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ABSTRACT 
 

Aims: To study the changes in protein content and protein patterns in platelet activated epithelial-
mesenchymal transition of cultured colon cancer cells. 
Place and Duration of Study: UT McGovern Medical School, Houston, Texas, USA. Between 
May, 2015 and May, 2017. 
Methodology: Mouse platelets were added to cultured colon cancer cells and fluorescence 
deconvolution microscopy was performed with image acquisitions being stacked, volume rendered 
and modeled to yield protein localizations, quantity and patterns. 
Results: Studies identified and localized proteins involved in cell transitions. Co-culturing resulted 
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in an increased cell number, increased cell size and increased protein content. Fibronectin content 
was increased to a greater extent than laminin; G-actin content was also increased indicating up-
regulation of synthesis, and the fibroblastic-type cells were much longer with the fibronectin 
containing fibrillar extensions suggesting increased adhesion was occurring. Greater fibronectin 
than laminin synthesis indicates cells undergoing a change to matrix protein form rather than a 
basement membrane, polarized epithelial cell type, observations which suggest platelet activation 
endows the cells with adhesion and invasion abilities. 
Conclusions: The study showed that platelet activation of cancer cells drives endothelial cells into 
a matrix-compatible mesenchymal form and that the epithelial to mesenchymal transition occurs 
when surface cells lose polarity and cell-cell adhesion properties. These cells become migratory 
and invasive for rapid and facilitated cancer progression, due to enhanced adhesion and synthesis 
of specific proteins and cell extensions.  
 

 
Keywords: Fluorescence microscopy; cell transitions; cancer; matrix proteins. 
 

1. INTRODUCTION 
 
In 1992 a review discussed the role of platelets in 
the spread of cancer, noting “a highly 
coordinated and dynamic multistep process in 
which cancer cells undergo extensive 
interactions with host cells before they establish 
a secondary metastatic colony” [1]. Prior to that 
publication, research was published which 
concluded that adhesive glycoproteins were 
intimately involved in cancer cell invasion and 
metastasis, and that laminin and fibronectin 
promoted cell adhesion and motility [2]. Despite 
more than thirty years’ worth of data showing that 
particular proteins are involved in the spread of 
cancer cells, and that endothelial-mesenchymal 
transition (EndoMT) and epithelial-mesenchymal 
transition (EMT) are valuable targets for 
therapeutic interventions in many diseases 
[3,4,5], less success than was hoped for has 
been forthcoming in developing interventional 
strategies.  
 
Research has demonstrated that platelets 
interact with circulating tumor cells (CTC) 
directly, as well as in a neutrophil-fibrin 
associated network, thereby prolonging the half-
life of CTC’s [6]. Platelets have also been 
reported to trigger EMT of cancer cells [7,8,9] 
and increase the adhesion of metastatic 
hepatoma cells to the extracellular matrix [10], an 
important factor when deciphering cell invasion 
mechanisms and a focus of this study. However, 
while cells can undergo EMT, they have to be 
able to invade underlying tissues, and this 
involves having the ability to pass through cell-
cell adhesions such as tight junctions and 
desmosomes [11] and penetrate the basement 
membrane and underlying extracellular matrix 
[12]. It is therefore not surprising that 
mesenchymal-cell types initiate mechanisms to 

facilitate penetration, including the synthesis of 
necessary proteins such as laminin and 
fibronectin which, as stated above, increase 
adhesion and cell mobility and so this indicates 
that this is an important step in achieving 
invasion which is up-regulated by platelets. 
 
Work in this lab is partly focused on halting cell 
proliferation and we noted that not only was there 
a perinuclear localization of, and increased 
amounts of proteins in, cultured cancer cells 
following platelet activation, but that there were 
particular protein patterns before and after 
platelet treatment. We microscopically imaged 
fibronectin and laminin to detail their 
distributions, and compare quantities in control 
versus platelet activated cultures, during cell 
transition into a mesenchymal form. This was 
based on reports that noted the need for 
epithelial detachment, basement membrane 
changes, cell migration and protein 
rearrangements [13] for endothelial cells to 
develop the ability to adhere and invade into 
tissues. Further, an earlier study suggested that 
a down regulation of laminin production, coupled 
with increased fibronectin synthesis, was 
intimately involved in the transition from epithelia 
to invasive fibroblastic cells [14]. 
 
