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Objective: To investigate the role of FBLNSin renal clear cell carcinoma (KIRC), in particular on the tumor’s immune microenvir-
onment, including children and young adults.

Methods: FBLNS expression in tumor and normal samples was explored using SangerBox, TIMER2.0, GEPIA, UALCAN, HPA
databases. The Linkedomics database was used to obtain FBLN5 co-expressed genes in KIRC tissue. SangerBox was also used to
estimate immune infiltration of FBLNS5 in KIRC. The Kaplan-Meier plotter was used to investigate the survival effects of FBLNS
expression in the presence of immune infiltration. We then collected 48 cases from 7 hospitals over a-20 year period to calculate the
impact of FBLNS5 on the prognosis of children and young adults with KIRC.

Results: FBLNS expression was significantly reduced in KIRC tissue compared to normal adjacent tissue. FBLN5 was potentially
involved in the immune-related biological processes. In addition, FBLNS expression has been linked to a number of immune
checkpoints, cytokines, chemokines and chemokine receptors in KIRC. At the same time, the expression of FBLNS affected the
survival rates differently in KIRC patients with high or low levels of immune infiltration. High expression of FBLNS in children and
young adults with KIRC was associated with a favorable prognosis.

Conclusion: This study shed light on the potential of FBLNS as a prognostic marker in children and young adults with KIRC and as
an immune-related target for clinical treatment.
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Introduction

Renal cancer is the third most frequent urological malignancy, with 77,410 new cases and 46,345 deaths reported in 2022
by the Chinese Cancer Observatory.! Renal clear cell carcinoma (KIRC) is the most frequent subtype of kidney cancer
and accounts for more than 70% of all cases.” However, the most common neoplasm of the kidney is nephroblastoma in
childhood, and KIRC is rare in children and young adults.> Fewer than 4% of renal tumors in children are KIRC.* Early
diagnosis of KIRC is crucial, as it can make treatment challenging and increase the risk of recurrence when diagnosed at

an advanced stage.” Patients with metastatic KIRC have a 5-year survival rate of only 10%.°
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KIRC has long been known to be sensitive to immunotherapies, and interleukin-2 (IL-2) has been approved for
treatment of KIRC since 1992.” Some scholars have even suggested that combination immunotherapies have the potential
to become a first-line treatment option in KIRC.* So far, many KIRC patients have benefited from immunotherapy.
Immune cells, consisting of B cells, T cells, natural killer cells, etc., are critical for carcinogenesis and immunother-
apeutic responses.” Immune checkpoint blockade therapy has also been successful in multiple cancers, including KIRC,
and many patients may benefit.'® From this, it can be seen that immunotherapy plays a role in the treatment of KIRC and
deserves further investigation.

The tumor microenvironment (TME), which is critical for carcinogenesis and therapeutic responses, is composed of
immune cells, fibroblasts, endothelial cells and various biological molecules.!’ Recent studies have found that fibroblasts
play a role in promoting angiogenesis in TME, which then promotes tumor growth.'? Fibroblasts can activate the
transforming growth factor-beta (TGF-P) signaling pathway, causing tumor cells to acquire interstitial morphology and
weakening adhesion between tumor cells, which then lead to distant metastasis.'> In addition, fibroblasts may also
weaken the immune response to tumors by modulating the infiltration and percolation distribution of immune cells in the
TME through various factors such as CXCL12, CXCL16, IL6, IL8, PD-1 and PD-2, which then enable tumor cells to
acquire metastasis capacity.'*

The fibulin (FBLN) family is widely found in the extracellular matrix (ECM) and plays a role in the formation and
stabilization of basement membranes and elastic fibers.'> FBLN3, a key member of the FBLN family, has been reported to
be involved in cell proliferation and cell motility.'® In ovarian cancer, FBLN5 was found can inhibit tumor progression as
a target of TGF-B in fibroblasts.'” However, according to previous literatures, the role of FBLN5 was different and it was an
inhibitor or promoter of tumor cells depending on the type of cancer and environment. In bladder cancer'® and lung
cancer,'” cancer suppression by FBLN5 has been observed. Conversely, FBLNS has been found to promote cell growth and
metastasis in breast and pancreatic cancers.”?! However, the role of FBLNS5 in KIRC is unclear. In view of this, the clinical
significance and biological role of FBLNS was assessed in this study, particularly in children and young adults.

