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Summary

Platelet activation is a complex process in which platelet 
reorganization takes place associated with changes in the 
cell shape, topology, membrane elasticity and 
microparticle production. The aim of this study was to 
investigate the changes/aberrations in the platelet activity, 
elasticity and morphology in healthy subjects, carriers of 
A allele of prothrombin G20210A polymorphism. Blood 
samples from 18 healthy subjects were used for platelet 
analysis by force-mode atomic force microscopy. 
Restriction analysis was used to investigate the carriage of 
G20210A polymorphism in the prothrombin gene. Flow-
cytometry was applied to evaluate platelet activation. 
Young's modulus of the plasma membranes of platelets 
derived from healthy subjects, carriers of variant A allele 
of prothrombin 20210G>A polymorphism (407±69 kPa) 
is two times higher than the one determined for non-
carriers (195.4±48.7 kPa; p<0.05). The background 
activity of platelets measured as an interrelation of 
Cd41/Cd61 and CD62 by flow cytometry was also higher 
in carriers of variant A allele of prothrombin 20210G>A 
polymorphism (5.0%) than in non-carriers (1.3%). 
Platelets isolated from healthy carriers of variant A allele 
of prothrombin 20210G>A polymorphism exhibited a 
higher level of activity and a higher degree of stiffness at 
the stage of spreading as compared to platelets from non-
carriers.
Key words: platelet activity, elasticity modulus, 
G20210A polymorphism
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Introduction

Platelet activation and spreading represent a 
multistep process resulting in reorganization of the 
platelet membrane, cytoskeleton, organelles, as well 
as a remarkable change in the platalets' shape, 
occurring at distinct morphological steps [1, 2]. On 
activation, platelets undergo a remarkable shift from 
anucleate 2-5 µm discs to smaller spheres with 
extended actin-rich lamellae and filopodia [3]. 
Platelets possess particular nano-mechanical 
properties and might exhibit either viscous or elastic 
characteristics determined by the physical state of 
the cell membrane and other cell components [4]. 
The alterations in platelet topology and its impact on 
platelet activity phase/stage are affected by the 
environment and inheritable factors. The 
morphology and elasticity of platelets exert a strong 
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effect on platelet activation and are vitally related 
to cell function [5, 6]. Platelet adhesion and 
activation is a reversible process at its regulation 
involves activation of integrin α β , a process IIb 3

dependent on the generation of thrombin, 
adenosine diphosphate (ADP), and thromboxane 
A (TXA ) [7, 8].2 2

Thrombin concentration reflects various 
factors among which a genetic defect in the gene 
c o d i n g  f o r  p r o t h r o m b i n  2 0 2 1 0 G > A 
polymorphism, that results in the production of 
prothrombin (hyperprothrombinemia) and 
thrombin at levels two times higher.

A substitution 20210G>A in the 3'-
untranslated region of the gene of prothrombin is 
a single nucleotide polymorphism (SNP) that 
causes increased pre-mRNA stability [9] and 
elevated level of plasma prothrombin. The 
carriers of A allele of the 20210G>A 
polymorphism have an enhanced tendency to 
thrombosis [10, 11].

The changes produced by elevated 
concentration of thrombin at different stages of 
platelets activation could provide an important 
insight into the regulation of platelet morphology 
and function.

During the last decade, platelets and other 
cells have been actively investigated by atomic 

 
force microscopy (AFM) [12] to determine their 
topographical and biomechanical characteristics 
upon platelet activation [13,14].

In this work we combined AFM and flow-
cytometry tools to evaluate the changes in 

platelet elasticity and activation in healthy 
subjects, carriers and non-carriers of variant A 
a l l e l e  o f  p r o t h r o m b i n  G 2 0 2 1 0 A > T  
polymorphism, and the influence of the pro-
trombotic mutation.

Materials and methods

Selection of subjects and study 
protocol
The investigated group included 18 unrelated 
healthy Caucasian individuals with no family 
history of thrombosis. The healthy subjects, 
carriers of A allele of prothrombin 20210G>A 
polymorphism were selected from a database of 
healthy controls and repeatedly investigated for 
the mutation carriage. The carriage of 
prothrombin 20210G>A polymorphism in 
healthy controls is 2.8% (p=0.0018). Eight 
carriers and ten non-carriers were included in the 
investigation.

Data collection
The baseline characteristics were taken from 
personal interviews, using a specially designed 
questionnaire (Table 1). Blood clotting 
parameters were determined by conventional 
techniques in routine use at the University 
Hospital.

