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Introduction. LAMA1, also known as laminin subunit α1, is a member of the laminin family, which is widely reported to be a key
basement membrane molecule that afects various biological activities and is associated with many kinds of diseases. We aimed to
investigate the association between LAMA1single-nucleotide polymorphisms and the occurrence and progression of esophageal
squamous cell carcinoma in the Chinese population.Method. 2,186 participants were collected retrospectively between October 2008
and January 2017, including 1,043 ESCC patients and 1,143 noncancer patients. A 2mL blood sample was obtained intravenously for
the LDR for SNP analysis. Te 6 SNP loci of LAMA1 were selected and examined. We analyzed the association of several genetic
models of 6 LAMA1 SNP loci, sex, age, smoking and drinking status, and the occurrence of esophageal squamous cell carcinoma.
Results. In the rs62081531 G>A locus, genotype GA was a protective factor for ESCC compared with GG (OR: 0.830, P � 0.046),
especially among the younger and nondrinkers. At rs607230 T>C, genotype TCwas linked with a lower risk of ESCC compared with
TT. (OR: 0.613, P � 0.034). Haplotype Frequencies revealed that Ars62081531Grs621993Ars539713Trs566655Ars73938538Crs607230 (OR: 0.803,
P � 0.028) and Grs62081531Grs621993Ars539713Trs566655Crs73938538Crs607230 (OR: 0.679, P � 0.010) were strongly associated with lower
susceptibility of ESCC.Conclusion.Te LAMA1 rs62081531, rs539713, rs566655, and rs607230 polymorphisms were demonstrated to
be related to susceptibility to ESCC in the Chinese population. LAMA1 SNPs may have a signifcant impact on the occurrence of
esophageal cancer and may serve as potential diagnostic biomarkers.

1. Introduction

Esophageal cancer is a prevalent malignant tumor that has
a high rate of morbidity andmortality worldwide. According
to the Global Cancer Statistics 2020, esophageal cancer is
more prevalent in East Asia, particularly in China, as well as
West Asia and Africa [1]. Tere was a clear correlation

between the pathological type of esophageal cancer and its
geographic distribution. Squamous cell carcinoma is the
most common type of esophageal cancer in developing
countries. China has a high prevalence of esophageal
squamous cell carcinoma (ESCC) of up to 90%. A variety of
pathogenic factors may lead to esophageal squamous cell
carcinoma, including smoking, drinking, eating habits, and
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viral infections [2, 3]. However, not everyone exposed to
these risk factors develops esophageal cancer, suggesting that
genetic susceptibility, particularly single nucleotide poly-
morphisms (SNPs), plays a signifcant role in the develop-
ment of esophageal squamous cell carcinoma.

LAMA1 is also known as laminin subunit α1. Laminins
are a family of glycoproteins found in the extracellular
matrix that comprises the basement membrane [4, 5].
Laminins have a heterotrimeric structure composed of an α,
β, and c chain [6]. Numerous biological processes are known
to be directed by them, including cell adhesion, mitogenesis,
diferentiation, and metastasis, all of which contribute to
carcinogenesis [7–9]. Tissue distribution of LAMA1 oc-
curred mainly in early epithelial development and some
adult epithelia. Recent reports have shown that laminin-1
acts as an efcient attachment protein for a large variety of
cultured cell types in vitro [10]. Mutations in the LAMA1
gene result in a defciency of the laminin α1 chain, which
may lead to tumorigenesis and progression [11]. Recent
research indicates that LAMA1mutations or overexpression
are linked with the occurrence and development of various
malignant tumors, including colon cancer, pancreatic can-
cer, and ovarian cancer [12–15].

However, the relationship between the LAMA1single-
nucleotide polymorphism and ESCC remains unclear.
Trough multicenter large-sample case-control research, we
aim to thoroughly investigate the association between
LAMA1 single-nucleotide polymorphisms and the incidence
and progression of esophageal cancer.

2. Method

2.1. Patients and Study Design. Between October 2008 and
January 2017, 2,186 participants were collected from the
Afliated People’s Hospital and the Afliated Hospital of
Jiangsu University (Zhenjiang, China). Totally, 1,043 cases of
esophageal cancer were diagnosed and histologically con-
frmed as squamous cell carcinoma by two pathologists
independently. Patients with a history of any other types of
cancer or with metastasis or those who had received neo-
adjuvant therapy were excluded. Around the same time,
1,143 noncancer patients from both hospitals were enrolled,
with a frequency matching by age (±5 years) and gender, and
the majority of them were admitted for trauma.

