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Abstract

Background Ficolins (FCNs) are a family of proteins, comprising FCN1, FCN2 and FCN3, and integral to the immune
system which have been implicated in the onset and progression of tumors. Despite their recognized roles, a
comprehensive analysis of FCNs in lung cancer remains elusive.

Methods We employed a variety of bioinformatics tools, including UCSC, SangerBox, Ualcan, cBioPortal, String,
Metascape, GeneMANIA, TIDE, CTD, and CAMP databases to investigate the differential expression, diagnostic

and prognostic significance, genetic alterations, functional enrichment, immune infiltration, and potential
immunotherapeutic implications of FCN1, FCN2, and FCN3 in lung squamous cell carcinoma (LUSC) and lung
adenocarcinoma (LUAD). Additionally, RT-gPCR and immunohistochemistry were utilized to validate the expressions
of FCNs at the mRNA and protein levels in LUSC and LUAD.

Results Our comprehensive bioinformatic analysis, supported by RT-gPCR and immunohistochemistry, revealed that
the expressions of FCN1, FCN2 and FCN3 were consistently downregulated in both LUSC and LUAD tumor tissues.
FCNs demonstrated significant diagnostic potential for LUSC and LUAD, with the area under the receiver operating
characteristic curve (AUC) for FCN1 and FCN3 exceeding 0.90. Furthermore, FCN2 and FCN3 showed a strong negative
correlation with overall survival (OS) in LUSC, whereas FCN1 and FCN2 were positively correlated with OS in LUAD,
suggesting their prognostic value in lung cancer. Gene enrichment analysis indicated that FCNs were predominantly
associated with the complement system and complement activation pathways. Immune infiltration analysis further
revealed a significant positive correlation between FCNs and the presence of neutrophils and resting mast cells. Our
analysis of immunotherapy outcomes revealed a significant disparity in the immunophenoscore (IPS) among lung
cancer patients treated with immune checkpoint inhibitors (ICls), distinguishing those with high FCN expression from
those with low FCN expression. Additionally, we identified small molecule compounds related to FCNs and drugs
pertinent to LUSC and LUAD.

Conclusion FCNs held promise as diagnostic and prognostic biomarkers for LUSC and LUAD. This study
also elucidated the relationship of FCNs with the tumor microenvironment, offering novel insights into the
immunotherapeutic landscape for LUSC and LUAD.

*Correspondence:
Guixi Zheng
zhengg@sdu.edu.cn

Full list of author information is available at the end of the article

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12957-024-03558-4&domain=pdf&date_stamp=2024-10-9

Zhang et al. World Journal of Surgical Oncology (2024) 22:273

Page 2 of 16

Keywords Ficolin, LUSC, LUAD, Diagnosis, Prognosis, Immune Infiltration, Immunotherapy

Introduction

Lung cancer remains one of the leading causes of cancer-
related mortality worldwide, with non -small cell lung
cancer (NSCLC) being the most prevalent type, repre-
senting approximately 85% of all cases. Within NSCLC,
lung squamous cell carcinoma (LUSC) and lung adeno-
carcinoma (LUAD) are the two primary pathological
subtypes [1]. Traditional treatments, such as surgical
resection and chemotherapy, have shown limited effec-
tiveness, with the 5-year survival rate for patients with
advanced or metastatic lung cancer remaining below 10%
[2]. In recent years, immunotherapy and targeted therapy
have emerged as prominent research areas with signifi-
cant potential in the treatment of lung cancer [3].

The ficolins (FCNs) are a family of polymeric proteins
characterized by an N-terminal collagen-like region and
a C-terminal fibrinogen domain, comprising three mem-
bers: FCN1, FCN2, and FCN3 [4]. FCN1 is secreted by
neutrophils and monocytes in peripheral blood and
alveoli, and is expressed in tissues such as bone marrow,
spleen, and lung. It possesses the capability to bind to
oligosaccharides on microbial surfaces, thereby facilitat-
ing the recognition of various pathogens [5]. FCN2 and
FCN3 are proteins primarily produced by the liver and
the alveoli [6]. FCN2 primarily found in the liver and
adrenal glands, where it predominantly binds to N-acetyl-
glucosamine and N-acetylgalactosamine. In contrast,
FCN3 mainly expressed in the lungs and liver, where it
binds to carbohydrate residues on microbial surfaces [7].
All three FCNs can activate the complement system via
the lectin pathway. This activation culminates in the for-
mation of the membrane attack complex (MAC), which
disrupts the cell membranes of abnormal cells, leading to
their destruction [8]. Furthermore, the complement frag-
ments produced during activation can directly interact
with immune cells, including macrophages, neutrophils,
and dendritic cells. These interactions enhance the che-
motaxis, phagocytic capacity, and antigen-presenting
functions of these cells, thereby boosting the effective-
ness of the adaptive immune response [9]. However, a
comprehensive analysis of FCNs in LUSC and LUAD is
still lacking.

