
 

 

Introduction 
 
The interaction of cells with adhesion proteins 
in the extracellular matrix (ECM) provides sig-
nals which affect the morphology, motility, gene 
expression and survival of adherent cells [1]. 
The integrin family of glycoprotein are com-
posed of a large family of heterodimeric integral 
cell surface receptors that mediate cell to ECM 
and cell-to cell interactions [2]. Lymphocyte in-
tegrins have a major role in mediating interac-
tions with ECM proteins during the transmigra-
tion process [3]. The integrin cell surface pro-
teins function as receptors for ECM proteins 
such as fibronectin, vitronectin, collagen IV [4]. 
The integrins are composed of α and β chain 
heterocomplex. To date, 8 different β chains 
and 14 different α-chains have been described, 
accounting for at least 20 combinations of the 
heterodimeric receptors [5]. Ligand binding of 
integrins is thought to be controlled by a mecha-
nism requiring either (a) receptor clustering 
alone, (b) ligand occupancy plus receptor clus-
tering or (c) clustering, ligand occupancy and 
tyrosine kinase activation [6]. The process of 

binding ligands to the integrins involves outside-
in signalling initiated by receptor clustering fol-
lowed by conformational changes in the α/ β 
chain culminating an affinity modulation for the 
ligand [7]. Fibronectin is a 440 kD prototype cell 
adhesion protein widely distributed in the tis-
sues and is a potential ligand for most cell types 
[8]. It is present as a polymeric network in the 
ECM and as soluble protomer in body fluids [9]. 
Two regions in each fibronectin subunit possess 
cell binding activity: the amino acid sequence –
RGD- and –PHSRN-, the site which acts in syn-
ergy with the RGD site [10]. The RGD motif in 
fibronectin and other cell adhesion proteins is 
the most important recognition site for about 
half of all known integrins [11]. The RGD loop is 
critical recognition site for α5β1 integrin recep-
tor; however, the synergy site PHSRN is required 
for high affinity binding [12]. Upon integrin-ECM 
protein interaction, focal adhesion kinase (FAK) 
is recruited to focal adhesion site and autophos-
phorylated [13]. FAK binds to a number of sig-
nalling and structural proteins and also acti-
vates different downstream signalling cascades 
involving ERK, PI-3K, etc [14]. It has been     
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reported that the ERK and PI-3K pathways regu-
late MMP-2 expression [15] and FAK trans-
fected cells show enhanced MMP-9 mRNA ex-
pression on culture in presence of fibronectin 
[16]. Thus integrin-mediated signalling initiates 
cell migration and release of proteolytic en-
zymes, e.g. matrix metalloproteinases (MMPs) 
[17, 18]. MMPs are a family of structurally re-
lated and highly conserved zinc dependent 
endopeptidases collectively capable of degrad-
ing most of the basement membrane and ECM 
[19, 20]. MMPs are secreted as zymogens from 
inside the cell to the cell surface and into the 
extracellular environment where they are able 
to degrade both ECM and non-ECM proteins. It 
is known that invasiveness of many haema-
tologic malignancies, including myelo-monocytic 
leukaemia involves over expression of prote-
olytic enzymes, such as MMP-2 & MMP-9. MMP-
9 is induced and secreted in conditioned media 
of leukemic cell lines in response to external 
stimuli, after pre-treatment of cells with 
chemokines and after cell adhesion to ECM [21, 
22]. The importance of tumour cell surface in-
tegrin receptors in the regulation of MMP ex-
pression and activity has been reported in sev-
eral studies. In our study, we have reported that 
binding of α2-mAb to human cervical carcinoma 
SiHa cell surface modulates MMP-2 activity [23] 
and culture of SiHa cells in presence of soluble 
fibronectin activatesMMP-2 & MMP-9 within 2 
hrs [24]. The purpose of our study was to deter-
mine whether fibronectin are able to modulate 
MMP expression and activity by human lympho-
cytes. In this present communication we report 
that the culture of chronic myelogenic leukemic 
cell K562, in serum free culture medium in 
presence of fibronectin up regulate pro-MMP-9 
activity. 
 
Materials and methods 
 
Cell culture 
 
K562, human Chronic Myelogenic Leukemic cell 
line was obtained from National Centre for Cell 
Sciences (NCCS), Pune, India. K562 cells were 
grown and maintained in RPMI (Invitrogen Cor-
poration; Cat No. 23400-021) containing 15% 
FBS in a 5 %CO2 incubator at 37ºC.  
 
Cell Adhesion Assay 
 
The micro titre plate wells were coated with fi-
bronectin (Roche; Cat No. 11051407001) or 

laminin (Roche; Cat No. 11243217001) or col-
lagen IV (BD Bio Sciences; Cat No. 35425) 
(1.56 µg, 3.125 µg, 6.25 µg, 12.5 µg and 25µg 
Fibronectin or laminin or collagen IV/well). The 
ligand was allowed to bind for 1½ hrs at 37ºC. 
Wells were blocked with Buffer C (1% BSA, 1mM 
CaCl2 and 1mM MnCl2 in PBS) for 1hr at 37ºC. 
Cells were collected from culture flasks, 
washed, suspended in Buffer C and added to 
micro titre plates (25,000 cells/well) and al-
lowed to bind at 37ºC for 1½ hrs. The wells 
were washed thrice with Buffer C. The bound 
cells were trypsinised, counted and related to 
the number of cells seeded (% of adhesion). 
 
