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Oral squamous cell carcinoma (OSCC) is one of the most common malignancies of the head and neck. In OSCC patients, the
prognosis was dramatically different. In this research, we aimed to study the expressions and prognostic values of IgG Fc
binding protein (FCGBP) in OSCC patients. The expression of FCGBP was analyzed using TCGA datasets and GEO datasets.
FCGBP was evaluated for its predictive significance in OSCC patients by the use of a Kaplan-Meier and Cox regression model.
Enrichment analysis for the GO and KEGG databases were conducted. CIBERSORT used TCGA datasets to show immune cell
infiltration. In addition, researchers looked into the relationships between FCGBP and immune cells. The levels of FCGBP in
OSCC cells was examined through the use of RT-PCR. FCGBP overexpression was tested for its effects on OSCC cell
proliferation and invasion using CCK-8 and Transwell assays. We observed that FCGBP expressions were distinctly
downregulated in OSCC specimens compared with nontumor tissues in both TCGA and GEO datasets, which was further
confirmed by RT-PCR. OSCC patients with advanced clinical stages and poor prognoses had lower levels of FCGBP
expression. Many immune-related biological activities and signaling pathways were found to be considerably abundant in
KEGG tests and GO analysis results. The correlation analysis indicated that FCGBP was associated with a number of immune
cells in a positive way. We found that FCGBP expressions were strongly and distinctly linked to the expressions of known
immunological checkpoints, and FCGBP expression had significant positive connections with tumor mutational burden.
FCGBP upregulation distinctly slowed the growth and invasion of OSCC cells in functional experiments. FCGBP has the
potential to be a therapeutic target for OSCC and a biomarker for OSCC patients’ prognosis.

1. Introduction

The sixth most prevalent malignancy in the world is head
and neck cancer [1]. Oral squamous cell carcinoma (OSCC)
is the most common subtype of head and neck cancer [2]. In
2018, more than 300,000 new instances of OSCC were dis-
covered, and 170,000 people died as a result of the disease
[3, 4]. While advances in the treatment of OSCC with sur-
gery, radiation, and chemotherapy have been made recently,
the disease’s invasive, metastatic, and recurring characteris-
tics still restrict the treatment’s efficacy, posing a major
threat to the health of patients [5, 6]. In the five years follow-
ing diagnosis, the survival rate for people with OSCC is still
only 50-60% [7]. OSCC is thought to be mostly caused by

smoking, but other risk factors include excessive alcohol
use, betel nut chewing, and infection with the human papil-
lomavirus [8]. Thus, sensitive markers are desperately
needed to aid in the diagnosis of OSCC, predict clinical out-
comes, and serve as a basis for customized therapy.

IgG Fc binding protein (FCGBP) was first discovered as
an Fc portion of the IgG molecule binding site in intestinal
and colonic epithelia [9]. In ulcerative colitis, a chronic
inflammatory illness that increases the risk of colon cancer,
FCGBP has been found to be downregulated [10]. In addi-
tion, gallbladder cancer has low levels of FCGBP expression,
and this protein is a critical regulator of the TGF-1-induced
EMT progress [11]. Meanwhile, prostate cancer patients
with low levels of this gene’s expression have been found
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Figure 1: Continued.
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to have a faster course of disease [12]. Although its molecu-
lar role is still unclear, various studies have revealed that it
may be connected to the body’s innate immunity [13, 14].
There was a lack of understanding of the expression and
functions of FCGBP in OSCC. In this research, we set out
to examine the expressions and prognostic values of FCGBP
in OSCC, as well as the link between FCGBP and immune
cells and immune regulation-related genes.

2. Materials and Methods

2.1. Cell Culture and Reagents. Normal oral mucosal
HOMEC cells and OSCC cells (TSCCA, SCC15, and
CAL27) were purchased from American Type Tissue Collec-
tion (ATCC, Massachusetts, USA). DMEM (Gibco, Shang-
hai, China) with 10% FBS (GIBCO, Guangzhou, China)
and 1% penicillin-streptomycin (PriCells, Wuhan, China)
was used to cultivate the cells in a 37°C incubator with 5 per-
cent CO2.

2.2. Cell Transfection. The overexpressing plasmids, includ-
ing pcDNA3.1 and pcDNA3.1-FCGBP, were purchased
from B&H Biology (Guangzhou, Guangdong, China). Lipo-
fectamine 2000 reagent kits (Invitrogen, Jinsui, Shanghai,
China) were used for cell transfection in line with the kit
instructions.