Immune checkpoint inhibitors (ICIs) targeting pro-
grammed cell death protein 1 (PD-1) and its ligand (PD-
L1) have demonstrated significant efficacy in patients
with advanced or metastatic NSCLC, while challenges
still persist in their effective application for early-stage
disease [10]. Existing research indicates that combin-
ing immunotherapy with standard treatments, such as
chemotherapy, may offer significant benefits for patients
with resectable NSCLC, particularly those at early-stage

disease or with high tumor mutation burden (TMB) [11].
TMB serves as a crucial biomarker for predicting the effi-
cacy of immunotherapy and is linked to a more robust
anti-tumor immune response [12]. Thus, investigating
immunotherapy interventions in NSCLC patients and
assessing their relationship with TMB can help refine
treatment strategies and enhance patient outcomes.

This study conducted a comprehensive analysis of the
diagnostic and prognostic significance of FCNs in LUSC
and LUAD, examining their connections to the tumor
microenvironment (TME) and their implications for
immunotherapy, which provided valuable new insights
into the diagnosis and treatment of patients with LUSC
and LUAD.

Materials and methods

Differential expression analysis of FCNs in LUSC and LUAD
Three pan-cancer datasets, TCGA, TARGET, and GTEx
(PANCAN, N=19,131, G=60,499), were downloaded
from the UCSC database. The R package “Limma” was
employed to analyze the differential expression of FCNI1,
FCN2 and FCN3 in LUSC and LUAD, respectively. The
overall study design was illustrated in Fig. 1.

Real-time quantitative polymerase chain reaction
(RT-qPCR)

A total of eight paired LUSC and adjacent non-cancerous
tissues, along with 11 paired LUAD and adjacent non-
cancerous tissues, were collected from the Department of
Thoracic Surgery, Qilu Hospital of Shandong University.
All patients provided informed consent and the study
received approval from the Ethics Committee of Shan-
dong University Qilu Hospital. Cells were maintained in
RPMI-1640 medium supplemented with 10% fetal bovine
serum at 37°C in a humidified atmosphere containing 5%
CO,. The expression levels of FCNs were validated by
RT-qPCR at both tissue and cellular levels.

Total RNA was extracted from tissues and cells using
Trizol reagent. RNA purity and concentration were
determined using a NanoDrop spectrophotometer.
c¢DNA synthesis was subsequently performed using a
reverse transcription kit (Yeasen). PCR amplification
was carried out using Blaze Taq qPCR Mix, with human
B-actin serving as the internal control. The primers were
designed and synthesized by Platinum Shang Biotechnol-
ogy, with sequences provided in Supplementary Table 1.
The expressions of FCNs at the mRNA level were calcu-
lated using the 2722 method. All experiments were con-
ducted in triplicate.
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Fig. 1 Overall study flowchart

Immunohistochemistry (IHC)

Tissue samples were processed by fixing, embedding,
dewaxing, and hydrating, followed by antigen retrieval
using specific antigen repair methods. To prevent non-
specific binding, a blocking agent was applied. Antibod-
ies against FCN1, FCN2, and FCN3 were then added to
bind to the respective target antigens, followed by the
incubation with corresponding secondary antibodies.
The immunoreactive bands were then visualized and
photographed using a fluorescence microscope.

Diagnostic and prognostic analysis of FCNs

The diagnostic value of FCNs in LUSC and LUAD was
assessed using the receiver operating characteristic
(ROC) curve. Additionally, the correlation between FCN
expression and patient survival was evaluated using sur-
vival curves generated from the Ualcan database. Fur-
thermore, the R package “ComplexHeatmap” was utilized
to analyze the clinical correlation between FCNs and var-
ious clinical characteristics, including stage, TNM stage,
age, and gender.

Genomic data analysis

cBioPortal, a comprehensive online platform for explor-
ing, visualizing, and analyzing large-scale cancer genomic
data, was used to obtain genomic data for FCNs. These

data facilitated the visual analysis of gene variation rates
in LUSC and LUAD.