For 1,043 patients and 1,143 negative controls, baseline
information such as age, gender, and other ESCC-related
risk factors, such as smoking and drinking, were gathered
through a questionnaire. A total of 1,143 control individuals
and all case subjects provided feedback. Each participant had
a 2mL blood sample obtained intravenously for analysis.

Te protocol adhered to the Declaration of Helsinki on
the ethical conduct of research involving human/animal
subjects and was approved by the Ethics Committee of
Jiangsu University (Zhenjiang, China). All participants
signed an informed consent form before recruitment.

2.2. Genomic DNA Extraction and Single-Nucleotide Poly-
morphism Analysis. Te QIAamp DNA Blood Mini Kit was

applied to amplify genomic DNA isolated from peripheral
blood using PCR (Qiagen, Berlin, Germany). Samples were
genotyped further using the ligation detection reaction
(LDR) approach (supported by Genesky Biotechnology Inc.,
Shanghai, China). Six LAMA1 SNP loci (rs62081531,
rs621993, rs539713, rs566655, rs73938538, and rs607230)
were selected and analyzed. As a methodology of quality
control, the analysis is repeated on 10% of randomly selected
samples. In a preliminary study, we performed a linkage
disequilibrium analysis on the 1000Genomes database,
identifed SNP loci with correlations, and further explored
tag SNPs.

2.3. Surgical and Histological Evaluation. All patients un-
derwent esophagectomy by qualifed surgeons. Following
the procedure, surgical specimens will be fxed to a cork and
immersed in 10% formalin. All these patients’ specimens
were systematically reevaluated by experienced pathologists
specialized in thoracic oncology and restaged under the 8th
edition AJCC/UICC staging of cancers of the esophagus and
esophagogastric junction. Te histopathological examina-
tion includes tumor size, grade of diferentiation, the margin
of resection, and lymph node status.

2.4. Statistical Analysis. Statistical analyses were performed
using SPSS version 26 (IBM, Chicago, IL) and R software
(Version 4.0.3, R Foundation for Statistical Computing,
Vienna, Austria). Te baseline characteristics were sum-
marized using the R software package “tableone”. Clinical
characteristics were compared using Fisher’s exact test or the
χ2 test for categorical variables and the Student’s t-test for
comparing continuous variables. For the genetic model (A as
a major allele and B as a minor allele), (a) dominant model:
allele B increases risk; (b) Recessive model: two copies of
minor allele B are required for increased risk; (c) additive
model: r-fold increased risk for AB and 2r increased risk for
BB; (d)multiplicative model: r-fold increased risk for AB and
r2 increased risk for BB [16]. Two-tailed p value< 0.05 is
considered as statistical signifcance, whereas p values be-
tween 0.05 and 0.10 are considered borderline statistically
signifcant. Te crude odd ratio (OR) and its corresponding
95% confdence interval (CI) are calculated according to
genotypes between the two groups. In most cases, the risk is
compared using the parametric test. When the sample size
in the group is small, we use the nonparametric test. For
stratifed analyses, we included age, gender, smoking and
drinking status, and the SNP model in the analysis,
resulting in an adjusted OR for the SNP model. Te ad-
justed OR and its corresponding CI are calculated by lo-
gistic regression analysis, and the hierarchical analysis is
carried out. Demographic data, including age, sex, alcohol,
and smoking, were covariates. Te genotype was a dummy
variable, and the group was a dependent variable. Te
SHEsis online platform [17] was utilized to conduct linkage
disequilibrium studies and visualize the results by using R
4.0.3 and the R software packages “LDheatmap” and “ge-
netics,” and SHEsis was also used to conduct haplotype
frequency analyses [18].
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3. Results

Between October 2008 and January 2017, we included 1,043
patients and 1,143 negative controls. Tere was no statis-
tically signifcant diference in median age between the case
and control groups [63.00 (59.00, 68.00) versus 63.00 (54.00,
70.00), p � 0.257]. Women accounted for 27.3% of the case
group and 27.6% of the control group (P � 0.941). Te
proportion of smoking and drinking in ESCC patients was
higher than that in the control group (43.5% vs. 29.7%,
P< 0.001, 31.5% vs. 16.3%, P< 0.001). Detailed clinico-
pathological information was described in Table 1.