Materials and Methods

Patients

We retrospectively collected renal cancer data from seven hospitals in China between 2001 and 2021. Patient inclusion
criteria: younger than 23 years, a cut-off of 23 years chosen based on similar criteria in other research;* the pathologic
classification was KIRC; tumor samples and paired normal nearby tumor samples were available; neither chemotherapy
nor radiotherapy was administered; written informed consent was obtained from the participants. Patient exclusion
criteria: excluded from all the other cases mentioned above.

Ethics Statement

The study involving human participants was reviewed and approved by The Ethics Committee of Lianyungang First
Hospital (20220215) and conducted in accordance with the principles of the Declaration of Helsinki. Written informed
consent was obtained from the participants or guardians of patients younger than 18 years of age included in the present
study.

Bioinformatics Analysis
FBLNS expression in tumor and normal samples was explored using SangerBox (http://www.sangerbox.con/),

TIMER2.0 (http://timer.comp-genomics.org/timer/), GEPIA (http://gepia.cancer-pku.cn/), UALCAN (https://ualcan.

path.uab.edu/), and HPA (https://www.proteinatlas.org/) databases. In the above databases, “FBLN5” was put into
the “search” module and then the expression of FBLNS was obtained, respectively. The Linkedomics database (https://
www.linkedomics.org/login.php) was used to obtain FBLN5 co-expressed genes in KIRC. In the Linkedomics
database, we first select the KIRC cancer cohort and then put “FBLNS5” in the “Search Attribute” module, after
which we obtain the FBLNS co-expressed genes. SangerBox was also used to estimate 111 infiltration of FBLNS in

KIRC. “Immune genes” and “immune checkpoint” modules for FBLNS were selected to estimate immune infiltration
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in SangerBox. The Kaplan-Meier plotter (http://kmplot.com/analysis/) was used to investigate the survival effects of

FBLNS expression in the presence of immune infiltration.

FBLNS-related Genes Enrichment Analysis
After obtaining FBLNS5-related genes from the Linkedomics database, Kyoto Encyclopedia of Genes and Genomes
(KEGQG) (https://www.genome.jp/kegg/) was used for pathway analysis, using the threshold of a count >3, and P<0.05.

The enriched pathways were visualized using the “ggplot2” R packages.

Cell Lines

The ACHN cell line was chosen for this research because it was derived from a 22-year-old male with KIRC according to
precious literatures.>*** HK2 (catalog no. MZ-0086) and ACHN (catalog no. MZ-0018) cell lines were purchased from
Mingzhou Biotechnology Co., Ltd (Ningbo, China). A DMEM (Invitrogen; Thermo Fisher Scientific, Inc.) containing
10% FBS (Gibco; Thermo Fisher Scientific, Inc.), streptomycin (100 pg/mL), and penicillin (100 U/mL) was used for
cell culture. The cells were incubated in a humidified incubator containing 5% CO2 at 37 °C.

RNA Isolation and Reverse Transcription-Quantitative PCR (RT-qPCR)

RNA isolation and RT-qPCR were followed as described previously.>> B-actin expression level was used to normalize the
relative expression level of FBLNS. Experiment primers were listed in Table 1. All experiments were performed in
a triplet.

Western Blot Assay

Western blotting analysis was performed as we previously reported.”® Total proteins were extracted from HK2 and
ACHN cells using RIPA buffer (Biosharp Life Sciences, China) and protein quantitation using Bradford protein assay
((Bio-Rad Laboratories, Inc.). Electrophoresis was performed using a 10% SDS-PAGE gel, which was then transferred to
a PVDF membrane, after that 5% fat-free milk was blocked at room temperature for 2 h. The membranes were cropped
and incubated with primary antibodies at 4 °C overnight and with a secondary antibody for 1 h at room temperature.
Pierce™ ECL Western Blotting Substrate (cat. no. 32109; Thermo Fisher Scientific, Inc.) was used to visualize the bound
antibodies. The antibodies used were listed in Table 2.

Table | Primer Sequences Used for qPCR

Gene Primer Sequences (5’ to 3’)

FBLNS
Forward TCGCCAGTCAGGACAGTGT

Reverse AGTAGGGGTTCGAGTAGGGC
B-actin
Forward CATGTACGTTGCTATCCAGGC
Reverse CTCCTTAATGTCACGCACGAT

Abbreviations: qPCR, quantitative PCR; FBLNS, fibulin 5.

