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Abstract
Background and Objective: Fibroblast stromal cells actively participates in tumor invasion by secreting matrix metalloproteinases (MMPs)
within the tumor microenvironment. Expression of these enzymes is primarily regulated at a transcriptional level via interaction with
transcription factors. Among these factors, YB-1 oncogenic factor binds with different nucleic acids to exert its diverse influences. Also
it represents an important prognostic indicator in many types of tumors. The aim of this study was to assess the expression of collagenases
MMPs (MMP1, MMP8, MMP13) and the cellular proliferation in one of the most invasive types of cancer cell types which is the A375
malignant melanoma cancer cell line using co-culture settings. Also, the study attempted to assess the expression of YB-1 factor and its
in vivo  interaction with the AP-1 gene promoter sequence. Materials and Methods: The experiment involved growing A375 cells with
CCD1079SK fibroblasts cells in co-culture environment. The proliferation of cells was determined using serial trypan blue assays, while
the expression of YB-1, MMP1, MMP8 and MMP13 was determined by the use of real-time PCR and western blotting analysis. The potential
interaction between YB-1 protein and AP-1 promoter sequence was assessed through chromatin immunoprecipitation (ChIP) assay. SPSS
with independent t- test was used to compare cell proliferation and real-time PCR Ct mean values between samples. Results: In co-culture
setting, the proliferation of A375 cancer cells was significantly faster than the cells in monoculture setting (5.1×105, 3×105 respectively
in day 3) (p<0.05). Also, there was a significant increase in the expression of MMP1 enzyme. YB-1 and MMP8 were significantly expressed
more in the A375 cancer cells in comparison with normal fibroblasts cells (p<0.05). Conclusion: The study confirms the role of stromal
fibroblasts by enhancing the proliferation of melanoma cancer cells in vitro  and increasing the expression of the MMP1 enzyme. In
addition, YB-1 factor remains as an important prognostic indicator in cancer that might regulate expression of MMPs without binding
to the AP-1 promoter sequence.
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INTRODUCTION

The tumor microenvironment is an evolving crosslink
between tumor cells and the adjacent normal interstitial cells
such as fibroblasts, endothelial and some immune cells1.
Cancer cells recruit these stromal cells via various interactions
and change their function within tumor tissue to promote
their expansion and spread1. These interactions have been
validated in many types of malignancies, most notably lung,
breast, prostatic, pancreatic and skin cancer2,3. Among these
cells, the normal spindle-shaped fibroblasts cells are important
in maintaining the framework of extracellular matrix (ECM) by
synthesizing collagens, proteoglycans and fibronectin in
addition to the release of protease enzymes capable of
degrading the ECM4. However, in the tumor stroma, these cells
also known as Cancer-Associated Fibroblast (CAF) cells are
perpetually activated and neither revert to a normal
phenotype nor undergoes apoptosis or elimination5. The CAF
cells communicate with cancer cells through a number of
growth factors like vascular endothelial growth factor,
platelet-derived growth factor, fibroblast growth factor,
transforming growth factor and interleukin-66,7 in addition to
their direct interaction with adjacent cancer cells to facilitative
their proliferation, extravasations, invasion, metastasis and
angiogenesis8. In these interactions, CAFs are believed to
break down tissue basement membranes by releasing the
matrix metalloproteinases (MMPs) which are a group of
extracellular zinc-dependent endopeptidase enzymes,
classified to several sub-groups including collagenases,
gelatinases, stromelysins and matrilysins9,10. Collagenases
include MMP1, MMP8 and MMP13 which are capable of
initiating degradation of native fibrillar collagens (type I, II, III,
V and IX) and play a vital role in embryonic tissue
development and tissue remodeling11. These enzymes are also
highly expressed in many malignancies12-14. For example,
MMP1 is highly expressed in highly invasive malignant
melanoma together with MMP1310,15. Similarly, MMP8 is highly
expressed in breast cancer and number of ovarian cancer cell
lines16, 17. The transcriptional regulation of these collagenases
involves activated cancer pathways such as Mitogen-Activated
Protein Kinase (MAPK) pathway18. Also, several transcription
factors  are  found  to  indirectly  regulate  collagenases
expression through interaction with specific gene promoter
sequences such as AP-1 site19. The Activator Protein-1 (AP-1)
DNA binding site 5'TGAGTCA’3  is an important binding site for
many oncogenic factors for the transcriptional regulation of 
MMPs expression19. The AP-1 transcription factors also induces

the  expression  of  different  factors  related  to  enhancement
of  cancer  cell  proliferation  and  progression20.

