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Development of factor VIII (FVIII) inhibitors following

replacement therapy with FVIII is one of the major chal-

lenges faced when treating patients with hemophilia A.

Inhibitors develop in 20–32% of previously untreated

patients with severe and in 3–13% with moderate or mild

hemophilia A [1,2]. The cause of the immunogenicity is not

well understood. There is evidence that both genetic and

non-genetic factors influence patients’ susceptibility to

develop these antibodies [3,4]. Novel hypothesis and

research approaches are required to obtain more clarity on

the molecular basis of FVIII immunogenicity and how

FVIII triggers unwanted immune responses in some

patients but not in others. The aim of our paper ‘Compara-

tive analysis of marketed factor VIII products: recombi-

nant products are not alike vis-a-vis soluble protein

aggregates and subvisible particles’ [5] was to advance

science and help to generate new hypotheses for future

research on the molecular basis of FVIII immunogenicity.

Our aim was to provide scientific transparency of our ratio-

nale and to stay on the level of a scientific debate rather

than discussing brands or products. We believe that when

it comes to treatment decisions clinical evidence on a

robust basis is required. Disclosure of brand names as

recently suggested by M Makris and A Farrugia in a letter

to the editor of JTH [6] could influence treatment decisions

by hypotheses rather than robust clinical evidence.

Data from other protein products suggest that critical

quality variables such as soluble protein aggregates (SPAs)

and subvisible particles (SVPs) influence the immunogenic-

ity of protein therapeutics [7]. We analyzed SPAs and SVPs

concentrations in commercially available recombinant

FVIII (rFVIII) products to understand if there are differ-

ences between these products after reconstitution. More-

over, we wanted to know if and how levels of SPAs and

SVPs change upon exposure of rFVIII products to relevant

stress conditions such as agitation and sheer stress. Pre-

existing SPAs and SVPs may act as seeds that nucleate fur-

ther protein aggregation upon exposure to stress [8–10].
Our data derived from the analysis of three to six dif-

ferent lots of nine rFVIII products revealed the following.

1 SPAs and SVPs were detected in all lots from all prod-

ucts investigated in varying quantities after reconstitu-

tion. SPA concentrations ranged from 0.2% to 11.6%;

SVP concentrations ranged from 0.7 9 106/1000 IU to

114.0 9 106/1000 IU. There were lot-to-lot variations

in each product.

2 Upon exposure to relevant stress (agitation and sheer

stress) the products formed additional SPAs and SVPs to

different degrees. Products with the highest concentrations

of SPAs or SVPs after reconstitution showed the highest

increase in these variables upon relevant stress, indicating

that SPAs and SVPs present in the products after reconsti-

tution might act as seeds that nucleate further SPAs and

SVPs upon exposure to stress.

3 The size distribution of SVPs in rFVIII products after

exposure to relevant stress was similar to that
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determined in the products after reconstitution, albeit

with a slight increase in larger SVPs (on average 45.8%

0.75–1 lm, 26.4% 1–2 lm, 21.7% 2–4.5 lm and 6.1%

4.5–70 lm in size)

4 The majority (53–99%) of SVPs was protein or con-

tained protein. Individual lots of some products were

found to contain increased concentrations of non-

protein particles.

5 The use of any single method for assessment of aggre-

gates is not sufficient to provide a robust measure of

protein aggregation.

6 No difference was observed in the initial presence or de

novo formation of SPAs or SVPs that could be attributed

to the presence or lack of the B-domain in full-length

rFVIII and B-domain-deleted rFVIII products.

The question arises if and how SPAs and SVPs

found in the nine recombinant FVIII products influence

the immunogenicity of these products. There is experi-

mental evidence that protein aggregates may elicit or

enhance immune responses by several mechanisms,

including: extensive cross-linking of B-cell receptors,

causing efficient B-cell activation [11,12]; enhancing

antigen uptake, processing and presentation; and trig-

gering immunostimulatory danger signals [13]. However,

other critical information that would be essential to

directly correlate the concentrations of SPAs and SVPs

with protein immunogenicity in patients is still lacking.

In particular, the following information would be

required.

1 Types and quantities of SPAs and SVPs needed to gen-

erate immune responses for any given therapeutic pro-

tein product, in our case for rFVIII products. There is

evidence that higher-molecular-weight aggregates and

particles are more potent in eliciting immune responses

than lower-molecular-weight aggregates [11,12,14].