Te brief information on the six genotyped SNPs of
LAMA1 is shown in Table 2. All SNP genotyping experi-
ments were successful at a rate greater than 95%.Te control
group’s minor allele frequencies (MAF) were similar to those
found in East Asian groups in the 1000 Genomes and
gnomAD-Genomes databases. Te Hardy–Weinberg equi-
librium (HWE) test revealed that all six SNPs in the control
group had p values greater than 0.05, indicating that the
control group was genetically equilibrium. Linkage dis-
equilibrium of 6 SNP loci of LAMA1 is shown in Figure 1

and the coefcient of linkage disequilibrium and correlation
coefcient test are described in Tables S7a and S7b.

Te association of 6 SNPs in LAMA1 with esophageal
squamous cell carcinoma is shown in Table 3. In the
rs62081531 locus, G/A was a protective factor for ESCC
compared with G/G (OR: 0.820, 95% CI: 0.677–0.993, P �

0.042). We can also fnd in the dominant model that the
minor allele A is a protective factor for ESCC (OR: 0.830,
95% CI: 0.691–0.997, P � 0.046). At rs607230, T/C was
a protective factor for ESCC compared with T/T (OR: 0.613,
95% CI: 0.389–0.965, P � 0.034).

Simultaneously, we performed stratifed analyses on 6
loci of LAMA1, and detailed information is present in
Tables S1–S6. In rs62081531 G>A, in the younger pop-
ulation, the dominant model (OR: 0.680, 95% CI:
0.527–0.877, P � 0.003), the recessive model (OR: 0.741,
95% CI: 0.594–0.923, P � 0.008), or the multiplicative model
(OR: 0.754, P � 0.010) all imply a negative link with ESCC
incidence. In those without alcohol consumption, we found
that either the dominant model (OR: 0.777, 95% CI:
0.627–0.963, P � 0.022), the recessive model (OR: 0.796,
95% CI: 0.660–0.961, P � 0.018), or the multiplicative model

Table 1: Distribution of clinicopathological characteristics in the ESCC case and control groups.

Case Control p value(n� 1043) (n� 1143)
Age (median (IQR)) 63.00 (59.00, 68.00) 63.00 (54.00, 70.00) 0.257
Gender (%)
Female 285 (27.3) 315 (27.6) 0.941
Male 758 (72.7) 828 (72.4)

Smoke status (%)
No 589 (56.5) 803 (70.3) <0.001
Former/current 454 (43.5) 340 (29.7)

Alcohol consumption (%)
No 714 (68.5) 957 (83.7) <0.001
Former/current 329 (31.5) 186 (16.3)

BMI (median (IQR)) 22.27 (20.20, 24.35) 23.88 (21.89, 25.88) <0.001
Chronic disease (%)
No 797 (76.4) 604 (52.8) <0.001
Yes 246 (23.6) 539 (47.2)
Hypertension (%) 234 (22.4) 416 (36.4)
Diabetes (%) 31 (3.0) 216 (18.9)
Cardiovascular disease (%) 0 (0.0) 59 (5.2)

pT stage (%)
Tis 1 (0.1)
T1a 33 (3.2)
T1b 112 (10.7)
T2 382 (36.6)
T3 513 (49.2)
T4 2 (0.2)

pN stage (%)
N0 775 (74.3)
N1 201 (19.3)
N2 45 (4.3)
N3 22 (2.1)

Diferentiation (%)
High 368 (35.3)
Moderate 537 (51.5)
Low 138 (13.2)

Data are no. (%) or mean (SD) or median (IQR); BMI: body mass index; pT stage: pathological T stage; pN stage: pathological N stage.
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(OR: 0.800, 95% CI: 0.664–0.964, P � 0.019) reveals that it is
a protective factor for esophageal cancer (Table S1). At the
rs539713 A>G locus, in the former or current drinking
population, we found that in the recessive or multiplicative
model, it was associated with a reduced risk of ESCC (OR:
0.443, 95% CI: 0.224–0.876, P � 0.019 and OR: 0.744, 95%
CI: 0.556–0.996, P � 0.047) (Table S3). At the rs566655
T>G locus, we discovered that both the additive model (OR:
1.270, 95% CI: 1.006–1.603, P � 0.044) and the multiplica-
tive model (OR: 1.274, 95% CI: 1.007–1.611, P � 0.044) were
linked with an elevated risk of ESCC in individuals younger
than 65 years old (Table S4). It was found that the rs607230
T>C variant was associated with a decreased risk of
esophageal cancer in adults aged 65 years (OR: 0.427, 95%
CI: 0.196–0.930, P � 0.032) (Table S6). After stratifed
analysis, rs621993 G>A and rs73938538 A>C did not seem
to be linked with esophageal cancer susceptibility (Table S2
and S5). We also analyzed the association of LAMA1 6 SNPs
with tumor diferentiation and lymph node metastasis, and
the detailed information is shown in Table S8.We found that
neither the lymph node positivity rate nor the degree of
diferentiation was signifcantly associated with themutation
status of the 6 loci. Haplotype frequencies analysis revealed
that Ars62081531Grs621993Ars539713Trs566655Ars73938538Crs607230
(OR: 0.803, 95% CI: 0.660∼0.977, P � 0.028) and
Grs62081531Grs621993Ars539713Trs566655Crs73938538Crs607230 (OR:
0.679, 95% CI: 0.504∼0.913, P � 0.010) were associated with
less susceptibility of ESCC (Table 4).

