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Abstract. Ovarian cancer is the most lethal gynecological 
malignancy. Multiple drug resistance (MDR) development 
leads to resistance of cancer cells to chemotherapy. Microarray 
methods can provide information regarding new candidate 
genes that can play a role in resistance to cytostatic drugs. 
Extracellular matrix (ECM) can influence drug resistance 
by inhibiting the penetration of the drug into cancer tissue as 
well as increased apoptosis resistance. In the present study, 
we report changes in the ECM and related gene expression 
pattern in methotrexate-, cisplatin-, doxorubicin-, vincris-
tine-, topotecan- and paclitaxel-resistant variants of the W1 
ovarian cancer cell line. The resistant variants of the W1 cell 
line were generated by stepwise selection of cells with an 
increasing concentration of the indicated drugs. Affymetrix 
GeneChip® Human Genome U219 Array Strips were used for 
hybridizations. Independent t-tests were used to determinate 
the statistical significance of results. Genes whose expression 
levels were higher than the assumed threshold (upregulated, 
>5-fold and downregulated, <5-fold) were visualized using 
the scatter plot method, selected and listed in the tables. 
Among the investigated genes, expression of 24 genes 
increased, expression of 14 genes decreased and expression 
of three genes increased or decreased depending on the cell 
line. Among the increased genes, expression of 10 increased 
very significantly, >20-fold. These genes were: ITGB1BP3, 
COL3A1, COL5A2, COL15A1, TGFBI, DCN, LUM, MATN2, 
POSTN and EGFL6. The expression of seven genes decreased 
very significantly: ITGA1, COL1A2, LAMA2, GPC3, KRT23, 
VIT and HMCN1. The expression pattern of ECM and related 
genes provided the preliminary view into the role of ECM 
components in cytostatic drug resistance of cancer cells. The 

exact role of the investigated genes in drug resistance requires 
further investigation.

Introduction

Ovarian cancer is the sixth most common cancer in women (1). 
A high percentage of mortality results from late diagnosis and 
low chemotherapy effectiveness. In most cases, ovarian cancer 
is diagnosed when the disease has progressed to stage  III 
or IV, according to the FIGO classification (2). These patients 
have a poor prognosis with the current therapies. The first-line 
treatment includes a combined chemotherapeutic regimen 
of platinum and taxane (3). The second-line chemotherapy 
generally includes taxane derivatives as well as cisplatin (Cis), 
topotecan (Top) and doxorubicin (Dox) (4,5).

The primary reason for low chemotherapy efficacy is 
resistance of cancer cells to treatment. Several different drug-
resistance mechanisms have been observed in cancer cells. 
These mechanisms include: decreased drug accumulation in 
the cells, change in drug cellular localization, faster inactiva-
tion of the drug, faster repair of damage by the drug DNA 
and cellular membranes, changes in amino acid sequences of 
target proteins which make them insensitive or less sensitive 
to the drugs actions as well as changes in regulation of apop-
tosis. However, the most important and prevalent mechanism 
of drug resistance is multiple drug resistance (MDR). MDR 
means the ability of cancer cells to actively remove the cyto-
statics from the cell via transport proteins. Drug transporters 
from the ABC family are responsible for these phenomena (6). 
Among them, P-glycoprotein (P-gp) and breast cancer resis-
tance protein (BCRP) play the main role in MDR.

Sometimes a drug resistance phenotype is observed 
in spite of a lack in drug resistance gene expression. This 
suggests that other yet unknown genes may also play a role 
in cancer drug resistance. Genome wide expression analysis 
by oligonucleotide microarray may provide a new insight into 
novel candidate genes that are involved in drug resistance.

Current understanding of drug resistance development in 
response to cytostatic drugs is based largely on research on 
drug-sensitive and -resistant pairs of cell lines. By analyzing 
expression of genes using microarray techniques in six drug-
resistant ovarian cancer cell lines, we observed changes in 
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the expression of many genes related to extracellular matrix 
(ECM).

ECM consists of ground substance and fibers. These 
components are a dynamic and interactive system that 
inform cells about mechanical and biochemical changes in 
their extracellular environment. The ground substance occu-
pies the space between the cells and fibers and consists of 
proteoglycans, such as decorin, lumican and keratocan; multi 
adhesive glycoproteins including fibronectin and laminin; and 
glycosaminoglycans, such as hyaluronan or keratan sulfate. 
Among fibers, collagen and elastin fibers can be distinguished. 
ECM molecules regulate gene expression, cell proliferation, 
differentiation and migration as well as cancer metastasis (7). 
In physiological conditions, expression of ECM proteins is 
restricted to connective tissue. In pathological conditions, 
ECM expression has been reported in many cancers in vivo (8) 
and in drug-resistant cancer cell lines (9).