Zymography 
 
K562 cells were initially grown in RPMI supple-
mented with 15 % FBS for 2 weeks. K562 cells 
(300,000 cells/1ml) were then maintained in 
petridishes (35 mm), washed thrice with serum 
free culture medium (SFCM) and treated with 
either a) increasing concentrations of fi-
bronectin (10 µg & 20µg/ml SFCM), b) GRGDSP 
(Life technologies; Cat No. 12135-018) (20µg/
ml SFCM) and c) collagen IV (20µg/ml SFCM) or 
laminin (20µg/ml SFCM) for 2 hrs, and the re-
spective SFCMs were collected by centrifugation 
at 389 g for 5 min. K562 cells (300,000 cells/
ml) were also grown in SFCM in presence of 
fibronectin (20 µg/ml SFCM) and the SFCM was 
collected after 1 or 2 hrs. All the experiments 
were done in triplicate and separately in sepa-
rate petridishes. Control cells (300,000cells/ml) 
were grown without fibronectin for 2 hrs and 
SFCM was collected. In another set of experi-
ment petridishes were first coated with fi-
bronectin (20 µg/1 ml SFCM) and then K562 
cells were grown in the fibronectin coated pet-
ridishes in SFCM for 2 hrs. The culture super-
natant was collected. To test the specificity of 
fibronectin, the effects of other ECM proteins, 
collagen IV (20 µg/ml SFCM) and laminin (20 
µg/ml SFCM) were investigated. K562 cells 
(300,000cells/ml) were maintained in presence 
of laminin (20 µg/ml SFCM) and collagen IV (20 
µg/ml SFCM) for 2 hrs in RPMI SFCM. The 
SFCMs were collected. The matrix metallopro-
teinases were concentrated from conditioned 
SFCM (750µl) by binding to gelatin Sepharose 
4B beads (Amersham Biosciences; Cat No. 
17095601) for 2hrs at 4C. The beads were 
washed thrice with Tris-buffered saline (10 mM, 
pH 7.4) with Tween-20 (20µl/100ml) (TBST) 
and suspended in 50µl of 1X sample buffer 
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(0.075 gm Tris, 0.2 gm SDS in 10 ml water, pH 
6.8). Total 50µl suspension was incubated for 
30 min at 37ºC and then centrifuged at 876 g 
to precipitate the sepharose bead for 5 min and 
the 50µl suspension was collected in a fresh 
tube and the total 50µl suspension was then 
subjected to zymography on 10% SDS-PAGE co-
polymerized with 0.1% gelatin. Gel was washed 
in 2.5% Triton-X-100 for 30 min to remove SDS 
and was then incubated overnight in reaction 
buffer (50 mM Tris-HCl pH 7, 4.5 mM CaCl2, 0.2 
M NaCl). After incubation, the gel was stained 
with 0.5% Coomassie Blue in 30% methanol 
and 10% glacial acetic acid. The bands were 
visualized by destaining the gel with water. To 
determine the α5 and α4 integrin mediated 
MMP expression and activity: K562 cells 
(300,000 cells/1ml) were initially grown in 
RPMI supplemented with 15 % FBS in pet-
ridishes, washed thrice with serum free culture 
medium (SFCM) and incubated with anti-α5 
(Santa crutz; Cat No. sc 10729) and anti-α4 
(Invitrogen; Cat No. 10391-019) antibody (5 
µg/1ml SFCM) for 1 hr. Subsequently the SFCM 
was removed and the cells were washed and 
incubated with fresh SFCM (1 ml) supplemented 
with 20µg fibronectin, for 2 hrs. The metallopro-
teinases were concentrated with gelatin Sepha-
rose B beads and subjected to zymography as 
described above. Anti-α5 and anti-α4 antibody 
treated K562 cells were also collected for cell 
adhesion assay as described above. K562 cells 
were grown in the presence of ERK inhibitor 
PD98059 (Promega; Cat No. V1191) (50µM), PI
-3K inhibitor LY294002 (Promega; Cat No. 
V1201) (50µM), U0126 MEK inhibitor 
(Promega; Cat No. V1121) (50µM), SB203580 
p38 inhibitor (Promega; Cat No. V1161) (50µM) 
in SFCM for hrs for NF-κB inhibitor  (Alexies Bio-
chemical; Cat No. ALX-0270-220) (5µM & 
10µM) 1 hr or in SFCM for 24hrs and then for 2 
hrs in presence of fibronectin (20µg /1 ml 
SFCM). The gelatinases were again concen-
trated and subjected to zymography as de-
scribed above. 
 
Enzyme linked immunosorbent assay (ELISA) 
 
K562 cells (300,000/1 ml) were maintained in 
absence and in presence of 20µg fibronectin for 
2 hours in RPMI SFCM. The culture super-
natants were collected by centrifugation at 389 
g for 5 min. Cells were collected and extracted 
with 250µl cell extraction buffer (37.5 mM Tris, 
75 mM NaCl, 0.5% tritonX-100 & complete, 

mini, EDTA-free one tablet (Roche) per 7 ml ex-
traction buffer). The wells of micro titre plate 
(96 well flat bottom sterile tissue culture plate 
with lid from greiner) were coated in triplicate 
with 50µl culture SFCM (for MMP-9 and TIMP-1) 
and 50µg of protein (for α5 & β1) from both 
control and experimental set and kept at 37ºC 
for one and half hour (plate was wrapped in 
wrap to prevent evaporation). Blank wells (with 
SFCM for MMP-9 & TIMP-1 and with cell extrac-
tion buffer for α5 & β1) were also prepared. 
Wells were washed with blocking buffer (1% 
BSA in PBS) to block non-specific binding sites 
and incubated for 1 hr at 37ºC. Then the wells 
were washed thrice with Washing Buffer (0.5% 
NP-40 & 0.5% BSA dissolved in PBS). Anti-MMP-
9 (Cat No. sc 6840), anti-TIMP-1 (Cat No. sc 
5538), anti-α5 , anti-β1 (BD Biosciences; 
610468) primary antibody solution (1:1000 
dilution) was added to respective wells and in-
cubated at 37ºC for 1 hr. Wells were washed 
thrice with Washing Buffer. Respective second 
antibody  (Cat No.sc 2005/ sc 2768/ sc 2004)  
solution (1:1000 dilution buffer) was added to 
wells and incubated at 37 ºC for 1 hr. Wells 
were washed six times with washing buffer (3 –
5 min per wash). 50 µl substrate (TMB) was 
added to the wells (in dark) and kept as long as 
required (i.e. until colour developed begins to 
become too intense).Then 25µl 1M H2SO4 stop 
solution was added and reading was taken in 
ELISA reader at 450 nm. Only control sets 
(K562 cells maintained for 2 hrs in RPMI SFCM 
in absence of fibronectin) were developed for 
α5 & β1. 
 