4. Discussion

Trough ourmulticenter large-samplecase-control study, we
found that rs62081531 locus G>A and rs607230 locus T>C
of LAMA1 were independent protective factors for esoph-
ageal squamous cell carcinoma, especially in those younger
than 65 and nondrinkers.

Haplotype frequency analysis revealed that
Ars62081531Grs621993Ars539713Trs566655Ars73938538Crs607230 and

Grs62081531Grs621993Ars539713Trs566655Crs73938538Crs607230 were
associated with less susceptibility to ESCC among the
Chinese population. To our knowledge, this is the frst report
on LAMA1 single-nucleotide polymorphisms and suscep-
tibility to esophageal squamous cell carcinoma based on
large-scale multicenter clinical research.

LAMA1 (laminin subunit α1) is a part of laminin,
a glycoprotein found in the extracellular matrix that con-
stitutes the basement membrane, and has been shown to be
involved in the occurrence and development of various
diseases [11]. Tissue distribution of laminin subunit α1 is
mainly in early epithelial development and some adult
epithelia [8]. In terms of carcinogenesis, laminin plays an
essential role in cell adhesion, mitosis, diferentiation, and
even metastasis [19]. Laminin is a fundamental functional
component of the basement membrane of several tissues,
including the endothelium of the vessel wall, and diferent
isoforms may contribute to vascular homeostasis [20]. Te
α1 subunit of laminin is typically confned to capillary walls
and is expressed in the basal layer of capillaries in the central
nervous system [21]. A recent study demonstrates that
laminin-1 functions as a chemoattractant for both stromal
and vascular cells, as well as in epithelial/stromal cell in-
teractions for the structure of the basement membrane and
segregation of integrins, hence signaling the proliferation of
epithelial cells [13]. Similarly, in colorectal cancer, Wu et al.
reported novel driver mutations occurring during adenoma
and cancer evolution by single-cellwhole-exome sequencing
(scWES), with LAMA1 (PI3K-Akt signaling pathway) being
one of the most critical pathways for CRC evolution [22].
Likewise, Gudjonsson and coworkers revealed that laminin-
1 plays a vital role in the replacement of myoepithelial cells
in polarity reversal in breast cancer [23]. LAMA1 (laminin
α1) mutations are highly related to retinal avascularity and
neovascularization in nontumor felds, such as the Por-
etti–Boltshauser syndrome [24]. Regardless of tumor or
other nontumor diseases, LAMA1 is essential for vascular
homeostasis and the basal layer of blood vessels.
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Interestingly, Velling et al. found that none of the colon
cancer cell lines synthesized the laminin α1 protein, and they
suggested that mutations in the LAMA1 gene may underlie
the lack of laminin α1 chains observed in some colon cancers
[25]. In our study, LAMA1 mutation showed protective
factors in both rs62081531 G>A and rs607230 T>C, and
basic research also found that LAMA1 defciency could
inhibit the proliferation and invasion of esophageal cancer
[26, 27]. Clearly, not all LAMA1 SNPS are protective factors.
People younger than 65 years of age indicate that the mu-
tation at rs566655 T>G increases the risk of esophageal
cancer, which may be correlated to the function of
a certain SNP.