It has been reported that ECM can affect drug resistance 
in two different ways. First, by preventing the drug penetra-
tion in the cancer tissue  (10-12). ECM components such 
as collagen, elastin and polysaccharides (hyaluronan and 
proteoglycan), may limit drug diffusion  (13). Some drugs, 
such as Cis, are readily distributed within the tumor whereas 
Dox, methotrexate, vinblastine and paclitaxel bind to cellular 
macromolecules (14). Second, by interaction of cancer cells 
with components of ECM and with growth factors. These 
interactions can affect the apoptosis sensitivity and drug 
resistance of cancer cells (15,16). This type of drug resistance 
is designated as cell adhesion-mediated drug resistance 
(CAM‑DR) (17). An example of this is resistance of small 
cell lung cancer (SCLC) cells to Dox and melphalan, medi-
ated by interaction of β1-integrins with ECM (8). Alteration 
in expression of ECM components, matrix metalloproteinases 
(MMPs) and other enzymes can lead to ECM remodelling and 
increased cancer metastasis (18,19).

The present study shows alterations in the gene expres-
sion levels of ECM and related proteins in the methotrexate 
(W1MR), cisplatin (W1CR), doxorubicin (W1DR), vincristine 
(W1VR), topotecan (W1TR) and paclitaxel (W1PR)-resistant 
variant of W1 primary ovarian cancer cell line.

Materials and methods

Reagents. Methotrexate, Cis, Dox, vincristine, Top and pacli-
taxel were obtained from Sigma (St. Louis, MO, USA). TRI 
reagent, RPMI-1640 medium, fetal bovine serum, penicillin, 
streptomycin, amphotericin B (25 µg/ml) and L-glutamine were 
also purchased from Sigma. A cell proliferation kit I (MTT) 
was purchased from Roche Diagnostics GmbH (Mannheim, 
Germany). Affymetrix GeneChip® 3' IVT Express kit, and 
Affymetrix GeneChip Human Genome U219 microarrays 
were both from Affymetrix (Santa Clara, CA, USA).

Cell lines and cell culture. Human ovarian cancer cell line W1 
was established from ovarian cancer tissue obtained from an 
untreated patient. Sublines resistant to Mtx- W1 methotrexate 
(W1MR), Cis- W1 cisplatin (W1CR), Dox- W1 doxorubicin 
(W1DR), Vin- W1 vincristine (W1VR), Top- W1 topotecan 
(W1TR) and Pac- W1 paclitaxel (W1PR) were obtained by 
exposure of the W1 line to stepwise increasing drug concentra-

tions. Final concentration of each drug was 2-fold greater than 
the concentration in the plasma 2 h after intravenous adminis-
tration (20). The cells were 138-, 8-, 10-, 24-, 20- and 641-fold 
resistant to their selective drugs, respectively, as determined by 
cell proliferation kit I (MTT). All cell lines were maintained as 
monolayer in complete medium [RPMI‑1640 medium supple-
mented with 10% (v/v) fetal bovine serum, 2 pMl‑glutamine, 
penicillin (100 U/ml), streptomycin (100 U/ml) and ampho-
tericin B (25 µg/ml)] at 37˚C in a 5% CO2 atmosphere.

RNA isolation and preparation of microarray and RQ-PCR 
reactions. RNA isolation from W1 and all resistant sublines was 
performed using TRI reagent, according to company protocol. 
RNA was quantified using spectrophotometry methods by 
measuring absorbance values at 260 and 280 nm wave length as 
well as ratio of 260/280 nm to estimate protein contamination 
level. Each sample ratio was in (1.8-2.0) interval. RNA degra-
dation level was checked by electrophoresis method using 1% 
denaturing agarose gel and was also measured by estimating 
RIN factor on Bioanalyzer 2100 (Agilent Technologies, Inc., 
Santa Clara, CA, USA). Estimated RIN values were between 
8.5-10 with an average of 9.2. Additionally, each sample was 
diluted to final work concentration of 100 ng/µl. All samples 
were prepared in triplicate. cDNA for microarray analysis was 
synthesized in two steps (separate synthesis for first and second 
strand) using Affymetrix GeneChip® 3 'IVT Express kit and 
100 ng/µl of RNA according to Affymetrix GeneAtlas 3' IVT 
Express kit protocol. Next, in vitro transcription (resulting in 
population of cRNA), biotin labelling and cRNA fragmenta-
tion was also performed using the same protocol.

Microarray hybridization and scanning. Following this proce-
dure, samples were loaded and hybridized with Affymetrix 
GeneChip Human Genome U219 microarrays along with control 
cRNA and oligo B2. The hybridization process was conducted 
on AccuBlock™ Digital Dry Bath (Labnet International, Inc. 
New York, NY, USA) hybridization oven at 45˚C for 16 h. We 
then washed and stained microarrays according to the tech-
nical protocol using Affymetrix GeneAtlas™ Fuidics Station 
and scanned chips with Affymetrix GeneAtlas™ Imaging 
Station (both from Affymetrix). Scanned microarrays were 
saved as *.CEL files on hard disk.

Microarray analysis and gene screening. Quality control 
(QC) studies were performed using Affymetrix GeneAtlas™ 
(Affymetrix) software according to the manufacturer's 
standards. Secondary quality control studies were evaluated 
by Partek® Express™ Software (Partek Inc., St. Louis, MO, 
USA). Gene screening analysis with QC results as well as 
statistical algorithms (non-parametric Mann-Whitney U test 
with α=0.05) were conducted in the same software. As a result, 
a table of the most important fold-changes was developed and 
imported to Pathway Studio® Explore (Ariadne Genomics, 
Rockville, MD, USA) where pathway studies were performed. 
Genes with most changes in fold degree between resistant and 
parental W1 cell lines are listed.

