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biomarker correlated with
immune infiltrates in skin
cutaneous melanoma
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Background: As a member of tumor, Skin cutaneous melanoma (SKCM) poses a

serious threat to people’s health because of its strongmalignancy. Unfortunately,

effective treatment methods for SKCM remain lacking. FANCI plays a vital role in

the occurrence and metastasis of various tumor types. However, its regulatory

role in SKCM is unclear. The purpose of this study was to explore the association

of FANCI with SKCM.

Methods: This study investigated the expression of FANCI in GSE46517, GSE15605,

and GSE114445 from the Gene Expression Omnibus database and The Cancer

Genome Atlas (TCGA)-SKCM datasets using the package “limma” or “DESeq2” in R

environment and also investigated the prognostic significance of FANCI by utilizing

the GEPIA database. Additionally, our research made use of real-time quantitative

polymerase chain reaction (RT-qPCR) and immunohistochemical (IHC) staining to

verify FANCI expression between SKCM and normal tissues and developed the

knockdown of FANCI in A375 and A875 cells to further analyze the function of

FANCI. Finally, this study analyzed the correlation of FANCI and tumor-infiltrating

immune cells by CIBERSORT, ESTIMATE, and ssGSEA algorithms.

Results: The FANCI level was increasing in SKCM tissues from GSE46517,

GSE15605, GSE114445, and TCGA-SKCM. However, high FANCI expression

correlated with poor overall survival. The RT-qPCR and IHC confirmed the

accuracy of bioinformatics. Knocking down FANCI suppresses A375 and A875

cell proliferation, migration, and invasion. FANCI could be involved in the

immunological milieu of SKCM by regulating immune responses and infiltrating

numerous immune cells, particularly neutrophils, CD8+ T cells, and B cells.

Furthermore, patients with SKCM who have a high FANCI expression level are

reported to exhibit immunosuppression, whereas those with a low FANCI

expression level are more likely to experience positive outcomes from

immunotherapy.
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Conclusions: The increased FANCI expression in SKCM can be a prognostic

biomarker. Knockdown FANCI can reduce the occurrence and progression of

SKCM. The FANCI expression provides a foundation for predicting the immune

status and treatment of SKCM.
KEYWORDS

FANCI , sk in cu taneous me lanoma , p rognos t i c b iomarke r , immune
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1 Introduction

Skin cutaneous melanoma (SKCM) is the most pernicious type

of skin cancer resulted from melanocytes (1) and is mainly

prevalent in the head and neck (2). The pathogenesis is unknown,

but potential factors include genetic predisposition and a history of

melanoma, specifically sun exposure (3). The epidemiology shows

an increasing SKCM incidence and prevalence, with approximately

192,000 new SKCM diagnoses in the United States annually (4) and

an approximately 17% mortality rate for patients with SKCM in

2020 (5). Early diagnosis is crucial for treating SKCM, and surgical

resection remains an ideal treatment modality for most cases with

early-stage SKCM (6). Most SKCM patients are only detected at an

advanced stage when the patient’s prognosis is significantly worse

(7). The overall survival (OS) of SKCM patients has been increased

with immunotherapy and targeted therapy, but different drug

efficacy due to individual differences causes different prognoses

and is very prone to drug resistance (8). Therefore, researchers

should develop effective and new biomarkers to improve the

diagnostic value of SKCM and personalize patient treatments.

Fanconi anemia (FA) is defined by anemia and bone marrow

failure (9). As one of 22 FA family proteins, FANCI functions as a

significant role in FA occurrence. FANCI and FANCD2 are in a

central position of the FA signaling (10). FANCI has important

functions at other cell cycle stages, directly through integration

into other pathways, in addition to its important role in

the FANCD2-FANCI of DNA damage or binding to ataxia

telangiectasia mutated and Rad3-related (ATR) during DNA

replication (11, 12). FANCI-/- mice exhibit typical FA features,

such as microphthalmia, and blood system malfunction (13).

Additionally, the occurrence of multiple tumors involved FANCI.

FANCI expression was upregulated in cervical cancer, and

upregulated FANCI predicts poor prognosis in patients (14).

FANCI expression level was higher in non−small cell lung cancer
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tumor tissues, and the FANCI knockdown inhibited the progression

by activating EMT in vivo and in vitro (15). The occurrence of

familial ovarian cancer may involve the missense variant of FANCI

(16). Akt is a critical mediator in cancer, and FANCI negatively

regulates AKT activation (17). Up to present, the key role of FANCI

in SKCM tumorigenesis and the specific mechanism involved

remains unknown.

This study investigated FANCI expression in SKCM tissues by

SKCM-The Cancer Genome Atlas (TCGA) and Gene Expression

Omnibus (GEO) datasets. We first verified the accuracy of

bioinformatics through IHC and real-time RT-qPCR. Our study

revealed that patients with SKCM with higher FANCI levels had a

worse prognosis. Next, we developed the FANCI knockdown in

A375 and A875 cells. The knocking down of FANCI suppressed the

proliferation, migration, and invasion abilities of SKCM. Finally, we

investigated the association between FANCI and immune cells. This

study, for the first time, clarified the correlation between FANCI

and SKCM. Therefore, FANCI will be a promising biomarker that

predicts the clinical outcomes and immune therapy measure for

treating patients with SKCM.
2 Materials and methods

2.1 Data acquisition and mRNA
expression analysis

The RNA sequence datasets were downloaded from the public

GEO and TCGA) databases. We analyzed GSE46517, GSE15605,

GSE114445, and TCGA-SKCM datasets using the package “limma”

