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(57) ABSTRACT

Disclosed 1s a conjugate of a protein having substantial
[-asparagine aminohydrolase activity and polyethylene gly-
col. In particular, the polyethylene glycol has a molecular
weight less than or equal to about S000 Da and the protein
1s an L-asparaginase from Frwinia. The conjugate of the
invention has shown superior properties such as mainte-
nance of a high level of in vitro activity and an unexpected
increase 1n half-life 1 vivo. Also disclosed are methods of
producing the conjugate and use of the conjugate 1n therapy.
In particular, a method 1s disclosed for use of the conjugate
in the treatment of cancer, particularly Acute Lymphoblastic
Leukemia (ALL). More specifically, a method 1s disclosed
for use of the conjugate as a second line therapy for patients
who have developed hypersensitivity or have had a disease
relapse after treatment with other L-asparaginase prepara-
tions.

24 Claims, 15 Drawing Sheets

Specification includes a Sequence Listing.



US RE49,736 E
Page 2

(56) References Cited

OTHER PUBLICATIONS

Avramis and Panosyan, “Pharmacokinetic/pharmacodynamic rela-
tionships of asparaginase formulations: the past, the present and
recommendations for the future” Clinical Pharmacokinetics, 2005,

vol. 44, pp. 367-393.

Kuchumova et al., Modification of recombinant asparaginase from
Erwinia carotovora with polyethylene glycol 5000, Biochemistry
(Moscow) supplemental series B: Biomedical Chemistry, 2007, vol.
1, pp. 230-232.

Chunhua et al., New administration system—conjugate of protein or

polypeptide drug and polyethylene glycol, Chinese Pharmacy Jour-
nal, 2001, vol. 36, pp. 292-296 (see translated oflice action 1n the

corresponding Chinese patent application No. 201080030392.6).
Jlahua et al., Effects of the Lys190 in antigenic epitopes of recom-

bmant £. Coli L-asparaginase on 1ts antigenicity, Journal of China
Pharmaceutical University, 2006, vol. 37, pp. 277-280.

Office Action 1ssued in the corresponding Chinese patent applica-
titon No. 201080030392.6 dated Mar. 25, 2013.

Minton et al., “Nucleotide sequence of the Erwinnia chrysanthemi
NCPPB 1066 L-asparaginase gene.” (Gene, vol. 46, pp. 25-35,
1986).

Miller et al. (FEBS Lett., vol. 328, No. 3, pp. 275-279, 1993).
Keating et al. (Leukemuia and Lymphoma, vol. 10, pp. 153-157,
1993).

Abshire et al. (Blood, 2000, vol. 96, pp. 1709-1715).

Office Action 1ssued 1n the corresponding Eurasian patent applica-
tion No. 201270134/28 dated Dec. 20, 2013.

Park et al. (Anti-cancer Research, vol. 1, pp. 373-376, 1981).
Chien et al. (Invest. New Drug, 2014, pp. 1-16).

Yang (Mod. Chem. Appl. 2013, 1:4). PEGylation—Succesful approach
for Therapeutic Protein Conjugation.

Fu et al. (Expert Opin. Pharmacother, 2007, vol. 8, No. 12, pp.
1977-1984).

Sartore et al. Accurate evaluation method of the polymercontent 1n
momomethoxy(Polyethylene Glycol) Modified proteins based on
amino acid analysis Applied biochemistry and biotechnology 31:
213-222 (1991).

Veronese et al. “Improvement of pharmacokinetic, immunological
and stability properties of asparaginase by conjugation to linear and
branched monomethoxy poly(ethylene glycol)” Journal of Con-
trolled Release 40: 199-209 (1996).

Genbank Sequence: CAA 31239, 2008.

Genbank Sequence: AAS67028, 2007.

“Erwinmia Chrysanthemi”, Data sheets on quarantine pests, Prepared
for the Centre for Agriculture and Biosciences International (CABI)

and the European and Mediterranean Plant Projection Organization
(EPPO) for the European Union. 2016.

Letters to the Editor: The Lancet (pp. 776-777) (Oct. 5, 1968): (D2
Opposition Reference EP Patent No. 2451486).

Buck et al., Journal of General Microbiology, 65 (1971), The
Society of General Microbiology (1 page). (D3 Opposition Refer-
ence EP Patent No. 2451486).

Salzer et al., “Development of asparaginase Erwinia chrysanthemi
for the treatment of acute lymphoblastic leukemia™ Ann. N.Y. Acad.
Sci., pp. 81-92 (2014). (D4 Opposition Reference EP Patent No.
2451486).

Wade, H.E., Memo titled “The Origins of the Erwinase Production
Strain.” Oct. 3, 1985 (1 page). (D5 Opposition Reference EP Patent
No. 2451486).

Alignment of SEQ ID No. 1 Patent with the amino acid sequence
of NCPPB 1066 L-asparaginase (http://www.ebi.ac.uk/Tools/psa/
em boss needle/) (accessed Oct. 18, 2019). (D6 Opposition Refer-
ence filed in EP Patent No. 2451486).

Veronese et al. “Branched and Linear Poly(Ethylene Glycol): Influ-
ence of the Polymer Structure on Enzymological, Pharmacokinetic,

and Immunological Properties of Protein Conjugates.” Journal of
Bioactive and Compatible Polymers, vol. 12: 1997 (pp. 197-207).

(D9 Opposition Reference EP Patent No. 2451486).

Veronese and Mero, “The Impact of PEGylation on Biological
Therapies” Biodrugs 22(5) pp. 315-329 (2008). (D12 Opposition
Reference filed in EP Patent No. 2451486).

Muller and Boos, “Use of L-asparaginase in childhood ALL”
Critical Reviews 1n Oncology Hematology, 28 (1998) 97-113. (D13
Opposition Reference EP Patent No. 2451486).

Yong et al., “L-Asparaginase-Based Regimen in the Treatment of
Refractory Midline Nasal/Nasal-Type T/NK-Cell Lymphoma” Inter-
national Journal of Hematology. 2003; 78:163-167. (D14 Opposi-
tion Reference EP Patent No. 2451486).

Egler et al., “L-asparaginase in the treatment of patients with acute
lymphoblastic leukemia” Journal of Pharmacology and
Pharmacotherapeutics, pp. 62-71 (2016). (D15 Opposition Refer-
ence EP Patent No. 2451486).
Wade, H.E., Director—Centre for Applied Microbiology and Research,
Annual Report and Accounts 1997-1998: Case Study: Erwinase An
Effective Treatment for Leukemua, pp. 16-17. (D16 Opposition
eference EP Patent No. 2451486).
Wade, H. E., Director—Centre for Applied Microbiology and
Research, Therapeutics Products Laboratory (4 pages). (accessed
Oct. 18, 2019) (D17 Opposition Reference EP Patent No. 2451486).
Health Protection Agency Corporate Plan 2003-2008 (82 pages)
(D18 Opposition Reference EP Patent No. 2451486).
Aspin, A., Manager of NCPPB: Report “NCPPB RecognisedSynonyms
for NCPPB 1066” (accessed Oct. 18, 2019) (D19 Opposition
Reference EP Patent No. 2451486).
Data Sheets on Quarantine Pests: Erwinia chrysanthemi. Prepared
by CAB! and EPPO for the EU under Contract No. 90/399,003 (4
pages). (accessed Oct. 18, 2019) (D20 Opposition Reference EP
Patent No. 2451486).
Filpula et al., “Sequence of L-asparaginase gene from FErwinia
chrysanthemi NCPPB 1125” Nucleic Acids Research, vol. 16, No.
21 (1988) 1 page. (D21 Opposition Reference EP Patent No.
2451486).
Cammack et al., “Physical Properties and Subunit Structure of

[-Aspataginasc Isolated from FErwinia carotovora” Biochem .
(1972) 126, 361-379. (D22 Opposition Reference EP Patent No.

2451486).

Declaration by Dr. Michael Scawen, Mar. 10, 2015. (D23 Opposi-
tion Reference EP Patent No. 2451486).

Declaration by Dr. David Beer, Nov. 4, 2015. (D24 Opposition
Reference EP Patent No. 2451486).

Papageorgiou et al., “Structural and functional insights into Erwinia
carotovora L-asparaginase” The FEBS Journal, 275 (2008) 4306-
4316. (D25 Opposition Reference EP Patent No. 2451486).
Declaration by Dr. David Gervais, Feb. 2, 2018. (D26 Opposition
Reference EP Patent No. 2451486).

Extracts from Dr. David Beer Laboratory, 7 pages. (accessed Oct.
18, 2019) (D27 Opposition Reference EP Patent No. 2451486).
Jaccard et al., “Eflicacy of L-asparaginase with methotrexate and
dexamethasone (AspaMetDex regimen) in patients with refractory
or relapsing extranodal NK/f-cell lymphoma, a phase 2 study.”
Blood. (2011), 117:6 (pp. 1834-1839). (D28 Opposition Reference
EP Patent No. 2451486).

Declaration of Prof. Nigel Silman, Jan. 24, 2018 (D29 Opposition
Reference EP Patent No. 2451486). (D29 Opposition Reference EP
Patent No. 2451486).

Wada et al., “Antitumor Enzyme: Polyethylene Glycol-modified
Asparaginase”, Annals New York Academy of Sciences, pp. 95-108
(1990). (D30 Opposition Reference EP Patent No. 2451486).
Moola et al., “Erwinia chrysanthemi 1.-asparaginase: epitope map-
ping and production of antigenically modified enzymes”, Biochem.
I.(1994) 302, 921-927. (D31 Opposition Reference EP Patent No.
2451486).

Kuchumova et al., “Modification of Recombinant Asparaginase

from Erwinia carotavora with Polyethylene Glycol 5000 Biomedi-
cal Chemustry, 2007, vol. 1, No. 3, pp. 230-232. (D32 Opposition

Reference EP Patent No. 2451486).
Emadi et al., “Asparaginase in the treatment of non-ALL hemato-
logic malignancies” Cancer Chemother Pharmacol (2014) 73:875-

883. (D33 Opposition Reference EP Patent No. 2451486).




US RE49,736 E
Page 3

(56) References Cited
OTHER PUBLICATIONS

Parmentier et al., “Glutaminase activity determines cytotoxicity of

[-asparaginases on most leukemia cell lines” Leukemia Research,
39, (2015) 757-762. (D34 Opposition Reference EP Patent No.

2451486).

Wade, H.E., Director—Centre for Applied Microbiology and Research,
Annual Report and Accounts 1994-1995: 16 pgs (D35 Opposition
Reference EP Patent No. 2451486).

Rau et al., “Outcome of pediatric patients with acute lymphoblastic
leukemia/lymphoblastic lymphoma with hypersensitivity to
pegaspargase treated with PEGylated Erwinia asparaginase,
pegcrisantaspase: A report from the Children’s Oncology Group”
Pediatr Blood Cancer. 2018; 65. (D36 Opposition Reference EP
Patent No. 2451486).

NIH U.S. National Library of Medicine: Clinical Trials.gov. A Dose
Confirmation and Pharmacokinetic Study of Pegcrisantaspase Ad

ministered as Intravenous (IV) Infusion in Children and Young
Adults With Acute Lymphoblastic Leukemia (ALL) /Lymphoblastic

Lymphoma (LBL). Following Hypersensitivity to Pegaspargase
(Oncaspar) (2019). (D37 Opposition Reference EP Patent No.

2451486).
Adis Insight Drug Profile: Pegcrisantaspase, 11 pgs. (2017). (D38

Opposition Reference EP Patent No. 2451486).

Opposition to EP Patent No. 2451486.

Submission pursuant to Rule 116 EPC in re EP Patent No. 2451486.
Cossar et al., “Oscillometric Instrument for the Non-invasive Detec-
tion of Low-Level Microbial Activity. Part 2: Growth Characteris-
tics, Detection Limits and Impedimetric Assays” Biosensors &
Bioelectronics 5 (1990) 273-289. (D42 Appeal Reference EP Patent
No. 2451486).

NIH U.S. National Library of Medicine: Clinical Trials.gov. “Phase
| Study of mPEG-R-Crisantaspase Given IV.” (2015). (D43 Appeal
Reference EP Patent No. 2451486).

Oncaspar (pegaspargase) injection for intramuscular or intravenous
use, product insert, pp. 1-2, Feb. 1, 1994; Sigma-Tau Pharmaceu-
ticals, Inc., Gaithersburg, Maryland, USA.

Rizzar et al. (Annals of Oncology, vol. 11, pp. 189-193) 2000,
Opposition to EP Patent No. 2451486. (2018).

Submission pursuant to Rule 116 EPC in re EP Patent No. 2451486.
(2018).

Oflice action 1ssued 1n the corresponding Chinese patent application
No. 201080030392.6 Mar. 25, 2013.

Genbank Accession No. AAP92666 (2007).

Genbank Accession No. AAS67027 (2007).

Abuchowski et al., “Alteration of mmmunological properties of
bovine serum albumin by covalent attachment of polyethylene
glycol” J Biol Chem., 1977, 252(11):3578-81.

Avramis and Spence, “Clinical pharmacology of asparaginases in
the United States: asparaginase population pharmacokinetic and
pharmacodynamic (PK-PD) models (NONMEM) 1n adult and pedi-
atric ALL patients” J. Pediatr. Hematol. Oncol. 29, 239-247 (2007).
Goward et al. “Rapid large-scale preparation of recombinant Erwinia
chrysanthem L-asparaginase.” (1992) Bioseparation 2, 335-341.
Holcenberg (2004) Pediatr. Hematol. Oncol. 26, 273-274).

Kotzia and Labrou, J. Biotechnol., (2007), vol. 127, pp. 657-6609.
Sherman, “PEG-uricase in the management of treatment-resistant
gout and hyperuricemuia” (2008) Adv. Drug Del. Rev. 60, 59-68.
Wang et al. “Evaluation of immunologic crossreaction of

antiasparaginase antibodies in acute lymphoblastic leukemia (ALL)
and lymphoma patients” Leukemia 17, 1583-1588 (2003).

Wiriston “[79] Asparaginase” (1985) Meth. Enzymol. 113, 608-618.
Ulbrich et al., Macromolecular Chemistry & Physics. (1986), vol.
187, pp. 1131-1144.

Savitrl et al., Indian Journal of Biotechnology, vol. 2, (2003), pp.
184-194.

Lanvers et al. Analytical Biochemustry (2002), 309(1 ). 117-126.
Henikofl & Henikofl, Proc. Natl. Acad. Sci. USA 89: 10915-10919,
(1992).

Fishburn, C.S., J. Pharm. Sci., (2008), pp. 1-17.

Mashburn et al., Biochem Biophys Res Commun, (1963), vol. 12,
p. S0.

Aghaipour et al., Biochemistry (2001), vol. 40, pp. 5655-5664.
A.F.S.A. Habeeb, Anal. Biochem. (1966), vol. 14, p. 328.
Zalewska-Szewczyk et al., Clin. Exp. Med., (2009), vol. 9, pp.
113-116.

Final Oflice Action for Brazilian application No. BR122021010545-
6, dated Sep. 30, 2021.

Adamson, RH et al. Evaluation of the embryotoxic activity of L
asparaginase. Arch Int Pharmacodyn 1970;186(2):310-20.
Ashworth, Lae et al., Comparison of the L-Asparaginases from
Escherichia coli and Erwinia carofovora as immunosuppressants.
Cancer Res 1974,34:1353-9.

Avramus, VI et al., A randomized comparison of native Escherichia
coli asparaginase and polyethylene glycol conjugated asparaginase
for treatment of children with newly diagnosed standard-risk acute
lymphoblastic leukemia: a Children’s Cancer Group study. Blood,
The Journal of the American Society of Hematology. Mar. 15,
2002:99(6):1986-94.

Barry, E et al., Favorable outcome for adolescents with acute
lymphoblastic leukemia treated on Dana-Farber Cancer Institute
acute lymphoblastic leukemia consortium protocols. Journal of
clinical oncology. Mar. 1, 2007;25(7):813-9.

Benbough, JE et al. The effect of chemical modification of L
asparaginase on Its persistence 1n circulating blood of animals.
Biochem Pharmacol 1979:28:833.

Berenbaum, MC. Immunosuppression by L-asparaginase. Nature
Feb. 7, 1970,225(5232):550-2. do1: 10.1038/225550a0.

Blazek, R et al., Improvement in the persistence of microbial
asparaginase and glutaminase in the circulation of the rat by
chemical modifications. Biochim Biophys Acta 1981,677:220-4.
Borek, D et al., Sequence analysis of enzymes with asparaginase
activity. Acta Biochim Pol 2001;48(4):893-902.

Caruso, V et al., Thrombotic complications in childhood acute
lymphoblastic leukemia: a meta-analysis of 17 prospective studies
comprising 1752 pediatric patients. Blood. Oct. 1, 2006, 108(7):2216-
22,

Celle, G et al. Toxic and immunodepressive effects of L-asparaginase
from F. coli and from Erwinia carotovora following chronic admin-
istration 1n rats. Arzneimittelforschung 1977,27(11):2046-50.
Davies, B et al., Physiological parameters 1n laboratory animals and
humans. Pharm Res 1993;10(7):1093-95.

Durden, DL et al., Kinetic analysis of hepatotoxicity associated with
antineoplastic asparaginases. Cancer Res 1983;43(4):1602-5.
Hall, JG. The partitioning of L-asparaginase between blood and
lymph. In: E Grundmann and Oeltgen HF. Recent Results in Cancer
Research, vol. 33. Berlin, East Germany; Springer-Verlag. 1970.
Han, T et al., In vitro blastogenesis inhibited by Erwinia carotovora
L-asparaginase. Nat New Biol Sep. 13, 1972,239(89):50-1. dour:
10.1038/newb10239050a0.

Horowitz et al., Asparagine synthetase activity of mouse leukemias.
Science May 3, 1968;160(3827):533-5. dor1: 10.1126/science.160.
3827.533.

Howard, SC et al., Endocrine complications in pediatric patients
with acute lymphoblastic leukemia. Blood reviews. Dec. 1, 2002;
16(4):225-43.

Kearney, SL et al., Clinical course and outcome 1n children with
acute lymphoblastic leukemia and asparaginase-associated pancreatitis.
Pediatric Blood & Cancer. Aug. 2009; 53(2):162-7.

Kidd J(a). Regression of transplanted lymphomas induced in vivo
by means of normal guinea pig serum. I. Course of transplanted
cancers of various kinds in mice and rats given guinea pig serum,
horse serum, or rabbit serum. J Exp Med 1953;98:565-82.

Kidd J(b). Regression of transplanted lymphomas induced in vivo
by means of normal guinea pig serum. II. Studies on the nature of
the active serum constituent: Histological mechanism of the regres-
sion: Tests for eflects of guinea pig serum on lymphoma cells In
vitro: Discussion. J Exp Med 1953;98:583-606.

Knoderer, HM et al., Predicting asparaginase-associated pancreatitis.
Pediatric blood & cancer. Oct. 15, 2007, 49(5):634-9.

Moghrabi, A et al., Results of the Dana-Farber Cancer Institute ALL
Consortium Protocol 95-01 for children with acute lymphoblastic
leukemia. Blood. Feb. 1, 2007;109(3):896-904.




US RE49,736 E
Page 4

(56) References Cited
OTHER PUBLICATIONS

Nachman, JB et al., Augmented post-induction therapy for children
with high-risk acute lymphoblastic leukemia and a slow response to

initial therapy. New England Journal of Medicine. Jun. 4,
1998,338(23):1663-71.

Neish et al., Inhibition of Rd/3 rat sarcoma by L-asparaginase alone
and 1n combination with sodium para-amino-salicylate. Z Krebsforsch
Klin Onkol Cancer Res Clin Oncol 1973,79(2):78-84. do1: 10.1007/
BF00284381.

Ogawa, C. et al., Treatment Outcome of Discontinued L-Asparaginase
in Children with Standard-Risk Acute Lymphoblastic Leukemua:
Tokyo Children’s Cancer Study Group (TCCSG) Study 1L.99-15.
Blood 2005; 106 (11): 878.

Panosyan, EH et al., Asparaginase antibody and asparaginase activ-
ity 1n children with higher-risk acute lymphoblastic leukemia:
Children’s Cancer Group Study CCG-1961. Journal of Pediatric
Hematology/Oncology. Apr. 1, 2004, 26(4):217-26.

Panosyan, EH et al., Deamination of glutamine 1s a prerequisite for
optimal asparagine deamination by asparaginases in vivo (CCG-
1961). Anticancer Res Mar.-Apr. 2004;24(2C):1121-5.

Parsons, SK et al., . Asparaginase-associated lipid abnormalities 1n
children with acute lymphoblastic leukemia. Blood, The Journal of
the American Society of Hematology. Mar. 15, 1997, 89(6):1886-
95,

Patel, N et al., A dyad of lymphoblastic lysosomal cysteine proteases
degrades the antileukemic drug L-asparaginase. J Clin Invest Ju.
2009;119(7):1964-73. do1: 10.1172/JCI37977.

Payne, JH et al., Thrombosis and acute lymphoblastic leukaemia.
British journal of haematology. Aug. 2007, 138(4):430-45.

Peng, H. et al., Hypermethylation of CpG 1slands in the mouse
asparagine synthetase gene: relationship to asparaginase sensitivity
in lymphoma cells. Partial methylation in normal cells. Br J Cancer
2001:85(6):930-5. do1: 10.1054/bjoc.2001.2000.

Pui, CH et al., Treatment of acute lymphoblastic leukemia. New
England Journal of Medicine. Jan. 12, 2006; 354(2):166-78.
Riccardi, R et al., L-asparaginase pharmacokinetics and asparagine
levels 1n cerebrospinal fluid of rhesus monkeys and humans. Cancer
Res 1981;41(11 Pt 1):4554-8.

Roberts, J. et al., A comparative study of the antitumor effectiveness
of £. coli and Erwinia asparaginases. Cancer Biochem Biophys
1976,1:175-8.

Runzi, M et al., Drug-associated pancreatitis; facts and fiction.
Pancreas. Jul. 1, 1996, 13(1):100-9.

Rutter, DA et al., The influence of the 1so-electric point of I-asparaginase
upon 1ts persistence in the blood. Br J Exp Pathol 1971,52:610.
Sahu, S et al., L-asparaginase (Leunase) induced pancreatitis 1n
childhood acute lymphoblastic leukemia. Pediatric hematology and
oncology. Jan. 1, 1998;15(6):533-8.

Sallan, W et al., Influence of intensive asparaginase in the treatment
of childhood non-T-cell acute lymphoblastic leukemia. Cancer
Research. Nov. 1, 1983; 43(11):5601-7.

Siemers, RF et al., High-dose cytosine arabinoside-associated
pancreatitis. Cancer. Oct. 15, 1985; 56(8):1940-2.

Silverman, LB et al., Improved outcome for children with acute
lymphoblastic leukemia: results of Dana-Farber Consortium Proto-
col 91-01. Blood, The Journal of the American Society of Hematology.
Mar. 1, 2001; 97(5):1211-8.

Sobin, LH et al., Alterations in protein and nucleic acid metabolism
of lymphoma 6 C;HED-og cells in mice given guinea pig serum. J
Exp Med 1966;123(1):55-74. do1: 10.1084/jem.123.1.55.

Stock, W et al., What determines the outcomes for adolescents and
young adults with acute lymphoblastic leukemia treated on coop-
erative group protocols? A comparison of Children’s Cancer Group
and Cancer and Leukemia Group B studies. Blood, The Journal of
the American Society of Hematology. Sep. 1, 2008; 112(5):1646-54.
Ueno, T. et al., Cell cycle arrest and apoptosis of leukemia cells
induced by L-asparaginase. Leukema 1997;11:1858-61.

Uren, JR et al., Immunological and pharmacological characteriza-
tion of poly-DL-alanyl-modified Erwinia carotovoral -

asparaginase. Cancer Res 1982;42:4068-71.

Uren, JR et al., Improvement in the therapeutic, immunological, and

clearance properties of Escherichia coli and Erwinia carotovora
L-asparaginases by attachment of poly-DL-alanyl peptides. Cancer
Res 1979,39:1927-33.

Wade, HE et al., A new L-asparaginase with antitumour activity?
Lancet 1968;2(7571):776-7. do1: 10.1016/s0140-6736(68)90977-x.
Weaver, G., Steroid-induced pancreatitis. Gastroenterology. Mar. 1,
1982; 82(3):601.

Woo, MH et al., Hypersensitivity or development of antibodies to
asparaginase does not impact treatment outcome of childhood acute
lymphoblastic leukemia. Journal of Clinical Oncology. Apr. 7, 2000;
18(7):1525-32.

Young, DM et al., Clinicopathologic and ultrastructural studies of L
asparaginase-induced hypocalcemia in rabbits. An experimental
animal model of acute hypoparathyroidism. Lab Invest 1973;29(4).374-
86.

Study number: SSARL-DPH-72-02; The toxicity of L-asparaginase
from Erwinia carotovora (NSC 106977) 1n rabbits. Aug. 21, 1972.
Study No. SSARL-DPH-72-05; Effects of £. coli L-Asparaginase
(NSC 109229) and L-Asparaginase from Erwinia carotovora (NSC
106977) on Rabbits, Rats, and Hamsters. Sep. 21, 1972.

Study No. SSARL-DPH-69-00; Toxicity studies on Erwinia carotovora
[-asparaginase Batch Aug. 17, 1969 (NSC 109229) following daily
IV administration to rhesus monkeys. Dec. 26, 1969.

Study No. SSARL-DPH-71-01; Comparative Toxicity of IV Admin-
istration of FErwinia carotovora L- Asparaginase and F. coli
L-Asparaginase to Rhesus Monkeys. Feb. 8, 1971.

Study No. SSARL-DPH-71-02; Toxicity studies on NSC 106977,
Erwinia 1-asparaginase, MRE, Batch 9 following daily IV admin-
istration to a rhesus monkey. Mar. 16, 1971.

Study No. SSARL-DPH-70-07; Non Diabetogenic action of Erwinia
L-Asparaginase when administered intravenously to a rhesus mon-
key and a rabbit. May 21, 1970.

Abuchowski et al., “Alteration of Immunological Properties of
Bovine Serum Albumin by Covalent Attachment of Polyethylene
Glycol”, Journal of Biological Chemustry, 1977, Vol. 252, No. 11,
pp. 3578-3581.

Aghairypour, et al., Structural Basis for the Activity and Substrate
Specificity of Erwinia chrysanthemi L-Asparaginase, Biochemuistry,
2001, vol. 40, pp. 5655-5664, The American Chemical Society,
Washington, DC.

