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Abstract. Chemokine (C-C motif) ligand 21 (CCL21) and 
SPARC-like protein 1 (SPARCL1/MAST9/hevin/SC-1) are 
associated with various biological behavior in the development 
of cancers. Although the expression of CCL21 and SPARCL1 
is downregulated in many solid tumors, their roles in ovarian 
cancer and their associations with drug resistance have rarely 
been studied. We performed a comprehensive bioinformatic 
analysis consisting of motif analysis, literature co-occurrence, 
gene/protein-gene/protein interaction network, protein-small 
molecule interaction network, and microRNAs enrichments 
which revealed that CCL21 and SPARCL1 directly or indirectly 
interact with a number of genes, proteins, small molecules and 
pathways associated with drug resistance in ovarian and other 
cancers. These results suggested that CCL21 and SPARCL1 
may contribute to drug resistance in ovarian cancer. This study 
provided important information for further investigation of 
drug resistance-related functions of CCL21 and SPARCL1 in 
ovarian cancer.

Introduction

Ovarian cancer is the most lethal gynecologic cancer, with high 
rate of mortality all over the world. Early stages of ovarian 
cancer are generally asymptomatic and thus diagnosis usually 
occurs after the disease has disseminated beyond the ovaries (1). 
Therefore, 70% of ovarian cancer patients are diagnosed with 
advanced-stage disease and 5-year survival rates are less than 
40%, with only modestly improved survival over the past 40 year 

(2). Although the standard taxane/platinum regimen achieves a 
complete response rate of 40 to 60% in advanced ovarian cancer 
patients (2), relapse occurs in over 70% of the patients, resulting 
in drug resistance and finally leading to fatal disease (3).

Drug resistance in ovarian cancer normally develops after 
the treatments to advanced stage cancer patients with chemo-
therapies (3) and associates with aberrant expression of some 
genes, such as tumor suppressor genes (TSGs) and oncogenes. 
At least 16 candidate TSGs, 15 oncogenes, many other genes and 
more than 7 signaling pathways have been implicated in aberra-
tions in cell proliferation, apoptosis, autophagy and changes in 
cell adhesion and motility in ovarian cancer. All of these cellular 
processes contribute to cancer development and metastasis (4). 
Among all the genes and signaling pathways participated in 
the development of ovarian cancer, genes [such as p53 (5,6), 
BRCA1 (7,8), BRCA2 (8) and ERBB2 (9)] and pathways [such as 
p53 signaling pathway (10) and mTOR signaling pathway (11)] 
related to drug resistance have been identified, suggesting that 
genes contributing to advanced-stage ovarian cancer would also 
be noteworthy in drug resistance.

The latest published research of ovarian cancer reveals 
that CCL21 and SPARCL1 are noteworthy in ovarian cancer 
because their promoters are hypermethylated and silenced in 
the vast majority of the tumors (in a total of 489 high-grade 
serous ovarian adenocarcinomas), which is even more notable 
than BRCA1 for which the promoter is hypermethylated 
and silenced in only 56 of 489 (11.5%) tumors (12). BRCA1 
is important in the development of ovarian cancer and is 
involved in survival (13), metastasis (14), apoptosis (15) and 
drug resistance (16,17). These findings suggest that CCL21 and 
SPARCL1 could play important roles in advanced stage ovarian 
cancers (12).

In this study, based on the comprehensively bioinformatics 
analysis through motif analysis, literature co-occurrence, 
protein-protein interaction network, protein-small molecule 
interaction network and microRNAs (miRNAs) enrichments, 
we found that CCL21 and SPARCL1 directly or indirectly inter-
acted with many genes, proteins, small molecules and pathways 
associated with drug resistance in ovarian cancer and other 
cancers, suggesting that CCL21 and SPARCL1 might contribute 
to drug resistance in ovarian cancer.
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Materials and methods

The target genes (CCL21 and SPARCL1) silenced in the vast 
majority of advanced-stage ovarian adenocarcinomas (12) 
were selected for bioinformatics analysis.

The motif analysis of proteins was performed with SSDB 
Motif Search in Kyoto Encyclopedia of Genes and Genomes 
(KEGG) online database (http://www.genome.jp/kegg/); the 
pathway searches were performed with KEGG online database 
and GENEGO online database (http://www.genego.com/). 
Protein domain interactions were analyzed by DOMINE online 
database (18,19) (http://domine.utdallas.edu/cgi-bin/Domine).