(18) or “DESeq2” (19) in R environment to explore the mRNA

expression of the overall differentially expressed genes (DEGs)

between tumors, including primary and metastatic, and non-

tumor tissues.
2.2 Prognostic analysis

We exploited the GEPIA (http://gepia.cancer-pku.cn/) database

(20) to probe into the relationship between FANCI and OS, in

which we used the median FANCI gene expression as a cut-off value

to categorize the groups.
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2.3 Immune infiltration cells analysis

This study explored the relevance between the FANCI

expression level and related immune infiltration in SKCM using

the TIMER database (21, 22) and analyzed Kaplan–Meier plots (K-

M) of immune cell infiltration and FANCI expression levels in

SKCM. Additionally, this study explored the correlations between

FANCI expression and the abundance of tumor-infiltrating

lymphocytes (TILs) of FANCI via the “Lymphocyte” module in

TISIDB (http://cis.hku.hk/TISIDB/index.php) (23).

This study exploited the CIBERSORT algorithm (24) to assess

the abundance of 22 immune cells in the higher and lower FANCI

expression classifications within the TCGA-SKCM cohort applying

clinical bioinformatics assistance. Additionally, this study analyzed

the correlation of FANCI and 22 kinds of immune cells using the

Spearman algorithm.

We made use of the “estimate” R package to determine the

immune purity of the TCGA-SKCM expression matrix and

examine the effect of FANCI on the immune microenvironment

of SKCM. For each sample, we used the ssGSEA method and

assessed immune infiltration through the ESTIMATE algorithm,

which provided us with ImmuneScore, StromalScore,

EstimateScore, and TumorPurity (25).

We applied the “GSVA” R package to process the normalized

SKCM-TCGA data, as well as ssGSEA to classify gene sets based on

their common biological functions, chromosomal location, and

physiological regulation. The gene set consists of 782 genes,

which predicts the abundance of 28 tumor-infiltrating immune

cells (TIICs) in individual tissue samples (26). We demonstrate the

enrichment of these 28 TIICs in both the high and the low FANCI

expression groups by comparing the normalized SKCM-TCGA data

with the gene set.
2.4 Immunotherapy responses analysis

The study examined the expression of eight classic immune

checkpoint genes (PDCD1, LGALS9, cytotoxic T lymphocyte (CTL)

A4, CD70, CD27, TNFRSF18, CCL5, and SELP) in different FANCI

groups to investigate the sensitivity of patients in the high and low

FANCI groups to immunotherapy. The study obtained the

correlation between FANCI and immune checkpoint genes

through the Spearman algorithm. We used the median gene
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expression of immune checkpoint genes as a cut-off value to

investigate the relationship between immune checkpoint genes

and OS in SKCM.
2.5 Immunohistochemical staining

Tissues contain 20 samples of SKCM tissues (n = 10) and para-

cancerous tissues (n = 10) from Shanghai Shuguang Hospital.

Briefly, the slices were first deparaffinized, and then pressure

cooked for 25 min in EDTA antigen retrieval buffer (pH = 8.0,

ZSGB-BIO, China). Additionally, we inhibited the endogenous

peroxidase activity in 0.3% H2O2. After washing with phosphate-

buffered saline (PBS), the slices were cultured with the primary

antibody (1:200) overnight at 4°C in a humidified box. After 24 h,

the secondary antibody was introduced, and these sections were

treated at 37°C for 60 min. Lastly, we used the peroxidase and 3,3′-
diaminobenzidine tetrahydrochloride for visualization. We

categorized these average values of immune reactivity into five

scoring groups: 1, not detected; 2, <10% positive cells; 3, 10%–20%

weak to moderate positive cells; 4, 10%–20% strong positive cells or

20%–50% weak positive cells; 5, 20%–50% positive cells with

moderate to significant reactivity or >50% positive cells. The

antibodies used in the experiments were all purchased

from Proteintech.
2.6 Real-time quantitative PCR

We used Trizol (Thermo Fisher Scientific, USA) to harvest the

total cellular RNA or tissue RNA, which was then used for reverse

transcription. We synthesized the cDNA using HisScript@ III RT

SuperMix kit (Vazyme, China). The reference gene included

glyceraldehyde-3-phosphate dehydrogenase (GAPDH). We

repeated all the experiments three times. Table 1 lists the

primer sequences.
2.7 Cell culture

We cultured A375 and A875 cells in Dulbecco’s Modified Eagle

Medium (Gibco, USA) with 10% fetal bovine serum (ExCell Bio,

China) and 100 U/ml penicillin–streptomycin (Seven, China) at 37°
TABLE 1 Specific primers for RT-qPCR.

Gene Forward (5’→3’) Reverse (5’→3’)

FANCI CCACCTTTGGTCTATCAGCTTC CAACATCCAATAGCTCGTCACC

CD115 GGGAATCCCAGTGATAGAGCC TTGGAAGGTAGCGTTGTTGGT

CCR8 GTGTGACAACAGTGACCGACT CTTCTTGCAGACCACAAGGAC

IL-1a TGGTAGTAGCAACCAACGGGA ACTTTGATTGAGGGCGTCATTC

TGFB1 GGCCAGATCCTGTCCAAGC GTGGGTTTCCACCATTAGCAC

GAPDH ACTCCCATTCTTCCACCTTTG CCCTGTTGCTGTAGCCATATT
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C with 5% CO2. Cells were carefully processed to prevent

contamination and were identified through short tandem repeat

profiling to ensure their quality.
2.8 Establishment of FANCI knockout A375
or A875 cells

We used the pLKO.1 short hairpin RNA (shRNA) lentivirus

system from Ruibo Biotechnology Co., Ltd. (Guangzhou, China) to

generate shRNA against human FANCI gene. In brief, we seeded

A375 or A875 cells to be 70%–90% confluent at transfection.

