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Pathologically stiff erythrocytes impede contraction of blood 
clots: Reply to comment

Dear Editor,
We thank Ilich et al.1 for their comments on our paper2 and their ac-
curate summary emphasizing the importance of red blood cell (RBC) 
properties in thrombosis associated with sickle cell disease (SCD). 
The authors refer to their publication on this topic3 and find that our 
results are consistent with their findings on the role of RBC rigidity 
in blood clot contraction and structure. The fact that related results 
were obtained in the two studies using different approaches is reas-
suring. Both research projects, which evolved over many years,4- 9 
showed the effect of stiffer RBCs from SCD patients on clot con-
traction and the resulting clot structure, showing lesser compression 
of RBCs, and the effects of chemical stiffening of RBCs. While these 
two publications mutually reinforce the findings, these complemen-
tary but independent studies take different approaches conceptu-
ally and methodologically.

Faes et al. focused on exploring SCD in more depth, and carried 
out informative and important results with both human patient sam-
ples and in vivo murine models, and specifically assessed the role of 
RBC sickling in the retention of those cells within the clot volume, 
leading to a larger final clot size following contraction in their mu-
rine SCD studies. They discuss the influence of this effect on the 
pathogenesis of thrombosis, and show a reversal of this effect with 
RBC exchange. Importantly, they show that sickled RBCs increase 
resistance to fibrinolysis of contracted clots, pointing to another 
aspect of the clinical importance of exploring these mechanisms of 
thrombosis.

Using an alternative approach, we focused on the general mecha-
nistic role of RBC mechanical properties on the impairment of clot con-
traction. Our study quantified in detail the effects of RBC stiffness on 
clot contraction, through in vitro studies of SCD blood, and other stiff 
RBCs, using chemical treatment, llama ovalocytes, and stiffening with 
the Wright b antibody. We determined the extent of contraction, ki-
netics of the three phases, work done by platelets, and percentages of 
biconcave RBCs, polyhedrocytes and intermediate forms. Previously, 
we quantified the effects of different factors on clot contraction, in-
cluding variations in platelets, fibrin and RBCs, and used experiments 
with blood from SCD patients to show a clinically relevant example 
of the effect of stiffness of RBCs reducing the extent of clot contrac-
tion (fig. 5FG in9). However, the mechanism underlying the reduction 
in contraction remained unexplored. Our continuing studies further 
explored the role of RBC rigidity in reducing the extent of clot con-
traction and formation of polyhedrocytes. We carried out extensive 
studies on clots from SCD patients as an example of a condition with 
increased RBC rigidity, but also used other methods to stiffen RBCs, 
to ensure that the effects were not influenced by other aspects of 
SCD. Moreover, we looked at RBC from SCD patients in the absence 
of sickling to focus on the effect of this disease on the RBC membrane.

While we recognized the importance of the study by Faes et al. 
and cite it in our paper, we acknowledge that a detailed discussion in 
the context of our findings would have been appropriate. We think 
highly of this quite significant contribution from such an eminent 
group of scientists.
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SCD is an important, clinically relevant condition associated with 
an increased risk of thrombosis that has received too little atten-
tion, so it is beneficial that multiple groups are studying the patho-
genesis of thrombosis in SCD. Through these two papers, we now 
have a better understanding of the effects of RBC stiffness on clot 
contraction.

KE Y WORDS
blood clotting, clot contraction, erythrocytes, sickle cell disease, 
thrombosis

CONFLIC T OF INTERE S T
None of the authors has any relevant conflict to declare.

AUTHOR CONTRIBUTIONS
All authors contributed to writing and editing this letter.