Literature Co-Occurrence was performed with Pubgene 
online tool (20) (http://www.pubgene.org/index.cgi); the 
gene/protein-gene/protein interaction network was generated 
with GeneMANIA (21) (http://www.genemania.org/); the 
protein-small molecules interaction network was generated 
with BiologicalNetworks 2 software (22) (downloaded from 
http://biologicalnetworks.net/Software/index.php).

The miRNA target-gene prediction was performed by 
miRWalk online tool (23) (http://www.umm.uni-heidelberg.
de/apps/zmf/mirwalk/), for which 7 prediction programs 
(miRanda, miRDB, miRWalk, PICTAR4, PICTAR5, RNA22 
and Targetscan) were selected, and the same miRNA predicted 
by at least 3 of these software was selected for subsequent 
analysis. The pathway enrichment analysis of miRNAs was 
performed with DIANA-mirPath web server (24) (http://diana.
cslab.ece.ntua.gr/pathways/).

Results

The functions of CCL21 and SPARCL1 in cancers. CCL21 
is one of the chemokines which belong to the small molecule 
chemoattractive cytokine family. Chemokines mediate their 
chemical effect on target cells through G-protein-coupled recep-
tors, which are characterized structurally by 7 transmembrane 
spanning domains and involved in the attraction and activa-
tion of mononuclear and polymorphonuclear leukocytes (25). 
CCL21 participated in three pathways, cytokine-cytokine 
receptor interaction, chemokine signaling pathway and NF-κB 
signaling pathway, based on the searches in KEGG database, 
and participated in apoptosis and survival_Lymphotoxin-β 
receptor signaling pathway based on the searches in GENEGO 
database. Besides, CCL21 plays roles in the regulation of 
ERK pathway in human non-small cell lung cancer cells (26). 
CCL21 is downregulated in many cancers and associated with 
lymph node metastasis, poor prognosis (27), apoptosis (26), 
cell cycle (28) and tumor growth (29). SPARCL1 belongs 
to SPARC family that contains ten protein members (30). 
SPARCL1 is widely expressed in normal and cancer tissues, 
and it was initially identified as an anti-adhesive extracellular 
matrix protein with anti-proliferative effects mediated through 
cell-cell adhesion (31,32). In addition, SPARCL1, which is 
downregulated in several tumor types such as colorectal and 
gastric cancer, is associated with tumor diagnosis, progression 
and prognosis (30,33,34). Therefore, SPARCL1 is considered 
to be a TSG (35) and may have many further unexplored func-
tions in cancer development.

However, the studies on CCL21 and SPARCL1 associated 
with drug resistance are rare. Only one study reports that 

SPARCL1 is an extracellular matrix remodeling gene and may 
contribute to drug resistance in pediatric osteosarcoma (36). 
The research on CCL21 and SPARCL1 in ovarian cancer is 
limited. It is reported that CCL21 potentiated the cytotoxicity 
to ovarian cancer cells (37) and SPARCL1 is inactivated in 
ovarian cancer (38). More recently, CCL21 and SPARCL1 
are noteworthy in ovarian cancer because they are silenced 
in the vast majority of high-grade serous ovarian adenocarci-
nomas (12).

Function prediction through motif-based approaches. 
Conserved protein sequence motifs are short stretches of amino 
acid sequence patterns that potentially encode the function 
of proteins (39). Except in CfCCL21, IL8 domain (accession: 
PF00048) was a unique and highly conserved motif in human 
CCL21 and its homologous proteins (Table I) according to SSDB 
Motif Search, indicating that IL8 domain might contribute to 
the function of CCL21. IL8 domain originally came from IL8 
protein which closely related to drug resistance in many solid 
tumors and cancer cells. The upregulated expression levels of IL6 
and IL8 may contribute to multidrug resistance in human breast 
cancer cells (40). Similarly, IL8 is overexpressed in paclitaxel 
resistance SKOV3 cells, and therefore is considered to be associ-
ated with paclitaxel resistance (41). These studies suggested that 
IL8 domain might closely relate to drug resistance, indicating 
that CCL21 might associate with drug resistance.