2.3. qRT-PCR Analysis. Following the manufacturer’s
instructions, TRIzol (Invitrogen, USA) was applied to collect
total RNAs from OSCC cells. HiScript cDNA Synthesis Kit
(Vazyme, China) was applied to reverse-transcribe the com-
mon genes using a gDNA wiper. Using the ChamQ Univer-

sal SYBR qPCR Master Mix, the target genes were measured
using qPCR amplification (Vazyme). GAPDH was used as
the internal control. Gene amplification levels were mea-
sured using the 2−ΔΔCt methods. All the PCR primer
sequences used in this study were included in Table S1.

2.4. Cell Counting Kit-8 (CCK-8) Assay. At a density of 1 ×
104/mL, OSCC cell suspensions were injected into a 96-
well plate. CCK-8 solution (10 L) was added to each well
every day for three days at the same time (Vazyme, Nanjing,
Jiangsu, China). After a two-hour incubation, we used a
microplate reader (Thermo-Fisher Scientific) to detect the
absorbance at 450nm.

2.5. Cell Invasion. Upper Transwell chambers were filled
with the transfected SCC15 and CAL27 cells, which had
been cultured in 200 l of serum-free RPMI-1640 media
(Corning Inc.; 24-well insert, pore size 8mm). Matrigel
(BD Biosciences, Haidian, Beijing, China) was applied to
the Transwell membrane prior to use. It was after 24 hours
of incubation at 37°C that the cells were fixed and then
stained for 15 minutes at room temperature with 0.5% crys-
tal violet solution. A light microscope was used to count the
invading cells. Analyzing the photos required the use of Ima-
geJ software. A total of five random fields were used to take
images.

2.6. Data Preparation. Gene expression profiling and clinical
data from The Cancer Genome Atlas (TCGA) database were
downloaded using the GDC Data Transfer Tool, which
includes RNA-Seq of Transcriptome Profiling and Clinical
data for OSCC primitive data (gingiva, the anterior 2/3 of
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Figure 1: The expressing pattern of FCGBP in OSCC patients. (a, b) The expression of FCGBP was distinctly decreased in OSCC samples
compared with nontumor samples from TCGA datasets. (c) Lower levels of FCGBP were observed in OSCC in OSCC samples than
nontumor samples from GSE30784 datasets. (d–i) The association between FCGBP expression and gender, age, stage, grade, T stage, and
N stages. (j) Heat map showed the associations between FCGBP expressions and clinical factors. ∗p < 0:05, ∗∗∗p < 0:001.
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the tongue, buccal mucosa, palate, floor of mouth, oral cav-
ity, and so on). After that, six samples were discarded due to
the poor quality of the clinical data they included. As a
result, we gathered 278 OSCC and 31 nontumor samples
for further assays. OSCC’ gene expression profiles were
downloaded from GEO datasets: GSE30784. The platform
of GSE30784 was based on GPL570 (Affymetrix Human
Genome U133 Plus 2.0 Array). GSE30784 contained 167
OSCC and 45 normal oral tissue samples.

2.7. Differentially Expressed Gene Analysis. According to the
median expressions of FCGBP, the expression data (HTseq-
Counts) were separated into low and high expressing groups
before being subjected to unpaired Student’s t-test within
the DESeq2 R program for further examination. ∣log 2‐fold
change ðFCÞ ∣ >1 and adjusted p < 0:05 were considered
thresholds for the DEGs.

2.8. GO and KEGG Enrichment Assays. The clusterProfiler
was implemented in R, an open-source programming envi-
ronment, and was released under Artistic License 2.0 within

Bioconductor project [15]. clusterProfiler R software was
applied to carry out KEGG pathway assays and Gene Ontol-
ogy (GO) analysis of FCGBP and its interacting proteins
with an FDR cutoff of 0.05 [16]. The “ggplot2” package’s his-
togram was used to display the findings.

2.9. Immune Infiltration Analysis. CIBERSORT (https://
cibersortx.stanford.edu) was applied to evaluate the propor-
tion of 22 immune infiltrating cell types in each sample of
the TCGA cohort. After removing samples with a p value
of < 0.05, an empirical p value for deconvolution of each case
was determined. As a result, we looked for 22 distinct sub-
types of immune invading cells that were linked to OSCCs
and FCGBP expression. The purity-corrected partial Spear-
man’s correlation coefficient was utilized to examine the
connection between FCGBP expression and immune
infiltration.