Avramis and Spence, “Clinical pharmacology of asparaginases in
the United States: asparaginase population pharmacokinetic and
pharmacodynamic (PK-PD) models (NONMEM) 1n adult and pedi-
atric ALL patients”, J. Pediatr. Hematol. Oncol. 29, pp. 239-247
(2007).

Fishburn, C., The Pharmacology of PEGylation: Balancing PD with
PK to Generate Novel Therapeutics, J. Pharm. Sci., Oct. 2008, pp.
1-17, Elsevier Inc., New York, New York.

Genbank Sequence: AAS5S67027, 2007,

Genbank Sequence: AAP92666, 2007.

Goward, “Rapid Large-scale preparation of recombinant Erwina
chrysanthemi L-asparaginase”, (1992) Bioseparation 2, pp. 335-
341.

Habeeb, A.F.S.A., Determination of Free Amino Groups 1n Proteins
by Trinitrobenzenesulfonic Acid, Analytical Biochemistry, 1966,
vol. 14, pp. 328-336, Elsevier B.V., The Netherlands.

Henikofl, S., et al., Amino acid substitution matrices from protein
blocks, Proc. Natl. Acad. Sci. USA, Nov. 1992, Biochemustry, vol.
89, pp. 10915-10919, National Academy of Sciences, Washington,
DC.

Holcenberg (2004) Pediatr. Hematol. Oncol. 26, pp. 273-274.
Lanvers, C., et al., “Analytical Validation of a microplate reader-
based method for the therapeutic drug monitoring of L-asparaginase
in human serum”, Analytical Biochemustry, Oct. 1, 2002, vol. 309,
Issue 1, pp. 117-126, Elsevier B.V., The Netherlands.

Mashburn, et al., “Tumor Inhibitory Effect of L-Asparaginase from
Escherichia coli”, Biochem. Biophys. Res. Commun, 1963, vol. 12,
50 pages.

P06608, UniProtKB Database. 1988.

Savitrl, et al., Microbial L-Asparaginase: A Potent Antitumour
Enzyme, Indian Journal of Biotechnology, 2003, vol. 2, pp. 184-
194, National Institute of Science Communication, India.




US RE49,736 E
Page 5

(56) References Cited
OTHER PUBLICATIONS

Sherman, “PEG-uricase in the management of treatment-resistant
gout and hyperuricemia™, (2008) Adv. Drug Del. Rev. 60, pp. 59-68.
Wang et al. “Evaluation of ummunologic crossreaction of
antiasparaginase antibodies in acute lymphoblastic leukemia (ALL)
and lymphoma patients”. Leukemia 17, pp. 1583-1588 (2003).
Wriston, “[79] Asparaginase”, (1985) meth. Enzmol. 113, pp. 608-
618.

Billett et al., Allergic reactions to Erwinia asparaginase in children
with acute lymphoblastic leukemia who had previous allergic
reactions to Escherichia coli asparaginase, Cancer, 1992, vol. 70,
pp. 201-206.

Albertsen et al., Comparison of intramuscular therapy with Erwinia
asparaginase and asparaginase Medac: Pharmacokinetics,
pharmacodynamics, formation of antibodies and influence on the
coagulation system, British Journal of Haematology, 2001, vol. 115,
pp. 983-990.

Duval et al., Comparison of Escherichia coli-asparaginase with
Erwinig-asparaginase in the treatment of childhood lymphoid malig-
nancies: results of a randomized European Organization for Research
and Treatment of Cancer—Children’s Leukemia Group phase 3
trial, Blood, 2002, vol. 99, pp. 2734-27309.

Roberts et al., Chemustry for peptide and protein PEGylation,
Advanced Drug Delivery Reviews, 2002, vol. 54, pp. 459-476.

Graham, Pegaspargase: a review of clinical studies, Advanced Drug
Delivery Reviews, 2003, vol. 55, No. 10, pp. 1293-1302.

* cited by examiner



US RE49,736 L

Sheet 1 of 15

Nov. 28, 2023

U.S. Patent

[ -i.. .Jr r l.-.l - . " N - . ..f.qu_.-.-_q.- Fary l.‘.‘. ..l-_h.l.._..-._r- . . ___T .1.. . . 11.!...l. a ..l... ”rd”f-“__.. .h_.... ..-l ._-..._1...._ .-..___ . .
L%.....ﬂ.,.n,.,,.v \\.\\.x s T fﬁ%&.wﬁmﬁn% G
o ﬂ e o s b s 2 e
J3cE = am .I..i..n.mﬂwﬂumﬂddl e .-.I.li. -“.-..51 ﬂ.w.r.r....”..nH.n n”n._..-.l.-il._-.-.-\ A .-...l..... ..._-_“....._"._“ ﬂ.nn &“ﬂ\! " - .1.,...- -, “,.”.".n.nun“.n_n”.n“...“.. .‘._-.“l_-. .‘.\\ .....u...k
i A Y g _.1.-..,.. 4 iii.ﬂiwh#."\nnﬂtqnqwﬁt-t-\“um e t n__."._.”un W ‘n.t\_ o _n.-nﬂ“....m.w“.n.hnmqn lnnnﬂ-_..-.._. afal e
: i-__-_-. P ey L .h..f A 'l atl R N T h.n.\tq."uu. -\-s AL
Ao ._.__....__._.:u:u—.m._n ] MR, n._n.ﬁ.\____.- i L..H" t-____ﬂ“”.h_. .......ﬂ...u\\ U-\\W_\”.An@.ﬂﬁ. L
{mn".."..ﬁﬂm”uu“ \H\\\\ . .__%W.... I.r._.-.......rf;n? L.m\w ey ”W.\u\“w\ua.m\.vmﬁ.nuﬂun;;vwwmﬁ

R
; o ¥ V\\ . ”sf‘wﬁ...””u..m..\\\\.\\ L\m AR
. %}Wﬁﬁﬂ? L \\._.\. S hu& f

Tu .....h.

s
.-..-...

2 M.L.\

- L »

’ i _"n“-\\....-ﬂ\___ ...n\s.. .
S I LR .
r...n.q.m..._...q.u.m.”.n .n_n“”.“.nn l‘.u.lil‘\l‘n“k“\.r.mﬂ.&ﬂ“w .r..._._"n.n..

w , ....m..w EL L] . B ..H..__-..... 2 ]
, bl r n - L] 1]

o Fnlncy :

AL S s G
; * Pl e x WA
Gl g e e
LR A o P Pl o P e ] o .._n.___"..
Fh el ol WY - S e L .
el .\\. e fﬁ.rm. . “ P YA,
....a-._..kﬂ.-..”__.,. et y u ___”_.. " e » -.i-.n.._.-uu.__r.._n..f-_nvt_..__lﬂ_.. -
g g W . iiwv# . \_.. o, " o g i et . < e .....- + OV M
= .l1.-| il LI - L L b Yt e e e — W B e i

-, . LI PR et A g woa - . et MU ('} TR e St e

- . . - - [ ool BN Bl o M L Y

58

Figure 1



US RE49,736 L

s F F " LA .

fe0m B payh susiod sy

- - - -

T e

PR sl

)

r e F T

A A AN A A b A W

L '1

= o a .
U - My Ty

53
¢!
1

. LI
L I ]

. L 1._.4._.1.-]-1.-\.-.
R N W I

o ey T e g e e b o o o

I L AT

|1.'h.
::.
X
X
A
A
4.
+
*.
‘.
‘.
&
*-
L]
]
%
::
X
>
X
o
-
#
£
‘.
qu
h.
‘.
X
‘\
b
|~‘r
ti
"
H
:
T
.
3
i
Y
e

fgure 2

G0 b R R 3 3 R BT

Lo - - .

F

P RN A A

- e ..
mm

‘n 1.,:.{.&11.;,'1,.-{_*;.‘»,.?;.?- e Y,

A

- - .
'

P

- . - - . -

Sheet 2 of 15

NG OSEATRIREHI-FT Db BONEL

D P
e Y Y R e e T ok
i IRROURNRIE I ST BT

SRRV SIS R R AR Sy RES S VR A 5

R L SN ey

G BEEEE L0 - 00 800 BT

L T B e

4

&,
L9
]
*
+
¥
¢
r
Fy
Fy
£
b
.}p
X
L]
L]
s
]
§
L]
A
A
i
N
[]
]
]
]
]
]
b
h
b
Il
i
b
b

st

-
a

L) B

REBENRIURA - 4

Nov. 28, 2023

-

i e T e e i e e i e e R R  a al e S L P A P

L

(U U ARBY SO SDIT

s :r'-r'.t_'

U.S. Patent

L A AR

Pl et il gy gl T gl gl pl il T i e g gt o A A T R T T e e T e A A T S S e e e e e e e e o e e m ey .

e B e s s s R P N R AR RSB R AR A T

N T I R R R N I T LN R R S

b,

........... LA
L 3N RS

CRICT K I - | L B

P ........r....r.:.._n_....

=
.-

o,

o

-

-+
£

ORI RS

Y,

a o oA
e -

L W

R

. co-
- Ko et

et T ..ﬂ.
N N A .

mt

AL ARAS
St e

L ]
"'.. :I:".:Idh. .

"-..""0..'1:‘\.."\.'" :'-'.-e-'ur

gttt m
-

"-.h'h.'--'r-'.e-"ff-.':-'_"-.‘_“;"-.‘- L,

R L



EF il R UR- DY

G {3 S Gl §

AN

’ pE ..”. = P o . -, - |
CrmmEa cwoema o oewoean P n“..n..-.u.. e .l...l. G E M e et e amLeia ala -ul.“..-.”.l.].. M 7. Tm m.m - dE Nmmd A A—am - i oo .r.-..-.u.l.m.l..-.l..m.-.l.. - .l.fmﬂl..l lﬂ..l.. ﬁ.‘. t - .‘Fruqull..J‘- - - an..}l.inl .E- - 4 *.-.rula.r..r”.h?‘.rlu.. __.-.\I}I.GINL.... .‘RQ{\L.F};-&!}KMEI“@JL“;. t.sl__ e R R R -l__..-..luiltll " ."l.l O
. b . '] . i# ) ’
. N ‘
o o B 4
S n "~ s 3 )
P s |

e ) .
-. -a -.1...- . ) Il__ .. . - ; ... ._ . r .|.1”L...-..........L " .....-...I........-.....-. - m opow Fmoad A E .._...In..l. l..._.._lu.l....__.....l...l. l..-. .I...._-.:l....__:-.._.. m-mam caa s .-._1_1..1”I..I...-.wlllu._...|.-..-..-].-_...I.I:I.l..-...__.!i .l.”..-.ﬁ\h lllllllll . v ...|.-. l...-.d_...t...._..:_. L.l w W
1 . - ..\ 1 -
r 1
r

US RE49,736 L

[T i-llu: L LY

. . et e W .
g e gty wEpT , wEam SNy mgECASE T TacE T rRsam R FTEC- o owm o P B B g il Bl LR -.! I.._. _— .-.-1.I s E w w e

G 068~ - e %

= ra . .
BRITY 574 soncrBronn

=

Ll T, S

F
£
e

)
g LI P

(s

Sheet 3 of 15

By
LAl

. . ”. Y, . .
N T T L RS I B I ...__., TR s o A .ﬂ.””...a......._q. o .- . .f.p....w:.m_a-...-.-. RS .....rnw_v__- [PV
X R T i 3
% e 7
_.“. : . )

»W 5 %

S .
L -
. ww agkat dam s x dd Al m e .1.‘. N s B I I~ UL TN S M Y
- 1;....,.%,# . ' .%. ._._.am

@.ﬁ. prna NS

o w dwr s T T

IR T TR T Ta A
. - or - .

. H . <
- s ! e -1 L} . . .
aa 1= L il N M N M.k B R, a - ........__..1.”.r......___....1...1|.l.|-1_ e ==yt hel T SERNSE s et A Pyl prmedy e g W TR S W o H R o R A MM o S B "o S HAT'RL AT Y e, ....._. @L ‘“
ar P T T A - . .

Nov. 28, 2023

. . . . - . - = a4 o= . P T T L L L LN B
. FI—- . . . . . P LN B T r P k- L 3 - H g g = N ] Nl
e e e T Rk e e T T T T T Lt Tl L BLLL E e it it B 2 i R S . R AT Eb e BT TN T v .,..._ S e e e . Jora A e A b m ke

.....................

-,
-t
e T

e

L RAYID

U.S. Patent



US RE49,736 L

Sheet 4 of 15

Nov. 28, 2023

U.S. Patent

BEELANIT BWOGT oo

Y LN 01 DWITIS sl oo

LOV-BCIA [3b B

Vel B4 § BWNG
YR G BTG oelffonon

RN e A e

el

Y O0LBIIY

WOEECR T WIS g

S4B W B

A8 G 435 fuA” 6 i v 7 0

. % et .. . g
.."..-.1 B e T B L T SR UL R TP R ST P | B ....'1......‘.____-1.._.'“.1...,.“.._._:....rq-...q_...l;._..i!..-l.__l._..f...(o:h.._.. Fﬂh\kfff%%.\h}ﬂuﬂu&‘%ﬁ\lffﬂ..\.\rht-hln-\..\ -
i . S . L . ' Lo P . . ) “... T

5N

iy *&1‘ "’%
»
23
»
*l’
4
"
He
‘-l‘
iy
3
o3

id

-~
L

. a
- u -
R
"

" Ll '
I . P i .

a [ DRl B TR SRR U S BN O

[ - LR I

; k2 :
. . o R ' .
d almll s & - a8 .. il g g e o o s wmon s o a.a A how Al ak T E L min Ln. A F oAl =g L R R N A g a L Tor s oy et e .......-..-l. - Mgt ey A m e T, g T g s = Rty wrwd R ret A :.,.-. - r..“.__...:_..-.!.. e L I sk ¥4 - 4 l.._...... ._.....__...-.... ...1.-..h-.__.... ._\ﬂ F] i
. . . P . . ' L . . -
. . ' . . . f . . . . ' . ' . e . . . ' . . . . . [ . . ' . .
. . .-.-5

. . = . L . = - =
" “a . - " = - - . " - - . - o4 - ' - 4t . . iy L ' . om - 4 0 a4 ]
- -.-—.I.1.-.-........w.__1l..-.__...L..__....... I L L IR L LI L L I e N P T e R PP bR PR P L P A I T A TR L PR ST . M LI L) M e T e L R B R R I Rk N ok T R N ] ' - ' LR At e ey

..............

W G BORESHEIIVO



U.S. Patent Nov. 28, 2023 Sheet 5 of 15 US RE49.,736 E

i

2 e

1 e i Wb s i s i,
. -

- o M m & 3

»
. . - a
-l &3 L rmadlE .

A
]
-

AR Pl P APl P T )

-
'
[}

R A i L ISR

3
)

P - e e L. e e e
LT ) 1 Fopt I3
e e I e B

et . AL b et T .-
ST LT T, L L Ha

e

5

r

-
AP Al L AL Pl I TN

SLEELS IR,
i

e

&

s

L]

-
-

e
+%ﬂﬁ?ﬁ$‘:fﬁ" .
(il

-

42
Vi

¥. =

;.
g

7 I BIEIL OIS
LE R FAPETE RSP EEIITEI LT
A IRTLTESIIRII GV IS L OEPS

AR LA SIS TGS IA LSS,
&
0

A H SIS ER T,

l#.'!xh’.‘;:ﬁ-".‘#ﬂ‘""i.’;".fM'-'J.f'-uﬁz":"_ﬁ'j_'-I-I-.l a- -ﬂ';—..-l ;-ll:i'_.-.-ﬂ! ra ..-..rl. 4 l'.,
15}
L

0
10 i
130 0

L e T L L T T T T e R L o

L L el LS

Rl Lt AL L At AL L e

LA IS AT I LI TTISILE LTSI I
L TE T FEE LI LI II AL IAY,

e Bt n L g S i i
EELEESAE A OAPIEEEA LI ILIL
LRI LI ELEE LRI LAY

#

SIS AT AL LT ELEELIE,

h
..
..‘.
s
‘
3 . N
i ?-‘\. X X
v ' BN ¥
5 Bty Y .. . i
nAN b s e o
: : 3 J :E;‘Q { > g ] 2
: : v i 53: I 3 o a4 N
b : i Sy o, et et o
= : v AN NN NN . Sov
; : 3 o ‘\*‘?‘x‘:‘{a‘* SO INGTRENAR IN & & (N
-1 . Iy i ".':- N T :“'4:-.3*,..{\'#' . " *.."\.;:" " ._a"-'f"' ‘1"*._2":-."' - My .
. t . : i n \‘_"n- - '-l.."'l-,".I 1_.\.1{."._..‘} ] ':_".‘:i. -v,.‘l '.:' '_::- ".l..""'h"::':‘-ﬁ‘{ ﬂ".‘:\_ i‘k‘- ﬁ‘ w
: " i e e N AR AN T e . -
: » ! R N AT AT N N g "y )
L A » o et Y __p .
5 : K $ RN D n:-"'tr} R 2 -
{ : R -.: N T ~ ~ 0
: ' g | :§ > = N
-. : ook - ¥oox F
:. b _:: 1 -:_1-:::; --:'U'il'hl ’ "
& _= 5: - N e .o
L : X o !5. 3 ';Z‘ ' :-'3::"
. - e - . L]
SR N z
. - N N -
T : T T T T e e Y g Py
' L - ‘.?‘b. L N ey .
. L “"r&"’:"kl :"\' * . "ﬁ_““"
' N % 3
: L b4

Ak

‘# L]

wg T o

fm o s

Bi

d
'

&}\' :
W waaae ) N -ﬂ'."\
-~ ; Ta ' J'L -."‘: _.
s
&

9
15 kig-100Y
7330 kD100

Figure &

i p N »
! : W
'.'..:' : wul
L *
3 ;
'y ;
. i 1
: -1 - M .
: X : S . A
: ._{ : .F‘“*'.r S ‘:.?3
. % : RN ; Bt L%
. . - . S e e e A iy A oy
, | g & %
; : v d e e e T T R 'il-'r.-t“._‘.q-"qh - - " Tt
" _J. b | s-“'\_ri—.i'..l_. :-. il.-l-_r-':';'p - ~'-| = 4 p "'"'_'I_""'.
N : 3 - Yoo ey () o K<
; ; : L v me AR IR R T T A T e T -5, . o
] A .!'. t . - :.f:"'.;'l_:ii;‘t:::'&':i:- Ih..'llll-:'l-:ln_ Il.':l-_l-.:-:-"- 1‘:_- n ""1.'-.:-‘“":'\-:'- :1. h:s" i‘j
. o L - vt B et . T e ks _'. - - X
« E 1:‘ St e R oty & el
. - - w T e e e  w T L) - wm . o
g k! ; Al T A Py
. E g 4T A o st e e e A o T -5::
., = l ‘I._r L.:“Il.l:b I_:r..i."-.I'- qlh:_":"'il r B 'iq-"'l. '\-n"'.h "-_ -“-_l\. '-.__.l-:'
R 23 } A e RN e e A ":;:**.*'?'k.,{ e o “me
: .: W . _"'-l."".."f-*.i_'" :_-."_.___:I-.,'h"‘_ﬂ_l‘\';*_l‘ ._1..'.':- 1\ i__;-;-,:\ LY * W,
. " s.'i--.: -, -.:lnq-:"r‘ll:q-"-r .'h." 1-1"-,""- F.\'...‘-ql;\_‘— :.- .- v !
N g A" 'W.H--l-l 1". e SR R B s T .
. : Y R ity "-.::"' L '\:\:a.b ‘”‘E:..h "y _ -
L 3’ {f \.\-“'ﬂ'ﬁl“l“""u’}h LY XN "'h.-"':"-'# - ':‘“."}t S N
. VLo a e we . owe ower U 'qr'-a_-‘.: .o -...-. .-...._'.:-. . o .

”
]
¥

BT S, N o
:-"'l: - "IC'-I'IIE "ll'"-l'lll" LU T ".."' - - --: .- '..:' -"--'l:'-i
T WMEL . M. . KDL - N L o W N T Y 'w..

Dot
.":3-

Ol N Wttt e W e e e e e e e
LY . . o E - B E B W W, p"’
E‘-'l"- -’.-‘—:-' "—--:—- 'i|l-l-|l- '-:-'-n-' - mi-'w . --'-I-i

L ] -r" -ll-l:- . - -, '-I'- - . --'-I-'.. -  Eh, -'..'.
. - ' .

”. 'h-"-.:li'- 'III-"'-.-F'- III-"-.-:-:'-- -1-1..': Jll-'-.-:l-."'-- -'-I-h:'- -.---'-:'- -
e ow - o s R - W W, R e, AT e, e L,
-

o memar m R R E TN W T T mam T

"-:'--- -‘-1:‘ T W R W B oy W e e
- -'.*-.-'-. .'_.."' [ ...'.-['.'.'-.' T ' .
sl - - . K e B BN K L. T Er.

By S

r
a

3

s

- R e e e e e e e e l'."-..:‘
L R T L I IR L L FE L R T

M o e w W o e e e e e e

Tt . e s L o - e s e e me -‘..{

L]

- -
o L
- L]

:

' .
.-':u'_r.! X —T kA -rE A -
[

'i'i
&G Lf
kg, ey le

ukg, 2
/

.':.-.I. - ‘.. - - -.‘l' R Y -I' - - ‘E.:.. . -:"."" -
N e e e e R M W MK MK R WL w
e bl e i ate ea  y ml'm mll 'l T
e St b A e i e e e N TN SO SO LN
Tty we W e W e e et we W, W e,

o)

..,. ._..
LEptat F F g .
.

=
;w e w alty _.“.._.. l.ﬂ Ll TR G L
PR A AR B AN A A A

£
3

i
]
K
1
X
q
¢
4
i
!
’
£
.3
£
]

a

e i

'
3

L BRI
' A

[E P

CpTaltpigitp

R R RN

KOm-40% (5 W

T S

:% 2
Al
R

T

FLIE I PR R R P PR I
I I O |
L ~ '
g. L
b
4
-
-
&

LTRC Y LI AT S T T

I’-l .
e
T R R R F LR R
. . 0 0 e w a a
-u-"";-';-

. . - a . a .
= FFETFTFET PR FEETEYTEEFEEFFEFE S b s sramoamsmammamammamm
4
§

4 .
.-'
s
L
-
.-'
.
I s :
P i [
L} : N
'.s ' ;— ¥
1 o [
) . +
4 L r
N . * -
;. : :
. = . " T- .
H s L LT
: M -_'l. . ‘
., . > : :
‘I - -. - b
. ' i y ¢
y . ' 3
L} ;.
w . 3 < w
> : 1 . 0
R i A . .
. : i ! .
. + 1 . L]
K - s . :
.Jul- - o LI BRI _.:- LI T |-i:|.|"| LI L S LT ...'\-..:..-'-\.. eady ...--\...I-'l:--.-.-'-\..-'-.-'!,. i ..: [ e - - ok _- i e -...E-- . -a -.'_'..'*.-: .I-:*:.F:-q..q-q:l-:q-f-:q -: Y m - ;p-_-..- AT o ek - -:’-I:i.
.

¥
8
S8y

-



ZATNIS 833 S 4

&

iy
i
el

o e - i

US RE49,736 L

|

[y

.

A

- s ML om oA .
a

n - - - r

R T [ o P T T T . e e . - - P ras . . e .. . f e e e e e e e e e w e O RS S e e e e e

i.i.i.‘.‘..iul‘i.+l..*.rul.-1l.l c el m o w el P R P R R R e T T - - !-.l.a.-..‘.i.u‘.'nl.uful.‘l---Tl.l.-.r.‘.l--lllllll‘%'ﬁl‘l-‘ ok ko remt il o = ok PP R o FlE RS E W W W R MR e YNy g e m ol f..‘..'..lr'..lr.r.-r'..i..'l.‘...t.l.t-‘.t-‘..l.ll.--lllll..tl lr-..l..ll.-.l.
LR . - - . . - - - . . - - - . . - . . . - . - - . -4 - . - .

>

L=

NN AN AR

e R NN AN AT
a0
oA
b,

)

M

L
)
¢y

Sheet 6 of 15

[
ﬁm “_I. R e e N W BN B B e - . _-_.l..ln.l_.l..l.ul._.l..l..-..ul..—l.l.....l.uqr.
M.
n..__.......ﬂ
. 1 - P a 1 = =1 ] - - . - e e s . ] 1 L] 4w a1 . - ar Cor 1 - - .- N -or= ' ' .. P roa P e e . ”l...w .m‘i.}u
Padahg Fatafa? Pt Tl T, s a m e i ma'a s o pala st s e e e e mp e e R - A - Py S ra"e ey M A Eem r ormoa - a4 o R N B TR R R O LA B I T R R R I I R L I I R I I I T e L L I N P PR T ] i omu mh _.#.__...\. “ Q

W
.. . -

: .-1...-1__

1,4 . dora ="y 1 ............. gy 1" - g Ngtq o “m Copt ; et L ) i -+
Pl n“_.-. r .__ .. ..-. 1.-.... -..: 'L .l.u.. FEE D ...._.. 4- -.._....- [l ..-1__..._1 '.”_”_”-....1 -..l1-l ....lu.....-. - .-......._.. A R -.-...--...-.-...-.-. .-.-..l..l.i...q-l I L T L e R R P R R T I L R e R R L PEEEL LT [ Tt ‘..‘-Illll.u.l. ?E.-...__.l.-..j.l..i.i”l. .....I.m . & l‘-“ﬁw

Nov. 28, 2023

& . N o . . o, -
r e R B R B .l..._..:. e by reengee e By mgd tape s ey et G T g et e f el ety e cE e am  am 0 e g g Y moaplE TF m o L ow o omoar oaoar o w u T R -”j. T T T L Py T ]

el

Yo 3l

U.S. Patent

el 8 UDERRUBIBON



SEIOY U ABLL
25 il 72 50 Zi 3y ¥e

"

>E<
X

-

N N KK N A WA 2V NN AN

S

AU Y AT T Sy

SR

[ . . .._”F.. - g, g - T
h.vx#xithﬁﬁuﬁhvﬁ&x&ﬁ.ﬁt S .-.ﬁ, Sirteeiririieie! ..,... At : .VA”

US RE49,736 L

L i T e

T T T I T e A IL T LI LI L S S P RS R e

"oy

T

) - - - - - . . - - . - . - - . - ) - - - - - . - . . - - . . . . - - -_— . - . - . - = - - . . - - l. . . - - - “““i-‘l‘
ot e ey o et B L T A L R R R A R L N A R P T b al e a aE ) ..l.__l__.l_._l..r.. e e T T s s R T m gt e e e i

r vk 'm 5vdr=r vl o
. . - . P

.‘ -.