Immunocytochemistry 
 
K562 cells were allowed to maintain on pet-
ridishes in presence and in absence of 20µg 
fibronectin for 2 hrs in SFCM. The cells were 
collected in 1X PBS and then smeared on cover 
slips and air dried. Cells were fixed with 3.5% 
formaldehyde, permeabilised with 0.5% Triton-
X100 and the nonspecific sites were blocked 
with 1% BSA. The coverslips were then treated 
with anti- α5, anti-ERK (Cat No. sc 93), anti-p-
ERK (Cat No. 7383), anti PI-3K (Cat No. sc 
1637), anti-p-PI-3K (Cat No. sc 12929), anti 
FAK (Cat No. sc 557), anti-NF-κB (Cat No. sc 
109), anti-ILK ( Cat no. sc 13075), anti-EGFR 
(BD Biosciences; Cat No. 610017) and anti-p-
EGFR (sc 12351)  antibodies followed by re-
spective FITC-coupled second antibody (Cat No. 
sc 1020/ sc 2012/ sc 2777) at 37º C in a    
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humidified chamber. After washing 6 times in 
PBS, the cover slips were mounted on glass 
slides and observed under fluorescence micro-
scope. 
 
Western blot of ERK, p-ERK, PI-3K, p-PI-3K, FAK, 
p-FAK, ILK from direct cell lysate 
 
Total protein was extracted from control K562 
cells and K562 cells exposed to fibronectin for 
2 hrs. 75µg of protein from each extract were 
subjected to run on 7.5 % SDS-PAGE and were 
transferred onto a nitrocellulose membrane. 
Membranes were then blocked, and reacted 
with anti-ERK, anti-p-ERK, anti-PI-3K, anti-p-PI-
3K, anti-FAK, anti-p-FAK (Cat No. sc 11765-R), 
anti-ILK antibodies. After washing membranes 
were incubated with respective secondary anti-
bodies (sc 2008/ sc 2771/ sc 2007). Bands 
were visualized by using NBT/BCIP substrate. 
Actin (Cat No. sc 8432) was used as internal 
control and was detected on the same mem-
brane by reprobing. 
 
Preparation of nuclear extract 
 
K562 cells (300,000/ 1 ml) were grown with or 
without (control) fibronectin (20µg/ml) for 2 hrs 
at 370C. Cells were collected in 1 ml ice cold 1 
X PBS and was pelleted by centrifugation at 
9727 g for 5 min at 40C. Supernatant was re-
moved and the cells pellet was resuspended in 
1 ml of hypotonic buffer (10 mM Hepes pH 7.9, 
1.5 mM MgCl2, 10 mM KCl, 0.5 mM PMSF, 0.5 
mM DTT). Cells were pelleted by centrifugation 
at 19064 g for 10 min at 40ºC and lysed for 10 
min on ice in 40 µl of hypotonic buffer contain-
ing 0.5 % NP-40. Lysate was centrifuged as be-
fore and the cytoplasmic extract was collected. 
The nuclear pellet was lysed in 30 µl of lysis 
buffer (20 mM Hepes (pH 7.9), 420 mM NaCl, 
1.5 mM MgCl2, 0.2 mM EDTA, 0.5 mM PMSF, 
25 % v/v glycerol) for 15 min on ice. After cen-
trifugation at 19064 g for 10 min at 4ºC, nu-
clear extract was collected into 70µl of storage 
buffer (10 mM Hepes pH 7.9, 50 mM KCl, 0.2 
mM EDTA, 20% v/v glycerol, 0.5 mM PMSF, 0.5 
mM DTT) [25]. Western blot was performed as 
discussed above using 100µg of protein from 
both the cytoplasmic and nuclear extract of con-
trol and fibronectin treated cells. The bolt was 
developed with anti-NF-κB antibody, followed by 
incubation with respective secondary antibody 
and substrate to visualise the bands. Actin was 
used as internal control for the cytoplasmic frac-

tion and B23 was used as internal control for 
nuclear fraction.  
 
Electro mobility shift assay (EMSA)  
 
Nuclear extract was prepared as discussed 
above. 
 
Labeling of probes: The probes of the double 
stranded oligonucleotides (Operon) for NF-κB 
binding sequence on human MMP-9 promoter 
sequence as follows: 5’ – TGG AAT TCC CAG – 
3’. The complementary oligonucleotides were 
annealed using annealing buffer (10 mM Tris 
pH 8, 50 mM NaCl, 1mM EDTA) by heating at 
90ºC for 2 min followed by slow cooling to room 
temperature for 60 min. NF-κB oligonucleotides 
was end labelled with [ γ-32P] ATP using T4 
polynucleotide kinase incubating for 1 hr at 
37ºC. 10 µg of nuclear protein from control and 
treated cells were incubated with 32P labeled 
oligonucleotide probes using 2X binding buffer 
(25mM Hepes (pH7.6), 1mM EDTA, 0.5mM DTT, 
9 5mM MgCl2, and 75 mM KCl, 10% glycerol) 
for 30 min at room temperature in a final vol-
ume of 20 µl. After binding the protein- DNA 
complexes were electrophoresed on a native 5% 
polyacrylamide gel using 0.5 X TBE buffer. Each 
gel was then dried and subjected to auto radiog-
raphy at – 80ºC [26]. 
 