The YB-1 oncogenic factor is a transcription factor that
was reported to bind with AP-1 site21. This factor is a member
of the cold-shock protein family containing a highly conserved
nucleic-acid-binding motif responsible for DNA repair, RNA
splicing  and exon skipping21. Samuel et al.22 confirmed the
role of this factor in promoting tumor cellular proliferation,
invasion, metastasis and drug resistance. Also, YB-1 protein is
found to interfere with the commonly activated cancer
pathways   such   as   the   MAPK   pathway,   phosphoinositide
3-kinase (PI3K) pathway, mechanistic target of rapamycin
(mTOR) pathway and p53 pathways23,24. Therefore, an elevated
level of YB-1 protein is considered as a poor prognostic
indicator in many malignancies such as breast, lung, bone and
the skin cancers25,26. Currently, there are some conflicting
evidences about the binding of YB-1 protein to the AP-1
sequence of MMPs gene promoter that show variable
influences on MMPs transcription19,21. Therefore, this study
aimed to investigate this ambiguity by examining YB-1
expression and YB-1-DNA interaction by chromatin immune
precipitation (ChIP) analysis. The effect of stromal cells
(fibroblasts)  on  the  proliferation  and  the  expression of 
MMP1,  MMP8,  MMP13  by  the  malignant melanoma cancer
cells in the co-culture setting was also studied.

MATERIALS AND METHODS

The study was conducted in the Cell Culture and
Molecular Laboratory in the Integrated Centre for Research
Animal Care and Use (ICRACU) institute, International Islamic
University Malaysia, Kuantan. All of the study laboratory
procedures have taken place during the time between
November 2016 and March 2017.

Cell culture conditions: The study involved the A375
malignant melanoma (ATCC® CRL-1619) and the CCD1079SK
normal human skin fibroblast (ATCC® CRL-2097) cell lines.
Dulbecco's Modified Eagle's Medium (DMEM) supplemented
with  10%  Fetal Bovine Serum (FBS), 1 mM sodium pyruvate,
10    mM    HEPES    buffer    (pH   7.4)    and    100    µg    mLG1

penicillin-streptomycin was used to culture both cell lines in
culture plate in a humidified incubator (5% CO2, 37EC). Cell
lines were used within 15 passages from cryopreservation and
all the reagents used were of cell culture grade. The growth
rate of A375 cancer cells was optimized and the exponential
and plateau growth phases harvesting time were determined
at day 4 and day 7, respectively.
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Co-culture setting: To determine the effect of stromal
fibroblast  cells  on  the  proliferation  of  A375  melanoma cells
in vitro,  approximately 2×105 CCD1079SK fibroblast cells
were seeded within 0.3 mL of DMEM complete media into
polyethylene terephthalate (PET) membrane well inserts
(Corning, USA), 0.4 µm pore size. The well inserts were kept
inside  the  wells  of  24  well plate (Corning, USA) containing
0.9 mL of complete media in each well. The plate was then
incubated  for  48  h  supplemented  with  5%  CO2 at 37EC. On
day 3, approximately 4×105 of A375 cells were isolated and
seeded into the lower compartment in the well plate. By this
method, the two cell lines were physically isolated from each
other but the communication was maintained by the media
exchanging through the PET membrane. Also, the same
number of A375 cells was seeded into another set of wells
with well insert containing only complete media with no cells
as a negative control.

