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Carcinoma Tumor Tissue and Tumor Margin Tissue

Abstract
Background: Esophageal cancer is one of the most devastating 
cancers of the gastrointestinal tract. We will compare the 
expression levels of fibrillin-1 (FBN1) and fibrillin-2 (FBN2), 
a family of extracellular matrix glycoproteins, in esophageal 
cancer with normal adjacent tumor tissue.
Methods: In this cross-sectional study, 22 esophageal 
squamous cell carcinoma (ESCC) tumor samples and their 
matched adjacent normal tissues were collected from hospitals 
in Gorgan City (Golestan, Iran) between 2020 and 2022. After 
RNA extraction and cDNA synthesis, we measured the semi-
quantitative gene expression level using real-time polymerase 
chain reaction (PCR). Data from this study were analyzed 
using SPSS software (version 18), and results were considered 
statistically significant when the P was <0.05. The primary 
statistical analyses used in this study were the Paired Samples t 
test and the Wilcoxon signed-rank test.
Results: The expression of the FBN1 gene decreased in 
tumor tissue compared to normal tissue (the FBN1 gene fold 
change=0.5472±0.149, P=0.007), and the FBN2 gene expression 
increased in tumor tissue compared to normal tissue (the 
FBN2 gene fold change=7.341±1.299, P<0.0001). We found no 
significant association between FBN1 and FBN2 gene expression 
and the clinicopathological features. 
Conclusion: The change in FBN1 and FBN2 expression levels 
in the tumor tissue compared to normal tissue in ESCC suggests 
that FBN1 and FBN2 genes can be considered therapeutic targets 
for ESCC.
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What’s Known

•	 In previous studies, changes in 
fibrillin-1 or fibrillin-2 have been examined 
separately in cancers such as pancreatic 
ductal adenocarcinoma and lung cancer. 

What’s New

•	 For the first time, we compared 
changes in fibrillin-1 and fibrillin-2 
expression in esophageal cancer tissue 
with normal tissue. 
•	 We also reported the expression of 
fibrillins in the Genotype-Tissue Expression 
database and the GENT2 dataset tool.
•	 Our results showed that changes in 
the expression of fibrillin-1 and fibrillin-2 
lead to changes in the extracellular matrix 
of esophageal cancer tissue compared to 
normal tissue.
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Introduction

Esophageal cancer is one of the most common cancers of the 
digestive tract and one of the most common aggressive tumors 
globally.1 This cancer is the eighth most common worldwide and 
the sixth leading cause of cancer-related death. It has a poor 
prognosis, with a five-year survival rate of approximately 15-20%.1, 2  
Due to the lack of early clinical manifestations, esophageal cancer 
is typically diagnosed at advanced stages.3, 4 Esophageal cancer 
divides into two subtypes in terms of histology: esophageal 
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squamous cell carcinoma (ESCC), which 
originates from the stratified squamous epithelial 
lining of the esophagus (approximately 90 %), 
and esophageal adenocarcinoma (EAC), which 
involves columnar epithelial cells that replace 
the squamous epithelium (about 10 %).2, 4, 5  
Of these two types of esophageal cancers, 
ESCC is the dominant tissue subtype and is also 
known as one of the most aggressive cancers 
worldwide.4, 5 

Studies have shown that tumorigenesis 
is generally associated with changes in the 
composition of the extracellular matrix (ECM). 
Human fibrillins (FBNs) are large cysteine-
rich glycoproteins and the main component of 
fibrous structures in the ECM that multimerize 
to form microfibrils. Microfibrils in the ECM have 
mechanical functions and are effective in cell 
adhesion. These microfibrils are macromolecular 
complexes that are components of elastic fibers 
(a vital part of the ECM) and even components of 
non-elastic tissues.6-9 In elastic fiber assembly, 
microfibrils are the first structures formed, and 
FBNs play the role of a scaffold for tropoelastin 
deposition.9

