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Abstract: The heterogeneity of diffuse large B-cell lymphoma (DLBCL) acts as a main barrier to identify the genetic 
basis of the disease and the choice of treatment. Differentially expressed genes (DEGs) from three mRNA expres-
sion profile datasets were screened using GEO2R, and bioinformatics analysis was performed on the DEGs. A total 
of six upregulated and 13 downregulated DEGs were identified. Among these, two hub genes with a high degree 
of correlation were selected. FBN1 and TIMP1 were identified via STRING analysis and validated by GEPIA. FBN1 
and TIMP1 were highly expressed in DLBCL tissues. FBN1 expression was significantly higher in patients of the Ann 
Arbor stage group (III-IV), with higher IPI score (3-5), and in the non-GCB group. Patients with high TIMP1 expression 
were more frequently associated with B symptoms, Ann Arbor stage (III-IV), higher IPI score (3-5) and were in the 
non-GCB group. Furthermore, FBN1 siRNA decreased FBN1 and TIMP1 expression and downregulation of TIMP1 
attenuated TIMP1 expression but not of FBN1. Migration of DLBCL cells reduced when treated with either FBN1 
or TIMP1 siRNA. Moreover, FBN1 or TIMP1 siRNA decreased the expression of Wnt target genes. Simultaneous 
overexpression of TIMP1 resulted in an increase in these proteins. This confirmed that both FBN1 and TIMP1 were 
positively associated with DLBCL progression. Further analysis revealed that FBN1/TIMP1 interaction could improve 
DLBCL cell migration and regulate the Wnt signaling pathway. Although the underlying mechanisms regarding the 
interaction between FBN1 and TIMP1 requires further clarification, they might be potential therapeutic targets for 
DLBCL therapy.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is a  
subgroup of non-Hodgkin lymphoma (NHL)  
with high morbidity. Although chemotherapy of 
DLBCL has greatly advanced in the past 20 
years, the overall survival of a large number of 
patients with DLBCL remains regrettable, espe-
cially upon diagnosis of bone marrow metasta-
sis [1]. Therefore, a better understanding of 
DLBCL and identification of new critical targets 
for early detection of DLBCL is immediately 
required.

Data-mining of genes using bioinformatics 
approach is helpful for identifying novel impor-
tant genes involved in the pathogenesis of dis-
eases, thereby providing important insights 
and a foundation for further new research [2]. 
In the present study, three gene expression 

profile datasets were obtained from the Gene 
Expression Omnibus (GEO) database. Gene 
Ontology (GO) function and Kyoto Encyclopedia 
of Genes and Genomes (KEGG) pathway en- 
richment analyses were performed for the dif-
ferentially expressed genes (DEGs). Further- 
more, we analyzed protein-protein interaction 
(PPI) networks to explore the interactions and 
identified certain factors that might be involved 
in the regulatory mechanisms of DLBCL.

Fibrillin-1 (FBN1) is an essential protein in the 
extracellular matrix that modulates the tissue 
microenvironment [3]. FBN1 is associated with 
vertebral growth and development. Fibrillin 
microfibrils play a vital role in modulating  
bone growth [4]. Besides, a murine model with 
FBN1intragenic duplication presented dramati-
cally expanded lumbar vertebra and extended 
costal cartilages [5]. A recent study indicated 
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that overexpression of FBN1 might reveal early 
recurrence of ovarian cancer and chemosensi-
tivity to platinum [6]. However, the influence of 
FBN1 in DLBCL remains unclear.

Tissue inhibitor of matrix metalloproteinases  
1 (TIMP1) belongs to the TIMP family which is 
comprised of four known members (TIMP1, 
TIMP2, TIMP3 and TIMP4) [7]. TIMP1 negative- 
ly regulates the invasion and metastasis of 
tumor cells by inhibiting MMP-9 activity [8]. 
Several studies have validated that over- 
expression of TIMP1 resulted in increased 
expression of genes involved in proliferation, 
apoptosis and signal transduction [9-11]. In 
addition, TIMP1 was found to decrease tumor 
cell sensitivity to multiple anticancer drugs 
[12]. Specifically, TIMP1 could reduce cyclinB1 
expression and activate the NF-κB signaling 
pathway and hence prevent breast cancer cells 
from undergoing chemotherapy-induced cell 
death [13]. However, the precise function and 
potential mechanisms of TIMP1 in DLBCL 
needs to be elucidated. 