To visualize effects of filtering, we applied gene list to 
scatter plot with fold-change level of five as a threshold (genes 
upregulated, >5 fold-change and downregulated, <-5 fold-
change) (Fig. 1). The same threshold was applied to the gene 
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table, and in the final step, genes related to ECM were selected 
and their participation in drug resistant phenotype was evalu-
ated. Scatter plot and gene lists were made using R language 
(http://www.r-project.org, version 2.14) with Bioconductor 
(http://www.bioconductor.org) package installed.

Results

Gene chip quality assessment. In the present study, we used 
standard factors such as background to noise signal, internal 
hybridization controls, internal poly(A) control RNA as well 
as GAPDH to β-actin 3'/5' signal ratios to preliminarily deter-
mine the quality of analyzed samples.

Gene expression evaluation and gene expression lists. We 
analyzed changes in transcription level of ECM-related genes. 
Analysis of the gene expression in six drug-resistant ovarian 
cancer cell lines provided new data regarding the response of 
cancer cells to chemotherapeutics treatment. Tables I and II 
summarize the changes in the expression of ECM, matrix 
metallopeptidases and related gene expression levels in 
drug‑resistant sublines with respect to W1 drug sensitive cell 
line. The genes with statistically significant changes below 
p<0.001 and within fold-change intervals (∞, 5] and [0.2, 0) 
which correspond to translation >5 and <-5, respectively, were 
considered as genes involved in the drug resistance phenom-
enon while genes inside interval (0.2, 5) were not. Negative 
values of gene expression were rescaled to positive real 
numbers so that if -x is negative expression level than equation 
-1/-x will cast it to positive real numbers set.

Expression of 41 genes encoding ECM proteins, integrin 
receptors and related genes were altered in drug-resistant cell 
lines (Tables I and II, Figs. 2 and 3). Twenty-four genes were 
upregulated in at least one drug-resistant cell line. Fourteen 
genes were downregulated in at least one drug-resistant cell 
line and three genes were downregulated or upregulated 
depending on the cell line. The most variable cell lines were the 
Pac- and Top-resistant cell lines. In these cell lines we observed 
changes in expression of 28 and 26 genes, respectively. The 
most stable cell lines were the Cis- and Mtx-resistant cell lines. 

In these cell lines, we observed changes in expression of only 
eight genes.

From these 41 genes, expression of 10 was upregulated 
very significantly, >20-fold. These genes included: ITGB1BP3, 
COL3A1, COL5A2, COL15A1, TGFBI, DCN, LUM, MATN2, 
POSTN and EGFL6. Seven genes were very significantly 
downregulated: ITGA1, COL1A2, LAMA2, GPC3, KRT23, 
VIT and HMCN1. Changes in expression levels of all genes 
are summarized in Tables I and II and Figs. 2 and 3.

Figure 1. Scatter plot showing the 5-fold upregulated and downregulated 
genes (the green and red dots, respectively) in the W1TR cell line with respect 
to the Top-sensitive W1 cell line. The plot filters the genes with fold-change 
values between 0.2- and 5-fold (black dots).

Figure 2. The expression ratios of extracellular matrix genes in the drug‑resis-
tant sublines.

Figure 3 .The expression ratios of matrix metallopeptidases and related genes 
in the drug-resistant sublines.
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High similarity between the Pac- and Top-resistant cell 
lines has been observed. In both cell lines, we observed upreg-
ulation and downregulation of six identical genes. Of the six 

upregulated genes, three were upregulated very significantly 
in both cell lines: COL3A1, DCN and MATN2. Among the six 
downregulated genes, three were downregulated very signifi-

Table I. The genes showing the fold-change in extracellular matrix-related proteins in the drug-resistant sublines with respect to 
the parental W1 cell line. 

	 Up-/downregulation
	 --------------------------------------------------------------------------------------------------------------------------------------------------------------
Gene	 RefSeq	 C vs.	 C vs.	 C vs.	 C vs.	 C vs.	 C vs.
symbol	 transcript ID	 W1CR	 W1DR	 W1MR	 W1PR	 W1TR	 W1VR