=

S T ot O T L T I T R T O e e N LA R B DR B DR L L L L

il
i A2

i r o - . . P A L. - . - a . . r
' . " a LI r . omr + T L T . - ) ' r st . . * 'p! - T . FEI N .. PRI R T T I T IR T MUCTTY I RIS T LT LT Y TR O
FLECE s . T R T - .-.-...... FUTE REEREET I R S R L + . _-.-...,...,.. - LI L 1......_.... -, JE L . L L .-...-....r......1_.1.i..-r.......1.l_.-.r:.-....l.l-,..-}..r.| .r a ll..,.-....l... .....,.;..1.. d 1..,... n.mon o q...- .......l.n.._.-....._.-__.“.r. . H Ll AR Al LY L bl bt L LS ' (LR Lo B .
. . . " . . .

008

e

. - . . . . .-
mu mm s m e e e e car sk h ke ke kPR M LA R, AF PR L m g pon n kb L bk ke kR ke Ml M PR B Ay @AW e oA B R

YGE

Sheet 7 of 15

T T S IR T O T iy g np S O B pen i - a5 B R T N O T L T L L T O R L L L o T o e e T e L L T o . 5 e BRI VR I R PP R T

e r a'FF B e w ow e omr w b B o - Em am Em B Er s Er oEr Er e o mr mr g Mmooy Foim,m cpom o m,n -k, F.h W I EA E A Y OIT R T ORI "= rr e A LR Al L A,

RSN PN N N R R s P
::'f
-
)

TN

o
.,

Nov. 28, 2023

W .
l-:t‘ O RN
- _...::\ -

I L R R T B o T T T L I N i B LR oL T L A LN e LR
. . . '

. . . a
e R
e ik ac bk EOEee ooy e B ot

......”..._-l-n_.-. ..|ll..l.-....-.r...-.r...-..r-...-..l..-.._l...r....l.._.l...u...l.I.-.l- l.l.l.l ..1.Il..|- H.1....-.n. ..hnl..l....r!l...l. lllu.. .-.-....Fql.rl..-.-.‘__—..uf_-l.-l..al.'.. l.-.. . ..||. T L LT “ . l_l[..-.-_-.-..,.i.-..-..-I.i.l...-_..-1..1.__-.1_-..-._5.r...__l._1h.-...
L T T - L T T

DR " a - a2 L I - . - .
R T B R R R I T T O T T o T i T, .

¥
oy
T

55 skl 4

U.S. Patent

gl 4 HORRAUSBUSS



US RE49,736 L

Sheet 8 of 15

Nov. 28, 2023

U.S. Patent

SANIOL 163 S

Yer  S4E EBL €3L ¥vL 0T ot 74 B o7 ¥

.
T

. . ... .. .. . . - |.. .... .
f P R A l.-l._l m-m,r. P F R hE .E_E Lk ..._-......l CE .l...l.q.l..l..-.q __“h.“u_ AT B AT R Rt ok oae e LT CRLTE P EL T P PN IR A I -l.....l__l__.l..qn..ln.hr__ul..l-_-.ﬂr...l..ll."-::._.”.-"_.__r..l..!....11_l....11..I-:I.l...-...-.-l.—.-..-.r-..-.‘.._.....-.-.n.-._-.u.....ql.-_l.-l.-.-..;.l..l_ll..l..l
.. .

oW
i

THARN

AN

L R R I LR S R TP R

R T o o A T ] i g o g e S e A P e T e e T T A
.

M“

pE =Lt 4 m,T ey M oM o=t 2T F LWL T RF W EL T ER L OELT DT R SRS

P I B N R L R e B R N Bt ELI L I
e - LR - SO

e

Tt gt L, 3y P " W r Pt gd = o ddwr - L R L T R L R R L o R R R T N I A R R LR R R LRI FRTEF P TR RERE R U L F RN R | R L IF IF By - e e e T LA B 4 4
L. . - - - - a . . a s s Y

A

. - . . . - Coe e o .- o . P . . . . . . . .. . e ....... ..-..
- by SrarT o e e pR e Tt T e e e e o ek RAE G L e okl RALE HonnT N L e, B L L I L e R L LRI CTEL B RCIEF X Sr PRty J
) o . . '

NN RN AR AN

&
348
o
it
ek

gL

o
i
)

o
e -

_mxxm&w»ﬁﬁ\

-

g

L3

3
oo
o4

F T
-'l'f-

“.. ..
foar

<
[0
WD

! w

=3

~F
( GOBRSHIIUDD

§4

i

i

o3

Tk

.t.

Gt 13



US RE49,736 L

Sheet 9 of 15

Nov. 28, 2023

U.S. Patent

g .o

(Y DG Y00 B0 i

2184

P m

. . [
At AWM AN dd N TR LA E e

Ll A BB

BiNTY U B
2 SO < mmw_

[ AERRNEY o PR

e uﬁl e oA g

R.ref ol Bl L. % T 4 da= W, —RaFeakaEad pa T gta T langm peangn gty

4 tmme-megmal

Jﬁi?ﬁ\};;t\\%ﬂﬂﬁi}ﬁ& xﬁw@\u}fﬁw\xv?fiﬂﬁiﬁx\}r&\aﬁbf \.}ffxx ........

ll-lll...“_. llllllllllllllllllllllllllllll LH - .

ﬂnwu g

.........

- P - .- - . . R j -
S - MIF X -FldE N W XN AP - & r = & T L T T Y e B =y w e F E R g T —— A PR T N R S T T T T T B R P o s et e Ty k‘............l..lnq.lr-..... o=t gk
' L. . P Lo e . . ro - S - .

o mr g AL L LN ELEGP L

AohcRovh.r g g kgl

SRR RN P N e Nt

TatuMata af WFamar Titw, cpt Ry ph ket L T T TR LT LT T U el R s s o rmh ae r ek ras e e w s e rr s e e = 2=
- - PLEY L] . . -

4 2anlig

[ I e | l..l-__.......l.-l...-.;.!-.._.l.l..-

LI B R L Lt b R R R B RN LU L

e o g we wea P
- - . . L)

I T LT a et FEa

Cp—e L]
- .

4 =i & mhi s m o RrIrE AW oA - w

w ey = FE A F R Sl E LT nl.tll.-.-..-..-..-..-..-.l.-..-.-

r .- - b g Bk

R I,

.
. L
-
. .
A P T
]
4 4
e | 3
[ "
b -. Calary
-

NN AN

N

o

-

[ B

L)

AN S N AN NN O)

o~

EPE LU

CRL T

L2

23

U AMALDY JRPIUTART



US RE49,736 L

Sheet 10 of 15

Nov. 28, 2023

U.S. Patent

ey T = S0k Fed w\ nuﬂq “&wm e« mwu | W
.@tn:\rﬂ. ._t_‘..ﬁm.}". ..ﬁ”..r..nﬂ.ﬁ.:h_..m&.ﬁwﬁ@ﬂhm..1“”..,.....__“.,...:......"..n_”_n_.__-.;r..__ﬁ_._m....._...:m_ﬂ.w,...iﬁ_”ﬂm. ;:E.@.E:siﬁr:u: o M“...Iu Fa i e e e e W L e S e e e N A T et e e e nw-..__

\

N s

. % ~ | . . . ...-I ”I-. - .. E. H. % ..I

| L A o e s

e L e s
e VYR ’ ﬁ.._.

T . . . . . . 1 . LI . '
L g R R I A B Tt R N LI R WA L B I P R LW P .-.:g.l.:..mni. Aher. Bk e L MR Rk H R KL P kel b B R L P LH T S L s T LRl AR Rk Al R L FLH A RO AT BT TEH o F AL M ] FTIE PR AL LU LT Pk £ R 4 ol A o R

Wi
.-.w.

L

s,

2

1

1

1

't

i

1

'L

"

*n

N

S

A

"u
.o 1'.' Coee e
o AL o K h._

AT
.

¥y Aungor spemmdung

. ) 1 ) r ) . mmm
Ra it tear Al gt A KR A S T, m LTS il gl g gy ] g g R Mt | e n Tl S R e T e art T T o i el e e T T e e . T LY T LT PP Py PR | A H » W g e A AT T T T o T o e A N R AN e e RN e e s e ' T R T

Z
-‘u
%

S¥E

PO N L I R N AL
sor ' e

[

AN LA AN OO AN AN

b darm - o

Proddiny

- v ow

rermd ! T s s T T g T FE A rE T r T TR T T T O e, E L,

303
&

Fxu e m s o2 -

NN RO

. *-I'_ -
L.

-

-

e, - . - - e e P e e e, . . Lo e .- . . . . . - .. . - .
Pyt r eyt . ! . A . . e ot . - e : . . . . . . e e e e P T T T I Ce S e e e e e e e e e e e e e e e e e e . e e e e e e e e e e e e e e e . P .
..... - e A A N A TR AT AER TP T TS A R s A R LI e e i Ll LR SRR AC B Ui B SR T o B B LR S e e T e T e T e e T m e T n a L mmi b e S mP T m et Y A T A 1 g Bt e AP e eem BRI R SR .- ...-.__..iw. mw.lﬂm

14 sanbig



US RE49,736 L

Sheet 11 of 15

(54780 oy wimoud b By

ey

Jw.m

Yasnui-ey ol (OB agy wegosd be By 0

h e tuﬁ........” Y. S ot o

-

Y042 £

.. N ._..i__...__.. S N : i__..n
B e 11%.%@“& hﬁﬂuﬁiﬂt@:ﬂ;

...-.ﬂ-...u...h.l“‘ l.-..

i T

- - " - __.. Pl Noriy - .-_-..-_hﬂ.._ . .J.__-.___.“.._-..F.. l.“t__..\.ii.n.n.. :

E NN

. .“......i . ... ' .'. o .. . 1..: .. /L . L o .._r..u..._.__...-ﬂ. tr..._.. .m”...u_t ey _..ﬂJ mu.
o el

F ' o . . ..-._._t.n-...m_-._...u._ o i
R S NS S

e o o SN %
A ._.1 ...--1. 1+ \hu. A _..H“r\‘\..ﬁw.nﬂ._ _‘h

PP LU FE G TR P PE—— T 2

Nov. 28, 2023

U.S. Patent

rrrrrrrrrr

. . . - -
. A . H g
+ V! E .- : - i
- - - . - . . t“‘.._._.
- - CI ' -
g g 3 -
. . _— . . o
St . - k = - .t L] (LY
- . - - - - .
. [ - [ . - I

L N R N e Y P R

i
¥
a7,
' r. ....r...... ..“_..w..__.u_,.......l-_.. -.. 1L R

e "

"l %,
pE .....__...m..n.. i

h..“ .__.,._1.._...._...... Y A ot s h e et e m e

s

h |
" a
RNy

o .ﬂ.mu.
Tl rﬂmw. ok ...n‘ .

1.1..1.-.%

T, Y iyl i

i i A e L o CH u.._.u_.__._m... tﬂu_-. e A
LRSI ﬁ\w.fé.%ﬁ.mmm%ﬂ%ﬁbf

- a .auv. XA numm“wunu“
. ﬁm@@%
7

W e e

LS

_.“-.__..rr..._.._..... -u\- ..Jh. s Ww.&.....__
.

1 _._._.._... e 1 e p o
N T

A r““.._““ufnmm;f ____“_.__-..“-.i u%ﬁ 3,
.w_._w Hﬁuﬁmﬁ.“ wh__....wﬂaﬂn“%.m .
I

L r 0 . - 0 0 . -
Wlhl._h.l_..‘r.l_l...‘-. T T OF Y crT1 P R oF B osronke oF e gt e - PR

- . ) . -
- e I L L e R I TR o TR L T R -
- . ) . e .

& asniBig

e wT .. B N e e o aoay i g om.r b =1, pm

-l"hg-:_-u'-:
L1
Y
i ]
- o
£
%

§ AT e ) LT i DA i
il s S N IO PN LSOy ¢
RN e ek P ey
¥ i L el L Hotrrr, LA = ST,

1 L) | i F .

..sm;“. o e W"n ﬁﬂ N

.J,/.ﬁ,..n. " LA A

. "t T

L NN x.,_.._wHM |

ARt gt

D, by NNy

Ay “.v._.u.. “._ ¢

g Ry AR,

i
'y
N

R WY

e W

‘- .'!.
Pt

:;

H

F|

b1

]

L

H

i

L

L

s

Eh o
3K

A

.
- LK ok

b Aol gty 8
- "l:".:'.‘ e
a _- 1':\v
i

5 1!
BN
o
NG

x
S
&

PR

il
SN
UV X WAL

- ]
E""'r:':r'-r
= o
AN
-
. -

.

pli
-
e

=

) -
ah

Rl giach s,
. B,

. .

'

RN
AN

el
et F

o
Lot

=

T

."i‘ ] -
-k r -

e Ty

=

rr

S

A

o
3 ey
. :':';"';i

-
-

%

-

N
w
[ ]
'“1.:;\
Iy I- Ty . _:l ;
TR
RN

*-F

S
i
"{E-f |

~ 1

e
T“t:-.'
S
o
o

s
.?.......ﬂ iy H.Nnuww..” M
R .
. m\.., % .....‘_._.__x__.
- - " . W 4 e - e - - - - N -
______ e >
e A
Ry, iz

H_“n#__. 1y .
o L
(-M.\vl u M”w.-l\ru

- i
A, ..._Jhﬂ..

n
b e e v
1

A

s e,

L T

r
o .

E{.- B dd .ﬁ..i

. ' . - .
B e & cA=rE 4T R
[ Elanr | .

Pk

T
=
b

- A R E.
. " .

L
a ',
LR BT L e L ]
B

| P
PR T I Ll L .__mm‘. .|. : o o] ' 4 1“..“" ﬁ.—.\.f LI L T T LT I T R o B e N B T 2 L B R R
N

' L] - L] £ L]

S A )

w.....“-.-. L - ; - . ata v Aiww -
YRR TN, 3
- l.“-.-“-.h-“.."l__._-_l-.l‘h“. _..|.H-‘- lf.-in_r...h.l-.--“.l Aﬂ\ﬂuuﬁq . -”

o LA Ey m Ly L L
| L Ly F..l..rhm Pt lr-ll.tn-.ht.lxtﬁh‘ﬁ‘ - ¥
_.__..._. . . 1-.-1 - . ..1... ”.-.-. L) i{. .._.-\h..-l...-..w.. ....
oy ' ) [ & _-.__..._h.__..n.n.___.. ,
1._.__. N Bt ok l\- “} n.n.a_-... _".
e Y e L R v
._.__ea“...- - " o .._“ﬂ..-n-_ﬁﬂn.mil“. !
P -.\!.\.1.._1.1-..-_.-.._. "y l‘_. .".... "xi..-\.ﬂ.‘._...ln...l..nl-._h‘. -.-__n... E
o .....“-\__._- M PRI, r L. .. . . . .. ~
- .1..-.....-.-..1.-.-... o - %ﬂ ” - L J”J!ifﬁl\“iﬂ ._"b..-ﬂwnn\.l\“ut..—. AT E-w - AT L I L ST B T A o - mymgmam Pl mn N e g I-lll._lll-.-.w.._.l
. A o ._‘.”.m_...,,...uw..____F : o I.
« : ' . :
vt .-
R ; . ﬁ.ﬂx . {
" L h * e -
K . ‘I u o a2 -
. MIAL S .
L} a At l‘\-.._.l,fan i
= : h—\..__.tn o n B N
X Sz ..A.W_ﬂ.e. .._..\...- ) m
.- . . .
. - ”u...n.m ” :
r s - o ) N
T N b
'y
. i
: .
r ¢
rrrrrr Py e ] e e Tl g o e gl kg el el L R R e T R R T e R L e L R R EEE R ER NN NN L I IR R I I o
. {
._.!1“.-.-... W..
e
+
]
T
* .
F
¥ -
-*-
_— P - —er e E T 7 w e B W o g .l.-..l..._..”.l i A L N L e o L Pt N UL B SR - T ol ik, g e e g b Ny o p Tl ot o A ...“..-.
b
-
K
]
[ ]
&
-
)
i
L)
i
.
[
--
P - " f P U AL S gy W e o - - - T A M e i m i —— m e m — —_ i -..1|.ﬂ.|.“.

0057

T
-
3
<
G



US RE49,736 L

Sheet 12 of 15

Nov. 28, 2023

U.S. Patent

SPBEICIRY 438 30383 3

. LI
ey mpaom e pte g - E - or.w o e e MmN T e PULLPLE .. . s, e maw s rran
. - . 2N . e . . A

%{wﬁﬁ. AN RN A AN ITS

. ST . &fﬂ?ﬁﬁﬁﬂhﬂkh o
o R

ov7 @Z B gL W R 0Ty T, B vy

%
3
LS
3
L
F
: 1
]
1
-
L
.-ﬂw
1
. - - ) '
i . . . . . sk -
e e e e e e e e .. - e e o . ' P T . R . M e k") Y - Tp e . T T R P I I P o L T T P B T I oy L N !
Lo . omk o R £ = e e T g L TR e R e d T T I LI 1] -_.__.J..-___' ._...".lu__...r..__ erimint . pinte L e ' W F . ' N ) ) .o . v ' L :
. 1 - . - 1 |- - ' -
' " . . - b
P . i } . T
; |-
. - P -
- a - " . -
' . a . .
< . -
) . ... EE o - .
Il n . ] .. ..
.
[ [ . e LW . -
1 . - ' -
. T -_r -7 " ¥

” . )
L 4 ', r
A EE N e e e e e e e o i A ..mu“.,m....-...m-_-.....

L

- b M-l A=l & war A p e m o s amra e owew oror o oa

28 BHBWTAUT

.. \ﬂ.* .lﬂﬁﬁﬁhhti?ﬂﬁﬁmwTﬂ
. .-- .I._.
. .. ._.L‘__
-
._.. . ,.1«
:V . .Aﬂ.
5 R
r .

\'1 .

L A

b om o ot im A r o W oL MR o o P Pt omom == o omom B4 o= o=k oa mrw FeE N A Em m.F mas ¢ =R eh e e e ek ek el e e e e e Rl e T L b R a1 a4 e T rrahanest et eV e e LR gt Y e ey P ol e e b e, i A e i e .-.._h.h.-.i.r..r... 1....-.I..-1Tuu.%....l,.l.l..! I.IH-.!.I...-....!..

3 .

S

. Ll
-
\
. P -
r
. A4 r
. I- 11
r r
e gy
- -
L r
e e . ]
. . ' r . ' )
P T I - . B I - . - P . ' T . R . .
R g T e el i b e el e el el el Rl B N S R T R 1“-..;..—. L T T TR k' TR ol I A W mon m oo FoA o odrm I a I A B Lm o ow ol dow T I e L R R LR R R L R ST T ettt e et et bbbl s b= bpb eyt 0 m R Vool e o Sk LN
................ ! X I . . . . =
Rl S o
-

S RS Pyt Ty

o
:.;'M
L i |
LR
D
l\:«.f-.r

A
S ed
ol
PR
- v
e
q§i
2N

[ ——

. - - - - - - - - - - L -I...- - F .- . N - - . CLEL T L - =t L - - LT . Ll . - - - ;
e N L T N LT A L L .._........._ TR B ST RN T A I LI PR I P TR HE .‘-“.::.-.'-th'.-..‘._.-.-l._.-‘_.l.-‘l.{f_]l-..... A T L A ML L T LT LR L . L - - - e ”1 r 1t kT e ok na i e I.n._.u..r.l....": .ﬂ -

