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Abstract. The present study aimed to explore the significance 
and molecular mechanisms of galectin‑1 (LGALS1) in ovarian 
cancer (OC). Using the Gene Expression Omnibus database 
and The Cancer Genome Atlas database, the results of the 
present study demonstrated that LGALS1 mRNA expres‑
sion was markedly increased in OC and associated with 
advanced tumor, lymphatic metastasis and residual lesions. 
In Kaplan‑Meier analysis, patients who expressed LGALS1 
highly had a poor prognosis. Furthermore, using The Cancer 
Genome Atlas database, differentially expressed genes that 
are potentially regulated by LGALS1 in OC were determined. 
Gene Ontology, Kyoto Encyclopedia of Genes and Genomes, 
and Gene Set Enrichment Analysis were used to build a 
biological network of upregulated differentially expressed 
genes. The results of the enrichment analysis revealed that 
the upregulated differentially expressed genes were primarily 
associated with ‘ECM‑receptor interaction’, ‘cell‑matrix adhe‑
sion’ and ‘focal adhesion’, which are closely associated with 
the metastasis of cancer cells. Subsequently, cell adhesion 
was selected for further analysis. The results demonstrated 
that LGALS1 was co‑expressed with the candidate genes. 
Subsequently, the elevated expression levels of candidate 
genes were verified in OC tissues, and survival analysis indi‑
cated that high expression of candidate genes was associated 
with shortened overall survival of patients with OC. In the 
present study, OC samples were also collected to verify the 
high protein expression levels of LGALS1 and fibronectin 1. 
The results of the present study highlighted that LGALS1 may 
regulate cell adhesion and participate in the development of 

OC. Therefore, LGALS1 exhibits potential as a therapeutic 
target in OC.

Introduction

Ovarian cancer (OC) is a common malignancy, with 200,000 
cancer‑related deaths in 2020, marking it the eighth most fatal 
female malignant tumor worldwide. In addition, OC possesses 
the worst prognosis and highest mortality rate among all 
gynecological cancers (1‑3). As OC cells are extremely 
invasive and spread rapidly from the primary site to achieve 
extensive metastases, the majority of patients with OC have 
often progressed to an advanced stage at the preliminary diag‑
nosis. Following the completion of initial treatment for OC, 
including cytoreductive surgery and platinum‑based chemo‑
therapy, patients with BRCA1/BRCA2 genetic mutations or 
HRD(Homologous Recombination Defect) often select PARP 
inhibitor maintenance therapy as a subsequent therapeutic 
option (4,5). Notably, this is the most well‑established treat‑
ment strategy. The five‑year overall survival (OS) rate of 
patients with OC remains at <50% (3,6,7), despite the addition 
of multiple molecular targeted therapeutic signaling cascades 
into treatment regimes. In addition, the adverse clinical 
outcomes of widespread metastasis and recurrence remain.

Galectin‑1 (LGALS1), the first member of the galectin 
family with carbohydrate recognition structure, is a 14.5 KDa 
homodimer that encodes galectin‑1 (8). When LGALS1 is 
secreted, it interacts with extracellular matrix (ECM) glyco‑
proteins, such as laminin or fibronectin, to play a role in cell 
division, migration, adhesion, invasion, immune response and 
other activities that promote the metastasis of tumor cells (8‑11). 
Results of previous studies demonstrated that LGALS1 is over‑
expressed in carcinoma‑associated fibroblasts (CAFs), and is 
positively correlated with the expression of epithelial‑mesen‑
chymal transition (EMT) interstitial markers (12), supporting 
the invasion and metastasis of tumors (13). In clinical prac‑
tice, the elevated expression of LGALS1 has been detected 
in lung cancer (14), liver cancer (15), colorectal cancer (16), 
OC (17) and other diseases, demonstrating the potential role 
of LGALS1 as a marker for disease monitoring and therapy. 
However, further research into the transcriptional network 
and functional mechanisms of LGALS1 in OC is required. 
In recent years, the rapid processing of millions of library 
clones has become a reliable laboratory process, due to the 
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development of high‑throughput sequencing techniques. The 
detection of genes that play roles in key biological processes 
provides novel insights into therapeutic targets and mecha‑
nisms of cancer development.