Four motifs comprising FOLN domain (accession: PF09289), 
Kazal_1 domain (accession: PF00050), Kazal_2 domain 
(accession: PF07648) and SPARC_Ca_bdg region (accession: 
PF10591) were highly conserved in human SPARCL1 and its 
homologous proteins in other species (Table II), suggesting that 
these motifs might closely relate to the functions of SPARCL1. 
Besides, efhand domain (accession: PF00036) was also 
observed in most SPARCL1 proteins. It has been reported that 
serine protease inhibitor Kazal-type 1, which contains Traw_N, 
Kazal_1 and Kazal_2 domains, affects multiple aggressive 
properties in breast cancer such as survival, invasiveness, and 
chemoresistance (42). Similarly, serine proteinase inhibitor 
Kazal-type 2, which contains only Kazal_1 and Kazal_2 
domains, is also found to play an important role in tumor 
progression and response to the treatment in leukemia cell 
lines (43). These studies indicated that Kazal_1 and Kazal_2 
domains might be associated with drug resistance in cancers. 
A previous study revealed that protein phosphatase with 
efhand domain may correlate with stress protective responses, 
cell survival, growth, proliferation and drug resistance (44). 
S100P with efhand domain is detected in a spectrum of human 
tumor cell lines and tissues derived from prostate, pancreas, 
breast, lung and colon, in which it is connected with malignant 
phenotype, hormone independence and resistance to chemo-
therapy (45). These studies indicated that efhand domain might 
also associate with drug resistance in cancers. In addition, on 
the basis of DOMINE online analysis, FOLN domain interacted 
with Kazal_1 domain, SPARC_Ca_bdg region interacted with 
FOLN and Kazal_1 domains and efhand domain interacted 
with Kazal_1 domain, suggesting that all these conserved 
motifs of SPARCL1 were closely related and interacted with 
each other. Taken together, we concluded that FOLN, Kazal_1, 
Kazal_2, SPARC_Ca_bdg, and efhand conserved in SPARCL1 
were associated with drug resistance in cancers.
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Function prediction and analysis based on interaction 
networks
Function prediction and analysis based on literature co-occur-
rence. The involvement of CCL21 and SPARCL1 in cancer 
drug resistance had not been reported on the basis of literature 
co-occurrence, whereas there were 10 genes co-occurring 
with CCL21 and SPARCL1 in ovarian cancer (Fig. 1). Among 
those 10 genes, p53, BRCA1 and BRCA2 are well-known 
TSGs, and downregulation of these 3 genes contributes to 
the enhancement of drug resistance in ovarian cancer (5-8). 
ERBB2 and BCL2 are oncogenes; ERBB2 takes part in drug 
resistance in ovarian cancer (9), while BCL2 is reported to 
participate in drug resistance in other cancers (46,47). Besides, 
AFP is a drug resistance-related gene which plays a role in 
the expression of P-glycoprotein (48); TSC1 is a putative TSG 
participating in the signaling pathway of the mammalian target 
of rapamycin (mTOR) associated with proliferation, survival 
and drug resistance in leukemia cells (49); PTPRC, an apop-
tosis-related gene near cis-regulatory elements (50), is regarded 
as underexpression in breast cancer (51), suggesting that this 
gene may relate to drug resistance.

The involvement of CCL21 and SPARCL1 in ovarian 
cancer has rarely been studied. We observed that CCL21 
had co-occurrences with p53, BCL2, PTPRC and ERBB2; 

SPARCL1 had co-occurrence with p53, BCL2, PTPRC and 
TSC1 (Fig. 1), suggesting that they might interact directly or 
indirectly. Taken together, we found that 8 in 10 genes which 
had co-occurrences with CCL21 and SPARCL1 in ‘ovarian 
cancer’ were drug resistance-related genes in ovarian and other 
cancers, suggesting that CCL21 and SPARCL1 might also be 
involved in drug resistance.

Function prediction and analysis based on gene/protein-
gene/protein interactions. The functions of CCL21 and 
SPARCL1 were predicted using GeneMANIA (as shown in 
Fig. 2). CCL21 was co-expressed, co-localized, physically inter-
acted, shared protein domains and pathways with a number of 
proteins, especially with CCL19, CCR7 and CCR6, suggesting 
that they were functionally related. In comparison, SPARCL1 
had considerably fewer interactions with other proteins.