Analyses of protein-protein Interaction (PPI), Functional
Enrichment, and GeneMANIA Prediction

The PPI network involving FCNs were visualized using
data from the String database. Functional enrichment
analysis of FCNs in LUSC and LUAD was conducted
through the Metascape database. GeneMANIA, an
online tool designed to analyze functional relationships,
interactions and shared pathways among target genes
and their associated genes, was employed to derive the
functional enrichment of FCNs and their related genes.

Relationship of FCNs with the TME

To investigate the relationship between FCNs and the
TME, three datasets, TCGA, TARGET, and GTEx, were
downloaded from the UCSC database. These datasets
were used to calculate immune scores for 22 types of
immune cells in LUSC and LUAD samples using the R
packages “e1071’, “parallel’; and “preprocessCore”. Pear-
son’s correlation coefficient between FCN expression
and immune cell infiltration scores was determined using
the R package “psych” Additionally, Spearman correla-
tion analysis was performed to evaluate the relationship
between FCNs and 150 marker genes across five immune
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pathways (chemokine, receptor, MHC, immunoinhibitor,
immunostimulator) in LUSC and LUAD.

The R package “estimation” was utilized to explore the
correlation between FCN expression and StromalScore,
ImmuneScore and ESTIMEScore. The simple nucleo-
tide variation dataset for all TCGA samples was down-
loaded from the Genomic Data Commons (GDC) and
used to calculate TMB for each tumor using the Maftools
software. Additionally, information on microsatel-
lite instability (MSI) scores, tumor purity (TP) values,
and homologous recombination deficiency (HRD) was
obtained from previous studies [13, 14]. Pearson corre-
lation analyses were then performed to explore associa-
tions between FCN expression and TMB, MSI, TP, and
HRD across LUSC and LUAD.

Correlation analysis of FCNs with Immune escape and
efficacy of ICls

The tumor immune dysfunction and exclusion (TIDE)
score is a key indicator used to evaluate whether tumor
cells evade immune surveillance during immunotherapy;,
thereby influencing the effectiveness of treatment. TIDE
scores for LUSC and LUAD were obtained from the
Tumor Immune Dysfunction and Exclusion database,
and the relationship between FCNs and TIDE was visual-
ized using the R package “ggpubr”. Furthermore, immune
data for LUSC and LUAD were downloaded from the
Tumor ImmunoAtlas database to assess the impact of
FCNs on the efficacy of ICI therapies.

Analysis of drug sensitivity and FCN-associated small-
molecule compounds

Drugs with high sensitivity to FCN expression in LUSC
and LUAD were identified using the R packages “pRRo-
phetic” and “ggplot2” The correlation between the half
maximal inhibitory concentration (IC50) of these drugs
and FCN expression was then visualized. Additionally,
the Comparative Toxicogenomics Database (CTD) was
utilized to identify chemical substances that interacted
with FCNs and their associated pathways.

Screening of LUSC- and LUAD-Related drugs

The Connectivity Map (CMAP) is a gene expression pro-
file database developed by the Broad Institute, designed
to identify functional associations of between small-mol-
ecule compounds, genes, and disease states. Differential
gene expression data for LUSC and LUAD were uploaded
to the CM AP database, using the “latest” version for anal-
ysis. In the results, compounds with negative scores were
identified as potential therapeutic agents. Specifically, we
screened compounds with Normcs > -1.6 as potential
candidates for the treatment of LUSC and LUAD.
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Statistical analysis

Statistical analyses in this study were conducted using R
version 4.1.0 and GraphPad Prism version 8.0. Spearman
or Pearson correlation analyses were performed to assess
relationships between variables. Group differences were
evaluated using the Unpaired Wilcoxon Rank Sum test,
Signed Rank test, Mann-Whitney U test, Logrank test
and Chi-square test. A P-value of <0.05 was considered
statistically significant.

Results

Differential expression of FCNs in LUSC and LUAD

As shown in Fig. 2A, the expressions of FCNs at the
mRNA level were significantly downregulated in LUSC
tumors (n=498) compared to adjacent non-cancerous
tissues (#=397). A similar trend was observed in LUAD
tumors (n=513) compared to their corresponding non-
cancerous tissues (#=397). This downregulation of
FCN mRNA expression in LUSC and LUAD was fur-
ther confirmed at both tissue and cellular levels by RT-
qPCR, aligning with the results of the bioinformatics
analysis (Fig. 2B-C). Additionally, the decreased protein
expressions of FCNs in LUSC and LUAD were validated
through IHC (Fig. 2D). These findings suggested that
FCNs might function as tumor suppressors, playing a
role in the development and progression of LUSC and
LUAD.