Thus, a comprehensive knowledge of this multi-
faceted and dynamic process is required in 
understanding developmental and disease 
processes and constructing protocols to devise 
appropriate therapies [15]. 
 

2. MATERIALS AND METHODS 
 
2.1 Animals and Blood Products  
 
Mice were maintained as required by the Animal 
Welfare Committee (AWC) and the Institutional 



 
 
 
 

Poindexter et al.; JAMPS, 13(4): 1-10, 2017; Article no.JAMPS.34071 
 
 

 
3 
 

Animal Care and Use Committee (IACUC) for 
The University of Texas Health Science Center 
at Houston (UTHealth-McGovern Medical 
School). Young adult male BALB/c mice (20-24 
g; Envigo, Houston, Tx, USA), were supplied and 
housed in the Center for Laboratory Animal 
Medicine & Care (CLAMC) facility at UTHealth.  
 

2.2 Cancer Cells  
 

Murine colon cancer cells (MC-26) were obtained 
from the NIH National Cancer Institute 
(Bethesda, MD, USA). Cells were cultured in the 
suggested growth medium with 10% fetal bovine 
serum (Sigma-Aldrich, St. Louis. MO). Tests for 
mycoplasma were negative (conducted with the 
MycoAlert Mycoplasma Detection Kit from Lonza, 
Rockland, ME, USA).  
 

2.3 Chemicals and Reagents  
 

All chemicals, buffers, and cell culture media 
were purchased from Sigma-Aldrich unless 
otherwise noted. Matrigel Membrane Matrix 
(354234) was from Corning (Tewksbury, MA). 
  
2.4 Human and Mouse Platelet Isolation  
 
Human blood from healthy fasting donors          
was drawn into acid: citrate: dextrose (ACD) 
anticoagulant at a 1:9 ratio (vol/vol) as previously 
described [16]. Platelet rich plasma (PRP) was 
prepared by centrifuging blood at 200 x g for 15 
minutes at room temperature (RT), and the PRP 
was supplemented with 75 nM of PGE1, and 
centrifuged at 1000 x g for 10 minutes at RT to 
obtain a platelet pellet that was re-suspended 
and washed with CGS buffer (13mM sodium 
citrate, 30mM glucose, 120mM sodium chloride, 
pH 7) in Minimal Essential Media (MEM). Counts 
were adjusted to 2.5 x 10

8
 platelets/ml. Mouse 

blood (BALB/c) was collected from the inferior 
vena cava of isoflurane-anesthetized animals 
into ACD at a ratio of 1:10 (vol/vol) and then 
blood was diluted 1:1 with PBS. PRP was 
prepared by centrifugation at 68 x g for 10 
minutes and washed platelets were harvested as 
previously described [17], then re-suspended in 
RPMI-1640 (ThermoFisher Scientific, Waltham, 
MA, USA) with 0.01 U/ml of apyrase at a 
concentration of 2.5 x 10

8
 platelets/ml.  

 

2.5 Co-culture of Cancer Cells and 
Washed Platelets 

 
In studies to assess EMT activity, MC-26 cancer 
cells were co-cultured with washed mouse 

platelets (mWPs) at a ratio of 1:400 at 37°C, 5% 
CO2 for 18-24 hours. The cultured cells were 
washed with phosphate buffered saline (PBS) 
and then lysed with RIPA buffer (Fisher 
Scientific, Waltham, MA) for vimentin, E-
cadherin, and fibronectin Western blots. For 
immunofluorescence staining, the MC-26 cells 
were co-cultured with mWPs at a ratio of 1:400 
on 18-mm cover slips for 18-24 hours. 
 

2.6 Immunofluorescence  
 
Cultured cells on coverslips were fixed in 4% 
formaldehyde, permeabilized by incubation in 
0.5% Triton X-100, blocked with 10% goat 
serum, then stained with polyclonal anti-
fibronectin (Sigma-Aldrich, St. Louis, MO, USA) 
followed by Alexa-647 conjugated goat anti-
rabbit antibody (Molecular Probes/Invitrogen, 
Thermo Fisher Scientific, Waltham, MA, USA). 
Subsequently the samples were stained for f-
actin, g-actin by Alexa Fluor® 488 phalloidin and 
the nuclei by DAPI (Invitrogen, Carlsbad, CA) 
and finally mounted on slides with elvanol 
antifade (DuPont, Carlsbad, CA, USA). 
Specimens were visualized by Fluorescence 
Deconvolution Microscopy employing an 
Olympus IX-70 microscope connected to a 
DeltaVision imaging system (Applied Precision, 
Issaquah, WA, USA) and quantitation of 
immunofluorescence was made using pixel 
densities as previously described [18]. 
 