Based on the annotated functions in accordance with the 
GeneMANIA network (Table III), CCL21, together with other 
proteins, played important roles in the regulation of leukocytes, 
neutrophil chemotaxis, G-protein coupled receptor activity 
and calcium ion. It has been proven that leukocytes have close 
relationship with drug resistance, both in vivo and in vitro. 
In a ‘blinded’ study of 21 patients receiving combination 
cisplatin/carboplatin treatments, there was a direct relationship 
between DNA damage in leukocytes and disease response, 
and in leukocytes in vivo, persistence and accumulation are 
prominent features of the cisplatin-DNA adduct profile (52). 
Neutrophil chemotaxis seemed to be associated with drug 
resistance in an indirect way. For instance, celastrol is identi-
fied as an inhibitor of neutrophil chemotaxis, and it induces 
synergistic apoptosis when combined with conventional 
microtubule-targeting drugs and manifested efficacy toward 
taxol-resistant cancer cells at the cellular level (53). Similarly, 
stress and drug-induced interleukin-8 (IL8) signaling has been 
shown to confer chemotherapeutic resistance in cancer cells, 
while IL8 is a proinflammatory CXC chemokine contributed 
to the promotion of neutrophil chemotaxis and degranula-
tion (54). G protein-coupled receptors essentially regulate 
all cellular processes, including those that are fundamental 
to cancer pathology, such as differentiation, proliferation, 
migration, tissue invasion, survival and drug resistance (55). 
Calcium content increases in multidrug resistant (MDR) cells 
and the resistance could be reversed by the calcium channel 
blocker verapamil, suggesting that calcium ion may play a 
role in drug resistance (56,57).

There was no annotated function for SPARCL1 based on 
GeneMANIA, but we could deduce its function through its 
interactions with other proteins. As shown in Fig. 2, SPARCL1 
was co-expressed with many proteins such as RAMP3 and 
VWF. RAMP3 is associated with receptor-mediated endocy-
tosis which is involved in drug resistance. Hsp47/CBP2 is a 
favorable candidate for targeted delivery of anticancer drugs in 
human squamous cell carcinoma of the head and neck, and the 
uptake of the targeted conjugate is inhibited in the presence of 
an anti-Hsp47 antibody, suggesting the involvement of active 
receptor mediated endocytosis in cell entry of the conjugate (58). 
The VWF is related to cell-substrate adhesion which is also 
involved in drug resistance. It has been proven that cell-substrate 
adhesion contributes to drug resistance via apoptosis in acute 
myeloid leukaemia, small cell lung cancer cells, breast cancer 
and glioblastoma cells (59).

Table I. The motifs of CCL21 and its homologous proteins 
according to SSDB Motif Search.

 Motif
 ----------------------
Protein KEGG ID IL8 YqzE

HsCCL21 hsa:6366 * -
AmCCL21-like aml:100480794 * -
BtCCL21 bta:511112 * -
CfCCL21 cfa:448796 * *
EcCCL21-like ecb:100060619 * -
EcCCL21-like ecb:100063059 * -
MmCCL21 mcc:574183 * -
MdCCL21-like mdo:100028728 * -
MmCCL21-like mmu:100041504 * -
MmCCL21-like mmu:100041593 * -
MmCCL21B mmu:100042493 * -
MmCCL21C-like mmu:100862177 * -
MmCCL21A mmu:18829 * -
MmCCL21C mmu:65956 * -
OaCCL21-like oaa:100092451 * -
PtCCL21 ptr:746205 * -
RnCCL21 rno:298006 * -
SsCCL21 ssc:448797 * -
XtCCL21A-like xtr:100490971 * -

hsa, Homo sapiens; aml, Ailuropoda melanoleuca; bta, Bos Taurus; 
cfa, Canis familiaris; ecb, Equus caballus; mcc, Macaca mulatta; mdo, 
Monodelphis domestica; mmu, Mus musculus; oaa, Ornithorhynchus 
anatinus; ptr, Pan troglodytes; rno, Rattus norvegicus; ssc: Sus scrofa; 
xtr, Xenopus  tropicalis.
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Figure 1. The co-occurrence analysis of CCL21 and SPARCL1 to the exact keyword expression ‘ovarian cancer’ by Pubgene online database and tool. The 
orange line indicates the co-occurrence of the genes to the key word ‘ovarian cancer’, and the number beside the line is the number of co-occurrence between 
the gene and ‘ovarian cancer’; the gray line indicates the co-occurrence of the genes between each other, the number on the gray line is the literature number 
for CCL21 and SPARCL1 with their co-occurring genes.