ITGA1	 NM_181501	 NS	 NS	 -19.67	 -70.9	 -69.34	 -24.78
ITGA6	 NM_000210	 -6.34	 NS	 -19.70	 NS	 NS	 NS
ITGB1BP3	 NM_170678	 NS	 NS	 NS	 NS	 73.56	 NS
COL1A1	 NM_000088	 NS	 NS	 NS	 NS	 11.70	 NS
COL1A2	 NM_000089	 -28.51	 NS	 -29.41	 -64.85	 NS	 -5.99
COL3A1	 NM_000090	 NS	 NS	 NS	 85.11	 548.74	 NS
COL4A6	 NM_001847	 NS	 NS	 NS	 -6.84	 -5.26	 NS
COL5A2	 NM_000393	 NS	 NS	 NS	 8.95	 25.09	 NS
COL15A1	 NM_001855	 NS	 NS	 NS	 NS	 NS	 66.96
LOX	 NM_002317	 NS	 NS	 NS	 NS	 5.72	 NS
TGFBI	 NM_000358	 NS	 NS	 NS	 NS	 33.78	 NS
LAMA1	 NM_005559	 NS	 NS	 NS	 -5.37	 NS	 NS
LAMA2	 NM_000426	 -27.64	 -38.73	 -6.57	 -33.34	 -14.22	 -13.23
LAMB1	 NM_002291	 NS	 NS	 -7.28	 NS	 NS	 -16.67
FN1	 NM_002026	 NS	 NS	 NS	 NS	 NS	 -6.14
FBN1	 NM_000138	 NS	 NS	 NS	 8.87	 NS	 NS
FBN2	 NM_001999	 NS	 NS	 NS	 12.50	 NS	 -6.13
EFEMP1	 NM_001039348	 NS	 NS	 NS	 5.10	 NS	 NS
EFEMP2	 NM_016938	 NS	 NS	 NS	 5.24	 NS	 NS
GPC3	 NM_004484	 NS	 NS	 NS	 -63.75	 NS	 NS
GPC6	 NM_005708	 NS	 -14.37	 NS	 -14.23	 -8.37	 NS
DCN	 NM_001920	 NS	 NS	 NS	 35.32	 151.11	 NS
KERA	 NM_007035	 NS	 NS	 NS	 NS	 11.79	 NS
LUM	 NM_002345	 NS	 6.27	 NS	 NS	 137.51	 11.09
BCAN	 NM_021948	 NS	 NS	 NS	 NS	 6.66	 NS
SPOCK3	 NM_001040159	 NS	 6.19	 NS	 NS	 NS	 NS
NID2	 NM_007361	 NS	 NS	 NS	 7.20	 NS	 NS
KRT18	 NM_000224	 -6.08	 -5.35	 -9.12	 NS	 NS	 NS
KRT23	 NM_015515	 9.71	 NS	 10.61	 -37.96	 -12.63	 NS
COCH	 NM_001135058	 NS	 NS	 NS	 6.77	 NS	 NS
VIT	 NM_053276	 NS	 -7.31	 NS	 -85.07	 -52.64	 NS
CLDN11	 NM_005602	 -6.73	 NS	 NS	 NS	 NS	 NS
MATN2	 NM_002380	 NS	 NS	 NS	 60.78	 29.10	 NS
MATN3	 NM_002381	 NS	 NS	 NS	 NS	 7.44	 -11.24
CD248	 NM_020404	 NS	 NS	 NS	 12.04	 11.89	 NS
POSTN	 NM_001135934	 NS	 70.42	 80.19	 NS	 NS	 NS
CTHRC1	 NM_138455	 NS	 11.11	 NS	 NS	 NS	 NS
HMCN1	 NM_031935	 NS	 NS	 NS	 -61.81	 -13.39	 -29.35
EGFL6	 NM_015507	 NS	 NS	 NS	 NS	 20.90	 NS
TGFBR2	 NM_001024847 	 NS	 NS	 NS	 NS	 5.12	 NS
WNT5A	 NM_003392	 NS	 NS	 NS	 18.47	 NS	 NS

NS, upregulation or downregulation between 5 and -5, indicative of changes in expression that are not statistically significant.
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cantly in both cell lines: ITGA1, COL1A2 and VIT (Table I 
and Fig. 2).

Among MMPs, ADAMT and TIMP (Table II and Fig. 3) 
expression of nine genes was altered in drug-resistant cell lines. 
Five genes were upregulated, three genes were downregulated 
and one gene was upregulated or downregulated depending 
on the cell line. We did not observe any notable changes in 
upregulated genes. Expression of all genes increased between 
5‑10-fold. One gene, ADAMTS19, was significantly down-
regulated (>20-fold) in four of six investigated cell lines.

Discussion

The present study demonstrated a correlation between resis-
tance to cytostatic drugs and expression of genes encoding 
ECM and related proteins. Genes with a fold-change situated 
in (0.2, 5) interval were considered as not significantly altered 
in expression and are not taken into consideration.

Expression of drug transporters from the ABC family is 
the main reason for the MDR phenotype of cancer in vivo as 
well as cancer cell lines in vitro. The most important are P-gp 
and BCRP (21). Expression of these two proteins has also been 
reported by us in investigated cell lines (22,23). Using western 
blotting, we confirmed microarray data at the protein level 
of many other proteins and among them for COL3A1 (data 
not shown). In all cases, we observed a correlation between 
microarray results and expression at the protein level.

Previous data indicated that ECM proteins and related 
molecules may also be involved in cancer drug resistance (17). 
ECM may increase the drug resistance of a solid tumor by 
blocking the penetration of therapeutic agents (10-13) or by 
increasing resistance to apoptosis (15,16). ECM expression has 
been reported in tumors in vivo as well as in vitro in drug 
resistant cell lines  (9,24). Expression of ECM molecules 
together with drug transporters from the ABC family in vitro 
indicate that ECM components can play a significant role in 
drug resistance.