In the present study, a total of five datasets were down‑
loaded from the Gene Expression Omnibus (GEO) database, 
and LGALS1 was found to be highly expressed in OC tissues. 
Kaplan‑Meier analysis demonstrated that high expression of 
LGALS1 leads to a poor prognosis in patients with OC. Using 
The Cancer Genome Atlas (TCGA) database, differentially 
expressed genes (DEGs) were identified according to the 
median expression of LGALS1. Subsequently, Gene Ontology 
(GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
enrichment analyses were performed using the DEGs. Gene Set 
Enrichment Analysis (GSEA)is used to explore genome‑wide 
molecular mechanisms. Thus, genes involved in the biological 
processes of cell‑matrix adhesion were selected, and their 
impact on the survival of patients with OC were analyzed. 
The results were further validated using an OC dataset. After 
analyzing the association between these cell adhesion mole‑
cules (CAMs) and the expression of LGALS1 using TCGA 
database, the expression levels of LGALS1 and fibronectin 1 
(FN1) in clinical samples were determined, and the character‑
istics of clinical cases were further investigated. Results of the 
present study support the hypothesis that LGALS1, as a gene 
impacting OC development, modulates gene expression levels 
and may exhibit potential as a therapeutic target.

Materials and methods

Database resource. A total of five datasets that met the 
inclusion criteria were downloaded from the GEO database 
(http://www.ncbi.nlm.nih.gov/geo). The inclusion criteria was 
as follows: i) :(Available tissue samples that were derived from 
human epithelial OC tissues, the healthy ovarian epithelium 
and fallopian tube epithelium; and ii) sample quantities within 
each dataset were not <10. A total of 83 control samples and 
271 OC samples were included in the present study (Table I). 
The original matrix data were standardized using the RMA 
algorithm from R software (version 4.0.0). Differences in 
LGALS1 mRNA expression levels were compared between 
the two groups using an unpaired and paired Student's t‑test, 
and P<0.05 was considered to indicate a statistically significant 
difference. 

The gene expression information and the corresponding 
clinical data of 354 OC samples were downloaded 
from the University of California Santa Cruz database 
(https://xenabrowser.net/datapages/). Transcripts per million 
(TPM) were used to normalize the RNA‑seq data. The spec‑
imen belonged to the primary tumor, and the fresh tissue was 
preserved at ‑80˚C. LGALS1 expression is presented as the 
mean ± standard deviation and analyzed in combination with 
the clinical characteristics. Unpaired Student's t‑test was used 
to compare the differences of two groups.

Acquisition of DEGs. According to the median expression of 
LGALS1 in TCGA database, LGALS1 expression was divided 
into a high expression group (> median) and low expression 
group (< median). The R bioconductor package DESeq2 (18) 
was utilized to search for DEGs. The following criteria were 

applied to find DEGs: A false discovery rate <0.05, |Log2 FC| 
>1.8 and P<0.05. A heatmap was subsequently created for the 
DEGs in each sample.

Annotation of the biological functions of DEGs. The cluster‑
Profiler and Goplot packages in the R software were used to 
analyze and visualize GO terms and KEGG pathway enrich‑
ment results of DEGs. P<0.05 and q<0.05 were considered to 
indicate a statistically significant difference.

GSEA. GSEA (version 4.2.2) software was used to perform 
GSEA analysis on all genes of TCGA OC dataset. The 
following conditions were set: i) The grouping method was the 
same as for screening DEGs; ii) 1,000 genomic permutations 
were performed per analysis; iii) P<0.05 was considered to 
indicate a statistically significant difference; and iv) FDR(False 
Discovery Rates) <25%, and normalized enrichment score 
(NES) >1.0 demonstrated that the enrichment to gene set was 
significant.

