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This Application claims the benefit of, and priority to. US Application Nos. 

62/611,166 filed December 28, 2017 and 62/547,220 filed August 18, 2017, each of 

which is hereby incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

Inflammation is an essential host response to control invading microbes and 

heal damaged tissues. Uncontrolled. and persistent inflammation causes tissue injury in a 

10 	plethora of inflammatory disorders. Ncutrophiis are the predominant leukocytes in acute 

inflammation. During infections neutrophils generate neutrophil extracellular traps 

(NETs), lattices of DNA-filaments decorated with toxic hiStones and enzymes that 

immobilize and neutralize bacteria. The relevance of NETs in host defense is illustrated 

by the fact that extracellular DNases serve as virulence factors in several pathogenic 

15 	bacteria. However, inappropriately released NETs may harm host cells due to their 

cytotoxic, proinflammatory, and prothrombotic activity. Indeed, NETs are frequently 

associated with inflammatory or ischemic organ damage and the therapeutic infusion of 

DNases limits host injury in various animal models. 

Extracellular trap (ET) formation is not limited to neutrophils as other 

20 leukocytes. namely monocytes, macrophages, basophils, cosinophils, and mast cells 

release ETs as well. Furthermore, cancer cells, including acute prornyelocytic leukemia 

(APL) cells, and injured endothelial cells can expose DNA-filaments. which have ET-

like features. 

How the host degrades NETs in vivo to limit tissue damage during episodes of 

25 	inflammation is poorl:, understood. DNasel (DI) in serum has been shown to digest the 

DNA-backbone of NETs in vitro. Other cxtracellular DNases have been identified, 

including DNasel-like 3 (D1L3) in circulation, which can digest extracellular 

microparticle-associated -chromatin. 

D1 and D1L3 form along with DNasel -like 1 (DILI) and DNase 1-like 2 

30 	(DIL2) the DNasel-protein family, a group of homologous secreted DNase enzymes that 

are expressed in humans and provide drug candidates for NET-associated diseases. 



However, the physical, enzymatic, and pharmacokinetic properties of these enzymes an 

not ideal for therapy. 

The present invention provides engineered DNases, including DNase I-like 3 

and DNasel, for therapy, including for preventing or treating vascular occlusions that 

	

5 	can result from release of NETs during acute. inflatnmatory episodes.. 

SUMMARY OF THE INVENTION 

The present invention provides engineered DNase proteins (including DNase ]-

like 3 and DNasel) that are useful for treating conditions characterized by neutrophil 

extracellular trap (NET) accumulation and/or release. In some aspects, the invention 

	

I() 	provides compositions and methods for preventing or treating vascular occlusion 

involving NETs. As demonstrated herein, NETs participate in a non-canonical 

mechanism for vascular occlusion, which is not dependent on fibrin and platelets. 

In some aspects. the invention provides DNase I -like 3 (D1L3) variants 

engineered to have physical, pharmacodynamic, and/or enzymatic properties more 

	

15 	suitable for therapy, for example, to reduce or prevent NET accumulation in a subject. In 

some embodiments, the DIL3 enzyme has advantages in manufacturing. providing for 

production of the recombinant enzyme suitable for use in therapy. In various 

embodiments, the invention provides a recombinant DI L3 variant comprising one or 

more amino acid alterations resultine in one or more elycosylations, inactivation of a 

	

20 	nuclear localization signal. and/or deletion of all or part of a C-terminal tail. 

In various embodiments, the DI L3 protein variant has increased protein stability, 

increased resistance towards inhibition by proteases, increased bioavailability, and 

substantially the same or better DNA and/or chromatin and/or NET-degrading activity 

(in vitro or in vivo) as compared to wild-type DIL3 protein. In various embodiments. the 

	

25 	D1L3 variant comprises one or more. of the following properties relative to wild type 

D1L3 (e.g., SEQ ID NO:2): the same or substantially the same (or higher) protein-free 

DNA (naked DNA) degradation activity, the same or substantially the same (or higher) 

chromosomal DNA (chromatin) degradation activity. protease resistance, an increased 

circulatory half-life, and higher production levels with in vitro expression systems 

	

30 	Chinese hamster ovary cells and/or Pichia pastor's). 



In some embodiments, the D1L3 variant includes one or a plurality of block 

substitutions from human DNasel (SEQ ID NO- 1), described herein as building block 

substitutions. 

In some aspects, the invention provides DNasel (DI) variants engineered to have 

	

5 	physical, pharmaco4munic. and/or enzymatic properties more suitable for therapy, for 

example, to reduce or prevent NET accumulation in a subject, In some embodiments, the 

D1 enzyme has advantages in manufacturing. providing for production of the 

recombinant enzyme suitable for use in therapy. In various embodiments, the engineered 

D1 variant comprises an amino acid sequence that is at least RO% identical to the mature 

10 enzyme of amino acid sequence of SEQ ID NO:1, with one or mom amino acid 

substitutions, additions (including insertions), or deletions resulting in one or more of a 

mutated DNA binding site, a mutated chromatin binding site, a mutated actin binding 

site, a mutated glycosylation site, addition of a nuclear localization signal (e.g.. having 

similarity or identity to NLS1 or NLS2 of DI 1.3), and/or a C-terminal domain similar to 

	

15 	or identical to the C-terminal tail of D I L3. 

In various embodiments, the DI variant is engineered to comprise one or more of 

the following characteristics relative to the wild type enzyme: the same or higher protein-

free DNA (naked DNA) degradation activity, higher chromosomal DNA (chromatin) 

degradation activity, similar or improved protease resistance, actin resistance, similar or 

	

20 	improved penetration from blood into urine and/or bile, and higher production levels in 

vitro expression systems (e.g. Chinese hamster ovary cells and/or Pichler pastor's). 

Dl variants described herein may have a combination of point mutations, 

including addition of cationic residues, and/or may comprise one or more block 

substitutions from D1L3 (SEQ ID NO:2). Such block substitutions are described herein, 

	

25 	and termed "building block substitutions." 

In some aspects, the invention provides pharmaceutical compositions comprising 

the D1L3 and/or DI variants. or polynucleotides or vectors encoding the same, and a 

pharmaceutically acceptable carrier. In various embodiments, the composition is 

formulated for parenteral or pulmonary administration. In some embodiments, the 

	

30 	composition is formulated for intravenous_ intraarterial, intraperitoneal, intraarticular, 

intramuscular topical. or subcutaneous administration. In some embodiments, the 

composition comprises both D 113 and D 1, which are each optionally engineered variants 

3 



described herein. In some embodiments, the composition comprises a chimeric protein 

containing block sequences from both DI and DI L3. Exemplary block substitutions 

between DI and DiL3 arc shown in FIG 31. 

In still other aspects, the invention provides a process for DNase enzyme 

	

5 	engineering, by producing chimeric sequences. For example, in these aspects the method 

comprises providing a protein-protein alignment of donor and recipient DNase enzymes; 

identifying variable amino acid sequences for transfer ("building block"). The variable 

amino acid or amino acids are flanked by one or more conserved amino acids in the donor 

and recipient DNase enzymes (upstream and downstream of the building: block). These 

	

1(1 	building blocks can be swapped between receipient and donor proteins. The chimeric 

enzyme is then produced recombinantly. 

In still other aspects, the invention provides a method of making a pharmaceutical 

composition for reducing or preventing neutrophil extracellular trap (NET) 

accumulation. In these embodiments, the invention employs a genetically modified 

	

15 	mouse deficient in D1 and D L3 activity, and heterologous expression of G-CSF 

polynueleotide (e-.g., in hepatocyte cells) or inducing a sustained endogenous G-CSF 

expression (e.g. via repetitive administration of microbial compounds). This mouse 

model accumulates NETs and rapidly develops NET-related vascular occlusions. In these 

embodiments, the invention comprises administering a candidate NET inhibitor or 

	

20 	candidate DNase enzyme (including a D1L3 or DI variant in accordance with this 

disclosure) to the genetically-modified mouse, and selecting a NET inhibitor or DNase 

enzyme that reduces the accumulation of NETs. The selected inhibitor or enzyme is 

formulated for administration to a human patient. 

In some aspects. the invention provides a method for treating a subject in need of 

neutrophil extracellular trap (NET) degradation. The method comprises administering a 

therapeutically effective amount of a D1L3 and/or Dl, and/or variants thereof according 

to this disclosure. The D1L3 or DI variant may be administered as pharmaceutical 

compositions comprising the recombinant protein, or in some embodiments the encoding 

DNA or RNA. or in some embodiments, vectors comprising the same. 