The study protocol was approved by the ethics 
committee of the Medical University - Pleven. 
All the subjects included gave informed consent 
for the investigation.

Table 1. Basic data of the investigated subjects

Characteristics Total 
Carriers of 20210A 

polymorphism  

Non-carriers of 20210A 

polymorphism  

Subjects (n, %) 18 8 (44.4%)  10 (55.6%)  

Age (years) 42.9±12.27 41.81±11.93  43.78±13.06  

BMI (kg/m2) 25.83 24.77  26.16  

Sample collection for DNA analysis
Venous blood was collected in vacutainers 
containing 0.0084 ml 15% EDTA (Becton, 
Dickinson and Company). DNA was isolated 
according to the procedure of GFTTM Genomic 
Blood DNA Purification Kit (Amersham 
Pharmacy Biotech Inc.). DNA samples were 
quantified using the agarose gel procedure. 
Polymerase Chain Reaction (PCR) was carried 

out in a total volume of 20 µl containing 1 µl (100 
ng/µl) genomic DNA, 0.4 µl (20 pmol/µl), 
respectively, forward and reverse primers, 1.8 µl 
(5 mmol/µl) deoxynucleotide triphosphates, 
MgCl 2.0 µl (25 mmol/µl), 2.0 µl Buffer for Taq 
polymerase, and Taq polymerase 1 U per sample 
(AB gene).

The amplification was carried out by 
thermocycler (Techne, version 11.04). The 
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primers and reaction conditions for the 
investigated genetic defects have been described 
in a previous work [15].

PCR products were fractionated by 
electrophoresis through 2.5% agarose 
(AppliChem) and visualized in UV light by 
ethidium bromide staining (10 mg/ml, 10 µl).

The amplified samples (10 µl) were incubated 
at 37°С for 12 hours with a specific enzyme-
restrictase (3U per sample) in the presence of 0.2 
µl Bovine serum albumin (Purified BSA 10 
mg/ml - New England BioLabs Inc.), 2 µl NEB 
Buffer 2 (New England BioLabs Inc.) in a total 
volume of 20 µl.

Hind III (20 000 U/ml) restrictase was used 
for each mutation (New England BioLabs Inc.).

The products of restrictase reaction were 
separated by electrophoresis over 3.5% agarose 
gel and visualized in UV light by ethidium 
bromide staining (10 mg/ml, 10 µl).

Guidelines to avoid PCR contamination were 
strictly followed [16].

Sample collection for platelets 
analysis
Samples of 10 ml venous blood were obtained 
early in the morning from fasting individuals by 
means of the minimum tourniquet pressure 
method. The first 5 ml in each sample were 
utilized for polymorphism analysis, while the rest 
of the sample was used for platelets. The 
procedures were performed with minimum 
mixing or agitation and at room temperature. 
Platelet-rich plasma (PRP) was obtained by 
centrifugation of whole blood at 1000 rpm (150 
g) for 15 min at room temperature. Then PRP was 
subjected to centrifugation at 2700 rpm for 5 min 
that yielded a platelet-rich pellet. After gentle 
resuspension in phosphate-buffered saline (PBS 
buffer), the pellet was additionally washed twice 
in PBS buffer before performing the imaging 
experiments [17].

Sample  preparation for  AFM 
imaging and force mapping
The isolated platelets were spread on sterilized 
round glass slides. After 30 min incubation, the 
loosely attached cells were washed out with PBS 
buffer. The platelets were fixed with 2.5% 
glutaraldehyde for 40 minutes, washed again and 
dried under a nitrogen stream.

Contact mode AFM imaging in air was 
performed with NanoScopeV system (Bruker 
Inc.) [18]. Standard silicon nitride (Si N ) probe 3 4

tips (Budget Sensors, Innovative Solutions Ltd., 

Bulgaria) with tip radius <10 nm, scanning rate 
of 0.2 Hz and resolution of 512×512 pixels were 
used. The analysis was performed using Bruker 
NanoScope Analysis 1.3 software [19].

Force curves (recorded at 0.5 Hz, 128 pixels) 
were recorded for an array of points on the cell 
surface and a three-dimensional array of force 
data was generated [20].

The elastic properties of the sample were 
described by Young's modulus (E) determined 
according to the Hertz model [21,22].