Diagnostic value of FCNs in LUSC and LUAD

In LUSC, the area under the curve (AUC) for FCNI,
FCN2, and FCN3 was 0.97 (95% CI: 0.96-0.98), 0.74
(95% CI: 0.71-0.77), and 0.99 (95% CI: 0.98-1.00), respec-
tively (Fig. 3A). Similarly, in LUAD, the AUC for FCNI,
FCN2 and FCN3 was 0.91 (95% CI: 0.89-0.93), 0.65 (95%
CI: 0.61-0.68), and 0.99 (95%CI1:0.98-0.99), respectively
(Fig. 3B). These results indicated that FCN1 and FCN3
were highly effective diagnostic markers for lung cancer.
Furthermore, principal component analysis (PCA) dem-
onstrated that the fully convolutional networks estab-
lished by FCNs could effectively distinguish between
tumor tissues and adjacent non-cancerous tissues in both
LUSC and LUAD. (Fig. 3C-D).

Potential prognostic value of FCNs in LUSC and LUAD

The prognostic potential of FCNs in LUSC and LUAD
was assessed through survivorship curves, with the
Ualcan database used to analyze their impact on over-
all survival (OS). The results revealed that FCN2 and
FCN3 were significantly negatively correlated with OS
in LUSC (Fig. 3E), whereas in LUAD, both FCN1 and
FCN2 showed significant positive correlations with OS
(Fig. 3F).
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Fig. 2 The differential expression of FCNs in LUSC and LUAD. (A) Bioinformatics analysis of differential expression of FCNs. Unpaired Wilcoxon Rank Sum
and Signed Rank Tests was used to compare the difference between two groups. (B) The down-regulation of FCN mRNA expression in LUSC and LUAD tis-
sues was analyzed by Mann-Whitney U test. (C) The down-regulation of FCN mRNA expression at the cellular level was analyzed by Mann-Whitney U test.
(D) The down-regulation of FCN protein levels was verified by IHC in LUSC and LUAD tumor tissues and paired non-tumor tissues using Mann-Whitney
U test. **: P<0.01; ***: P<0.001; ****: P<0.0001

Clinical correlation analysis of FCNs with LUSC and LUAD was significantly correlated with both stage and gender,
patients while FCN2 showed no significant correlation with clini-
The results demonstrated a significant association cal parameters in LUSC patients (Supplementary Fig. 1A-
between FCNI1 expression and gender in LUSC. FCN3  C). In LUAD, only FCN3 was correlated with age and T
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Fig. 3 Diagnostic and prognostic value of FCNs in patients with LUSC and LUAD. (A) ROC curves of FCNs in LUSC patients. (B) ROC curves of FCNs in
LUAD patients. (C) PCA of FCNs in LUSC patients. (D) PCA of FCNs in LUAD patients. (E, F) The survivorship curves of FCNs in LUSC and LUAD patients
from the Ualcan database were evaluated for significant prognostic differences between the two groups using the Logrank test. P < 0.05 was considered

statistically significant

stage, whereas FCN1 and FCN2 did not show significant

clinical correlations (Supplementary Fig. 1D-F).

Supplementary Fig. 1(A-F) Clinical correlation of FCNs
in LUSC and LUAD patients were analyzed by Spearman

test. **: P<0.01; ***: P<0.001.

Genetic mutations, molecular interactions, and potential
functions of FCNs

In LUSC, mutations in FCNs were observed in 51 out
of 1,176 patients (4.3%), with mutation rates for FCN1,
FCN2, and FCN3 at 2%, 1.5% and 0.9%, respectively
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(Fig. 4A). Similarly, in LUAD, 60 out of 1,382 patients
(4.3%) exhibited FCN mutations, with mutation rates
of 1.4% for FCN1, 1.9% for FCN2, and 1.3% for FCN3
(Fig. 4B). The mutation landscapes of the top 15 genes
with the most significant differences in mutation

A
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frequencies between high- and low-FCN expression
groups were separately mapped within the LUSC and
LUAD cohorts (Supplementary Fig. 2).

A PPI network was constructed using data from
the String database to explore potential interactions
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of FCNs. (E) GO and KEGG analysis of FCNs as well as their related genes
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involving FCNs (Fig. 4C). Additionally, FCNs and their
related genes were identified through the GeneMANIA
database (Fig. 4D). Metascape analysis indicated that
FCNs and their associated genes were primarily involved
in the initial activation of the complement system, clas-
sical antibody-mediated complement activation, the lec-
tin pathway of complement activation, and opsonization
(Fig. 4E).