Kaplan‑Meier analysis. Kaplan‑Meier Plotter database (www.
kmplot.com/ovar) was used to analyze the effects of LGALS1 
mRNA and CAMs [FN1, integrin α 11 (ITGA11), gremlin 1 
(GREM1), collagen type I α 1 (COL1A1), collagen type 3 α 1 
(COL3A1) and periostin (POSTN)] on the prognosis of patients 
with OC. This database contains 1,793 OC samples, and 15 
datasets were involved in the present analysis [GSE14764 
(n=80), GSE15622 (n=35), GSE18520 (n=63), GSE19829 
(n=28), GSE23554 (n=28), GSE26193 (n=107), GSE26712 
(n=195), GSE27651 (n=49), GSE30161 (n=58), GSE3149 
(n=116), GSE51373 (n=28), GSE63885 (n=101), GSE65986 
(n=55), GSE9891 (n=285) and TCGA (n=565)]. Data on the 
histological type of serous OC were included in the present 
analysis. To determine whether there was a difference in OS 
between the two groups, and to create a Kaplan‑Meier survival 
curve, patients with serous OC were separated into groups 
with high and low expression of the target genes, based on 
the optimal cut‑off value. Subsequently, subgroup analysis was 
further conducted, including the following: i) Stage; ii) histo‑
logical grade; iii) TP53 mutation; iv) surgical treatment; and v) 
different chemotherapy regimens. A P‑value of log‑rank <0.05 
was used to establish whether the target genes were a protec‑
tive factor [HR(Hazard Ratio)<1] or a risk factor (HR>1).

Identification of the expression of CAMs. Using r‑GGStatsplot 
package in R software, the association between LGALS1 and 
the expression of CAMs in TCGA database was calculated. 
The correlation between expression levels was investigated 
using Pearson's correlation analysis, and significance was 
assessed using a Student's t‑test. The mRNA expression 
levels of CAMs in OC tissue were verified using the dataset 
GSE66957 from platform GPL15048, containing 12 ovarian 
samples from healthy controls (HC) and 57 OC samples.

Clinical samples. Tissues of patients who received surgical 
treatment in the Department of Gynecology, The Second 
Hospital of Jilin University from July 2020 to December 2020, 
were collected. Samples were obtained from 43 patients with 
OC and 29 patients with benign gynecological diseases that 
required surgical removal of the ovaries. The ovaries of HC 
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were confirmed to be healthy by an independent pathologist, 
and the relevant clinical characteristics of patients with OC 
were recorded. The surgical treatment of OC was comprehen‑
sive staging laparotomy and cytoreductive surgery. Patients 
who had received neoadjuvant radiotherapy, chemotherapy 
and other specific therapies prior to surgery were excluded. An 
independent pathologist confirmed that the tissue was epithe‑
lial OC. The age of onset of OC ranged from 34 to 79 years 
old, with a median age of 55 years. A total of 21 patients 
were younger than 55 years old, and 22 patients were older 
than 55 years old. The Ethics Committee of The Second 
Hospital of Jilin University approved tissue collection (ethics  
approval no. 2020069). All patients provided written informed 
consent prior to inclusion in the study. 

Immunohistochemistry. Immunohistochemistry was used to 
examine the expression levels of LGALS1 and FN1 in the 
tissues of 43 patients with OC and 29 HC. The resected OC 
and benign ovarian epithelial tumor tissues were fixed with 
formalin, and 4‑µm‑thick tissue sections were cut and heated 
in EDTA repair solution (PH, 9.0) for antigen repair. Tissues 
were incubated with primary antibodies against LGALS1 
(1:300; cat. no. 11858‑1‑AP; ProteinTech Group, Inc.) and FN 
(1:200; cat. no. WL00712a; WANLEIBIO) overnight at 4˚C. 
Following primary incubation, tissues were incubated with the 
conjugate secondary antibody (1:500; cat. no. 115‑035‑003; 
Jackson ImmunoResearch Laboratories, Inc.) for 50 min 
at room temperature. Tissues were washed with PBS three 
times for 5 min each time. Intensity was scored as follows: 
Colorless, 0; light yellow, 1; yellowish brown, 2; and brown, 
3. The percentage of the total cell population that was positive 
within the visual field was scored as follows: <10%, 0 scores; 
11‑24%, 1 score; 25‑49%, 2 scores; and >50%, 3 scores. When 
two scores were multiplied, a result ≤2 was considered to 
indicate a negative expression, and a result >2 was considered 
to indicate a positive expression. 