	

30 	In various embodiments. the present invention pertains to the treatment of 

diseases or conditions characterized by the presence or accumulation of NETs. Such 

diseases or conditions include, but are not limited to, diseases associated with chronic 

4 



neutrophilia (e.g., an increase in the number of neutrophils). neutrophil aggregation and 

leukostasis, thrombosis and vascular occlusion (c,e. sickle cell disease), ischemia-

reperfusion injury (e.g. midgut volvulus, testicular torsion, limb ischemia reperfitsion. 

vital organ ischemia-reperhision, organ transplantation), surgical and traumatic tissue 

	

5 	injury, an acute or chronic inflammatory reaction or disease, an autoimmune disease (e.g. 

systemic lupus erythematosus (SLE), lupus nephritis, rheumatoid arthritis. vasculitis, 

systemic sclerosis), cardiovascular disease (e.g.. myocardial infarction, stroke, 

atherosclerosis, venous thromboembolism, including thrombolytic therapy), metabolic 

disease (e.g., diabetes), systemic inflammation (e.g., systemic inflammatory response 

	

10 	syndrome (SIRS), sepsis, septic shock. disseminated intravascular coagulation (DIC), 

and thrombotic microangiopathy (TMA)), inflammatory diseases of the respiratory tract 

(e.g. cystic fibrosis, chronic Obstructive pulmonary disease (COPD), acute lung injury 

(ALI), smoke induced lung injury, transfusion induced lung injury (TRAL1). acute 

respiratory distress syndrome (ARDS). and asthma.. atelectasis„ bronchitis, empyeina), 

	

15- 	renal inflammatory diseases (acute and chronic kidney diseases, including acute kidney 

injury (Alit) and chronic kidney disease (CKD), inflammatory diseases related to 

transplated tissue (e.g. graft-versus-host disease) and cancer (e.g. leukemia, tumor 

metastasis, and solid tumors). 

In some embodiments, the subject has or is at risk of a ductal occlusion in a ductal 

	

/0 	system. Non-limiting examples of a ductal system or an organ or tissue containing a 

ductal system include bile duct. tear duct. lactiferous duct, cystic duct. hepatic duct, 

ejaculatory duct, parotid duct, submandicular duct, major sublingual duct, bartholin's 

duct. cerebral aqueduct pancreas, mammary gland, vas deferens, ureter, urinary bladder, 

gallbladder, and liver. As such, the present invention is useful for treating a subject who 

	

25 	has pancreatitis, cholangitis, conjunctivitis, mastitis, dry eye disease, an obstruction of 

the vas deferens. or renal disease. 

In other embodiments, the subject has or is at risk of NETs accumulating on 

endothelial surfaces (e.g., surgical adhesions), the skin (e.g., wounds/scarring, uclers), or 

in svnovial joints (e.g., gout, arthritis). For instance, NETs may contribute to surgical 

	

30 	adhesions, e.g.. after an invasive medical procedure. The present invention can be 

administered during surgery to prevent or inhibit the formation of surgical adhesions, hi 

some instances. D1. 1.)1L3 (including variants thereof), or the combination of DI and 

Dl.L3 (or variants thereof) as outlined herein can be administered topically to the skin to 
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prevent or treat wounds and/or scarring. In other instances. DI, D I L3. or variants, or the 

combinations thereof as outlined herein can be administered to synovial joints to prevent 

or treat gout and arthritis. 

In some embodiments, the subject has or is at risk of a vascular occlusion 

	

5 	comprising NETs. 

In various embodiments, the present invention pertains to the treatment of 

diseases that are treatable with DNase enzyme_ including DI and streptodornase. Such 

diseases or conditions include thrombosis, stroke, sepsis. lung injury, atherosclerosis. 

viral infection, sickle cell disease, myocardial infarction, ear infection, wound healing, 

	

10 	liver injury, endocarditis, liver infection, pancreatitis, primary graft dysfunction, limb 

ischernia reperfusion, kidney injury, blood clotting, alum-induced inflammation, 

hepatorenal injury. pleural exudations. hemotorax, intrabiliary blood clots. post 

pneumatic anemia, ulcers, otolarynizolottical conditions, oral infections, minor injuries, 

sinusitis, post-operative rhinoplasties, infertility, bladder catheter, wound cleaning, skin 

	

15 	reaction test, pneumococcal meningitis, gout, leg ulcers, cystic fibrosis, Kaitegener's 

syndrome, asthma, lobar atelectasis, chronic bronchitis. bronchiectasis. lupus, primary 

cilliary dyskinesia, brondtiolitis, empyenta, pleural infections, cancer, dry eyes disease, 

lower respiratory tract infections, chronic hematomas, Alzheimer's disease, and 

obstructive pulmonary disease. 

	

20 
	

In still other embodiments, the invention provides a method for recombinant 

production of D l or D 1 L3. or variants thereof, using a non-martunlian expression system. 

such as Pichia pastoris. In some embodiments, the Pichia pastoris encodes the DNase 

enzyme with the native signal peptide allowing for secretion from host cells. 

Other objects, embodiments and advantages of the present invention are apparent 

	

25 
	

in the Detailed Description below, 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. IA - FIG. IF illustrate that DNase 1 and DNase 113 in circulation degrade 

NETs in vitro, and characterize DNA-degrading activity of sera from WT, DNasel-/-

(D1-/-), DNase l.13-/- ( D1L3-/-), DNase 1/DNase113-/- (D1/D113-/-) mice. FIG. 1 A 

	

30 	provides detection of DNase I (Dl), DNase 1l3 (DI L3), and total DNase activity by the 

zymographic assays DPZ and SRED. FIG. 1B provide images and FIG. 1C provide 

quantification of DNA-stainings of NETs generated in vitro after incubation with sera 

6 



from indicated genotypes (N=6). Scale bar: 50 p.m. FIG. 1C shows DPZ and SRED 

analysis of sera from Dl/D113-/- mice stably expressing a plasmid with DNasel (DD. 

DNase 113-  (D10), or a control plasmid (Ctrl). FIG. IE shows images and FIG. IF shows 

quantification of DNA-staining of NETs generated in vitro after incubation with buffer 

or sera from DI /D1L3-/- mice expressing Dl, DIL3, or Ctrl (N=5). Scale bar: 50 pm, 

Images are representative of two or more independent experiments. Statistics: (FIG. 1C 

and FIG. I F) one-way ANOVA followed by Bonferroni" s multiple comparisons post test; 

§ P < 0.001 vs. all other groups. 

FIG. 2A-FIG. 21 illustrate that DNasel or DNase 113 is required to tolerate 

10 

	

	chronic neutrophilia. Chronic neutrophilia was induced by injection of a G-CSF- 

expression plasmid (CSF3). Controls received an empty plasmid (Ctr1), FIG. 2A shows 

blood neutrophil count of WT mice and controls after 2 weeks (N-3-6). FIG. 2B shows 

NET-like structures (arrow) in DNA-stainings of blood smears from WT mice after 1 

week (N=3). Scale bar: 20 urn. FIG. 2C shows survival of WT (N=7), DNasel-/- (D1-/- 

15 

	

	N=6). DNase 113-!- (D I L3-/-, N=6), DNase I /DNase113-/- mice (D1/D I L3-/-, N=6) and 

controls (Ctrl. N=4). FIG. 2D shows survival of DI/D1L3-/- mice co-expressing CSF3 

with DNasel (CSF3/D1, N=5), DNase 113 (CSF3/D1L3, N=6), and controls (CSF3/Ctrl, 

N=4). FIGS. 2E-21 characterizes mortality during chronic neutrophilia (N= 4). FIG. 2E 

shows change in peripheral body temperature. FIG. '2F provides photographs of plasma 

20 

	

	and urine. FIG. 2G provides concentration of hemoglobin in blood. FIG 2H provides 

images of blood smears. Arrows point to sthistocytes. Scale bar: 20 pm. FIG. 21 shows 

LDH concentration in plasma. UT: untreated mice (N=5-6). Images are representative of 

three or more mice. Statistics: (FIGS. 2A. 2H, 21) one-way and (FIG. 2E) two-way 

ANOVA followed by .Bonferroni's multiple comparisons post test, (FIG. 2B) student's 

25 

	

	t-test. (FIGS. 2C, 2D) Log-rank test; P < 0.01, § P < 0.001 vs, all other groups or 

baseline (BL). 

FIG. 3A-FIG. 3G illustrate that DNasel and DNasel 13 prevent vascular 

occlusion by NET-clots during chronic neutrophilia. Histological analysis of 

DN ase 1/DNase 1134- mice (131/D1 	co-expressing CSF3 with DNase I (CSF3/D1_ 

30 	N=4), DNase113 (C$173/D1L3, N=4), or a control plasmid (CSF3/Ctrl. N=4). FIG. 3A 

provides hematoxylin and eosin stainings (EWE) of lungs. Scale bars-. 500 pm 

(overview), 25 gm (detail). FIG. 3B shows quantification of blood vessels in lungs 

occluded by hematoxylin-positive clots per field of view (FOV). Untreated WT mice 

7 



(1.11WI, N=4), untreated DI/DIL3-/- mice (UT; N=4). FIG. 3C shows immunostaining 

of occluded blood vessels for the neutrophil-marker mycloperoxidase (MPG) and 

chromatin. FIGS. 3D and 3E show inummostaining for von. Willebrand factor (vWF). 

fibrin, and DNA. Three types of NET-clots were detected (a, vWF+/fibrin-; (3, 

vWF-i-ffibrint; y, vWF-Ifibrin-). FIG. 3F provides quantification of vWF and fibrin in 

NET-clots. Data shown as ineanASD, n = 108. FIG. 3G shows survival of Dl/D I L34-

mice.  expressing CSF3 treated with IgG (N=4). anti-platelet-IgG (N=5), and dabigatran 

(N=5). Scale bars: 50 pm. Images are representative of three or more mice. (FIGS. 3C, 

3D. 3E) dotted line indicates vessel wall. Statistics: (FIG. 33) one-way ANOVA 

10 	followed by Bonferroni's multiple comparisons post test; § P <0.001 vs. all other groups. 

(FIG. 30) Log-rank test; P > 0.05 Anti-Platelet-IgG or Dabigatran vs. IgG. 