3. RESULTS 
 

3.1 Platelets Induce Proliferation of Colon 
Cancer Cells  

 
We assessed the stimulatory effect of platelets 
on the growth of a commercially available line of 
colon cancer cells from mouse (MC-26 cells) and 
Fig. 1 shows that platelets stimulate cell growth 
and synthesis of fibronectin (red, top panels) and 
laminin (red, lower panels). Note the increased 
number and ‘exaggerated’ spindle-like form of 
the cells following platelet co-culture. 
 
Platelets have the ability to promote both the 
invasive potential and EMT transition of cancer 
cells [9], and in a previous publication [19], we 
investigated the effects of platelets on the 
invasive ability of cultured cancer cells. There 
was a ~20-fold increase in the number MC-26 
cells which crossed membranes from upper to 
lower chambers of a 48-well culture plate 
following platelet ‘treatment’. Also, as platelets 



have been reported to initiate a morphological 
change in cancer cells accompanied by 
increased production of fibronectin and 
formation of a fibronectin-associated, extra
cellular microfilamentous network, we imaged 
both protein formation and cell form before and 
after platelet initiated transition. 
 
Fig. 2 shows a rather bulbous control cancer cell 
(image A) compared to a long, slender, 
mesenchymal-like, platelet treated cell (image B). 
Probing these cultures for laminin and fibronectin 
content in the cultures revealed dramatic 
increases in protein, with more than a doubling of 
the protein content in platelet treated
 
To gain further insight into protein formation and 
adhesive abilities of transformed cells, the 
nucleus and peri-nuclear areas of some cells 
were imaged and modeled to see organellar
distribution of the proteins. Fig. 3 
red/orange intensity in a perinuclear area in cells 
co-cultured with platelets (high magnification cut
out also shown), likely the golgi and endoplasmic 
reticulum, while some extracellular fibronectin 
can also be seen. Modeling of protein 
  

Fig. 1. Effect of platelets on cell growth
increased synthesis of fibronectin (red, top two panels) and laminin

Note the increased number and ‘exaggerated’ spindle
co-culture. Antibodies and image acquisition
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 shows a high 
red/orange intensity in a perinuclear area in cells 

cultured with platelets (high magnification cut-
out also shown), likely the golgi and endoplasmic 
reticulum, while some extracellular fibronectin 

also be seen. Modeling of protein to yield an 

image with a greater degree of clarity as to 
intracellular locations was performed as before 
[20,21]. 
 
To produce a specific image of protein 
distribution and content, Fig. 4 shows channel 
splitting of control (A and C) and platelet co
cultured cells (B and D), with black circles 
indicating areas of adhesion in images A and B, 
couple with arrows indicating long fibronectin 
fibers in the platelet-added culture (B). When the 
images were mapped with the specific pr
wavelength assigned to the protein (lower red 
images; images C and D), the control cells do not 
to have fibronectin in some adhesion areas (C), 
unlike the platelet treated culture (D) which has a 
copious amount of fibronectin in areas of stellate 
projections (white circles). 
 
Finally, to further demonstrate fibronectin 
‘mapping’, Fig. 5 shows high magnification 
cutouts of a cultured cell image (Panel A) versus 
platelet activated cells (Panel B). Note the 
extracellular extensions (white arrows; Panel B),
while most of the fibronectin in Panel A is 
intracellular. 

 
Effect of platelets on cell growth showing platelet stimulation of MC 26 cell growth and 

increased synthesis of fibronectin (red, top two panels) and laminin (red, lower two panels) 
Note the increased number and ‘exaggerated’ spindle-like form of the cells following platelet 

culture. Antibodies and image acquisitions as detailed in Results section (mag. x 600)
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images; images C and D), the control cells do not 
to have fibronectin in some adhesion areas (C), 
unlike the platelet treated culture (D) which has a 
copious amount of fibronectin in areas of stellate 

Finally, to further demonstrate fibronectin 
‘mapping’, Fig. 5 shows high magnification 
cutouts of a cultured cell image (Panel A) versus 
platelet activated cells (Panel B). Note the 
extracellular extensions (white arrows; Panel B), 
while most of the fibronectin in Panel A is 

