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A METHOD OF PURIFYING THERAPEUTIC PROTEINS 

TECHNICAL FIELD 

(0001] The present invention relates generally to a method of reducing the level of 

impurities in a solution containing at least one therapeutic protein and to the resultant 

therapeutic-protein containing solutions. More specifically, to a method of reducing the 

level of plasminogen and/or tissue plasminogen activator and/or other protease(s) in a 

feedstock comprising fibrinogen and/or Factor vrn and/or Von WiUebrand factor (VWF). 

The present invention also relates generally to solutions and pharmaceutical formulations 

comprising the fibrinogen and/or Factor VIII and/or VWF recovered by such methods, and 

uses thereof. 

BACKGROUND 

(0002) Current methods of purifying a naturally-occlUTing or recombinant therapeutic 

protein from a solution comprising said protein usually carry at least some impurities into 

the fmal preparation. In some instances, the presence of impurities, such as proteases, will 

destabilise the therapeutic protein in solution, particularly during storage. For this reason, 

many therapeutic proteins are stored as lyophilized or frozen preparations. 

(0003) Whilst destabilising levels of impurities can affect many different types of 

therapeutic proteins. they are particUlarly relevant to those used for maintaining 

haemostasis. Haemostasis is an important physiological process that prevents bleeding 

following damage (e.g. a rupture) to blood vessels. There are three basic mechanisms that 

promote haemostasis: (i) vasoconstriction, (ii) platelet aggregation at the rupture site; and 

(iii) coagulation. During coagulation, damaged endothelial cells release tissue factor 

(Factor III), which in turn activates Factor vn with the aid of Ca2
+. Factor XII, which is 

released by activated platelets, activates Factor XI. Activated Factor VII and Factor XI 

promote a cascade of enzymatic reactions that lead to the activation of Factor X. Active 

Factor X (Factor Xa), along with Factor III, Factor V, Ca2
+, and platelet thromboplastic 

factor (PF3), activate prothrombin activator. Prothrombin activator converts prothrombin 

to thrombin, which converts fibrinogen (Factor I) to fibrin, which forms an initial mesh 

over the site of damage. The initial mesh is then converted to a dense fibrin clot by Factor 

XIII, sealing the rupture until the site is repaired. During the coagulation cascade, 

thrombin will also activate Factor VIII, a glycoprotein pro-cofactor that in the circulation 
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[01741 The purity of fibrinogen that was recovered from the MacroPrep ™ .HQ 

chromatographic resin was greater than 95%, as revealed by analytical size exclusion 

HPLC chromatography. A representative of the HPLC profile of fibrinogen analysed on 

TSKGel™ G4000SWXL (To soh Corporation) is shown in Figure 6. As shown in Figure 

6, the fibrinogen monomer is eluted at a retention time of approximately 17.4 minutes and 

contributed to 96.6% of the total peak area, whilst fibrinogen dimer and/or other high 

molecular weight proteins are eluted at a retention time of approximately 14.8 minutes. 

[0175] Further fibrinogen batches were manufactured at pilot scale (81 kg plasma 

equivalent) following the process described in Examples 5 and 6. The characteristics of 

the fibrinogen preparations are provided in Table 4. 

Example 7 - Virus Filtration of purified fibrin ogen 

[0176) The filterability through a 20nm virus filter was examined for fibrinogen 

preparations obtained following method of Example 6 wherein the MacroPrepTM-HQ 

elution step used either 190mM NaCI (21.5mS/cm), 200mM NaCI (22.5 mS/cm), 210mM 

NaCI (23.5 mS/cm) or a 200mM NaCI buffer containing 1 % (w/w) arginine (25 mS/cm). 

(0177J The method involved formulating the preparations with 3 % (w/w) arginine at a 

pH of about 7.5 (the protein concentration of the samples was approximately 6 giL). The 

formulated preparations were then filtered using O.l)lm filter prior to the virus filtration 

step. The virus filtration step was carried out using a 47mm Pall SV4™ filter in dead-end 

mode using a constant pressure of 1.8 bar. Results indicate that fibrinogen preparations 

obtained from the MacroPrep ™ HQ column using either the 190mM, 200mM or 21 OmM 

resulted in similar filtration characteristics. In contrast, the fibrinogen preparation eluted 

from the MacroPrep ™ HQ column using 200mM NaCI buffer containing 1 % (w/w) 

arginine rapidly fouled the filter.(Figure 7). 