However, quantitative information about a correlation

between the concentration of these higher-molecular-

weight aggregates and particles and the immunogenicity

of products in patients is missing.

2 The SPAs and SVPs formed and the quantities that

efficiently elicit immune responses may differ for differ-

ent products and in different clinical scenarios. More-

over, the immune system of each patient might have a

different sensitivity for immune activation by SPAs and

SVPs contained in FVIII products.

In addition to the baseline levels of SPAs and SVPs in

each rFVIII product, our data indicate that product mis-

handling after reconstitution can increase the concentra-

tion of SPAs and SVPs. Similar findings for FVIII

products were recently published by Tsutomo et al. [15].

Thus, it is important to educate end-users about proper

product handling to avoid an amplification of potential

adverse effects due to increases in SPAs and SVPs

induced by mishandling. [15].

In conclusion, we believe the research community

needs to pay more attention to the presence of SPAs and

SVPs in FVIII products and how these variables influ-

ence the immunogenicity of the products in patients. Our

current understanding does not yet allow specific conclu-

sions on how levels of SPAs and SVPs in FVIII products

translate into product immunogenicity in patients but we

believe that thorough assessment of these variables is

important.

Addendum

B. M. Reipert wrote the manuscript. J. Anzengruber and

F. Scheiflinger revised the manuscript and all authors

approved the final version.

Acknowledgement

We thank E. Langdon-Neuner for editing the English lan-

guage of the manuscript.

Disclosure of Conflict of Interests

This work was funded by Shire. All authors are employ-

ees of Shire.

References

1 Gouw SC, van der Bom JG, Ljung R, Escuriola C, Cid AR,

Claeyssens-Donadel S, van Geet C, Kenet G, Makipernaa A,

Molinari AC, Muntean W, Kobelt R, Rivard G, Santagostino E,

Thomas A, van den Berg HM; PedNet and RODIN Study

Group. Factor VIII products and inhibitor development in severe

hemophilia A. N Engl J Med 2013; 368: 231–9.
2 Hay CR. Factor VIII inhibitors in mild and moderate-severity

haemophilia A. Haemophilia 1998; 4: 558–63.
3 Oldenburg J, Pavlova A. Genetic risk factors for inhibitors to

factors VIII and IX. Haemophilia 2006; 12 (Suppl. 6): 15–22.
4 Astermark J. Basic aspects of inhibitors to factors VIII and IX

and the influence of non-genetic risk factors. Haemophilia 2006;

12 (Suppl. 6): 8–13.
5 Anzengruber J, Lubich C, Prenninger T, Gringeri A, Scheiflinger

F, Reipert BM, Malisauskas M. Comparative analysis of mar-

keted factor VIII products: recombinant products are not alike

vis-a-vis soluble protein aggregates and subvisible particles.

J Thromb Haemost 2018; 16: 1176–81.
6 Makris M, Farrugia A. Comparative analysis of marketed

factor VIII products: comment. J Thromb Haemost 2018; 17:

232–3.
7 Moussa EM, Panchal JP, Moorthy BS, Blum JS, Joubert MK,

Narhi LO, Topp EM. Immunogenicity of therapeutic protein

aggregates. J Pharm Sci 2016; 105: 417–30.
8 Jarrett JT, Lansburg PT. Seeding “one-dimensional crystalliza-

tion” of amyloid: a pathogenic mechanism in Alzheimer‘s disease

and scrapie? Cell 1993; 73: 1055–8.
9 Gsponser J, Vendruscolo M. Theoretical approaches to protein

aggregation. Protein Pept Lett 2006; 13: 287–93.
10 Andrews JM, Roberts CJ. A lumry-eyring nucleated polymeriza-

tion model of protein aggregation kinetics: 1. aggregation with

pre-equilibrated unfolding. J Phys Chem 2007; 111: 7897–913.

234 Letters to the Editor

© 2018 Shire International GmbH. Journal of Thrombosis and Haemostasis published by Wiley Periodicals, Inc. on behalf of International Society on
Thrombosis and Haemostasis.