Within the microfibril structure, the FBNs 
interact with different components of microfibrils, 
for example, with microfibril-associated 
glycoprotein (MAGP)-1 and 2, fibulins, and the 
latent transforming growth factor-β-binding 
proteins (LTBPs) 1, 2, and 4.9-11 There are three 
FBN isoforms in humans, each encoded by a 
different gene: fibrillin-1 (FBN1), fibrillin-2 (FBN2), 
and fibrillin-3 (FBN3).12 All three glycoproteins are 
320 to 350 kDa,10, 12 and at the amino acid level, 
these three isoforms are homologous6 but show 
slight differences; for example, FBN1 has a proline-
rich part, FBN2 has a glycine-rich part, and FBN3 
has a proline and glycine-rich part.9 The members 
of this superfamily also undergo post-translational 
modifications. FBN1 has 14 glycosylation sites, 
FBN2 has 12, and FBN3 has 10.9

The human FBN1 gene is located in 15q15–
21.3 and is one of the main components of 
10–12 nm ECM microfibrils with structural roles 
and is involved in creating the tensile strength of 
the ECM.5, 10, 12 FBN1 plays a role in regulating 
the tissue microenvironment.13 FBN1 is also 
involved in endothelial cell adhesion, and its 
expression is high in most cells of mesenchymal 
origin.9 Mutations in the FBN1 coding gene lead 
to a rare autosomal dominant and hereditary 
disease called Marfan syndrome, in which the 
skin, nervous system, heart and blood vessels, 
eyes, and skeletal muscles are affected. 
Mutations in this gene also affect growth factors 
such as Transforming Growth Factor Beta (TGF-
β) and increase the expression and activation of 

TGF-β.14, 15 Altered FBN1 expression levels have 
been reported in various cancers, including 
thyroid, colorectal, ovarian, pancreatic ductal 
adenocarcinoma (PDAC), and esophageal 
cancers.5, 16, 17

The human FBN2 gene is located in 5q23 
31 and is expressed in the early stages of 
development (during embryogenesis).5, 12 Its 
expression is more limited in mesenchymal cells 
after birth.5 However, FBN2 also has roles after 
birth; it forms the central core of microfibrils, 
which are covered by an outer layer of FBN1.5, 7  
FBN2 plays a vital role in the formation and 
accumulation of elastic fibers and fibronectin 
around tracheal smooth muscle cells.18 
Congenital contractile arachnodactyly is a rare 
autosomal dominant hereditary connective 
tissue disease resulting from a mutation in the 
FBN2 gene.19 Alterations in FBN2 expression 
levels have been observed in several cancers; 
for instance, its increased expression has been 
reported in lung and colorectal cancers.5, 20 
The expression of FBN3 decreases after birth, 
and unlike FBN1 and FBN2, FBN3 has a high 
expression in the brain, as observed in a human 
fetal brain library.19, 21

Considering the structural role of FBNs in 
microfibrils and their presence in elastic and 
non-elastic tissues, these genes have been 
investigated in several cancers. For example, 
the role of FBN1 and FBN2 has been studied 
separately in different cancers, including 
significant expression of FBN1 in thyroid 
cancer.5 The association between FBN1 and the 
infiltration of immune cells in PDAC,17 increased 
expression of FBN2 in lung cancer.20 The 
association between FBN1 and metastasis in 
ovarian cancer, 16 and changes in the expression 
level of FBNs in colorectal cancer.22-24 Due to 
conflicting findings regarding FBNs expression in 
various cancers and the absence of prior reports 
on their expression in ESCC, this study aims to 
evaluate FBN1 and FBN2 expression in ESCC.