However, there are few reports on LAMA1 and
esophageal cancer. Most of the research is limited to the
genetic function of LAMA1. Meng and colleagues found that
laminin α1 (LAMA1) is highly expressed in ESCC tissue and
mediates the FAK-PI3K-Akt signaling pathway [27]. Zhou
et al. revealed that LAMA1 was signifcantly upregulated in
ESCC tissues and positively correlated with an aggressive
oncogenic phenotype [26]. Nevertheless, the relationship
between LAMA1 SNP and disease in malignancies has not
been demonstrated. Previous research has focused chiefy on
nontumor studies such as chronic disease or degenerative
disease. Zhao et al. showed that rs2089760 T>G, which is
located in the LAMA1 promoter region, may be associated
with myopia in Chinese populations [28]. Similarly, the
LAMA1 rs2089760 G>A mutation was reported to reduce
transcription factor binding ability and transcription initi-
ation activity and negatively control the gene transcription
of LAMA1, playing a crucial role in pathological myopia
[29]. In a study on degenerative diseases, D’Aoust and

colleagues were the frst to discover that LAMA1 rs73938538
A>C was positively related to Alzheimer’s disease in the
Amish community [30]. Due to the single-nucleotide
polymorphism of LAMA1, the mutated site seems unable
to efectively translate LAMA1 into laminin subunit α1 so as
to exert its specifc biological function, hence preventing
esophageal cancer susceptibility. We observed that the
consequences of two SNP loci that were related to esoph-
ageal susceptibility were stop-gain mutations, while the rest
were synonymous and missense variants. Tis is largely in
accordance with our expectations, especially when terminal
gain mutations and missense variants can dramatically alter
protein function, even with single nucleotide changes.
However, we also reveal that in the ESCC population,
LAMA1 polymorphisms did not show a statistically sig-
nifcant association with the degree of diferentiation, lymph
node positivity, or T stage.

Temain limitation of our study is that we only included
populations from a specifc region in eastern China, which
may result in a certain geographical specifcity and may not
be generalized to the entire ESCC population. In addition,
our study lacks replication in independent cohorts. Fur-
thermore, we only discovered SNP sites in peripheral blood
in our investigation. How these SNPs of LAMA1 translate
into biological function in the evolution of esophageal
carcinoma is defnitely a primary subject of our future in-
vestigation, which is currently technically difcult due to the
lack of biological tools in our lab.

In conclusion, we found a strong association of LAMA1
rs62081531, rs539713, rs566655, and rs607230 poly-
morphisms with esophageal cancer susceptibility in the
Chinese population. LAMA1 SNPs may signifcantly impact

Table 4: Haplotype frequencies in the case and control groups and risk of ESCC.

Haplotype (LAMA1) Case (freq) Control (freq) Chi2 Or [95%
CI] p value

Ars62081531Ars621993Grs539713Grs566655Ars73938538Crs607230 38.73 (1.9%) 63.18 (2.8%) — —
Ars62081531Ars621993Grs539713Grs566655Crs73938538Crs607230 4.99 (0.2%) 2.60 (0.1%) — —
Ars62081531Ars621993Grs539713Trs566655Ars73938538Crs607230 2.33 (0.1%) 4.12 (0.2%) — —
Ars62081531Grs621993Ars539713Trs566655Ars73938538Crs607230 200.31 (10.0%) 269.91 (11.9%) 4.823 0.803 [0.660∼0.977] 0.028
Ars62081531Grs621993Ars539713Trs566655Crs73938538Crs607230 13.40 (0.7%) 15.93 (0.7%) — —
Ars62081531Grs621993Grs539713Trs566655Ars73938538Crs607230 38.33 (1.9%) 56.03 (2.5%) — —
Grs62081531Ars621993Ars539713Grs566655Ars73938538Crs607230 7.10 (0.4%) 4.11 (0.2%) — —
Grs62081531Ars621993Ars539713Trs566655Ars73938538Crs607230 1.29 (0.1%) 3.52 (0.2%) — —
Grs62081531Ars621993Grs539713Grs566655Ars73938538Crs607230 168.31 (8.4%) 171.67 (7.6%) 0.731 1.102 [0.881∼1.379] 0.393
Grs62081531Ars621993Grs539713Grs566655Ars73938538Trs607230 18.19 (0.9%) 30.69 (1.4%) — —
Grs62081531Ars621993Grs539713Grs566655Crs73938538Crs607230 29.83 (1.5%) 39.59 (1.7%) — —
Grs62081531Ars621993Grs539713Grs566655Crs73938538Trs607230 3.90 (0.2%) 7.69 (0.3%) — —
Grs62081531Ars621993Grs539713Trs566655Ars73938538Crs607230 29.88 (1.5%) 35.63 (1.6%) — —
Grs62081531Ars621993Grs539713Trs566655Ars73938538Trs607230 12.55 (0.6%) 18.16 (0.8%) — —
Grs62081531Ars621993Grs539713Trs566655Crs73938538Crs607230 6.78 (0.3%) 3.95 (0.2%) — —
Grs62081531Grs621993Ars539713Trs566655Ars73938538Crs607230 845.42 (42.2%) 909.38 (40.1%) 1.066 1.072 [0.939∼1.224] 0.302
Grs62081531Grs621993Ars539713Trs566655Ars73938538Trs607230 259.49 (12.9%) 275 (11.9%) 0.720 1.083 [0.900∼1.303] 0.396
Grs62081531Grs621993Ars539713Trs566655Crs73938538Crs607230 74.63 (3.7%) 119.97 (5.3%) 6.626 0.679 [0.504∼0.913] 0.010
Grs62081531Grs621993Ars539713Trs566655Crs73938538Trs607230 40.47 (2.0%) 43.28 (1.9%) — —
Grs62081531Grs621993Grs539713Trs566655Ars73938538Crs607230 117.31 (5.9%) 114.20 (5.0%) 1.127 1.155 [0.885∼1.508] 0.288
Grs62081531Grs621993Grs539713Trs566655Ars73938538Trs607230 34.02 (1.7%) 59.00 (2.6%) — —
Grs62081531Grs621993Grs539713Trs566655Crs73938538Crs607230 8.56 (0.4%) 15.83 (0.7%) — —
Freq: frequency; OR: odds ratio; CI: confdence interval; p< 0.05 is regarded as statistically signifcant value.
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the occurrence of esophageal cancer and may serve as ef-
fective diagnostic biomarkers.