Afterward, we combined 5 µl of Lipofectamine 2000 reagent

(Invitrogen, USA) and 10 µl of shRNA-FANCI-1 or shRNA-

FANCI-2 (10 mM) in 500 µl of Opti-MEM (Invitrogen, USA)

culture medium to incubate at room temperature for 30 min. We

then added the mixture into a culture dish that already contained

2 ml of culture medium. We obtained shRNA-FANCI-1 or shRNA-

FANCI-2 cells by puromycine (5 mg/ml) selection.
2.9 Western blot

We lysed the cells and used the protein kit (Fdbio,

Hangzhou, China) to detect the specific concentration of

protein. We then isolated and transferred the proteins to a

polyvinylidene difluoride membrane (Millipore, Burlington,

MA, USA), and then blocked with prepared 5% skim milk for

120 min and overnight at 4°C with primary antibody. We then

treated the membranes with a secondary antibody conjugated

with HRP (1:4000, Fdbio, Hangzhou, China) at ordinary

temperature for 60 min. This study used anti-FANCI (1:1000,

67304-1-Ig, Proteintech) and GAPDH (1:5000, 60004-1-Ig,

Proteintech) as antibodies.
2.10 5-ethynyl-2-deoxyuridine analysis

We spread cells evenly in well plates at a density of 1 × 105 per

well for further detection. We used the EdU reagent kit (Beyotime,

China) to assay the proliferation ability of various cells, following

the manufacturer’s instructions. We used fluorescence microscopy

to observe the images.
2.11 Cell scratch assay

We seeded the cells to be 70%–90% confluent in a six-well plate.

We used a sterile 200-ml pipette tip to create a concentrated scratch

area in the cell culture medium. Afterward, we cultured the cells in a

complete medium for 24 h. At different intervals, we observe the

cells ’ movement toward the damaged surface applying

a microscope.
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2.12 Cell invasion analysis

We measured the cell invasion ability using a Transwell plate

(Corning, USA) with an 8-mm pore polycarbonate membrane. In

brief, we seeded 5 × 105 cells in serum-free suspension in the top

chamber of the matrix gel-coated membrane. After no less than 24h

of incubation, we continued the fixation and subsequently stained

the cells on the underside of the membrane using crystal violet.
2.13 Apoptosis assays

We placed cells from different groups in the logarithmic growth

phase in 6-well plates, treated them with EDTA-free trypsin, rinsed

them with PBS, and collected them. We then resuspended the cells

in 100 mL of binding buffer, then added 5 mL of Annexin V staining

solution and 10 mL of PI staining solution. We vigorously mixed the

cells using a pipette and left them at room temperature for 15 min.

Before loading the machine, we added 400 mL of binding buffer

solution to each sole tube and thoroughly mixed them, which

resulted in a system volume of 500 mL. We analyzed the

apoptosis of cells in each group using flow cytometry.
2.14 Statistical analysis

We made use of GraphPad Prism 8.0 and R 4.0.2 software for

analyzing statistical significance of experimental data. We presented

measurement data as mean ± standard deviation and used Student’s

t-test and Dunnett’s T3 to analyze the data, with P-values of <0.05

indicating significance. *P < 0.05, **P < 0.01, ***P < 0.001.
3 Results

3.1 FANCI is significantly upregulated
in SKCM

We identified DEGs between SKCM and normal tissues in the

microarray data GSE46517 dataset and applied the criteria of Log2|

FoldChange>1| and P < 0.05. We screened the 1829 DEGs,

including 1079 downregulated genes and 750 upregulated genes

(SKCM versus healthy skin tissue) (Supplementary Figures 1A, B).

FANCI was significantly upregulated in both primary and

metastatic SKCM tissues (Figure 1A). Additionally, FANCI

expression of metastatic tumor tissues exceeded that of tumor

tissues in the GSE46517 dataset and TCGA-SKCM (Figures 1A,

B, D). Consistently, FANCI expression was increased in SKCM

tissues from the GEPIA dataset (Figure 1C). Furthermore, FANCI

expression increased in the SKCM tissue versus the healthy skin

tissue from GSE15605 (Figure 1E) and GSE114445 (Figure 1F).