Integrins are transmembrane receptors that mediate the 
attachment between a cell and the ECM. They are involved 
in cell signalling and the regulation of cell cycle, shape and 
motility. We observed decreased expression of two integrin 
genes ITGA1 and ITGA6. This is in contrast to other results, 
where an increase rather than a decrease in the expression 
of integrin genes was observed (9,25,26). ITGA1 form with 
the β1 subunit cell-surface receptor for collagen and laminin. 
Notably, we observed strong downregulation of ITGA1 in cell 
lines with the highest expression of COL genes. This is in 
contrast to the study of Varma et al, who observed overexpres-
sion of ITGA1 along with COL6A1 in A2780/C10 cell line 
resistant to oxaliplatin (27). Our result is difficult to explain 
in the context of studies showing anti-apoptotic effects of 
cell adhesion to ECM via integrins. In Top-resistant cell line 
we observed upregulation of the ITGB1BP3 gene. This gene 
code nicotinamide riboside kinase 2 is also known as muscle 
integrin-binding protein (MIBP). We did not find any data 
regarding the role of this protein in cancer drug resistance in 
the literature. Elucidation of its role in drug resistance requires 
further investigation.

Upregulation of four collagen genes in investigated cell 
lines have been observed: COL1A1, COL3A1, COL5A2 and 
COL15A1. COL3A1 was upregulated in Pac- and Top-resistant 
cell lines. Expression in Top-resistant cell line increased 
>500‑fold. This suggests that in can play a very important 
role in the resistance to Top. COL1A1 and COL5A2 were 
also upregulated in Top-resistant cell lines and COL15A1 
was upregulated in a Vin-resistant cell line. These results 
indicate that COL gene upregulation can be a specific cellular 
response to Pac, Top and Vin treatment. Similar results were 
observed by us in other drug-resistant ovarian cancer cell lines 
resistant to Pac and Top (24). Increased expression of COL 
genes has also been observed by others in vitro and in vivo. In 
drug-resistant variants of MCF-7 breast cancer cell line, over-
expression of six COL genes was observed (9). In Cis-resistant 
variant of A2780 ovarian cancer cell line, overexpression of 

Table II. The genes showing the fold-change in matrix metallopeptidases and related genes in the drug-resistant sublines with 
respect to the parental W1 cell line.

	 Up-/downregulation
	 ------------------------------------------------------------------------------------------------------------------------------------------------------------
Gene	 RefSeq	 C vs.	 C vs.	 C vs.	 C vs.	 C vs.	 C vs.
symbol	 transcript ID	 W1CR	 W1DR	 W1MR	 W1PR	 W1TR	 W1VR

MMP2	 NM_001127891	 NS	 NS	 NS	 6.67	 NS	 NS
MMP11	 NM_005940	 NS	 NS	 NS	 6.32	 NS	 NS
MMP14	 NM_004995	 NS	 NS	 NS	 -7.25	 NS	 NS
ADAMTS1	 NM_133638	 -7.72	 NS	 NS	 NS	 7.89	 -24.85
ADAMTS4	 NM_005099	 NS	 NS	 NS	 NS	 NS	 NS
ADAMTS5	 NM_007038	 NS	 NS	 NS	 NS	 5.01	 NS
ADAMTS19	 NM_133638	 NS	 -40.24	 NS	 -97.87	 -38.77	 -79.69
ADAMTSL1	 NM_001040272	 5.13	 NS	 NS	 NS	 NS	 NS
TIMP1	 NM_003254	 NS	 NS	 NS	 5.04	 5.36	 NS
TIMP3	 NM_000362	 NS	 NS	 NS	 -5.37	 NS	 NS

NS, upregulation or downregulation between 5 and -5, indicative of changes in expression that are not statistically significant.
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COL6A3 and COL11A1 was detected (28). Collagen genes 
were also upregulated in advanced ovarian cancer (29). These 
data suggest that collagens indeed play an important role 
in drug resistance. It appears that COL overexpression can 
protect cells against cytostatics by two ways. First, by interac-
tion of collagen with cellular receptors. It has been observed 
that cultivation of Cis-sensitive A2780 ovarian cancer cells in 
the presence of collagen VI protein led to resistance to Cis 
in vitro. This effect can result from interaction of collagen 
with cellular receptors that lead to apoptosis resistance (27). 
The other possibility is that collagens specifically interact with 
cytostatic drugs decreasing the amount of drug that can target 
cells. It has been observed that in tumor resistance to penetra-
tion, collagen network is lengthened and this can contribute to 
drug resistance by preventing the penetration of therapeutic 
agents (12). Dense and tortuous ECM can be an important 
barrier for drugs (18). Diffusion rates for larger molecules 
inversely correlate with level of fibrillar collagen as well as its 
organization and orientation (21,30,31). We observed consider-
able expression of fibrillar COL3A1 in Top-resistant cell lines 
and increased expression in Pac-resistant cell line. Very high 
expression of COL3A1 in Top-resistant cell lines suggests that 
it can play a specific role in resistance to this drug. In contrast, 
expression of COL1A2 and COL4A6 was downregulated in 
four and two drug-resistant cell lines, respectively, with high 
downregulation of COL1A2 in W1PR, W1MR and W1CR 
lines. In the context of other results, it is difficult to elucidate 
downregulation of these genes in investigated cell lines.