Materials and Methods

Sample Collection
In this cross-sectional study, we collected 

tumor tissue samples and tumor margins from 22 
patients with ESCC who had visited hospitals in 
Golestan province, Iran, from 2020 to 2022. The 
sample size was estimated according to a pilot 
study of 10 samples with a mean fold change±SD 
of 0.5767±0.7718 for FBN1 and 8.35±7.1338 for 
FBN2 compared to a constant value of 1 for the 
normal group. Using the GPower 3.1 software 
(Edgar Erdfelder, Franz Faul, Albert-Georg 
Lang, and Axel Buchner; Germany), with a 
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power of 0.8 and α error probability equal to 0.05, 
the maximum sample size was calculated at 22. 
Physicians diagnosed the necessity for surgery 
for all patients. Inclusion criteria consisted of 
newly diagnosed ESCC cases with no prior 
chemotherapy or radiotherapy treatment. Oral 
and written informed consent were obtained from 
all participants. After surgery, we collected tumor 
samples and paired tumor-adjacent normal tissue 
biopsies (approximately 5 cm from the tumor site) 
and checked them regarding histopathology. 
The collected specimens were transferred to 
Gorgan University of Medical Sciences with dry 
ice and were kept at -80 ℃. The ethics code 
of this research is IR.GOUMS.REC.1400.438, 
approved by the ethics committee of Golestan 
University of Medical Sciences.

Gene Expression Analysis
We extracted total RNA from each sample 

using TRIzol Reagent (Invitrogen, CA), dissolved 
it in DEPC-treated water, and then treated it 
with DNase I (Thermo Fisher Scientific, Inc., 
United States). The RNA concentration and 
purity were determined using the A260/A280 
ratio in NanoDrop technologies. After that, 
cDNA synthesis from the RNA was performed 
according to the protocol of the synthesis kit 
of Yekta Tajhiz Company (Iran) using reverse 
transcriptase (M-MULV) from RNA. 

The primer sequences used for FBN1, 
FBN2, and glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) genes are presented 
in table 1. We used GAPDH for all samples 
as an internal control and gene expression 
normalization with a 2-ΔΔct formula. 

Then, we performed real-time polymerase 
chain reaction (RT-PCR) using Real Q Plus 
2x master mix Green, High Rox (AMPLIQON, 
Denmark) in the ABI system 7300. We carried 
out the PCR reaction in a 10 μL reaction mixture 
consisting of 5 μL of 2x master mix AMPLIQON, 
3 μL of water, 0.5 μL of each 10 μM primer, 
and 1 μL of the cDNA. Reactions were started 
by initial denaturation for 15 min at 95 ℃; then 
for 40 cycles of denaturation at 95 ℃ for 10 
sec, and subsequent annealing for 30 sec at 
61 ℃ and extension at 72 ℃ for 40 sec was 
done, and in the last stage, we did melt carve 
analyzes for the assurance. We replicated real-
time PCR analysis twice and used the average 

threshold cycles (CT) obtained for fold change 
calculations. To calculate fold changes for the 
FBN1 and FBN2 genes, ΔCT was calculated for 
each patient’s tumor and adjacent normal tissue 
using the formula: CT (FBN gene)- CT (GAPDH 
gene)=ΔCT. In the second step, we calculated 
CT for each patient: ΔCT (Tumor)-ΔCT (Tumor 
Margin)= ΔΔCT. In the last step, we calculated 
the fold change using the following formula for 
each patient: fold change=2-ΔΔCT.

Statistical Analysis
We assessed the current study data with 

SPSS software Version 18 (International 
Business Machines Corporation; United States) 
and analyzed differences between the two 
groups using the Paired Samples t test and the 
Wilcoxon signed-rank test. We used Pearson’s 
correlation coefficient to check the correlation 
of variables. We considered results statistically 
significant when the P<0.05.

Results

Patient Information
Patient information, including sex, mean 

age, mean body mass index (BMI), mean tumor 
size, and histopathology (well differentiated, 
moderately differentiated, and poorly 
differentiated), is listed in table 2.

Validation of the FBN1, FBN2, and FBN3 Gene 
Expression in OncoDB

To select the FBN genes to measure in 
esophageal samples, we first evaluated the 
mRNA expression of FBN1, FBN2, and FBN3 
in 184 esophageal cancer tissue samples and 
13 normal esophageal tissue samples using 
the OncoDB (OncoDB is an online database 
resource at http://oncodb.org). We reported the 
results as mean and median (IQR) in table 3. 