RT-PCR 
 
RNA was extracted from 1x 106 K562 cells 
(experiment was done in 3 sets to get 1X106 
cells) grown with fibronectin (20g/µ1 ml SFCM) 
or without fibronectin for 2 hrs. (Control). The 
sequence of the primers used for PCR were: 
hMMP-9: 5’ - CGC TAC CAC CTC GAA CTT TG - 
3’ (forward) and 5’ - GCC ATT CAC GTC GTC CTT 
AT - 3’ (reverse); hTIMP-1: 5’-CAC CCA CAG ACG 
GCC TTC TGC – 3’ (forward) and 5’- AGT GTA 
GGT CTT GGT GAA GCC – 3’ (reverse); hFAK: 5’- 
GCG CTG GCT GGA AAA AGA A -3’ (forward) and 
5’- TCG GTG GGT GCT GGC TGG TAG G – 
3’ (reverse), hα5: 5’- CAT TTC CGA GTC TGG GCC 
AA -3’ (forward) and 5’- CAA AAC AGC CAG TAG 
CAA CAA -3’ (reverse), hβ1: 5’- TGT TCA GTG 
CAG AGC CTT CA -3’ (forward) and 5’- CCT CAT 
ACT TCG GAT TGA CC -3’ (reverse). GAPDH prim-
ers 5’ – CGG AGT CAA CGG ATT TGG TCG TAT -
3’ (forward) and 5’ – AGC CTT CTC CAT GGT GGT 
GAA GAC – 3’ (reverse) were used as control to 
normalize for mRNA integrity and equal loading. 
RT-PCR was carried out using two-step RT-PCR 
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kit (Ambion, USA Cat No. AM1710). RNA and RT 
components were incubated at 42°C for 15 
mins and then 52°C for 45 min. and at 92°C 
for 10 min (to inactivate the reverse transcrip-
tase). Conditions used for PCR consisted of 40 
cycles for MMP-9 & TIMP-1, 35 cycles for α5 & 
β1 at 94°C for 30 sec, 58°C for 30 sec and 
72° C for 1 min 30 sec with a final incubation 
at 72° C for 7 min in DNA thermal cycler (Perkin 
Elmer). The predicted size of the PCR products 
was 198 base pairs (bp) for MMP-9, 345 bp for 
TIMP-1, 324 bp for 5 & 452 bp for β1. For FAK 
(475 bp), PCR consisted of 25 cycles of 30 sec 
at 94° C, 30 sec at 60 °C and 1 min 30 sec at 
72 °C. 
 
Transwell migration assay 
 
24 well transwell plate (Corning) with 12 inserts 
were taken and the lower chamber of each well 
was poured with 600µl RPMI SFCM. Control and 
fibronectin treated K562 cells (100,000 cells/ 
insert) were seeded in triplicate on membrane 
in the upper chamber of the insert. Cells were 
then allowed to grow for 24 & 48 hrs. After 24 & 
48 hrs of incubation, media was pipette out 
from membrane. SFCMs from lower chambers 
were collected and centrifuged at 3000 rpm for 
3 min. The membranes of the inserts were 
washed thrice with PBS. Cells were then fixed 
with 4% formaldehyde solution, followed by 
washing with PBS. Cells were then stained with 

Gill’s hematoxylin for 10 min. Membranes were 
then washed thoroughly in running water. The 
upper side of the membranes were scraped 
with buds; membranes were then cut and 
mounted with glycerol. The cells migrated 
through the membrane pore were observed un-
der microscope. 
 
Results 
 
K562 cell adhesion to fibronectin, laminin,   
vollagen IV 
 
Cell adhesion assay showed that K562 cell bind 
to fibronectin (Figure 1A) and laminin (Figure 
1B) efficiently. Binding of cells to collagen IV 
(Figure 1C) was observed to be much less than 
that of fibronectin and laminin. However the 
incubation of K562 cells with anti-α5 mono-
clonal antibody (+Alpha 5 antibody) for 1hr at 
37ºC (Figure 1D) inhibits the adhesion of cell to 
fibronectin appreciably. Binding of cells were 
not found to be altered significantly when cell 
were treated with anti-α4 monoclonal antibody 
(+Alpha 4 antibody; Figure 1D), confirming the 
binding of K562 cells through α5β1 integrin 
receptor. ELISA (Figure 2A) and RT -PCR (Figure 
2B) analysis showed that K562 cells express 
both α5 and β1 subunit of α5β1 integrin recep-
tor. Immunocytochemical study (Figure 2C) with 
α5 monoclonal antibody confirms its membrane 
localization in K562 cells. 

Figure 1. Cell adhesion assay: 
K562 cells (25,000/well) 
(Control) were added to wells 
coated with different amounts of 
Fibronectin (A), laminin (B) and 
collagen IV (C) (25µg/ml, 
12.5µg/ml, 6.25 µg/ml, 3.125 
µg/ml, and 1.56 µg/ml) in tripli-
cate. Wells were incubated at 
37ºC for 1.5 hrs. The wells were 
then washed thrice and cells 
were trypsinized. The cells were 
counted in a haemocytometer 
and cell adhesion was expressed 
in absolute number of cells re-
covered. (D) K562 cells grown in 
absence (Control) and in pres-
ence of 1µg alpha5 (+alpha 5 
antibody) and alpha4 (+alpha 4 
antibody) antibody for 1 hr were 
allowed to bind to the fibronectin 
(25µg/ml) and number of ad-
hered cells in both control and 
treated cells were calculated as 
described above. 
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Fibronectin induces pro-gelatinase B (MMP-9) 
activity in K562 cells 
 
Figure 2 shows a comparative zymogram. K562 
cells (300,000) grown in SFCM (1 ml) without 
fibronectin for 2 hrs (Figure 3; lane Control) do 
not show virtually any MMP-9 activity. When 1 
ml of SFCM (harvested from K562 cells) was 
incubated at 37ºC with 20µg of fibronectin and 
processed along with experimental samples, no 
MMP activity was detectable (Figure 3; lane 
SFCM). However, when K562 cells were main-

tained in the presence of 20 µg fibronectin for 1 
hr (Figure 3; lane +FN 1hr) or 2 hrs (Figure 3; 
lane +FN 2hrs)  gelatinolytic activity of pro-MMP
-9 was very prominent at both 1hr and 2 hrs. It 
is interesting to note that only a weak pro-MMP-
9 gelatinolytic band was observed when K562 
cells were cultured with another ECM protein 
laminin (Figure 3; lane +Lam) and collagen IV 
(Figure 3; lane +C IV) at the same concentration 
(20µg/ml) and time (2 hrs) as fibronectin.When 
K562 cells were grown in SFCM with 20µg – 
GRGDSP – hexapeptide MMP-9 activity was 

Figure 2. (A) K562 cells were collected from culture flask by centrifugation and were extracted in cells extraction 
buffer. 50µg of protein was added into microtiter well and allowed to coat for 1.5 hrs. Wells were then blocked with 
1% BSA followed by anti-α5 and anti-β1 antibody treatment respectively. After washing thrice with washing buffer well 
were reacted with respective HRP-coupled secondary antibody for 1 hr at 37ºC. Wells were washed thoroughly and 
substrate was allowed to react until colour development. Reactions were stop with 1M H2SO4 and the OD was meas-
ured at 450nm in ELISA reader (Biorad). (B) K562 cells (300,000 cells/ml) were grown in absence (lane C) and in 
presence of 20µg/ml fibronectin (lane E) for 2 hrs in SFCM. Cells were washed in PBS and total RNA were extracted, 
followed by two-step RT-PCR with equal amounts of total RNA using specific primers for PCR (alpha 5, beta 1). PCR 
products were run on a 2% agarose gel and bands were visualized under UV. GAPDH primers were used to confirm 
equal loading. (C). K562 cells were smeared on coverslip and fixed with3.5 % formaldehyde, followed by incubation 
with 0.5% triton-X100. 1% BSA was used for blocking and coverslips were then allowed to react with anti-α5 antibody 
for 1.5 hrs at 37ºC. Respective FITC coupled secondary antibody was added after washing. Coverslips were washed 
thoroughly with PBS and mounted on glass slides with glycerol. 

