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AIMAIMAIMAIM

“Investigation of adhesive properties of platelets Investigation of adhesive properties of platelets 
of patients with sickle cell anemia, and of patients with sickle cell anemia, and 

elucidation of the role of cyclic nucleotides and elucidation of the role of cyclic nucleotides and 
ffother signaling pathways as key mediators of other signaling pathways as key mediators of 

the processes of vasothe processes of vaso--occlusion and platelet occlusion and platelet 
dh ”dh ”adhesion”adhesion”



PATIENTSPATIENTSPATIENTSPATIENTS
•• SteadySteady--state patients, diagnosed as homozygous for HbSstate patients, diagnosed as homozygous for HbSSteadySteady state patients, diagnosed as homozygous for HbS state patients, diagnosed as homozygous for HbS 

(n=36) (n=36) →→ hemoglobin electrophoresis methods and high hemoglobin electrophoresis methods and high 
pressure liquid chromatographypressure liquid chromatography

•• Patients on hydroxyurea (HU, n=31), 20Patients on hydroxyurea (HU, n=31), 20--30 mg/Kg/day (at 30 mg/Kg/day (at 
least 3 months)least 3 months)least 3 months)least 3 months)

Had not had painful crisis nor received blood transfusionHad not had painful crisis nor received blood transfusionHad not had painful crisis nor received blood transfusion Had not had painful crisis nor received blood transfusion 
(3 months) and had not taken aspirin during the previous (3 months) and had not taken aspirin during the previous 
10 days.10 days.

•• Healthy volunteers who had not taken any medication Healthy volunteers who had not taken any medication 
within the last 10 days (n=49)within the last 10 days (n=49)within the last 10 days (n=49) within the last 10 days (n=49) 



METHODSMETHODSMETHODSMETHODS

•• Separation of platelets (peripheral blood)Separation of platelets (peripheral blood)
–– Platelet rich plasma (PRP)Platelet rich plasma (PRP)
–– Washed PlateletsWashed Platelets

•• Static Adhesion Assay Static Adhesion Assay ––96 well plates96 well plates

l Cl C•• Flow CytometryFlow Cytometry

E t tion nd q ntifi tion of li n leotideE t tion nd q ntifi tion of li n leotide•• Extraction and quantification of cyclic nucleotidesExtraction and quantification of cyclic nucleotides
–– cAMP (Kits ELISA)cAMP (Kits ELISA)



RESULTSRESULTS



Laboratory details of participating patients and Laboratory details of participating patients and 
healthy controlshealthy controlsyy

AAAA SCDSCD SCDHUSCDHU
PP
SCD comp. SCD comp. 

SCDHUSCDHU

Male/femaleMale/female 20/2920/29 11/2511/25 16/1516/15

Age (years)Age (years) 3333 39 839 8 36 436 4 >0 05>0 05Age (years)Age (years) 3333 39.839.8 36.436.4 >0.05>0.05
Red blood cells count (10Red blood cells count (1066/µl)/µl) N/DN/D 2.7 2.7 2.62.6 >0.05>0.05

Hematocrit (%)Hematocrit (%) 4444 24 024 0 27 127 1 0 0050 005Hematocrit (%)Hematocrit (%) 44 44 24.024.0 27.127.1 0.0050.005
Hemoglobin (g/L)Hemoglobin (g/L) N/DN/D 79.5 79.5 91.591.5 0.0030.003
Mean corpuscular volume (fl)Mean corpuscular volume (fl) N/DN/D 89 589 5 102 9102 9 <0 001<0 001Mean corpuscular volume (fl)Mean corpuscular volume (fl) N/DN/D 89.589.5 102.9 102.9 <0.001<0.001

Mean corpuscular hemoglobin (pg)Mean corpuscular hemoglobin (pg) N/DN/D 29.729.7 34.8 34.8 <0.0001<0.0001

WBC (x10WBC (x1099/L)/L) N/DN/D 9.99.9 7.9 7.9 0.0050.005
Platelets (x10Platelets (x1099 /L)/L) N/DN/D 470.7470.7 423.1423.1 >0.05>0.05

HbF (%)HbF (%) N/DN/D 8.18.1 16.316.3 <0.00001<0.00001



SCD platelets demonstrate an increased ability SCD platelets demonstrate an increased ability 
to adhere to fibrinogen (FB) but not toto adhere to fibrinogen (FB) but not toto adhere to fibrinogen (FB), but not to to adhere to fibrinogen (FB), but not to 

Collagen (Col), Collagen (Col), in vitroin vitro
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A thrombin stimulus significantly increases CON, A thrombin stimulus significantly increases CON, 
SCD and SCDHU platelet adhesion to FBSCD and SCDHU platelet adhesion to FBSCD and SCDHU platelet adhesion to FBSCD and SCDHU platelet adhesion to FB
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IncreasedIncreased expressionexpression ofof PP--selectinselectin moleculemolecule andand
activatedactivated ααIIbIIbββ33 onon SCDSCD plateletsplateletsactivatedactivated ααIIbIIbββ33 onon SCD SCD plateletsplatelets

CON (n≥18)CON (n≥18) SCD (n≥17)SCD (n≥17) SCDHU (n≥13)SCDHU (n≥13)