A lysine oxidase (LOX) is important for the crosslinking 
of collagens and elastin (32). Increase in expression of LOX in 
W1TR cell lines may be related to expression of many COL 
genes. Expression of this gene has been reported by us in a 
Pac‑resistant cell line that also expressed many COL genes 
(24). Increased LOX expression seems to play a critical role 
in promoting tumor growth and metastasis in many types 
of cancer, including breast  (33), colorectal  (34) and lung 
cancer (35,36). Expression of LOX in W1TR cell line can lead 
to a more invasive character of this cell line. However, this 
needs to be confirmed by further study.

Transforming growth factor-β-induced protein (TGFBI), 
functions in physiological and pathological conditions including 
carcinogenesis (37). It can play a tumor suppressor (38) or 
promoter (39) role depending on the tumor environment. We 
observed upregulation of TGFBI in Top-resistant cell line. 
Upregulation of this gene has also been observed by us in other 
Top-resistant cell lines (24). This indicates that TGFBI can 
play a role in Top resistance. We did not find any information 
in the literature regarding the role of TGFBI in Top resistance. 
TGFBI binds to type I, II and IV collagens. This suggest that it 
may be important in cell-collagen interactions. It appears that 
TGFBI expression in Top-resistant cell lines may be related to 
its interaction with COL1A1 also overexpressed in these cell 
lines.

Laminins belongs to multiadhesive proteins and play 
an important role in linking ECM to cell surface. They are 
trimeric proteins that contain an α-, a β- and a γ-chain. The 
α-chain is responsible for cell surface receptor, heparin and 
heparin sulfate binding. β- and γ-chains are responsible for 
collagen  IV binding. Laminins influence cell differentia-
tion, migration and adhesion (40) and play a role in invasive 

behavior of tumor cells. In investigated cell lines, we observed 
decreased expression of three laminin genes with downregula-
tion of LAMA2 in all drug-resistant cell lines. This suggests 
that downregulation of LAMA2 gene is rather general than 
specific cell response for cytostatic-induced stress. These 
results are in contrast to results of Işeri et al, who observed 
strong upregulation of laminin gene expression in MCF-7 drug 
resistant sublines (9). It appears that changes in laminin gene 
expression after cytostatic treatment are cell line-dependent.

FN1 gene encoding fibronectin was slightly downregulated 
in W1VR cell lines. This is in contrast to other studies that 
showed increased expression of this gene in drug-resistant cell 
lines (9). Shibata et al suggested that fibronectin can increase 
invasiveness of ovarian cancer cells (41).

Fibrillins are microfibrils of ECM and play a role in elastic 
fiber assembly. FBN1 was upregulated in W1PR cell line. 
FBN2 was upregulated in W1PR cell line but downregulated 
in W1VR cell line. Işeri et al also observed upregulation of 
FBN1 and FBN2 in Pac and other drug-resistant cell lines (9). 
Thus, it appears that FBN genes can play a role in drug resis-
tance; however, this requires further study.

We observed increased expression of EFEMP1 (also 
known as fibulin-3) and EFEMP2 (also known as fibulin-4) 
genes in Pac-resistant cell line. They are members of the 
fibulin family of ECM glycoproteins. In pancreatic adenocar-
cinoma, EFEMP1 expression promoted tumor growth in vivo 
and inhibited apoptosis induced by 5-fluorouracil, gemcitabine 
and irinotecan (42). We previously observed very high expres-
sion of EFEMP1 in a Dox-resistant cell line  (24). Thus, it 
seems that this gene can indeed play a role in drug resistance. 
EFEMP2 expression in relation to drug resistance has yet to 
be fully described.

Glypican (GPC), decorin (DCN), keratocan (KERA), 
lumican (LUM), brevican (BCAN) and testican encoded by 
SPOCK3 gene are ECM proteoglycans. It has been reported 
that some glypicans play a role in cell proliferation and survival. 
We observed downregulation of two GPC genes, GPC3 and 
GPC6, with strong downregulation of GPC3 in W1PR cell 
line. This is consistent with observations of Varma et  al, 
who observed GPC3 downregulation in oxaliplatin-resistant 
ovarian carcinoma cell line A2780/C10 (27). GPC3 expression 
is frequently silenced in ovarian cancer cell lines and it seems 
that GPC3 plays a tumor suppressor role in ovarian (43) and 
lung cancer (44). In both cases, GPC3 expression was silenced 
by promoter hypermethylation. In contrast, it is upregulated 
in hepatocellular carcinoma (HCC) and regulates cell prolif-
eration (45). Increased expression of GPC6 has been reported 
in drug-resistant MCF-7 cell lines (9). We recently observed 
downregulation as well as upregulation of GPC genes in 
ovarian cancer cell lines (24). Hence, the role of glypicans in 
drug resistance remains unclear.

DCN belongs to the small leucine-rich proteoglycan 
(SLRP) family. It is a component of connective tissue, binds to 
type I collagen fibrils and plays a role in collagen fibrillogenesis 
when helps to orient fibers. It also can interact with collagen 
type I, II, III and IV (46). We observed overexpression of 
DCN gene in W1TR and W1PR cell lines. High expression in 
these cell lines can be related to high expression level of type I 
and III collagen. It has been reported that DCN is a TGF-β1 
inhibitor and reverses TGF-β1-mediated drug resistance (47); 



ONCOLOGY REPORTS  32:  1981-1990,  2014 1987

it also regulates proliferation and migration of A549 lung 
cancer cells (47) and increases angiogenesis and tumor cell 
invasiveness in bladder cancer (49). On the one hand, DCN 
plays an important function in cancer development and metas-
tasis, on the other, it is a potential target in cancer therapy (46).