Figure 3. K562 cells (300,000 cells/ml) were grown in SFCM in absence (lane Control) and in presence of 20µg/ml 
fibronectin for 1 hr (lane +FN 1hr), 2 hrs (lane +FN 2hr). 1 ml RPMI SFCM collected from K562 cells was treated with 
20µg/ml for 2 hrs (lane SFCM). K562 cells (300,000 cells/ml) were grown in presence of 20µg/ml laminin (lane 
+Lam), 20µg/ml collagen IV (lane +CIV) and 20µg/ml –GRGDSP- (lane +RGD) for 2 hrs. K562 cells were grown in 
presence of anti-α5 antibody (lane + α5ab) and anti- α4 antibody (lane + α4ab) prior to 20µg/ml fibronectin for 2 hrs 
in SFCM. Lane FN coated represents pro-MMP-9 activity in the SFCM, collected from 20µg/ml fibronectin coated cul-
ture dish. Lane Marker is MMP-9/MMP-2 marker; obtained from culture supernatant of HT-1080 cells grown for 24 h 
in SFCM. In all the cases culture supernatant were separated by centrifugation and MMPs secreted were concen-
trated by gelatin sepharose 4B bead. MMPs were eluted from bead and run in 7.5 % SDS-PAGE copolymerized with 
0.1% gelatin. Gels were shaked with 2.5 % tritonX-100 followed by incubation with reaction buffer for 24 hrs at 37ºC. 
Gels were stained with coomassie blue staining solution to visualize the bands. 



Fibronectin up-regulates the expression of MMP-9 

 
 
294                                                                                                       Int J Clin Exp Pathol 2010;3(3):288-302 

virtually undetectable (Figure 3; lane +RGD). 
When K562 cells were grown in the presence of 
anti-α5 antibody for 1h and subsequently in the 
presence of fibronectin (20 µg/1 ml SFCM) for 2 
hrs (Figure 3; lane + α5 ab), pro-MMP-9 showed 
substantial reduction in activity. However, fi-
bronectin induced pro-MMP-9 activity was not 
found to be altered appreciably in presence of 
anti-α4 antibody (Figure 3; lane + α4 ab). When 
K562 cells were allowed to grow on fibronectin 
coated surface (Figure 3; FN coated), MMP-9 
activity was induced, however, the response 
was not much stronger. Figure 3; lane Marker is 
MMP-9/MMP-2 marker (culture supernatant of 
HT-1080 cells grown for 24 h in SFCM). 
 
Modulation of MMP-9 and TIMP-1 
 
ELISA report (Figure 4A) showed that MMP-9 
expression was increased appreciably in the 
SFCM upon culturing cells in presence of 20µg 
fibronectin (+Fibronectin) for 2 hrs, however, 
TIMP-1 expression was observed to be down 
regulated appreciably. Furthermore, RT-PCR 
result (Figure 4B) also showed increased ex-
pression of MMP-9, but inhibition of TIMP-1 in 
K562 cells treated with 20µg fibronectin for 2 
hrs (lane +FN) compared to the control cells 
(lane -FN). 
 
Role of ERK, PI-3K, NF-κB in the fibronectin me-

diated induction of pro-MMP-9 activity 
 
To study the importance of any cell signaling 
pathway(s) that are activated in fibronectin in-
duced pro-MMP-9 activity, K562 cells were 
grown in presence of 50µM ERK inhibitor [PD 
98059] (Figure 5A; lane +PD98059+FN), 50µM 
PI-3K inhibitor [LY 294002] (Figure 5A; lane + 
LY 294002+FN), MEK inhibitor [U0126] (Figure 
5A; lane +U0126+FN) and p38 inhibitor 
[SB203580] (Figure 5A; 12 lane 
+SB203580+FN) for 1 hr followed by 20µg fi-
bronectin treatment for 2 hrs. Comparative zy-
mograms showed partial inhibition of pro-MMP-
9 activity in the SFCM collected from ERK as 
well as PI-3K inhibitor treated K562 cells. Con-
trol cells were treated with 20 µg fibronectin for 
2 hrs. (Figure 5A; lane +FN). Lane Marker is 
MMP-9/MMP-2 marker (culture supernatant of 
HT-1080 cells grown for 24 h in SFCM). 
To confirm the role of ERK, PI-3K and NF-κB in 
fibronectin mediated MMP-9 up regulation ICC 
and western blot of ERK, PI-3K, & NF-κB were 
performed. Figure 5B, 5C, 5D, 5E showed in-
creased expression (Figure 5B, 5C) and phos-
phorylation of ERK (Figure 5D, 5E) upon fi-
bronectin treatment (Fibronectin treated) com-
pared to the cells grown in absence of fi-
bronectin (Control). Western blot analysis for PI-
3K (Figure 6B) and p-PI-3K (Figure 6D) showed 
increased expression and phosphorylation of PI-