FBN1 had the highest mean gene expression 
level in normal and esophageal cancer tissue. 
As reported in table 3, the expression level 
of FBN3 in normal esophageal tissue and 
esophageal cancer tissue was lower than the 
other two genes. Consequently, due to the low 
expression of FBN3 in normal esophageal tissue 
and esophageal cancer tissue, FBN1 and FBN2 
were selected for evaluation in ESCC patients 
by RT-PCR in the current study.

Table 1: Oligonucleotide primers of the three genes investigated, used for real-time reverse transcriptase polymerase chain 
reaction (RT-PCR)
Genes Forward Reverse
FBN1 TTTAGCGTCCTACACGAGCC CCATCCAGGGCAACAGTAAGC
FBN2 CCTCCCGCCCTCTCTCTTG ACAAAAGTCGCCCCCAGAAG
GAPDH GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATGG
FBN1: Fibrillin-1; FBN2: Fibrillin-2; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase
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GENT2 Database
We retrieved the microarray data for FBN1 

and FBN2 from the GENT2 dataset tool (GPL570 
platform HG-U133_Plus_2 [Korea Research 
Institute of Bioscience and Biotechnology, South 
Korea]) for tumor and normal tissues in the 
esophagus (http://gent2.appex.kr/gent2/). We 
analyzed the gene expression of 236 esophageal 
tumor tissue samples compared to 24 control 
groups from the microarray data available from the 
GENT2 database. The normalized values reported 
by the database were extracted and re-analyzed. 

There was a significant downregulation of the 
FBN1 gene in tumor tissues compared to the 
control group. This data also indicated that the 
FBN2 gene in the tumor tissue was upregulated 
compared to the control, but the difference was 
not statistically significant (table 4).

The mRNA Expression of FBN1
We examined the expression level of the 

FBN1 gene in tumor tissue samples and 
tumor margin tissue samples using a RT-PCR 
technique. ∆CTs had a normal distribution 
(P=0.20), and the fold change for the FBN1 gene 
was equal to 0.5472±0.149. This result showed 
a significant decrease in FBN1 expression in 
esophageal cancer tumors compared to tumor 
margins (P=0.007) (figure 1). Regarding the 

tumor size and differentiation status of the 
ESCC tumor samples, no significant association 
with FBN1 gene fold change in gene expression 
was observed.

Table 2: Clinical and pathological characteristics of patients
Histopathology Well differentiated 48.27 %

Moderately differentiated 24.13 %
Poorly differentiated 27.58 %

Sex (n, %) Men 54.54 %
Women 45.45 %

Age (year, mean±SD) Men 67.80±13.41
Women 69.58±9.64

BMI (Kg/m2, mean±SD) 21.95±2.84
Tumor Size (cm, mean±SD) 5.45±1.5
BMI: Body mass index; SD: Standard deviation

Table 3: Mean and median (IQR) values of FBN1, FBN2, and FBN3 genes extracted from the OncoDB database
Group Tumor Normal P value
Variable Mean±SD Median (IQR) Mean±SD Median (IQR)
FBN1 34.034±42.17 19.760 (9.354-40.599) 74.726±161.04 17.468 (4.319-62.741) 0.014
FBN2 7.010±15.00 1.776 (0.803-5.412) 2.038±2.14 1.354 (0.550-3.083) 0.235
FBN3 0.775±2.10 0.099 (0.022-0.363) 0.237±0.59 0.017 (0.010-0.058) 0.360
FBN1: Fibrillin-1; FBN2: Fibrillin-2; FBN3: Fibrillin-2; OncoDB: http://oncodb.org; SD: Standard deviation; IQR: interquartile 
range; The comparison of the two groups was performed using the independent samples t test, and a significance level of less 
than 0.05 was considered (P<0.05).