In this study, we identified DEGs in DLBCL  
from GSE2350, GSE32018 and GSE44337 
datasets. We then analyzed the PPI networks  
to examine the interactions and identified  
two important proteins (FBN1 and TIMP1) 
which might be associated with the regulatory 
mechanisms of DLBCL. We found that the 
expression levels of FBN1 and TIMP1 were 
associated with clinicopathological character-
istics. We further demonstrated that specific 
siRNAs of FBN1 and TIMP1 could suppress  
the migration of DLBCL cells. Furthermore, 
FBN1/TIMP1 interaction could induce DLBCL 
cell migration by activating the Wnt3/β-catenin 
signaling pathway. Together, these data high-
light new roles of FBN1 and TIMP1 in lympho-
cyte migration.

Materials and methods

Raw data

A total of three human DLBCL mRNA ex- 
pression datasets [GSE2350, GSE32018 and 
GSE44337] were obtained from the National 
Center of Biotechnology Information (NCBI) 
GEO (https://www.ncbi.nlm.nih.gov/geo/). All 
the datasets contained a comparison between 
41 DLBCL samples and 19 normal lymphocyte 
samples.

Identification of DEGs

GEO2R (http://www.ncbi.nlm.nih.gov/geo/geo- 
2r), a web tool, can perform sophisticated R- 
based analysis of GEO data and display the 
results as a table of DEGs that can be visual-
ized using GEO Profile graphics. The adjusted 
P-values (adj. P) and Benjamini and Hochberg 
false discovery rate were optimized to balance 
the identification of statistically significant 
genes with the limitations of false-positives. 
LogFC (fold change) >1 and adj. P<0.05 we- 
re considered as statistically significant. The 
web-based tool VENNY (version 2.1, http://bio-
infogp.cnb.csic.es/tool/venny/index.html) was 
used to acquire the overlapping DEGs in the 
three datasets [14].

GO and KEGG pathway analysis of DEGs

GO analysis annotates genes and gene prod-
ucts according to their characteristic biological 
functions based on highthroughput genome or 
transcriptome data. KEGG is a collection of 
databases for analyzing genomes and biolo- 
gical pathways. The Database for Annotation 
Visualization and Integrated Discovery (DAVID: 
http://david.ncifcrf.gov) (version 6.8), which 
integrates the information of biological func-
tions of genes with graphical displays, was 
used to sort out the GO and KEGG pathway 
identified co-DEGs. A false discovery rate 
threshold was set at P<0.05. The Search Tool 
for the Retrieval of Interacting Genes (STRING) 
database was applied to identify and visualize 
the functional interactions between proteins.

Patients and data collection

In this study, 110 patients verified clinically  
and pathologically as DLBCL, and who were 
enrolled in Shenjing Hospital of China Medical 
University (Shenyang, China) from January 
2013 to January 2018 were chosen as the  
subjects. Furthermore, 30 tissue specimens of 
patients, which were pathologically diagnosed 
as reactive lymphoid hyperplasia during the 
same period were selected as the controls. The 
clinicopathological data of patients were  
procured. The Clinical Ethics Committee of 
Shenjing Hospital of China Medical University 
approved this study, and informed consent was 
obtained from the patients.
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Immunohistochemistry

Immunohistochemical staining was perform- 
ed as previously described [15]. Paraffin-
embedded sections of DLBCL tissues were 
incubated with primary rabbit anti-FBN1 and 
anti-TIMP1antibodies (ab53076 and ab1091- 
25, 1:200, Abcam, Cambridge, MA, USA) and 
subsequently with secondary horseradish per-
oxidase (HRP)-conjugated anti-rabbit antibody 
(KeyGEN BioTECH company, Nanjing, China). 
Immunohistochemical staining was performed 
according to the manufacturer’s instructions 
using DAB solution and counterstained with 
hematoxylin (KeyGEN BioTECH company, Nan- 
jing, China). Staining intensities and percent-
age of positive tumor cells were scored inde-
pendently by two pathologists who were blind-
ed to the patient clinical outcome. Protein 
expression level was classified based on the 
percentage of positive cells and the intensity of 
staining. Immunoreactivity was scored as  
follows: Staining intensity -/+, <25% positive 
cells; staining intensity ++, ≥25% and <50% 
positive cells; staining intensity +++, 50-75% 
positive cells; and staining intensity ++++, 
>75% positive cells. Samples with high expres-
sion were those with ≥50% (+++ or ++++) of 
cells staining for FBN1 or TIMP1.

FBN1 and TIMP1 validation by GEPIA

In this study, the Gene Expression Profiling 
Interactive Analysis (GEPIA) database (http://
gepia.cancer-pku.cn/) was used to examine  
the expression of FBN1 and TIMP1, and to ana-
lyze their expression levels in normal and 
DLBCL tissues and the association of their 
expression levels with overall survival. We 
selected P<0.05 as a threshold.