2.10. Correlation Analysis. Correlations between FCGBP and
other immunological checkpoints (such as BTLA, TMIGD2,
ADORA2A, and CD200R1) were examined using Pearson’s
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Figure 2: The prognostic value of FCGBP in OSCC patients. (a, b) Kaplan-Meier curves of the overall survival and progression-free survival
of OSCC patients. (c, d) Univariate and multivariate assays of overall survival in OSCC cases.
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correlation coefficient. The data were exhibited as heat maps
by the use of “pheatmap” package.

2.11. Calculation of TMB in OSCC Patients. In the evaluated
coding regions of the genome, TMB was defined as the num-
ber of insertion/deletion (indel) and replacement mutations
per megabase. Cases with silent mutations, 3 or 5 untranslated
sections, or tiny in-frame insertions or deletions that did not
result in a change in amino acid sequence were all eliminated.
We calculated the TMB scores by dividing the total number of
somatic mutations through the size of the exome.

2.12. Statistical Analysis. Unpaired t-tests and one-way anal-
ysis of variance were employed to compare continuous var-

iables in this study. Correlation and Wilcoxon rank-sum
tests were used to compare the infiltration of immunocytes
between the high- and low-expression groups of FCGBP.
Kaplan-Meier survival analysis, log-rank test, and Cox
regression model were used to explore the prognostic value
of FCGBP expression in OSCC. Statistical significance is
defined as a p value of less than 0.05. We used R (v.3.6.1, R
Core Team, Boston, MA, USA) and SPSS 26.0 (IBM Corpo-
ration, Illinois, USA) for the above data analysis.

3. Results

3.1. The Distinct Upregulation of FCGBP Expression in OSCC
and Its Association with Clinical Factors. We analyzed
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Figure 3: The coexpression analysis of FCGBP in OSCC samples. (a) FCGBP expression was positively associated with CD1A, CD207,
FCER1A, HLA-DQB2, and S100B. (b) Circle graph was established.
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TCGA datasets and observed that FCGBP expressions were
distinctly decreased in OSCC samples compared with non-
tumor samples (Figures 1(a) and 1(b)). Then, we further
confirmed this result using GSE30784 (Figure 1(c)). Our
findings suggested FCGBP as a possible regulator in OSCC

progression. Then, we further analyzed the association of
FCGBP with clinical factors. However, the expression of
FCGBP was not associated with the gender and age of OSCC
patients (Figures 1(d) and 1(e)). Interesting, we observed
that OSCC specimens with advanced stages showed a lower
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Figure 4: Functional analysis based on the DEGs between the two groups in the TCGA cohort. (a) Bubble graph for GO enrichment. (b) Bar
plot graph for KEGG pathways. (c) Enrichment plots from GSEA.
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level than those with early stages (Figures 1(f)–1(i)). More-
over, the heat map showed the associations between FCGBP
expressions and several clinical factors (Figure 1(j)).

3.2. The Prognostic Values of FCGBP Expression in OSCC.
For this study, we compared the overall survival rates of
patients with high and low FCGBP expressions to see if there

was a correlation between the two groups. The results
showed that patient’s overall survival and progression-free
survival time were shown to be considerably longer in
patients with high FCGBP expression compared to patients
with low FCGBP expression (Figures 2(a) and 2(b)). For
the purpose of determining if FCGBP expression was an
independent prognostic factor in OSCC patients, we
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Figure 6: (a, b) The correlations between FCGBP and immune checkpoints in OSCC samples.
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conducted univariate and multivariate analyses. OSCC
patients’ overall survival was found to be substantially linked
with their grade, stage, and expression of FCGBP in the uni-
variate analysis (Figure 2(c)). In addition, multivariate assays
confirmed that FCGBP expression was an independent pre-
dictive factor for overall survival (HR = 0:845; 95% CI,
0.707-1.009; p = 0:043) in patients with OSCC (Figure 2(d)).
These data revealed that FCGBP expression may a promising
biomarker for OSCC patients.

3.3. Coexpression Genes of FCGBP in OSCC Samples. Then,
we also analyzed the coexpression genes of FCGBP in OSCC
samples. As exhibited in Figure 3(a), our group observed
that FCGBP expression was positively related to CD1A,
CD207, FCER1A, HLA-DQB2, and S100B. Moreover, circle
graph was established (Figure 3(b)).

3.4. GO and KEGG Assays. FDR < 0:05 and ∣log 2FC ∣ >1
were used to identify the DEGs using the “limma” R pack-
age. 675 DEGs were discovered between the TCGA cohorts
with high and low FCGBP expressions. Heat map showed
the top 50 downregulated or upregulated genes (Figure S1).
The biological roles of FCGBP in OSCC were elucidated
using GO enrichment and KEGG pathway analyses. Many
immune-related molecular functions were shown to be
enriched by GO analysis (Figure 4(a)). Likewise, KEGG
assays indicated that DEGs were distinctly enriched in
cytokine-cytokine receptor interaction, hematopoietic cell
lineage, intestinal immune network for IgA production,
inflammatory bowel disease, ECM-receptor interaction,
and primary immunodeficiency (Figures 4(b) and 4(c)).