KERA and LUM are also members of the SLRP family. 
We observed upregulation of KERA in W1TR cell line and 
LUM in W1TR as well as in W1VR cell lines. To our knowl-
edge, the relationship between KERA expression and drug 
resistance has not been described. Increased LUM expression 
has been reported in Cis-resistant head and neck squamous 
cell carcinoma cell lines as well as in patients not responding 
to treatment with Cis-based chemotherapy (50). It has been 
reported that LUM expression correlates with poor prognosis 
in advanced colorectal cancer  (51). LUM overexpression 
appears to be a marker of drug resistance, yet its role in this 
process requires further investigation.

Cytokeratins are intermediate filaments found in the intra-
cytoplasmic cytoskeleton of epithelial tissue. We observed 
small downregulation of KRT18 in Cis-, Dox- and Mtx-resistant 
cell lines. Expression of KRT23 was increased in Mtx-resistant 
cell line but decreased in Pac- and Top-resistant cell lines. To 
our knowledge, changes in expression of these genes have not 
been reported in drug-resistant cancer cell lines. Thus, the role 
of KER gene expression in drug resistance requires further 
investigation.

Cochlin (COCH) is expressed by fibrocytes in the inner ear 
and localized to extracellular spaces (52). COCH expression 
was slightly increased in Pac-resistant cell line. To our knowl-
edge, to date, its expression in cancer has not been described.

We observed strong downregulation in VIT gene in W1TR 
and W1PR cell lines. Vitrin was first isolated from the vitreous 
of the bovine (53). Its role in drug resistance and cancer has not 
been reported.

Matrilin-2 (MATN2) is a member of the von Willebrand 
factor A domain containing protein family. It may be involved 
in the formation of filamentous networks in the ECM, however 
its specific function has not yet been determined. Its expression 
has been reported in HCC (54). We observed strong upregula-
tion of MATN2 gene in Pac- and Top-resistant cell lines. This 
suggests that it may be related to COL gene upregulation in 
these cell lines. The role of MATN2 in drug resistance has not 
been described by other researchers. Thus, the exact role of 
this protein in resistance to cytostatic drugs requires further 
investigation.

We observed increased expression of CD248, endosialin/
tumor endothelial marker 1 (TEM-1) in Pac- and Top-resistant 
cell lines. Endosialin is a member of C-type lectin trans-
membrane receptors which play a role in cell-cell adhesion 
processes. Its role in cancer neoangiogenesis and tumor 
growth has been reported (55,56). Thus, it is possible that 
CD248 expression in vivo can lead to more invasive phenotype 
of Pac- and Top-resistant cell lines. This, however, requires 
animal studies.

Periostin (POSTN) is a secreted protein and is a ligand 
for α-V/β-3 and α-V/β-5 integrins. It is expressed in epithelial 
ovarian tumors (29) and plays a role in migration of ovarian 
epithelial cells (29,63). We observed very high expression level 
of POSTN in W1DR and W1MR cell line. This is the most 
highly expressed gene in these cell lines. Xiao et al reported 

that oxaliplatin or 5-FU-treatment increase POSTN expres-
sion in SW480 and HT-29 colon cancer cell lines and lead to 
chemoresistance through activation of the PI3K/Akt/survivin 
pathway (58). It is also possible that POSTN induced drug 
resistance in our investigated cell lines. However, this requires 
further and more detailed study.

Collagen triple helix repeat containing 1 (CTHRC1) may 
reduce collagen deposition by inhibition of Smad2/3 activa-
tion (59). Its upregulation was reported in gastric cancer as 
well as in colon cancer cell lines and clinical specimens 
contributed to cell invasion (60,61). Thus, increased expression 
of this gene in W1DR cell line can lead to a more invasive 
character of this cell line.

Hemicentin-1 is a large extracellular member of the immu-
noglobulin superfamily and is associated with age-related 
macular degeneration (62). To our knowledge, its role in drug 
resistance or even cancer has not been described to date. In 
the present study, we observed its downregulation in W1TR, 
W1PR and W1VR cell lines. Its role in drug resistance requires 
further investigation.

We observed EGFL6 overexpression in W1TR cell line. 
This protein is a member of the epidermal growth factor (EGF) 
repeat superfamily and is a secreted protein that promotes 
endothelial cell migration and angiogenesis via ERK activa-
tion (63). Its increased expression has been reported in benign 
meningioma (64), however its role in drug resistance has yet to 
be described.

Small increase in TGFBR2 encoding TGF, β receptor II 
has been observed in Top-resistant cell line. Overexpression of 
this protein has also been reported by others in Pac-, Doc- and 
Dox-resistant variants of MCF-7 breast cancer cell line (65). 
The authors suggested that this protein stimulated epithelial-
mesenchymal transition (EMT) in these cell lines. Whether 
our Top-resistant cell line has characteristics of cells in EMT 
requires further investigation.