FANCI expression of metastatic tumor tissues exceeded that of

tumor tissues in the GSE46517 dataset and TCGA-SKCM.
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3.2 Prognostic value of FANCI in
multiple cancers

We examined the connection between FANCI expression and

the prognosis in 33 diverse cancers using the GEPIA database to

explore the prognostic value of FANCI in different cancers. The

higher FANCI expression has worse OS in ACC, BRCA, KICH,

LGG, LIHC, LUAD, MESO, PCPG, PAAD, SARC, and SKCM

(Figures 2A–G, 2I–2L). Low FANCI expression was also
Frontiers in Immunology 05
correlated with decreased OS in OV (Figure 2H) and THYM

(Figure 2M). No different prognostic value was found between

higher FANCI and lower FANCI in BLCA, CESC, CHOL, COAD,

DLBC, ESCA, GBM, HNSC, KIRC, KIRP, LAML, LUSC, PRAD,

READ, STAD, TGCT, THCA, UCEC, UCS, and UVM

(Supplementary Figures 2A–T). High FANCI expression

predicted a worse prognosis for SKCM patients based on the

TCGA-SKCM datasets (Figure 2N). To sum up, FANCI can be a

biomarker for SKCM prognosis.
A

B

D E FC

FIGURE 1

FANCI is significantly upregulated in SKCM. (A) The FANCI expression level in the normal, primary, and metastatic tumor tissues of SKCM from
GSE46517. (B) Differential FANCI expression levels between tumor and adjacent normal tissues in the TIMER datasets. (C) FANCI was increased in
SKCM from the GEPIA database. (D) FANCI was increased in SKCM metastatic tumors from TCGA. (E) FANCI expression in normal, primary, and
metastatic tumor tissues of SKCM from the GSE15605 dataset. (F) FANCI was increased in SKCM from the GSE114445 dataset. *P < 0.05, **P < 0.01,
***P < 0.001.
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3.3 FANCI regulates the cytokines in SKCM

We conducted IHC staining on tumor tissues in SKCM patients

and normal skin tissues to further explore the mechanism of FANCI

in SKCM. The result revealed that FANCI was upregulated in

SKCM tissues (Figure 3A). Consistently, the mRNA level of

FANCI was increased in SKCM compared to normal skin tissues

(Figure 3B). The results from the TCGA-SKCM and GEO datasets

were comparable with the IHC and RT-qPCR. Bioinformatics

analysis and our own data results both indicate the involvement

of FANCI as an oncogene in SKCM. We used lentiviral

transduction technology to knock down FANCI expression in

A375 and A875 cell lines (sh-FANCI-1 and sh-FANCI-2) to

further explore the oncogenic role of FANCI in SKCM

pathogenesis, and the Western blot experiment demonstrated that

we successfully established FANCI knockdown cell lines

(Figure 3C). The RT-qPCR results similarly illustrate that sh-

FANCI-1 and sh-FANCI-2 exhibit greater transfection efficiency
Frontiers in Immunology 06
in A375 and A875 cells (Figure 3D). We then detected the

expression of cytokines, such as cluster of differentiation (CD)

115, CCR8, interleukin (IL) 1a, and transforming growth factor

beta-1 (TGFB1), in A375 and A875 cell lines with FANCI

knockdown expression. Figure 3E shows that FANCI knockdown

downregulated CD115, CCR8, IL1a, and TGFB1 expression both in

A375 and A875 cells, which indicated that FANCI knockdown

places SKCM in an inhibitory state against cytokines, which greatly

benefits SKCM treatment.
3.4 FANCI plays as an oncogene in SKCM

Subsequently, we further explored the regulatory role of FANCI

on SKCM. EdU showed that FANCI downregulation suppressed the

growth of A375 (Figure 4A) and A875 (Figure 4B). Compared with

the control group, FANCI knockdown significantly decreased the

invasive ability of A375 and A875 cells (Figure 4C). Undoubtedly,
A B D E

F G IH J

K L M N

C

FIGURE 2

The prognosis values of FANCI in multiple tumors. The OS in patients with differential FANCI in ACC (A), BRCA (B), KICH (C), LGG (D), LIHC (E), LUAD
(F), MESO (G), OV (H), PCPG (I), PAAD (J), SARC (K), SKCM (L), and THYM (M) from the GEPIA database. The OS in patients with SKCM with
differential FANCI based on TCGA-SKCM datasets (N).
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knocking down FANCI expression can significantly promote the

apoptotic ability of A375 and A875 cells (Figure 4D). Consistent

with the results of the transwell assays, the cell scratch assay

revealed that the migration rate of cells with FANCI knockdown

decreased within 24 h (Figure 4E). In conclusion, FANCI

knockdown in A375 and A875 cell lines not only inhibits the

malignant phenotypes of SKCM cells but also reduces the

cytokines (CD115, CCR8, IL1a, and TGFB1). These findings

indicate that FANCI plays multiple roles in SKCM, expanding its
Frontiers in Immunology 07
oncogenic effects to include cytokine regulation and

biology representation.
3.5 FANCI may regulate immune
microenvironment of SKCM

The tumor immune microenvironment dysfunction may

accelerate tumor development and progression. Therefore, we
A B

D

E

C

FIGURE 3

FANCI regulates the cytokines in SKCM. (A) Representative picture of FANCI expression level from tumor and normal tissues by IHC. (B) The mRNA
expression of FANCI in tumor and normal tissues by RT-qPCR analysis. (C) FANCI knockdown in A375 and A875 cell lines. (D) RT-qPCR was used to
detect the knockdown efficiency of FANCI in A375 and A875. (E) The expression of CD115, CCR8, IL1a, and TGFB1 in A375 and A875 by RT-qPCR.
*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.
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investigated the potential involvement of FANCI in the immune

microenvironment of SKCM. Our data indicated that the

expression level of FANCI was positively correlated with the

infiltration degree of different infiltrating immune cell types using

the TIMER database, including neutrophils (R = 0.279, P = 1.64e-9),

CD8+ T cells (R = 0.247, P = 1.64e-7), dendritic cells (R = 0.178, P =
Frontiers in Immunology 08
1.57e-4), and B cells (R = 0.146, P = 1.96e-3) (Figure 5A). FANCI