Western blotting

Approximately 40 µg of total protein was  
used for each treatment to detect target  
genes. Solubilized proteins were separated 
using 10% sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE), and 
then transferred onto polyvinylidene difluoride 
(PVDF) membranes (Millipore, Bedford, USA). 
Peroxidase-based chemiluminescent detection 
was performed according to standard labora-
tory protocols. Antibodies used for immuno- 
blotting were as follows: rabbit anti-FBN1, anti-
TIMP1 and anti-GAPDH antibodies (ab231094, 
ab109125 and ab181602, 1:2000, Abcam, 

Cambridge, MA, USA), rabbit monoclonal anti-
Wnt3a, anti-GSK-3, anti-β-Catenin, anti-c-Myc, 
anti-cyclin D1 antibodies (#2721, #12456, 
#8480, #18583 and #55506, 1:2000, Cell 
Signaling Technology, Danvers, MA, USA).

Cell culture and transfection

The DLBCL cell lines OCI-LY1 and SU-DHL-2 
were purchased from BNBIO company (Beijing, 
China). Cells were cultured in RPMI-1640 medi-
um containing 10% fetal bovine serum (FBS, 
Invitrogen, MO, USA) in a humidified incubator 
at 37°C with 5% CO2. 

FBN1 siRNA, TIMP1 siRNA and control siRNA 
were purchased from JTS scientific company 
(Wuhan, China) (Supplementary Table 1). The 
control siRNA was the scrambled sequence of 
the gene-specific siRNA. The gene-specific siR-
NAs were transiently transfected into cells 
using lipofectamine 3000 (Invitrogen, MD, USA) 
according to the manufacturer’s instructions. 
Lentivirus carrying TIMP1-wt construct was  
synthesized by Genechem Co., LTD (Shanghai, 
China), and the viral particles were subsequ- 
ently transduced into DLBCL cells. The cells 
overexpressing TIMP1 were screened using 
puromycin (Invitrogen, NY, USA) and confirmed 
by western blotting.

Cell migration and proliferation assays

The migration of cells was measured using a 
transmigration chamber assay (Corning, MA, 
USA). In brief, cells (2×106 cells/ml) were 
starved in serum-free RPMI-1640 medium for 1 
h. Cell suspension was added to the upper 
chamber with a pore size of 8 µm (Corning, MA, 
USA) and 600 µl of complete medium was 
added to the lower chamber. The plate was 
then incubated for 2-3 h at 37°C, and the  
number of cells that migrated through the 
inserts was monitored by the cell migration 
assay. Cell proliferation was determined using 
the Cell Counting Kit-8 reagent (CCK-8, Beyo- 
time, Shanghai, China) according to the manu-
facturer’s instructions. The absorbance was 
measured at 450 nm using a microplate reader 
(Bio-Rad, CA, USA). The experiment was per-
formed in triplicate.

Statistical analysis

All data were analyzed using GraphPad Prism 
6.0 statistical software (GraphPad Software, 
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Inc., CA, USA) and SPSS 20.0 (IBM Corp., NY, 
USA). Kaplan-Meier analysis and log-rank test 
were performed for analysis of overall survival 
(by GEPIA) and for pathway enrichment analys- 
is (by DAVID). The two-tailed paired Student’s 
t-test was performed for analyzing the differ-
ences between two groups. One-way analysis 
of variance (ANOVA) and Bonferroni post hoc 
test were used for evaluating differences 
among multiple groups. The sensitivity and 
specificity for the prediction of OS (Overall 
Survival) and PFS (Progression-Free-Survival) 
were analyzed by receiver operating character-
istic (ROC) curves. The area under the curve 
(AUC) was used to measure the prognostic or 
predictive accuracy. Pearson’s test was used 
for correlation analysis. We compared the  
two groups using chi-squared (χ2) or Fisher’s 
exact test for categorical variables. Results 
with P<0.05 were considered as statistically 
significant.

Results

Identification of DEGs in DLBCL

Three GEO datasets were analyzed which 
included 41 DLBCL samples and 19 normal 
lymphocyte samples (Figure 1A). A total of 584, 
275 and 960 DEGs were upregulated and 744, 

807 and 644 DEGs were downregulated in the 
these three datasets, respectively. In total, 19 
DEGs presented similar expression pattern in 
all three datasets (Figure 1B), including 6 
upregulated and 13 downregulated in DLBCL 
samples compared to normal lymphocyte sam-
ples (Table 1).