Table 2 The List of the Antibodies Used for Western Blotting

Antibody Catalog Number | Host | Dilution Ratio | Company
FBLNS ab109428 Rabbit | 1:5000 Abcam
GAPDH ab9485 Rabbit | 1:1000 Abcam
Anti-rabbit IgG | ab150077 Goat 1:4000 Abcam
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Statistical Analyses

Statistical analysis was performed using SPSS 25, GraphPad Prism 8.0, and R 4.2.2. The significance of the differences
between the two groups was assessed using the Mann—Whitney U-test. The log-rank method was used to determine the
significance of the expression of FBLNS on patient survival. Multivariate Cox regression analysis was also applied to the
overall survival risk factors. The diagnostic and prognostic values of FBLNS for KIRC in children and young adults were
analyzed using receiver operating characteristic (ROC) curve. Nomogram was used to predict the prognosis of FBLNS
expression in KIRC, and calibration curves were used to compare nomogram predictions with actual observed survival
outcomes. The decision curve analysis (DCA) diagram was drawn to analysis the benefit of FBLNS expression for
prognosis. “timeROC”, “rmda”, “pROC”, “survival”, “rms”, “clusterProfiler” and “ggplot2” R packages were used for
analyses. A p-value below 0.05 was considered significant.

Results
FBLNS Expression Was Down-Regulated in KIRC

We found that FBLNS is significantly less r expressed in tumor tissue compared to normal tissue in KRIC using SangerBox
(Figure 1A), TIMER2.0 (Figure 1B), GEPIA (Figure 1C), UALCAN (Figure 1D), and HPA (Figure 1E and F) databases,
respectively.

FBLNS Expression in Different KIRC Groups

The UALCAN database was used to evaluate the expression of FBLNS5 in different clinical subgroups of KIRC. It was
found that the expression of FBLNS was lowest in the age group older than 80 years, with a significant difference when
compared to the 41-60 year group (Figure 2A). There were no significant differences in sex (Figure 2B), race
(Figure 2C), tumor grade (Figure 2D), or N stage (Figure 2E). When it came to tumor subtypes, FBLN5 expression
was significantly lower in the ccA subtype than in the ccB subtype, and both subtypes had lower FBLNS expression than
the normal sample (Figure 2F). Regarding the KIRC stage, we found that the expression of FBLNS also does not show
a trend of correlation with increasing tumor grade increased, with stage 2 having the lowest expression and being
significant different from the others (Figure 2G).

FBLNS May Play a Role in KIRC’s TME

We investigated the mechanism of FBLNS in KIRC using the Linkedomics database, where the co-expressed mRNAs of
FBLNS in KIRC patients were retrieved and the results are shown as a volcano plot (Figure 3A). The top 50 positive
genes associated with FBLNS were shown in Figure 3B, and the top 50 negative genes associated with FBLN5 were
shown in Figure 3C. Gene Ontology analyses of these co-expressed genes indicated that FBLNS may be involved in the
biological process and muscle tissue development; the cellular component of FBLNS might be involved in fiber and
collagen-containing extracellular matrix formation; and the molecular function of FBLNS might be involved in extra-
cellular matrix structural constituent (Figure 3D). In terms of the results of the KEGG analysis result, it was found that
FBLNS is related to the ECM receptor interaction (Figure 3E). All the above analysis suggested that FBLNS may be
related to the ECM and fiber information in KIRC. ECM, immune cells and fibroblasts are the important components of
TME, and they are closely related and interact with each other.?”*® Hence, we speculate that FBLN5 may play a role in
the immune microenvironment.

FBLNS5 May Play a Role in Immune Microenvironment Modulation in KIRC

To analyze whether there is a link between FBLNS5 expression and immune regulation, we explored the relationship
between FBLNS expression and numerous immune genes in KIRC to confirm the immunological function of FBLN5
using Sangerbox. FBLN5 was found to have a significant positive expression associated with the traditional immuno-
logical checkpoints CD27, CD28, HMGBI1, TLR4, IL1B, and IL2 (Figure 4A). For immunological chemokines, we
found that FNLNS5 is co-expressed with CXCL12, CCL14, CCL19 et al; for immunological receptor, it was found
FBNLS is co-expression with CCR1-10; and FBLNS was also co-expressed with a large number of immunostimulators,
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Figure 2 FBLNS5 expression in different patient groups. Box plots showed the relationship between FBLNS5 expression and parameters including (A) age, (B) gender, (C)
race, (D) tumor grade, (E) nodal metastasis status, (F) subtype, (G) cancer stage was analyzed using the UALCAN database.

including CD40, CD28, CD48, IL-2 et al (Figure 4B). The abundance of tumor infiltrating immune cells in KIRC was
then evaluated using the CIBERSORT algorithm (Figure 5A), and it was found that T cell CD8", B cell, macrophage,
endothelial cell, NK cell, and T cell CD4" were all correlated with FBLNS expression (Figure 5B and C). Following this,
we investigated the relationship between FBLNS expression and the infiltration, and the results showed a positive
correlation between stromal, immune and ESTIMATE scores and FBLNS (Figure 5D-F).