3.5. Correlation of FCGBP with the Proportion of Tumor-
Infiltrating Immune Cells (TICs). CIBERSORT algorithm
was used to analyze the fraction of tumor-infiltrating

immune subsets, and 21 different types of immune cell pro-
files in OSCC patients were completed to further validate the
association between FCGBP expressions and the immune
microenvironment. As shown in Figure 5(a), we found that
B cells naïve, T cells regulatory (Tregs), macrophagesM0, den-
dritic cell resting, mast cells resting, mast cells activated, and
eosinophils exhibited a dysregulated level between high-
FCGBP-expressions groups and low-FCGBP-expressions
groups. In addition, correlation analysis revealed that FCGBP
was positively correlated with T cells regulatory (Tregs), den-
dritic cell resting, B cell naïve, mast cell resting, plasma cells,
and T cell follicular helper. However, FCGBP was negatively
correlated with mast cells activated, eosinophils, NK cell rest-
ing, and macrophage M0 (Figure 5(b) and Figure S2).

3.6. Relationship between Immune Checkpoints and FCGBP.
Figures 6(a) and 6(b) showed the connections between
immunological checkpoints and FCGBP. We observed that
the distinct associations existed between the expressions of
FCGBP and the expressions of several immune checkpoints
including BTLA, TMIGD2, ADORA2A, CD200R1, CD27,
TNFRSF14, LGALS9, HAVCR2, CD48, TIGIT, CTLA4,
TNFRSF9, CD28, CD200, CD40LG, CD40, TNFRSF4,
TNFSF15, ICOS, ICOSLG, IDO2, and PDCD1. Our findings
revealed a potential synergy of FCGBP with immune
checkpoints.

3.7. FCGBP Expressions Were Associated with Tumor
Mutational Burden (TMB). FCGBP’s role in the immunolog-
ical mechanism and immune response of the tumor micro-
environment (TME) was examined via studying the
correlations between FCGBP expressions and TMB. TMB
in the tumor microenvironment is linked to anti-tumor
immunity and could predict the efficacy of tumor immuno-
therapy. FCGBP expression was found to have a positive
correlation with TMB in OSCC cases (Figure 7).

3.8. The Expression and Function of FCGBP in OSCC. To
explore whether FCGBP was dysregulated in OSCC, we per-
formed RT-PCR to examine the expression of FCGBP in
OSCC cells, finding that FCGBP expression was distinctly
decreased in TSCCA, SCC15, and CAL27 cells (Figure 8(a)).
Then, we used pcDNA3 and 1-FCGBP to increase the expres-
sion of FCGBP in SCC15 and CAL27 cells, which was demon-
strated by the use of RT-PCR (Figure 8(b)). CCK-8 analysis
was used to examine the functions of FCGBP overexpression
on the proliferation of OSCC cells, and we observed that
FCGBP overexpression distinctly suppressed the proliferation
of SCC15 and CAL27 cells (Figures 8(c) and 8(d)). Besides, the
results of Transwell experiments revealed that overexpression
of FCGBP distinctly suppressed the invasion of SCC15 and
CAL27 cells (Figure 8(e)).

4. Discussion

Screening new markers for OSCC may improve treatment
options and predict the outcomes of patients [17, 18].
Recently, growing studies have indicated that some func-
tional genes can serve as diagnostic or prognostic markers
in many tumors, including OSCC [19, 20]. Furthermore,
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Figure 7: The correlations between FCGBP expression and TMB in
OSCC samples.
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tumor-related genes such as METTL3 and METTL3 have
been identified as independent prognostic factors for OSCC
[21, 22]. However, the clinical importance of several genes in
OSCC has yet to be established.