Flow cytometry
Whole blood containing anticoagulant (3.2% 
sodium citrate, BD Vacutainer) was diluted 1:10 
in modified HT buffer - 10 mM HEPES, 137 mM 
NaCl, 2.8 mM KCl, 1mM MgCl , 12 mM 2

NaHCO , 0.4 mM Na HPO , 0.35% (w/v) BSA, 3 2 4

5.5 mM glucose, pH 7.4. A three-color module 
with fluorescence-conjugated monoclonal 
antibodies was used in the study to investigate 
platelet activation. Diluted whole blood was 
incubated at room temperature with FITC-
conjugated mouse anti-human CD41 (clone 
MEM-06; EXBIO, Praha), APC-conjugated 
mouse anti-human CD61 (clone VIPL2; EXBIO, 
Praha) and with PE-conjugated mouse anti-
human CD62P (clone AK-4; EXBIO, Praha). 
The incubation was discontinued after 30 
minutes by adding 500 μL of BD Cellfix™. Fifty 
thousand cells were analyzed from each sample 
with a BD LSR II flow cytometer using the Diva 
6.1.1 software (BD Biosciences, San Jose, CA).

Results

Young's modulus
The Young's modulus is a measure of the 
elasticity of cell membranes. The Young's 
modulus was determined by fitting the equation 
to each force-distance curve and was expressed 
by relation of stress to strain. The force curves 
(about 15 force-distance curves for each image) 
were recorded from the central part of the 
platelets, presuming that the stiffness of the 
human platelets varies in different parts of the 
cell.

The Young's modulus of the platelets isolated 
from subjects carriers of variant A allele of 
prothrombin 20210G>A polymorphism was 
significantly higher as compared to the control 
non-carriers - 407±69 kPa versus 195.4±48.7 
kPa, respectively (p<0.05; Figure 1).

74



75

Flow cytometry
The samples explored by flow cytometry 
apparently contained a mixture of resting and 
activated platelets. The data was displayed using 
logarithmic-orthogonal and logarithmic-forward 
light scatter (Figure 2). The gated CD61-positive 
cells were sub-gated with CD41 and CD62P.

The double positive population CD41/CD62P 

(Q2) was characterized as activated platelets. 
Activated platelets from healthy subjects, non-
carriers of variant A allele of G20210A 
polymorphism were 1.3%, while the CD62P 
positive platelets in healthy subjects, carriers of 
variant A allele of G20210A polymorphism 
accounted for 5% of the double positive 
population CD41/CD62P (Q2).

Figure 1. Box chart representation of Young's modulus determined for platelets obtained from healthy controls 
non-carriers of variant A allele of prothrombin G20210A mutation (black) and of carrier of pro-thrombotic 
mutation (red)

Figure 2. Flow-cytometry of the platelets isolated from healthy subjects. Scatterplots recorder of non-carriers 
(A, B, C) and carriers (D, E, F) of A allele of pro-thrombotic 20210A polymorphism. Platelets were labelled with 
anti-human CD41, FITC HIP8; Anti-Human CD61 (Integrin beta 3) APC (V); Anti-Human CD62P PE (AK-4), 
and activation was measured

A B C  

 D
 

 E
 

 F
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AFM imaging of platelets from 
healthy subjects
The objects of resting platelets observed by AFM 

are rather few, as most of the platelets get 
activated after they come into contact with an 
artificial material, such as the glass coverslip 

Figure 3. Representative AFM images of activated platelets derived from healthy subject, carrier of G20210A 
polymorphism, deposited onto glass coverslip. (A) AFM-2D profile with a shadowing effect of freshly prepared 
platelets derived from healthy individual non-carrier of variant A allele of prothrombin G20210A mutation (C) 
AFM-2D profile of freshly prepared platelets derived from healthy individual carrier of variant A allele of 
prothrombin G20210A mutation. (E) AFM-2D profiles of fresh platelets derived from the same individual (carrier of 

2+variant A allele of prothrombin G20210A polymorphism) in the presence of Mg  ions, (inhibition of aggregation). 
(B, D, F) AFM-3D topographical images of the corresponding platelets in images A, C and E. The platelets were 
fixed with 2.5% glutaraldehyde. The images were taken at room temperature in tapping mode in air
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Height*  (nm)  

Mean±SD  

Area*  (µm2)  

Mean±SD  

Non-carriers of 20210A polymorphism 1036±383  5.15±2.9  

Carriers of 20210A polymorphism 1211±433  5.16±3.0  

Carriers of 20210A polymorphism in the 
presence of Mg2+

 ions 
995.2±230  4.98±1.4  
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derived from the non-carriers (p<0.05). 
Modulations in membrane stiffness have also 
been found by other authors investigating 
platelets topology and elasticity. It has been 
shown by Du Plooy et al. that stiffness of the 
platelets is a factor dependent on smoking status 
[23] as well as on the status of thrombosis. 
However, data on Young's modulus in thrombotic 
disease is controversial [24]. Our results from 
investigating patients with thrombosis 
(unpublished data) revealed elevated values of 
membrane elasticity in patients in acute events.