Figure 2. Function prediction of CCL21 and SPARCL1 using GeneMANIA. The type of interactions between genes/proteins was illustrated as the network legend 
indicates.



YIN et al:  CCL21 AND SPARCL1 IN OVARIAN CANCER1310

In addition, CCL21 and SPARCL1 were co-expressed and 
interacted with each other indirectly through interacting with 
other proteins. IGFBP7 was found to be the most important 
one for CCL21 and SPARCL1 interactions. IGFBP7 had very 
strong physical interactions with CCL21 and shared protein 
domains with SPARCL1, indicating that CCL21, IGFBP7 
and SPARCL1 might be functionally related. IGFBP7 has 
been identified as one of these factors responsible for the 
establishment and/or maintenance of oncogene-induced 
senescence, and has been shown to be a TSG in a variety of 
solid cancers (60). Aberrant expression of IGFBP7 in adult 
leukemia is correlated with chemotherapy resistance and 
shorter survival. Addition of IGFBP7 to leukemic cell lines 
inhibits cell growth without induction of apoptosis or senes-
cence, suggesting a role of IGFBP7 in contributing to drug 
resistance through reduced sensitivity to cytostatic drugs (61).

Function prediction and analysis based on protein-small 
molecules interactions. The relationship of CCL21, SPARCL1 
and small molecules were analyzed using BiologicalNetworks 
(Fig. 3). SPARCL1 had co-citation with only one small molecule, 
SPARC, which is the peptides of SPARC protein (SPARC113-130 
and SPARC54-73) (62). SPARCL1 exhibits 62% identity with the 
anti-adhesive extracellular matrix protein SPARC, over a region 
of 232 aa spanning more than four-fifths of the SPARC coding 
sequence (63). SPARCL1 shared four domains (FOLN, Kazal_1, 
Kazal_2 and SPARC_Ca_bdg) with SPARC based on the 
SSDB Motif Search results (Table II). Thus, SPARCL1 might 
have similar functions with SPARC. SPARC is a candidate TSG 
and a putative resistance-reversal gene and plays an important 
part in drug resistance in ovarian cancer (64,65). Therefore, we 
concluded that SPARCL1, which is considered as a TSG (35), 
might also contribute to drug resistance in ovarian cancer.

Table III. The annotated functions of CCL21 and other proteins related to drug resistance in GeneMANIA network (as shown in 
Fig. 2).

GO annotation FDR (n/a)a Genes/proteins in the network

Regulation of leukocyte chemotaxis,
apoptosis, migration and activation 6.22E-05 to 1.44E-02 CCL21, CCL19, CCR7, CCR6, TNFSF11
Regulation of neutrophil chemotaxis 2.92E-04 to 1.44E-03 CCL21, CCL19, CCR7
G-protein coupled receptor activity 3.18E-05 to 9.39E-03 CCR7, CCR6, CCRL1, CCR4
Calcium ion concentration, homeostasis,
transportation and sequestering 1.57E-04 to 6.21E-02 CCL21, CCL19, CCR7, CCR6, CCR4
Positive regulation of cell adhesion 7.01E-03 CCL21, CCR7, TNFSF11
Receptor-mediated endocytosis 1.80E-02 CCL21, CCL19, RAMP3
Cell-substrate adhesion 3.70E-02 CCL21, CCR7, VWF

aFDR, false discovery rate.