Based on our data, we identified a novel OSCC-related
gene, FCGBP which showed a low level in OSCC specimens
compared with nontumor specimens. Previously, many
studies have indicated that the dysregulation of FCGBP
was involved in the progression of several tumors. For
instance, ovarian cancer patients with high levels of FCGBP
had a lower overall survival and disease-specific survival
than those with lower levels of the protein [23]. In addition,
as a tumor promotor in ovarian cancer, FCGBP may con-
tribute to the polarization of macrophages into M2 cells.
Yuan et al. reported that when it came to primary and
metastatic liver cancer, CGBP RNA expression was signifi-
cantly reduced. Both overall survival and disease-free sur-
vival were negatively impacted by FCGBP positive in the
liver metastatic population [24]. However, the potential
power of FCGBP in OSCC has not been determined. We
further provided evidences that high FCGBP expression
was associated with favorable prognosis, which was consis-

tent with its effects in ovarian cancer, colorectal cancer,
and gallbladder cancer. More importantly, we confirmed
FCGBP as an independent prognostic indicator for overall
survival in patients with OSCC. In addition, we also ana-
lyzed the potential function of FCGBP overexpression on
the progression of OSCC and observed that FCGBP upregu-
lation distinctly suppressed the proliferation and invasion of
OSCC cells, indicating it as an oncogene in OSCC.

For the exploration of the potential functions of FCGBP
in OSCC progression, we performed GO and KEGG assays
using the dysregulated genes between OSCC samples with
high FCGBP expression and OSCC samples with low CGBP
expression. Numerous immune-related molecular activities
were found to be considerably enhanced by GO analysis.
KEGG analyses still found that genes were significantly
enriched in cytokine-cytokine receptor interaction, viral
protein interaction with cytokine and cytokine receptor,
hematopoietic cell lineage, intestinal immune network for
IgA production, inflammatory bowel disease, ECM-
receptor interaction, and primary immunodeficiency. Our
findings suggested FCGBP may be involved in immunosup-
pressive status of OSCC.
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Figure 8: The oncogenic roles of FCGBP in OSCC progression. (a) RT-PCR for the expression of FCGBP in three OSSC cell lines (TSCCA,
SCC15, and CAL27) sand HMOEC cells. (b) FCGBP-overexpressed SCC15 and CAL27 cells were established, which was confirmed by RT-
PCR. (c, d) CCK-8 assay was applied to detect the effects of FCGBP upregulation on the proliferation of SCC15 and CAL27 cells. (e)
Transwell invasion assays. ∗∗p < 0:01, ∗∗∗p < 0:001.
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Tumor growth, progression, and metastasis are all influ-
enced by the interplay between immune cells and tumor
cells in the tumor microenvironment [25]. As one of the
most prominent immune suppressive cells in the TME,
tumor-associated macrophages (TAMs) play a key role in
promoting tumor growth through controlling the TME
[26]. Angiogenesis, immunosuppression, and precancerous
metastasis are all supported by TAMs, which are critical in
the promotion of tumor progression [27, 28]. They also play
a role in tumor genesis and progression. In this study, we
found that FCGBP was positively correlated with T cell reg-
ulatory (Tregs), dendritic cells resting, B cell naïve, mast cell
resting, plasma cells, and T cell follicular helper. However,
FCGBP was negatively correlated with mast cell activated,
eosinophils, NK cell resting, and macrophages M0. There
is a putative mechanism by which FCGBP affects OSCC sur-
vival by increasing the number of T and B cells, which is
consistent with FCGBP’s beneficial effects on OSCC survival
through increased T and B cell numbers [29, 30]. Cancer
immunotherapy relies heavily on immunological check-
points, which are a collection of chemicals that can stimulate
or suppress the immune system [31, 32]. Immune check-
points such as IDO1, PD-L2, PD-1, and LAG3 were down-
regulated in OSCC relative to healthy specimens [33, 34].
We observed that distinct relationships existed between
CD96 expressions and expressions of immune checkpoints.
This suggested a potential synergy of FCGBP with known
immune checkpoints. Moreover, a number of studies have
found that TMB can predict the efficacy of immunotherapy
as well as the response rate to immunotherapy in different
cancers, including OSCC. We also confirmed that FCGBP
expression had significant positive associations with TMB
in OSCC. A high TMB score indicates a poor prognosis for
OSCC patients; thus, immunotherapy could be beneficial
for those with mutated genes.

Nevertheless, our study has several limitations. Firstly,
this was a retrospective study, so there may be biases in
the selection of variables, resulting in a loss of data accuracy.
Secondly, data used in this work was obtained from public
sources, and further experiments in vivo and in vitro are
required to confirm the mechanism by which FCGBP
affected the occurrence and progression of OSCC.

5. Conclusion

Overall, our findings revealed that the expressions of FCGBP
were elevated in OSCC specimens, and it could be a new
marker for the prediction of outcomes of OSCC patients.
Besides, high FCGBP expressions were associated with
immunosuppressive tumor microenvironment characteris-
tics. Our findings may facilitate the identification of novel
biomarkers for evaluating tumor stage, aiding drug develop-
ment, and improving treatment efficiency.
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