FIG. 4A-FIG. 41 illustrate that DNasel and DNasell3 protect against host 

injury in septicemia. WT mice (N=5) and mice with a combined deficiency in DNasel 

and DNasell3 (D 1./D 1 L3-/-) expressing DNasel (DI, N=7), DNasell3 (DIL3, N=8), or 

15 	a control plasmid (Ctrl. N=11) were treated with lipopolysaccharide and heat-killed E. 

coil to induce septicemia. FIG. 4A shows survival time of septic mice. FIG. 4B shows 

concentration of hemoglobin in blood. FIG, 4C .shows photographs of plasma and urine. 

FIG. 4D provides LDH concentration in plasma. FIG. 4E shows quantification of 

schistocytes in blood per field of view (FOV). FIG. 4F shows quantification of occluded 

20 	blood vessels in lungs per FOV. FIG. 4G shows bernatoxylin and eosin stainings (H&E) 

of lungs. Arrowheads point to occluded blood vessels. Scale bars: 500 fun. FIGS. 411 and 

41 show H&E staining of partially and fully occluded blood vessel. Arrows point to NETs 

covering the intercellular space. Inserts are overviews. Scale bars: 50 gm. Statistics: 

(FIG. 4A) Log-rank test: # P < 0.01 vs. all other groups, (FIGS. 4B-4F) one-way A.NOVA 

25 	follOwed by Bonferroni's multiple comparisons post test; § P < 0,001, # P < 0.01, 

FIG. 5A-FIG. 5E show a murine model of chronic neutrophilia. Four-week old 

WT mice were injected with a CSF3-expression plasmid (CSF3) or with an empty control 

plasmid (Ctrl). FIG. 5A shows G-CSF levels in plasma (N=3-6). BL: baseline, before 

injection: Ctrl:. mice expressing the control plasmid without CSF3 for 2 weeks (N=4-5). 

30 	FIG. 58 shows immunostaining for neutrophil elastase of lungs, kidneys, and livers. 

Scale bars: 200 um. FIG. 5C shows photographs and weights of spleenS (N=5-6). Scale 

bar: 1 cm. FIG. SD shows body weight of mice at indicated times (N=3-5). FIG. 5E 

shows neutrophil counts in whole blood and plasma levels of ALT, AST, BUN. and 
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creatinine 2 weeks after the injection. Images are representative of three or more mice.. 

Statistics: (FIGS. 5A, 5C) one-way and (FIG. 5D) two-way ANOVA followed by 

Bonferroni's multiple comparisons post test. and (FIG. SE) Student's t-test: # P < 0.01. 

P < 0.001 vs. (FIG. 5A) BL, or (FIG. 5C) UT. 

	

5 	 FIG. 6A-FIG. 6D show that DNase 1 and DNase 113 prevent the formation of 

NET-clots and organ injury in liver and kidneys during chronic neutrophilia. Analysis of 

DNasel/DNase113-/- mice (DUD I L3-/-) co-expressing CSF3 a control plasmid 

(CSF3/Ctrl. N-4), with DNasel(CSF3/D I , N=4), or with DNasell3 (CSF3/13 113, N=4). 

Controls include untreated WT mice (UTWT. N=4) and untreated D 1 /D I L3-/- mice (UT: 

	

10 	N=4). FIG. 6A shows plasma levels of alanine and aspartate aminotransferases (ALT, 

AST). FIG. 68 show, s plasma levels of blood urea nitrogen (BUN) and creatinine. FIG. 

6C provides quantification of intravascular hematoxylin-rich clots in livers per section 

and in kidneys per field of view (FOV). F1G. 6D provides H&E stainings of livers and 

kidneys. Scale bars: 500 tun (overviews), 50 pm (detail). Images are representative of 

15 three or more mice.. Statistics: (FIGS. 6A, 6B, 6C) one-way ANOVA followed by 

Bonferrani's multiple comparisons post test; 4 P < 0.01, §.P < 0.001 vs. all other groups. 

FIG. 7A-FIG. 7C show hematoxylin-positive clots are composed of NETS. 

Analysis of lungs from D.Nasel/DNase113-/- mice (MID IL3-/-) with chronic 

neutrophilia (DI/1311..3V- -h CSF3/Ctrl) shown in FIGS. 3A-3G. FIG. 7A provides 

	

20 	staining with hernatoxyl in and eosin (H&E), for DNA, and for chromatin of consecutive 

lung sections. Scale bars: 200 Ern. FIG. 7B provides immunostaining of occluded blood 

vessel for chromatin, CRAMP (cathelin-related antimicrobial peptide). and DNA. Scale 

bars: 50 pm. FIG. 7C provides immunostaining of occluded blood vessel for chromatin, 

citrullinated historic 3 (cit113), and DNA. Scale bars: 50 1.nn, Images are representative 

	

25 	of three or more mice. 

FIG. 8A and FIG. 8B show that human NETs form clots in vitro. FIG. 8A 

provides a photograph of NET-clot (arrow) generated by PMA-activated human 

neutrophils in vitro. Untreated neutrophils (UT) or neutrophils activated in the presence 

of recombinant human DNasel (PMA + DI ) served as controls. Scale bars: 5 mm. FIG. 

	

30 	8.B provides hematoxylin and eosin stainings (H&E) and immunostaining for chromatin 

and the neutrophil-marker mycloperoxidase (MPO) of in vitro generated NET-clots, 

Scale bars: 200 pm. Images.are representative of three or more independent experiments. 
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FIG. 9A and FIG. 9B show NET-degradation correlates with disease activity 

in STEC-HUS. FIG. 9A shows images and FIG. 9B shows quantification of DNA-, 

staining of NETs generated in vitro after incubation with buffer, plasma from normal 

healthy donors (N=7). or plasma collected in the acute disease state (Acute) and in 

remission (Rem.) of II patients with STEC-HUS. Scale bar: 50 tun. Statistics; one-way 

ANOVA followed by Bonferroni's multiple comparisons post test, P < 0,001 vs, all 

Other uoups. 

FIG. 10 provides a table of descriptions of human tissue from various patients 

examined, such as patient number. cause of death as indicated in the autopsy report 

10 	(ARDS. acute respiratory distress. syndrome) Sex and age of the patient. Type of 

analyzed tissue. The tissues was analyzed in a three step procedure: first, identification 

of hcmatoxylin-rich clots / aggregates in heinatoxylin & eosin stainings: second, 

identification of NETs hematoxylin-rich clots by immunostaining for chromatin & 

myeloperoxidase (MPO); third. identification of the localization of the NET-clots within 

15 	the lung architecture. 

FIG. I IA-FIG. I ID show human NETs form clots in situ, Lung tissue 

collected at autopsy from two patients with sepsis (Patient #6 and #7 in FIG. 10). FIG. 

11A shows H&E staining of two hem atoxylni-rich intravascular clots in lung tissue from 

patient #6. FIG. I 18 shows immunostaining of consecutive section for chromatin and 

20 	myeloperoxidase (MPO) of left blood vessel shown in panel A: FIG. 11C shows H&E 

staining blood vessel in lung tissue from patient #7 shows hematoxylin-rich intravascular 

clots. FIG. HD shows immtmostaining of consecutive section for chromatin and MPO. 

Arrows point to clots of NETs. Scale bar: 50 pm. 

FIG. 12 showS NET-clots occlude blocid vessels in septic mice. 

25 	hnniunostaining of fully occluded blood vessel in septic DNascl/DNase113-/- mice for 

DNA, chromatin and myeloperoxidase (MPO). DNA and chromatin stainings of NETs 

(arrows) appear dimmer than nuclear stainings (asterisks) and cover the intercellular 

space. Scale bars: 10 pm. 

FIG. 13A-FIG. 13F shows that DNasel and DNase 113 degrade NETs by 

30 	distinct mechanisms. FIG. 13A provides DNA-stainings of PFA-fixed NETs generated 

in vitro after incubation with sera from WT, DNasel-/- (D1-/-), .DNase113-/- (DI L3-/-), 

DNasel/DNase113-/- mice (DI /D1L3-/-). Data are representative of a-3 independent 

10 



experiments. .Scale bar: 50 um. FIG. 13B shows the concentration of cell-free DNA 

fragments released from PFA-fixed NETs after incubation with sera from WT, 

D1L34-. and DI/D1L3-/- mice. FIG. 13C shows DNA-stainings of non-fixed NETs 

generated in vitro .after incubation with vehicle, recombinant murine DNasel (miD1), or 

recombinant murine DNase 113 (rrnD1L3). FIG. 13D shows the concentration of cell-free 

DNA fragments released from non-fixed NETs generated in vitro after incubation with 

vehicle. un D1, or rinD I L3. FIG. 13E shows DNA-stainings of PFA-fixed NETs 

generated in vitro after incubation with vehicle, rmD1, or miD1L3. FIG. 13F shows the 

concentration of cell-free DNA fragments released from PFA-fixed NETs generated in 

10 	vitro after incubation with vehicle, =DI , or rinD1L3. Statistics by one-way ANOVA 

followed by Bonferroni's multiple comparisons post test; P < 0.0001. 