Table 4: The microarray data for FBN1 and FBN2 from the GENT2 dataset (GPL570 platform HG-U133_Plus_2)
Group Tumor Normal P value
Variable Mean±SD Median (IQR) Mean±SD Median (IQR)
FBN1 8.404±1.735 8.562 (7.451-9.594) 10.226±1.536 10.007 (9.236-11.358) <0.0001
FBN2 6.357±1.810 6.011 (4.954-7.609) 6.440±2.508 5.947 (4.440-8.036) 0.877
FBN1: Fibrillin-1; FBN2: Fibrillin-2; SD: Standard deviation; IQR: Interquartile range; The comparison of the two groups was 
performed using the independent samples t test, and a significance level of less than 0.05 was considered (P<0.05).

Figure 1: FBN1 gene expression was examined in tumor 
tissue and tumor margins in ESCC. The expression of this 
gene was investigated using the real-time PCR method in 
the tumor tissue and tumor margins of 22 people with ESCC. 
We used the paired samples t test, and the significance level 
of <0.05 was considered. FBN1 gene expression was lower 
in the tumor tissue than in the peripheral tissue, and the fold 
change was equal to 0.5472±0.149, and this decrease was 
statistically significant (P=0.007). FBN1: Fibrillin-1; ESCC: 
Esophageal squamous cell carcinoma; Real-time PCR: 
Real-time polymerase chain reaction
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The mRNA Expression of FBN2
We examined changes in FBN2 gene 

expression between tumor tissue and adjacent 
normal tissue samples. ∆CTs did not have a 
normal distribution (P<0.001), and the fold 
change for the FBN2 gene was equal to 
7.341±1.299. This result showed a significant 
increase in FBN2 expression in esophageal 
cancer tumors compared to tumor margins 
(P<0.0001) (figure 2).

The Correlation of FBN1 and FBN2
To evaluate the correlation analysis of the 

two FBN genes, a Pearson’s correlation test 
was performed, and FBN1 expression level was 
found to be correlated with FBN2 expression 
level (r=0.583, P=0.036). 

Discussion

In this study, for the first time, we investigated the 
expression level of two crucial ECM glycoproteins, 
FBN1 and FBN2, in tumor tissue samples and 
tumor margin samples of patients with ESCC. In 
our previous review, we highlighted the importance 
of FBN1 and FBN2 in various cancers.5 In our 
study, the expression level of the FBN1 gene in the 
tumor tissue was lower than its expression level 
in the margin tissue of the tumor; this decrease 
in expression was statistically significant. Several 
studies highlight the importance of FBN1 and its 
association with cancer.5, 7, 16, 17

In ovarian cancer, increased expression of 
FBN1 has been introduced as a reason for the 
early recurrence of this cancer. The role of FBN1 
in ovarian cancer metastasis has also been 
mentioned.5, 16

Proportionally, it can be hypothesized that 
FBN1-expressing tumor cells can use FBN1 
to migrate and metastasize. Increased FBN1 
expression compared to normal tissue was 
observed in PDAC. An association between the 
increased expression of FBN1 in PDAC was 
seen with a poor prognosis. In this research, the 
association between FBN1 and the infiltration of 
immune cells into the tumor was specified.17

In the study by Tseleni-Balafouta and others, 
FBN1 was observed to be expressed in normal 
thyroid tissue only in perivascular areas. In 
examining the neoplastic thyroid cancer tissue, 
FBN1 was found in the cytoplasm of neoplastic 
cells. Their results confirmed that FBN1 could 
be expressed in fibroblast and epithelial 
cells.25 An inverse association between FBN1 
expression and angiogenesis in tumors has been 
reported. FBN1 acts as a negative regulator of 
angiogenesis; its decreased expression in tumors 
has been linked to enhanced angiogenic activity.7

We hypothesize that reduced FBN1 
expression disrupts microfibril assembly 
in esophageal cancer. This disruption can 
significantly impact the tumor microenvironment. 
Furthermore, the altered microfibril network 
may affect cellular adhesion and migration, 
contributing to a more aggressive phenotype.