FBLNS Expression with Different Level of Immune Cell Infiltration Affects the
Prognosis of KIRC

SangerBox found that FBLNS levels did not affect the survival time in KIRC patients (Figure 6A). Kaplan-Meier Plotter
database (Figure 6B) and GEPIA database (Figure 6C) showed similar findings. The Kaplan-Meier Plotter database was
then used to explore the effects of FBLNS5 expression on the KIRC patients through the control of the immune
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Figure 3 FBLN5 most likely served an immune function in KIRC’s tumor microenvironment.(A) Volcano plot showed the co-expressed mRNAs of FBLNS5 in KIRC using
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processes (BP), cellular compartments (CC) and molecular functions (MF); (E) The FBLN5 relevant pathways in KIRC.

microenvironment. The results revealed a poor prognosis for patients with high FBLNS expression in their reduced

basophils (Figure 6D); however, a preferred prognosis was seen in patients with enriched basophils (Figure 6E), and

similar results were seen in patients with reduced CD4" memory T cells (Figure 6I) and enriched natural killer cells
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Figure 4 Relationships between FBLN5 and tumor immune microenvironment in KIRC; (A) immune genes; (B) immune checkpoint.*p < 0.05.

(Figure 6R). In addition to the results noted above, the expression of FBLNS had no effect on the overall survival of
patients with KIRC (Figure 6F-H, J-Q and S—W). As a result of the previous findings, it appears that FBLNS regulates
carcinogenesis by influencing the immune system.

Expression of FBLN5 and Children and Young Adults’ Prognosis

Given the differences between the immune systems of children and adult, the immune systems of children and young
adults are relatively underdeveloped.”® We further explored the role of FBLNS in the KIRC of children and young adults.
First, RT-qPCR was measured for FBLNS in the normal renal cell line HK2 and in the KIRC cell line ACHN, where it
was found that FBLNS expression was lower in ACHN compared to HK2 (Figure 7A). The western bolting results gave
similar finding at the protein level (Figure 7B). Tumor tissue and paired normal nearby tumor tissue were also explored,
and it was found that FBLNS expression is reduced in tumor tissue (Figure 7C). A ROC curve was then calculated to
determine the area under the curve (AUC) for FBLNS in KIRC. It was found that FBLNS had a sensitivity of 0.729 for
diagnostic KIRC, a specificity of 0.937, and an AUC of 0.825 (Figure 7D). The survival time and the relative expression
of FBLNS for the 48 patients were shown in Figure 7E. And patients in the high-risk group had longer survival times
(Figure 7F). The time dependent ROC results suggested that FBLNS has a good value in predicting the prognosis of
KIRC in children and young adults (Figure 7G). After that, we calculated the score of each patient using the nomogram
and found that FBLNS has an important score (Figure 7H). Furthermore, the calibration plots showed that the predict risk
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is very close to the ideal curve (Figure 71). Moreover, the DCA plots also clearly showed that FBLNS may be a reflection
of patient prognosis (Figure 7J and K). To further assess the relationship between FBLNS expression levels and
prognosis in children and young adults with KIRC, we performed univariate and multivariate Cox analyses and found
an independent correlation between FBLNS expression and patient prognosis (Table 3).

Discussion

Extensive evidence has shown that the occurrence and development of KIRC is closely related to genes.>® Genes may
play the role of prognostic biomarkers to develop a tailored treatment plans for individuals. In this study, we explore the
biological function of FBLNS in KIRC using public databases. We determined the FBLNS mRNA and protein levels and
analyzed the relationship between FBLNS expression levels and patient outcome. We found that FBLNS played an
important role in the TME.