Figure 4. (A) SFCM collected from K562 cells cultured in presence (+Fibronectin) and in absence (Control) of 20µg/ml 
fibronectin was coated in microtitre wells. Wells were blocked with 1% BSA followed by incubation with anti-MMP-9 
and anti-TIMP-1 primary antibody and respective secondary antibodies. OD was taken at 450nm as described above. 
(B) Total RNA was extracted from 20µg/ml fibronectin treated (lane +FN) and untreated (lane -FN) K562 (300,000 
cells/ml) cells. RT-PCR was done as described above using MMP-9 and TIMP-1 primer and bands were visualized in 
2% agarose gel under UV. GAPDH was used to confirm total RNA integrity and equal loading. 
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3K in presence of fibronectin. Immunocyto-
chemical study of PI-3K (Figure 6A) and p-PI-3K 
(Figure 6C) showed nuclear translocation in 
presence of fibronectin. Pro-MMP-9 activity was 
appreciably inhibited upon 10µM (Figure 7A; 
lane + BAY11-7085 (10 µM) +FN) NF-κB inhibi-
tor [BAY11-7085] treatment rather than 5µM 
(Figure 7A; lane BAY11-7085 (5 µM)+FN) NF-κB 
treatment for 24 hrs followed by 20µg fi-
bronectin treatment for 2 hrs, compared to the 

control cells (Figure 7A; lane +FN), maintained 
in absence of NF-κB inhibitor for 24 hrs and 
then exposed to 20µg fibronectin treatment for 
2 hrs. Figure 7B demonstrates nuclear translo-
cation of NF-κB. In control K562 cells NF-κB is 
mainly located in the cytosol (Control). When 
K562 cells were grown in presence of 20µg fi-
bronectin (Fibronectin treated), NF-κB is shown 
to be translocated into the nuclei within 2 hrs. 
Western blot analysis of both the cytoplasmic 

Figure 5. (A) K562 cells (300,000 cells/ml) were maintained in absence (lane +FN) and in presence of ERK (lane 
+PD98059+FN), PI-3K (lane +LY294002+FN), MEK (lane +U0126+FN) and P38 (lane +SB203580+FN) inhibitors for 
45 min prior to 20µg/ml fibronectin for 2 hrs in SFCM. Lane Marker is MMP-9/MMP-2 marker; obtained from culture 
supernatant of HT-1080 cells grown for 24 h in SFCM. MMPs were concentrated using gelatin sepharose 4B bead 
and gelatin zymography was performed. (B) Control and 20µg/ml fibronectin treated K562 cells were smeared on 
coverslips and allowed to air dry prior to formaldehyde fixation. Coverslips were then reacted with 0.5 % triton X-100 
for 10 min followed by incubation with anti-ERK primary antibody. FITC coupled secondary antibody was added to 
coverslips after washing thrice with PBS. Coverslips were then washed thoroughly and mounted on glass slides with 
glycerol. (C) Total protein was extracted from K562 cells (300,000 cells/ml) grown in presence (lane +FN) and in 
absence (lane -FN) of 20µg fibronectin for 2 hrs in SFCM. 75µg of protein from each extracts were subjected to ana-
lyze by western transfer. The gels were transferred onto nitrocellulose membranes. Membranes were blocked with 
4% BSA, reacted with anti-ERK primary antibody, followed by alkaline phosphatase coupled secondary antibody and 
NBT/BCIP substrate. Actin was used to confirm equal loading. (D) Immunocytochemical study of control and fi-
bronectin treated K562 cells were done using anti-p-ERK primary antibody and respective secondary antibody. (E) 
Western blot was performed with K562 cells grown in absence (lane -FN) and in presence (lane +FN) of 20µg fi-
bronectin for 2 hrs. Membrane was reacted with anti-p-ERK primary antibody, followed by alkaline phosphatase cou-
pled respective secondary antibody and bands were visualized with NBT/BCIP substrate. Actin was used to confirm 
equal loading. 
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(Figure 7C) and nuclear fraction (Figure 7D) of 
control (lane -FN) and fibronectin treated (lane 
+FN) cells showed expression of NF-κB in both 
cytoplasmic and nuclear fraction of control 
K562 cells. However, when cells were grown in 
presence of fibronectin (20µg/ml), NF-κB ex-
pression was mainly detected in the nuclear 
fraction and a very less or no expression was 
found in cytoplasmic fraction. Figure 7E is the 
representative of electrophoretic mobility shift 
assay (EMSA) of NF-κB. EMSA showed apprecia-
ble increase in binding of NF-κB with MMP-9 
promoter in fibronectin treated K562 cells (lane 
3) comparing the control cells (lane 2). Lane 1 
indicates NF-κB binding sequences without nu-
clear extract. 
 
Fibronectin modulates FAK, p-FAK, ILK, EGFR 

and p-EGFR 
 
Immunocytochemical localization (Figure 8A) 
demonstrated localization of FAK protein at the 
newly formed focal adhesion sites in 20µg fi-
bronectin treated cells (Fibronectin treated). In 
control cells grown without fibronectin for 2 hrs 
(Control) FAK was found to be located through-
out the cytoplasm. Comparative RT-PCR (Figure 
8B) and western blot analysis of FAK (Figure 8C 
I) demonstrated increased FAK m-RNA and pro-
tein expression in 20µg fibronectin treated 
K562 cells (lane +FN) than that of the control 
cells (lane -FN). Figure 8C II shows increased 
level of FAK phosphorylation in 20µg fibronectin 
treated (lane +FN) K562 cells, compared to the 
cells grown in absence of fibronectin (lane -FN) 
for 2 hrs. Immunocytochemical localization 

Figure 6. (A) Immunocytochemistry of PI-3K was performed in fibronectin treated and untreated (Control) K562 cells. 
(B) PI-3K expression was studied with 75µg of whole cell extracts collected from K562 cells (300,000 cells/ml) grown 
in presence (lane +FN) and in absence (lane -FN) of 20µg fibronectin for 2 hrs in SFCM with actin as internal control 
by western blot. (C) Immunocytochemical localization of p-PI-3K was done in K562 cells cultured in presence 
(Fibronectin treated) and in absence (Control) of 20µg fibronectin for 2 hrs. (D) Total protein was extracted from 
K562 cells (300,000 cells/ml) grown in presence (lane +FN) and in absence (lane -FN) of 20µg fibronectin for 2 hrs 
in SFCM. 75µg of protein from each extracts was treated with sample buffer and mercaptoethanol and run on 7.5 % 
SDA-PAGE. The gels were then transferred onto nitrocellulose membranes. Membranes were blocked with 4% BSA, 
reacted with anti-p-PI-3K antibody. After washing with TBS-T membranes were reacted with respective alkaline phos-
phatase coupled secondary antibodies. Bands were visualized using NBT/BCIP substrate. Actin confirms equal 
amount of protein loading. 
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(Figure 9A) of ILK showed punctuate localization 
of ILK at the cell membrane in fibronectin 
treated K562 cells (Fibronectin treated) com-
pared to the control cells grown in absence of 
fibronectin (Control). Expression (Figure 9B) of 
ILK also get induced upon 20µg fibronectin 
treatment for 2 hrs (lane +FN), comparing to the 
control cells grown in absence of fibronectin. 
Immunocytochemical analysis of EGFR and p-
EGFR are shown in  Figure 10A and Figure 10B 
respectively. EGFR (Figure 10A) showed translo-
cation into the nucleus upon 20µg fibronectin 