Abbreviations

EC: Esophageal cancer
ESCC: Esophageal squamous cell carcinoma
SNP: Single-nucleotide polymorphism.

Data Availability

Statistical results of this study are available from corre-
sponding authors upon reasonable request. Specifc patient
clinical information and genetic data to support the study
results have not yet been made available due to the National
BioSafety Law of the People's Republic of China.

Conflicts of Interest

Te authors declare that they have no conficts of interest.

Authors’ Contributions

Shaoyuan Zhang, Feng Su, and Jun Yin were involved in the
conceptualization of the study. Lu Lv, Tao Long, Huiwen
Pan, Junqing Qi, Qiang Zhou, Weifeng Tang, Guowen Ding,
Liming Wang, and Jun Yin were involved in methodology
and managed the resources. Data analysis was performed by
Shaoyuan Zhang, Yong Fang, Feng Su, Jinjie Yu, and Tian
Jiang. Shaoyuan Zhang and Siyun Lin visualized the study.
Shaoyuan Zhang and Yong Fang wrote the manuscript. Lijie
Tan, Liming Wang, and Jun Yin administered the project.
Lijie Tan and Jun Yin supervised the study.

Acknowledgments

Tis study was supported by the National Natural Science
Foundation of China (81370001, 81300037, 81000028,
81570031, 81101889, 81472332, and 81341006); the Key
Research and Development Program of Jiangsu Province
(BE2016714); the Natural Science Foundation of Jiangsu
Province (BK2010333 and BK2011481); the “333” Elitist
Training Program, Jiangsu, China (BRA2013135 and
BRA2017129); the “Six Talent Peaks” Training Program,
Jiangsu, China (2015-WSN-117 and 2014-WSN-078); the
“Distinguished Medical Specialist” Program, Jiangsu, China;
the “Innovative and Entrepreneurial Elite Team” Program
(2016), Jiangsu, China; the research funding of the Shanghai
Hospital Development Center (SHDC12018X12 and
SHDC2020CR4039); the Natural Science Foundation of
Shanghai (19ZR1449900 and 20ZR1411600); 2021 Clinical
Research Navigation Program of the Shanghai Medical
College of Fudan University (grant number: DGF501035/
002); and the Shanghai Xuhui District Medical Research
Project (SHXH201805).

Supplementary Materials

Table S1: Stratifed analyses between rs62081531 G>A
polymorphism and ESCC risk by age, gender, smoking

status, and alcohol consumption. Table S2: Stratifed ana-
lyses between rs621993 G>A polymorphism and ESCC risk
by age, gender, smoking status, and alcohol consumption.
Table S3: Stratifed analyses between rs539713 A>G poly-
morphism and ESCC risk by age, gender, smoking status,
and alcohol consumption. Table S4: Stratifed analyses be-
tween rs566655 T>G polymorphism and ESCC risk by age,
gender, smoking status, and alcohol consumption. Table S5:
Stratifed analyses between rs73938538 A>C polymorphism
and ESCC risk by age, gender, smoking status, and alcohol
consumption. Table S6: Stratifed analyses between rs607230
T>C polymorphism and ESCC risk by age, gender, smoking
status, and alcohol consumption. Table S7a: Te linkage
disequilibrium test of LAMA1 in the case and control
groups. Table S7b: Te linkage disequilibrium test of
LAMA1 in the case and control groups. Table S8: Te
pathological baseline of 1043 ESCC patients on
LAMA1 single-nucleotide polymorphism. pT stage: patho-
logical T stage; pN stage: pathological N stage. (Supple-
mentary Materials)