Young's modulus values, calculated for 
healthy subjects in our study were higher (>180 
kPa) than the ones reported by Lee and Marchant 
- 46.5, 29.7, and 6.2 kPa, respectively [13], and 
by Rheinlaender et al. (46.6 kPa) [2]. This could 
be attributed to the fact that the AFM 
measurements were done on platelets fixed with 
1% glutaraldehyde in air and not in a fluid state.

The results regarding morphology of the cells, 
their shape, number of filopodia, lamelia and the 
number and shape of the microparticles (Figure 
3) were also much more expressed in carriers 
than in non-carriers. The height of the platelets 
was higher in the carriers of 20210G>A as well 

2+
(Table 2). In the presence of Mg  (inhibitor of 
activation) these effects were reduced. The data 
from flow cytometry provided the additional 
evidence of higher level of platelets activation in 
the carriers of A allele of G20210A 
polymorphism, though not leading to a 
pathological event.

Based on the atomic force microscopy data we 
illustrate the important difference between 
elasticity and topography of human platelets in 
relation to the carriage and non-carriage of A 
allele of G20210A polymorphism in healthy 
subjects. The situation in the carriers of A allele of 
the G20210A polymorphism presents with the 
features of pathology, although in a silent state. 

support used in this study.
The morphological changes like membrane 

protrusions, filopodia/pseudopodia formation, 
and spreading on a surface were observed in 
samples from both carriers and non-carriers of 
20210A polymorphism (Figure 3 A, B, C and D). 
However, the activation state was more 
accelerated/advanced in carriers of prothrombin 
20210A polymorphism. Platelets, derived from 
controls, carriers of 20210A polymorphism were 
completely spread over the glass coverslip with a 
negligible number of filopodia, unlike platelets 
of non-carriers. Moreover, the number of 
platelets-carriers of polymorphism per unit area 
was larger and they had a higher tendency to stick 

2+to each other. The addition of Mg  ions inhibited 
the aggregation process and slowed down the 
activation effect (Figure 3 F and E). Although the 
tendency to stack retained, the hialoplazma was 
not spread. The initial protrusion of the 
pseudopodia could be observed as shown on 
Figure 3E.

Discussion

The aim of the study was to compare the changes 
in the topology and Young's modulus in platelets, 
isolated from healthy individuals, carriers and 
non-carriers of 20210G>A polymorphism in a 
prothrombin gene and thus evaluate the impact of 
altered thrombin on platelet behaviour in healthy 
(non-diseased) condition.

Elasticity maps obtained from the platelets of 
the healthy carriers of 20210G>A polymorphism 
were characterized by a much higher value of 
Young's modulus than the corresponding 
modulus of the platelets from healthy non-
carriers (Figure 1). The stiffness of the platelet 
membranes of the carriers was substantially 
(twice) and significantly higher than of those 

Table 2. Topography of platelets from healthy controls non-carriers and carriers of A allele of G20210A 
polymorphism

*Significant data p<0.05
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These facts confirm our hypothesis that this 
thrombophilic polymorphism contributes to the 
activation of the platelets in its reversible phase, 
which needs additional small triggering event to 
facilitate the process to its irreversible phase.

The morphological and mechanical 
assessment of dynamics of platelet function in 
carriers and non-carriers of thrombophilic 
mutation contributes to a better understanding of 
the mechanism of activation of thrombosis and 
the possibility of its prevention.

The physiological relevance of platelet 
membrane  changes  r equ i r e s  fu r the r  
investigation.

Conclusions

Platelets isolated from carriers of A allele of 
prothrombin G20210A polymorphism exhibit 
elevated level of activity and a higher degree of 
stiffness at the stage of spreading as compared to 
non-carriers, similar to an initial reversible stage 
of platelets activation in hemostasis and 
thrombosis.
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