treatment for 2 hrs (Fibronectin treated). How-
ever EGFR is mainly located in the cell mem-
brane in control K562 cells grown without fi-
bronectin (Control). Phosphorylation of EGFR 
(Figure 10B) also gets induced in K562 cells 
treating with 20µg fibronectin for 2 hrs 
(Fibronectin treated) as compared to the con-
trol. 
 
Effect of fibronectin on K562 cell migration 
 
When control (Control) and fibronectin treated 

Figure 7. (A) K562 cells (300,000 cells/ml) were maintained in absence (lane +FN) and in presence of 5µM (lane 
+Bay11-7085 (5µM) +FN), 10µM (lane +Bay11-7085 (10µM) +FN) NF-κB inhibitor for 24 hrs prior to 20µg/ml fi-
bronectin for 2 hrs in SFCM. Lane Marker is MMP-9/MMP-2 marker; obtained from culture supernatant of HT-1080 
cells grown for 24 h in SFCM. MMPs were concentrated using gelatin sepharose 4B bead and gelatin zymography 
was performed as described before. (B) Control and 20µg/ml fibronectin treated K562 cells were smeared on cover-
slips and allowed to air dry prior to formaldehyde fixation. Coverslips were then reacted with 0.5 % triton-100, fol-
lowed by incubation with anti-NF-κB primary antibody and respective FITC coupled secondary antibody. Coverslips 
were then washed thoroughly and mounted on glass slides with glycerol. Nuclear extracts (D) were prepared from 
K562 cells (300,000 cells/ml) cultured with (lane +FN) or without (lane -FN) 20µg fibronectin for 2 hrs in SFCM. Cyto-
plasmic (C) extracts were also collected from both fibronectin treated (lane +FN) and untreated (lane -FN) K562 cells 
as described in the methods. 50µg of protein from each extracts were subjected to run on 7.5% SDS-PAGE as dis-
cussed above. Gel was transferred on nitrocellulose membrane. Membrane was blocked, followed by reaction with 
anti -NF-κB primary antibody and respective secondary antibody and western blot was developed keeping actin as 
internal control in case of cytoplasmic fraction (C) and in case of nuclear fraction (D) B23 was used as internal con-
trol. (E) K562 (300,000 cells/ml) cells were grown with (lane 3) or without (lane 2) 20µg fibronectin for 2 hrs in SFCM 
and nuclear extract were prepared. Oligonucleotides containing NF-κB binding sequence was end labeled with [ γ-
32P] ATP using T4 polynucleotide kinase and was incubated with 10 µg of nuclear extract from control (lane 2) and 
FN treated (lane 3) K562 cells. Then protein-DNA complexes were electrophoresed on 5% polyacrylamide gel, gel was 
then dried and subjected to autoradiography at – 80ºC. Lane 1 represents NF-κB binding sequences without nuclear 
extract. 
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(Fibronectin treated) K562 cells were seeded on 
the membrane of transwell insert (Figure 11A), 
the fibronectin treated cells were observed to 
be migrated through the membrane after 24 hrs 

and 48 hrs. Figure 11B showed that after an 
incubation of 24 hrs total number of 28±3   
fibronectin treated cell (+FN) were migrated, 
compared to control (-FN) cells (4±1). The mi-

Figure 8. (A) 20µg fibronectin (for 2 hrs) treated (Fibronectin treated) and untreated (Control) K562 cells were 
smeared on coverslips and immunocytochemistry was performed as discussed before with anti-FAK primary antibody, 
followed by respective FITC-coupled secondary antibody. (B) Total RNA was extracted from K562 cells (300,000 
cells/ml) grown in absence (lane -FN) and in presence (lane +FN) of 20µg fibronectin for 2 hrs. RT-PCR was per-
formed as before using FAK primer and bands were visualized in 2% agarose gel under UV. (C & D) K562 cells 
(300,000 cells/ml) were cultured in presence (lane +FN) and in absence (lane -FN) of 20µg fibronectin for 2 hrs in 
SFCM. Cells were collected, extracted and cell extracts (75µg protein) were subjected to run on 7.5% SDS-PAGE as 
before. Transferring the gels on nitrocellulose membrane, membranes were blocked and reacted with anti-FAK (C) 
anti-p-FAK (D) primary antibody. All the membranes were incubated with respective secondary antibodies and NBT/
BCIP substrate was added to visualize the band. Actin was used to confirm equal loading.  

Figure 9. (A) 20µg fibronectin (for 2 hrs) treated (Fibronectin treated) and untreated (Control) K562 cells were 
smeared on coverslips and immunocytochemistry was performed as discussed before with anti-ILK primary antibody 
and respective secondary antibody. (B) Western analysis was performed in K562 cells cultured with (lane +FN) or 
without (lane - FN) fibronectin as described before with ILK primary antibody and respective secondary antibodies. 
Actin was used as internal control. 
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gration rate was appreciably higher when cells 
were allowed to grow for 48 hrs. 52±5          
fibronectin treated (+FN) cells were migrated 
through the membrane, compared to the control 
(-FN) cells (12±4). The data presented as mean  
number of net migrated cells counted in 10 mi-
croscopic high power field (x400). 
 