Supplementary Fig. 2 The top 15 genes with the most
significant differences in mutation frequencies between
the high- and low-FCN expression groups in the LUSC
and LUAD cohorts were screened, and Chi-square test
was used to evaluate the significance of the differences. *:
P<0.05; **: P<0.01; ***: P<0.001; ****: P<0.0001.

Relationship of FCNs with the TME in LUSC and LUAD
patients

In LUSC, the expression levels of FCN1, FCN2, and FCN3
were significantly associated with the infiltration levels of
12, seven, and eight types of immune cells, respectively
(Fig. 5A-F). Similarly, in LUAD, the expressions of FCN1,
FCN2, and FCN3 were significantly correlated with the
infiltration of 11, four and 13 types of immune cells,
respectively (Supplementary Fig. 3A-F). Notably, there
was a significant positive correlation between the expres-
sion levels of FCNs and the infiltration of neutrophils and
mast cells in both LUSC and LUAD. Additionally, FCNs
were found to be associated with the majority of chemo-
kines, receptors, MHC molecules, immunoinhibitors,
and immunostimulators (Supplementary Fig. 4).

Furthermore, the analysis of three major TME scores,
StromalScore, ImmuneScore, and ESTIMEScore,
revealed that FCN expression was significantly positively
correlated with all three scores in both LUSC and LUAD.
These scores were higher in the high-FCN expression
group compared to the low-expression group (Supple-
mentary Fig. 5A-F).

Supplementary Fig. 4 The correlation between FCNs
and marker genes of chemokine, receptor, MHC, immu-
noinhibitor, and immunostimulator in LUSC and LUAD
was evaluated using Pearman test. *: P<0.05.

Supplementary Fig. 5 The correlation between FCN
expression in LUSC and LUAD and StromallScore,
ImmuneScore, and ESTIMEScore was analyzed by Pear-
man test. P<0.05 was considered statistically signifi-
cant. (A, B) StromallScore; (C, D) ImmuneScore; (E, F)
ESTIMEScore.

Association of FCNs with TMB, MSI, TP, and HRD in LUSC
and LUAD

Analyzing the relationship between FCN expression and
TMB, MSI, TP and HRD in LUSC and LUAD revealed
a significant correlation between FCN3 expression and
TMB in both LUSC and LUAD (Fig. 6A). Additionally,
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FCN expression was significantly associated with MSI
and TP in LUSC, as well as TP and HRD in LUAD
(Fig. 6B-D). These findings suggested that FCNs, particu-
larly FCN3, held potential as targets for immunotherapy
in LUSC and LUAD.

FCNs and Immune escape

To elucidate the relationship between FCNs and the effi-
cacy of immunotherapy efficacy, the correlation between
FCN expression and TIDE scores was analyzed. The
results demonstrated a significant positive correlation
between FCN expression and TIDE scores in LUSC, sug-
gesting that the risk of immune escape was higher in the
high-FCN expression group compared to the low-expres-
sion group (Fig. 7A). In contrast, a significant negative
correlation between FCN expression and TIDE scores
was observed in LUAD (Fig. 7B).

The correlation between the immunophenoscore (IPS)
of two ICls, cytotoxic T-lymphocyte-associated antigen 4
inhibitor (anti-CTLA-4) and anti-PD-1, and FCN expres-
sion was also examined. In both LUSC and LUAD, the
group with high FCN3 expression exhibited a higher IPS
for anti-CTLA-4, anti-PD-1 therapy, and combination
therapy compared to the group with low FCN3 expres-
sion. Similarly, increased FCN1 expression was asso-
ciated with enhanced IPS for both anti-PD-1 therapy
and combination therapy (Fig. 8A, C, D, F). However,
in LUAD, no significant correlation was found between
FCN2 expression levels and IPS for anti-CTLA-4, anti-
PD-1, or combination therapy. In LUSC, by contrast,
FCN2 expression was significantly associated with IPS
for anti-PD-1 and combination therapies (Fig. 8B, E).

Analysis of drug sensitivity, FCN-Associated Small-
Molecule compounds, and LUSC- and LUAD-related drugs
The R package “pRRophetic” was used to analyze the top
five drugs exhibiting high sensitivity to FCN expression.
In LUSC, FCN1 showed a significant negative correlation
with 5-Fluorouracil, Doxorubicin, Epothilone B, Erlo-
tinib, and Etoposide, indicating that lower FCN1 expres-
sion was associated with increased sensitivity to these
drugs. Similarly, FCN2 demonstrated a significant nega-
tive correlation with Bleomycin, Dasatinib, Doxorubicin,
Tipifarnib and Etoposide. FCN3 also exhibited a signifi-
cant negative correlation with Doxorubicin, Paclitaxel,
Etoposide, Vinblastine and Gefitinib (Supplementary
Fig. 6A-C).