Another setting of co-culture was used following the
protocol setting from Kim et al.8  with few modifications. In this
procedure, we grew nearly 1×104 normal skin fibroblast cells
in complete DMEM growth media for approximately five days
to reach 60% confluence. Subsequently, approximately 1×104

A375 melanoma cells were seeded on the top of the attached
fibroblasts  in  the  same  well  and  incubate   both   cells   for
72  h.  Lysates  from  these  cells  were  used  in  subsequent
real-time PCR and western blot processing and analysis. The
preference of this co-culture setting was because the stromal
cells were in direct contact with the A375 melanoma cancer
cells in addition to the maintenance of the paracrine signaling
effects established among the cells in the setting.

Incubation of A375 and CCD1079SK cells monocultures
was in the same complete DMEM media and same incubation
conditions until the cells reach 90% confluence. At the same
time, some monocultures were left in incubation beyond the
confluence level to reach the plateau phase of cell growth
where the cell proliferation is greatly reduced and most of the
metabolic activities in the cancer cells are significantly
impaired. These overgrown cells were analyzed for the
expression of same target proteins to demonstrate the effect
of the less aggressive A375 cancer cells.

Cell  quantification:  Viable  cells  were detached using triple
E-express (Gibco, USA), after incubation, the cell suspension
was neutralized using media supplemented with FBS followed
by centrifugation of the cell suspension in a sterile 15 mL tube
for 5 min at 2200 rpm. Subsequently, 100 µL of cell suspension
diluted  with  400  µL  of  trypan  blue  solution incubated for
2 min at room temperature followed by cell counting using
hemocytometer under the microscope magnification.

Real-time  PCR:  After  detaching A375, CCD1079SK and  the
co-culture cells using triple E-express (Gibco, USA) followed by
washing the cells with PBS buffer (pH 7.4), the mRNA was
extracted using Aurum Total RNA Mini kit (BioRad, USA)
followed by checking the RNA integrity on denaturing RNA
electrophoresis confirming the 18S and 28S bands with no
smearing. This was followed by RNA purity test using
Nanodrop spectrophotometer (thermoScientific, USA)
confirming A260/A280 and A260/A230 ratios being higher
than 2.00. Then the RNA samples were normalized and
subjected to cDNA formation using iScript™ Advanced cDNA
Synthesis Kit (BioRad, USA). The amplification of cDNA samples
was implemented using SsoAdvUniverSYBR Green master mix
(BioRad, USA) with specific primers sets for each of the target
proteins (BioRad, USA).

Gene expression data was analyzed using )) Ct method
after normalizing the Ct mean values with Ct mean value of
three housekeeping genes among the samples to determine
the  relative  mRNA  expression  of  each  protein.  The
experiments involved triplicate sets for each of the
experiments with multiple replicates.

Western blot analysis: The cell samples were mixed with
Pierce RIPA lysis buffer (25 mM Tris-HCl (pH 7.6), 150 mM NaCl,
1%    NP-40,    1%    sodium    deoxycholate,    0.1%    SDS)
(Thermo Fisher, USA) on ice to extract membrane, nuclear and
cytoplasmic    proteins.    The    mixtures    were    subjected   to
30 sec of water bath sonication for three times every 10 min
while incubation on ice for 30 min followed by centrifugation
at 12,000 rpm for 30 min at 4EC. The supernatant was carefully
aspirated to a new tube and stored at -80EC. The protein
lysates concentration was normalized using pierce
bicinchoninic acid (BCA) assay kit (Thermo Fisher, USA) for the
colorimetric detection and quantitation of total protein by
running the standard curve of different known protein
concentrations. After running SDS-polyacrylamide gel
electrophoresis for 90 min, the proteins were transferred to
polyvinylidene fluoride (PVDF) membrane using semi-dry
blotting procedure. After exposing the membranes to
blocking solution for 60 min, we incubate the membranes
with   primary   specific   monoclonal   mouse   antibodies
(Santa-Cruz, Germany) at 4EC overnight with aggression. Then
the membranes were washed five times with Tris-buffered
saline with 0.1% Tween 20 (TBST) buffer (pH 7.6) followed by
incubation in horseradish peroxidase (HRP)- conjugated
secondary Rabbit anti-mouse antibodies solutions (Santa-Cruz,
Germany) for 1 h at room temperature. After washing, HRP
substrate was added to the membrane and the protein bands
were  detected  and  analyzed  using  ChemiDoc™  XRS
(BioRad, USA).
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Chromatin immune precipitation: The interaction between
YB-1 proteins and the AP-1 gene promoter was determined
using SimpleChIP® Plus Enzymatic Chromatin IP Kits (Cell
Signaling, USA). In this method, formaldehyde was used to fix
the protein-DNA complexes which were then isolated from
the cell lysate using YB-1 ChIP-validated monoclonal
antibodies (Santa-Cruz, Germany) by using magnetic beads
separation. The cross-linking was then reversed to split the
DNA from the proteins of interest followed by DNA
purification and PCR amplification of AP-1 target sequence
using specific primers sequence19. The PCR products were
stained with ethidium bromide (Sigma-Aldrich, USA) and
visualized on 1% agarose gel (Sigma-Aldrich, USA) by
ChemiDoc™ XRS (BioRad, USA).