g8 DA



U.S. Patent

Nov. 28, 2023

Sheet 13 of 15 US RE49,736 E

: \ \ & g £ .
8 4 i i > . -
g L8 1'.- f _:'n - o, WL
) Ty . l:_ b v 1] i ' "
L . - - 1 ] .
- - 1 ] | |
. - } 1 1 ™ ' :'!}
: i : : : 3 nt
: 3 . o ' iy
-} k ) v iy e }TH
r E 4 . iy 1 n..:I
E) Sl i } N o h ‘ll‘l\‘
.'!.. M i . 4 . ’ "_\_.-_..‘_
. B . - e, - e
- - . .
i 3 - : '~ : ' B
r ._. I :. ] ’ rr| F!"
) - N . 4 i Ly
. - 4 . . - '1|.. J
. . % a . 1 Cap
- .t h 4 " .
3 . P . p . ]
] ' T A . Com
& - H N - ., [] .
’ ; : : Z ; £\
o . A - : . - X
'.l__ d } " : : " !
.l.- | N L ! ‘;l Y : ?F: hﬁ
- M - b ! » .rh.
- - X . 3 LE SN
- . - e _ t . :
) .. 3 3 o - ! —_—
:. : ":-.“f.;\ H\ﬁ"ﬂe“ .-_I,:E,L -.;
i ' s
. L] e .
. ' L
. 1
L ]
- - ‘\.“E}
. " Pt
:. -: ) l‘-i""l'-\.-u
5, - ":il-i-
., r ‘:‘1.-1
) LT
:. L .q'l..t.-n.l-
1 $
i -
. LIS n t_.-l,h
. 'l-:' "-.-"'-"I-"'r!."- q.‘-.l".'-n.rl.l.l..l- [ "ﬁ
L -
L+ 2 , 3
“a EE L
m Ta 3 e
. .
o P o
3 q- e
::: b 1 . q
W =" _:_n oy
n . ) L
Al i T
' 1
R . LT
¥ ] i.
' . 4
!- b
. e
:. i § “%r : ‘-...:.““ i "’\\'l_-"'
. 1 | ﬂbﬁ-\ ﬂMﬁm‘m Hﬁ%
T 1" E 1*.-_-.:;,,_1.1,1.-';.:.u.l..,"h."q.ﬂ.r"ua-.'\.1."4'1-:'q.w;..rp.hahhﬂnr#ﬁhﬁwlﬂ-plﬁp‘-—-h-h\q-------'1-!‘!!‘\‘1‘!\#'.'\.Lt.'nhm.»\.'n.tth».-ﬂ.- ..
' =, e -5 st A ke e T ll'q-.i-.-l-.-'l'h-‘h-l-.-'b"h—'tl-lhll-'hqu- !--‘r#rvr-‘tkwl..tihmh.ﬁmﬂ-w} ..--M-.-
N ". : . .i- ﬂkﬁ-dd‘th‘hﬁ‘ﬂ-ﬁ‘\-iﬂ--l!'ll"l-"l.'_-FI-F--I..,-wiﬂ,ﬂhhhrﬂ-ﬁlh‘-h’ﬂ‘“ﬁ'**ﬁ.ﬁ‘l **-f.l\‘q_--r.i'-.ﬂ.-..l-._nppi.n‘-..*ulnrnh'-.-l
e’ } = L) re R ek o Bk BN EE T EEF o -i--li---_-l-i-l--—-l-l-l-l-l--u_-q_-l_---r-kq_-l_----i"“‘lr‘-‘..i..w--p\.\pw-ﬁ!.l-“ i
v a1 . e L T R gy n-.ur-rpmh—-r#ﬁ*-!---!p-rh-ﬁI-HJMﬁ.a‘JM-.--'PM‘L--'J-'-'.!-.\.'-.F e ey
' ._ - -t ‘_h.h.nm.u‘.'hnﬁn.nt‘-!n'-rath------I----J-'-'\-'ll-'\-n--'-"\--'ll- L N R T T A ---.,-'\I-.—_,'-1-1."..1-*‘.1.'-'1-'4'-!.#\-.11-:1"*- ﬂ‘
: ’ L] H“ﬂ.ﬂ-“hM'.\.Mdl.\,‘.Wq\L\,Hﬂhhh“uu‘t\.wﬂhi."‘\.'h?uﬂ.h\r‘\p'b'-l.'l-‘--‘tr"i-"'l“'\- » l-l."l..-.. R A SRR A .‘u-..-\.,..' - >
:' ' mh._"o._. ::'..,".,"l.,"o." 11\,“,‘\.“'\-.1 EhEmw Y™ -.-"h.l“.'-_-.d i.-.l-.lh."\_t :'l..'l.\.\‘..:.:-._-.-...,._, l.-l.--.-_- -l--\u.i.l.ll..l-u-.l-.l-.-.--l-...-..-.l;.-ﬁ l'-_l- .!l-.‘J.‘.
) x. . L R T I e L S o o R e I T AL Y TR T Y E S RN ) :‘-':__ . i'“"‘
w .. " N LR R R S b R R R P L L TN UL R ----ii-‘bﬁhﬁw%#wmhn a— “EoF
' T M " -ini,-i-.-ih\r—‘ﬁ.-l.-iﬂ-\r-ﬂ-ﬂ-l‘h‘hh-ﬂp‘h!hl;---'-.p*-..-'\.-n'-f#ih,l-hr‘p‘hﬂ\ngrhﬂh—wfm\rw e R MM gh.xthﬁ';-uuthﬁ.. . ' l:_ﬁd
- . : N et nE LR L EE LS PR T AL LY T SR J’*.;waﬁ - -
1 LR . o By Y T g AP e T o g g e TR L T R A -!"‘-t‘h‘l"'-'\*.-u---nwv.s" ' ‘In'_'ff‘f Pt
T - ¥ R N R R T il T L J'l\..'l,.."t‘."\..,'_'.l-"l\.."\-l,.."\-l,'\,"u'.bcl-l..'\-l,..'l"h-*!iﬁhihh‘hﬂﬁih-ﬁ,‘qu-hqﬁq o T, T
"y K 4 e T o M P i P g P ek ﬂ.\.‘.ﬂf‘um‘qwﬂuth‘-ﬁ_v_ﬁh_ﬁ_ﬁ_‘-‘ih— H-*--"-"-"‘-""-_‘h_':-_‘-_-_h-_r B R N S - R . R
' Ll " [ T LR, P T T Ei.“.'-_i..___l..-.-.-.-.n-.-.h.h.-.'h_- e e e e A tlit#ﬁmihlﬁhu.ﬂmhw‘-h#w— . . : i"‘ "E'..’..
] . g T " ey ' '.-fﬁ-.qh‘*‘*'.-f.l- i o B A A e R L e L N PRI ‘-..»'q.-q_a,n,,--...,‘l. o mm
.‘ a1 : L ,‘“lhn%ﬂ"'-hp_ --.--.-——.-d-d--——---ﬁ‘lq-,,-r._-l‘_n_n !H.'-Fﬂﬂr“hﬂ';-“ww Wq_ﬂr "_‘_u 'i: :
. . . L L {*M‘ﬂ"*“ﬁ“*ﬂﬂmﬁﬁﬂﬂﬂf‘h‘_"ﬂ T T R P b e e B T e e L ey e e e e e . -
b .: .1:1*.1.'11:'"'."""" il i R e ey B R, G ey B A R RN phﬁ.w.ruwhﬁ.m‘ﬂ.l‘t.ﬂ.-,‘*,l‘ e 'ﬁ;'.'v.' .
', - Lo "rF-HW.J-“Wﬂ—11.'L.Jr1—1'T.‘x"'I —h‘-"ﬁ"‘t"-:':t'l“'l vttt st e e e R R R om u kR R lihq:l\....-. o o b oo . i
1 : . . e e e et i s o g ey e ""‘""-"\"‘Ir-rﬂ1"l‘l-‘h'f-=1"l‘1"\|-'rl--|-‘||-‘--r1--11|-ii“l‘b“r-#ﬁ'ﬁh‘rwr‘#ﬂhwrﬂﬁrﬂ-\ - ';q;n;
| ’ M ‘ hh‘-’ﬂ‘h‘hw-lﬁ‘h.ﬂ.-..-.-..I..‘-.".E.-L—l.h-—--lﬂ-ﬁ'l'i"-.\-rtr-u-l"-"-‘-l--l?l"'--—n'l'l.llirﬂ1l.ll-'ﬂ'l'l'l---l--'\-'-----l -
4 N l.---.-."h."-ﬂ.t L L Tk T A S e Ty, bjwﬁtmum”ﬂa-t‘--% %Wwﬁ--‘ o
o - h LE T
. P . L-F-l‘.-‘lﬁ"!’*“**"‘#’#ﬁﬁ.ﬁ‘:‘f'ﬂf"ﬁ“""!ﬁ W R e e U A B T AT e N T e T T R b g gt T e o e ey }. E b
-r. 'E|. " TR A A i B i-- .i- - L - --l--..- - -l A TR P R T L R e ey T P e R “\-JI'WT"‘U“I'I"""I"I"H'\ “.- . .,: - ‘1"“'
E a : n.u.-qﬁqnaamhﬂ#ﬂﬁﬂn-!-'I'M'n-r-.-"ﬁ"ui.i‘*ﬁﬂ**r‘t‘\\‘ﬁﬂrr‘-\’h'ﬁ*ﬁf*-“'\*fﬁq'\- h-‘-'--‘x"q‘-"-iﬁ‘n‘\.--pa--\
- - ' [ l.l.l.h.'-nm_h;ﬁw_‘l.“wliﬁi‘_“t-#.“-'lhﬁ-.-ﬁ.!' '-._q_w-_q'.‘\-\‘ﬂ.ﬂ.r,q'u,n.\\.waaq_‘\‘\-:..-ihh.“,f.._,ﬁ“-‘-__-..-.‘;_ { :- ,i;.“:
N 1-:- i l—.,l-.l‘l‘l\_-l'.ﬂ- e P St T Ty B e Yy i ! ..I"-"‘"h R A e RN A L, b - i
¥ . -lﬂﬂ-"-\-‘\-Iﬂ----h-.-n—-n."‘\rﬂ'q'ﬁ\“l.'-rrr --ql---ull--'h.lhl --n111.1-'-r-|--ll-|lul-i--'-|l'|1w'-*‘b-¢ﬁd‘1--'ﬁ_ﬂlﬁ—1—‘i‘m‘-ﬂ lal.'i i"nl_
- = N .-".ni.tl.."l-."-‘-i".-u.‘:-.-f--t‘l.‘-"-'-f-t‘h"-‘-'—nl111--------41-----""---1"-1-"-#-.-_-_-_—_- T A, -\,rv---,-u.,
- : . e N R R R e e e, e e T T T o e W By ey T e, '-*'.H.“-HWMM'\.WI- ety o ;..5 :
; . : " gt B by o e e o T T e B T, P T P L L e R e et e e ity oo e e e e L
:- 1 Tl s ey sl e e g g By B T g T e B TP LRy B T T T Tty o g e e e P e W T Pt
] . ' 'W*wmww*rmt*Mﬂm%ﬂ---*-—*—----'u‘-‘-“--.wu.a--,qnﬁ" wom o
j g . R i e T P L R i e B ey e et - A T ._.F b gt
' o h B L i b l‘h‘-.ﬂfwﬁ‘n.ﬁ.ﬂ.*.ima._.-.-.-a-.w---rn"q-"'--'-“*-'u.'ru---'-"- L Y Y R R L -ll-i-l--il--'d.u,n-..-h.t.qd.w.n-..t. - .
J IL [ :l-_\.-*_'l-n_.‘_ﬁ_.r..-.....-l.__........n..:-.n._*,.._,..ﬂq..‘ ‘...r;--|..-|.--u.p-:--\.a.q,.«_-..pn-uq_u--.d-.l-n-l.ﬂl-##-Flul-l.--.—f.‘-p‘l--h-*-#h‘;'qh -'\-..|i'-..|-'-\.|-'-|."‘-|.‘\-u.:'I-|i'--|-'|--|.“| f‘.‘"\ l;
- a .h T e ety i e e gl e A Mo e B i s By g ke hn'.-"l.'h.t.ﬁ.!l.IrM\in-.r..-l.lh.q--l---l-ill-ﬂ,-ﬁ\.-n-l'\--‘h W"‘l‘h“"‘f""’ . "']u""
] 1 . 'uﬂ"ﬂ:‘:‘n‘-ﬁ'ﬂﬂ-ﬂuw:cw'uh‘-"frwi'-htlm'li"li‘l“l*tfﬁ"u't‘l“l'ri:i e T 1‘-;{;1.:54-_1‘-,-,-»4-. ; "‘i"- T
. - ] " . 1 .
4 : . .-f‘ . '
: . : : T 3 | Wl R
' - i v x £ : i *
- . ‘. - S - ‘] .
- : 1 ! > 15 L i '-:‘.“v.{
E H . b H
L : : : : K3 ) e 2,
- - N ¢ - . ' s PR
- o [ . ;‘ - - - -
- 1 . : . A g . 'f- X P
u - - v : ﬁ' e —~ ma
: . : , : 3 : ST
- . . . . . e
- t : 3 ¢ VR s g
< K ' :
LY a * . F i
. . H . . " -
. I N . i 4 h W N, "n
" N S "
. . . ' . W ‘- S .h_:"‘\
Fer ' R X ' . '.i . { "
- h - li:_ . gk e L
L] N b : L t-._ ﬂ:—- -..:l » h‘. "l..-:
" h ' . o o i {"' ™
. 2 g
"I . :: h [ R I‘ IF' x J‘ “"-
- . .. - z
. i y I % >0 AH
- : i. b - % - . N
TR . "'1 : - A 1.' - %
._ ] -. . : 2 m
- 1 L3 o -
. - i 1 h £ "‘ﬁ.‘. ' L
- ; ' . : ol o
0 [ ] .
. ’ b \ . % . {"g ..
" :- ' L] .: l{ -lh- R %‘l‘tﬂ'.dr
i - b : - g " 0 T -
Vo " b i . t k. - T
- - . . . . -
3 : : : ; 3 BT
=N, K ] . r
: ; : : 3 o A5,
4 < | H .
3 ' ' - T £ o AN
' - 1 . . . ' T !
: ’ A '* {Wﬂwmmrm_ ' : 4 A
" i H . Hi I a8 . Oy
X - B . - " .
‘ Y
. .. v . "a ) v L
i " 1 1 - oo
i I,_ L : . . '
' .; 1 : - :-. {; 1
b ' = i - '
.. : ! : . 1 :
kd ] = c . v .
- *
-4 : ; . . : :
- ) T T. : - -
.-:i .I .l : - 'T li
: A - ! - s
1 - * . "
v B LY _ N ;|| .
] Lk - i - -
1 -'. ] L] L '..
o < ! * l e
- H r v Y
: i ; ' . 1 '
. : 1] - [
LY . J . .
h i ) ! i '\t :
H . ; ' = !:
r : : ; : :
‘.. ) H .l . H .
L H . F : : E_
v - [ § ' . L
Ea L L, E _ . o N .
.|"||||.||- l-ll-—-llll-l---l--'-ird_---ul-q-lu.l_l'llr.ﬂr_-'l'1-d-ﬂ|l|.-l|il|._.l.--|--ld dld-.-alq.l-.i-..ia'--'-ulln-'--'\-ﬂ-a-“'-.-.q....p......"-.!"‘-‘k.-""—li "a'mmwm mUIE'E TS W oW W oW o oy ogw oW o -':--i--ld_-ll-_--l-----iuiirfh_l_l-ill-ﬂll--uﬂ-l----_-d--l_-'l--. R R R T B B
| . L . . . . : .

o fou ™ Ki_..-
-y "
. '{:;H:'\ {::...ﬂ'- ".v:.
N & 28
o i Aied '

L Pk T ] =
oo - S
LWy L] -'-.ﬂ.-

"l..J.._Jl-"' ’ L-‘_-|j . I.,-..;

LA Sy



U.S. Patent

Nov. 28, 2023

g3

32 e

-,

L
[
ot i
L8

-
o

L

AR N
ooy

L B 1

BYRINY

Sheet 14 of 15

210 kDa 40%
g 10 kD 100%

AR N "n. R RS
e N N A A AN

.+__
. et
_J".

LEr

) :-vr.p-\,-lrr-q. - -r_-mﬂ'q: - JI.’r;'F;-h-“ -..: n-_g.-ﬁ

...................

I - < G S R A G R R e N o
~AAC NS

.............

A
E A

W e -... iy % _-‘h

.......................

.....

US RE49,736 L

PN

g,
Ty

L P

IJ’
1
e
N
;-If.ﬁ'ff'.r

o

. e f
< e 0
"""F'-.s-‘.'f-"-"f”f".-.'f/’."‘“;-g.-E’.";-"f".fﬁ!’-‘f’.'-‘-‘t*s'Z’-.'- s

_,
B

R A
FE Tl

F d
.‘.I-.. -. . Lt
- - A .

: {:" o
%

'i_ 'ﬂ
;'tr:"u"'

el 4
Sod

N

wosks

) P
-
¥

- e .
o PR L R e o e
o .

>



U.S. Patent

114

H-:.rllh.l_i-\! LR .e'-_, q\'-.'-“-'h?':‘.:‘..‘r.."q'
N
:‘l. . . C . .
=l ‘3 e T T
] » ]
.o [ ]
: .}
1 L
. 1
. .}
- .}
* :
1 . Y
_: 'ﬂ . .}-uuu
Tk
. ¥y )
'y ¥
, ¥
1
¥
¥
¥

'

= k_F_F ¥

.""-..'-. -

i
o

o

At Et

P R W I N N R s

sarsovisney sl 45N

e m m n "1‘ .:i:l ]

EEREEE R -

Nov. 28, 2023

-«.h!,hl- L '\.jl..':'l.."l."ﬁp'l- FErE T

-l h s P gty o B R T E R e e e o b ok mem el e am
.-

e N N AR e T T Ty T T T R LR

B R A N A N L L L e T T T I L R R Y A e R

A

TR R R A L S I R L L N "'q.,"g"";

Tmw AFAREAFd

T 11

P e R R R A Y E oA

3 : 2

Sheet 15 of 15

Figure 11

' n.h.rl\.'l-ﬂ.lm_n:a-."ﬂ..u.p-,ﬁ".hﬂ.—-.—-—-H—r-l‘-J‘-ﬂ-.l‘-:‘-,'-l,ﬁF'-'Mu..'".'----H .

= v " orFr o =

. .-—-- -,..-..-.--- - gt

":.'-."-'.l warsalt
. -

.......

ll.l,-h-h'-l|.l.h\."'"i.‘l."lll"ll‘ll"lhhn'nllln.rJ-h“'\-‘\-'\-"'-"l'\-l\-'l'\-'l'l‘lﬁ-ﬁﬁ,'l'\-'l'-‘-l-'\-‘i."n."n,

a ' o
r.!.ia-l"rl-l1-|

---------

L R L L L

3 & 3

.F
_'
"
.'|
.
P L T R T R R ] 1. .
I'. .‘“- -n- - - - - . l-. - - 1] ‘
PRt ﬂ' & ""L-*'" BT B ":"ﬁb‘\“l-'-;'-'--- R N T LT e e e e '-.*"*":"'p"'.r"u-"p"“-."'."'l,.*\"h1.."!'!.‘\.'\.:ﬁ-r-r.r J".i".i"l-"h-"ﬁ_-ﬁ- . T Mg _"".T
-l [ Ll
. ..'t :.. A 4 »
: s w, :
3 y% ! ! :
:1. b __l "'- [ '
: ) . ¥ ) ;
. . O T T T R R e o= g . = r
::: (II 6 J.lif,-’h.-'n.'\.'l.l'l._“"l._ﬁ..ﬂ“ W annl h.-v..h..'-n.-,...,.“ . ;-'-t"-\‘\-'-'-'-‘-'-- S LR AL R TR LI e L R ﬁf'-t:'_"'-h SR ;
- . - A ' .
: J i ] g -::.- I ‘-1 b
3 { - PN :
. .t -~ h LY n I Ll
. * : ‘ A, i i
k " - -
T ¥ ::\ . : b Ir '
b ' 1,,_ S i . ‘
:.| ll‘ 1 y i q: .l Il 1 . 1
) ! . 0l 1 ] 4
:..' D 4 - :l;""‘"'*""""‘-.'ﬁ."-"‘l"l ll.4.|.a.-;“"l"l"l"ﬁ'\"\'-l"i'l"l‘ij,_"l;l.‘l"iq‘-.,-q,i._w-ruq.,— DRI T T A S R e -, = -..q,bﬁ-‘:t_-w,d ] 1..,‘*.,
: S s e LAREIPE b T
n ‘. - " ' L. s . .
o, ; LA
1, *~ - _f‘. I [ - a il-r ]
: ':_ - . |: . ' "IIT# * 't r', ‘-'f, :
' ; RRACES NI S 4 g
s . A a F % .
N ) N LI I W )
. e s L T - SRR o S o 1w NG
= * :" 'hﬂ't - R '.-"h"-"\-l\'\'\"l LR i'_t"l;"'h e e L T e e T e e it e e b e b e 2 riy e . g i LR
- AR P A AT T R R R AR R " v
Ib . I“l .‘- : ' ) " ;
. : ", £l o
: : o 1% S
‘_ 4 ! _‘;-If . i
* ' y ; :3 1 F'.r o
: ' 4 'ﬁ.."-.‘t." - fa, Tas
[ .,.* -I-" 'J' nh o I. iy Ja‘: [
. .. o B T !
} ﬁ ﬁ T *‘"‘“““mw'f r-“pﬂ-‘%‘**?:‘*}- -f' Fworaae. h“-._-._—. . .d ff‘-g‘u.\.ﬁ'ﬁ"\."‘\".ﬂ.-'-.v; Ao v :"0;."":";"'.*."1".‘:". ' "‘.\. . L W
T LU L p, .
i
+
¥
L)
'l.'
‘.
'.
"

a & F_ F 4R

118

= %" 4% %A Ad AN -

3%

1
4
}
Y £ :
¥ }-' ¥
: ]
‘-
) C e e A ¥
s A B L . A L b
:. Sﬁ:'ﬁ?‘{: 1: e S » 1"&'\"'-'&“—*"‘_!.\_‘._{_'__'_,:.,:_-.4;# -l et 'l.'q."l.'b,"l."l.'lhnn--! -*'J'J"-"w-r'#‘l-"'l-l'l-l‘l'- '-"'nlr-'_r . - lr'|r"-|-"-|-"ar" "-rrr - ‘_:
L]
L]
* . -‘ -. " I
' i - :-
- : RN
s » .":' f
- & & :
" ML : . 'ﬁ‘ L
: !Sﬂ I((Q L LY B e e W IR AT RN AR A M e st e R A e - B R RS, s ﬁ.‘u‘..*.‘-‘-'i"-"‘m"'h"h"u"g_f"-’"‘* e e e '-"l:;-
n . - R . b
: m . - . . -.'_ .‘i. .-
o . .b :
& : i {
4. +-
L h . Y ‘ t
o —rEns L o i | . . :
:.. b itgtl R "-""""-"‘-"ﬁ-"\-'*w" "-"1'-1-'h‘|-"-"||‘|"'1|'h'-1"-"-'-"1-'-"‘!"&'4'&-'-1.'- L L R e SO I T W R TR A A I I A R I d-‘-_'-‘_-.,‘_u_q‘_aha.--- . .:
! ﬁ_ TR S Ll . y ;
i J Y : : !
o : ; !
- ) . 'y ;-
= — s -
5 el 1/ - T T i
Y ﬁ b:-} P T e AL e Rl AT A A A L RS T R A R T 'H"\-"'-"h"‘ln-"-'\\"-'\"\“-r- LA R IR
% L : Segt ot . : ' :
) ) T L] . v ¥ - . .
P 8 : : ®
. . - S
oWl B 4 I
£ LY o -
2. % Tl 4
‘!'. ﬁ ....... M - o .‘inl . i
3 * c} ﬁ{ e t“"""""""“""‘"""‘““” LRI T I - L e 11'-!-!--.1'.".-!.-‘.-‘_- -, .'\“\‘l.'lﬂ'-iﬂ‘!‘if'ﬁ‘r‘h‘n‘i\.\‘hﬂwl
- 'h .ﬂ':‘- :rf. PN P T T T B T T L v . R I-.‘_..‘m "
- mi :
. g ; :
v r . .
- 1F‘ |‘I [ ]
SO b
. - -+ o
' -
. - . "'ﬁ" ﬁ“..e"
: . e e e . Peoe o : . L
. Hh:f 4ﬁﬁf} ~ h“' il T L T B RN R R e L T s ‘w'ﬂ"'"ﬁ.ﬁx"h‘k*‘“*ﬂ" ¥ .-‘ - r" T iy "*-'"-_".":"'." AR ST 'ﬂ-"ﬂ-‘\-".-".-"‘.":""."'.".*.' EE N "I.
+ A i . - .- -_. - . . . - .
B i‘ hy _i- Tt t -
1 ) ] - ‘g -
1 A,
+ . T i L]
- . ‘ . ;
. E:- i A s
‘m Bl ol ] LW ;
DR asns o N :
: . ﬁ 3{} :-‘{é 'f:' - _‘*‘l“‘nh'\.'\.‘\-"‘;‘;ﬂ'-'1‘.' i R T T 1 h...;'l‘ilh‘q. ' *:-n - . a.d._i\l‘-l,‘-l‘-l-*;.l;-ﬂ.‘ .. - ",,.Hi\l‘i‘lltli‘-. LR, “\hq,.ll,-'l_-._ld'_l_.:.
Al h] .. Mg . e
- L N . . i
. . t _
R : re ' :
. Y ]
LI . ) . |
h‘ . . . 1, Mol T L
T . . o N L. L oe A i
% : ﬂ ’ Eﬁn“ﬁ‘i; " ._:"' alalr B RNL L T b A SRR "H"-'h"'h"h‘;r"'-"'-"I"l"l"i T A "“"J‘-"“l‘l'l-"l L Wl A e e e e T Ry, LS, S B
noe - . - ) I.I ' .
1 : .- - ' Ll |
- L L
> : el 1‘ ' e i
= * . . ;
: o s ,;-‘h‘:h\“*mm*"% ﬁ:-"‘ ' :
. ! ) . . e .. . [
3 -s Qﬂ:% N T ARNRAASRA L = "'"""“‘"{*‘-""""*‘“ e e e AR S
h . 1 e . I'\.
:ﬁ . L] ] I._:‘-. S ,‘1' ""1 -
. y . ., o
- "I N . 'q:.| AR X
1 i L Bt ]
ho b . _,d" . C g .
.. L '.-' . t'-." . .
£ i .,r. . !-
H . - - r
v Y S A !
*pra‘r K . ’ . . i
. LIV, em s, ‘* "-““ 5 '- A ,« ‘-'-'- *-.m.w; """ \?.f"-i'--- o T -‘w‘"‘“‘“* -
u Il.} “ﬁ : .-.?" “1"‘-.- .f'.-fﬂ L -I-.l..l-..h. ) : : . T ..E
n .
. . .
N . . r
v G d g d';. 8 &
. i
1 .
"!
‘F
| ] T .
* -
i WS
v
.l. . . - - -
1 - - . . . - - . . . . - . - . . - - - - - . _
% v Yirew .a‘.‘-?.':"u""-“'u".‘- T '.-."'r-'-"n-h‘h""l"r'ﬂ"-_“n"x"h"i."- et ‘-.‘-*“'P‘?_.‘tl'.l:"‘-\\'\-"- T J-__ll-"ll-.l. R ERR L - R R R PR R ""1.- FEREARRS S Ay e e e e e s e ' ﬂ_ x H_ T N LT P N

SRR A et e R e e e e s A R s Ty e e e e

4o
-

WOOK

EFL T N T

*FF WY RAMA-FAAE Py et

-

ey ey g L A He i B Pl e M oA m o m maim W oL e
. P . .

-

o me r e=-Fd TR T AL .:._p'__-_-v-':--rﬂl'! T ok o Ty TR, Py T P Ty —

E

Luoa R m-."!.'-.'l-"-"-"g.*ﬁﬁ."‘.."\“..“' o ﬁiﬁ'g.'.'-..‘-.‘h*h"\*n‘\"‘* o :‘i‘t":"..‘..'.‘..

X HEE

8 2k :*tr"--x..J" crsmtaspars 100

b

& 30H D NPEGscnsardaspase 1030

AR MWL 7 N e TP R UEE A IO

e Bl 08B

O3 P EGwCns s

Srsantaspase 10

RS LR TV ¥ TR

SEDINELIVEST IR ¢

US RE49,736 L

e I'I'll'l.-l'l-ﬂ_“‘.

S R e N N R R L AR ..

".ll'..ﬂ.ll'.i'.f."m"l."l;"'q'! L E O T N . L e el R R R b T, T

a -

Dawe $4X0

. . --" ° .
L T T T T U O . T R O I R R o N R I I P R T e L F LRt ol b i e P T

SFOTs bt "*UL



US RE49.,736 E

1
PEGYLATED L-ASPARAGINASE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

10

This application is a reissue application of U.S. patent

application Ser. No. 14/819,305, filed on Aug. 5, 2015, which
issued as U.S. Pat. No. 9,920,311 on Mar. 20, 2018, which

is a Continuation of U.S. patent application Ser. No. 13/382, 15

276 filed Jan. 4, 2012 which is a 371 National Stage Entry
of PCI/EPI10/59599 filed Jul. 6, 2010, which claims the

benefit under 35 U.S.C. § 119(e) to 61/223,320, filed Jul. 6,
2009 all of which are expressly incorporated by veference in

their entireties. 20

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention concerns a conjugate of a protein 25
having substantial L-asparagine aminohydrolase activity
and polyethylene glycol, particularly wherein the polyeth-
ylene glycol has a molecular weight less than or equal to
about 5000 Da, particularly a conjugate wherein the protein
1s a L-asparaginase from Erwinia, and its use in therapy. 30

Background

Proteins with L-asparagine aminohydrolase activity, com-
monly known as L-asparaginases, have successiully been
used for the treatment of Acute Lymphoblastic Leukemia
(ALL) 1n children for many years. ALL 1s the most common 35
childhood malignancy (Avramis and Panosyan, (2005)
44:367-393).

L-asparaginase has also been used to treat Hodgkin’s
disease, acute myelocytic Leukemia, acute myclomonocytic
Leukemia, chronic lymphocytic Leukemia, lymphosarcoma, 40
reticulosarcoma, and melanosarcoma (Kotzia and Labrou, J.
Biotechnol. 127 (2007) 657-669). The anti-tumor activity of
[-asparaginase 1s believed to be due to the inability or
reduced ability of certain malignant cells to synthesize
L-asparagine (Kotzia and Labrou, J. Biotechnol. 127 (2007) 45
657-669). These malignant cells rely on an extracellular
supply of L-asparagine. However, the L-asparaginase
enzyme catalyzes the hydrolysis of L-asparagine to aspartic
acid and ammonia, thereby depleting circulating pools of
L-asparagine and killing tumor cells which cannot perform 50
protein synthesis without L-asparagine (Kotzia and Labrou,

J. Biotechnol. 127 (2007) 657-669).

L-asparaginase from E. coli was the first enzyme drug
used 1n ALL therapy and has been marketed as Elspar® in
the USA or as Kidrolase® and L-asparaginase Medac® 1n 55
Europe. L-asparaginases have also been 1solated from other
microorganisms, €.g., an L-asparaginase protein Irom

Erwinia chrysanthemi, named crisantaspase, that has been
marketed as Erwinase® (Wriston Jr., J. C. (1985) “L-as-

paraginase” Meth. Enzymol. 113, 608-618; Goward, C. R. 60
et. al (1992) “Rapid large scale preparation of recombinant
Erwinia chrysantheml L-asparaginase”, Bioseparation 2,
335-341). L-asparaginases from other species of Erwinia
have also been identified, including, for example, Erwima
chrysanthemi 3937 (Genbank Accession #AAS67028), 65
Erwinia chrysanthemi NCPPB 1125 (Genbank Accession
#CAA31239), Erwmmia carotovora (Genbank Accession

2

#AAP92666), and FErwinia carotovora subsp. Astroseptica
(Genbank Accession #AAS67027). These Erwinia chrysan-
them1 L-asparaginases have about 91-98% amino acid
sequence 1dentity with each other, while the Erwima caro-
tovora L-asparaginases have approximately 75-77% amino

acid sequence 1dentity with the Erwinia chrysanthemi L-as-

paraginases (Kotzia and Labrou, J. Biotechnol. 127 (2007)
657-669).