Functional enrichment analysis of DEGs and 
identification of hub genes 

GO-BP analysis indicated that the DEGs  
were mainly involved in ‘complement activa-
tion’, ‘positive regulation of B cell activation’, 
‘phagocytosis recognition’ and ‘phagocytosis 
engulfment’ as shown in Table 2. In GO-CC 
analysis, the DEGs were mainly enriched in 
‘extracellular region’, ‘immunoglobulin complex’ 
and ‘extracellular exosome’. With respect to 
MF, the DEGs were mainly enriched in ‘antigen 
binding’ and ‘immunoglobulin receptor binding’. 
Furthermore, in the KEGG pathway enrich- 
ment analysis, the DEGs were mainly enriched 
in ‘human immunodeficiency virus 1 infection’, 
‘human cytomegalovirus infection’ and ‘path-
ways in cancer’. In addition, the significantly 
enriched REACTOME pathways were identified 
as ‘platelet activation, signaling and aggrega-
tion’, ‘post-translational protein phosphoryla-
tion’, ‘regulation of IGF transport and uptake by 
IGFBPs’, ‘platelet degranulation’ and so on. 

Figure 1. Identification of consistent DEGs between normal lymphocyte and DLBCL samples. A. Statistical analysis 
of the three microarray datasets obtained from the GEO database. The percentage of normal lymphocyte and DLBCL 
samples are shown in the three datasets. B. Venn diagrams of common DEGs in the three datasets. The number 
and percentage of DEGs are displayed. C. The PPI network of DEGs was constructed using the STRING database. 
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Moreover, protein interactions among the DEGs 
were predicted using STRING tools as present-
ed in Figure 1C. The connectivity degree of 
each node was calculated. The results showed 
that there was a functional link between FBN1 
and TIMP1.

FBN1 and TIMP1 expression in reactive lymph 
node hyperplasia and DLBCL tissues

FBN1 and TIMP1 expression levels were first 
examined based on the expression profiles in 
these GEO datasets. As shown in Figure 2, 
DLBCL tissues showed significantly increased 
mRNA expression levels of FBN1 and TIMP1, 
compared to normal lymph node tissues (Fig- 
ure 2A, 2C, 2F, 2H, 2K and 2M). Based on 
expression profile in these GEO datasets, the 
patients were divided into high expression 
group and low expression group. The ROC 
curves were used to evaluate the diagnostic 
accuracy of DEGs for expression level (Figure 
2B, 2D, 2G, 2I, 2L and 2N). The AUC could be 
mapped to compare different screening genes. 
Based on these findings, FBN1 and TIMP1 
could be considered as new biomarkers for 
prognosis. Furthermore, Pearson correlation 
analysis showed an obvious positive correla-
tion between FBN1 and TIMP1 (Figure 2E, 2J 
and 2O).

Relationship between FBN1 and TIMP1 ex-
pression levels and clinicopathological param-
eters of DLBCL

The association between FBN1 or TIMP1 and 
the clinicopathological characteristics of pati- 
ents with DLBCL has been shown in Table 3. 
Positive expression of FBN1 in DLBCL was  
significantly higher in patients, in Ann Arbor 
stage (III-IV) group (χ2=5.223, P=0.022), with 
higher IPI score (3-5) (χ2=5.284, P=0.021) and 
in the non-GCB group (χ2=12.729, P=0.001). 
Comparison of the clinical characteristics of 
patients with high versus low expression of 
TIMP1 showed that patients with high TIMP1 
expression were more frequently associated 
with B symptoms (χ2=5.297, P=0.021), Ann 
Arbor stage (III-IV) (χ2=12.194, P=0.001), had 
higher IPI scores (3-5) (χ2=5.559, P=0.018) 
and were in the non-GCB group (χ2=7.379, 
P=0.007). However, there was no significant 
difference between their expression levels and 
other clinicopathological characteristics.

We then verified FBN1 and TIMP1 expression  
in TCGA database using the GEPIA web server 
and found that both these genes were overex-
pressed in tumor tissues (Figure 3A and 3C, 
P<0.05). However, GEPIA analysis of the two 

Table 1. Identification of consistent differentially expressed genes, including 6 upregulated and 13 
downregulated genes, from GSE2350, GSE32018 and GSE44337 datasets