In LUAD, higher expression of FCN1 was significantly
positively correlated with Dasatinib, FMK, Rapamycin,
Saracatinib and Sunitinib leading to increased drug sen-
sitivity. Likewise, FCN2 expression was significantly posi-
tively correlated with Zibotentan B, Dasatinib, DMOG,
FMK and Sunitnbin. In contrast, FCN3 expression
showed a significant negative correlation with Axitinib,
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Fig. 5 Immune cell infiltration of FCNs in LUSC, and the correlation between FCNs and 22 kinds of immune cells was analyzed by Spearman test. P<0.05

was considered statistically significant. (A, B) FCN1; (C, D) FCN2; (E, F) FCN3

Cisplatin, Paclitaxel, JNK Inhibitor VIII, and Ispinesib
Mesylate (Supplementary Fig. 6D-F).

The CTD analysis revealed that Methotrexate, Acet-
aminophen and Teratogens down-regulated the expres-
sions of FCN1, FCN2, and FCN3 at the mRNA level,
respectively. Conversely, Progesterone, Benzo(a)pyrene,

and Clothianidin were found to up-regulate the expres-
sions of FCN1, FCN2, and FCN3 at the mRNA level,
respectively. Additionally, Trichloroethylene, Valproic
Acid and Aflatoxin B1 were identified as compounds that
affect the methylation level of FCNs (Table 1).
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Fig. 6 Tumor heterogeneity analysis of FCNs in LUSC and LUAD, and the correlation between FCN expression and TMB, MSI, TP, and HRD was evaluated
by Pearman test. P<0.05 was considered statistically significant. (A) TMB; (B) MSI; (C) TP; (D) HRD

Using the CMAP database, a total of 19 small-molecule
drugs were found to be highly correlated with LUSC,
and 28 were highly correlated with LUAD. The top 10
drugs for each cancer type are listed in Tables 2 and 3,
respectively. Notably, bisoprolol, BTS-54,505, and enala-
pril showed significant negative correlations with LUSC,

while meglitinide, cefepime and etodolac exhibited sig-
nificant negative correlations with LUAD, suggesting
their potential therapeutic value.

Supplementary Fig. 6 Drug sensitivity analysis of FCNs
in LUSC and LUAD. Significant differences between the
two groups were assessed by the Mann-Whitney test.
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Fig. 7 Immune escape assay. Wilcoxon test was used to compare the difference between two groups. (A) LUSG; (B) LUAD. ***: P<0.001

P<0.05 was considered statistically significant. (A-C)
Drugs in LUSC that were sensitive to FCNs. (D-F) Drugs
in LUAD that were sensitive to FCNs.

Discussion

In recent years, the role of FCNs in the development
of various tumors has gained increasing attention. For
example, FCN2 has been shown to significantly inhibit
the migration, invasion, and epithelial-mesenchymal
transition (EMT) of hepatocellular carcinoma (HCC)
cells both in vitro and in vivo [15]. In addition, FCN3
expression is downregulated in HCC tissues, and its
overexpression can induce apoptosis in HCC cells and
hinder tumor progression by activating the p53 signaling
pathway [16]. Elevated serum concentrations of FCN2
and FCN3 have also been observed in patients with ovar-
ian cancer (OC) compared to normal subjects, suggesting
their potential as tumor markers for OC [17]. Further-
more, research by Sokolowska et al. has highlighted the
significant potential of FCNs to distinguish between
non-malignant control patients and those with acute
myeloid leukemia (AML), positioning FCNs as promising
complementary biomarkers for AML [18]. Despite these
findings, a comprehensive analysis of FCN1, FCN2, and
FCN3 in lung cancer has yet to be conducted.