[-asparaginases of bacterial origin have a high immuno-
genic and antigenic potential and frequently provoke
adverse reactions ranging from mild allergic reaction to
anaphylactic shock 1n sensitized patients (Wang, B. et. al
(2003) “Evaluation of immunologic cross reaction of anti-
asparaginase antibodies in acute lymphoblastic Leukemia
(ALL and lymphoma patients), Leukemia 17, 1583-1588).
E. coli L-asparaginase 1s particularly immunogenic, with
reports of the presence of anti-asparaginase antibodies to E.

coli L-asparaginase following 1.v. or 1.m. administration
reaching as high as 78% in adults and 70% in children

(Wang, B. et. al (2003) Leukemia 17, 1583-1588).
[-asparaginases from Escherichia Coli and Erwinia chry-
santhemi differ 1n their pharmacokinetic properties and have
distinct immunogenic profiles, respectively (Klug Albertsen,
B. et. al (2001) “Comparison of intramuscular therapy with
Erwinia asparaginase and asparaginase Medac: pharmaco-
kinetics. pharmacodynamics, formation of antibodies and
influence on the coagulation system” Brit. J. Haematol. 115,
083-990). Furthermore, 1t has been shown that antlbodles
that developed after a treatment with L-asparaginase from E.
coli do not cross react with L-Asparaginase from Erwinia
(Wang, B. et. al, Leukemia 17 (2003) 13583-1588). Thus,

[-asparaginase from Erwinia (crisantaspase) has been used
as a second line treatment of ALL 1n patients that react to E.

coli L-asparaginase (Duval M. et. al (2002) “Companson of
Escherichia Coli-asparaginase with Erwinia-asparaginase in
the treatment of childhood lymphoid malignancies: results
of a randomized Furopean Organisation for Research and

Treatment of Cancer, Children’s Leukemia Group phase 3
trial” Blood 15, 2734-2739; Avramis and Panosyan, Clin.
Pharmacokinet. (2005) 44:367-393).

In another attempt to reduce immunogenicity associated
with administration of microbial L-asparaginases, an E. coli
L-asparaginase has been developed that 1s modified with
methoxy-polyethyleneglycol (mPEG). This method 1s com-
monly known as “PEGylation” and has been shown to alter
the immunological properties of proteins (Abuchowski, A.
et. al (1977) “Alteration of Immunological Properties of
Bovine Serum Albumin by Covalent Attachment of Poly-
cthylene Glycol,” J. Biol. Cheni1. 252 (11), 3578-3581). This
so-called mPEG-L-asparaginase, or pegaspargase, marketed
as Oncaspar® (Enzon Inc., USA), was first approved in the
U.S. for second line treatment of ALL 1n 1994, and has been
approved for first-line therapy of ALL in children and adults
since 2006. Oncaspar® has a prolonged 1n vivo hali-life and
a reduced 1mmunogenicity/antigenicity.

Oncaspar® 1s E. coli L-asparaginase that has been modi-
fied at multiple lysine residues using 5 kDa mPEG-succin-
imidyl succinate (SS-PEG) (U.S. Pat. No. 4,179,337). SS-
PEG 1s a PEG reagent of the first generation that contains an
instable ester linkage that 1s sensitive to hydrolysis by
enzymes or at slightly alkaline pH values (U.S. Pat. No.
4,670,417; Makromol. Chem. 1986, 187, 1131-1144). These
properties decrease both 1n vitro and 1n vivo stability and can
impair drug safety.

Furthermore, 1t has been demonstrated that antibodies
developed against L-asparaginase ifrom E. coli will cross
react with Oncaspar® (Wang, B. et. al (2003) “Evaluation of
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immunologic cross-reaction of anti-asparaginase antibodies
in acute lymphoblastic Leukemia (ALL and lymphoma
patients),” Leukemia 17, 1583-1588). Even though these
antibodies were not neutralizing, this finding clearly dem-
onstrated the high potential for cross-hypersensitivity or
cross-1nactivation in vivo. Indeed, 1n one report 30-41% of
chuldren who recerved pegaspargase had an allergic reaction
(Wang, B. et. al (2003) Leukemia 17, 1583-1588).

In addition to outward allergic reactions, the problem of
“silent hypersensitivity” was recently reported, whereby
patients develop anti-asparaginase antibodies without show-
ing any clinical evidence of a hypersensitivity reaction
(Wang, B. et. al (2003) Leukemia 17, 1583-1588). Thus
reaction can result in the formation of neutralizing antibod-
ies to E. coli L-asparaginase and pegaspargase; however,
these patients are not switched to Erwinia L-asparaginase
because there are not outward signs of hypersensitivity, and

therefore they receive a shorter duration of effective treat-
ment (Holcenberg, 1., J. Pediatr. Hematol. Oncol. 26 (2004 )
2'73-274).

Erwinia chrysanthemi L-asparaginase treatment 1s often
used i the event of hypersensitivity to E. coli-derived
L-asparaginases. However, it has been observed that as
many as 30-50% of patients recerving Erwinia L-asparagi-
nase arc antibody-positive (Avramis and Panosyan, Clin.
Pharmacokinet. (2005) 44:367-393). Moreover, because
Erwinia chrysanthemi L-asparaginase has a significantly
shorter elimination half-life than the E. coli L-asparaginases,
it must be administered more frequently (Avramis and
Panosyan, Clin. Pharmacokinet. (2005) 44:367-393). In a
study by Avramis et. al, Erwinia asparaginase was associated
with inferior pharmacokinetic profiles (Avramis et. al, J.
Pediatr. Hematol. Oncol. 29 (2007) 239-2477). E. col1 L-as-
paraginase and pegaspargase therefore have been the pre-
terred first-line therapies for ALL over Erwinia L-asparagi-
nase.

Numerous biopharmaceuticals have successiully been
PEGylated and marketed for many years. In order to couple
PEG to a protein, the PEG has to be activated at 1ts OH
terminus. The activation group 1s chosen based on the
available reactive group on the protein that will be PEGy-
lated. In the case of proteins, the most important amino acids
are lysine, cysteine, glutamic acid, aspartic acid, C-terminal
carboxylic acid and the N-terminal amino group. In view of
the wide range of reactive groups in a protein nearly the
entire peptide chemistry has been applied to activate the
PEG moiety. Examples for this activated PEG-reagents are
activated carbonates, e.g., p-nitrophenyl carbonate, succin-
imidyl carbonate; active esters, e.g., succinimidyl ester; and
for site specific coupling aldehydes and maleimides have
been developed (Harris, M., Adv. Drug Del. Rev. 54 (2002),
459-4776). The availability of various chemical methods for
PEG modification shows that each new development of a
PEGyvlated protein will be a case by case study. In addition
to the chemistry the molecular weight of the PEG that 1s
attached to the protein has a strong impact on the pharma-
ceutical properties of the PEGylated protein. In most cases
it 1s expected that, the higher the molecular weight of the

PEG, the better the improvement of the pharmaceutical
properties (Sherman, M. R., Adv. Drug Del. Rev. 60 (2008),

59-68; Holtsberg, F. W., Journal of Controlled Release 80
(2002), 259-2771). For example, Holtsberg et al. found that,
when PEG was conjugated to arginine deaminase, another
amino acid degrading enzyme isolated from a microbial
source, pharmacokinetic and pharmacodynamic function of
the enzyme increased as the size of the PEG attachment
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4

increased from a molecular weight of 5000 Da to 20,000 Da
(Holtsberg, F. W., Journal of Controlled Release 80 (2002),
259-271).

However, 1n many cases, PEGylated biopharmaceuticals
show significantly reduced activity compared to the unmodi-
fied biopharmaceutical (Fishburn, C. S. (2008) Review “The
Pharmacology of PEGylation: Balancing PD with PK to
Generate Novel Therapeutics” J. Pharm. Sci., 1-17). In the
case of L-asparaginase from Erwinia carotovora, it has been
observed that PEGylation reduced 1ts in vitro activity to
approximately 57% (Kuchumova, A. V. et. al (2007) “Modi-
fication of Recombinant asparaginase from Erwinia caroto-
vora with Polyethylene Glycol 5000” Biochemistry (Mos-
cow) Supplement Series B: Biomedical Chemuistry, 1, 230-
232). The L-asparaginase from Erwinia carotovora has only
about 75% homology to the Erwinia chrysanthemi L-aspara-
ginase (crisantaspase). For Oncaspar® 1t 1s also known that
its 1n vitro activity 1s approximately 50% compared to the
unmodified E. coli L-asparaginase.

The currently available L-asparaginase preparations do
not provide alternative or complementary therapies particu-
larly therapies to treat ALL that are characterized by high
catalytic activity and significantly improved pharmacologi-
cal and pharmacokinetic properties, as well as reduced
Immunogenicity.

BRIEF SUMMARY OF THE

INVENTION

The present invention i1s directed to a conjugate of a
protein having substantial L-asparagine aminohydrolase
activity and polyethylene glycol, wherein the polyethylene
glycol has a molecular weight less than or equal to about
5000 Da, particularly a conjugate where the protein 1s a
L-asparaginase from Erwinia. In one embodiment, the con-
jugate comprises an L-asparaginase from Erwima having at
least 80% 1dentity to the amino acid of SEQ ID NO: 1 and
polyethylene glycol (PEG), wherein the PEG has a molecu-
lar weight less than or equal to about 5000 Da. In one
embodiment, the L-asparaginase has at least about 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% 1dentity to the amino acid of SEQ ID NO: 1.
In some embodiments, the PEG has a molecular weight of
about 5000 Da, 4000, Da, 3000 Da, 2500 Da, or 2000 Da.
In one embodiment, the conjugate has an 1n vitro activity of
at least 60%, 65%, 70%, 75%, 76%, 77%, 78%, 79%, 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
as compared to the L-asparaginase when not conjugated to
PEG. In another embodiment, the conjugate has an L-as-
paragine depletion activity at least about 10, 20, 30, 40, 50,
60, 70, 80, 90, or 100 times more potent than the L-aspara-
ginase when not conjugated to PEG. In another embodiment,
the conjugate depletes plasma L-asparagine levels to an
undetectable level for at least about 12, 24, 48, 96, 108, or
120 hours.

In one embodiment, the conjugate has a longer in vivo
circulating half life compared to the L-asparaginase when
not conjugated to PEG. In a specific embodiment, the
conjugate has a longer t2 than pegaspargase (i.e., PEG-
conjugated L-asparaginase from E. col1) administered at an
equivalent protein dose (e.g., measured 1n ug/kg). In a more
specific embodiment, the conjugate has a t%2 of at least about
58 to about 65 hours at a dose of about 50 ug/kg on a protein
content basis, and a tV2 of at least about 34 to about 40 hours
at a dose of about 10 ug/kg on a protein content basis,
following 1v administration in mice. In another specific
embodiment, the conjugate has a t¥2 of at least about 100 to
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about 200 hours at a dose ranging from about 10,000 to
about 15,000 IU/m2 (about 20-30 mg protemn/m?2). In one
embodiment, the conjugate has a greater area under the
curve (AUC) compared to the L-asparaginase when not
conjugated to PEG. In a specific embodiment, the conjugate
has a mean AUC that 1s at least about 3 times greater than
pegaspargase at an equivalent protein dose.

In one embodiment, the PEG 1s covalently linked to one
or more amino groups (wherein “amino groups™ includes
lysine residues and/or the N-terminus) of the L-asparagi-
nase. In a more specific embodiment, the PEG 1s covalently
linked to the one or more amino groups by an amide bond.
In another specific embodiment, the PEG 1s covalently
linked to at least from about 40% to about 100% of the
accessible amino groups (e.g., lysine residues and/or the
N-terminus of the protein) or at least from about 40% to
about 90% of total amino groups (e.g., lysine residues and/or
the N-terminus of the proten). In one embodiment, the
conjugate has the formula:

Asp-[NH-00-(CH2)x-CO—NH-PEG]n

wherein Asp 1s the L-asparaginase, NH 1s one or more of the
NH groups of the lysine residues and/or the N-terminus of
the Asp, PEG 1s a polyethylene glycol moiety, n 1s a number
that represents at least about 40% to about 100% of the
accessible amino groups (e.g., lysine residues and/or the
N-terminus) i the Asp, and x 1s an integer ranging from
about 1 to about 8, more specifically, from about 2 to about
5. In a specific embodiment, the PEG 1s monomethoxy-
polyethylene glycol (mPEG).

In another aspect, the invention 1s directed to a method of
making a conjugate comprising combining an amount of
PEG with an amount of the L-asparaginase in a builered

solution for a time period suflicient to covalently link the
PEG to the L-asparaginase.

In another aspect, the mvention 1s directed to a pharma-
ceutical composition comprising the conjugate of the inven-
tion.

In another aspect, the invention 1s directed to a method of
treating a disease treatable by L-asparagine depletion 1n a
patient comprising administering an eflective amount of the
conjugate of the mvention. In one embodiment, the disease
1s a cancer. In a specific embodiment, the cancer 1s ALL. In
another specific embodiment, the conjugate 1s administered
at an amount of about 5 U/kg body weight to about 50 U/kg
body weight. In another specific embodiment, the conjugate
1s administered at a dose ranging from about 10,000 to about
15,000 IU/m2 (about 20-30 mg protein/m2). In some
embodiments, the administration may be intravenous or
intramuscular and may be less than once per week (e.g.,
once per month or once every other week), once per week,
twice per week, or three times per week. In other specific
embodiments, the conjugate 1s administered as monotherapy
and, more specifically, without an asparagine synthetase
inhibitor. In other embodiments, the conjugate 1s adminis-
tered as part of a combination therapy (but in some embodi-
ments, the combination therapy does not comprise an
asparagine synthetase inhibitor). In a specific embodiment,
the patient receiving treatment has had a previous hyper-
sensitivity to an E. coli asparaginase or PEGylated form
thereol or to an Frwinia asparaginase. In another specific
embodiment, the patient recerving treatment has had a
disease relapse, 1 particular a relapse that occurs after
treatment with an E. col1 asparaginase or PEGylated form
thereof.
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BRIEF DESCRIPTION OF THE
DRAWINGS/FIGURES

FIG. 1: SDS-polyacrylamide gel electrophoresis of puri-
fied recombinant Erwinia chrysanthemi L-asparaginase.
Purified recombinant Erwinia chrysanthemi L-asparaginase

(r-crisantaspase) was analyzed on SDS-PAGE. Protein
bands were stained with silver nitrate. Lane 1: Molecular

Weight Marker (116, 66.2, 45, 35, 25, 18.4, and 14.4 kDa),

lane 2: punfied recombinant Frwinia chrysanthemi L-as-
paraginase (r-crisantaspase).

FIG. 2: SDS-PAGE analysis of mPEG-r-crisantaspase
conjugates.

FIG. 3: Plasma L-asparagine levels following a single
intravenous dose of Erwinase® (S5 U/kg, 25 U/kg, 125 U/kg
and 250 U/kg body weight).

FIG. 4: Plasma L-asparagine levels following a single
intravenous 1njection of mPEG-r-crisantaspase conjugates
compared to Erwinase® in mice. The numbers “40%” and
“100%” 1indicate an approximate degree of PEGylation of,
respectively, about 40-55% (partially PEGylated) and about
100% (maximally PEGylated) of the accessible amino
groups.

FIG. §: Area under the curves (AUC) (residual enzymatic
activity) calculated from L-asparaginase profiles following a
single intravenous injection of mPEG-r-crisantaspase con-
jugates 1n mice.

FIGS. 6A, 6B and 6C: Plasma L- asparagine levels fol-
lowing a single intravenous dose 1n mice of 2 kDa-100%
mPEG-r-crisantaspase (5 U/kg, 25 U/kg and 50 U/kg body
weight) (FIG. 6A), 5 kDa-100% mPEG-r-crisantaspase (3
U/kg, 25 U/kg and 50 U/kg body weight) (FIG. 6B), or 2
kDa-100% mPEG-r-crisantaspase (5 U/kg), 5 IcD a-100%
mPEG-r-crisantaspase (5 U/kg), and pegaspargase (On-
caspar®) (1 U/kg) (FIG. 6C). Administration of an equiva-
lent quantity of protein (10 ug/kg) of either 2 kDa-100%
mPEG-r-crisantaspase (5 U/kg), 5 kDa-100% mPEG-r-cri-
santaspase (5 U/kg), or pegaspargase (Oncaspar®, 1 U/kg),
resulted 1n a similar L-asparagine depletion over 72 hours.

FIGS. 7A and 7B: Dose-ellect Relationship of 2 kDa-
100% PEGylated r-crisantaspase compared to 5 kDa-100%
PEGylated r-erlsantaspase FIG. 7A shows the residual

enzymatic activity in plasma following a single intravenous
dose of 2 kDa-100% PEGylated r-crisantaspase at 5 U/kg

(10 m/kg on a protein content basis), 25 U/kg, and 50 U/kg.
FIG. 7B shows the residual enzymatic activity in plasma
following a single intravenous dose of 5 kDa-100% PEGy-
lated r-crisantaspase at 5 U/kg (10 m/kg on a protein content

basis), 25 U/kg, and 350 U/kg.

FIG. 8: Dose-elfect relationship of 2 kDa-100% PEGy-
lated r-crisantaspase compared to 5 kDa-100% PEGylated
r-crisantaspase. AUCs of the residual enzymatic activity
measured 1 mice after a single intravenous dose of 2
kDa-100% or 5 kDa-100% mPEG-conjugates. Overall,
when compared at the same dose level, AUCs measured for
the 5 kDa-100% mPEG-r-crisantaspase were higher than
those observed for the 2-kDa-100% mPEG-r-crisantaspase.
A difference of 31, 37, and 14% was observed at 5, 25, and
50 U/kg doses, respectively.

FIGS. 9A and 9B: Pharmacokinetics of mPEG-r-crisan-
taspase conjugates vs. pegaspargase (Oncaspar®) in mice.
FIG. 9A represents the residual enzymatic activity measured
in mice alter a single intravenous dose of 2 kDa-100%
mPEG-r-crisantaspase, 5 kDa-100% mPEG-r-crisantaspase,
or pegaspargase (Oncaspar®). FIG. 9B represents AUCs of
the residual enzymatic activity measured in mice after a
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single intravenous dose of 2 kDa-100% mPEG-r-crisan-
taspase, 5 kDa-100% mPEG-r-crisantaspase, or pegaspar-
gase (Oncaspar®).

FIG. 10: Serum levels of anti-crisantaspase specific anti-
bodies after treatment with mPEG-r-crisantaspase conju-
gates or BErwinase®. Antibodies are directed toward crisan-
taspase. Data are expressed as means+SD (N=8).

FIGS. 11A and 11B: Serum levels of anti-conjugate
specific antibodies after treatment with mPEG-r-crisan-
taspase maximally (100%) PEGylated conjugates. FIG.
11A: results presented as mean+SD (n=8); FIG. 11B: results
presented as the percentage of amimals with absorbance
values >0.5 1n the anti-conjugate ELISA.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

In one aspect, the problem to be solved by the invention
1s to provide an L-asparaginase preparation with:

High 1n vitro bioactivity;

A stable PEG-protein linkage;

Prolonged 1n vivo half-life;

Significantly reduced immunogenicity, as evidenced, for
example, by the reduction or elimination of an antibody
response against the L-asparaginase preparation fol-
lowing repeated administrations; and

Usetulness as a second-line therapy for patients who have
developed sensitivity to first-line therapies using, € g,

E. coli-derived L-asparaginases.

Thls problem has not been solved by known L-asparagi-
nase conjugates, which erther have significant cross-reactiv-
ity with modified L-asparaginase preparations (Wang, B. et.
al (2003) Leukemia 17, 1583-1588, incorporated herein by
reference 1n its enfirety), or which have considerably
reduced 1n vitro activity (Kuchumova, A. V. et. al (2007)
Biochemistry (Moscow) Supplement Series B: Biomedical
Chemuistry, 1, 230-232, incorporated herein by reference 1n
its entirety). This problem i1s solved according to the present
invention by providing a conjugate of Erwinia L-asparagi-
nase with a hydrophilic polymer, more specifically, a poly-
cthylene glycol with a molecular weight of 5000 Da or less,
a method for preparing such a conjugate and the use of the
conjugate.

Described herein 1s a PEGylated L-asparaginase from
Erwinia with improved pharmacological properties as com-
pared with the unmodified L-asparaginase protein, as well as
compared to the pegaspargase preparation from E. coli. The
PEGylated L-asparaginase conjugate described herein, e.g.,
Erwinia chrysanthemi L-asparaginase PEGylated with 5000
Da molecular weight PEG, serves as a therapeutic agent
particularly for use in patients who show hypersensitivity
(e.g., an allergic reaction or silent hypersensitivity) to treat-
ment with L-asparaginase or PEGylated L-asparaginase
from E. coli. or unmodified L-asparaginase from Erwinia.
The PEGylated L-asparaginase conjugate described herein
1s also usetul as a therapeutic agent for use in patients who
have had a disease relapse, e.g., a relapse of ALL, and have
been previously treated with another form of asparaginase,
¢.g., with L-asparaginase or PEGylated L-asparaginase from
E. coli.

As described 1n detail herein, the conjugate of the mnven-
tion shows unexpectedly superior properties compared to
known L-asparaginase preparations such as pegaspargase.
For example, unmodified L-asparaginase irom Erwinia
chrysanthemi (crisantaspase) has a significantly lower hali-
life than unmodified L-asparaginase from E. coli (Avramis

and Panosyan, Clin. Pharmacokinet. (20035) 44:367-393,
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incorporated herein by reference 1n its entirety). The PEGy-
lated conjugate of the invention has a half life that 1s greater
than PEGylated L-asparaginase from E. col1 at an equivalent
protein dose.

Definitions

Unless otherwise expressly defined, the terms used herein
will be understood according to their ordinary meaning in
the art.

As used herein, the term “including” means “including,
without limitation,” and terms used in the singular shall
include the plural, and vice versa, unless the context dictates
otherwise.

As used herein, the term “disease treatable by depletion of
asparagine” refers to a condition or disorder wherein the
cells mvolved 1 or responsible for the condition or disorder
either lack or have a reduced ability to synthesize L-aspara-
gine. Depletion or deprivation of L-asparagine can be partial
or substantially complete (e.g., to levels that are undetect-
able using methods and apparatus that arc known in the art).

As used herein, the term ‘“‘therapeutically eflective
amount” refers to the amount of a protein (e.g., asparaginase
or conjugate thereot), required to produce a desired thera-
peutic eflect.

L-Asparaginase Protein

The protein according to the invention i1s an enzyme with
[-asparagine aminohydrolase activity, namely an L-aspara-
ginase.

Many L-asparaginase proteins have been 1dentified 1in the
art, 1solated by known methods from microorganisms. (See,
¢.g., Savitr1 and Azmi, Indian J. Biotechnol 2 (2003) 184-
194, incorporated herein by reference in 1ts entirety). The
most widely used and commercially available L-asparagi-
nases are derived from E. coli or from Erwinia chrysan-
themi, both of which share 50% or less structural homology.
Within the Frwinia species, typically 75-77% sequence
identity was reported between Erwima chrysanthemi and
Erwinia carotovora-derived enzymes, and approximately
90% sequence 1dentity was found between diflerent subspe-
cies of Erwima chrysanthemi (Kotzia G A, Labrou FE,
Journal of Blotechnology (2007) 127:657-669, mcorporated
herein by reference in its entirety). Some representative
Erwinia L-asparaginases include, for example, those pro-

vided 1n Table 1:

TABLE 1
% IDENTITY TO
ERWINIA

GENBANK CHRYSANTHEMI
SPECIES ACCESSION No. NCPPB 1066
Erwinia chrysanthemi 3937 AAS67028 91%
Erwinia chrysanthemi CAA31239 98%
NCPPB 1125
Erwinia carotovora subsp. AAS6T027 75%
Astroseptica
Erwinia carotovora AAP926606 77%

The sequences of the Erwinia L-asparaginases and the
GenBank entries of Table 1 are herein incorporated by
reference. Preferred L-asparaginases used in therapy are
L-asparaginase 1solated from E. coli and from Frwinia,
specifically, Erwinia chrysanthemia.

The L-asparaginases may be native enzymes i1solated
from the microorganisms. They can also be produced by
recombinant enzyme technologies 1in producing microorgan-
isms such as E. coli. As examples, the protein used in the
conjugate of the invention can be a protein form E. coli

produced in a recombinant E. coli producing strain, of a
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protein from an Erwinia species, particularly Erwinia chry-
santhemi1, produced 1 a recombinant E. coli producing
strain.

Enzymes can be identified by their specific activities. This
definition thus includes all polypeptides that have the
defined specific activity also present in other organisms,
more particularly in other microorganisms. Often enzymes

with similar activities can be 1dentified by their grouping to
certain families defined as PFAM or COG. PFAM (protein
family database of alignments and hidden Markov models;
plam.sanflerac.ukl) represents a large collection of protein
sequence alignments. Each PFAM makes 1t possible to
viusalize multiple alignments, see protein domains, evaluate
distribution among organisms, gain access to other data-
bases, and visualize known protein structures. COGs (Clus-
ters of Orthologous Groups of proteins; vv-ww.nebi.nlm-
n1h.gov/COG/) are obtained by comparing protein
sequences from 43 fully sequenced genomes representing 30
major phylogenetic lines. Fach COG 1s defined from at least
three lines, which permits the identification of former con-
served domains.

The means of identifying homologous sequences and their
percentage homology and/or identity are well known to
those skilled 1n the art, and include 1n particular the BLAST
programs, which can be used 1from the website
blast.ncbi.nlm.nih.gov/Blast.cgi with the default parameters
indicated on that website. The sequences obtained can then
be exploited (e.g., aligned) using, for example, the programs
CLUSTALW (www.ebi.ac.uk/Tools/clustalw2/index.html)
or MULTALIN (bioinfo.genotoul.fr/multalin/multalin.html)
with the default parameters indicated on those websites.
Using the references given on GenBank for known genes,
those skilled 1n the art are able to determine the equivalent
genes 1n other organisms, bacterial strains, yeasts, fungi,
mammals, plants, etc. This routine work 1s advantageously
done using consensus sequences that can be determined by
carrying out sequence alignments with genes derived from
other microorganisms, and designing degenerate probes to
clone the corresponding gene in another organism. These
routine methods of molecular biology are well known to

those skilled in the art, and are described, for example, in
Sambrook et. al (1989 MOLECULAR CLONING: A

LABORATORY MANUAL. 2nd ed. Cold Spring Harbor
Lab., Cold Spring Harbor, N.Y.).

Indeed, a person skilled 1n the art will understand how to
select and design homologous proteins retaining substan-
tially their L-asparaginase activity. Typically, a Nessler
assay 1s used for the determination of L-asparaginase activ-
ity according to a method described by Mashburn and
Wriston (Mashburn, L., and Wriston, J. (1963) “Tumor
Inhibitory Effect of L-Asparagmase Biochem Blophys Res
Commun 12, 50, incorporated herein by reference in 1ts
entirety).

In a particular embodiment of the conjugate of the inven-
tion, the L-asparaginase protein has at least about 80%
homology or identity with the protein comprising the
sequence of SEQ ID NO:1, more specifically at least about
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 20
95%, 96%, 97%, 98%, 99%, or 100% homology or identity
with the protein Comprlsmg the sequence of SEQ ID NO: 1.