Gene Symbol Down/Up
GSE2350 GSE32018 GSE44337

logFC adj.P.Val logFC adj.P.Val logFC adj.P.Val
PLTP Up 1.029311 3.64E-02 1.409244 2.26E-02 3.08744 3.49E-03
ATOX1 Up 1.064798 4.03E-04 1.410082 1.55E-03 3.100636 3.24E-04
FBN1 Up 1.675059 3.23E-02 1.244236 2.29E-02 3.639916 1.50E-03
ATF5 Up 1.871464 9.04E-04 1.518801 2.83E-02 3.301105 2.31E-03
NINJ1 Up 2.585884 5.58E-04 1.168389 3.12E-02 1.931035 6.21E-03
TIMP1 Up 3.5823225 1.88E-02 2.318486 2.54E-05 4.860962 3.55E-04
IGKC Down -3.820658 1.33E-06 -2.626743 7.09E-03 -3.717709 6.70E-03
CR1 Down -3.177401 1.70E-04 -1.048999 1.30E-02 -1.303208 1.77E-03
IGHD Down -2.812763 2.26E-02 -1.265743 1.33E-02 -6.193135 5.89E-04
FAM3C Down -2.764777 1.96E-04 -1.129327 2.66E-03 -3.274943 1.53E-03
GNG7 Down -2.002193 6.69E-07 -1.253173 7.34E-03 -4.87254 5.95E-08
TPD52 Down -1.97413 2.30E-04 -1.386452 2.97E-02 -2.13456 2.25E-04
IGLV1-44 Down -1.716078 6.67E-04 -2.132387 5.70E-03 -1.404451 1.54E-03
ZBTB20 Down -1.684524 1.03E-03 -2.060043 9.75E-03 -1.35991 1.46E-03
MGEA5 Down -1.678981 5.92E-06 -1.541935 2.22E-03 -1.298316 4.52E-03
TRAF5 Down -1.599049 1.25E-05 -1.278165 1.04E-02 -1.340282 8.08E-03
KIAA1033 Down -1.473975 9.09E-04 -1.061922 8.20E-04 -1.075805 3.52E-03
TCEA1 Down -1.341718 5.15E-05 -1.236592 6.38E-03 -1.135546 1.31E-03
MBNL1 Down -1.046436 5.42E-04 -1.759458 1.25E-04 -1.464918 2.33E-04
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Table 2. GO enrichment analysis, KEGG and REACTOME pathway analyses of differentially expressed genes associated with DLBCL
Category Term Count % P-Value Genes
GOTERM_BP GO: 0006958~complement activation, classical pathway 4 21.0526 1.52E-04 CR1, IGLV1-44, IGHD, IGKC

GOTERM_BP GO: 0050871~positive regulation of B cell activation 2 10.5263 0.0275 IGHD, IGKC

GOTERM_BP GO: 0006910~phagocytosis, recognition 2 10.5263 0.0296 IGHD, IGKC

GOTERM_BP GO: 0006911~phagocytosis, engulfment 2 10.5263 0.0369 IGHD, IGKC

GOTERM_CC GO: 0005576~extracellular region 6 31.5789 0.0173 IGLV1-44, FAM3C, FBN1, IGKC, PLTP, TIMP1

GOTERM_CC GO: 0042571~immunoglobulin complex, circulating 2 10.5263 0.0186 IGHD, IGKC

GOTERM_CC GO: 0070062~extracellular exosome 7 36.8421 0.0471 CR1, FAM3C, IGHD, FBN1, IGKC, GNG7, TIMP1

GOTERM_MF GO: 0003823~antigen binding 3 15.7894 0.0047 IGLV1-44, IGHD, IGKC

GOTERM_MF GO: 0034987~immunoglobulin receptor binding 2 10.5263 0.0259 IGHD, IGKC

KEGG_PATHWAY hsa05170: Human immunodeficiency virus 1 infection 2 212 0.0017 GNG7, TRAF5

KEGG_PATHWAY hsa05163: Human cytomegalovirus infection 2 225 0.0019 GNG7, TRAF5

KEGG_PATHWAY hsa05200: Pathways in cancer 2 530 0.0098 GNG7, TRAF5

REACTOME_PATHWAY R-HSA-76002: Platelet activation, signaling and aggregation 3 260 5.38E-05 GNG7|FAM3C|TIMP1

REACTOME_PATHWAY R-HSA-8957275: Post-translational protein phosphorylation 2 108 0.000445033 TIMP1|FBN1

REACTOME_PATHWAY R-HSA-381426: Regulation of IGF transport and uptake by IGFBPs 2 125 0.000592278 TIMP1|FBN1

REACTOME_PATHWAY R-HSA-114608: Platelet degranulation 2 128 0.000620396 FAM3C|TIMP1