The study highlighted that, given the complexity of the
TME and the influence of various genes and pathways,
certain genes may exhibit a “dual role” in both inhibiting
and promoting cancer progression [19, 20]. For instance,

transforming growth factor  (TGF-P) can suppress can-
cer by restricting cell proliferation and inducing apopto-
sis in normal tissues; however, in advanced tumor stages,
TGE-B may facilitate tumor invasion and metastasis [21].
Similarly, B-catenin plays a crucial role in cell adhesion
and maintaining tissue integrity through the Wnt sig-
naling pathway. Yet, when p-catenin accumulates in the
nucleus, it can trigger oncogene expression, contribut-
ing to tumorigenesis [22]. In this study, the prognostic
analysis revealed that low expression levels of FCN2 and
FCN3 in LUSC were associated with improved patient
survival, whereas higher expression of FCN1 and FCN2
in LUAD correlated with better survival outcomes. This
suggested that FCN2 and FCN3 might play a “dual role”
in lung cancer, underscoring the potential prognostic sig-
nificance of FCNs in both LUSC and LUAD. Addition-
ally, our findings showed that FCN1, FCN2, and FCN3
were significantly downregulated in tumor tissues of both
LUSC and LUAD. FCNs demonstrated strong diagnostic
capabilities, effectively distinguishing between normal
lung tissue and tumor tissue, indicating their potential as
diagnostic biomarkers.

Functional enrichment analysis of FCNs and their
related genes further revealed that FCNs primarily
exerted their effects through the activation of the com-
plement system. Moreover, results from the GeneMA-
NIA database indicated a strong correlation between
FCNs and MASP2, aligning with previous findings. As
key recognition molecules in the lectin pathway, FCNs
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Fig. 8 Relationship between FCN expression and anti-CTLA4 as well as anti-PD-1 in LUSC and LUAD. Wilcoxon test was used to compare the differences
between the two groups. P<0.05 was considered statistically significant. (A-C) LUSC. (D-F) LUAD

recruit and activate mannose-binding lectin-associated
serine proteases (MASPs), particularly MASP2 [23], by
binding to specific carbohydrate structures on the sur-
face of pathogens or apoptotic cells. This activation of
MASPs subsequently triggers the complement cascade,
including the cleavage of complement protein C3 and

the formation of the C5b-9 MAC, leading to localized
inflammation and the lysis of abnormal cells [24, 25].
Interestingly, our findings revealed a significant posi-
tive correlation between FCN expression and the pres-
ence of neutrophils and resting mast cells in both LUSC
and LUAD. In lung cancer, Horvath et al. [26] have
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Table 1 The small molecule compounds interacted with FCNs

Genes Interacting Interaction
chemical

FCN1 Methotrexate Decreased expression of FCNT mRNA
Progesterone Increased expression of FCNT mRNA
Trichloroethylene Increased methylation of FCN1 gene

FCN2 Acetaminophen Decreased expression of FCN2 mRNA
Benzo(a)pyrene Increased expression of FCN2 mRNA
Valproic Acid Increased methylation of FCN2

promoter

FCN3 Teratogens Decreased expression of FCN3 mRNA
Clothianidin Increased expression of FCN3 mRNA
Aflatoxin B1 Decreased methylation of FCN3 gene

Table 2 Drugs with high correlation to LUSC

Pert_iname Moa Norm_cs
GSK-461,364 PLK inhibitor -1.64
INJ-26,481,585  HDAC inhibitor -1.66
masitinib KIT inhibitor|PDGFR inhibitor|Src inhibitor  -1.66
parthenolide NFKB inhibitor -1.66
proxymetacaine  Sodium channel inhibitor -1.67
SCH-58,261 Adenosine receptor antagonist -1.68
HLI-373 MDM inhibitor -1.69
enalapril ACE inhibitor -1.7
BTS-54,505 Dopamine receptor antagonist -1.78
bisoprolol Adrenergic receptor antagonist -1.81
Table 3 Drugs with high correlation to LUAD

Pert_iname Moa Norm_cs
SDM-25N  Opioid receptor antagonist -1.68
loperamide  Opioid receptor agonist -1.68
CNX-774 BTK inhibitor -1.68
haloperidol  Dopamine receptor antagonist -1.72
piperine Monoamine oxidase inhibitor -1.73
CCMQ Inhibitor of the binding of homoquinolinic acid -1.76
crizotinib ALK inhibitor -1.78
etodolac Cyclooxygenase inhibitor -1.79
cefepime  Bacterial cell wall synthesis inhibitor -1.79
meglitinide  Potassium channel antagonist -1.87

observed that hyperoxia promotes the transformation of
neutrophils into an anti-tumor phenotype, while hypoxic
environment induces their shift towards a pro-tumor
phenotype. Additionally, even in a resting state, mast
cells can release various cytokines, including IL-1, IL-4,
IL-6 and tumor necrosis factor-a (TNF-«), which can
induce apoptosis in lung cancer cells by modulating the
TME [27, 28]. These findings suggest that the abnormal
expression of FCNs may be linked to the dysregulation of
immune cell infiltration, indicating that FCNs can play an
active role in the development of lung cancer.