Figure 3. The interaction networks of CCL21 and SPARCL1 with small molecules by BiologicalNetworks. All the interactions between protein and small moleculε 
were co-citations.
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CCL21 had co-citations with 12 small molecules, and half 
of them comprising omeprazole, SMS 201-995, adenosine 
monophosphate, ruthenium complex, hydrogen peroxide and 
2,2'-bipyridine are associated with drug resistance in cancers. 
In vivo experiments show that oral pretreatment with omepra-
zole induces a sensitivity of human solid tumors to anticancer 
drugs (66). SMS 201-995 is proven to stimulate prostatic tumor 
growth and may sensitize tumor cells to subsequent chemo-
therapy (67). Adenosine monophosphate may participate in drug 
resistance of ovarian cancer through adenosine monophosphate-
activated protein kinase pathway (68). The ruthenium complexes 
are effective tumor-inhibiting drugs in experimental therapy 
of autochthonous colorectal carcinomas in rats, and they can 
be promising candidate drugs in the second-line treatment 
of colorectal cancers resistant to other cytostatic drugs (69). 
Thioredoxin has much higher levels in all cisplatin-resistant 
human bladder and prostatic cancer cell lines compared with 
their drug-sensitive parental counterpart, and downregulation 
of its expression can increase cell sensitivity to cisplatin and 
also to other superoxide-generating agents including hydrogen 
peroxide, suggesting that hydrogen peroxide may also relate 
to drug resistance (70); 2,2'-bipyridine is a well-characterized 
chelating agent known to have anti-proliferative activity that 
links to drug resistance (71).

Function prediction and analysis based on KEGG pathways 
modulated by miRNAs. Total of 37 and 31 miRNAs were 
predicted to be the transcriptional targets of CCL21 and 
SPARCL1 through miRWalk, respectively. The pathway 
enrichment analysis of those miRNAs was performed with 
DIANA-mirPath, and an overview of the parts of the pathway 
modulated by miRNAs was integrated. Among all the pathways 
modulated by miRNAs targeted CCL21 and SPARCL1, 11 of 
them are involved in drug resistance in ovarian and many other 
cancers (Table IV).

Van Jaarsveld et al (72) systematically reviewed the 
miRNAs related to drug resistance in ovarian cancer. Among 
the miRNAs, some were the transcriptional targets of CCL21 
and SAPRCL1 (Table IV). For instance, hsa-miR-125b and 
hsa-miR-370 were the targets of CCL21. Hsa-miR-125b is 
downregulated in paclitaxel resistant A2780 cell lines, therefore 
suggesting a direct involvement in the development of chemore-
sistance (73). Hsa-miR-370 is upregulated in platinum resistant 
EOC (74), suggesting that hsa-miR-370 may contribute to drug 
resistance through downregulation its target genes. Similarly, 
hsa-miR-431, the transcriptional target of SPARCL1, is also 
upregulated in topotecan resistant ovarian cancer cells (75). The 
pathway enrichment analysis of miRNAs related to drug resis-
tance in ovarian cancer has also been studied. For example, it has 
been reported that 11 miRNAs are differentially expressed in 
cisplatin resistant ovarian cancer cells, which potentially target 
many important pathways comprising MAPK, Wnt signaling, 
mTOR signaling, apoptosis and many other signaling pathways 
which are all related to drug resistance in cancers (76).

All of these 11 drug resistance-related pathways modulated 
by the miRNAs targeted CCL21 and SPARCL1 (Table IV) were 
proven to be involved in drug resistance in ovarian cancer. The 
Wnt signaling pathway participates in drug resistance through 
inducing apoptosis and inhibiting tumor growth (77,78). Cell 
adhesion molecule is overexpressed in ovarian cancer, espe-

cially in recurrent/chemotherapy-resistant epithelial ovarian 
cancer, suggesting that cell adhesion molecule and its pathway 
may play a role in drug resistance (79). p53 signaling pathway 
is a well-studied and contributes to the whole process of cancer 
developments and it is involved in drug resistance in ovarian 
cancer through regulating cell proliferation following DNA 
damage (10). Cell communication is important to tumor mecha-
nisms and relevant to the acquisition of drug resistance in ovarian 
cancer (80). With the better understanding of the relationship 
between cell cycle and the impact of chemotherapeutic agents 
on the cell cycle, it becomes apparent that this physiology can 
create drug resistance, therefore reducing combination chemo-
therapeutic efficacy (81,82). Amplified PI3K and activated 
Akt have been observed in 12-68% of tumors, and are closely 
associated with upregulation of mTOR signaling (83), therefore, 
activation of the PI3K/Akt pathway and its downstream mTOR 
signaling appear to represent drug resistance and poor prognosis 
(11,83); apoptosis plays an important role in the maintenance 
of physiological homeostasis in response to stimuli. When the 
apoptosis machinery fails, abnormal cells can survive, resulting 
in unopposed tissue growth and eventually fatal disease such 
as cancer (84). Apoptosis has been demonstrated to be involved 
in drug resistance in many solid tumors including ovarian 
cancer (85,86). VEGF signaling pathway is a key pathway in 
normal ovarian physiology and ovarian cancer, and closely 
related to drug resistance (87). Autophagy is involved in nucleus 
accumbens-1 mediated resistance to cisplatin, which is known 
to have important roles in proliferation, growth of tumor cells 
and chemotherapy resistance. Thus, the regulation of autophagy 
is considered to be involved in drug resistance in ovarian 
cancer (88). ABC transporters participated in drug resistance 
through controlling the drug transportation (89,90).