REACTOME_PATHWAY R-HSA-109582: Hemostasis 3 617 0.000666968 GNG7|FAM3C|TIMP1

REACTOME_PATHWAY R-HSA-76005: Response to elevated platelet cytosolic Ca2+ 2 133 0.000668675 FAM3C|TIMP1

REACTOME_PATHWAY R-HSA-1474228: Degradation of the extracellular matrix 2 140 0.000739233 TIMP1|FBN1

REACTOME_PATHWAY R-HSA-1474244: Extracellular matrix organization 2 298 0.003226 TIMP1|FBN1
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Figure 2. The expression levels and correlation of FBN1 and TIMP1 in both DLBCL and normal lymph node tissues from GSE2350, GSE32018 and GSE44337 
datasets. A, C, F, H, K and M. The expression levels of FBN1 and TIMP1 in DLBCL tissues compared to normal lymph node tissues from GSE2350, GSE32018 and 
GSE44337 datasets. B, D, G, I, L and N. The ROC curves were analyzed to evaluate the diagnostic accuracy of DEGs for expression level. E, J and O. The correlation 
of mRNA levels of FBN1 and TIMP1 as analyzed by Pearson correlation analysis.
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genes revealed that there was no significant 
difference in survival between the cancerous 
and normal group (Figure 3B and 3D). In  
addition, FBN1 and TIMP1 protein levels were 
examined by western blotting using 30 normal 
lymph node tissues and 30 DLBCL tissues. The 
results showed that both FBN1 and TIMP1 were 
highly expressed in DLBCL tissues than in nor-
mal lymph node tissues (Figure 3E and 3F).

Inhibition of FBN1 downregulated the expres-
sion of TIMP1 and the role of FBN1/TIMP1 
interaction in regulating DLBCL cell migration 

To detect whether there was any interaction 
between FBN1 and TIMP1, the two DLBCL cell 
lines (OCI-LY1 and SU-DHL-2) were treated with 
specific siRNAs and their protein levels were 
examined. The results showed that upon treat-

Table 3. Clinicopathological characteristics of patients with DLBCL based on the protein expression 
levels of FBN1 and TIMP1

Clinicopathologic characteristics Total
FBN1

χ2 p-value
TIMP1

X2 p-valuehigh  
expression

low  
expression

high  
expression

low  
expression

Age

    ≤60 45 35 10 30 15

    >60 65 50 15 0.016 0.899 50 15 0.941 0.332

Sex

    Male 63 51 12 49 14

    Female 47 34 13 0.699 0.403 31 16 1.347 0.246

Primary site 

    Nodal 56 45 11 44 12

    Extranodal 54 40 14 0.312 0.576 36 18 1.409 0.235

B sympotoms

    Absent 63 49 14 40 23

    Present 47 36 11 0.007 0.933 40 7 5.297 0.021*

ECOG PS

    <2 87 70 17 67 20

    ≥2 23 15 8 1.617 0.204 13 10 2.887 0.089

Serum lactate dehydrogenase

    Normal 41 30 11 30 11

    Elevated 69 55 14 0.309 0.578 50 19 0.019 0.888

No. of extranodal sites

    <2 86 70 16 64 22

    ≥2 24 15 9 2.815 0.093 16 8 0.245 0.621

Ann Arbor stage

    I-II 64 44 20 38 26

    III-IV 46 41 5 5.223 0.022* 42 4 12.194 0.001*

International prognostic index

    Low (0-2) 79 56 23 52 27

    High (3-5) 31 29 2 5.284 0.021* 28 3 5.559 0.018*

Bone marrow involvement

    Absent 87 68 19 65 22

    Present 23 17 6 0.023 0.879 15 8 0.417 0.518

Bulky mass (cm)

    <10 101 80 21 74 27

    ≥10 9 5 4 1.458 0.227 6 3 0.001 0.972

Hans classification

    GCB 29 15 14 15 14

    Non-GCB 81 70 11 12.729 0.001* 65 16 7.379 0.007*

Treatment regimen

    R-CHOP 95 74 21 68 27

    Others 15 11 4 0.004 0.952 12 3 0.136 0.712
*P<0.05.
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ment with FBN1 siRNA, there was a significant 
decrease in the expression levels of FBN1 and 
TIMP1 (Figure 4A and 4B) and the downregula-
tion of TIMP1 attenuated TIMP1 protein expres-
sion, but not FBN1 expression (Figure 4C and 
4D). 

To verify whether FBN1/TIMP1interaction con-
tributes to DLBCL cell motility, we examined 
DLBCL cell migration. The migratory ability of 
DLBCL cells was reduced upon treatment  
with either FBN1 or TIMP1 siRNA (Figure 4E 
and 4F). This indicated that FBN1/TIMP1 inter-

action drives DLBCL cell motility to promote 
dissemination.