Example 8 - Stability Study 

(01781 Purified fibrinogen solution recovered by the method described in Example 5 

above was sterile filtered and subjected to a stability study over a 917 week period at 20-

8°C or 30°C. The liquid fibrinogen preparation placed at 2°-8°C retained from about 90% 

of its original activity as measured by the Clauss method after the 9 week storage period. 

The liquid fibrinogen preparation placed at 30°C retained about 70% of its original activity 

after the 2 week storage period and did not lose further activity for at least 5 weeks. A 
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CLAIMS 

1. A method for purifying fibrinogen, the method comprising the steps of:

(i) passing a solution comprising fibrinogen through an anion exchange

chromatographic resin under conditions selected such that fibrinogen monomer

present in the solution is bound to the resin;

(ii) eluting fibrinogen monomer from the resin with an elution buffer, wherein the

elution buffer has a conductivity in the range from about 19 to about 24 mS/cm;

and

(iii) filtering the eluted fibrinogen monomer from step (ii) through a filter having a

pore size in the range from about 15 nm to about 35 nm.

2. The method of claim 1, wherein the solution comprising fibrinogen in step (i) is

recovered after passing a feedstock comprising fibrinogen through a hydrophobic

charge-induction chromatographic resin under conditions selected such that

plasminogen and/or tissue plasminogen activator and/or other protease(s) in the

feedstock is bound to the resin and the fibrinogen passes through the resin.

3. The method of claim 1 or claim 2, wherein the anion exchange chromatographic resin

is a strong anion exchange chromatographic resin or a weak anion exchange

chromatographic resin.

4. The method of any one of claims 1 to 3, wherein the anion exchange chromatographic

resin comprises a quaternary amino group.

5. The method of any one of claims 1 to 4, wherein the anion exchange chromatographic

resin is a polymer support grafted with tertiary or quaternary amines.

6. The method of any one of claims 1 to 5, wherein the anion exchange chromatographic

resin is a hydroxylated polymer support grafted with tertiary or quaternary amines.

7. The method of any one of claims 1 to 6, wherein the anion exchange chromatographic
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resin comprises a methacrylate polymer support. 

8. The method of any one of claims 1 to 7, wherein the solution comprising fibrinogen

has a pH in the range of about pH 7 to pH 10.

9. The method of any one of claims 1 to 8, wherein the eluted fibrinogen monomer is

formulated with one or more amino acids prior to filtering in step (iii).

10. The method of claim 9, wherein the amino acid is arginine or glycine or a

combination thereof.

11. The method of claim 10 or claim 11, wherein the concentration of the amino acid in

the elution buffer comprising fibrinogen is in the range from about 0.5% to about 10%

(w/w).

12. The method of any one of claims 1 to 10, wherein the elution buffer comprises NaCl

at a concentration in the range from about 180mM to about 230mM.

13. The method of any one of claims 1 to 12, wherein the elution buffer comprising the

fibrinogen has a protein concentration in the range from about 0.5 to about 10mg/mL.

14. The method of any one of claims 1 to 13, wherein the eluted fibrinogen monomer has

a pH in the range from about pH 7 to about pH 9.

15. The method of any one of claims 1 to 14, wherein the filter of step (iii) has a pore size

in the range from about 15 nm to about 35 nm.

16. The method of any one of claims 1 to 15, wherein step (iii) is conducted using two or

more small virus filters in series.

17. The method of any one of claims 1 to 16, wherein step (iii) comprises tangential flow

filtration or dead-end filtration.
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18. The method of claim 17, wherein step (iii) comprises dead-end filtration.

19. The method of claim 18, wherein step (iii) is performed with filtration pressure

maintained at about 1 bar to about 2 bar.

20. The method of any one of claims 1 to 19, wherein the filter has a filter capacity of at

least 0.20kg of fibrinogen per m2 of filter surface area.

21. The method of any one of claims 1 to 20, further comprising a pre-filtration or

clarifying filtration step before step (iii) to remove macro-size particles.

22. The method of any one of claims 1 to 21, wherein the eluted fibrinogen monomer to

be filtered in step (iii) has a temperature in the range from about 18oC to about 35oC.

23. A solution comprising fibrinogen purified by the method of any one of claims 1 to 22,

where the solution comprises at least LRV 6.9 log for parvoviruses-like MVM.
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