Taken together, we found that all the 11 pathways modulated 
by the miRNAs targeted CCL21 and SPARCL1 contributing to 
drug resistance in ovarian cancer, suggesting that CCL21 and 
SPARCL1 may also be involved in drug resistance in ovarian 
cancer.

Discussion

Drug resistance, comprising both intrinsic and acquired resis-
tance, is believed to cause treatment failure in over 90% of 
patients with metastatic cancer (102). Apparently, the survival 
of cancer patients would be highly increased if drug resistance 
could be overcome. There are many factors affecting drug 
sensitivity and cancer cell resistance to chemotherapy can 
occur at many levels, including drug transportation, drug inac-
tivation, alterations in drug target, processing of drug-induced 
damage and failure of apoptosis (102). In ovarian cancer, some 
mechanisms on drug resistance have been revealed. A decrease 
in cell-associated drug, altered GSH-mediated metabolism and 
enhanced DNA repair may play roles in cellular resistance to 
cisplatin and alkylating agents (103). Further studies show that 
the increased anti-apoptotic regulator activity, increased DNA 
repair activity, defective DNA damage response, deregulation 
of growth factor receptor and post-translational modification 
or altered expression of β-tubulin and other microtubule regu-
latory proteins may be involved in drug resistance in ovarian 
cancer (73). Among all these mechanisms and factors which 
contribute to drug resistance, some are essentially involved in 
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aberrant expression of genes. Thus, mining and exploring of 
potentially drug resistance-related genes would be a feasible 
and reasonable way to solve the drug resistance in ovarian 
cancer.

Gene function prediction based on bioinformatics analysis 
is a potential, feasible and valuable way for gene function 
mining, and many large-scale networks of molecular interac-
tions within the cell have made it possible to go beyond one 
dimensional approaches to study protein function in the 
context of a network (104). Pubgene is a gene/protein database 
and web-based tool for literature mining. It carries out auto-
mated extraction of experimental and theoretical biomedical 
knowledge from publicly available gene and text databases to 
create a gene-to-gene co-citation network for 13,712 named 
human genes by automated analysis of titles and abstracts in 
over 10 million MEDLINE records (20). Therefore, gene and 
protein names are cross-referenced to each other and to terms 
that are relevant to understanding their biological function and 
importance in disease. GeneMANIA is a web-based database 
and tool for prediction of genes function on the basis of multiple 
networks derived from different genomic or proteomic data/
sources. It is fast enough to predict gene function with great 
accuracy (21). BiologicalNetworks server allows easy retrieval, 
construction and visualization of complex biological networks, 
including genome-scale integrated networks of protein-DNA, 
protein-protein and genetic interactions. Most importantly, 
BiologicalNetworks satisfy the need for analysis of expression 
profiles of genes or proteins simultaneously on to small mole-
cules (metabolic) and cellular networks (22). Thus, the predicted 
functions of CCL21 and SPARCL1 based on these networks 
were reasonable and reliable.

Based on the network analyses, we found that 8 of the 10 
genes which co-occurred with CCL21 and SPARCL1 in ovarian 
cancer were drug resistance-related genes (Fig. 1). Among these 
genes, p53 (5,6), BRCA1 (7,8), BRCA2 (8), and ERBB2 (9) are 