FBLNs are a family of seven ECM proteins involved in complex biological processes, particularly associated with
elastic and fibrous tissue, and play important roles in the ECM, especially affecting fibroblasts.*’ FBLNS5, a member of
the family of FBLNS, is a fibroblast-derived ECM protein that promotes endothelial cell adhesion and plays an essential
role in the formation of elastic fibers.'® ECM, immune cells and fibroblasts are important components of TME, and they
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Figure 6 Influence of FBLNS expression on the survival in KIRC patients with high or low immune cell infiltration.(A) The pan-cancer survival analysis of FBLN5 by
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are closely related and interact with each other.”® The above information suggests that FBLNS5 is closely related to the

TME. In recent years, there has been a significant increase in the number of studies on the roles of FBLNS in tumor

processes.'* 2% However, the significance of FBLN5 in KIRC has not been investigated so far. Hence, we wanted to
explore the clinical implications of FBLNS in KIRC.
TME, which is composed of tumor cells, immune cells, cytokines, and other factors, has a significant impact on tumor

initiation and progression.''” KIRC has been shown not to be susceptible to radiotherapy or chemotherapy; while

immunotherapy has played a role in the diagnosis and treatment of KIRC, cytokines such as IL-2 and interferon were

mostly used for treatment in the 1990s.” In this study, we elucidated that FBLN5 expression was correlated with the

infiltration levels of various immune cells, as well as the expression of immune checkpoints, cytokines, chemokines, and

chemokine receptors in KIRC, suggesting that FBLNS5 might be used as an immune target in combination with the typical

targets in KIRC.
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Table 3 Cox Univariate and Multivariate Analyses of FBLN5 Gene Expression

Characteristics Univariate Analysis Multivariate Analysis
Hazard Ratio (95% CI) | P value | Hazard Ratio (95% CI) | P value

Age 1.020 (0.937-1.110) 0.645

Sex 0.510

Male Reference

Female 1.323 (0.577-3.033) 0.509

N

NO Reference Reference

NI 7.295 (1.528-34.833) 0.013 6.514 (1.324-32.047) 0.021

M

MO Reference Reference

Ml 45.497 (2.846-727.418) 0.007 50.121 (2.987-843.642) 0.007

FBLNS5S

High Reference Reference

Low 3.680 (1.228-11.026) 0.020 3.298 (1.081-10.060) 0.036

Laterality

Right Reference

Left 1.024 (0.448-2.339) 0.955

Abbreviations: FBLNS, fibulin 5; Cl, confidence interval.

The results of GO analysis of our study indicated that FBLNS5 was involved in the information of the fibroblasts,
which might indicate that the fibroblasts could be regulated by the expression of FBLNS. The discovery of KEGG
pathway suggested a link between FBLNS and ECM receptor interaction, which might indicate that the ECM could be
regulated by the expression of FBLNS. It has been reported that cancer associated fibroblasts and ECM acted as
“stromal” that could effectively activate immune cells and participate in tumorigenesis, progression, metastasis.'*
However, the level of FBLNS did not affect the survival time of KIRC adult patients using the publicly available
database. We therefore further explored the impact of FBLNS5 expression on the survival of KIRC patients with high or
low immune cell infiltration, and the results revealed a preferred prognosis in patients with enriched basophils, CD4+
memory T cells, natural killer cells had a favorite prognosis. This indicated that FBLNS is involved in the immune
microenvironment in KIRC. Given the differences between the immune systems of children and adults, the immune
systems of children and young adults are relatively underdeveloped. Therefore, it is necessary to investigate its
relationship with the immune microenvironment and KIRC in children and young adults. Finally, we demonstrated
that in children and young adults, FBLNS was independently correlated with patient outcome. We found that FBLN5
expression affected the survival in children and young adults with KIRC, and that it might play a role in controlling the
immune microenvironment in this study. To the best of our knowledge, the immunomodulatory role of FBLNS5 has been
first identified in children and young adults with KIRC.

Overall, FBLN5 may be useful as a biomarker for the diagnosis and prognosis of children and young adults with
KIRC and is expected to provide novel targets for the treatment of this disease in the future. However, the present study
has some limitations. First, the clinical sample sizes used were relatively small. Second, it should be performed in vitro
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and in vivo experiments to verify this. Finally, due to the long span of time and different treatment regimens, clinical data
on immunotherapy have not been collected.

Conclusion

This study revealed a significantly reduction in FBLNS5 expression in KIRC tissue and identified FBLNS as a potential
independent prognostic biomarker of KIRC in children and young adults. As a result, FBLNS5 may be employed as
a prognostic factor in clinical diagnosis and treatment of these cases.
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