and CD4+ T cells or macrophage cells demonstrated no apparent

correlation. We generated Kaplan–Meier curves using the TIMER

database to display immune cell infiltration and FANCI expression

in SKCM. Neutrophils, CD8+ T cells, dendritic cells, and B cells

were significantly correlated with SKCM survival (Figure 5B). The
A B

D

E

C

FIGURE 4

FANCI plays as an oncogene in SKCM. The proliferation ability of A375 (A) and A875 (B) cells was evaluated using EdU after knocking down FANCI
and control, scale bar: 100mm. (C) Representative cell invasion in A375 and A875 cells after knocking down FANCI and control. (D) Representative
cell apoptosis in A375 and A875 cells after knocking down FANCI and control. (E) Wound healing assay in each group, scale bar: 200mm.
***P < 0.001, ****P < 0.0001.
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high expression of immune cells, including neutrophils, CD8+ T

cells, dendritic cells, and B cells, signifies a favorable prognosis for

patients with patients SKCM.Whereas, the unfavorable prognosis is

shown when FANCI is highly expressed. In summary, these

experimental data indicate the involvement of FANCI in

regulating immune cell infiltration in SKCM and are associated
Frontiers in Immunology 09
with the clinical outcomes of SKCM in collaboration with some

immune cells. Moreover, FANCI showed significant correlations

with infiltration degrees of immune cells (Figure 5C). We exploited

the TISIDB to explore the relationship between FANCI level and

the abundance of 28 types of TILs (Figure 3C), which is consistent

with the aforementioned results (Figure 5D). Supplementary
A

B

D

E F

G H

C

FIGURE 5

The relationship between the level of FANCI and immune infiltration from SKCM. (A) FANCI was correlated with immune cell infiltration in SKCM. (B) K-M
plots in SKCM. (C) The correlation of SCNA of FANCI and immune infiltration. (D) The correlation between FANCI and 28 immune cells from the TISIDB
database. (E) FANCI was negatively correlated with CD56bright cells. (F) FANCI was positively correlated with neutrophils. (G) IHC detected the difference
expression of CD8 between normal and tumor tissues. (H) The difference of neutrophil between normal and tumor tissues was determined by IHC.
*P < 0.05, **P < 0.01.
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Table 1 shows that FANCI expression is negatively correlated with

the abundance of most tumor-infiltrating cells. CD56bright natural

killer cell (Figure 5E) or activated CD4 T cell (Figure 5F) showed the

top significant negative or positive correlation. The results

confirmed that CD8 and neutrophils were promoted in SKCM

tissues by IHC (Figures 5G, H).
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3.6 High expression of FANCI suppresses
immune infiltration

We performed a series of analyses to further explore the impact

of FANCI on the tumor immune microenvironment in SKCM

patients. The results from the ESTIMATE algorithm revealed a
A
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C

FIGURE 6

High FANCI expression suppresses immune infiltration. (A) The expression of ESTIMATEScore, ImmuneScore, StromalScore, and TuomrPurity
between the higher and the lower FANCI groups. (B) The correlation of FANCI and ESTIMATEScore, ImmuneScore, StromalScore, and TuomrPurity.
(C) The Sankey diagram illustrates the correlation between FANCI, TuomrPurity, and survival status. (D) The Sankey diagram illustrates the correlation
between FANCI, ImmuneScore, and survival status. (E) The heatmap displays the expression of 28 TIICs in each patient in TCGA-SKCM. (F) The
expression of 28 TIICs between the higher and the lower FANCI groups. (G) The expression of 22 immune cells between the higher and the lower
FANCI groups. (H) The correlation of FANCI and 22 immune cells. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.
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significantly downregulated ImmuneScore in the higher FANCI

group; however, the TumorPurity was upregulated in the higher

FANCI group versus the lower FANCI group (Figure 6A). The

FANCI expression is negatively correlated with ImmuneScore,

StromalScore, and EstimateScore, while positively correlated with

TumorPurity (Figure 6B). Patients with increased FANCI

expression in SKCM exhibit elevated TumorPurity expression and

experience a correspondingly higher mortality rate. Conversely,

patients with heightened FANCI expression in SKCM demonstrate

reduced ImmuneScore expression and have a higher mortality rate

(Figures 6C, D). Additionally, most TIICs were upregulated in the

higher FANCI group (Figures 6E, F). CIBERSORT algorithm

analysis revealed increased the CD8 and CD4 expression of T

cells in the lower FANCI group and significantly decreased M0

and M1 macrophage expressions in the lower FANCI group

(Figure 6G). FANCI expression showed a negative correlation

with T cells regulatory (Tregs), neutrophils, T cells CD8, mast

cells activated, and T cells CD4 naive. However, it demonstrated a

positive correlation with M0 macrophage, T cells CD4 memory

resting, T cells CD4 memory activated, and M1 macrophage

(Figure 6H). These results indicate that FANCI upregulation

results in an immunosuppressive state in patients with SKCM, as

well as an increase in M1 macrophage polarization, thereby

increasing inflammation.
3.7 FANCI can predict immunotherapy
responses of SKCM

The previous results indicate that FANCI regulates the immune

microenvironment of SKCM, and we speculate that FANCI is

associated with the immune therapeutic response of SKCM.