Statistical analysis. Statistical analysis was performed 
using R Software 4.0.0 (R Development Core Team) and 
GraphPad Prism 9.0 (GraphPad Software). All experiments 
were repeated three times. The count data were represented 
by the number of cases (percentage), and the other data were 
shown as the mean ± standard deviation. Two groups were 

compared with the paired and unpaired Student's t‑test. A 
paired T test was used to compare the difference in LGALS1 
expression between the two groups (Data sets: GSE69428 and 
GSE30587). Unpaired T test was used to compare the differ‑
ence of LGALS1 expression (Data sets: GSE26712, GSE10971, 
GSE12171), and to examine the relationship between LGALS1 
expression and clinicopathological characteristics in OC. The 
differences in CAM mRNA expression between OC and HC 
were also analyzed using an unpaired t‑test. Kaplan‑Meier 
curve was used to evaluate the effects of LGALS1 and CAMs 
on OS of OC patients. The significance of the survival differ‑
ences between the groups was assessed using a log‑rank test. 
Immunohistochemical difference between the two groups was 
Chi‑square test. Pearson's correlation was used to analyze the 
correlation between LGALS1 and CAMs expression. P<0.05 
was considered to be statistically significant.

Results

High expression of LGALS1 in OC is associated with 
prognosis. To understand the expression of LGALS1 mRNA 
in OC, the GEO database was used for analysis. Each dataset 
was normalized (Fig. 1A). Results of previous studies demon‑
strated that serous OC arises from the tubal epithelium and is 
secondary to the ovary; whereas epithelial OC was initially 
considered to originate from the epithelium on the ovary 
surface (19,20). Therefore, healthy tubal tissue was included 
in the control group. Compared with healthy ovarian epithelial 
tissue, healthy fallopian tube epithelium and serous ovarian 
low malignant potential tumor, results of the present study 
demonstrated that LGALS1 mRNA was highly expressed in 
OC (Fig. 1B). Further analysis demonstrated that LGALS1 
mRNA expression in omental metastasis lesions was higher 
than in primary OC. 

Among 354 patients with OC in the TCGA database, 
the median age of diagnosis was 59, 88.4% patients had 
high‑grade histological type, 94.3% patients had advanced 
stage (stage III‑IV) at the first diagnosis, 69.9% of the patients 
with lymph node dissection had lymphatic metastasis, 81.6% 
OC patients could not reach R0 resection at the first operation 
(Table II). LGALS1 mRNA expression was markedly higher 
in the advanced stage (stage III‑IV), lymphatic metastasis and 
residual lesion groups. However, high expression of LGALS1 

Table I. Summary of Gene Expression Omnibus OC microarray datasets. 

 Sample number Tumor Control 
Dataset (tumor/control) group group Platform

GSE26712 185/10 HGSOC OSE GPL96; Affymetrix Human Genome U133A Array
GSE10971 7/24 HGSOC FTE GPL570; Affymetrix Human Genome U133 Plus 2.0 Array
GSE69428 10/10 HGSOC FTE GPL570; Affymetrix Human Genome U133 Plus 2.0 Array
GSE12172 60/30 SOC SO LMP tumor  GPL570; Affymetrix Human Genome U133 Plus 2.0 Array
GSE30587 9/9 Primary Omental GPL6244; Affymetrix Human Gene 1.0 ST Array
  OC Metastases 

HGSOC, High‑grade serous ovarian cancer; OSE, ovarian surface epithelium; GPL, Gene Expression Omnibus Platform; FTE, fallopian tube 
epithelium; SOC, serous ovarian cancer; SO, serous ovarian; LMP, low malignant potential; OC, ovarian cancer.
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was not significantly associated with other clinical features 
(Fig. 1C). The association between LGALS1 expression 
and patient survival was investigated using Kaplan‑Meier 
analysis. LGALS1 mRNA expression was negatively corre‑
lated with the OS of patients with serous OC. Moreover, 
results of the subgroup analysis demonstrated that Grade 1 

and 2, stages III and IV, and treatment with platinum or Taxol 
exhibited statistical significance (Fig. 1D)