 

platelet stimulation of MC 26 cell growth and 
(red, lower two panels) 

like form of the cells following platelet 
as detailed in Results section (mag. x 600) 



Fig. 2. A bulbous control cancer cell (image A) compared to a long, slender, mesenchymal
platelet treated cell (image B). Probing these cultures for laminin and fibronectin content in the 
cultures revealed dramatic increases in protein, with doubling of the
treated cells. Fluorescent images for laminin are shown here. Quantities as measured by pixel 

densities are noted in the image, together with number of cells counted. (mag x. 1800: 
minimum of 300 cells: p values for all compari

 

Fig. 3. Intense red/orange staining is seen in the perinuclear area of cells (likely golgi and 
endoplasmic reticulum. Mag. x 1200) co

also shown mag. x 2400), while some extracellular fibr
protein to yield an image with a greater degree of clarity as to intracellular locations

performed as referenced in Results section
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A bulbous control cancer cell (image A) compared to a long, slender, mesenchymal

platelet treated cell (image B). Probing these cultures for laminin and fibronectin content in the 
cultures revealed dramatic increases in protein, with doubling of the protein content in platelet 
treated cells. Fluorescent images for laminin are shown here. Quantities as measured by pixel 

densities are noted in the image, together with number of cells counted. (mag x. 1800: 
minimum of 300 cells: p values for all comparisons <0.05) 

 
Intense red/orange staining is seen in the perinuclear area of cells (likely golgi and 

endoplasmic reticulum. Mag. x 1200) co-cultured with platelets (high magnification cut
also shown mag. x 2400), while some extracellular fibronectin can also be seen. Modeling of 

to yield an image with a greater degree of clarity as to intracellular locations
performed as referenced in Results section 
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A bulbous control cancer cell (image A) compared to a long, slender, mesenchymal-like, 
platelet treated cell (image B). Probing these cultures for laminin and fibronectin content in the 

protein content in platelet 
treated cells. Fluorescent images for laminin are shown here. Quantities as measured by pixel 

densities are noted in the image, together with number of cells counted. (mag x. 1800: 

 

Intense red/orange staining is seen in the perinuclear area of cells (likely golgi and 
cultured with platelets (high magnification cut-out 
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to yield an image with a greater degree of clarity as to intracellular locations was 
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Fig. 4. Channel splitting of control (A and C) and platelet co-cultured cells (B and D). Black 
circles indicate areas of adhesion in images A and B, coupled with arrows indicating long 
fibronectin fibers in the platelet-added culture (B). When the images were mapped with the 
specific probe wavelength assigned to the protein (lower red images; images C and D), the 
control cells do not have fibronectin in some adhesion areas (C), unlike the platelet treated 
culture (D) which has a copious amount of fibronectin in areas of stellate projections (white 

circles). Embossed, stacked images as referenced in Methods 
 

 
 

Fig. 5. Expanded images of a cultured cell 
image (Panel A) versus platelet activated 

cells (Panel B) to show extracellular 
extensions (white arrows) in Panel B, 

compared to panel A (Control cells) where 
most of the fibronectin is intracellular (final 

mag. x 3000) 

4. DISCUSSION 
 
Platelets promote the transformation of cells in 
early dysplasia, an important stage for the 
development of cellular invasive abilities as well 
as attachment and growth in tissues and organs. 
Platelets are also intimately involved in 
thrombosis in late-stage cancer patients, so 
these anuclear products of megakaryocytes have 
become a primary target in the anti-inflammatory 
medication treatment of cancer [22] due to 
cellular changes occurring with the release of a 
number of mediators, particularly platelet-derived 
growth factor (PDGF), vascular endothelial 
growth factor (VEGF) and TGFβ [23,24,25]. A 
number of investigators have therefore studied 
platelets as a possible target for non-steroidal 
anti-inflammatory drugs (NSAIDs) treatment in 
cancer via an irreversible inhibition of COX-1 
activity and arrested EMT [26,27,18]. Our results 
demonstrate that platelets promote the growth 
and invasive potential of mouse (MC-26) colon 
cancer cells, confirming the findings of Labelle 
and colleagues [28], and that these robust, 
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platelet-dependent cellular and biochemical 
changes are protein specific, strongly suggesting 
that platelets up-regulate protein syntheses to 
increase the invasive and adhesive potential of 
colon cancer cells, something we have also 
found with a human colon cell line and human 
platelets.  
 