FANCI expression level is significantly reduced in individuals

who respond to immunotherapy, and the expression level of their

immune checkpoint is significantly higher than that of individuals

who do not respond to immunotherapy (Figure 7A). FANCI

expression and the majority of immune checkpoints showed a

negative correlation, while patients with SKCM with high

immune checkpoints demonstrated a favorable prognosis, which

further highlights the reason why patients with SKCM with high

FANCI expression experience a poor prognosis (Figures 7B, C). The

lower FANCI group and the stable antigen presentation function

demonstrated a notable correlation, as evidenced by the frequently

elevated levels of major histocompatibility complex (MHC)

expression in this group compared to the higher FANCI group

(Figure 7D). In general, SKCM patients with lower FANCI

expression tend to show more advantages from immunotherapy

than patients of high FANCI expression. This enables the

development of a customized treatment strategy for patients

with SCKM.
4 Discussion

Melanoma, a cancer that can develop directly from

melanocytes, is known for its invasiveness and destructiveness
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(27). Researchers conducted extensive studies on the pathogenesis

and treatment methods of SKCM in recent years. The primary

factor that causes a high mortality rate in melanoma is its strong

ability to metastasize. The most effective method to treat melanoma

remains the surgical tumor removal before it metastasizes (28).

Treating metastatic SKCM was difficult and unsatisfactory before

the introduction of immunotherapy (29, 30). Additionally, the 5-

year survival rate of these patients tends to have significant increase

due to immunotherapy (31). However, the immunotherapy is

limited due to drug resistance and ineffectiveness (32). A previous

study revealed that the average objective response rate of anti-

CTLA-4 antibodies was 14%, while that of anti-PD-1 monoclonal

antibodies was 33% (33). Therefore, highly effective biomarkers and

immunotherapeutic targets are urgently required for diagnosis

and treatment.

This study identified 1829 DEGs between SKCM and healthy

skin tissues from the GSE46517 dataset, in which FANCI was

significantly upregulated in SKCM tissues. Additionally, the

SKCM-TCGA, GSE15605, and GSE114445 datasets also

demonstrate a significant FANCI expression upregulation in

SKCM tumor tissues. FANCI significantly upregulated in SKCM

tissues through IHC and RT-qPCR detection, thereby confirming

the accuracy of the bioinformatics results. Moreover, the patients

with higher FANCI have a worse prognosis. An imbalanced FANCI

has been indicated to be significant in SKCM development.

Additionally, FANCI knockdown suppressed inflammatory

factors such as CD115, CCR8, IL1a, and TGFB1. Furthermore,

the reduced FANCI can inhibit the malignant abilities in

SKCM cells.

It is reported that FANCI is overexpressed in numerous

tumors. The high FANCI expression level may boost up tumor

growth in lung adenocarcinoma by inhibiting M1 macrophages

(34, 35). Additionally, FANCI expression in liver hepatocellular

carcinoma showed a positive relationship with tumor infiltration

levels (36). These results indicated that FANCI may regulate the

immune microenvironment of tumors. Immune cell infiltration

into tumor tissues can modify the metabolism and functioning,

which can enhance immune suppression and immune evasion

(37). The researchers found that the presence of T cells, B cells,

and mature dendritic cells within tumor tissues was associated

with an extended survival period in patients with SKCM (38). The

elevated CD8+ T cells and Treg cells in different cancer types has

been related to positive clinical outcomes (38). Our results

demonstrated that high infiltration of B cells, CD8+ T cells,

neutrophils, and dendritic cells showed better outcomes, which

indicated that treating SKCM through immunotherapy may be an

acceptable approach.

The tumor microenvironment comprises noncancerous cells,

with a significant influence on tumor genomic analysis (39). The

TIICs recognize and advance tumor cell apoptosis, and thus

suppress tumor progression. Simultaneously, immune cells may

select tumor cells that are better adapted to survive in the

microenvironment, thereby facilitating tumor advancements (40).

Our study revealed that immune infiltration analysis indicates that

FANCI may be closely associated with immune response regulation

and immune cells, particularly CD8+ T cells, dendritic cells, and B
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cells. CD8+ T and natural killer (NK) cells use various mechanisms

to induce cell death and thwart tumor cells from proliferating (41).

Additionally, activated B cells may generate antibodies targeted at

tumor cells, boost the activity of CTLs, or release granule enzyme B

to directly eliminate tumor cells (42). Interestingly, excessive

FANCI expression may increase the levels of cellular immune

suppression. FANCI also enhanced the infiltration and

functioning of immunosuppressive cells using certain pathway

downstream. Hence, these immunosuppressive cells work
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together to limit the growth and activation of CD8+ T cells, and

the infiltration of NK cells (43, 44).
5 Conclusion

This study revealed that FANCI expression was upregulated in

SKCM and was associated with SKCMmetastasis. We also explored

FANCI’ potential as a prognostic and therapeutical biomarker in
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FIGURE 7

FANCI can predict immunotherapy responses of SKCM. (A) The expression of eight immune checkpoints between the higher and the lower FANCI
groups. (B) The correlation of FANCI and immune checkpoint. (C) The OS in patients with SKCM with differential immune checkpoint based on the
TCGA-SKCM datasets. (D) The expression of MHC genes between the higher and the lower FANCI groups. *P < 0.05, **P < 0.01, ***P < 0.001,
****P < 0.0001.
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SKCM. Additionally, FANCI had a positive correlation with

immune infiltration, which indicated that FANCI may affect the

immune microenvironment of SKCM and function as a favorable

immunotherapeutic target for SKCM. Nevertheless, further

investigation is needed to explore the regulatory role of FANCI in

SKCM due to the existing limitations in our article.
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SUPPLEMENTARY FIGURE 1

DEGs between SKCM and normal tissues. (A) The volcano plot demonstrates
DEGs between SKCM and normal tissues. (B) The histogram demonstrates DEGs

between SKCM and normal tissues.