Statistical  analysis:  The  study  quantitative  data  were
recorded as the Mean±Standard Error of the mean value and
the   statistical   analysis  was   completed   using    SPSS 17.0
(SPSS Inc., Chicago, IL, USA). Comparison between two groups
was done by independent t tests. p<0.05 was considered to
indicate a statistically significant difference20.

RESULTS

Cell proliferation: The experiment involved growing equal
numbers of A375 cells in monoculture and co-culture as
shown in Fig. 1. The proliferation of the cancer cells was
significantly increased (p<0.05) in the co-culture setting in
comparison with cancer cell monoculture setting. The
increased proliferation was also elicited under the microscope
especially after 72 h of incubation in cancer cells monocultures
and co-cultures as shown in Fig. 1.

Real-time  PCR  and  Western  blot  analysis:  In  A375
monocultures, there was a significant decrease (p<0.05) in the
relative expression of MMP1 gene in comparison with
fibroblasts cells during the exponential and plateau growth
phases. Remarkably, in co-culture setting, the relative
expression of MMP1 gene was 178-fold significantly increased
(p<0.05) in comparison with A375 monocultures (Fig. 2).

The  relative expression of MMP8 gene had a (122 and
44)-folds significant up-regulation (p<0.05) in A375 cancer
cells monocultures in comparison with fibroblasts cells during
the exponential and plateau growth phases respectively.
While in co-culture setting there was a significant reduction
(p<0.05) in the relative expression of MMP8 in comparison
with A375 monocultures. The MMP13 gene did not have any
significant changes (p>0.05) in its relative expression between
monocultures and co-cultures or between different growth
phases.

Fig. 1(a-d): (a)  Growth  curve  for  A35  cells  in  monoculture
and    co-culture.    (b-d)    Microscope    graphs
(10X magnification) of cell growth   morphology. 
 (b)  A375,   (c) CCD1079SK and (d) co-culture of
both cell lines

The  relative  expression  of  YB-1  gene  was  significantly
6-folds increased (p<0.05) in A375 cancer cells monocultures
in comparison with normal fibroblasts cells during the
exponential growth phase. However, in the plateau growth
phase  of  monocultures,  the  changes  were  reversed  where
YB-1 gene relative expression was significantly reduced
(p<0.05) in A375 melanoma cells in comparison with normal
fibroblasts cells. In the co-culture setting, YB-1 gene did not
show any significant changes in relative expression compared
with A375 cancer cells monoculture (p>0.05).

The protein expression of the target factors is shown in
Fig. 3. YB-1 and MMP8 proteins were highly expressed in A375
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Fig. 2(a-c): Relative mRNA expression analysis of target genes showing their mean values±SEM (a) Exponential cell growth of
A375   and   CCD-1079SK   monocultures,   (b)   Plateau  cell  growth  of  A375  and  CCD-1079SK  monocultures  and
(c) Exponential cell growth of A375 monoculture and co-culture of A375 and CCD-1079SK *p<0.05

cells monocultures, while MMP1 was highly expressed in the
co-culture setting of A375 and fibroblasts cells. The Western
blotting also elucidated a reduction in the expression of the
YB-1  protein  in  co-culture  setting  and  fibroblast  cells  in
comparison with A375 melanoma cells monocultures.