Valerie Tutwiler1,2

Rustem I. Litvinov1,3

Anna Protopopova1

Chandrasekaran Nagaswami1

Carlos Villa4

Eric Woods5

Osheiza Abdulmalik6

Don L. Siegel4

J. Eric Russell7

Vladimir R. Muzykantov8

Wilbur A. Lam9

David R. Myers9

John W. Weisel1

1Department of Cell and Developmental Biology, University 
of Pennsylvania Perelman School of Medicine, Philadelphia, 

Pennsylvania, USA
2Department of Biomedical Engineering, Rutgers –  The State 

University of New Jersey, Piscataway, New Jersey, USA
3Institute of Fundamental Medicine and Biology, Kazan Federal 

University, Kazan, Russia
4Department of Pathology and Laboratory Medicine, University 

of Pennsylvania Perelman School of Medicine, Philadelphia, 
Pennsylvania, USA

5Max- Planck- Institut für Eisenforschung GmbH Düsseldorf, 
Düsseldorf, Germany

6Children’s Hospital of Philadelphia, Philadelphia, Pennsylvania, 
USA

7Department of Medicine, University of Pennsylvania Perelman 
School of Medicine, Philadelphia, Pennsylvania, USA

8Department of Pharmacology, University of Pennsylvania 
Perelman School of Medicine, Philadelphia, Pennsylvania, USA

9The Wallace H. Coulter Department of Biomedical Engineering, 
Georgia Institute of Technology and Emory University, Atlanta, 

Georgia, USA

Correspondence
John W. Weisel, Department of Cell and Developmental 
Biology, University of Pennsylvania School of Medicine, 

Philadelphia, PA, USA.
Email: weisel@pennmedicine.upenn.edu

ORCID
Valerie Tutwiler  https://orcid.org/0000-0003-1213-4447 
Rustem I. Litvinov  https://orcid.org/0000-0003-0643-1496 
Wilbur A. Lam  https://orcid.org/0000-0002-0325-7990 
John W. Weisel  https://orcid.org/0000-0002-9628-257X 

R E FE R E N C E S
 1. Ilich A, Sparkenbaugh EM, Wolberg AS, Key NS, Pawlinski R. 

Pathologically stiff erythrocytes impede contraction of blood clots: 
comment. J Thromb Haemost.

 2. Tutwiler V, Litvinov RI, Protopopova A, et al. Pathologically stiff 
erythrocytes impede contraction of blood clots. J Thromb Haemost. 
2021;19(8):1990- 2021.

 3. Faes C, Ilich A, Sotiaux A, et al. Red blood cells modulate structure 
and dynamics of venous clot formation in sickle cell disease. Blood. 
2019;133(23):2529- 2541.

 4. Faes C, Ilich A, Sparkenbaugh EM, et al. Alteration of the structure 
and dynamics of venous clot formation in human and murine sickle 
cell disease. Blood. 2016;128(22):2478.

 5. Strauss H, Myers DR, Rollins MR, Weisel JW, Lam WA. Clot 
contraction- mediated erythrocyte packing is significantly altered 
in sickle cell disease. Blood. 2015;126(23):215.

 6. Tutwiler V, Wang H, Litvinov RI, Weisel JM, Shenoy V. Biomechanics 
of blood clot contraction. J Thromb Haemost. 2015;13(S2):414.

 7. Faes C, Sparkenbaugh E, Wang S, et al. Sickle cell red blood cells alter proper-
ties of mouse and human clot. Res Pract Thromb Haemost. 2017;1:346- 347.

 8. Faes C, Sparkenbaugh EM, Pawlinski R. Hypercoagulable state in 
sickle cell disease. Clin Hemorheol Microcirc. 2018;68(2– 3): 301- 318.

 9. Tutwiler V, Litvinov RI, Lozhkin AP, et al. Kinetics and mechanics of 
clot contraction are governed by the molecular and cellular compo-
sition of blood. Blood. 2016;127:149- 159.

https://orcid.org/0000-0003-1213-4447
https://orcid.org/0000-0003-0643-1496
https://orcid.org/0000-0002-0325-7990
mailto:
https://orcid.org/0000-0002-9628-257X
mailto:weisel@pennmedicine.upenn.edu
https://orcid.org/0000-0003-1213-4447
https://orcid.org/0000-0003-1213-4447
https://orcid.org/0000-0003-0643-1496
https://orcid.org/0000-0003-0643-1496
https://orcid.org/0000-0002-0325-7990
https://orcid.org/0000-0002-0325-7990
https://orcid.org/0000-0002-9628-257X
https://orcid.org/0000-0002-9628-257X