SUPPLEMENTARY FIGURE 2

The prognosis values of FANCI in multiple tumors. The OS in patients with
differential FANCI in BLCA (A), CESC (B), CHOL (C), COAD (D), DLBC (E), ESCA
(F), GBM (G), HNSC (H), KIRC (I), KIRP (J), LAML (K), LUSC (L), PRAD (M), READ
(N), STAD (O), TGCT (P), THCA (Q), UCEC (R), UCS (R), and UVM (T) from the

GEPIA database.
References
1. Gelmi MC, Houtzagers LE, Strub T, Krossa I, Jager MJ. MITF in normal
melanocytes, cutaneous and uveal melanoma: A delicate balance. Int J Mol Sci
(2022) 23(11):6001. doi: 10.3390/ijms23116001

2. Sacks D, Baxter B, Campbell BCV, Carpenter JS, Cognard C, Baxter B, et al.
Multisociety consensus quality improvement revised consensus statement for
endovascular therapy of acute ischemic stroke. Int J stroke Off J Int Stroke Soc (2018)
13:612–32. doi: 10.1177/1747493018778713

3. SChadendorf D, van Akkooi ACJ, Berking C, Griewank KG, Gutzmer R,
Hauschild A, et al. Melanoma. Lancet (London England) (2018) 392:971–84.
doi: 10.1016/s0140-6736(18)31559-9
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fimmu.2023.1295831/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1295831/full#supplementary-material
https://doi.org/10.3390/ijms23116001
https://doi.org/10.1177/1747493018778713
https://doi.org/10.1016/s0140-6736(18)31559-9
https://doi.org/10.3389/fimmu.2023.1295831
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Cai et al. 10.3389/fimmu.2023.1295831
4. Goldsmith SM. The rapid rise in cutaneous melanoma diagnoses. New Engl J Med
(2021) 384:e54. doi: 10.1056/NEJMc2101980

5. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Soerjomataram I,
et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA: Cancer J Clin (2021) 71:209–49.
doi: 10.3322/caac.21660

6. Ross MI, Gershenwald JE. Evidence-based treatment of early-stage melanoma. J
Surg Oncol (2011) 104:341–53. doi: 10.1002/jso.21962

7. Hu SP, GeMX, Gao L, JiangM, Hu KW. LncRNAHCP5 as a potential therapeutic
target and prognostic biomarker for various cancers: a meta−analysis and
bioinformatics analysis. Cancer Cell Int (2021) 21:686. doi: 10.1186/s12935-021-
02404-x

8. Bomar L, Senithilnathan A, Ahn C. Systemic therapies for advanced melanoma.
Dermatologic Clinics (2019) 37:409–23. doi: 10.1016/j.det.2019.05.001

9. Kelaidi C, Makis A, Petrikkos L, Antoniadi K, Selenti N, Tzotzola V, et al. Bone
marrow failure in fanconi anemia: clinical and genetic spectrum in a cohort of 20
pediatric patients. J Pediatr hematology/oncology (2019) 41:612–7. doi: 10.1097/
mph.0000000000001549

10. Zhan S, Siu J, Wang Z, Yu H, Bezabeh T, Deng Y, et al. Focal point of fanconi
anemia signaling. Int J Mol Sci (2021) 22(23):12976. doi: 10.3390/ijms222312976

11. Che R, Zhang J, Nepal M, Han B, Fei P. Multifaceted fanconi anemia signaling.
Trends Genet TIG (2018) 34:171–83. doi: 10.1016/j.tig.2017.11.006

12. Nepal M, Che R, Zhang J, Ma C, Fei P. Fanconi anemia signaling and cancer.
Trends Cancer (2017) 3:840–56. doi: 10.1016/j.trecan.2017.10.005

13. Dubois EL, Guitton-Sert L, Béliveau M, Parmar K, Chagraoui J, Vignard J, et al.
A Fanci knockout mouse model reveals common and distinct functions for FANCI and
FANCD2. Nucleic Acids Res (2019) 47:7532–47. doi: 10.1093/nar/gkz514

14. Liu X, Liu X, Han X. FANCI may serve as a prognostic biomarker for cervical
cancer: A systematic review and meta-analysis. Medicine (2021) 100:e27690.
doi: 10.1097/md.0000000000027690

15. Zhang J, Wang J, Wu J, Huang J, Lin Z, Lin X, et al. UBE2T regulates FANCI
monoubiquitination to promote NSCLC progression by activating EMT. Oncol Rep
(2022) 48(2):139. doi: 10.3892/or.2022.8350

16. Mohammad NS, Nazli R, Zafar H, Fatima S. Effects of lipid based Multiple
Micronutrients Supplement on the birth outcome of underweight pre-eclamptic
women: A randomized clinical trial. Pakistan J Med Sci (2022) 38:219–26.
doi: 10.12669/pjms.38.1.4396

17. Zhang X, Lu X, Akhter S, Georgescu MM, Legerski RJ. FANCI is a negative
regulator of Akt activation. Cell Cycle (Georgetown Tex.) (2016) 15:1134–43.
doi: 10.1080/15384101.2016.1158375