Our results also showed that FBN2 gene 
expression was significantly increased in ESCC 
tissue compared with normal tissue. 

In lung cancer patients with increased 
expression of FBN2, survival time was reduced 
compared with patients without increased 
expression of FBN2. The results confirmed 
that the increased FBN2 expression could be 
effective in the prognosis of lung cancer. In 
lung cancer patients with high expression of 
FBN2, the survival time was shorter than in 
patients without high expression of FBN2. This 
finding indicated the importance of FBN2 in the 
prognosis of lung cancer.20

Due to its involvement in angiogenesis, 
FBN2 has been proposed as a marker for tumor 
epithelial cells.7 We hypothesize that FBN2 
overexpression in ESCC plays a significant 
role in ECM remodeling, leading to enhanced 
tumor cell motility and, ultimately, poorer patient 
outcomes. Further research is warranted to 
elucidate the precise mechanisms by which 
FBN2 disrupts microfibril assembly and its 
downstream effects on ESCC progression. 
Understanding these mechanisms could pave 

Figure 2: FBN2 gene expression was examined in tumor 
tissue and tumor margins in ESCC. The expression of this 
gene was analyzed using the real-time PCR method in the 
tumor tissue and tumor margins of 22 people with ESCC. We 
used the Wilcoxon signed-rank test, and the significance 
level of <0.05 was considered. FBN2 gene expression was 
higher in the tumor tissue than in the peripheral tissue, and 
the fold change was equal to 7.341±1.299, and this increase 
was statistically significant (P<0.0001). FBN2: Fibrillin-2; 
ESCC: Esophageal squamous cell carcinoma; Real-time 
PCR: Real-time polymerase chain reaction
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the way for novel therapeutic strategies targeting 
the ECM in esophageal cancer.

The association between FBN1 and FBN2 
expression and cancer can probably be 
described by the role of FBNs and microfibrils in 
elastin fibers and their role in the elasticity of the 
ECM. Moreover, the change in the expression 
level of FBN1 and FBN2 in esophageal cancer 
cells compared to normal cells can interfere 
with the correct formation of microfibrils. Proper 
microfibril assembly is essential for maintaining 
the structure and function of the extracellular 
matrix. In general, the change in the expression 
level of FBNs in esophageal cancer cells 
compared to normal cells leads to a change in 
the typical composition of the ECM. Additionally, 
our study confronted limitations that required to 
be considered. The research did not consider 
other elements, such as genetic mutations, 
which might affect the expression levels of FBN1 
and FBN2. Meanwhile, given the established 
roles of the changed expression level of FBN1 
and FBN2 in the destruction of the normal 
structure of ECM, the specific mechanism of the 
effect of the changed expression level of FBN1 
and FBN2 on ECM remains unclear.

 
Conclusion

In general, the results showed that the expression 
of the FBN1 gene in tumor tissue was significantly 
decreased compared with normal tissue, and 
the expression of the FBN2 gene in ESCC 
tissue was significantly higher than in normal 
tissue. According to our results, we concluded 
that human FBN1 and FBN2 gene expression 
is changed in ESCC, suggesting their potential 
role in the pathogenesis of ESCC. Future studies 
should explore the interaction between FBNs 
and other ECM components in esophageal 
cancer, as well as correlations between FBN 
expression and patient survival. Furthermore, 
exploring the functional consequences of altered 
FBN expression on esophageal cancer cell 
behavior, such as proliferation, migration, and 
invasion, would be valuable. Specifically, in vitro 
and in vivo models could be utilized to elucidate 
the mechanisms by which FBNs influence these 
processes. Finally, investigating the potential 
of targeting FBNs as a therapeutic strategy for 
esophageal cancer warrants consideration, 
potentially through developing inhibitors or 
modulators of FBN expression or function.
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