AntibodyAntibody % (+)% (+) MIFMIF % (+)% (+) MIFMIF % (+)% (+) MIFMIF PPAntibodyAntibody % (+)% (+) MIFMIF % (+)% (+) MIFMIF % (+)% (+) MIFMIF PP

CD42bCD42b--FITCFITC 97.2 97.2 ±± 0.60.6 758.5 758.5 ±± 85.685.6 98.1 98.1 ±± 0.40.4 737.8737.8±±4747 95.5 95.5 ±± 1.61.6 815.6 815.6 ±± 81.781.7

CD62PCD62P--FITCFITC 20.2 20.2 ±± 2.32.3
****

13.9 13.9 ±± 1.41.4
**

29.4 29.4 ±± 3.63.6
****

20.7 20.7 ±± 2.4 2.4 
** 29.2 29.2 ±± 4.64.6 24.2 24.2 ±± 6.36.3 0.040.04****

0 030 03**0.030.03

CD49bCD49b--FITCFITC 70.5 70.5 ±± 4.24.2 27.4 27.4 ±± 2.02.0 70.1 70.1 ±± 4.64.6 29.4 29.4 ±± 2.92.9 68.5 68.5 ±± 5.25.2 26.9 26.9 ±± 2.02.0

CD41aCD41a--FITCFITC 97.5 97.5 ±± 0.50.5 412.9 412.9 ±± 37.137.1 98.2 98.2 ±± 0.40.4 406.7406.7±±3737 96.6 96.6 ±± 1.11.1 447.0 447.0 ±± 43.943.9

PACPAC--11--FITCFITC 11.1 11.1 ±± 3.7 3.7 
## 8.6 8.6 ±± 1.51.5 27.0 27.0 ±± 6.3 6.3 

## 14.4 14.4 ±± 2.62.6 11.6 11.6 ±± 2.62.6 8.6 8.6 ±± 1.71.7 0.03#0.03#



The antiThe anti-- ααIIbIIbββ3 3 antibody (PACantibody (PAC--11)), but not anti, but not anti--
CD62P diminishesCD62P diminishes SCD platelet adhesion to FBSCD platelet adhesion to FBCD62P diminishes CD62P diminishes SCD platelet adhesion to FBSCD platelet adhesion to FB
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Intraplatelet cAMP is decreased in SCD plateletsIntraplatelet cAMP is decreased in SCD platelets
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CON and  SCDHU Platelet cAMP Levels are CON and  SCDHU Platelet cAMP Levels are 
Decreased Following Thrombin StimulationDecreased Following Thrombin StimulationDecreased Following Thrombin StimulationDecreased Following Thrombin Stimulation
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Positive Correlation between Intraplatelet Positive Correlation between Intraplatelet 
cAMP and levels of HbF in SCD and SCDHUcAMP and levels of HbF in SCD and SCDHUcAMP and levels of HbF in SCD and SCDHUcAMP and levels of HbF in SCD and SCDHU
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Inhibition of PDE3A (cilostazol) activity Inhibition of PDE3A (cilostazol) activity 
diminishes SCD platelet adhesive propertiesdiminishes SCD platelet adhesive properties
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Inhibition of PDE3A (cilostazol) activityInhibition of PDE3A (cilostazol) activity
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Inhibition of PDE3A (cilostazol) activityInhibition of PDE3A (cilostazol) activity
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CONCLUSIONSCONCLUSIONS

•• SCD Platelets demonstrated a greater capacity to adhere to SCD Platelets demonstrated a greater capacity to adhere to 
FB but not Col than CON PlateletsFB but not Col than CON PlateletsFB, but not Col, than CON Platelets. FB, but not Col, than CON Platelets. 

•• SCD Platelet adhesion to FB is mediated by activated SCD Platelet adhesion to FB is mediated by activated ααIIbIIbββ33yy IIbIIbββ33
integrinintegrin..

R d dR d d AMPAMP i li d i d PDE3A i ii li d i d PDE3A i i•• Reduced Reduced cAMPcAMP signaling and increased PDE3A activity signaling and increased PDE3A activity 
contribute to increased SCD PLT adhesion.contribute to increased SCD PLT adhesion.

•• HU therapy appears to diminish SCD platelet activation and HU therapy appears to diminish SCD platelet activation and 
adhesive properties.adhesive properties.p pp p

•• NO donor or cyclic nucleotideNO donor or cyclic nucleotide--targeting therapies (targeting therapies (cilostazolcilostazol, , 
ild filild fil) b f l f di i i hi PLT ti ti d) b f l f di i i hi PLT ti ti dsildenafilsildenafil) may be useful for diminishing PLT activation and ) may be useful for diminishing PLT activation and 

adhesion in SCD.adhesion in SCD.



Platelets and VasoPlatelets and Vaso--occlusion in SCDocclusion in SCD

Activation of Activation of 

Activate IntegrinActivate Integrin

others cellsothers cells

Activate Integrin Activate Integrin 
GPIIb/IIIa GPIIb/IIIa 

Release of Release of 
inflammatory inflammatory FibrinogenFibrinogenyy

mediators mediators 
FibronectinFibronectin

ICAMICAM--11

Integrin Integrin ααvvββ33