We observed increased expression of WNT5A in W1PR 
cell line. WNT5A is a secreted protein implicated in onco-
genic and several developmental processes. Its expression 
has been reported in oxaliplatin-resistant ovarian carcinoma 
cell line A2780/C10 and in pancreatic cancer where it play an 
important role in drug resistance by increasing resistance to 
apoptosis (27,66). Thus, its expression in W1PR cell line may 
be one of the factors that increases its drug resistance.

Matrix metalloproteinases (MMPs) are zinc proteases 
responsible for ECM degradation. They are a main player in 
cleaving a number of bioactive molecules and are important in 
cell proliferation, differentiation and migration. They also play 
a role in pathological conditions, such as arthritis and cancer 
metastasis. We observed small changes in MMP expression. 
MMP2 and MMP11 were increased in W1PR cell line and 
MMP14 was decreased in this cell line. MMP2 gene encodes 
an enzyme which degrades type IV collagen. However, we 
observed downregulation of type IV collagen in W1PR cell 
line. In this context, increased expression of MMP2 in W1PR 
cell line is difficult to explain. It has been also reported that 
MMP2 plays a role in invasion and induces drug resistance of 
oral squamous cell carcinoma in vitro (67). It is possible that 
MMP2 plays a similar role in the W1PR cell line. A second 
MMP overexpressed in W1PR cell line was MMP11. MMP11 
is devoid of enzymatic activity against the matrix components 
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(68). It has been reported that MMP11 suppresses cancer cell 
apoptosis and necrosis and promotes tumor development in 
animal models (68,69). This enzyme is also overexpressed in 
primary breast cancers, their metastasis and correlates with 
poor clinical outcome (70). Thus, its expression in the W1PR 
cell line can play a role in the resistance to apoptosis and may 
be related to a more invasive character of this cell line. This, 
however, require further, more detailed study. MMP14 was 
slightly decreased in the W1PR cell line. It has been described 
that overexpression of MMP14 in prostate carcinoma induces 
resistance to gemcitabine by mechanisms involving increases 
in ERK1/2 phosphorylation (71). The role of this enzyme in 
resistance to Pac has not been described to date.

ADMST belongs to a disinterring and metalloproteinase 
with thrombospondin motif family of proteinases. These 
molecules are involved in various biological events, such as 
cell adhesion, cell fusion, cell migration, membrane protein 
shedding and proteolysis. It has been shown that overexpres-
sion of ADAMTS-1 promotes metastasis of mammary and 
lung carcinoma cells (72). We observed increased expression 
of ADAMTS-1 in a Top-resistant cell line and decreased 
expression in Cis- and Vin-resistant cell lines. In the study 
by Işeri et al (9), expression of ADAMST-1 was increased in 
Vin- and Pac-resistant cell lines. In the context of these results, 
the role of this enzyme in drug resistance appears to be cell 
line-dependent.

ADAMTS-5 is known to cleave aggrecan and brevican. Its 
expression has been reported in human glioblastomas where 
it cleaves brevican and promotes invasion (73). We observed 
increased expression of ADAMTS-5 in a Top-resistant cell 
line. This cell line also overexpresses brevican. Thus, increased 
expression of ADAMS5 in this cell line may be related to 
brevican overexpression.

The function of ADAMST-19 remains unclear. The rela-
tionship between this gene expression and cancer has also not 
been described. In the present study, we observed its down-
regulation in four of six drug-resistant cell lines. Thus, its role 
in drug resistance and cancer needs to be further investigated.

Tissue inhibitors of metalloproteinases (TIMPs) form 
inhibitory complexes with MMPs as well as ADAMs and block 
the ECM degradation. We observed increased expression of 
TIMP1 in W1PR and W1TR cell lines. In addition to its inhibi-
tory function, TIMP1 can be implicated in the promotion of 
cell proliferation, inhibition of apoptosis as well as drug resis-
tance. In breast cancer, high levels of TIMP1 have also been 
associated with a reduced response to chemotherapy (74,75). 
Thus, its increased expression in investigated cell lines can 
also be related to chemotherapy resistance.

TIMP3 expression was slightly downregulated in W1PR 
cell line. This is consistent with results of Işeri et al, who also 
observed strong downregulation of TIMP3 in MCF-7 cell lines 
resistant to Doc and Dox (9). Decreased expression of TIMP3 
was also reported in ovarian tumors after adjuvant chemo-
therapy (76). Thus, decreased expression of TIMP3 appears 
to be an unspecific response of cancer cells to cytostatic drug 
treatment.

In summary, our results present alteration in expression 
of many genes encoding ECM-related proteins in six ovarian 
cancer cell lines resistant to different cytostatic drugs. These 
results indicate that ECM proteins may also be implicated in 

drug resistance. Any general response to cytostatic treatment 
has not been observed. Alterations in gene expression appear 
to be rather cytostatic-dependent; however, we observed 
some similarity in gene expression profile between Pac- and 
Top-resistant cell lines. The importance of the investigated 
gene expression in drug resistance requires further investiga-
tion and should be confirmed in other ovarian cancer cell lines.
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