Discussion 
 
In this present communication we report that 
exposure of K562 cells to fibronectin resulted in 
expression of pro-MMP-9 within 1-2 hrs in 
SFCM. In previous studies it has been reported 

that exposure of cells to fibronectin in SFCM 
induce MMP-9 and also MMP-2 expression and 
activity [23, 24, 27]. Interestingly masking of 
integrin α5 with α5 mAb suppresses the pro-
MMP-9 activity appreciably, indicating important 
role of α5β1 integrin, a major fibronectin bind-
ing integrin in the fibronectin-induced MMP ex-
pression and activity. The molecular motif of 
fibronectin for binding to α5β1 integrin receptor 
is –RGD- [11] showed no pronounced activity of 
pro-MMP-9. Werb et al (1989) also reported 
that binding of α5β1 integrin receptor to fi-
bronectin triggers events different from those 
triggered by binding the native fibronectin 

Figure 10. (A) 20µg fibronectin (for 2 hrs) treated (Fibronectin treated) and untreated (Control) K562 cells were 
smeared on coverslips and immunocytochemistry was performed as discussed before with anti-EGFR primary anti-
body. Respective secondary antibody was added and coverslips were mounted on glass slides with glycerol to visual-
ize the localization of specific proteins under fluorescence microscope. (B) Immunocytochemical localization of p-
EGFR was performed in fibronectin treated and untreated (Control) K562 cells using p-EGFR primary antibody and 
respective FITC coupled secondary antibody. 

Figure11. (A) Fibronectin treated and untreated (Control) K562 cells were seeded into transwell insert and were al-
lowed to grow for 24 and 48 hrs. Figure shows K562 cell migration through membrane. (B) Number of control (-FN) 
and fibronectin treated (+FN) K562 cell migrated through transwell insert were counted per high power field after 24 
and 48 hrs of cell seeded.  
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ligand. This result perhaps indicates that a mul-
tivalent ligand receptor interaction rather that 
simple ligand occupancy is required for pro-
MMP-9 expression and activity. Moreover, this 
induced pro-MMP-9 activity of K562 cells was 
not found in case of other ECM ligands, such as 
laminin and collagen IV. Migration assay shows 
fibronectin promotes K562 cell migration which 
may occur due to increased pro-MMP-9 activity. 
Reduction in TIMP-1 (inhibitor of MMP-9) ex-
pression indicates increase in MMP-9/TIMP-1 
ratio [28]. This imbalance of MMP-9/TIMP-
1ratio may lead to up regulation of fibronectin 
induced pro-MMP-9 activity. Binding of ECM 
proteins with their respective integrin receptors 
initiates signalling cascades that modulates 
different gene regulatory pathways. The function 
of integrins depends on their ability to shift be-
tween active and inactive ligand binding states 
by alteration of the conformation of extracellular 
domain [29]. In adherent cells integrins are 
mainly in the active state. However, in circulat-
ing cells like K562, Chronic Myelogenic Leuke-
mic cells, the integrins are present on the cell 
surface in an inactive conformation until the 
cells are exposed to factors, such as fibronectin, 
which trigger intracellular reactions leading to 
activation of the integrins [30, 31]. Integrin-
linked kinase (ILK) is a novel ankyrin repeat 
containing serine/threonine protein kinase. ILK 
interacts with the β1 cytoplasmic domain via 
the carboxy terminal region of the kinase cata-
lytic domain [32]. The kinase activity of ILK is 
important in the stimulation of fibronectin ma-
trix assembly [33]. ILK mediates the fibronectin- 
α5β1 interactions and promotes the assembly 
of focal adhesion proteins to the newly formed 
focal adhesion sites. Increased ILK expression 
in fibronectin treated K562 cells may indicate 
fibronectin- α5β1 mediated downstream signal-
ling cascade via ILK to the focal adhesion 
points. The binding of fibronectin to its corre-
sponding α5β1 integrin receptor also results in 
phosphorylation of focal adhesion kinase (FAK). 
FAK is reported to be in a critical position as a 
receptor proximal component of both integrin 
and growth factor. Localization of FAK to sites of 
integrin-receptor clustering is also important for 
cell motility [34]. Binding of K562 cells to fi-
bronectin results in localization of FAK at newly 
formed focal adhesion sites and increased ex-
pression and phosphorylation of FAK initiates its 
downstream signalling cascades which may 
activate ERK/PI-3K pathways. PI-3K binds to 
the phosphorylated Y397 of FAK [15]. Increased 
level of ERK, PI-3K expression and phosphoryla-
tion indicate that transduction of α5β1 integrin-

mediated signals upon fibronectin binding for 
modulation of pro-MMP-9 activity in K562 cells 
may occur via FAK/ERK/PI-3K pathways. The 
clustering of integrin α5β1 receptors by fi-
bronectin resulted in the access of activated 
EGFR to Shc which connects the activated EGFR 
to Ras-ERK pathway and activates it [35]. Acti-
vation of EGFR results in nuclear translocation 
of EGFR. EGFR activation upon fibronectin-
integrin interaction may occur through a ligand 
dependent process such as intracrine EGFR 
activation [36]. Integrin mediated anchorage 
plays an important role in trafficking NF-κB be-
tween the cytoplasm and the Nucleus. Fi-
bronectin treatment activates NF-κB and facili-
tates its entry into the nucleus [37], where it 
binds directly to the promoter region of MMP-9 
gene to initiate MMP-9 mRNA production [38, 
39]. As a result of this pro-MMP-9 is up regu-
lated in presence of fibronectin. Interestingly in 
a different study Munoz et al reported up regu-
lation of MMP-9 by α4β1 integrin in B-CLL, but 
in K562 masking of α4β1 integrin with α4 mAb 
did not affect the fibronectin induced MMP-9 
expression and activity. However, the ligand 
[fibronectin fragment H89 (FN-H89)] used by 
Munoz et al differs from our ligand, which is a 
native fibronectin molecule of 440 kD (Roche, 
Germany). It may suggest that integrin mediated 
MMP-9 regulation may vary depending on the 
cell types and the difference in ligand. Our ex-
perimental findings in human chronic mye-
logenic leukaemia cells (K562) indicate that 
exposure of K562 cells to fibronectin generates 
a α5β1 integrin mediated signalling cascade 
which leads to the up regulation of MMP-9. 
These findings demonstrate possible involve-
ment of FAK/ERK/PI-3K/NF-κB signalling path-
ways in the fibronectin-integrin mediated up 
regulation of MMP-9. This study may help to 
understand the role of alpha5 beta1 as a modu-
lator of MMP-9 and may have clinical and thera-
peutic potentials in the management of the dis-
ease. 
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