FIG. 14A-FIG. 14G provide DNasel and DNase113 activity in the circulation 

of humans and mice. FIG. 4A-FIG. 14E show DNase activity in human and murine 

plasma quantified by SRED. FIG,. 14A illustrates supplementation of plasma from 

15 	normal healthy donors (NFID) with polvelonal antibodies against human DNasel (a-

hDNasel), but not with IgG, blocks the DNA degrading activity in a concentration-

dependent manner (*: p < 0.05 vs, IgG). FIG. 14B shows plasma supplemented with 200 

p.g/mla-hDNasel and heparin, an inhibitor of DNase113, blocks residual DNase activity 

in plasma supplemented with 200 µg/m1 a-hDNasel (*-: p < 0.05 vs..NHD). FIG. 14C- 

20 	FIG. I 4E provide a comparison of DNase activity in serial dilutions of plasma from mice 

and NFID. FIG. 14C illustrates that total DNase activity of WT mice is -approximately 

10-times higher than in NI-ID. FIG. 14D shows DNase 1 activity in plasma from 

DNase113-/- mice is approximatcl' 10-fold higher than hutnan plasma supplemented 

with 500 ag/m1 heparin. (E DNase11.3 activity in plasma from DNasel-I- mice is 

25 approximately 10-fold higher than human plasma supplemented with 200 ughtil a-

hDNase (F, 0) In vitro NET-degradation is illustrated in FIG. 14F and FIG. 14G. FIG. 

14F shows activated neutrophils incubated with plasma from NHD alone or 

supplemented with 200 µg/ml a-hDNasel, plasma from TMA patients, and plasma from 

WT, DNasel-/-, and DKO. mice (Scale bars: 200 gm). FIG. 14G shows cell-free DNA in 

30 	supernatants of activated rteutrophils incubated with plasma from indicated sources (§: p 

< 0.001 vs. NHD). In vitro NET-degradation by human plasma is dependent on DNasel 

as DNase 113 in human plasma is not sufficient to degrade NETs 
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FIG. 1.5A-FIG. 15C show a lethal course of chronic neutrophilia in an 

alternative strain of DNaseliDNase13-/- mice. An alternative strain of -DNasel-/- mice 

(see Methods of Example 1) was crossed with DNase113-/- mice to generate mice with a 

combined deficiency. FIG. 15A provides survival curves of neutrophilia in WT (N=9). 

	

5 	DNasel-l- (D1-/-_N,-,5), and DNase 1 /DNase113-/- mice (D1 /D1L3-/ --, N=5), Chronic 

neutrophilia was induced by injection of a CSF3-expression plasmid (CSF3). FIG. I5B 

provides hematoxylin and eosin stainings (H&E) of lung sections. Arrow points to 

hematoxylin positive clots in D 1 /D11.3-/- mice. Scale bar: 500 pm. FIG. 15C provides 

survival of D I /D1L3-/- mice -coexpressing CSF3 with a control plasmid (CSF3/Ctrl, 

	

10 	N=6), with DNasel (CSF3/D1, N=5), or with D,Nasell3 (CSF3/D1L3. N=6). Statistics: 

Log-rank test; § P < 0.001. 

FIG. 16A-FIG. 16B show the screening approach to identify hyperactive 

variants of DNasel and DNaselL3 in vitro. FIG. 16A -shows a library of DNases included 

wild-type DNasel 1.3 (I, D1L3), wild-type DNase I (II, DI), and variants thereof. D I and 

	

15 	D1L3- variants were designed by transferring amino acids from D I L3 to DI (III, DI v) 

and D I to DI L3 (IV. D1L3v). DNase activity was tested using the degradation of high-

molecular weight (HMW) DNA, dsDNA and chromatin, as a substrate. In FIG. 16B, 

zymography showed dsDNA degrading activity as dark circles. The dsDNA degrading 

activity correlates with the diameter. Samples without activity show the loading well as 

	

20 	small black spot (e.g. D 1., 0.0005 ng). D1 degrades dsDNA approximately 100-fold more 

efficiently than D1L3. Agarose gel electrophoresis (AGE) of DNA isolated from digested 

chromatin shows a shift from high-molecular weight DNA to lower or low-molecular 

weight DNA that correlates with chromatin degrading activity. DIL3 degrades chromatin 

approximately 100-fold morn efficiently than DI. At a ratio of 10:1 or 1:1 (m/in), DI and 

	

25 	D1 L3 show synergistic effects in the degradation of chromatin. 

FIG. 17 shows an amino acid sequence alignment of human .DNasel (SEQ lD 

NO: I) and human DNasel L3 (SEQ ID NO: 2). The signal peptide. conserved amino 

acids, additional arginine- and lysine-residues in variable regions of DIL3, and the C-

terminal tail of D1L3 are highlighted. Sequence rulers-  indicate the amino acid position. 

30 

FIG. 18 shows a list of arginine- and lysine-residues that are present in 

DNase113 only. The corresponding amino acid in DNasel and amino acid substitution 

in DNase I are indicated Numbers in brackets are the amino acid position in the mature 
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protein without signal peptide. Arginine- and lysine-residues that are located in the C-

terminal tail of D113 arc shown in lanes 29-37. This application tested 22 of the 37 

possible DNasel variants. 

FIG. 19 shows the chatneterization of DNasel variants with single arginine and 

	

5 	lysine amino acid substitutions listed in FIG. 18. Zymography showed dsDNA-degrading 

activity as dark circles. The dsDNA degrading activity correlates with the diameter, 

Agarose gel eleetrophoresis (AGE) of DNA isolated from digested chromatin shows a 

shift, from high-molecular weight DNA to lower or low-molecular weight DNA that 

correlates with chromatin degrading activity. Amino acid substitutions that cause an 

	

10 	increase in. chromatin degrading activity are highlighted in blue. Samples without such 

effect are shown in light blue. 

FIG. 20 shows the amino acid sequence alignment of human DNasel (SEQ 11) 

NO: 1), mouse DNasel (SEQ ID NO; 3), rat DNasei (SEQ ID NO: 4), and human 

DNase113 (SEQ ID NO: 2). Sequence rulers indicate the amino acid position. The signal 

	

15 	peptides are highlighted in grey. Cationic amino acid residues (arginine: R, 	K) 

that are present in mouse/rat DNasel and human DNase113. but not in human DNase 

are highlighted. Four such R/K-residues are shown in mouse DNasel (Q3 IR, Q49K, 

Q79R, W209R)_ Rat DNasel contains two additional R/K-residues (Q177K. 0262K). 

FIG. 21A-FIG. 218 shows a comparison between murine and human DNasel.. 

	

20 	(FIG. 21A) Zymography show dsDNA degrading activity as dark circles. The dsDNA 

degrading activity correlates with the diameter. Samples without activity show the 

loading well as small black spot (e.g. Ctrl). Minim DNasel (mDI) and human DNasel 

(D1) show similar levels of dsDNA degrading activity. Agarose gel electrophoresis 

(AGE) of DNA isolated from digested chromatin shows a shift from high-molecular 

weight DNA to lower or low-molecular weight DNA that correlates with chromatin 

degrading activity. Murine DNasei (mD1) shows more chromatin degrading activity 

than human DNase I 	(FIG. 218) Gcno therapy with human DNasel provides only 

partial protection from lethal vascular occlusion by NETs. Chronic neutrophilia with 

concomitant intravascular NET-formation was induced as by hepatic expression of Csf.3, 

30 which encodes with G-CSF. The data show the survival curve of Csp-expressing 

Dnose 1-1-Dnase11,34' mice. Animals were injected with Csf3 and an empty control vector 

(Col, N = 6). with a mixture of Cs/3 and human DNasel (hDnose 1 N 12), and ‘‘ith 
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co and mwine DNasel (mDnase 1 N = 5). P-values were calculated using log-rank 

test. 

FIG. 22A-FIG. 22B shows the characterization of rodent-like human DNasel-

variants in vivo and in vitro. (FIG. 20A) Gene therapy with rodent-like DNaseI-variants 

	

5 	provides full protection from lethal vascular occlusion by NETs. Chronic -iieutrophilia 

with concomitant intravascular NET-formation was induced as by hepatic expression of 

(7,y3, which encodes with G-CSF. The data show the survival curve of Csf3-expressing 

Dnasel*Dnase113-1' mice. Animals were injected with CO and an empty control vector 

(Orl, N = 6), with a mixture of Csj3 and human DNase 1 (hDnase 1 , N =12) as shown in 

	

10 	FIG. 21. A third group of Dnasel-I'Dnase1134-  mice received an injection with co and 

the gene encoding with marine-like DNase 1-variant, which contains 4 amino acid 

mutations -Q3112/Q49K/Q79R/W209R (Q3 I RQ49KQ79R/W209R, N = 6). A fourth 

group-ofDnaseti-Dnasel 13+ mice received an injection with co and the gene encoding 

with rat-like DNase -variant, which contains 6 amino acid mutations Q31R, Q49K, 

	

15 	Q79R, Q177K, W209R, and G262K (Q31R/Q49K,Q791Z/Q1 77K/14'209k G 262K, N 

6), P-values were calculated using log-rank test. (FIG. 22B) Zymography showed 

dsDNA degrading activity as dark circles. The dsDNA degrading activity correlates with 

the diameter.. Samples without activity show the loading well as small black spot (e.g. 

Ctrl). Agarose gel electrophoresis (AGE) -of DNA isolated from digested chromatin 

	

20 	shows a shift from high-molecular weight DNA to lower or low-molecular weight DNA 

that correlates with chromatin degrading activity The =urine-like variant of human 

DNasel (Q31R/Q49K/Q79R/W209R), and the rat-like variant of human DNase i 

(Q31R1Q49K/Q79R/Q177K/W209R/G262K) show similar dsDNA but more chromatin 

degrading activity than wild-type human .DNasel. 