FBN1/TIMP1 interaction is involved in DLBCL 
progression through the activation of Wnt/β-
catenin signaling [16, 17].

Increasing evidence indicates that Wnt/β- 
catenin promotes cancer progression. To vali-
date the effect of FBN1/TIMP1 interaction on 
Wnt signaling activity, we examined the ex- 
pression levels of Wnt-related molecules. The 
downregulated expression of either FBN1 or 

Figure 4. Inhibition of FBN1 downregulated the expression of TIMP1 and the role of FBN1/TIMP1 interaction in regu-
lating DLBCL cell migration. (A) The protein expression levels of FBN1 and TIMP1 in FBN1 siRNA-treated OCI-LY1 and 
SU-DHL-2 cells. (B) Column graphs represent the statistical results of (A) experiment performed multiple times. (C) 
The protein expression levels of FBN1 and TIMP1 in TIMP1 siRNA-treated OCI-LY1 and SU-DHL-2 cells. (D) Column 
graphs represent the statistical results of (C) experiment performed multiple times. (E and F) The migratory ability 
of OCI-LY1 and SU-DHL-2 cells upon treatment with either FBN1 siRNA or TIMP1 siRNA. OCI: OCI-LY1; SU: SU-DHL-2; 
Csi: control siRNA; Fsi: FBN1 siRNA; Tsi: TIIMP1 siRNA; *P<0.05.

Figure 3. The expression levels of FBN1 and TIMP1 in TCGA database using the GEPIA web server and in clinical 
samples. A and C. The expression levels of FBN1 and TIMP1 in 47 DLBCL tissues and 337 normal lymph node tis-
sues in TCGA database. B and D. The overall survival rates of patients with DLBCL and normal lymph nodes were 
analyzed in TCGA database using the GEPIA online tool. E. The expression levels of FBN1 and TIMP1 proteins were 
examined by western blotting. F. Column graphs represent the statistical results in 30 normal lymph node tissues 
and 30 DLBCL tissues. DLBCL or D: DLBCL samples; Normal or N: normal lymph node samples. *P<0.05.



FBN1/TIMP1 promotes cell migration in DLBCL

7350 Am J Transl Res 2020;12(11):7340-7353

TIMP1 in OCI-LY1 and SU-DHL-2 cells inhibited 
the expression levels of Wnt target genes, 
including Wnt3, GSK3β, β-catenin, c-Myc and 
cyclin D1, suggesting the inactivation of the 
Wnt signaling pathway (Figure 5A-D). Inter- 
estingly, in cells treated with FBN1 siRNA, 
simultaneous overexpression of TIMP1 result-
ed in an increase of these proteins. This pro-
vided evidence that FBN1 triggered the activa-
tion of the Wnt pathway possibly through upreg-
ulating TIMP1 expression. 

Discussion

To augment the therapeutic effect of DLBCL, it 
might be meaningful to validate critical chro-

matin modifiers and explore their tumorigenic 
mechanisms [18]. The different outcomes of 
patients with local stage and disseminated 
stage DLBCL demonstrated a change in the 
basic characteristics of tumor cells during the 
dissemination/progression of this disease [19]. 
However, the present understanding of DLBCL 
cell migration is rather limited compared to the 
plentiful knowledge regarding lymphomagene-
sis and tumor growth. 

In this study, three gene expression profile 
datasets were integrated and 19 commonly 
altered DEGs were identified. The 19 DEGs 
were classified by GO term analysis into three 
groups, biological process (BP), cellular com- 

Figure 5. Inhibition of FBN1 downregulated the expression of TIMP1 and the role of FBN1/TIMP1 in regulating 
DLBCL cell migration. Western blotting was performed to detect the protein expression levels of Wnt3, GSK3β, 
β-catenin, c-Myc and cyclin D1 in OCI-LY1 cells (A) and SU-DHL-2 cells (C). Downregulating the expression of either 
FBN1 or TIMP1 in OCI-LY1 and SU-DHL-2 cells altered the expression levels of Wnt target genes, including Wnt3, 
GSK3β, β-catenin, c-Myc and cyclin D1. Changes in the expression levels of these proteins were examined in cells 
overexpressing TIMP1 and treated with FBN1 siRNA. (B and D) Column graphs represent the statistical results of (A) 
and (C) experiments performed multiple times. CON si: control siRNA; FBN si: FBN siRNA; TIMP1 si: TIMP1 siRNA; 
Vector: pCDNA3.1; TIMP1: pCDNA3.1-TIMP1-wild type plasmid; *P<0.05.
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ponent (CC) and molecular function (MF) and 
the KEGG pathway enrichment analysis of the 
DEGs was performed using the functional anno-
tation tool DAVID. Finally, PPI network was 
established, and the most significant modules 
(FBN1 and TIMP1) were filtered.