18. Ritchie ME, Phipson B, Wu D, Hu Y, Law CW, Shi W, et al. limma powers
differential expression analyses for RNA-sequencing and microarray studies. Nucleic
Acids Res (2015) 43(7):e47. doi: 10.1093/nar/gkv007

19. Love MI, Huber W, Anders S. Moderated estimation of fold change and
dispersion for RNA-seq data with DESeq2. Genome Biol (2014) 15(12):550.
doi: 10.1186/s13059-014-0550-8

20. Tang Z, Li C, Kang B, Gao G, Li C, Zhang Z, et al. GEPIA: a web server for cancer
and normal gene expression profiling and interactive analyses. Nucleic Acids Res (2017)
45:W98–w102. doi: 10.1093/nar/gkx247

21. Li T, Fan J, Wang B, Traugh N, Chen Q, Liu JS, et al. TIMER: A web server for
comprehensive analysis of tumor-infiltrating immune cells. Cancer Res (2017) 77:e108–
10. doi: 10.1158/0008-5472.Can-17-0307

22. Li T, Fu J, Zeng Z, Cohen D, Li J, Chen Q, et al. TIMER2.0 for analysis of tumor-
infiltrating immune cells. Nucleic Acids Res (2020) 48:W509–w514. doi: 10.1093/nar/
gkaa407

23. Ru B, Wong CN, Tong Y, Zhong JY, Zhong SSW, Wu WC, et al. TISIDB: an
integrated repository portal for tumor-immune system interactions. Bioinf (Oxford
England) (2019) 35:4200–2. doi: 10.1093/bioinformatics/btz210

24. Zhou T, Cai Z, Ma N, Xie W, Gao C, Huang M, et al. A novel ten-gene signature
predicting prognosis in hepatocellular carcinoma. Front Cell Dev Biol (2020) 8:629.
doi: 10.3389/fcell.2020.00629
Frontiers in Immunology 14
25. Yoshihara K, Shahmoradgoli M, Martıńez E, Vegesna R, Kim H, Torres-Garcia
W, et al. Inferring tumour purity and stromal and immune cell admixture from
expression data. Nat Commun (2013) 4:2612. doi: 10.1038/ncomms3612

26. Subramanian A, Tamayo P, Mootha VK, Mukherjee S, Ebert BL, Gillette MA,
et al. Gene set enrichment analysis: a knowledge-based approach for interpreting
genome-wide expression profiles. Proc Natl Acad Sci United States America (2005)
102:15545–50. doi: 10.1073/pnas.0506580102

27. Slominski A, Wortsman J, Carlson AJ, Matsuoka LY, Balch CM, Mihm MC, et al.
Malignant melanoma. Arch Pathol Lab Med (2001) 125:1295–306. doi: 10.5858/2001-125-
1295-mm

28. Goodson AG, Grossman D. Strategies for early melanoma detection: Approaches
to the patient with nevi. J Am Acad Dermatol (2009) 60:719–35. doi: 10.1016/
j.jaad.2008.10.065

29. Hodi FS, O'Day SJ, McDermott DF, Weber RW, Sosman JA, Haanen JB, et al.
Improved survival with ipilimumab in patients with metastatic melanoma. New Engl J
Med (2010) 363:711–23. doi: 10.1056/NEJMoa1003466

30. Revicki DA, van den Eertwegh AJ, Lorigan P, Lebbe C, Linette G, et al. Health
related quality of life outcomes for unresectable stage III or IV melanoma patients
receiving ipilimumab treatment. Health Qual Life outcomes (2012) 10:66. doi: 10.1186/
1477-7525-10-66

31. Berk-Krauss J, Stein JA, Weber J, Polsky D, Geller AC. New systematic therapies
and trends in cutaneous melanoma deaths among US whites, 1986-2016. Am J Public
Health (2020) 110:731–3. doi: 10.2105/ajph.2020.305567

32. Lin WM, Fisher DE. Signaling and immune regulation in melanoma
development and responses to therapy. Annu Rev Pathol (2017) 12:75–102.
doi: 10.1146/annurev-pathol-052016-100208

33. Sanmamed MF, Chen L. A paradigm shift in cancer immunotherapy: from
enhancement to normalization. Cell (2018) 175:313–26. doi: 10.1016/j.cell.2018.09.035

34. Li W, Yu M, Zhang J, Huang J, Lin Z, Chen Z, et al. High expression levels of
FANCI correlate with worse prognosis and promote tumor growth of lung
adenocarcinoma partly via suppression of M1 macrophages. Gene (2023)
851:147053. doi: 10.1016/j.gene.2022.147053

35. Ye G, Liu Y, Huang L, Zhang C, Sheng Y, Wu B, et al. miRNA-218/FANCI is
associated with metastasis and poor prognosis in lung adenocarcinoma: a
bioinformatics analysis. Ann Trans Med (2021) 9:1298. doi: 10.21037/atm-21-3823

36. Hou Y, Li J, Yu A, Deng K, Chen J, Wang Z, et al. FANCI is associated with poor
prognosis and immune infiltration in liver hepatocellular carcinoma. Int J Med Sci
(2023) 20:918–32. doi: 10.7150/ijms.83760

37. Wu X, Peng M, Huang B, Zhang H, Wang H, Huang B, et al. Immune
microenvironment profiles of tumor immune equilibrium and immune escape states
of mouse sarcoma. Cancer Lett (2013) 340:124–33. doi: 10.1016/j.canlet.2013.07.038
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