Identification and functional annotation of DEGs. A total of 
208 DEGs were obtained using the filtering criteria. In total, 
83 genes exhibited significant upregulation and 125 genes 

Figure 1. Expression of LGALS1 in OC and its relationship with prognosis of patients. (A) GEO dataset standardization processing: (A‑a) Before data processing 
and (A‑b) after data processing. (B) Differential expression of LGALS1 mRNA in the tumor and control groups, and primary tumor and tumor metastasis 
groups was examined using the relevant GEO database datasets. Statistical analysis was performed using an unpaired t‑test (GSE26712, GSE10971 and 
GSE12172) or paired t‑test (GSE69428 and GSE30587). (C) Relationship between LGALS1 expression and different clinicopathological features. Association 
between the LGALS1 expression and (C‑a) the age of patients, (C‑b) histological grade, (C‑c) the stage of OC, (C‑d) lymphatic metastasis and (C‑e) residual 
lesions. An unpaired t‑test was used to compare the two groups. (D) Survival curves and subgroup analysis of overall survival in patients with OC, stratified by 
high and low expression of LGALS1 based on the best cutoff value. *P<0.05, **P<0.01. GEO, Gene Expression Omnibus; HGSOC, high‑grade serous ovarian 
cancer; OSE, ovarian surface epithelium; FTE, fallopian tube epithelium; SO, serous ovarian; LMP, low malignant potential; SOC, serous ovarian cancer; HR, 
hazard ratio; LGALS1, galectin‑1; OC, ovarian cancer; ns, not significant; TPM, transcripts per million.
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exhibited significant downregulation. A volcano map was 
used to demonstrate DEGs associated with LGALS1 expres‑
sion (Fig. 2A). The significant DEGs were merged to create a 
heatmap, according to the levels of expression (Fig. 2B). 

As LGALS1 may act as an oncogene in OC, clusterProfiler 
and Goplot were used for GO and KEGG annotation and visu‑
alization, using upregulated DEGs. Enrichment analysis of 
biological processes demonstrated that DEGs were involved in 
ECM organization, collagen fibril organization, cell‑substrate 
adhesion, cell‑matrix adhesion, collagen metabolic processes 
and ECM disassembly. Moreover, analysis of KEGG pathways 
demonstrated that DEGs were involved in protein digestion 
and absorption, ECM‑receptor interaction, the PI3K‑Akt 
signaling pathway and focal adhesion (Fig. 2C‑E). CAM genes 
involved in cell matrix adhesion were selected to analyze the 
association with LGALS1 expression. Results of the present 
study demonstrated that LGALS1 was positively co‑expressed 
with FN1, ITGA11, GREM1, COL1A1, COL3A1 and POSTN 
(Fig. 2F). 

LGALS1 activation pathway in OC. GSEA of TCGA genes 
demonstrated that the significantly enriched gene sets were 
mainly concentrated in the LGALS1 high expression group. 
These gene sets included CAMs, ECM‑receptor interaction 
and focal adhesion gene sets (Fig. 3A‑C).

Validation of CAMs. Kaplan‑Meier Plotter was used to analyze 
how the mRNA expression of CAMs affected the OS of OC 
patients (Fig. 4A‑F). Results of the present study demonstrated 
that the expression levels of FN1, ITGA11, GREM1, COL1A1, 
COL3A1 and POSTN were significantly correlated with poor 
OS rates. Gene expression levels of CAMs in HC and OC were 
compared using the dataset GSE66957 (Fig. 4G). The results 

demonstrated that the expression levels of the aforemen‑
tioned CAM genes were markedly increased in OC, except 
for POSTN. 