SEQ ID NO: 1 1s as follows:

(SEQ ID NO: 1)
ADKLPNIVILATGGTIAGSAATGTOQTTGYKAGALGVDTLINAVPEVKKLA

NVKGEQFSNMAS ENMTGDVVLEKLSQRVNELLARDDVDGVVITHGTDTVEE

SAYFLHLTVKSDKPVVEVAAMRPATAI SADGPMNLLEAVRVAGDKQSRGR
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-continued
GVMVVLNDRIGSARYITKTNASTLDTFKANEEGYLGVIIGNRIYYQNRID

KLHTTRSVFDVRGLTSLPKVDILYGYQDDPEYLYDAATQHGVKGIVYAGM

GAGSVSVRGIAGMRKAMEKGVVV IRSTRTGNGIVPPDEELPGLVSDSLNP

AHARILLMLALTRTSDPKVIQEYFHTY

The term “comprising the sequence of SEQ ID NO: 17
means that the amino-acid sequence of the protein may not
be strictly limited to SEQ ID NO: 1 but may contain
additional amino-acids.

In a particular embodiment, the protein 1s the L-aspara-
ginase ol BErwinia chrysanthemi having the sequence of SEQ
ID NO: 1. In another embodiment, the L-asparaginase is

from Erwinia chrysanthemi NCPPB 1066 (Genbank Acces-

sion No. CAA32884, incorporated herein by reference 1n 1ts
entirety), either with or without signal peptides and/or leader
sequences.

Fragments of the protein of SEQ ID NO: 1 are also
comprised within the definition of the protein used in the
conjugate of the invention. The term “a fragment of SEQ ID
NO: 1—means that the sequence of the polypeptide may
include less amino-acid than SEQ ID NOI1 but still enough
amino-acids to confer L-aminohydrolase activity.

It 1s well known i1n the art that a polypeptide can be
modified by substitution, isertion, deletion and/or addition
of one or more amino-acids while retaining its enzymatic
activity. For example, substitution of one amino-acid at a
given position by a chemically equivalent amino-acid that
does not afl

ect the functional properties of a protein 1s
common. Substitutions may be defined as exchanges within
one of the following groups:
Small aliphatic, non-polar or slightly polar residues: Ala,
Ser, Thr, Pro, Gly

Polar, negatively charged residues and their amides: Asp,
Asn, Glu, Gln

Polar, positively charged residues: His, Arg, Lys

Large aliphatic, non-polar residues: Met, Leu, Ile, Val,
Cys

Large aromatic residues: Phe, Tyr, Trp.

Thus, changes that result 1n the substitution of one nega-
tively charged residue for another (such as glutamic acid for
aspartic acid) or one positively charged residue for another
(such as lysine for arginine) can be expected to produce a
functionally equivalent product.

The positions where the amino-acids are modified and the
number of amino-acids subject to modification in the amino-
acid sequence are not particularly limited. The skilled artisan
1s able to recognize the modifications that can be mtroduced
without affecting the activity of the protein. For example,
modifications in the N- or C-terminal portion of a protein
may be expected not to alter the activity of a protein under
certain circumstances. With respect to asparaginases, 1n
particular, much characterization has been done, particularly
with respect to the sequences, structures, and the residues
forming the active catalytic site. This provides guidance
with respect to residues that can be modified without aflect-
ing the activity of the enzyme. All known L-asparaginases
from bacterial sources have common structural features. All
are homotetramers with four active sites between the N- and
C-terminal domains of two adjacent monomers (Aghaipour
ct. al, Biochemistry 40 (2001) 5635-5664, incorporated
herein by reference 1n 1ts entirety). All have a high degree of
similarity in their tertiary and quaternary structures (Papa-
georgiou et. al, FEBS 1. 275 (2008) 4306-4316, incorporated

herein by reference in its entirety). The sequences of the




US RE49.,736 E

11

catalytic sites of L-asparaginases are highly conserved
between Erwimia chrysanthemi, Erwinia carotovora, and E.
coli L-asparaginase II (Papageorgiou et. al, FEBS 1. 275
(2008) 4306-4316). The active site flexible loop contains
amino acid residues 14-33, and structural analysis show that
Thrl5, Thr935, Ser62, Glu63, Asp96, and Alal20 contact the
ligand (Papageorgiou et al., FEBS 1. 275 (2008) 4306-4316).
Aghaipour et. al have conducted a detailed analysis of the
four active sites of Erwinia chrysanthemi L-asparaginase by
examining high resolution crystal structures of the enzyme
complexed with 1ts substrates (Aghaipour et. al, Biochem-
1stry 40 (2001) 5655-5664). Kotzia et. al provide sequences
for L-asparaginases from several species and subspecies of
Erwinia and, even though the proteins have only about
75-77% 1dentity between Erwinia chrysanthemi and Erwinia
carotovora, they each still have L-asparaginase activity
(Kotzia et. al, J. Biotechnol. 127 (2007) 657-669, incorpo-
rated herein by reference 1n 1ts entirety). Moola et. al
performed epitope mapping studies of Erwinia chrysanthemi
3937 L-asparaginase and were able to retain enzyme activity
even after mutating various antigenic sequences in an
attempt to reduce immunogenicity of the asparaginase
(Moola et. al, Biochem. J. 302 (1994) 921-927, incorporated
herein by reference 1n its entirety). Each of the above-cited
articles 1s herein incorporated by reference 1n 1ts entirety. In
view of the extensive characterization that has been per-
formed on L-asparaginases, one of skill in the art could
determine how to make fragments and/or sequence substi-
tutions while still retaining enzyme activity.

Polymers for Use 1n the Conjugate

Polymers are selected from the group of non-toxic water
soluble polymers such as polysaccharides, e.g. hydroxyethyl
starch, poly amino acids, e.g. poly lysine, polyester, e.g.,
polylactic acid, and poly alkylene oxides, e.g., polyethylene
glycol (PEG).

Polyethylene glycol (PEG) or mono-methoxy-polyethyl-
eneglycol (mPEG) 1s well known 1n the art and comprises
linear and branched polymers. Examples of some polymers,
particularly PEG, are provided in the following, each of
which 1s herein incorporated by reference in 1ts entirety:
U.S. Pat. Nos. 5,672,662; 4,179,337, 5,252,714, US Pat.
Appl. Publ. No. 2003/0114647; U.S. Pat. Nos. 6,113,906;
7,419,600; and PCT Publ. No. W02004/083258.

The quality of such polymers 1s characterized by the
polydispersity index (PDI). The PDI reflects the distribution
of molecular weights in a given polymer sample and 1is
calculated from the weight average molecular weight
divided by the number average molecular weight. It indi-
cates the distribution of individual molecular weights 1n a
batch of polymers. The PDI has a value always greater than
1, but as the polymer chains approach the ideal Gauss
distribution (=monodispersity), the PDI approaches 1.

The polyethylene glycol has advantageously a molecular
weight comprised within the range of about 500 Da to about
9,000 Da. More specifically, the polyethylene glycol (e.g,
mPEG) has a molecular weight selected from the group
consisting of polyethylene glycols of 2000 Da, 2500 Da,
3000 Da, 3500 Da, 4000 Da, 4500 Da, and 5000 Da. In a
particular embodiment, the polyethylene glycol (e.g.,
mPEG) has a molecular weight of 5000 Da.

Method for Preparing the Conjugate

For subsequent coupling of the polymer to proteins with
L-asparagine aminohydrolase activity, the polymer moiety
contains an activated functionality that preferably reacts
with amino groups in the protein. In one aspect, the inven-
tion 1s directed to a method of making a conjugate, the
method comprising combining an amount of polyethylene
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glycol (PEG) with an amount of L-asparaginase 1n a builered
solution for a time period suflicient to covalently link the
PEG to the L-asparaginase. In a particular embodiment, the
L-asparaginase 1s from Erwinia species, more specifically
Erwinia chrysanthemi, and more specifically, the L-aspara-
ginase comprising the sequence of SEQ ID NO: 1. In one
embodiment, the PEG 1s monomethoxy-polyethylene glycol
(mPEG).

In one embodiment, the reaction between the polyethyl-
ene glycol and L-asparaginase 1s performed 1n a builered
solution. In some particular embodiments, the pH value of
the buller solution ranges between about 7.0 and about 9.0.
The most preterred pH value ranges between about 7.5 and
about 8.5, e.g., apH value of about 7.5,7.6,7.7,7.8,7.9, 8.0,
8.1, 8.2, 8.3, 8.4, or 15 8.5. In a particular embodiment, the
L-asparaginase 1s from Erwinia species, more specifically
Erwinia chrysanthemi, and more specifically, the L-aspara-
ginase comprising the sequence of SEQ 1D NO: 1.

Furthermore, PEGylation of L-asparaginase 1s performed
at protein concentrations between about 0.5 and about 25
mg/ml, more specifically between about 2 and about 20
mg/ml and most specifically between about 3 and about 15
mg/mlL. For example, the protein concentration 1s about 0.5,
1,2,3,4,5,6,7,8,9,10, 11,12, 13, 14, 15,16, 17, 18, 19,
or 20 mg/mL. In a particular embodiment, the PEGylation of
L-asparaginase at these protein concentrations 1s of Erwinia
species, more specifically Erwinia chrysanthemi, and more
specifically, the L-asparaginase comprising the sequence of
SEQ ID NO: 1.

At elevated protein concentration of more than 2 mg/mlL
the PEGylation reaction proceeds rapidly, within less than 2
hours. Furthermore, a molar excess of polymer over amino
groups 1n L-asparaginase of less than about 20:1 1s applied.
For example, the molar excess 1s less than about 20:1, 19:1,
18:1, 17:1, 16:1, 15:1, 14:1, 13:1, 12:1, 11:1, 10:1, 9:1, 8:1,
7.5:1,7:1, 6.5:1, 6:1, 5.5:1, 5:1, 4.5:1, 4:1, 3.5:1, 3:1, 2.5:1,
2:1,1.5:1, or 1:1. In a specific embodiment the molar excess
1s less than about 10:1 and 1n a more specific embodiment,
the molar excess 1s less than about 8:1. In a particular
embodiment, the L-asparaginase 1s from Erwinia species,
more specifically Erwinia chrysanthemi, and more specifi-
cally, the L-asparaginase comprising the sequence of SEQ)
ID NO: 1.

The number of PEG moieties which can be coupled to the
protein will be subject to the number of free amino groups
and, even more so, to which amino groups are accessible for
a PEGylation reaction. In a particular embodiment, the
degree of PEGylation (i.e., the number of PEG moieties
coupled to amino groups on the L-asparaginase) 1s within a
range Irom about 10% to about 100% of free and/or acces-
sible amino groups (e.g., about 10%, 15%, 20%, 25%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, or 100%). 100% PEGy-
lation of accessible amino groups (e.g., lysine residues
and/or the N-terminus of the protein) 1s also referred to
herein as “maximally PEGylated.” One method to determine
the modified amino groups 1n mPEG-r-crisantaspase conju-
gates (degree of PEGylation) 1s a method described by
Habeeb (A. F. S. A. Habeeb, “Determination of iree amino
groups 1n proteins by trinitrobenzensulfonic acid”, Anal.
Biochem. 14 (1966), p. 328, incorporated herein by refer-
ence 1n 1ts entirety). In one embodiment, the PEG moieties
are coupled to one or more amino groups (wherein amino
groups include lysine residues and/or the N-terminus) of the
L-asparaginase. In a particular embodiment, the degree of
PEGylation 1s within a range of from about 10% to about
100% of total or accessible amino groups (e.g., lysine
residues and/or the N-terminus), e.g., about 10%, 15%, 20%,
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25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95% or 100%. In a specific embodi-
ment, about 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% of the total
amino groups (e.g., lysine residues and/or the N-terminus)
are coupled to a PEG moiety. In another specific embodi-
ment, about 40%, 41%, 42%, 43%, 44%, 45%, 46%, 47%,
48%, 49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%.,
58%, 59%, 60%, 61%, 62%, 63%, 64%., 65%, 66%, 67%,
68%, 70%, 71%, 72%, 7%, 74%, 75%, 76%, 77%, 78%,
79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%., 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%,
99%, or 100% of the accessible amino groups (e.g., lysine
residues and/or the N-terminus) are coupled to a PEG
moiety. In a specific embodiment, 40-55% or 100% of the
accessible amino groups (e.g., lysine residues and/or the
N-terminus) are coupled to a PEG moiety. In some embodi-
ments, the PEG moieties are coupled to the L-asparaginase
by a covalent linkage. In a particular embodiment, the
L-asparaginase 1s from Erwinia species, more specifically
Erwinia chrysanthemi, and more specifically, the L-aspara-
ginase comprising the sequence of SEQ 1D NO: 1.

In one embodiment, the conjugate of the invention can be
represented by the formula

Asp-[NH-00-(CH2)x-CO—NH-PEG]n

wherein Asp 1s a L-asparaginase protein, NH 1s the NH
group of a lysine residue and/or the N-terminus of the
protein chain, PEG 1s a polyethylene glycol moiety and n 1s
a number of at least 40% to about 100% of the accessible
amino groups (e.g., lysine residues and/or the N-terminus) 1n
the protein, all being defined above and below in the
examples, X 1s an integer ranging from 1 to 8 (e.g., 1, 2, 3,
4,5,6,7, 8), preferably 2 to 5 (e.g., 2, 3, 4, 5). In a particular
embodiment, the L-asparaginase 1s from Erwinia species,
more specifically Erwinia chrysanthemi, and more specifi-
cally, the L-asparaginase comprising the sequence of SEQ
ID NO: 1.

Other methods of PEGylation that can be used to form the
conjugates of the invention are provided, for example, 1n
U.S. Pat. Nos. 4,179,337, 5,766,897, U.S. Pat. Appl. Publ.
No. US 2002/0065397A1, and U.S. Pat. Appl. Publ. No. US
2009/0054590A1, each of which 1s herein incorporated by
reference in 1ts entirety.

Specific embodiments include proteins having substantial
L-Asparagine aminohydrolase activity and polyethylene
glycol, selected from the group of conjugates wherein:

(A)
the protein has at least 90% homology of structure with
the L-asparaginase from Erwinia chrysanthemi as dis-
closed in SEQ ID NO: 1
the polyethylene glycol has a molecular weight of about
5000 Da,
the protein and polyethylene glycol moieties are cova-
lently linked to the protein by amide bonds, and
about 100% of the accessible amino groups (e.g., lysine
residues and/or the N-terminus) or about 80-90%, 1n
particular, about 84%, of total amino groups (e.g.,
lysine residues and/or the N-terminus) are linked to a
polyethylene glycol moiety.
(B)
the protein has at least 90% homology with the L-aspara-
ginase from Erwima chrysanthemi as disclosed in SEQ
ID NO: 1
the polyethylene glycol has a molecular weight of about
5000 Da,
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the protein and polyethylene glycol moieties are cova-
lently linked to the protein by amide bonds, and

about 40% to about 45%, and in particular about 43% of
the accessible amino groups (e.g., lysine residues and/
or the N-terminus), or about 36% of the total amino
groups (e.g., lysine residues and/or the N-terminus) arc
linked to a polyethylene glycol moiety.

(€)
the protein has at least 90% homology with the L-aspara-

ginase from Erwinia chrysanthemi as disclosed in SEQ
ID NO: 1

the polyethylene glycol has a molecular weight of about
2000 Da,

the protein and polyethylene glycol moieties are cova-
lently linked to the protein by amide bonds, and

about 100% of the accessible amino groups (e.g., one or
more lysine residues and/or the N-terminus) or about
80-90%, 1n particular, about 84% of total amino groups
(e.g., lysine residues and/or the N-terminus) are linked
to a polyethylene glycol moiety.

(D)
the protein has at least 90% homology with the L-aspara-
ginase from Erwinia chrysanthemi as disclosed in SEQ
ID NO:1
the polyethylene glycol has a molecular weight of about
2000 Da, the protein and polyethylene glycol moieties
are covalently linked to the protein by amide bonds,
and
about 50% to about 60%, and in particular about 55% of
the accessible amino groups (e.g., lysine residues and/
or the N-terminus) or about 47% of the total amino
groups (€.g., lysine residues and/or the N-terminus) are
linked to a polyethylene glycol moiety.
L-Asparaginase-PEG Conjugates
Conjugates of the mvention have certain advantageous
and unexpected properties compared to unmodified L-as-
paraginases, particularly compared to unmodified Erwinia
L-asparaginases, more particularly compared to unmodified
[-asparaginase from Erwinia chrysanthemi, and more par-
ticularly compared to unmodified L-asparaginase having the
sequence of SEQ ID NO: 1.
In some embodiments, the conjugate of the nvention

reduces plasma L-asparagine levels for a time period of at
least about 12, 24, 48, 72, 96, or 120 hours when adminis-

tered at a dose of 5 U/kg body weight (bw) or 10 ug/kg
(protein content basis). In other embodiments, the conjugate
of the mvention reduces plasma L-asparagine levels to
undetectable levels for a time period of at least about 12, 24,
48, 72, 96, 120, or 144 hours when administered at a dose
of 25 U/kg bw or 50 ug/kg (protein content basis). In other
embodiments, the conjugate of the mnvention reduces plasma

L-asparagine levels for a time period of at least about 12, 24,
48, 72, 96, 120, 144, 168, 192, 216, or 240 hours when

administered at a dose of 50 U/kg bw or 100 ug/kg (protein
content basis). In another embodiment, the conjugate of the
invention reduces plasma L-asparagine levels to undetect-
able levels for a time period of at least about 12, 24, 48, 72,
96, 120, 144, 168, 192, 216, or 240 hours when administered
at a dose ranging from about 10,000 to about 15,000 IU/m2
(about 20-30 mg protein/m?2). In a particular embodiment,
the conjugate comprises L-asparaginase from Erwima spe-
cies, more specifically Erwinia chrysanthemi, and more
specifically, the L-asparaginase comprising the sequence of
SEQ ID NO: 1. In a particular embodiment, the conjugate
comprises PEG (e.g., mPEG) having a molecular weight of
less than or equal to about 5000 Da. In a more particular
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embodiment, at least about 40% to about 100% of accessible
amino groups (e.g., lysine residues and/or the N-terminus)

are PEGylated.

In one embodiment, the conjugate comprises a ratio of
mol PEG/mol monomer of about 4.5 to about 8.3, particu-
larly about 6.3; a specific activity of about 450 to about 550
U/mg, particularly about 501 U/mg; and a relative activity of
about 75% to about 85%, particularly about 81% compared
to the corresponding unmodified L-asparaginase. In a spe-
cific embodiment, the conjugate with these properties com-
prises an L-asparaginase from Erwinia species, more spe-
cifically Erwinia chrysanthemi, and more specifically, the
L-asparaginase comprising the sequence of SEQ ID NO: 1,
with PEGylation of approximately 40-55% accessible amino
groups (e.g., lysine residues and/or the N-terminus) with
5000 Da mPEG.

In one embodiment, the conjugate comprises a ratio of
mol PEG/mol monomer of about 12.0 to about 18.0, par-
ticularly about 15.1; a specific activity of about 450 to about
5350 U/mg, particularly about 483 U/mg; and a relative
activity of about 75 to about 85%, particularly about 78%
compared to the corresponding unmodified L-asparaginase.
In a specific embodiment, the conjugate with these proper-
ties comprises an L-asparaginase from Erwinia species,
more specifically Erwinia chrysanthemi, and more specifi-
cally, the L-asparaginase comprising the sequence of SEQ
ID NO: 1, with PEGylation of approximately 100% acces-
sible amino groups (e.g., lysine residues and/or the N-ter-
minus) with 5000 Da mPEG.

In one embodiment, the conjugate comprises a ratio of
mol PEG/mol monomer of about 5.0 to about 9.0, particu-
larly about 7.0; a specific activity of about 450 to about 550
U/mg, particularly about 501 U/mg; and a relative activity of
about 80 to about 90%, particularly about 87% compared to
the corresponding unmodified L-asparaginase. In a specific
embodiment, the conjugate with these properties comprises
an L-asparaginase from Erwinia species, more specifically
Erwinia chrysanthemi, and more specifically, the L-aspara-
ginase comprising the sequence of SEQ ID NO: 1, with
PEGylation of approximately 40-35% accessible amino

groups (e.g., lysine residues and/or the N-terminus) with
10,000 Da mPEG.

In one embodiment, the conjugate comprises a ratio of
mol PEG/mol monomer of about 11.0 to about 17.0, par-
ticularly about 14.1; a specific activity of about 4350 to about
550 U/mg, particularly about 541 U/mg; and a relative
activity of about 80 to about 90%, particularly about 87%
compared to the corresponding unmodified L-asparaginase.
In a specific embodiment, the conjugate with these proper-
ties comprises an L-asparaginase from Erwinia species,
more specifically Erwinia chrysanthemi, and more specifi-
cally, the L-asparaginase comprising the sequence of SEQ)
ID NO: 1, with PEGylation of approximately 100% acces-
sible amino groups (e.g., lysine residues and/or the N-ter-
minus) with 10,000 Da mPEG.

In one embodiment, the conjugate comprises a ratio of
mol PEG/mol monomer of about 6.5 to about 10.5, particu-
larly about 8.5; a specific activity of about 450 to about 550
U/mg, particularly about 524 U/mg; and a relative activity of
about 80 to about 90%, particularly about 84% compared to
the corresponding unmodified L-asparaginase. In a speciiic
embodiment, the conjugate with these properties comprises
an L-asparaginase from Erwinia species, more specifically
Erwinia chrysanthemi, and more specifically, the l.-aspara-
ginase comprising the sequence of SEQ ID NO: 1, with
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PEGylation of approximately 40-35% accessible amino
groups (e.g., lysine residues and/or the N-terminus) with
2,000 Da mPEG.

In one embodiment, the conjugate comprises a ratio of
mol PEG/mol monomer of about 12.5 to about 18.5, par-
ticularly about 15.5; a specific activity of about 4350 to about
550 U/mg, particularly about 515 U/mg; and a relative
activity of about 80 to about 90%, particularly about 83%
compared to the corresponding unmodified L-asparaginase.
In a specific embodiment, the conjugate with these proper-
fies comprises an L-asparaginase from Erwinia species,
more specifically Erwinia chrysanthemi, and more specifi-
cally, the L-asparaginase comprising the sequence of SEQ
ID NO: 1, with PEGylation of approximately 100% acces-
sible amino groups (e.g., lysine residues and/or the N-ter-
minus) with 2,000 Da mPEG.

In other embodiments, the conjugate of the invention has
an 1ncreased potency of at least about 10 times, 20 times, 30
times, 40 times, 50 times, 60 times, 70 times, 80 times, 90
times, or 100 times after a single injection compared to the
corresponding unmodified L-asparaginase. In a specific
embodiment, the conjugate with these properties comprises
an L-asparaginase from Erwinia species, more specifically
Erwinia chrysanthemi, and more specifically, the l.-aspara-
ginase comprising the sequence of SEQ ID NO: 1. In a
particular embodiment, the conjugate comprises PEG (e.g.,
mPEG) having a molecular weight of less than or equal to
about 5000 Da. In a more particular embodiment, at least
about 40% to about 100% of accessible amino groups (e.g.,
lysine residues and/or the N-terminus) arc PEGylated.

In one aspect the conjugate of the invention has a phar-
macokinetic profile according to the following parameters:

Parameter Definition

A Maximal residual enzyme activity

(Y Time to Amax after test item exposure

d Maximal duration of Amax or A above zero

Amax

The half-life time of the residual enzyme activity 1n plasma
1s derived from the following formula:

—In2xt
In(c; /cq)

Mean: J[”g =

where tl% 1s the hali-life, t 1s the time point, ct 1s the residual
plasma activity at the time point and co the residual plasma
activity at the beginning. Area under the curve (AUC) 1s
calculated using a pharmacokinetics software program, e.g.,
SigmaPlot Versionl 1.

In one embodiment, the conjugate of the invention has a
single-dose pharmacokinetic profile according to the follow-
ing, specifically wherein the conjugate comprises mPEG at
molecular weight of less than or equal to 2000 Da and an
L-asparaginase from Erwinia species, more specifically
Erwimia chrysanthemi, and more specifically, the L-aspara-
ginase comprising the sequence of SEQ ID NO:1:

A, . about 150 U/L to about 250 U/L;

T : about 4 h to about 8 h, specifically about 6 h;

Amax*
d

Amae. about 220 h to about 250 h, specifically, about
238.5 h (above zero, from about 90 min to about 240 h);
AUC: about 12000 to about 30000; and
t4: about 50 h to about 90 h.
In one embodiment, the conjugate of the invention has a

single-dose pharmacokinetic profile according to the follow-
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ing, specifically where the conjugate comprises mPEG at
molecular weight of less than or equal to 5000 Da and an
[-asparaginase from Erwinia species, more specifically
Erwinia chrysanthemi, and more specifically, the L-aspara-
ginase comprising the sequence of SEQ 1D NO:1:

A_ . about 18 U/L to about 250 U/L;

T, . about 1 h to about 50 h;

d, . about 90 h to about 230 h, specifically, about 238.5
h (above zero, from about 90 min to about 240 h);

AUC: about 500 to about 35000; and

tls: about 30 h to about 120 h.

In one embodiment, the conjugate of the invention results
in a sumilar level of L-asparagine depletion over a period of
time (e.g., 24, 48, or 72 hours) after a single dose compared
to an equivalent quantity of protein of pegaspargase. In a
specific embodiment, the conjugate comprises an L-aspara-
gimmase from Erwinia species, more specifically Erwinia
chrysanthemi, and more specifically, the L-asparaginase
comprising the sequence of SEQ ID NO:1. In a particular
embodiment, the conjugate comprises PEG (e.g., mPEG)
having a molecular weight of less than or equal to about
5000 Da. In a more particular embodiment, at least about
40% to about 100% of accessible amino groups (e.g., lysine
residues and/or the N-terminus) are PEGylated, more par-
ticularly about 40-55% or 100%.

In one embodiment, the conjugate of the invention has a
longer tut than pegaspargase administered at an equivalent
protein dose. In an a specific embodiment, the conjugate has
a tl2 of at least about 30, 52, 54, 56, 38, 39, 60, 61, 62, 63,
64, or 65 hours at a dose of about 50 ug/kg (protein content
basis). In another specific embodiment, the conjugate has a
tlA of at least about 30, 32, 34, 36, 37, 38, 39, or 40 hours
at a dose of about 10 png/kg (protein content basis). In
another specific embodiment, the conjugate has a tlp of at
least about 100 to about 200 hours at a dose ranging from
about 10,000 to about 15,000 IU/m2 (about 20-30 mg
protein/m?2).