	

25 	FIG. 23 shows the amino acid sequence alignment of human DNasel (D 1, SEQ 

ID NO: 1) and human DNasel L3 (D-1 L3. SEQ ID NO: 2). Sequence rulers demark the 

amino acid positions. Amino acids of D I with published mutations are highlighted. 

Human D 1 L3 contains three mutations that are associated with a gain-of-fnnction in 

human DNasel (Q31R71-227K/A136F) and four mutations that are not linked to 

	

30 	increased activity. 

FIG. 24A-24B show the characterization of DNasel variants (Dl v) with the 

mutations Q31R. T227K, and/or A 136F. (FIG. 24A) Culture supernatants of transfected 

HEK293 cells were analyzed. HET< cells transfected with wild type DNasel (D1) and 
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DNase 1 L3 (D I L3) served as controls. Zymography showed dsDNA degrading activity 

as dark circles. The dsDNA degrading activity correlates with the diameter. Samples 

without activity show the loading well as small black spot (e:g. Ctrl). Agarose gel 

electrophoresis (AGE) of DNA isolated from digested chromatin shows a shift from 

high-molecular weight DNA to lower or low-molecular weight DNA that correlates with 

chromatin degrading activity. The Di v  that features three amino acid mutations 

Q31 R/T227K/A I36F has similar dsDNA degrading activity, but a greater capacity to 

degrade chromatin than DI and D l v featuring Q31R, T227K, .A.136F, or Q31R/T227K. 

(FIG. 24B) Gene therapy with a hyperactive Di v provides full partial protection from 

10 	lethal vascular occlusion by NETS. Chronic neutrephilia with concomitant intravascular 

NET-formation was induced as by hepatic expression of Csf3, which encodes with G-

CSF. The- data show the survival curve of CO-expressing Dnase 1-1-Dnase.113' mice, 

Animals were injected with Cr../.3 and an empty control vector (Ctri, N = 6), with a 

mixture of 's/3 -and human DNasc l (hDnase I , N = 12) as shown in FIG. 21. In addition, 

15 a group of Dnase14-Dnase113' mice received an injection with OP and the gene 

encoding with a human DNasel-variant, which contains the triple amino acid mutation 

Q31R/1227K/A136F (Q311t,72271CA1361,', N = 6). P-values were calculated using log-

rank test. 

FIG. 25 shows a comparison of wild-type DNasel (Dl) and the DNasel- 

20 	variants (D l ") featuring the mutations Q31R/T227K/A136F. Purified proteins were 

analyzed at indicated -amounts, Zymography showed dsDNA degrading activity as dark 

circles. The dsDNA degrading activity correlates with the diameter, Samples without 

activity show the loading well as small black spot (e.g. 0 og). Agarose gel electrophoresis 

(AGE) of DNA isolated. from digested chromatin. shows a shift from high-molecular 

25 	weight DNA to lower or low-molecular weight DNA that correlates with chromatin 

degrading activity. The DNasel-variant featuring the mutations Q3IRr12271QA136F 

degrades chromatin. apprOximately 10-20-fold more efficiently than wild-type DNasel. 

FIG. 26 shows a comparison of DNase 1 variants (DI" with the amino acid 

mutations A164K, A136F, and .A164K/A136F with wild-type DNasel (D ) and wild- 

30 	type (D11.3). Culture supernatants of transfected 1-1E1( cells were analyzed. Zymography 

showed dsDNA degrading activity as dark circles. The dsDNA degrading activity 

correlates with the diameter. Samples without activity show the loading well as small 

black spot (e.g. Ctrl). Agarose gel electrophoresis (AGE) of DNA isolated from digested 
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chromatin shows a shift from high-molecular weight DNA to lower or low-molecular 

weight DNA that correlates with chromatin degrading activity. DNasel-variants 

featuring A136F/A164K degrades chromatin most efficiently. 

FIG. 27A-FIG. 27B shows development of a DNase I variant with the mutation 

	

5 	A226T227insK. (FIG. 26A) Amino acid sequence alignment of human DNase I (SEQ 

ID NO: 1) and human DNaselL3 (SEQ ID NO: 2), Sequence rulers demark the amino 

acid positions. Critical arginine residues in DNase 1 L3 are highlighted. Shared amino 

acids between DNasel and DNaselL3 are highlighted and serve as anchors to replace 

the amino acids sequence ATP of DNasel with VKKS of DNasel L3. (FIG. 26B) 

	

10 	Zymography showed dsDNA degrading activity as dark circles The dsDNA degrading 

activity correlates with the diameter. Samples without activity show the loading 1% ell as 

small black spot (e.g. Ctrl). The gel was loaded with wild-type DNasel (DI), DNasel 

variants (.D I") that feature the mutations A226 _T227insK, 1227K, and 

A226 J2213delinsVKKS. A226 J227insK., but not A2262228delinsVKKS, is 

	

15 	associated with a reduced dsDNA degrading activity. 

FIG. 28 shows the structure of human DNase 1 14AWNI. Highlighted are the 

N-terminal beta-sheet and the C-terminal beta-sheet and the motive S272/D273/H274, 

which is conserved among D [-protein family members. 

FIG. 29 shows the concept of building block engineering of homologous 

	

20 	proteins. The technology transfers single or multiple variable amino acids, which are 

flanked by conserved single or multiple variable amino acids, between a donor and 

recipient protein. 

FIG. 30 shows an amino acid sequence alignment of DNasel and DNase 1 L3 

of mouse (SEQ ID NOS: 3 and 34), rat (SEQ ID NOS: 4 and 35), chimpanzee (SEQ ID 

	

")5 	NOS; 36 and 37), and human (SEQ ID NOS: 1 and 2). The N-terminal signal peptide and 

conserved -amino acids are highlighted. Variable amino acids are not highlighted and 

serve as Building Blocks that can be transferred from DNasel to DNase 	and vice 

versa. Abbreviations: AA. amino acid. 

FIG. 31A-FIG. 31B show lists of Building Blocks in human DNasel (D1) and 

	

30 	human DNaselL3 (DI L3). FIG. 31A shows amino acids that are conserved in DI and 

D1L3, which serve as N- and C-anchors, respectively. Building blocks are variable 

amino acids in DI and DI L3. Mutations that transfer Building Blocks from D I L3 to Di 
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are shown. FIG. 31B shows N- and C-anchors in DI L3. Mutations that transfer Building 

Blocks from DI to DI L3 arc listed. AA: amino acid. 

FIG. 32 shows an application of the building block engineering ofhomologous, 

proteins. The application uses as an initial screening step, the transfer of clusters of 

	

5 	building blocks between a homologous donor and recipient protein. Additional optional 

steps are the transfer of individual building blocks, followed .by the transfer of individual 

amino acids, In a final step (not shown), multiple amino acids, building blocks, and 

building block clusters may be combined to degenerate a chimeric enzyme: 

FIG. 33 shows characterization of DNasel variants (D v) featuring building 

	

10 	blocks from DNasel L3 (DIL3). Zvmography showed dsDNA degrading activity as dark 

circles. The dsDNA degrading activity correlates with the diameter. Samples without 

activity show the loading well as small black spot (e.g. Or!). Agarose gel electrophoresis 

(AGE) of DNA isolated from digested chromatin shows a shift from high-molecular 

weight DNA to lower or low-molecular weight DNA that correlates with chromatin 

	

15 	degrading activity. Building block substitutions that cause an increase in chromatin 

degrading activity arc highlighted in dark shade. Samples without such effect are shown 

in light shade. A DNasel variant featuring the combination of building blocks 11,12-14, 

26, 41-48, and 49 shows similar chromatin degrading activity than wild-type DNaselL3. 

FIG. 34A-FIG. 34B shows the development of a DNaselL3 variant without 

	

20 	the C-terminal tail of wild-type DNaselL3. FIG. 34A shows an amino acid sequence 

alignment of human DNasel (SEQ ID NO: 1) and human DNase IL3 (SEQ ID NO: 2), 

Sequence rulers demark the amino acid positions. The C-terminal tail of DNaselL3 

highlighted and its nuclear localization signal is boxed. Shared amino acids between 

DNasel and DNasel L3 are indicated. Amino acids located after the conserved SDH 

25 motive were exchanged the building block cluster 60-62 between DNasel and 

DNase I L3. FIG. 34B shows zymography showing dsDNA degrading activity as dark 

circles. The dsDNA degrading activity correlates with the diameter. Samples without 

activity show the loading well as small black spot (e.g. Ctrl). Agarose gel electrophoresis 

(AGE) of DNA isolated from digested chromatin shows a shift from high-molecular 

	

30 	weight DNA to- lower or low-molecular weight DNA that correlates with chromatin 

degrading activity. The gels were loaded with wild-type DNase 1 (D1), DNase I variant 

(D I v) that features the 13B cluster 60-62 from DI, DNaselL3 variant (DIL3v) that 

features the BB cluster 60-62 from DI, and a D I L3v  with two mutations (K301A, 
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K303A) were. made to inactivate the NLS2. DIL3`'' with BB cluster 60-62 from 131 

showed increased chromatin degrading activity compared to wild-type DIL3. 