Clinical sample validation. Compared with HC, the protein 
expression levels of LGALS1 and FN1 were significantly 
upregulated in OC. The positive rate of LGALS1 expression 
in FIGO (Federation Internationale Of Gynecologie And 
Obstetrigue) III/IV epithelial OC (73.08%) was signifi‑
cantly higher than that in FIGOI/II epithelial OC (29.41%; 
Fig. 5A and B). In addition, the expression rate of LGALS1 in 
patients with high‑grade OC (67.86%) was significantly higher 
than that in patients with low‑grade OC (33.33%; Table III). 
Notably, there was no significant difference in LGALS1 
expression between patients of different ages and patients 
with lymph node metastases. When comparing the clinical 
samples obtained during the present study with data obtained 
from TCGA, the trend of LGALS1 expression in staging was 
consistent. The expression rate of FN1 protein in HC was 
27.59%, and that in OC tissue was 62.79%. Moreover, when 
compared with HC, the expression of FN1 protein in patients 
with OC was significantly upregulated (Fig. 5C‑E).

Discussion

OC is a highly metastatic disease with a poor prognosis, and 
the underlying molecular mechanisms remain to be fully eluci‑
dated. Using the GEO database, results of the present study 
demonstrated that LGALS1 mRNA was highly expressed 
in OC tissues, compared with the healthy ovaries, healthy 
oviduct tissues and serous ovarian low malignant potential 
tumor. Moreover, increased expression levels of LGALS1 were 
associated with lymph node metastases and residual tumor 
lesions. Results of previous studies demonstrated that serum 
detection of LGALS1 exhibits potential for the diagnosis of 
OC (21,22), and that LGALS1 levels reduce following tumor 
excision and chemotherapy (21). Results of the present study 
also demonstrated that elevated LGALS1 expression was 
negatively associated with a poor prognosis, particularly in 
patients with advanced OC, stage III and IV, Grade 1 and 2, 
satisfactory reduction surgery, and treatment with platinum or 
paclitaxel. Moreover, similar findings have been observed in 
thyroid cancer, breast cancer and pancreatic cancer (21,23,24). 
The development of inhibitors that target LGALS1 exhibit 
potential as future anti‑cancer therapies (25,26). Collectively, 
results of the present study demonstrated that LGALS1 may 
exhibit potential as a target for the treatment of OC.

Enrichment analysis of upregulated DEGs was carried out 
to further understand the oncogenic mechanisms of LGALS1 
in OC. Findings of the GO annotation revealed that ECM 
genes, which encode collagen fibers, fibronectin and metal‑
loproteinases, were a large proportion of the upregulated 
DEGs. These genes were mostly engaged in cell‑matrix 
adhesion, ECM‑receptor interaction, ECM degradation and 
collagen fiber decomposition. According to results of the 
KEGG analysis, DEGs were involved in protein digestion and 
absorption, ECM‑receptor interaction, the PI3K‑Akt signaling 
pathway and focal adhesion. All of these are involved in ECM 
alteration, and are closely associated with the proliferation 
and metastasis of tumor cells. The uncontrolled adhesion 

Table II. The Cancer Genome Atlas data of clinicopathological 
features of patients with ovarian cancer (n=354).

Characteristics No. (%)

Age, years (median, 59 years) 
  <55 123 (34.7)
  ≥55 231 (65.3)
Histological grade 
  Low grade 41 (11.6)
  High grade 311 (88.4)
Stage 
  I+II 20 (5.7)
  III+IV 331 (94.3)
Lymphatic metastasis 
  Yes 95 (69.9)
  No 41 (30.1)
Residual lesions 
  Yes 257 (81.6)
  No 58 (18.4)

