorithms, and found that CENPF was
highly expressed in SKCM and significantly affected the metasta-
sis and survival of patients with SKCM. Additionally, CIBERSORT,
ssGSEA, and immunofluorescence analyses showed a potential as-
sociation between CENPF and CD4+ memory-activated T cell in-
filtration, supporting the immunotherapeutic value of CENPF in
patients with SKCM.

Centromere protein F, a kinetochore-associated protein that
controls the mitotic progression and regulates the cell cycle, is in-
volved in the recruitment of the spindle checkpoint proteins to
maintain checkpoint response.15'32'33 Centromere protein F pro-
motes bone metastasis of breast cancer by activating the PI3K-
AKT-mTORC1 signaling pathway, increasing the parathyroid
hormone-related protein.21 Additionally, overexpression of the
COUP-TFII-FOXM1-CENPF axis contributes to the metastasis and
drug resistance of prostate cancer by promoting cell migration.34
Here, we showed that high CENPF expression is strongly asso-
ciated with melanoma metastasis. We identified the prognostic
value of CENPF using multiple methods, including immunofluo-
rescence, survival analysis, univariate and multivariate Cox pro-
portional hazard models, and ROC curves. CENPF was positively
correlated with TMB, a predictive biomarker and a predictor of
immunotherapy accuracy.25 Weighted gene coexpression net-
work analysis showed a significant correlation between CENPF
and metastasis. Additionally, our CIBERSORT results showed that
CD4+ memory-activated T cells promote melanoma metastasis.
Centromere protein F demonstrated a positive association with
activated CD4+ T cells.

The function of naive and memory T cell facets in immunologi-
cal memory was first reported in 1999.3° Memory T cells can opti-
mize tumor immunotherapy strategies.4 CENPs, such as CENPA and
CENPB, have been proven to be specific immune autoantigens for
scleroderma; therefore, CENPF is possibly associated with immune

regulation in patients with melanoma.3 It is worth investigating
whether CENPF expression affects immune cell infiltration and spe-
cific cell types.

The phenotype of memory T cells is affected by their microen-
vironment; however, the mechanism of the activation of resident
memory CD4+ T cells remains unclear.®” A study showed that CD4+
memory-activated T cells infiltrated the inflamed region in a patient
with brain metastatic melanoma who suffered from pembrolizumab-
induced encephalitis.38 Additionally, in-depth analysis of the activa-
tion and regulation of memory T cells holds notable potential for
improving vaccines against infections, cancer immunotherapies, and
the treatment of autoimmunity.>’ Hence, we performed a pairwise
gene expression correlation analysis using the SKCM tumor and
not-sun-exposed skin datasets of TCGA and the GTEx data pro-
vided by GEPIA. We found CENPF to be positively correlated with
CD4+ memory T cell phenotypic markers,* such as IL-23A,% CD28,
and CD62L (SELL),® and negatively correlated with memory T cell
survival and regulators, such as IL-7 and IL-15.% In addition, we per-
formed immunofluorescence and found that CENPF was highly co-
expressed with IL23A in melanoma tissues. Given these findings, we
hypothesized that CENPF might be associated with CD4+ memory
T cell activation. Moreover, an increase in CENPF expression level
inhibited the maintenance and homeostasis of CD4+ memory T
cells, leading to immunosuppression. We also confirmed the high
expression of CENPF and CD4 in melanoma tissues via a fluorescent
multiplex immunofluorescence analysis. This immunofluorescence
technique avoids false positives caused by the pigmentation of mel-
anoma tissues and provides a more reliable confirmation of target
gene expression. Collectively, these results confirmed that CENPF
promotes immune escape in melanoma.

Furthermore, clinical nomograms were shown to have an accu-
rate prognostic predictive ability in cancer prognosis.*%*! Recently,
nomograms have made significant progress in the development of
prognostic models in several diseases. The accuracy of the models
can be verified by a calibration curve; hence, nomograms are of high
clinical value.*? In this study, using univariate and multivariate anal-
yses, we confirmed that CENPF level, recurrence, radiation therapy,
and TNM stage were significant independent factors affecting the
OS. The predictive value of the CENPF nomogram was consistent
with the calibration curves of 1-, 3-, 5-, and 7-year OS rates. The KM
survival curve log-rank test showed that the low-risk subgroup had a
better survival rate (p < 0.001), thereby confirming the accuracy of
the CENPF nomogram survival assessment in patients with SKCM.

In conclusion, we confirmed the role of CENPF in the carcinogen-
esis of SKCM with a risk of distant metastases. Centromere protein
F had a clinical predictive value for 1-, 3-, 5-, and 7-year OS. Notably,
CENPF was associated with CD4+ memory T cell markers in mela-
noma; upregulation of CENPF expression was negatively correlated
with CD4+ memory T cell survival regulators, leading to premature
depletion of CD4+ memory T cells and immunosuppression. Thus,
CENPF is a potential clinical prognostic marker for skin melanoma
metastasis and may be an effective therapeutic target. Further in-
vestigation is required to validate these findings.
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