FTC. 35A-FIG. 35B shows the development of glycosylated DNaselL3 

variants (DIU"). FIG. 35A shows the amino acid sequence alignment of human DNasel 

	

5 	(SEQ ID NO: 1) and human DNaselL3 (SEQ ID NO: 2). Sequence rulers demark the 

amino acid positions. The glycosvlation motives N40-X-T42 and N128-130 of 

DNasel are highlighted. The sites are part of building block (13B) 4 and building block 

cluster (BB) 23-25: Relevant shared amino acids between DNasel and DNaselL3 are 

highlighted. (FIG. 35B) Zymography showed dsDNA. degrading activity as dark circles. 

	

10 	The dsDNA degrading activity correlates with the diameter. Samples without activity 

show the loading well as small black spot (e.g. Ctrl). Agarose gel electrophoresis (AGE) 

of DNA isolated from digested chromatin shows a shift from high-molecular weight 

DNA to lower or low-molecular weight DNA that correlates with chromatin degrading 

activity. The gels were loaded with wild-type DNaselL3 (DIL3). DNaselL3 variant 

	

15 	(DIL3v) that features BB 4 from DI, and DNaselL3 variant (DIL3v) that features the 

BB cluster 23-25 from DI. A Western Blot (WE) ith antibodies against D I L3 detected 

that DIL3v showed increased amounts of larger proteins. Both glycosylated DNaselL3 

variants (DIL3`'') retained their capacity to degrade chromatin. 

FIG. 36A -FIG. 36F shows the therapeutic effect of DNaselL3 (SEQ ID NO: 

	

20 	2) and a variant thereof (SEQ ID NO: 17) against NETs in vivo. FIG. 36A shows an H&E 

staining of a mouse heart with a hematoxylin-rich and dense clot of NETS within a 

cardiac chamber, FIG. 36B shows a time line starting with the induction of NETs, leading 

to vascular occlusion by NETs and death. Hematuria and hypothermia are external signs 

for in vivo NET-clots. (FIG. 36C) Outline of the experimental design. Cs:f3 was 

	

25 	expressed in. Driasel+Dnasel 13+ to induce vascular clots of NEI's. Mice that showed 

hematuria and hypothermia were randomized by an injection of vehicle (N = 3), dornase 

alpha (D1, N = 3), purified DNaselL3 (D1L3_ N = 3), or a purified DNaselL3 variant 

.(SEQ ID NO. 17„ DI L3v, N = 3). After 30 minutes lungs and serum were collected. The 

therapy with DIL3 or DIL3v. but not saline or DI, significantly reduced vascular 

	

30 	occlusion by NETs in lungs (FIG. 36D) and increased the levels of DNA. in serum (FIG. 

36E). FIG. 36F shows oligo-nueleosomes in the serum from mice receiving the DIL3 

therapy. Mice receiving DI L3" showed smaller mono- and di-nucleosomes. DNA 
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isolates from serum of mice receiving DI therapy showed faint DNA smears of various 

sizes, whereas no DNA could be isolated from serum of mice injected with vehicle. 

FIG. 37A-FIG. 37C shows the therapeutic effect of a DNaselL3 variant (SEQ 

ID NO: 17) in a rat model of ischemia-reperfusion (IR) injury. (FIG: 37A) Outline of the 

	

5 	experimental design: One testicle of male wild-type rats was subjected to testicular 

torsion, The procedure causes an ischemic tissue injury, Miee were randomized, A de-

torsion of the testicle was performed, followed by an injection of vehicle (N = 6), domase 

alpha (DI, N = 6). or a purified DNaselL3 variant (SEQ ID NO: 17, D1L3v, N = 6): The 

untreated and the isehemie testicle were collected after 7 days. FIG. 37B shows that the 

	

10 	therapy with the DIL3v, but not saline or DI, significantly reduced atrophy in the 

ischemie testicle. FIG. 37C quantified the macroscopic tissue injury. All untreated 

testicles are brownish and vaseularized, indicating healthy tissue (Ctrl, Score: 0). 

Testicular torsion followed by reperfusion damaged tissue, which appeared whitish (IR., 

Scott: 4). Therapy with the D1L3 V,. but not saline or D 1, substantially reduced the tissue 

	

15 	injury and 4/6 testicles showed no signs of injury. Scale bar: lent. 

FIG. 38A-FIG. 38C shows the expression level's of DNase 1, DNaselL3. and 

variants thereof. (FIG. 38A) -Stable pools of CHO cells producing wild-type DNasel 

(D1), a variant thereof (Div, SEQ. ID NO: 7), v ild-type D1L3, and a variant thereof 

(D1L3v, SEQ ID NO: 17) were cultured in bioreactors. Samples were collected 

	

20 	periodically and analyzed by Western Blot. Expression of DI and D 1 v was detected, but 

only low levels of DI L3 and DI L3v. (FIG. 38B) Robust expression of Dl La and D1L3v 

was achieved in Piehia pastaris. (FIG, 38C) Zymography showed dsDNA degrading 

activity as dark circles. The dsDNA degrading activity correlates with the diameter. 

Samples without activity show the loading well as small black spot (e.g. D1L3, 0.0005 

	

25 	ng). Agarose gel electrophoresis (AGE) of DNA isolated from digested chromatin shows 

a shift from high-molecular S‘ eight DNA to lower or low-molecular weight DNA that 

correlates with chromatin degrading activity. D1L3v degrades chromatin approximately 

10-fold more efficiently than D1L3. 

FIG. 39 illustrates certain DNase variants in accordance with this disclosure. 

	

30 	The amino acid mutations in DNase I and DNase113 with signal peptide as well as the 

mature proteins without signal peptide are listed. Mutations that were generated using 

Building Block Engineering are marked with --I--  and the Building Blocks are indicated 

in brackets. 

19 



DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides engineered DNase proteins, members of the 

DNase I -protein family (including DNasc (-like 3 and DNase l) that are useful for treating 

conditions characterized by neutrophil extracellular trap (NET) accumulation and/or 

	

5 	release. In some aspects. the invention provides compositions and methods for 

preventing or treating vascular occlusion involving NETs. As demonstrated herein, NETs 

participate in a non-canonical mechanism for vascular occlusion, which is not dependent 

on fibrin and platelets. 

As used herein, the term `'neutrophil extracellular trap" or '''NET" refers to any 

	

10 	extracellular trap ("Er) comprising extracellular DNA formed by cells such as, but not 

limited to, neutrophils, monocvtes, macrophages, basophils, eosinophils, mast cells, 

cancer cells. injured cells (e.g.. injured endothelial cells), and the like. Unless the context 

indicates otherwise, the terms NET and ET are used interchangeably herein. 

There are two extracellular DNaso enzymes found in the circulation of humans 

	

15 	and mice. DNase (DI) and DNascl-like 3 (D11,3). These enzymes can be deficient in 

their ability and mechanism to degrade NETs in vitro and in vivo, and are found at 

relatively low concentrations in humans and mice. The natural enzymes do not have ideal 

physical, enzymatic, and/or phannacodynamic properties for recombinant therapy, and 

particularly for systemic therapy. 

	

2(1 	DI and D1L3 belong, along with DNase I-like 1 (DIU ) and DNase 1-like 2 

(D11,2), to the DNase 1-protein family. D I and D I L3 are expressed in a variety of species 

including, humans, primates, and rodents. In humans and mice. D1 and D 1 L3 show a 

protein similarity of 49-52%. However, despite their homology, DI and D1L3 differ in 

cellular origin, sensitivity towards inhibitors, and substrate affinity. DI preferentially 

	

25 	cleaves protein-free DNA (e.g. bacterial DNA, plasmid DNA), whereas D 1 L3 targets 

chromatin, the complex of DNA and histories, which is commonly found in the nucleus 

of eukaiyotic cells. DI activity is inhibited upon binding to monomeric actin and 

sensitive to physiological salt concentrations. In addition. Dl is glycosylated at N4() 

(corresponds to N18 in the mature enzyme without signal peptide) and N128 (N106), 

	

30 	which makes the enzyme resistant to inactivation by serum proteases. In contrast, D1L3 

lacks glycosylation and actin-binding sites, which causes its susceptibility towards 

several proteases and resistance towards actin, respectively. 
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In some aspects, the invention provides D 1 L3 variants engineered to have 

physical, pharmacodynamic, and/or enzymatic properties more suitable for therapy, for 

example, to reduce or prevent NET accumulation in a subject. hi various embodiments, 

the invention provides a recombinant DI L3 protein variant comprising: one or more 

	

5 	glycosylations, one or more amino acid alterations resulting in increased substrate 

affinity, inactivation of a nuclear localization signal. deletion of all or part of a C-terminal 

tail, pegylation, and fusion to a carrier protein or moiety. In various embodiments, the 

D1L3 variant has increased protein stability, increased protease-resistance, increased 

bioavailability, increased half-life in circulation, and/or substantially the same or better 

	

I 0 	DNA and/or chromatin and/or NET-degrading activity, higher production levels with in 

vitro expression systems (e.g. Chinese hamster ovary cells and/or Pichia pastorig) as 

compared to wild-type DIL3 protein of SEQ ID NO:2. 

In various embodiments, the .DIL3 variant comprises an amino acid sequence 

with at least 80% sequence identity to the enzyme defined by the amino acid sequence 

	

15 	of SEQ ID NO:2„ with one or more amino acid modifications with respect to SEQ ID 

NO:2 as described herein. In some embodiments, D I L3 variant comprises an amino acid 

sequence with at least 90%, or at least 95%, or at least 97%, or at least 98% sequence 

identity with with the DNase enzyme defined by SEQ ID NO:2. 