The total number of patients for some categories is <354, due to 
missing information in the database.
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Figure 2. Identification and function annotation of DEGs. (A) Volcano map of DEGs between high and low LGALS1 groups, using abslog2(FC)>1.8 and FDR 
<0.05/adjusted P‑value <0.05 as the threshold. Red dots represent upregulated genes, blue dots represent downregulated genes and gray dots represent genes that 
were not significantly differentially expressed. (B) Hierarchical clustering of DEGs in high and low LGALS1 groups. Each column represents a sample and each row 
represents a gene. The expression of each sample is represented as a log2FC value (scale of ‑6 to 6). The color gradient from blue to red represents downregulation to 
upregulation of gene expression. The top 50 DEGs are displayed ordered according to the adjusted P‑value (smallest to largest). (C) Top 15 representative GO biological 
processes of DEGs, and the six representative KEGG pathways of DEGs. (D) Enrichment results. The outer circle is the term, the middle circle is the difference and the 
inner circle is the z‑score (indicating whether the term is upregulated or suppressed). The term name corresponds to the GO ID. (E) Distribution of DEGs for biological 
processes is shown as a chord map. The DEGs are depicted on the left side of the map, and the FC values are represented by the color scale. Colored lines show the 
connection between genes and biological functions. (F) Correlation between LGALS1 and CAM genes in OC examined using TCGA. CAM, cell adhesion molecule; 
DEGs, differentially expressed genes; ECM, extracellular matrix; abs, absolute value FC, fold change; FDR, false discovery rate; GO, Gene Ontology; KEGG, Kyoto 
Encyclopaedia of Genes and Genomes; LGALS1, galectin‑1; OC, ovarian cancer; TCGA, The Cancer Genome Atlas; FN1, fibronectin 1; ITGA11, integrin α 11; 
GREM1, gremlin 1; COL1A1, collagen type I α 1; COL3A1, collagen type III α 1; POSTN, periostin; NS, not significant; TPM, transcripts per million.
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interaction alters the molecular characteristics of local ECM 
components, such as their morphology and hardness, and 
promotes cancer progression (27). Results of previous studies 
demonstrated that OC originates in the epithelium, and moves 
to the abdominal cavity through single cell or multicellular 
aggregation. These cells are attached to peritoneal mesothe‑
lial cells that are planted in the basement membrane, and to 
degraded ECM components for diffusion (27,28). Further 
investigations into the mechanisms underlying OC metastasis 
are required.

The use of GSEA in the present study demonstrated the 
significant enrichment of genes involved in focal adhesion, 
ECM‑receptor interaction and CAMs. These results further 
indicated that LGALS1 may impact the mechanisms involved 
in cell adhesion. 

As a molecular glue, LGALS1 heterotypic recogni‑
tion glycoprotein provides diversity in ECM junctions and 

intercellular tightness, and improves the physical force for the 
directed invasion of tumor cells (11,29). To further understand 
the role of LGALS1 in cell matrix adhesion events, a total of 
six CAMs of the aforementioned pathway were selected for 
subsequent analysis. As a structural scaffold, FN1 regulates 
cell adhesion, growth and migration, and plays a vital role 
in embryonic development and wound healing (30). FN1 is 
both a mesenchymal marker and a promoter of EMT (31), and 
its abnormal expression is associated with a poor prognosis 
in patients with cancer (32,33) and platinum resistance (34). 
Moreover, members of the integrin family regulate cell‑cell 
interactions and cell‑cell adhesion. As a specific collagen 
receptor, ITGA11 initiates the recombination and alteration of 
the stiffness of the collagen matrix (35), which significantly 
facilitates the migration and invasion of cancer (36,37). 
COL1A1 and COL3A1 belong to the collagen family, and 
are the main components of the ECM. Levental et al (38) 

Table III. Protein expression of LGALS1 and pathological features in patients with ovarian cancer.

 LGALS1 expression
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics No. (%) Positive cases (%) Negative cases (%) P‑value

Age, years    
  <55 21 (48.84) 10 (47.62) 11 (52.38) 0.290
  ≥55 22 (51.16) 14 (63.64) 8 (36.36) 
Grade    
  Low grade 15 (34.88) 5 (33.33) 10 (66.67) 0.030a

  High grade 28 (65.12) 19 (67.86) 9 (32.14) 
Stage    
  I+II 17 (39.53) 5 (29.41) 12 (70.59) 0.005b

  III+IV 26 (60.47) 19 (73.08) 7 (26.92) 
Lymphatic metastasis    
  Yes 17 (39.53) 7 (41.18) 10 (58.82) 0.118
  No 26 (60.47) 17 (65.38) 9 (34.62) 

aP<0.05, bP<0.01. χ2 test was used. LGALS1, galectin‑1.