In one embodiment, the conjugate of the invention has a
mean AUC that 1s at least about 2, 3, 4 or 5 times greater than
pegaspargase at an equivalent protein dose.

In one embodiment, the conjugate of the mvention does
not raise any significant antibody response for a particular
period of time after administration of a single dose, e.g,
greater than about 1 week, 2 weeks, 3 weeks, 4, weeks, 5
weeks, 6 weeks, 7 weeks, 8 weeks, 9 weeks, 10 weeks, 11
weeks, 12 weeks, etc. In a particular embodiment the
conjugate of the ivention does not raise any significant
antibody response for at least 8 weeks. In one example,
“does not raise any sigmificant antibody response” means
that the subject receiving the conjugate 1s 1dentified within
art-recognized parameters as “antibody-negative.” Antibody
levels can be determined by methods known 1n the art, for
example ELISA or surface plasmon resonance (SPR-Bia-
core) assays (Zalewska-Szewczyk et. al, Clin. Exp. Med.
(2009) 9:113-116; Avramis et. al, Anticancer Research 29
(2009) 299-302, each of which 1s incorporated herein by
reference 1n 1ts entirety). Conjugates of the invention may
have any combination of these properties.

Methods of Treatment and Use of the Conjugate

The conjugates of the invention can be used in the

treatment of a disease treatable by depletion of asparagine.

For example, the conjugate 1s useful in the treatment or the
manufacture of a medicament for use 1n the treatment of
acute lymphoblastic Leukemia (ALL) in both adults and
chuldren, as well as other conditions where asparagine
depletion 1s expected to have a usetul etfect. Such conditions
include, but are not limited to the following: malignancies,
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or cancers, including but not limited to hematalogic malig-
nancies, non-Hodgkin’s lymphoma, NK lymphoma, pancre-
atic cancer, Hodgkin’s disease, acute myelocytic Leukemia,
acute myelomonocytic Leukemia, chronic lymphocytic Leu-
kemia, lymphosarcoma, reticulosarcoma, and melanosar-
coma. Representative non-malignant hematologic diseases
which respond to asparagine depletion include immune
system-mediated Blood diseases, e.g., infectious diseases
such as those caused by HIV infection (1.e., AIDS). Non-
hematologic diseases associated with asparagine depen-
dence include autoimmune diseases, for example rheuma-
toid arthritis, SLE, autoimmune, collagen vascular diseases,
AIDS, etc. Other autoimmune diseases include osteo-arthri-
t1s, Issac’s syndrome, psoriasis, insulin dependent diabetes
mellitus, multiple sclerosis, sclerosing panencephalitis, sys-
temic lupus erythematosus, rheumatic fever, inflammatory
bowel disease (e.g., ulcerative colitis and Crohn’s disease),
primary billiary cirrhosis, chronic active hepatitis, glomeru-
lonephritis, myasthenia gravis, pemphigus vulgaris, and
Graves™ disease. Cells suspected of causing disease can be
tested for asparagine dependence in any suitable 1n vitro or
In vivo assay, €.g., an in vitro assay wherein the growth
medium lacks asparagine. Thus, 1n one aspect, the invention
1s directed to a method of treating a disease treatable 1n a
patient, the method comprising administering to the patient
an eflective amount of a conjugate of the invention. In a
specific embodiment, the disease 1s ALL. In a particular
embodiment, the conjugate used 1n the treatment of a disease
treatable by asparagine depletion comprises an L-asparagi-
nase from Erwinia species, more specifically Erwinia chry-
santhemi1, and more specifically, the L-asparaginase com-
prising the sequence of SEQ ID NO:1. In a particular
embodiment, the conjugate comprises PEG (e.g., mPEG)
having a molecular weight of less than or equal to about
5000 Da. In a more particular embodiment, at least about
40% to about 100% of accessible amino groups (e.g., lysine
residues and/or the N-terminus) are PEGylated, more par-
ticularly about 40-55% or 100%.

In one embodiment, treatment with a conjugate of the
invention will be administered as a first line therapy. In
another embodiment, treatment with a conjugate of the
invention will be administered as a second line therapy 1n
patients, particularly patients with ALL, where objective
signs ol allergy or hypersensitivity, including “silent hyper-
sensitivity,” have developed to other asparaginase prepara-
tions, 1n particular, the native Escherichia-coli-derived L-as-
paraginase or 1ts PEGylated variant (pegaspargase). Non-
limiting examples of objective signs of allergy or
hypersensitivity include testing “antibody positive” for an
asparaginase enzyme. In a specific embodiment, the conju-
gate of the mvention 1s used 1n second line therapy after
treatment with pegaspargase. In a more specific embodi-
ment, the conjugate used 1n second line therapy comprises
an L-asparaginase from Erwinia species, more specifically
Erwinia chrysanthemi, and more specifically, the L-aspara-
ginase comprising the sequence of SEQ ID NO:1. In a more
specific embodiment, the conjugate further comprises PEG
(e.g., mPEG) having a molecular weight of less than or equal
to about 5000 Da, more specifically about 5000 Da. In an
even more specific embodiment, at least about 40% to about
100% of accessible amino groups (e.g., lysine residues
and/or the N-terminus) are PEGylated, more particularly
about 40-55% or 100%.

In another aspect, the mnvention is directed to a method for
treating acute lymphoblastic Leukemia comprising admin-
istering to a patient 1n need of the treatment a therapeutically
cllective amount of a conjugate of the invention. In a
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specific embodiment, treatment will be administered at a
dose ranging from about 1500 IU/m? to about 15,000 IU/m?,

typically about 10,000 to about 15,000 IU/m2 (about 20-30
mg protein/m”), at a schedule ranging from about twice a
week to about once a month, typically once per week or once
every other week, as a single agent (e.g., monotherapy) or as
part of a combination of chemotherapy drugs, including, but
not limited to glucocorticoids, corticostcroids, anticancer
compounds or other agents, including, but not limited to
methotrexate, dexamethasone, prednisone, prednisolone,
vincristine, cyclophosphamide, and anthracycline. As an
example, patients with ALL will be administered the con-
jugate ol the invention as a component of multi-agent
chemotherapy during 3 chemotherapy phases including
induction, consolidation or intensification, and maintenance.
In a specific example, the conjugate 1s not administered with
an asparagine synthetase inhibitor (e.g., such as set forth 1n
PCT Pub. No. WO 2007/103290, which 1s herein incorpo-
rated by reference 1n 1ts entirety). In another specific
example, the conjugate 1s not administered with an aspara-
gine synthetase inhibitor, but 1s administered with other
chemotherapy drugs. The conjugate can be administered
before, after, or simultaneously with other compounds as
part ol a multi-agent chemotherapy regimen. In a particular
embodiment, the conjugate comprises L-asparaginase from
Erwinia species, more specifically Erwima chrysanthemi,
and more specifically, the L-asparaginase comprising the
sequence of SEQ ID NO:1. In a particular embodiment, the
conjugate comprises PEG (e.g., mPEG) having a molecular
weight of less than or equal to about 5000 Da. In a more
particular embodiment, at least about 40% to about 100% of
accessible amino groups (e.g., lysine residues and/or the
N-terminus) are PEGylated, more particularly about 40-55%
or 100%.

In a specific embodiment, the method comprises admin-
istering a conjugate of the mvention at an amount of about
1 U/kg to about 25 U/kg (e.g., about 1, 2, 3,4, 5,6,7,8, 9,
10, 11, 12, 13, 14, 135, 16, 17, 18, 19, 20, 21, 22, 23, 24, or
25 U/kg) or an equivalent amount thereof 20 (e.g., on a
protein content basis). In a more specific embodiment, the
conjugate 1s adminmistered at an amount selected from the
group consisting of about 35, about 10, and about 25 U/kg. In
another specific embodiment, the conjugate 1s administered
at a dose ranging from about 1,000 IU/m2 to about 20,000
[U/m 2 (e.g., 1,000 IU/m?, 2,000 IU/m?, 3,000 IU/m?, 4,000
[U/m>, 5,000 IU/m>, 6,000 IU/m>, 7,000 IU/m>, 8,000
IU/m>, 9,000 TU/m*, 10,000 IU/m*, 11,000 IU/m*, 25
12,000 TU/m?, 13,000 IU/m>, 14,000 TU/m>, 15,000 IU/m",
16,000 IU/m>, 17,000 IU/m?>, 18,000 IU/m>, 19,000 IU/m>,
or 20,000 TU/m”). In another specific embodiment, the
conjugate 1s administered at a dose that depletes L-aspara-
gine to undetectable levels using methods and apparatus
known 1n the art for a period of about 3 days to about 10 days
(e.g., 3, 4,35, 6,7,8,9, or 10 days) for a single dose. In
another embodiment, the method comprises administering a
conjugate of the imvention that elicits a lower immunogenic
response 1n a patient compared to an unconjugated L-as-
paraginase. In another embodiment, the method comprises
administering a conjugate of the invention that has a longer
in vivo circulating hali-life after a single dose compared to
the unconjugated L-asparaginase. In one embodiment, the
method comprises administering a conjugate that has a
longer t%2 than pegaspargase administered at an equivalent
protein dose. In an a specific embodiment, the method
comprises administering a conjugate that has a t/2 of at least
about 50, 52, 54, 56, 58, 59, 60, 61, 62, 63, 64, or 65 hours

at a dose of about 350 ug/kg (protein content basis). In
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another specific embodiment, the method comprises admin-
1stering a conjugate that has a ti2 of at least about 30, 32, 34,
36, 37, 37, 39, or 40 hours at a dose of about 10 ug/kg
(protein content basis). In another specific embodiment, the
method comprises administering a conjugate that has a t'4 at
least about 100 to about 200 hours at a dose ranging from
about 10,000 to about 15,000 IU/m* (about 20-30 mg
protein/m”). In one embodiment, the method comprises
administering a conjugate that has a mean AUC that 1s at
least about 2, 3, 4 or 5 times greater than pegaspargase at an
equivalent protein dose. In another embodiment, the method
comprises administering a conjugate of the mmvention that
has a greater AUC value after a single dose compared to the
unconjugated L-asparaginase. In a particular embodiment,
the conjugate comprises L-asparaginase from Erwinia spe-
cies, more specifically Erwinia chrysanthemi, and more
specifically, the L-asparaginase comprising the sequence of
SEQ ID NO: 1. In a particular embodiment, the conjugate
comprises PEG (e.g., mPEG) having a molecular weight of
less than or equal to about 3000 Da. In a more particular
embodiment, at least about 40% to about 100% of accessible
amino groups (e.g., lysine residues and/or the N-15 termi-
nus) are PEGylated, more particularly about 40-55% or
100%.

The incidence of relapse 1n ALL patients following treat-
ment with L-asparaginase remains high, with approximately
10-25% of pediatric ALL patients having early relapse (e.g.,
some during maintenance phase at 30-36 months post-

induction) (Avramis and Panosyan, Clin. Pharmacokinet.
(2003) 44:367-393). If a patient treated with E. coli-derived

[

[-asparaginase has a relapse, subsequent treatment with E.
coli preparations could lead to a ““vaccination” eflect,
whereby the E. coli preparation has increased immunoge-
nicity during the subsequent administrations. In one embodi-
ment, the conjugate of the invention may be used in a
method of treating patients with relapsed ALL who were
previously treated with other asparaginase preparations, in
particular those who were previously treated with E. coli-
derived asparaginases.

In some embodiments, the uses and methods of treatment
of the mvention comprise administering an L-asparaginase
conjugate having properties or combinations ol properties
described herein above (e.g., in the section entitled “L-as-
paraginase PEG conjugates™) or herein below.
Compositions, Formulations, and Routes of Administration

The invention also 1includes a pharmaceutical composition
comprising a conjugate ol the invention. In a specific
embodiment the pharmaceutical composition 1s contained 1n
a vial as a lyophilized powder to be reconstituted with a
solvent, such as currently available native L-asparaginases,
whatever the bacterial source used for its production (Kidro-
lase®, Elspar®, Erwinase® . . . ). In another embodiment,
the pharmaceutical composition 1s a “ready to use” solution,
such as pegaspargase (Oncaspar®) enabling, further to an
appropriate handling, an administration through, e.g., intra-
muscular, intravenous (infusion and/or bolus), intra-cere-
broventricular (icv), subcutaneous routes.

Conjugates of the mnvention, including compositions com-
prising conjugates ol the imvention (e.g., a pharmaceutical
composition) can be administered to a patient using standard
techniques. Techniques and formulations generally may be
found 1n Remington’s Pharmaceutical Sciences, 18th ed.,
Mack Publishing Co., Easton, Pa., 1990 (herein incorporated
by reference).

Suitable dosage forms, in part, depend upon the use or the
route of entry, for example, oral, transdermal, transmucosal,

or by mjection (parenteral). Such dosage forms should allow
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the therapeutic agent to reach a target cell or otherwise have
the desired therapeutic etfect. For example, pharmaceutical
compositions 1njected mto the Blood stream preferably are
soluble.

Conjugates and/or pharmaceutical compositions accord-
ing to the mvention can be formulated as pharmaceutically
acceptable salts and complexes thereof. Pharmaceutically
acceptable salts are non-toxic salts present in the amounts
and concentrations at which they are administered. The
preparation of such salts can facilitate pharmaceutical use by
altering the physical characteristics of the compound with-
out preventing i1t from exerting its physiological eflect.
Usetul alterations in physical properties include lowering
the melting point to facilitate transmucosal administration
and increasing solubility to facilitate administering higher
concentrations of the drug. The pharmaceutically acceptable
salt of an asparaginase may be present as a complex, as those
in the art will appreciate.

Pharmaceutically acceptable salts include acid addition
salts such as those containing sulfate, hydrochlonde,
fumarate, maleate, phosphate, sulfamate, acetate, citrate,
lactate, tartrate, methanesulfonate, ethanesulfonate, benze-
nesulfonate, p-to luenesulionate, cyclohexylsultfamate, and
quinate. Pharmaceutically acceptable salts can be obtained
from acids, including hydrochloric acid, maleic acid, sulfu-
ric acid, phosphoric acid, sulfamic acid, acetic acid, citric
acid, lactic acid, tartaric acid, malonic acid, methanesulfonic
acid, ethanesulionic acid, benzenesulionic acid, p-toluene-
sulfonic acid, cyclohexylsultamic acid, fumaric acid, and
quinic acid.

Pharmaceutically acceptable salts also include basic addi-
tion salts such as those contaiming benzathine, chloropro-
caine, choline, diethanolamine, ethylenediamine, meglum-
ine, procaine, aluminum, calcium, lithium, magnesium,
potassium, sodium, ammonium, alkylamine, and zinc, when
acidic Tunctional groups, such as carboxylic acid or phenol
are present. For example, see Remington’s Pharmaceutical
Sciences, supra. Such salts can be prepared using the appro-
priate corresponding bases.

Pharmaceutically acceptable carriers and/or excipients
can also be mcorporated mto a pharmaceutical composition
according to the mvention to facilitate administration of the
particular asparaginase. Examples of carriers suitable for use
in the practice of the mnvention include calcium carbonate,
calcium phosphate, various sugars such as lactose, glucose,
or sucrose, or types of starch, cellulose denivatives, gelatin,
vegetable oils, polyethylene glycols, and physiologically
compatible solvents. Examples of physiologically compat-
ible solvents include sterile solutions of water for 1njection
(WFI), saline solution and dextrose.

Pharmaceutical compositions according to the mvention
can be administered by different routes, including intrave-
nous, intraperitoneal, subcutaneous, intramuscular, oral,
topical (transdermal), or transmucosal administration. For
systemic administration, oral administration 1s preferred.
For oral administration, for example, the compounds can be
formulated into conventional oral dosage forms such as
capsules, tablets, and liquid preparations such as syrups,
clixirs, and concentrated drops.

Alternatively, injection (parenteral admimstration) may
be used, e.g., mtramuscular, intravenous, intraperitoneal,
and subcutaneous injection. For injection, pharmaceutical
compositions are formulated in liquid solutions, preferably
in physiologically compatible buflers or solutions, such as
saline solution, Hank’s solution, or Ringer’s solution. In
addition, the compounds may be formulated in solid form
and redissolved or suspended immediately prior to use. For
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example, lyophilized forms of the conjugate can be pro-
duced. In a specific embodiment, the conjugate 1s admainis-

tered intramuscularly. In another specific embodiment, the
conjugate 1s administered intravenously.

Systemic administration can also be accomplished by
transmucosal or transdermal means. For transmucosal or
transdermal administration, penetrants appropriate to the
barrier to be permeated are used 1n the formulation. Such
penetrants are well known in the art, and include, for
example, for transmucosal administration, bile salts, and
tusidic acid derivatives. In addition, detergents may be used
to facilitate permeation. Transmucosal administration, for
example, may be through nasal sprays, inhalers (for pulmo-
nary delivery), rectal suppositories, or vaginal suppositories.
For topical administration, compounds can be formulated
into ointments, salves, gels, or creams, as 1s well known 1n
the art.

The amounts of the conjugate to be delivered will depend
on many factors, for example, the 1C.,, EC,, the biological
half-life of the compound, the age, size, weight, and physical
condition of the patient, and the disease or disorder to be
treated. The importance of these and other factors to be
considered are well known to those of ordinary skill in the
art. Generally, the amount of the conjugate to be adminis-
tered will range from about 10 International Units per square
meter of the surface area of the patient’s body (IU/m?) to
50,000 TU/m?, with a dosage range of about 1,000 TU/m"” to
about 15,000 IU/m” being preferred, and a range of about
6,000 IU/m” to about 15,000 IU/m” being more preferred,
and a range of about 10,000 to about 15,000 IU/m"> (about
20-30 mg protein/m?) being particularly preferred to treat a
malignant hematologic disease, e.g., Leukemia. Typically,
these dosages arc administered via mtramuscular or intra-
venous 1njection at an interval of about 3 times weekly to
about once per month, typically once per week or once every
other week during the course of therapy. Of course, other
dosages and/or treatment regimens may be employed, as
determined by the attending physician.

In particular embodiments, the conjugate and/or pharma-
ceutical composition or formulation to be administered as
described herein comprises L-asparaginase from Erwinia
species, more specifically Erwinia chrysanthemi, and more
specifically, the L-asparaginase comprising the sequence of
SEQ ID NO:1. In a particular embodiment, the conjugate
comprises L-asparaginase from Erwima species, more spe-
cifically Erwinia chrysanthemi, and more specifically, the
L-asparaginase comprising the sequence of SEQ ID NO: 1.
In a particular embodiment, the conjugate comprises PEG
(e.g., mPEGQG) having a molecular weight of less than or equal
to about 5000 Da. In a more particular embodiment, at least
about 40% to about 100% of amino groups (e.g., lysine
residues and/or the N-terminus) are PEGylated.

EXAMPLES

Example 1
Preparation of Recombinant Crisantaspase

The recombinant bacterial strain used to manufacture the
naked recombinant Erwinmia chrysanthemi L-asparaginase
protein (also referred to herein as “r-crisantaspase”) was an
E. coli BL21 strain with a deleted ansB gene (the gene
encoding the endogenous E. coli type 11 L-asparaginase) to
avoild potential contamination of the recombinant Erwinia
chrysanthemi L-asparaginase with this enzyme. The deletion
of the ansB gene relies on homologous recombination
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methods and phage transduction performed according to the
three following steps: 1) a bacterial strain (NM1100)
expressing a defective lambda phage which supplies func-
tions that protect and recombine electroporated linear DNA
substrate 1n the bacterial cell was transformed with a linear
plasmid (kanamycin cassette) containing the kanamycin
gene tlanked by an FLP recognition target sequence (FRT).
Recombination occurs to replace the ansB gene by the
kanamycin cassette in the bacterial genome, resulting in a
ansB strain; 2) phage transduction was used to integrate the
integrated kanamycin cassette region from the zlansB
NM1100 strain to the ansB locus 1n BL21 strain. This results
in an E. coli BL21 strain with a deleted ansB gene and
resistant to kanamycin; 3) this strain was transiformed with
a FLP-helper plasmid to remove the kanamycin gene by
homologous recombination at the FRT sequence. The
genome of the final strain (BL21 AansB strain) was
sequenced, confirming full deletion of the endogenous ansB
gene.

The E. coli-optimized DNA sequence encoding for the
mature Erwinia chrysanthemi L-asparaginase fused with the
ENX signal peptide from Bacillus subtilis was inserted into
an expression vector. This vector allows expression of
recombinant Erwima chrysanthemi L-asparaginase under
the control of hybrid T5/lac promoter induced by the addi-
tion of Isopropyl 13-D-1-thiogalactopyranoside (IPTG) and
confers resistance to kanamycin.

BL21 AansB strain was transformed with this expression
vector. The transformed cells were used for production of
the r-crisantaspase by feed batch glucose fermentation in
Reisenberg medium. The imnduction of the cell was done 16
h at 23° C. with IPTG as inducer. After cell harvest and lysis
by homogenization 1n 10 mM sodium phosphate builer pH6
> mM EDTA (Builer A), the protein solution was clarified by
centrifugation twice at 15000 g, followed by 0.45 jtm and
0.22 jtm filtration steps. The recombinant Erwima chrysan-
themi1 L-asparaginase was next purified using a sequence of
chromatography and concentration steps. Brietly, the theo-
retical 1soelectric point of the Erwinia chrysanthemi L-as-
paraginase (7.23) permits the recombinant enzyme to adsorb
to cation exchange resins at pH6. Thus, the recombinant
enzyme was captured on a Capto S column (cation exchange
chromatography) and eluted with salt gradient 1n Buifer A.
Fractions containing the recombinant enzyme were pooled.
The pooled solution was next purified on Capto MMC
column (cation exchange chromatography) in Buller A with
salt gradient. The eluted fractions containing Frwinia chry-
santhem1 L-asparaginase were pooled and concentrated
before protein separation on Superdex 200 pg size exclusion
chromatography as polishing step. Fractions containing
recombinant enzymes were pooled, concentrated, and dia-
filtered against 100 mM sodium phosphate bufler pHS. The
purity of the final Erwinia chrysanthemi L-asparaginase
preparation was evaluated by SDS-PAGE (FIG. 1) and
RP-HPLC and was at least 90%. The integrity of the
recombinant enzyme was verified by N-terminal sequencing
and LC-MS. Enzyme activity was measured at 37° C. using
Nessler’s reagent. The specific activity of the purified
recombinant Erwinmia chrysanthemi L-asparaginase was
around 600 U/mg. One unit of enzyme activity 1s defined as
the amount of enzyme that liberates ljunol of ammonia from
L-asparagine per minute at 37° C.

Example 2

Preparation of 10 kDa mPEG-L-Asparaginase
Conjugates

A solution of L-asparaginase from Erwinia chrysanthemi
was stirred 1 a 100 mM sodium phosphate butler at pH 8.0,
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at a protein concentration between 2.5 and 4 mg/mlL, 1n the
presence of 150 mg/mL or 36 mg/mlL 10 kDa mPEG-NHS,

for 2 hours at 22° C. The resulting crude 10 kDa mPEG-L-

asparaginase was purified by size exclusion chromatography
using a Superdex 200 pg column on an Akta purifier UPC
100 system. Protein-containing fractions were pooled and
concentrated to result 1n a protein concentration between 2
and 8 mg/mL. Two 10 kDa mPEG-L-asparaginase conju-
gates were prepared 1n this way, differing 1n their degree of
PEGylation as determined by TNBS assay with unmodified
[-asparaginase as a reference, one corresponding to full
PEGylation (100% of accessible amino groups (e.g., lysine
residues and/or the N-terminus) residues being conjugated
corresponding to PEGylation of 78% of total amino groups
(e.g., lysine residues and/or the N-terminus)); the second
one corresponding to partial PEGylation (39% of total
amino groups (e.g., lysine residues and/or the N-terminus)
or about 50% of accessible amino groups (e.g., lysine
residues and/or the N-terminus)). SDS-PAGE analysis of the
conjugates 1s shown in FIG. 2. The resulting conjugates
appeared as an essentially homogeneous band and contained
no detectable unmodified r-crisantaspase.

Example 3

Preparation of 5 kDa mPEG-L-Asparaginase
Conjugates

A solution of L-asparaginase from Erwinia chrysanthemi
was stirred 1n a 100 mM sodium phosphate bufler at pH 8.0,
at a protein concentration of 4 mg/ml., 1n the presence of 150
mg/mL or 22.5 mg/mL 5 kDa mPEG-NHS, for 2 hours at
22° C. The resulting crude 5 kDa mPEG-L-asparaginase was
purified by size exclusion chromatography using a Superdex
200 pg column on an Akta punfier UPC 100 system.
Protein-containing fractions were pooled and concentrated
to result 1n a protein concentration between 2 and 8 mg/mlL..
Two 5 kDa mPEG-L-asparaginase conjugates were prepared
in this way, diflering in their degree of PEGylation as
determined by TNBS assay with unmodified L-asparaginase
as a reference, one corresponding to full PEGylation (100%
ol accessible amino groups (e.g., lysine residues and/or the
N-terminus) being conjugated corresponding to PEGylation
ol 84% of total amino groups (e.g., lysine residues and/or the
N-terminus)); the second one corresponding to partial
PEGylation (36% of total amino groups (e.g., lysine residues
and/or the N-terminus) or about 43% of accessible amino
groups (€.g., lysine residues and/or the N-terminus)). SDS-
PAGE analysis of the conjugates 1s shown in FIG. 2. The
resulting conjugates appeared as an essentially homoge-
neous band and contained no detectable unmodified r-cri-
santaspase.

Example 4

Preparation of 2 kDa mPEG-L-Asparaginase
Conjugates

A solution of L-asparaginase from Erwinia chrysanthemi
was stirred 1 a 100 mM sodium phosphate bufler pH 8.0 at
a protein concentration of 4 mg/mL 1n the presence of 150
mg/mlL or 22.5 mg/mL 2 kDa mPEG-NHS for 2 hours at 22°
C. The resulting crude 2 kDa mPEG-L-asparaginase was
purified by size exclusion chromatography using a Superdex
200 pg column on an Akta purifier UPC 100 system. Protein
containing fractions were pooled and concentrated to result
in a protein concentration between 2 and 8 mg/mlL. Two 2
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kDa mPEG-L-asparaginase conjugates were prepared in this
way, diflering 1n their degree of PEGylation as determined
by TNBS assay with unmodified L-asparaginase as refer-
ence, one corresponding to maximum PEGylation (100% of
accessible amino groups (e.g., lysine residues and/or the
N-terminus) being conjugated corresponding to PEGylation
of 86% of total amino groups (e.g., lysine residues and/or the
N-terminus)); the second one corresponding to partial
PEGylation (47% of total amino groups (e.g., lysine residues
and/or the N-terminus) or about 55% of accessible amino
groups (€.g., lysine residues and/or the N-terminus)). SDS-
PAGE analysis of the conjugates 1s shown in FIG. 2. The
resulting conjugates appeared as an essentially homoge-
neous band and contained no detectable unmodified r-cri-
santaspase.