As used herein, when referring to sequence identity with wild-type DNase 

	

20 	enzymes, and unless stated otherwise, sequences refer to mature enzymes lacking the 

signal peptide. Further, unless stated otherwise, amino acid positions arc numbered with 

respect to the full translated DNase sequence, including signal peptide, for clarity. 

Accordingly, for example, reference to sequence identity to the enzyme of SEQ ID NO:2 

refers to a percent identity with the mature enzyme having M21 at the N-terminus. 

	

25 	Similarly, reference to sequence identity to the enzyme of SEQ ID NO:1 (human D1) 

refers to a percent identity with the mature enzyme having L23 at the N-terminus. 

The similarity of nucleotide and amino acid sequences, i.e. the percentage of 

sequence identity, can be determined via sequence alignments as known in the art. Such 

alignments can be carried out with several art-known algorithms. such as with the 

	

30 	mathematical algorithm of Karlin and Altschul (Karlin & Altschul (1993) Proc. Nat/. 

Acad. S'ci. USA 90: 5873-5877). with hmmalign (HMMER package, 

littp://funmer.wustLedu/) or with the CLUSTAL. algorithm (Thompson, J. D.. Higgins, 
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D. G. & Gibson, T. J. (1994) Nucleic Acids Res. 22. 4673-80). Exemplary algorithms 

are incorporated into the BLASTN and BLASTP programs of Altschul et al (1990).1. 

lvfol. Biol. 215: 403-410_ When utilizing BLAST programs, the default parameters of the 

respective programs are used. 

	

5 	In some embodiments. the recombinant D1L3 protein variant comprises one or 

more glycosylation consensus sequences, e.g., NX(T/S). The human wild type enzyme 

.(SEQ ID NO:2) does not contain a consensus glycosylation sequence. However, 

engineering a glycosylation consensus sequence into D i L3 can provide for glycosylation 

(and protease resistance) without substantial impact on the enzyme activity. In some 

	

10 	embodiments, the glycosylation consensus sequence includes a D38N substitution and 

an N4OT or N4OS substitution, and/or an A127N substitution and a V129T or V129S 

substitution from the wild type sequence (e.g., SEQ ID NO:2). In some embodiments, 

the recombinant DIL3 enzyme has one. two, three, or four glycosylation sites. The 

consensus sequence can be introduced into the protein at a location that does not affect 

	

15 	its enzymatic activity. and in some embodiments is located near portions of the enzyme 

that are important for maintaining structure of the enzyme (e.g.. such as within amino 

acids 25 to 289., and in some embodiments, within amino acids 24 to 150) 

In some embodiments, the invention provides a DNase enzyme comprising an 

amino acid sequence that is at least 80% identical to the amino acid sequence of the 

	

20 	enzyme defined by SEQ ID NO:2, wherein the enzyme has a substitution of asparagine 

at the position corresponding to position 38 and/or position 127 of SEQ ID NO:2, and 

the N38 and/or N127 is glycosvlated. In some embodiments, the substitution at position 

38 and/or 127 is made via a building block substitution from SEQ ID NO:1 as described 

herein. 

In various embodiments. DIL3 variants having one or more glycosylations 

exhibit increased resistance to serum protease degradation and/or an increased serum 

half-life compared to wild-type D 1 L3 protein (SEQ ID NO:2). 

In some embodiments, D113 protein variant comprises an inactivation of a 

nuclear localization signal (NLS). D1L3 features two nuclear localization sites (NLS I . 

	

30 	NLS2), which both target the enzyme to the nucleus during apoptosis. Indeed. D1L3 is 

required for fragmentation of nuclear DNA in apoptotic and necrotic cells in vivo. NLS I 

is located near the N-terminus (about amino acid positions 80 to 96 with respect to SEQ 
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ID NO: 2). NLS2 (amino acid positions 291 to 304 with respect to SEQ ID NO: 2) is 

embedded within a C-terminal tail (amino acid positions 283 to 305 with respect to SEQ 

ID NO: 2) that is unique to D1L3 and not present in DI. The C-terminal tail is thought 

to be required for Dl L3 to degrade different substrates of extracellular DNA. namely 

	

5 	lipid-encapsulated DNA and chromatin within apoptotic bodies, Lipids encapsulate DNA 

during transfections. In brief_ cDNA. protein-free DNA. and cationic lipids form a 

complex that penetrates through the plasma membrane of target cells. D1L3 interferes 

with transfections and the C-terminal tail is critical for this function. Physiological 

substrates of D1L3 are apoptotic bodies, extracellular lipid vesicles filled with chromatin 

	

10 	from apoptotic cells. The C-terminal tail enables DI 1,3 to penetrate through lipid 

membranes of apoptotic bodies and degrade the chromatin load. The C-terminal tail is 

also thought to be required for degradation of lipid-free, extracellular chromatin by 

D1L3. Thus, the C-terminal tail, a molecular feature unique to D 1 L3, appears to be 

responsible for the distinct substrate affinities of DI and D1L3. 

	

15 	Inactivation of one or more NLSs enhances the availability and/or activity of the 

enzyme in the circulation. In some embodiments, the NLS inactivation is by deletion of 

all or part of NLS1 and/or NLS2. In some embodiments, the NLS is inactivated by 

substitution and/or deletion of amino acids within NLS1 and/or NLS2. In some 

embodiments, NLS2 is deleted, entirely or partially. In some embodiments, the DIL3 

	

20 	protein variant comprises a deletion of all or part of the C-terminal tail, and/or 

substitution of one or more amino acids in the C-terminal 

In certain embodiments, the D1L3 variant contains one or more, e.g., 1, 2, 3, 4, 

5. or more amino acid substitutions, additions (e.g., insertions), or deletions in the NM] 

domain. The NLS2 domain or a portion thereof may be deleted. In certain embodiments, 

	

25 	the DIL3 protein variant contains one or more. e.g.. 1. 2. 3. 4. 5, or more amino acid 

substitutions, additions, or deletions in the C-terminal tail domain. The C-terminal tail 

domain or a portion thereof may be deleted. In various embodiments. the D11,3 protein 

variant contains one or more, e.g.. 1. 2, 3. 4. 5, or more amino acid substitutions, 

addition& or deletions in the NLS2 domain which is located in the C-terminal tail 

	

30 	domain. The NLS2 domain or a portion thereof can be deleted in the DIL3 protein 

variant. 

In various aspects. the invention provides a protein engineering technology that 

is based on a transfer of a single amino acid or multiple-adjacent amino acids, termed 
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"building block", between two members of a protein family, such as DNasel-protein 

family members_ to generate _enzymatically active variants of DNasel,protein family 

members (including variant of DI and DIU). A "building block" is defined by amino 

acids that are variable between two or more members of the DNase 1-protein family. 

	

5 	These variable amino acids are flanked by amino acids that are conserved between two 

or more members of the DNase I-protein family ("anchors"). The variable single amino 

acid or multiple contiguous amino acids (-building blocks") are exchanged between 

members of the DNasel -protein family by implanting them between conserved single 

amino acid or multiple contiguous amino acids ("anchors"). 

This approach is referred to berein as "building-block protein engineering." 

Where three or more amino acids are transferred, up to 1/3 of the amino acids may be 

further substituted. For example. where where three or six amino acids are transferred as 

a building block, one or up to two resides may be further substituted, respectively. In 

some embodiments, four or more amino acids arc transferred as a building block 

	

15 	substitution. and up to 25% of the transferred amino acids are further substituted, e.g.., 

with conservative or non-conservative amino acid modifications-. For example. where 

four, eight, or twelve amino acids are transferred, one, two, or three amino acids 

(respectively) may be further substituted in the building block substitution. 

In various aspects (including in connection with embodiments described above), 

	

20 	the D I L3 variant comprises at least one building block substitution from DI FIG. 31 

illustrates 62 building block substitutions between DI and DI L3. 

Exemplary building block substitutions from DI include one or more of 

substitution of 1-20 (MSRELAPLLLLLLSII-ISALA) of SEQ 113 NO:2 with 1-22 

(MROM.KLLGALLALAALLQGAVS) from SEQ ID NO:1; substitution of 21-25 

	

25 	(MRICS) of SEQ ID NO:2 with 23-27 (LKIAA) from SEQ ID NO:1; substitution of 28-- 

30 (VRS) of SEQ ID NO:2 with 30-32 (IQT) from- SEQ ID NO:1; substitution of 33-34 

(ES) of SEQ ID NO:2 with 35-36 (ET) from SEQ-  ID NO: I: substitution of 36-45 

(QEDKNAMDVI) of SEQ ID NO:2 with 38-47 (MSNATLVSY1) from SEQ ID NO:1; 

substitution of 47-51 (KVIK) of SEQ ID NO:2 with 49-53 (AILS) from SEQ ID NO: I; 

	

30 	substitution of 52 (C) of SEQ ID NO:2 with 54 (Y) from SEQ -ID NO:1; substitution of 

54-5$ (TILVM) of SEQ ID NO:2 with 56-60 (IA LVQ) from SEQ ID NO:1; substitution 

of 60-61 (1K) of SEQ ID NO:2. with 62-63 (VR) from SEQ ID NO:1; substitution of 63- 
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70 (SNNRICPI) of SEQ ID NO:2 with 65-72 (SHLTAVGK) from SEQ ID NO:1; 

substitution of 72-74 (MEK) of SEQ ID NO:2 with 74-76 (LDN) from SEQ ID NO: I; 

substitution of 77-84 (RNSRRG1T) of SEQ ID NO:2 with 79-84 (QDAPDT) 

from SEQ ID NO:1; substitution of 86 (N) of SEQ ID NO:2 with 86 (H) from SEQ ID 

	