Figure 3. GSEA based on The Cancer Genome Atlas data. (A) ‘Cell adhesion molecules CAMs’. (B) ‘ECM‑receptor interaction’. (C) ‘Focal adhesion’. CAMs, 
cell adhesion molecules; ECM, extracellular matrix; ES, enrichment score; GSEA, Gene Set Enrichment Analysis; KEGG, Kyoto Encyclopedia of Genes and 
Genomes. 
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demonstrated that type I collagen cross‑linking is associ‑
ated with ECM stiffness, which stimulates focal adhesion 
and PI3K signal transduction, to enhance breast cancer cell 
growth and invasion. Gao et al (39) reported that the silencing 
of COL1A1 expression inhibited the EMT process and cell 
motility, and reduced tumor aggressiveness. COL3A1 is also 
an important protein in the development and progression of 
bladder, glioma, head and neck cancer (39‑41). Following 
knockdown of COL3A1 using small interfering RNA, cell 
growth was prolonged, migration ability was weakened, and 
colony formation was inhibited (39). Moreover, GREM1 
is a highly conserved glycoprotein that promotes intracel‑
lular infiltration and exosmosis of MDA‑MB‑231 cells in 

zebrafish, through activation of CAFs. Results of a previous 
study demonstrated that GREM1 expression was markedly 
increased at the infiltrated edge (42), highlighting the func‑
tion of the protein in cancer metastasis. In addition, POSTN 
is expressed in pan‑carcinomas, and is associated with metas‑
tasis, recurrence and poor prognosis (43). Results of a previous 
study demonstrated that POSTN from CAFs of OC acts as an 
integrin avb3 receptor, to activate the downstream PI3K‑Akt 
signaling cascade (44). This initiates EMT and increases the 
malignancy of cancer. Results of this previous study demon‑
strated that candidate genes were positively correlated with 
LGALS1 expression, and exerted adverse effects on the clinical 
outcomes of patients with OC (44). Results of the present study 

Figure 4. Validation of CAMs. Expression of CAMs, including (A) FN1, (B) ITGA11, (C) GREM1, (D) COL1A1, (E) COL3A1 and (F) POSTN, and overall 
survival rate of patients with OC. (G) CAM mRNA was highly expressed in OC samples compared with HC samples, and unpaired t‑test was used for 
comparison between the two groups. Data are presented as the mean ± standard deviation. *P<0.05, **P<0.01, ****P<0.0001. ns, not significant; CAM, cell 
adhesion molecule; OC, ovarian cancer; HC, healthy controls; FN1, fibronectin 1; ITGA11, integrin α11; GREM1, gremlin 1; COL1A1, collagen type I α 1; 
COL3A1, collagen type III α 1; POSTN, periostin; TPM, transcripts per million.
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verified the high expression of CAM mRNA in OC tissues, 
except for POSTN. These results further demonstrated that 
LGALS1 is involved in cell adhesion.

Collectively, results of the present study revealed that 
the LGALS1 protein was highly expressed in OC, and that 
the expression of LGALS1 was significantly associated with 
increasing pathological grade and clinical stage. These results 
indicated that LGALS1 may promote the development of 
OC. Notably, results of a previous study demonstrated that 
the addition of recombinant LGALS1 promoted the adhesion 
of OC cell lines to FN in a dose‑dependent manner, whereas 
free‑floating cells exhibited no response to FN under the 
same conditions. These results highlighted that FN altered 
cell spatial localization and promoted cell‑ECM association 
under the action of LGALS1; however, this was cell state‑ 
dependent (45). Results of the present study demonstrated 
that FN1 protein expression was markedly upregulated in OC, 
compared with HC. Thus, we hypothesized that two proteins 
may interact to accelerate the progression of OC; however, 
further investigations are required. 

In conclusion, abnormalities in cell adhesion cause the ECM 
to decompose and recombine, increasing the activity and aggres‑
siveness of tumor cells. Notably, these are crucial processes 
for OC cell shedding and implantation. Results of the present 
study demonstrated that high expression levels of LGALS1 
were associated with a poor prognosis in patients with OC. 
Moreover, results of the present study identified six candidate 
genes that may regulate cell adhesion pathways to participate 
in OC progression. However, further studies into the specific 
mechanisms are required. Transcriptional changes regulated by 
LGALS1 further the understanding of signal networks, and may 
lead to the development of novel targeted therapies for OC.
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