References

[1] H. Sung, J. Ferlay, R. L. Siegel et al., “Global cancer Statistics
2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries,” CA: A Cancer
Journal for Clinicians, vol. 71, no. 3, pp. 209–249, 2021.

[2] S. Ohashi, Si Miyamoto, O. Kikuchi, T. Goto, Y. Amanuma,
and M. Muto, “Recent advances from basic and clinical
studies of esophageal squamous cell carcinoma,” Gastroen-
terology, vol. 149, no. 7, pp. 1700–1715, 2015.

[3] Y. Song, L. Li, Y. Ou et al., “Identifcation of genomic al-
terations in oesophageal squamous cell cancer,” Nature,
vol. 509, no. 7498, pp. 91–95, 2014.

[4] M. Aumailley and N. Smyth, “Te role of laminins in base-
ment membrane function,” Journal of Anatomy, vol. 193,
no. 1, pp. 1–21, 1998.

[5] T. R. Patel, D. Nikodemus, T. M. D. Besong et al., “Biophysical
analysis of a lethal laminin alpha-1 mutation reveals altered
self-interaction,” Matrix Biology, vol. 49, pp. 93–105, 2016.

[6] R. Timpl, H. Rohde, P. G. Robey, S. I. Rennard, J.-M. Foidart,
and G. R. Martin, “Laminin–A glycoprotein from basement
membranes,” Journal of Biological Chemistry, vol. 254, no. 19,
pp. 9933–9937, 1979.

[7] H. Colognato and P. D. Yurchenco, “Form and function: the
laminin family of heterotrimers,” Developmental Dynamics,
vol. 218, no. 2, pp. 213–234, 2000.

[8] M. Patarroyo, K. Tryggvason, and I. Virtanen, “Laminin
isoforms in tumor invasion, angiogenesis and metastasis,”
Seminars in Cancer Biology, vol. 12, no. 3, pp. 197–207, 2002.

[9] A. De Arcangelis, P. Neuville, R. Boukamel, O. Lefebvre,
M. Kedinger, and P. Simon-Assmann, “Inhibition of laminin
alpha 1-chain expression leads to alteration of basement
membrane assembly and cell diferentiation,” Journal of Cell
Biology, vol. 133, no. 2, pp. 417–430, 1996.

[10] P. Ekblom, P. Lonai, and J. F. Talts, “Expression and biological
role of laminin-1,” Matrix Biology, vol. 22, no. 1, pp. 35–47,
2003.

[11] R. S. Bresalier, B. Schwartz, Y. S. Kim, Q. Y. Duh,
H. K. Kleinman, and P. M. Sullam, “Te laminin alpha 1 chain
Ile-Lys-Val-Ala-Val (IKVAV)-containing peptide promotes

8 Journal of Oncology

https://downloads.hindawi.com/journals/jo/2023/6922909.f1.docx
https://downloads.hindawi.com/journals/jo/2023/6922909.f1.docx


liver colonization by human colon cancer cells,” Cancer Re-
search, vol. 55, no. 11, pp. 2476–2480, 1995.

[12] J. J. Grzesiak, K. C. Smith, D. W. Burton, L. J. Deftos, and
M. Bouvet, “Integrin-mediatedlaminin-1 adhesion upregu-
lates CXCR4 and IL-8 expression in pancreatic cancer cells,”
Surgery, vol. 141, no. 6, pp. 804–814, 2007.

[13] A. De Arcangelis, O. Lefebvre, A. Méchine-Neuville et al.,
“Overexpression of laminin alpha1 chain in colonic cancer
cells induces an increase in tumor growth,” International
Journal of Cancer, vol. 94, no. 1, pp. 44–53, 2001.

[14] B. Diao and P. Yang, “Comprehensive analysis of the ex-
pression and prognosis for laminin genes in ovarian cancer,”
Pathology and Oncology Research, vol. 27, Article ID 1609855,
2021.