11 Dintzis RZ, Okajima M, Middleton MH, Greene G, Dintzis

HM. The immunogenicity of soluble haptenated polymers is

determined by molecular mass and hapten valence. J Immunol

1989; 143: 1239–44.
12 Bachmann MF, Rohrer UH, K€undig TM, B€urki K, Hengartner

H, Zinkernagel RM. The influence of antigen organization on B

cell responsiveness. Science 1993; 262: 1448–51.
13 Seong SY, Matzinger P. Hydrophobicity: an ancient damage-

associated molecular pattern that initiates innate immune

responses. Nat Rev Immunol 2004; 4: 469–78.

14 Joubert MK, Hokom M, Eakin C, Zhou L, Deshpande M,

Baker MP, Goletz TJ, Kerwin BA, Chirmule N, Narhi LO, Jawa

V. Highly aggregated antibody therapeutics can enhance the

in vitro innate and late-stage T-cell immune responses. J Biol

Chem 2012; 287: 25266–79.
15 Tsutomu U, Nakamura K, Abe Y, Carpenter JE. Effects of pro-

duct handling parameters on particle levels in a commercial fac-

tor VIII product: impacts and mitigation. J Pharm Sci 2018;

[Epub ahead of print]. https://doi.org/10.1016/j.xphs.2018.08.022.

Protease-activated receptor-1 impedes prostate and intestinal
tumor progression in mice: comment

C. A . SPEK ,* C . TEK IN*†‡ and M. F . B I J L SMA†‡
*Center of Experimental and Molecular Medicine, Amsterdam UMC, University of Amsterdam; †Laboratory for Experimental Oncology and

Radiobiology, Amsterdam UMC, University of Amsterdam, Cancer Center Amsterdam; and ‡Oncode Institute, Amsterdam, the Netherlands

To cite this article: Spek CA, Tekin C, Bijlsma MF. Protease-activated receptor-1 impedes prostate and intestinal tumor progression in mice:

comment. J Thromb Haemost 2019; 17: 235–8.

See also Adams GN, Sharma BK, Rosenfeldt L, Frederick M, Flick MJ, Witte DP, Mosnier LO, Harmel-Laws E, Steinbrecher KA, Palumbo JS.

Protease-activated receptor-1 impedes prostate and intestinal tumor progression in mice. J Thromb Haemost 2018; 16: 2258–69.

Protease-activated receptor 1 (PAR-1), originally identi-

fied as the thrombin receptor on platelets and vascular

endothelial cells, is expressed on numerous cells through-

out the body. Tumor cells, and cells in the tumor

microenvironment such as cancer-associated fibroblasts,

macrophages, T cells and endothelial cells, are no excep-

tion and PAR-1 expression is abundant in a variety of

cancer tissues [1,2]. The potential relevance of PAR-1

expression for tumor growth is underscored by observa-

tions that PAR-1 expression levels correlate with cancer

progression and overall survival [1,2]. Consistent with

such clinical data hinting towards a tumor-promoting

effect of PAR-1, experimental studies seem to provide

solid evidence for activated PAR-1 as a driver of cancer

progression. Indeed, PAR-1 activation induces prolifera-

tion, migration and invasion of cancer cells in different

in vitro experiments (excellently reviewed in references

[2]), whereas tumor cell-specific PAR-1 overexpression

potentiates tumor growth in preclinical animal models of

breast and prostate cancer (Table 1; [3,4]). In line with

this, shRNA-mediated inhibition of tumor cell PAR-1,

stromal PAR-1 depletion or pharmacological PAR-1 inhi-

bition consistently suppress tumor growth in animal mod-

els (Table 1; [3,4]). As a consequence, the current

paradigm dictates that PAR-1 promotes cancer progres-

sion based on which PAR-1 has been suggested as a

promising target for the treatment of cancer [1]. Intrigu-

ing recent data are, however, at odds with this paradigm

and suggest that PAR-1 could also harbor tumor-suppres-

sive functions.

In a recent issue of the Journal of Thrombosis and Hae-

mostasis, Adams and colleagues elegantly addressed the

importance of PAR-1 in spontaneously developing tumor

models and showed that the genetic elimination of PAR-1

in fact aggravated tumor development [3]. Interbreeding

PAR-1-deficient mice with TRAMP (transgenic adenocar-

cinoma of the mouse prostate) mice that spontaneously

develop prostate tumors led to significantly larger tumors

with features of aggressive growth. Moreover, PAR-1-

deficient adenomatous polyposis coli min (APCmin/+)

mice developed more and larger adenomas as compared

with PAR-1 wild-type APCmin/+ mice. In a concurrently

published paper from our own group, we showed that
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