The TIDE score serves as a comprehensive indica-
tor that reflects the potential involvement of various
immune escape mechanisms [29], while the IPS evalu-
ates a tumor’s potential response to immunotherapy,
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particularly ICIs [30]. CTLA-4 and PD-1 are pivotal
immune checkpoint signals; PD-1, up-regulated in vari-
ous tumor types, inhibits T-cell activity by binding to its
ligand PD-L1 [31, 32]. Conversely, CTLA-4 suppresses
T-cell activity through competitive binding to the co-
stimulatory molecules CD80 and CD86 [33, 34]. Conse-
quently, ICIs like anti-PD-1 or anti-CTLA-4 can enhance
anti-tumor immunotherapy by blocking these inhibitory
signals.

Nevertheless, tumors often develop resistance to such
treatments through specific immune escape mechanisms.
For example, IDO (Indoleamine 2,3-dioxygenase) metab-
olizes tryptophan into kynurenine, which suppresses
T cell proliferation and fosters regulatory T cell (Treg)
development, aiding tumor cells in evading immune
attacks. Additionally, IDO can modulate the immune
response within the TME and potentially enhance the
immune system’s attack on tumors when combined
with other immunotherapies [35]. Similarly, Galec-
tin-9 contributes to immune evasion by inhibiting T cell
and natural killer (NK) cell functions via binding to the
TIM-3 receptor. Yet, Galectin-9 can also activate certain
immunoregulatory pathways or effector T cells, thereby
improving the efficacy of ICIs [36]. These examples illus-
trate how the complexity of the TME leads to variability
in the relationship between immune escape and immu-
notherapy outcomes.

In this study, FCNs exhibited a significant positive cor-
relation with both TIDE and IPS in LUSC, implying that
FCNs might have a dual role in both immune escape and
immune activation. In contrast, for LUAD, the high FCN
expression group demonstrated a lower TIDE score and
a higher IPS compared to the low expression group. This
suggested that FCNs might enhance the immunotherapy
response in LUAD, reflecting their potential to modu-
late the immune landscape differently across lung cancer
subtypes.

TMB is a crucial indicator closely associated with
tumor development. Studies have shown that tumors
with high TMB typically produce more neoantigens,
which are more likely to be recognized by the immune
system, thereby triggering immune responses [37]. How-
ever, in lung cancer, low TMB may be associated with a
more inflammatory or immunologically active TME,
characterized by the expression of a small number of
highly immunogenic tumor-specific antigens, which can
lead to favorable outcomes when ICIs are used alone
or in combination [37, 38]. Additionally, tumors with
low TMB may rely more heavily on specific immune
escape mechanisms, such as evading immune surveil-
lance through PD-L1 expression. In these cases, drugs
targeting the PD-1/PD-L1 pathway may be more effec-
tive, making single or combination ICI therapy particu-
larly beneficial [39-41]. This study’s findings aligned
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with these observations, as FCN expression in LUSC and
LUAD was negatively correlated with TMB. Moreover,
the high-FCN3 expression group exhibited higher IPS
when treated with anti-CTLA-4 and anti-PD-1 therapies,
either alone or in combination, compared to the low-
expression group. These insights provided new perspec-
tives and directions for lung cancer immunotherapy.

Despite the valuable insights gained from our study,
there were several limitations. Notably, the LUSC and
LUAD tissue samples used to verify FCN expression lev-
els were limited in number, and we lacked experimental
validation of the role of FCNs in these cancers. Moving
forward, it will be essential to design comprehensive
studies involving cellular models, animal experiments,
and mechanistic analyses to further investigate the
molecular biological functions and specific mechanisms
of FCNs in LUSC and LUAD.

Conclusion

This study conducted a comprehensive analysis of FCNs
in lung cancer, revealing their potential as both diagnostic
and prognostic biomarkers. The findings underscored the
significant role that FCNs might play in distinguishing
between normal and tumor tissues, as well as in predict-
ing patient outcomes in LUSC and LUAD. By shedding
light on the expression patterns and functional implica-
tions of FCN:s, this research offered valuable insights that
could pave the way for more precise diagnostic tools and
targeted therapeutic strategies in lung cancer. Our work
not only advanced the understanding of FCNs in the
context of lung cancer but also opened new avenues for
exploring innovative approaches to the diagnosis, pro-
gression, and treatment of LUSC and LUAD.
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