Chromatin  immunoprecipitation  assay:  In  the  study, while
investigating the interaction of the YB-1 protein with the AP-1
sequence of the MMP gene in vivo   by  fixing  the  cells  in  the
culture environment using ChIP  assay.  The  YB-1  protein  did

not bind with the AP-1 sequence as shown in Fig. 4. The
sequence was validated in the DNA extracted from A375 cells.

DISCUSSION

Fibroblast cells enhance proliferation of melanoma tumor
cells in vitro: To elucidate the effect of fibroblast cells on the
proliferation of A375 cells, we established the cancer-stromal
cell co-culture environment in separate compartments using
PET    membrane    allowing    the    exchange    of   biochemical
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Fig. 3: Western blot analysis
1: A375, 2: CCD1079SK, 3: Co-culture (A375+CCD1079SK), The molecular weights of the target proteins were 52, 55 and 48 kDa for MMP1, MMP8 and MMP13,
respectively, 55 and 50 kDa for YB-1 and Tubulin- alpha, respectively

Fig. 4: Chromatin immunoprecipitation assay
Lane 1 and 9: 100 bp ladder, Lane 2: AP-1 site interaction with YB-1, Lane 3: AP-1 site interaction with CTCF, Lane 4: 144 bp product for AP-1 site interaction
with +ve control histone antibody, Lane 5: AP-1 site interaction with -ve control anti Rabbit antibody, Lane 6: 2% output that confirms the AP-1 sequence in
the DNA isolated, Lane 7: Another 160 bp PCR product showing the interaction of PCR positive control with YB-1, Lane 8: PCR negative control (no DNA sample)

compounds between cells via this membrane. As
demonstrated  in  the  growth  curve  in  Fig.  1  and   section
C, there was a marked increase (p<0.05) in  the  proliferation
of A375 melanoma cells by the co-cultured CCD1079SK 
fibroblast  cells.  As  stated  in  the  review  by Shiga et al.5, 
CAFs interact with cancer cells by their contact and via
secretion of different growth factors to enhance tumor cells
proliferation and metabolism3,27-29. Due to this, cancer cells are
no longer the main contributor in tumor progression. The
recruitment of these activated CAF cells in the tumor stroma
are associated with higher risk of metastasis and poor life
expectancy in many types of cancer such as breast cancer,
lung cancer and pancreatic cancer29-31. Several studies
conducted  on  co-culture  cells  have  shown  that  CAFs
stimulated the cancer cell growth in vitro32,33. Also, in vivo
studies targeting CAFs in cancer models have demonstrated
suppression of tumor growth34. Therefore, targeting these cells
in patients is expected to slow down the growth of cancer
cells and improve patient’s life expectancy35.

Co-culture of fibroblast and melanoma cells affects the
pattern  of  collagenases  expression:  As  demonstrated  in
Fig. 2, the study showed a (177 fold) significant increase
(p<0.05) of the expression of MMP1 in co-culture setting
which was significantly reduced (p<0.05) in A375 cancer cells
monoculture. The relative expression of MMP8 gene was
significantly reduced (p<0.05) in A375 cancer cells co-culture
setting, while it was significantly increased (p<0.05) in A375
melanoma cells monocultures.