Fibrillin-1, an extracellular matrix glycoprotein 
and a chief component of microfibrils, is sug-
gested to maintain cell attachment and to in- 
fluence cell differentiation and migration [20]. 
Mutations in fibrillin-1 cause the autosomal 
dominant disorder Marfan syndrome and other 
related diseases of the connective tissue col-
lectively named as type-1 fibrillinopathies [21]. 
It has been reported that FBN1 expression is 
significantly higher in germ cell neoplasia and 
gastric cancer compared to normal tissues  
[22, 23]. In this study, FBN1 showed higher 
expression in DLBCL than in normal lymph 
nodes. The expression of FBN1 in DLBCL was 
significantly higher in patients of Ann Arbor 
stage III-IV, with higher IPI score (3-5) and in 
non-GCB group. These results suggested that 
FBN1 might act as an oncogene in DLBCL pro-
gression. However, we did not find any signifi-
cant difference in survival between patients 
with high and low expression of FBN1. 

In order to further study whether there was a 
correlation between FBN1 and TIMP1, speci- 
fic siRNAs were used to knock down their 
expression respectively. The data showed that 
downregulation of FBN1 decreased TIMP1 pro-
tein expression. However, TIMP1 knock down 
had no effect on FBN1 protein expression. 
Therefore, FBN1 might be upstream of TIMP1. 
Recently, clinical studies have shown that  
aberrant expression of TIMP1 was associated 
with unfavorable prognosis in several tumors 
[8], [24-27]. We observed higher expression of 
TIMP1 in DLBCL tissues than that in normal 
lymph nodes. Moreover, TIMP1 expression is 
correlated with tumor progression, and sup-
pression of TIMP1 enhanced tumor response  
to gemcitabine and radiotherapy [28]. This find-
ing was consistent with our results as well. The 
results indicated that patients with high TIMP1 
expression were more frequently associated 
with B symptoms, Ann Arbor stage (III-IV),  
higher IPI scores (3-5) and were in the non- 
GCB group. These observations validated that 
TIMP1 was positively correlated with the malig-
nant progression of DLBCL.

Several reports have suggested that FBN1 and 
TIMP1 play important roles in certain cellular 
functions. FBN1 might be implicated in cell-
stroma interaction with respect to signaling, 
attachment and migration [29]. Silencing of 
FBN1 could inhibit the proliferative, migratory 
and invasive abilities of GC cells [23]. TIMP1 
could significantly increase clonogenic survival, 
migration and invasion [28]. We also verified 
that the downregulation of either FBN1 or 
TIMP1 could attenuate the migratory ability of 
DLBCL cell lines. Moreover, we demonstrated 
that FBN1/TIMP1 interaction was involved in 
DLBCL progression through the activation of 
Wnt/β-catenin signaling. It has also been 
reported that FBN1 increased the expression 
of β-catenin, N-cadherin and Wnt1 of the  
Wnt/β-catenin signal pathway, and decreased 
E-cadherin expression [23]. TIMP1 could also 
regulate the expression levels of E-cadherin, 
β-catenin and MMPs [30]. Taken together, 
these data indicate that FBN1/TIMP1 in- 
teraction could play a critical role in DLBCL 
progression. 

By performing a series of bioinformatics  
analyses, we determined that two important 
proteins (FBN1 and TIMP1) were upregulated in 
DLBCL tissues. Our research confirmed that 
both FBN1 and TIMP1 were positively correlat-
ed with DLBCL progression. Further analysis 
revealed that FBN1/TIMP1 interaction could 
increase the cell migration of DLBCL by regu- 
lating the Wnt signaling pathway known to be 
involved in DLBCL cell migration. Although the 
underlying mechanisms regarding the interac-
tion between FBN1 and TIMP1 require further 
clarification, FBN1 and TIMP1 might be poten-
tial therapeutic targets for DLBCL treatment.
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Supplementary Table 1. The sequences of 
FBN1 and TIMP1 siRNAs
FBN1 siRNA 5’-UUGCAAAUACAUUUAAAACUG-3’

5’-GUUUUAAAUGUAUUUGCAAAC-3’
TIMP1 siRNA 5’-AUACAUCUUGGUCAUCUUGAU-3’

5’-CAAGAUGACCAAGAUGUAUAA-3’