In vivo studies in mice with an established model 
of colon cancer [29,30] demonstrated that 
platelets migrated into inflamed colonic mucosa 
and adjacent tumor tissue, associating with             
the vasculature and surrounding mucosal 
inflammation and dysplasia. This observation 
lends more weight to earlier findings regarding 
the multiple roles of platelets in many diseases 
[31]. Further evidence for platelet multi-
functioning was reported in a recent study by Qi 
et al. [32] who noted the presence of platelets in 
intestinal tumors from APC Min mice and from 
clinical biopsies of patients with colorectal cancer 
(CRC), while both the Qi study and a study            
from Miyashita et al. [33] showed platelet 
extravasation into the invasive front of pancreatic 
ductal adenocarcinomas.  
 
Platelets are therefore intimately involved in the 
progression of cancer, which strongly suggests 
that blocking platelet cell transition effect(s) must 
be considered a target for treatments, especially 
given the well documented cardiovascular 
benefits of aspirin [34], and recent reports of 
positive outcomes with aspirin in patients with 
pancreatic [35] and colorectal cancer [36]. The 
benefits of aspirin in cancer treatment have been 
reported [36] and it is therefore important that we 
understand both the structural and biochemical 
signaling of epithelial cells as they become 
invasive and life-threatening.  
 
Low-dose aspirin, sufficient enough to block 
platelet-cancer cell interactions which play a 
fundamental role in cancer formation and 
progression, might have a limited anti-
inflammatory activity but could be a useful part of 
a treatment regimen [37], especially as aspirin 
has been shown to inhibit platelet induced cancer 
cell proliferation [38] and have a good outcome 
regarding previous cancers [39]. Thus, halting 
the expression of fibronectin and other matrix 
proteins via platelet inactivation, could become a 
major aspect of the fight against cancer, and 
follows many years of studies which reported the 
role of fibronectin in cell adhesion and the lack of 
deposition by malignant cells into a matrix [39]. A 
more recent report of the importance of 
fibronectin and its receptors in tumor 

development and matrix development [40] has 
stressed the role of this protein, such that our 
results implicate that increased fibronectin 
synthesis is initiated to facilitate cell invasion into 
and adhesion within the underlying matrix, 
moving the process away from basement 
membrane laminin formation. This points to 
these two proteins having specific and divergent 
roles in cancer and colonization and might be 
considered as targets for treatment options, 
together with NSAIDS and the manipulation of 
cyclo-oxygenase [41,42,43,44]. Aspirin is now 
recognized as being at least a potential adjunct 
in anti-cancer therapy. This is not only due to its 
anti-inflammatory abilities, but also to its now well 
recognized anti platelet interactions. Couple 
these properties with other reported positives 
[38,39], and using the drug to down regulate 
matrix protein formation, might provide a well-
tolerated therapeutic strategy. 
 

5. FUTURE DIRECTIONS 
 
Further studies need to be made with other forms 
of cancer, both those that are somewhat slow in 
mechanism and those that are aggressive in 
nature, in order to see if aspirin can overcome 
rapid EMT and the formation of matrix 
component proteins. Further, experiments must 
be performed to see how and where aspirin and 
platelets are involved in extravasation, hopefully 
halting metastatic growths. Our desire to delve 
into the pathways and mechanisms as to why 
mesenchymal transformations are exacerbated 
by platelets and, to some extent at least, halted 
by aspirin, has led to initial experiments                    
being performed with breast cancer cells               
and an aggressive pancreatic cancer, in 
conjunction with colleagues at MD Anderson 
Cancer Center. 
 

6. CONCLUSION 
 
Our work investigating anti-inflammatories and 
anti-neoplastic actions via irreversible COX-1 
inhibition shows promise, but how platelets 
activate cells and how subsequent EMT leads to 
cells becoming invasive and accruing abilities 
that makes them mobile, are mechanisms that 
need more understanding. To add more clarity to 
cell transitions, we are looking at the synthesis 
and the form of proteins to determine if there are 
other, as yet uncovered, pathways that could              
be a focus for stopping cells from escaping                
the vasculature and lymphatics and             
undergoing changes which yield multi-potential 
mesenchymal cells. 
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