The  MMPs  are  reportedly  known  as  important
contributors in the progression of the tumor13 either by
directly breaking down the components of the extra cellular
matrix easing the escape of cancer cells or by activating
several signaling pathways through the release of different
cytokines, growth factors and adhesion molecules within the
extracellular environment. These reactions participate in
enhancing cancer cell migration, angiogenesis, invasion and
metastasis10. However, these changes are not applicable to all
MMPs members. Flach et al.1, have shown an overexpression
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of MMP1 and MMP13 in the vertical growth phase of highly
invasive malignant melanoma cells in comparison with the
local less aggressive type of melanoma. The source of these
MMPs  was  first  shown  to  be  by  the  cancer  cells  however
Flach et al.1 elucidated that these enzymes are more
significantly produced by the stromal fibroblasts in the tumor
stroma. The MMP1 released by these stromal cells was shown
to promote the metastatic behavior of cancer cells and induce
profound inflammatory response causing more aggressive
features by the cancer cells2. The MMP8 had shown some
controversial influences on the progression of cancer cells
despite the consensus about the active role played by MMPs
in invasion and metastasis. Vihinen et al.36 elucidated the
tumor promoting effect by MMP8 in patients with malignant
melanoma tumor. However, the later evidence did elucidate
that this MMP exhibits some anti-tumor properties by limiting
the metastatic behavior of breast cancer cells and improving
the prognosis of patients with squamous cell carsinoma10,37.
Also, it was noticed that any interference with the enzymatic
activity of MMP8 might worsen the prognosis of cancer,
whereby correlation was elucidated between mutations of
MMP8 gene with reduction of enzymatic activity and an
increased proliferation and invasion of melanoma cancer
cells38. These evidences are in line with the study results that
showed an increase in the expression of MMP1 and a
reduction in MMP8 in A375 cancer cells co-culture setting as
mentioned earlier.

YB-1 protein is highly expressed in melanoma cells without
binding  to  MMP  AP-1 gene  sequence:  In  this  study,  there
was an increased expression of the YB-1 protein in A375
melanoma cells during the exponential growth phase as
shown in Fig. 2. Although the co-culture cells had a lower
expression of the Yb-1 protein, the gene expression was not
significantly different. This  finding is in agreement with
studies that confirmed the association between the level of
YB-1 protein and the aggressiveness of many types of tumors
such as in breast cancer, synovial sarcoma39, non-small-cell
lung carcinoma40 and prostate cancer41. Although some
studies claimed the binding YB-1 with AP-1 sequence of MMPs
gene promoter is necessary to enhance their expression as
stated by Sarkar et al.42. However, in the studies conducted by
Norusis20 and Samuel et al. 22, YB-1 protein demonstrated an
MMP gene insulating effect by binding to the AP-1 sequences.
In this study, though YB-1 was highly expressed by the A375
melanoma  cells,  however,  later  ChIP  analysis  revealed  no
in vivo  interaction with AP-1 sequence of MMP gene as shown
in Fig. 4. The AP-1 sequence was validated in the extracted
DNA   from    A375   cells.   Also   the   positive   control   histone

antibody  did  bind  with  the  DNA  segments  containing  the
AP-1 sequence. This can be explained by the evidence of YB-1
protein involvement with the acceleration of well-known
cancer  activated  pathways  such  as  MAPK  pathway,
PI3K/Akt/mTOR pathway and p53 pathways that might be the
underlying mechanism to enhance the expression of these
enzymes24-26. Additionally, the Yb-1 protein may also activate
the tumor stromal cells by releasing different growth factors43.
In the same context, several in vivo  and in-vitro  studies were
established with transient and permanent knock down of YB-1 
protein   expression   were   associated   with   anti-invasive,
anti-metastatic, anti-proliferative and other anticancer
influences within the cancer hallmarks of progression44,45.
Therefore, YB-1 remains as an essential biomarker of cancer
progression and as a promising target for treatment.

CONCLUSION

The study elucidated that stromal cells (fibroblasts),
MMP1 enzyme and YB-1 oncogenic factor are promising
targets in the development of cancer treatment that might
improve the life expectancy of cancer patients. However, in
this study, the mechanism of YB-1 regulation of MMPs
expression was not revealed. Therefore intervention studies by
knocking down the expression of YB-1 protein with further
investigation on different signaling pathways, growth factors
and chemokines are necessary to uncover its relation with the
expression of these MMPs.

SIGNIFICANCE STATEMENTS

This study elucidates the effect of stromal cells in the
tumor microenvironment that can be considered as an
important target in the treatment of cancer patients. Also, it
confirms that the effect of YB-1 protein on the expression of
collagenases MMPs does not involve its binding to the AP-1
gene promoter sequence.
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