Example 5

Activity of mPEG-r-Crisantaspase Conjugates

L-asparaginase aminohydrolase activity of each conjugate
described in the proceeding examples was determined by
Nesslerization of ammonia that 1s liberated from L-aspara-
gimne by enzymatic activity. Brietly, 50111_, of enzyme
solution were mixed with 20 mM of L-asparagine mn a 30
mM Sodium borate bufller pH 8.6 and incubated for 10 min
at 37° C. The reaction was stopped by addition of 2001 1L
of Nessler reagent. Absorbance of this solution was mea-
sured at 450 nm. The activity was calculated from a cali-
bration curve that was obtained from Ammonia sulfate as
reference. The results are summarized 1n Table 2, below:

TABLE 2

Activity of mPEG-r-crisantaspase conjugates

mol PEG/  Specific

mol activity Rel.

Sample® monomer**  [U/mg] activity %
10 kDa mPEG-r-crisantaspase 40% 7.0 543 87
10 kDa mPEG-r-crisantaspase 100% 14.1 541 87
5 kDa mPEG-r-crisantaspase 40% 6.5 501 81
5 kDa mPEG-r-crisantaspase 100% 15.1 483 78
2 kDa mPEG-r-crisantaspase 40% 8.5 524 84
2 kDa mPEG-r-crisantaspase 100% 15.5 515 83
r-crisantaspase — 622 100

*the numbers “40%"” and “100%” indicate an approximate degree of PEGylation of
respectively 40-35% and 100% of accessible amuno groups (see Examples 2-4, supra).
**the ratio mol PEG/mol monomer was extrapolated from data using TNBS assay, that
makes the assumption that all amino groups from the protein (e.g., Iysine residues and the
N-terminus) are accessible.

Residual activity of mPEG-r-crisantaspase conjugates
ranged between 483 and 543 Units/mg. This corresponds to

78-87% of L-asparagine aminohydrolase activity of the
unmodified enzyme.

Example 6

L-Asparagine-Depleting Effect of Unmodified
Crisantaspase

The pharmacodynamic profile of Erwinase® was deter-
mined 1 B6D2F1-Hybrids (immune competent, females),
Charles River Germany. Erwinase® 1s a commercially avail-
able crisantaspase (L-asparaginase derived from Erwinia
chrysanthemi). Briefly, 2 animals per group received a single
1.v. mjection of 5, 25, 1235, or 250 Units/kg bw Erwinase®
At -1 h pre-dose and at 6 h, 12 h, 24 h, and 48 h post-dose,
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plasma samples were collected from orbital sinus and ana-
lyzed for plasma levels of L-asparagine.

Plasma amino acid levels were determined with a PICO-
TAG Amino Acid Analysis Kit (Waters). Briefly, plasma
samples were deprotemnised by methanol precipitation. Free
amino acids in the supernatant were derivatised with phe-
nylisothiocyanate and quantified by RP-HPLC.

As shown 1n FIG. 3, the 5 and 25 U/kg doses were not
cilicient 1n depleting L-asparagine levels 1n mice following
1v administration. Only the 250 U/kg dose induced a com-
plete depletion over 48 hrs.

This result illustrates the clinical limitations of Erwi-
nase®, an unmodified crisantaspase, which needs to be
administered up to 3 times a weeks as painful 1mnjections 1n
patients sullering from ALL, and at high doses resulting in
frequent allergic reactions and immunogenicity.

Example 7
L-Asparagine-Depleting Effect and Plasma
L-Asparaginase Activity Following Single
Administration of Six mPEG-r-Crisantaspase
Conjugates

The pharmacodynamic and pharmacokinetic profiles of 6
different mPEG-r-crisantaspase conjugates was determined
in B6D2F1-Hybrids (immune competent, females), Charles
River Germany The six conjugates tested differed in the
molecular size of the PEG (2, 5 or 10 kDa) and 1n the degree
of PEGylation (maximal vs. partial PEGylation). Unmodi-
fied crisantaspase (Erwinase®) was used as a reference.
Brietly, 4 animals per group received a single 1.v. injection
of 5 Units/kg bw conjugate vs. 250 Units/kg bw Erwinase®.
At -1 hpre-dose and at 6 h, 24 h, 48 h, 96 h and 192 h after
injection, plasma samples were collected from the orbital
sinus ol each animal and analyzed for plasma levels of
[-asparagine and residual enzyme activity, respectively.

Plasma amino acid levels were determined with a PICO-
TAG Amino Acid Analysis Kit (Waters). Briefly, plasma
samples were deproteinised by methanol precipitation. Free
amino acids in the supernatant were derivatised with phe-
nylisothiocyanate and quantified by RP-HPLC.

Enzyme activity in plasma was determined by a chro-
mogenic assay. L-aspartic B-hydroxamate (AHA) was used
as substrate. The enzymes hydrolyzed AHA to L-Asp and
hydroxylamine, which was determined at 710 urn after
condensation with 8-hydroxyquinoline and oxidation to
indooxine. (Analytical Biochemistry 309 (2002): 117-126,
incorporated herein by reference 1n 1ts entirety).

As shown i FIG. 4, the, conjugates administered at 5
U/kg showed an L-asparagine depleting potency at least as
g00d as that of Erwinase® 250 U/kg, suggesting that PEGy-
lation increased potency of the protein by at least 50 times.
All conjugates exhibited similar potency, depleting plasma
levels in L-asparagine for 2 days, except for the 5 kDa-100%
conjugate which showed longer duration of action (96 h=4
days as compared to 48 h=2 days for other conjugates).

Thus, increasing the size of the PEG conjugated to the
r-crisantaspase from 2 kDa to 5 kDa resulted 1n an improved
potency and duration of action. However, surprisingly,
increasing the size of the PEG to 10 kDa did not further
improve the potency and duration of action of the conjugate,
it even resulted 1n a decrease when compared to the 5 kDa
maximally PEGylated conjugate.

Enzymatic activity was consistent with L-asparagine
depletion. As shown 1n FIG. 3, the 5 kDa-100% conjugate
exhibited the largest AUC, reflecting a longer half-life.
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Lower AUCs were observed with PEG-40% (partially
PEGylated) vs. PEG-100% (maximally PEGylated) conju-
gates for the 2 kDa and 5 kDa candidates and no difference
was observed for the 10 kDa candidates.

Consistent with the L-asparagine depletion data, increas-
ing the molecular size of the PEG conjugated to the r-cri-
santaspase from 2 kDa to 5 kDa resulted in a longer
circulating L-asparaginase activity. However, surprisingly,
increasing the size of the PEG to 10 kDa did not further
improve the 1n vivo enzymatic activity of the conjugate, it
even resulted in a decrease when compared to the 5 kDa
maximally PEGylated conjugate. Also, notably, when r-cri-
santaspase was N-terminally monoPEGylated with high
molecular weight (1.e., 40 kDa) mPEG, there was no sig-
nificant impact on the in vitro stability of the enzyme toward
proteolysis (data not shown).

Example &

Dose-Ranging Effects of Two
mPEG-r-Crisantaspase Conjugates on Plasma
L-Asparagine

The pharmacodynamic profile of 2 mPEG-r-crisantaspase
conjugates compared to pegaspargase (Oncaspar®) was
determined 1n B6D2F1-Hybrids (1immune competent,

females), Charles River Germany The conjugates tested
were the 2 kDa maximally (100%) PEGylated r-crisan-

taspase and the 5 kDa maximally (100%) PEGylated r-cri-
santaspase at 3 doses. Briefly, 8 animals per group received
a single 1.v. injection of 5, 25 or 50 Units/kg bw of the
r-crisantaspase conjugates, corresponding to 10, 50 or 100
lag protein/kg. As a comparative arm, Oncaspar® was tested
at 1 Unit/kg, corresponding to 10 jig protein/kg. At —1 h
pre-dose and at 90 min, 6 h, 24 h, 48 h, 72 h, 96 h, 120 h,
144 h, 192 h and 240 h post-dose plasma samples were
collected from orbital sinus and analyzed for plasma levels
of L-asparagine.

Plasma amino acid levels were determined with a PICO-
TAG Amino Acid Analysis Kit (Waters). Briefly, plasma
samples were deproteinised by methanol precipitation. Free
amino acids in the supernatant were derivatised with phe-
nylisothiocyanate and quantified by RP-HPLC.

The dose-related effects of the conjugates on plasma
L-asparagine levels are shown in FIGS. 6A, 6B and 6C. As
shown 1n FIGS. 6A and 6B, both conjugates were highly
efficient 1n depleting circulating L-asparagine. For the 2 kDa
100% conjugate, total depletion was observed over 3, 6 and
at least 10 days at the SU, 25U and 350 U/kg doses,
respectively. For the 5 kDa 100% conjugate, total depletion
was observed over 3, 10 and 10 days at the 5U, 25U and 30
U/kg doses, respectively. For both conjugates tested, the 3,
25 and 50 U/kg doses tested corresponded to 10, 50 and 100
Kg/kg on a protein content basis, which 1s a very low amount
of protein when compared to other available L-asparaginase
preparations. Indeed, 250 U/kg Erwinase® corresponds to
approximately 520 Kg/kg, and 1 U/kg Oncaspar® corre-
sponds approximately to 10 [kg/kg (protein content basis).
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FIG. 6C shows that the administration of an equivalent
quantity of protein (10 [kg/kg) of either the 2 kDa-100%
conjugate, the 5 kDa-100% conjugate or Oncaspar®
resulted 1n a similar L-asparagine depletion over 72 hrs.

Example 9

Pharmacokinetic Profiles of Two
mPEG-r-Crisantaspase Conjugates

The pharmacokinetic profile of mPEG-r-crisantaspase
conjugates was determined in B6D2F1-Hybrids (immune

competent, females), Charles River Germany. The conju-
gates tested were the 2 kDa maximally (100%) PEGylated

r-crisantaspase and the 5 kDa maximally (100%) fully
PEGylated r-crisantaspase at 3 doses. Unmodified crisan-
taspase (Erwinase®) at 250 U/kg and Oncaspar® at 1 U/kg
were also tested as controls. Briefly, 8 animals per group
received a single 1.v. 1njection of 3, 25 or 50 Units/kg bw of
each mPEG-r-crisantaspase conjugate compared to Erwi-
nase® and Oncaspar®. At —1 h pre-dose and at 90 min, 6 h,
24 h, 48 h, 72 h, 96 h, 120 h, 144 h, 192 h and 240 h
post-dose plasma samples were collected from orbital sinus
and analyzed for plasma levels of residual enzyme activity.

Enzyme activity in plasma was determined by a chro-
mogenic assay. L-aspartic B-hydroxamate (AHA) was used
as substrate. The enzymes hydrolyzed AHA to L-Asp and
hydroxylamine, which was determined at 710 nm after
condensation with 8-hydroxyquinoline and oxidation to
indooxine. (Analytical Biochemistry 309 (2002): 117-126).

For the calculation of the half-life time, exponential
best-1it lines of the respective residual plasma activities were
derived using the MS-excel function tool. Negative activity
values were excluded from the calculation.

Parameter Definition

A Maximal residual enzyme activity

. Time to A___ after test item exposure
i, Maximal duration of A__. or A above zero

The half-life time of the residual enzyme activity in
plasma were derived from the following formula using the
MS-excel function tool and the respective formula of the
exponential best-fit lines:

—In2xt
In(c; /co)

Mean: J[”g =

where tuzis the half-life, t 1s the time point, c, 1s the residual
plasma activity at the time point and co the residual plasma
activity at the beginning.

The areas under the curve (AUC) were calculated using

SigmaPlot Versionl 1. Pharmacokinctic data arc summarized
in Tables 3 and 4, below, and FIGS. 7A, 7B. 8, 9A and 9B.

TABLE 3

Primary pharmacokinetics of a single treatment with 250 U/kg bw of Erwinase ®, 1 U/kg
bw Pegaspargase (Oncaspar ®), or 2 kDa mPEG-r-crisantaspase 100% conjugates (residual

plasma enzyme activity)

Parameter FErwinase ®

A

FRLELX

tA FILEX

2 kDa/ 2 kDa/ 2 kDa/
Pegaspargase 100% 100% 100%
1 Ukgbw 5 U/kg bw 25 U/kg bw 50 U/kg bw
83.9 U/L 6 U/L 14 U/L 153 U/L 208 U/L
6 h 90 min 90 min 6 h 6 h
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TABLE 3-continued

30

Primary pharmacokinetics of a single treatment with 250 U/kg bw of Erwinase ®, 1 U/kg
bw Pegaspargase (Oncaspar ®), or 2 kDa mPEG-r-crisantaspase 100% conjugates (residual

plasma enzyvme activity)

2 kDa/ 2 kDa/

Pegaspargase 100% 100%
Parameter Erwinase ® 1 Ukgbw 5 Ukgbw 25 U/kg bw
d 41 18 h 46.5 h 70.5 h 2385 h
above zero from 6 h-24h 90 min-48 h 90 min-72 h 90 min-240 h
AUC 1205 222 627 12446
(mean)
tim 6 h 28 h 31 h 55 h

TABLE 4

2 kDa/
100%
50 U/kg bw

2385 h
90 min-240 h
28349

85 h

Primary pharmacokinetics of a single treatment with 250 U/kg bw of 15
Erwinase ®, 1 U/kg bw Pegaspargase (Oncaspar ®), or 5 kDa mPEG-1-
crisantaspase 100% conjugates (residual plasma enzvme activity)

5 kDa/ 5 kDa/
Pegaspargase 100% 100%

Parameter Erwinase ® 1 Ukgbw 5 Ukgbw 25 U/kg bw
A 83.9 U/L 6 U/L 18 U/L 188 U/L
P 6 h 90 min 90 min 6 h
d 41 18 h 46.5 h 94.5 h 2385 h
above zero from 6 h-24h 90 mm-48 h 90 min-72 h 90 min-240 h
AUC 1205 222 798 19748
(mean )
tim 6 h 28 h 31 h 55 h

The data show that PEGylation of r-crisantaspase signifi-
cantly prolongs hali-life when compared to unmodified

crisantaspase, and 1n a dose-dependent manner (Tables 3 and
4, FIGS. 7A, 7B, 8, 9A and 9B). Additionally, when com-

pared at the same dose level, AUCs measured for the 35
kDa-100% were higher than those observed for the 2-kDa-
100% conjugates. A difference of 21%, 37% and 514% were
consistently found in favor of the 5 kDa-100% conjugate, at
the 5, 25 and 50 U/kg doses, respectively (FIG. 8). The 5
kDa-100% conjugate also appeared to have a longer hali-life
than Oncaspar itsellf when tested at the same dose on a
protein content basis, as shown 1n FIGS. 9A and 9B and in
the derived pharmacokinetic parameters shown 1n Table 4.
The superior pharmacokinetic profiles for the Erwinia con-
jugates are surprising, since E. coli-derived L-asparaginase
1s known to have a longer hali-life in human and 1n animals
than Erwinia chrysanthemi-derived L-asparaginase (crisan-
taspase). Hence, a longer halt-life would have logically been
predicted for PEGylated E. coli L-asparaginase (pegaspar-
gase) compared to PEGylated r-crisantaspase. However,
unexpectedly and advantageously, the PEGylated r-crisan-
taspase has a longer half-life than pegaspargase.

Table 5, below, summarizes pharmacokinetic and phar-
macodynamic data gathered from several experiments,
including those described 1in Examples 7-9 herein, showing
that: 1) both the 2 kDa-100% and the 5 kDa-100% conju-
gates were highly potent 1n increasing potency and duration
of action of crisantaspase, as shown by the marked difler-
ences observed compared to Erwinase®; 2) the 5 kDa-100%
conjugate was longer-acting than both the 2 kDa-100%
conjugate and Oncaspar®, as shown by a longer half-life
observed at all doses tested. In view of the surprisingly
inferior results obtaimned with the 10 kDa-100% conjugate,
these data suggest that the benefit of PEGylation increases
with the size of the PEG moiety anchored to the crisan-
taspase up to 5 kDa. The higher molecular weight PEG did

5 kDa/
100%
50 U/kg bw

226 U/L

6 h

2385 h
90 min-240 h
33151

85 h

35

40

45

50

55

60

65

not add further benefit, and, at least in the case of 10 kDa,
might be even be detrimental. This 1s unexpected and
contrary to results that were seen e.g., when Holtsberg et. al
conjugated varying molecular weights of PEG to arginine
deaminase, another amino acid degrading enzyme 1solated
from a microbial source. In those studies pharmacokinctic
and pharmacodynamic function of the argininc deaminase

enzyme increased as the size of the PEG attachment
increased from a molecular weight of 5000 Da to 20,000 Da
(Holtsberg, F. W., Journal of Controlled Release 80 (2002),

259-271), incorporated herein by reference in its entirety).

TABLE 5
2 kDA-100% 5 kDA-100%
mPEG-1- mPEG-1-
Erwinase ® crisantaspase crisantaspase Oncaspar ®

Dose (ug/kg) 520 10 50 10 50 10 50
Dose (U/kg) 250 5 25 5 25 1 5
T4 (h) 6 31 55 38 63 28 51
Duration of L- 2 2-3 6 3-4 10+ 3 8+
asparagine
depletion
(days)

In addition, as seen 1n more detail below, the immuno-
genicity data showed that the 10 kDa-100% exhibited an
unacceptable 1mmunogemcity profile, a major drawback
when considering administering the compound to patients
who are allergic to E. coli L-asparaginase or have developed
anti-L-asparaginase antibodies. In this respect, the 10 kDa-
100% conjugate 1s really not suitable. The 2 kDa-100% and
the 5 kDa-100% are preferable, and the 5 kDa-100% con-

jugate 1s particularly preferable.
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Example 10

Immunogenicity

Immunogenicity of mPEG-r-crisantaspase conjugates was
determined m B6D2F1-Hybrnids (immune competent,
temales), Charles River Germany Amimals were treated
twice a week in weeks 1, 2, 3, 4, an 8 by 1.v. injection of 250
U/kg bw for Erwinase® and 5 U/kg bw for all r-crisan-
taspase conjugates. Serum samples were collected at —1 h
pre-dose and after 1 w, 2 w, 4 w, 6 w and 8 w from the orbital
sinus. Anti-crisantaspase or anti-mPEG-r-crisantaspase anti-
body levels 1n serum were determined by ELISA. The
results are summarized in FIGS. 10, 11A and 11B.

High titers of anti-crisantaspase antibodies were observed
for Erwinase® starting at week 2 and were maintained for
the whole study period. In contrast, no significant antibody
levels were observed for r-crisantaspase conjugates (FIG.

10).
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As shown m FIGS. 11A and 11B, the production of ,,

anti-conjugate antibodies remained of low intensity and
frequency for the 2 kDa and 5 kDa mPEG-r-crisantaspase
conjugates, and increased with higher values and frequency
for the 10 kDa mPEG-r-crisantaspase conjugates. No clear
difference was noted between the fully and partially PEGy-
lated conjugates (not shown).

Thus, these data demonstrated that the PEGylation strat-
cgy that was selected reduced the immunogenicity of the

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 1
<210>
<211>
<212>
<213>

SEQ ID NO 1
LENGTH: 327
TYPE: PRT
ORGANISM:

Erwinia chrysanthemi

<400> SEQUENCE: 1

25
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conjugates compared to the unmodified L-asparaginase,
markedly decreasing the anti-crisantaspase antibody
response. However, anti-conjugate antibodies were detected,
especially with the 10 kDa conjugates, and with a lower
intensity with the 2 kDa and 5 kDa conjugates.

In conclusion, it appears that, up to 5 kDa, PEGylation
succeeded 1n 1mproving pharmacokinetic profile, potency
and duration of action of r-crisantaspase, while reducing
immunogenicity when compared to the unmodified protein,
with a potency and duration of action increasing with the
s1ze of the polymer used, the 5 kDa mPEG-r-crisantaspase
conjugate being slightly more potent that the 2 kDa mPEG-
r-crisantaspase conjugate. However, further increasing the
s1ze of the PEG to 10 kDa failed to further improve potency
and duration of action, as the 10 kDa mPEG-r-crisantaspase
conjugate was less potent in vivo than the 5 kDa mPEG-r-
crisantaspase conjugate, despite similar 1n vitro potencies. In
addition, the 10 kDa mPEG-r-crisantaspase conjugates
exhibited an unacceptable immunogenicity profile, an unex-
pected result 1n view of published results with other proteins.

While embodiments and applications of the present inven-
tion have been described 1n some detail by way of illustra-
tion and example, 1t would be apparent to those of skill 1n the
art 15 that many additional modifications would be possible
without departing from the inventive concepts contained
herein. All references cited herein are hereby incorporated in
their entirety.
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What 1s claimed 1s:

1. A conjugate comprising an L-asparaginase monomer
from Erwinia chrysanthemi having at least [90%] 95%
sequence 1dentity to the amino acid of SEQ ID NO:1 and
conjugated to at least one polyethylene glycol (PEG) mol-
ecule, wherein the at least one PEG molecule has a molecu-
lar weight less than S000[, 4000, 3000, or 2500] Da, wherein
the at least one PEG molecule is covalently linked to at least
about 60% of the accessible amino groups of said L-aspara-
ginase monomer, and the conjugate has at least [fifty] swenty
times more 1 vivo plasma L-asparaginase activity com-
pared to an Erwinia chrysanthemi L-asparaginase not con-
jugated to PEG.

2. The conjugate of claim 1, wherein said L-asparaginase
has at least [95% to] 99% sequence identity to the amino
acid of SEQ ID NO: 1.

3. The conjugate of claim 1, wherein said L-asparaginase
comprises the amino acid sequence of SEQ ID NO: 1.

[4. The conjugate of claim 1, wherein the PEG is cova-
lently linked to one or more amino groups of said L-aspara-
ginase.}

[S. The conjugate of claim 4, wherein the PEG molecules
are covalently linked to at least from about 40% to about
100% of the accessible amino groups of said L-asparagi-
nase.]

6. The conjugate of claim 1 having the formula:

Asp-[NH—CO—(CH,)x-CO—NH-PEG]n

wherein Asp 1s the L-asparaginase, NH 1s one or more of
the NH groups of the lysine residues and/or the N-ter-
minus 1n the Asp, PEG 1s a polyethylene glycol moiety,
n is a number that represents at least [40% to 100%]
60% of the accessible amino groups in the Asp, and x
1s an integer ranging from 1 to 8.

7. The conjugate of claim 1, wherein said at least one
PEG [is] molecule comprises monomethoxy-polyethylene
glycol.

8. The conjugate of claim 1, wherein said conjugate has
at least [sixty, seventy, eighty, ninety or one-hundred] #4irty
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times more 1 vivo plasma L-asparaginase activity com-
pared to an Erwima chrysanthemi L-asparaginase not con-
jugated to PEG.

9. The conjugate of claim 1, wherein the conjugate has
increased residual enzymatic activity in vivo when com-

pared to Erwimia chrysanthemi L-asparaginase conjugated to
at least one PEG molecule with a molecular weight of
10,000 Da.

10. The conjugate of claim 1, wherein the L-asparaginase
does not cross-react with antibodies which react with
Escherichia coli L-asparaginase.

11. The conjugate of claim 1 comprising an L-asparagi-
nase monomer from Erwinia chrysanthemi consisting of the

amino acid of SEQ ID NO: 1 and the conjugate has reduced
immunogenicity when admimstered to a human subject
hypersensitive to Escherichia coli L-asparaginase.

12. The conjugate of claim 1, wherein the conjugate has
an in vitro L-asparaginase activity of at least 60%][, 70%,
80%, or 87%] of an L-asparaginase not conjugated to PEG.

[13. The conjugate of claim 1, wherein said PEG has a
molecular weight of less than 5000 Da.}

[14. The conjugate of claim 1, wherein the PEG molecules
are covalently linked to at least 60%, 70%, 80%, 90% or
100% of the accessible amino groups of said L-asparagi-
nase.]

15. The conjugate of claim 1, wherein the at least one
PEG molecule is covalently linked to at least about 70% of
the accessible amino groups of said L-asparaginase mono-
mer.

16. The conjugate of claim I, wherein the at least one
PEG molecule is covalently linked to at least about §0% of
the accessible amino groups of said L-asparaginase mono-
mer.

17. The conjugate of claim I, wherein the at least one
PEG molecule is covalently linked to at least about 90% of
the accessible amino groups of said L-asparaginase mono-
mer.

18. The conjugate of claim I, wherein the at least one

PEG molecule is covalently linked to about 100% of the

accessible amino groups of said L-asparaginase monomer.




US RE49.,736 E

35

19. The conjugate of claim 1, wherein said L-asparagi-
nase monomer has 100% sequence identity to the amino
acid sequence of SEO ID NO: 1.

20. The conjugate of claim 1, wherein said conjugate has
at least forty times more in vivo L-asparaginase activity
compared to an Erwinia chrysanthemi L-asparaginase not
conjugated to PEG.

21. The conjugate of claim 1, wherein said conjugate has
at least fifty times more in vivo L-asparaginase activity
compared to an Erwinia chrysanthemi L-asparaginase not
conjugated to PEG.

22. The conjugate of claim 1, wherein the conjugate has
an in vitro L-asparaginase activity of at least 70% of an
L-asparaginase not conjugated to PEG.

23. The conjugate of claim 1, wherein the conjugate has
an in vitro L-asparaginase activity of at least 50% of an
L-asparaginase not conjugated to PEG.

24. The conjugate of claim 1, wherein the conjugate has
an in vitro L-asparaginase activity of at least §7% of an
L-asparaginase not conjugated to PEG.

25. The conjugate of claim I, wherein said at least one
PEG molecule has a molecular weight of between about 500
Da and about 3500 Da.

26. The conjugate of claim 1, wherein the at least one
PEG molecule has a molecular weight of between about 500
Da and about 2500 Da.

27. The conjugate of claim I, wherein the conjugate is a
homotetramer comprising four L-asparaginase monomers.

28. The conjugate of claim I, wherein the at least one

PEG molecule has a molecular weight less than 4000, 3000,
or 2500 Da.
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