[15] O. Fotouhi, M. Adel Fahmideh, M. Kjellman et al., “Global
hypomethylation and promoter methylation in small in-
testinal neuroendocrine tumors: an in vivo and in vitro
study,” Epigenetics, vol. 9, no. 7, pp. 987–997, 2014.

[16] C. M. Lewis, “Genetic association studies: design, analysis and
interpretation,” Briefngs in Bioinformatics, vol. 3, no. 2,
pp. 146–153, 2002.

[17] Y. Yong and L. He, “SHEsis, a powerful software platform for
analyses of linkage disequilibrium, haplotype construction,
and genetic association at polymorphism loci,” Cell Research,
vol. 15, no. 2, pp. 97-98, 2005.

[18] Z. Li, Z. Zhang, Z. He et al., “A partition-ligation-combi-
nation-subdivision EM algorithm for haplotype inference
with multiallelic markers: update of the SHEsis (http://ana-
lysis.bio-x.cn),” Cell Research, vol. 19, no. 4, pp. 519–523,
2009.

[19] Y. Kuratomi, M. Nomizu, P. K. Nielsen et al., “Identifcation
of metastasis-promoting sequences in the mouse laminin
alpha 1 chain,” Experimental Cell Research, vol. 249, no. 2,
pp. 386–395, 1999.

[20] L. F. Yousif, J. Di Russo, and L. Sorokin, “Laminin isoforms in
endothelial and perivascular basement membranes,” Cell
Adhesion & Migration, vol. 7, no. 1, pp. 101–110, 2013.

[21] I. Virtanen, D. Gullberg, J. Rissanen et al., “Laminin α1-chain
shows a restricted distribution in epithelial basement mem-
branes of fetal and adult human tissues,” Experimental Cell
Research, vol. 257, no. 2, pp. 298–309, 2000.

[22] H.Wu, X. Y. Zhang, Z. Hu et al., “Evolution and heterogeneity
of non-hereditary colorectal cancer revealed by single-cell
exome sequencing,” Oncogene, vol. 36, no. 20, pp. 2857–
2867, 2017.

[23] T. Gudjonsson, L. Rønnov-Jessen, R. Villadsen, F. Rank,
M. J. Bissell, and O. W. Petersen, “Normal and tumor-derived
myoepithelial cells difer in their ability to interact with lu-
minal breast epithelial cells for polarity and basement
membrane deposition,” Journal of Cell Science, vol. 115, no. 1,
pp. 39–50, 2002.

[24] E. Marlow, R. V. P. Chan, E. Oltra, I. Rusu, and M. P. Gupta,
“Retinal avascularity and neovascularization associated with
LAMA1 (laminin1) mutation in poretti-boltshauser syn-
drome,” JAMA Ophthalmol, vol. 136, no. 1, pp. 96-97, 2018.

[25] T. Velling, C. F. Tiger, P. Ekblom, and D. Gullberg, “Laminin
α chains in colon carcinoma cell lines: detection of a truncated
laminin α1 mRNA in c-2 cells,” Experimental Cell Research,
vol. 248, no. 2, pp. 627–633, 1999.

[26] P. L. Zhou, Z. Wu, W. Zhang et al., “Circular RNA hsa circ 
0000277 sequesters miR-4766-5p to upregulate LAMA1 and
promote esophageal carcinoma progression,” Cell Death &
Disease, vol. 12, no. 7, p. 676, 2021.

[27] X. Meng, X. Chen, P. Lu et al., “MicroRNA-202 inhibits tumor
progression by targeting LAMA1 in esophageal squamous cell
carcinoma,” Biochemical and Biophysical Research Commu-
nications, vol. 473, no. 4, pp. 821–827, 2016.

[28] Y. Y. Zhao, F. J. Zhang, S. Q. Zhu et al., “Te association of
a single nucleotide polymorphism in the promoter region of
the LAMA1 gene with susceptibility to Chinese high myopia,”
Molecular Vision, vol. 17, pp. 1003–1010, 2011.

[29] Y. Liang, Y. Song, F. Zhang, M. Sun, and N. Wang, “Efect of
a single nucleotide polymorphism in the LAMA1 promoter
region on transcriptional activity: implication for pathological
myopia,” Current Eye Research, vol. 41, no. 10, pp. 1379–1386,
2016.

[30] L. N. D’Aoust, A. C. Cummings, R. Laux et al., “Examination
of candidate exonic variants for association to Alzheimer
disease in the Amish,” PLoS One, vol. 10, no. 2, Article ID
e0118043, 2015.

Journal of Oncology 9