already proven to be involved in drug resistance in ovarian 
cancer. CCL21 and SPARCL1 were co-expressed, co-localized, 
physically interacted and shared protein domains and pathways 
with other genes/proteins according to GeneMANIA network 
(Fig. 2). Annotated functions (Table III) suggested that CCL21 
might participate in drug resistance through regulation of 
leukocytes, neutrophil chemotaxis, G-protein coupled receptor 
activity and calcium ion, therefore, CCL21 might be a potential 
drug resistance-related gene. Even though SPARCL1 had no 
annotated functions, it was co-expressed with RAMP3 and 
VWF, and shared protein domains with IGFBP7 (Fig. 2), which 
are all reported to be associated with drug resistance (58,59,61). 
SPARCL1 was co-expressed with CCL21, and interacted with 
each other through other genes, indicating that SPARCL1 might 
have a close relationship with CCL21 in functions. In addition, 
SPARCL1 exhibits 62% identity (63) and shares four domains 
(FOLN, Kazal_1, Kazal_2 and SPARC_Ca_bdg) with SPARC 
(Table II), which plays an important part in drug resistance 
in ovarian cancer (64,65). CCL21 had co-citations with 12 
small molecules according to BiologicalNetworks (Fig. 3). 
Among them, omeprazole, SMS 201-995, ruthenium complex, 
hydrogen peroxide and 2,2'-bipyridine which are demon-
strated to be related to drug resistance in cancers (66,67,69-71) 
and adenosine monophosphate is associated with drug resis-
tance in ovarian cancer (68). Among all the genes, proteins 
and small molecules which had interactions with CCL21 and 
SPARCL1, most of them are participating in drug resistance 
of cancers, and some of them contribute to drug resistance in 
ovarian cancer. Therefore, we concluded that both CCL21 and 
SPARCL1 might have close relationships with drug resistance 
in ovarian cancer.

MicroRNAs (miRNAs) are a class of small (22 bp) 
endogenous non-coding RNAs which regulate gene expres-
sion mainly by its binding to the 3'-UTR of the target mRNA, 
and causing mRNA cleavage, destabilization or translational 

Figure 4. The overall procedure of bioinformatics analysis of CCL21 and SPARCL1 associated with drug resistance in ovarian cancer.
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repression (105,106). miRNA-mediated post-transcriptional 
gene regulation is considered as a significant regulator of 
many cellular processes, both physiological and pathological 
(107,108). It has been proven that miRNAs play important roles 
in drug resistance of many cancers including ovarian cancer 
(73). Because miRNAs perform their functions through the 
regulation on their target genes, and it has been well established 
that miRNAs represent a class of genes with a great potential 
for use in diagnostics, prognosis and therapy (109), therefore, we 
can predict the gene function through the functions of miRNAs 
targeting the gene.

MiRWalk is a comprehensive database on miRNAs, which 
gathers predicted and validated miRNA binding sites on all 
mRNAs, mitochondrial genes and 10 kb upstream flanking 
regions of all known genes of human, mouse and rat. More 
importantly, the miRWalk is a real-time database to some 
extent, in which the ‘Validated Target module’ is updated every 
month and the ‘Predicted Target module’ is updated every 6 
months (23). DIANA-mirPath is a web-based computational 
tool developed to identify molecular pathways potentially modu-
lated by the expression of miRNAs. The software performs an 
enrichment analysis of multiple miRNA target genes comparing 
each set of miRNA targets to all known KEGG pathways. The 
output of the program shows an overview of the parts of the 
pathway modulated by miRNAs, facilitating the interpretation 
and presentation of the results of the analysis and genes (24).

Based on the analysis of miRWalk and DIANA-mirPath, we 
found that among all the pathways enriched by multiple miRNAs 
targeted CCL21 and SPARCL1, there were 11 pathways 
(Table IV) closely associated with drug resistance in ovarian 
cancer, indicating that CCL21 and SPARCL1 might contribute 
to drug resistance through those miRNAs to modulate drug 
resistance-related pathways.

Collectively, based on the function prediction using motif-
based approaches, network interactions, pathway enrichment 
analysis of miRNAs and function predictions on the basis of 
experimental data from literature (Fig. 4), we concluded that 
CCL21 and SPARCL1 might contribute to drug resistance 
in ovarian cancer. This is the first report of the drug resis-
tance-functions of CCL21 and SPARCL1 in ovarian cancer, 
and thus this study might set the stage for further experimental 
studies of CCL21 and SPARCL1 with their drug resistance 
associations in ovarian cancer. This study provided important 
information for further investigation of drug resistance-related 
functions of CCL21 and SPARCL1 in ovarian cancer.
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