5 	NO:1; substitution of 88-89 (VI) of SEQ ID NO:2 with 88-89 (VV) from SEQ ID NO:1; 

substitution of 91-92 (SR) of SEQ ID NO:2 with 91-92 (EP) from SEQ ID NO:1; 

substitution of 96-97 (NT) of SEQ ID NO:2 with 96-97 (NS) from SEQ ID NO:1; 

substitution of 101 (Q) of SEQ ID NO:2 with 101 (R) from SEQ ID NO:1; substitution 

of 103 (A) of SEQ ID NO:2 with 103 (L) from SEQ ID NO:1; substitution of 103 (L) of 

	

10 	SEQ ID NO:2 with 105 (V) from SEQ ID NO:1: substitution of 107-110 (KEK 1) of SEQ 

ID NO:2 with 107-110 (RPDQ) from SEQ ID NO:1; substitution of 113-116 (VKRS) of 

SEQ ID NO:2 with 11341.6 (AVDS) from SEQ ID NO:1; substitution of 118 (H) of SEQ 

ID NO:2 with 118 (Y) from SEQ ID NO:1; substitution of 120 (H) of SEQ ID NO:2 with 

120 (D) from SEQ ID NO:1; substitution of 122-127 (YQDGDA) of SEQ ID NO:2 with 

	

15 	122-128 (GCEPCGN) from SEQ ID NO:1; substitution of 129 (V) of SEQ ID NO:2 with 

130 (T) from SEQ ID NO:1; substitution of 131 (S) of SEQ ID NO:2 with 132 (N) fiorn 

SEQ ID NO:1: substitution of 135-136 (FV) of SEQ ID NO:2 with 136-137 (A.IV) from 

SEQ ID NO:1; substitution of 138 (W) of SEQ ID NO:2 with 139 (R) from SEQ ID 

NO: 1; substitution of 140-143 (QSPI-1) of SEQ ID NO:2 with 141-144 (FSRF) from SEQ 

	

20 	ID NO:1; substitution of 145-148 (AVKD) of SEQ ID NO:2 with 146-149 (EVRE) from 

SEQ ID NO:1; substitution of 150 (V) of SEQ ID NO:2 with 151 (A.) from SEQ ID NO:1; 

substitution of 152 (I) of SEQ ID NO:2 with 153 (V) from SEQ ID NO:1; substitution of 

156-157 (TT) of SEQ ID NO:2 with 157-158 (AA) from SEQ ID NO:1; substitution of 

159-161 (EIS) of SEQ ID NO:2 with 160-162 (GDA) from SEQ ID NO:1; substitution 

	

25 	of 163 (K) of SEQ 1D NO:2 with 164 (A) from SEQ ID NO:1; substitution of 167 (E) of 

SEQ ID NO:2 with 168 (A) from SEQ ID NO:1; substitution of 169-170 (VE) of SEQ 

ID NO:2 with 170-171 (YD) from SEQ ID NO:1; substitution of 173 (T) of SEQ ID 

NO:2 with 174 (L) from SEQ ID NO: I: 	substitution of 176-178 (KHR) of SEQ ID 

NO:2 with 177-179 (QEK) from SEQ ID NO:1; substitution of 180-181 (KA) of SEQ ID 

	

30 	NO:2 with 181-182 (GL) from SEQ ID NO:1; substitution of 183-186 (NFIF) of SEQ ID 

NO:2 with 184-187 (DVML) from SEQ ID NO:1: substitution of 198-201 (PKKA) of 

SEQ ID NO:2 with 199-202 (RPSQ) from SEQ ID NO:1; substitution of 203-204 (KN) 

of SEQ ID NO:2 with 204-205 (SS) from SEQ ID NO:1: substitution of 208 (R) of SEQ 

ID NO:2 with 209 (W) from SEQ ID NO:1: substitution of 210 (D) of SEQ ID NO:2 
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with 211 (S) from SEQ ID NO:1; substitution of 212 (R) of SEQ ID NO:2 with 213 (T) 

from SEQ ID NO:1; substitution of 214 (V) of SEQ ID NO:2 with 215 (Q) from SEQ ID 

NO:1: substitution of 218 (G) of SEQ 1D NO:2 with 219 (P) from SEQ ID NO:1: 

substitution of 220-221 (QE) of SEQ ID NO:2 with 221-222 (SA) from SEQ ID NO: I:, 

	

5 	substitution of 225-228 (VKKS) of SEQ ID NO:2 with 226-228 (ATP) from SEQ ID 

NO:1: substitution of 230 (N) of SEQ ID NO:2 with 230 (H) from SEQ ID NO:1; 

substitution of 238-240 (LRG) of SEQ ID NO:2 with 238-240 (VAG) from SEQ ID 

NO: I; substitution of 241-246 (QEIVSS) of SEQ ID NO:2 with 241-246 (MLLRGA) 

from SEQ ID NO:1; substitution of 250 (K) of SEQ ID NO:2 with 250 (D) from SEQ ID 

	

10 	NO:1: substitution of 252-254 (NSV) of SEQ ID NO:2 with 252-254 (ALP) from SEQ 

ID NO:1; substitution of 256 (D) of SEQ ID NO.2 with 256 (N) from SEQ ID NO:1; 

substitution of 259-260 (KA) of SEQ ID NO:2 with 259-260 (AA) from SEQ ID NO:1; 

substitution of 262 (K) of SEQ ID NO:2 with 262 (0) from SEQ ID NO:1; substitution 

of 264-267 (TEEE) of SEQ ID NO:2 with 264-267 (SDQL) frown SEQ ID NO:1; 

	

15 	substitution of 269-271 (LDV) of SEQ I D NO:2 with 269-271 (QAI) from SEQ ID NO: 

substitution of 275 (F) from SEQ ID NO:2 with 275 (Y) from SEQ ID NO:1; substitution 

of 279-280 (FK) of SEQ ID NO:2 with 279-280 (VM) from SEQ ID NO:1; and 

substitution of 282-305 (QSSRAFTNSKKSVTLRKKTKSKRS) of SEQ ID 

NO:2 with 282 (K) from SEQ ID NO:1. 

	

20 	These building block substitutions from DI result in variants of D11,3 which 

feature 	one; 	or 	more 	of 	the 	following 	mutations: 

Ml _A2OdelinsNIRGMKLLGALLALAALLQGAVS, 	M21S25delinsLKIAA, 

V28_S30de1insIQT, 	E33_534delinsET, 	Q36_145delinsMSNATLVSYL 

K47_K.50delinsQILS, 	C52Y, 	154_11458delinsIALVQ, 	I60_K61de1insVR, 

25 S63_170delinsSHLTAVGK, M72_K74delinsLDN, R77_T84delitisQDAPDT, N86H, 

V88 189delinsVV, S9 I R92delinsEP, N96 _I97dclinsNS. Q101R, A1031.„ 1,105V, 

K107_L I 10delinsRPDQ, 	V113_SI !6deJinsAVDS, 	HI 18Y. 	14120D, 

Y1.22_A127delinsGCEPCGN, V12917. S131N, 135F136VdelinsA 1, W I38R, 

Q140H143delinsFSRF, 	A145_D148delinsAVKD, 	V150A, 	1152A, 

	

30 	T156:1157delinsAA, El 59.516 ldelinsGDA, K163A, El 67A, V169_E170delinsYD, 

TI73L, K176_R I 78delinsQEK.. K180_A18 IdelinsGL, N I 83_F I 86delinsDVML. 

PI98A201delinsRPSQ, K203_N204delinsSS, R208W, D2 WS, R2I2T.. V214Q, 

G218P, Q220_E221delinsS.A, V225_S228delinsATP, N23014, L238_R239delinsVA, 
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Q241_S246delinsMLLRGA, 	K2500, 	N252_V254delinsA LP, 	D256N, 

K259_A260delinsAA, K262G, T264E267delinsSDQL, L269Y271delinsQA1, 

F275Y. F.279,..K.2.80delinsVM. Q282_S305delinsK. 

The term -delins" refers to a deletion between and including two indicated amino 

	

5 	acids, with an insertion of an amino acid or sequence of amino acids at the site of the 

deletion. For example, the notation E91_P92delinsSR means that the amino acids from 

E91 to P92 are deleted and the amino acids SR are inserted at the site of the deletion 

(e.g., the resulting amino acid sequence will have S91 and. R.92). 

The term "ins" refers to an insertion of amino acidS between two indicated amino 

10 acids. For example, the notation E91_P92insSR means that the amino acids SR are 

inserted between E91 arid P92, resulting in the sequence E.9i, S92, R93, and 1'94_ 

Multiple mutations in one enyzme are separared by "/" 	T227K/A136F or 

RI 99_Q202delinsPKKA/S204_S205delinsKNAV209R/S211D/T213R/Q215V/P219G/ 

S221.  A222delinsQE 

	

15 	In some embodiments, the D1L3 variant comprises one or more adjacent building 

block substinttions. For example, the D1L3 variant may comprise with respect to SEQ 

ID NO:2 the mutation F275Y/F279_1(280delinsVWQ282_S305.delinsK (SEQ ID NO: 

17). In some embodiments, the D I L3 variant may comprise with respect to SEQ 1D NO:2 

the mutation Q36_145delinsMSNATLVSYI (SEQ ID NO: 19): In some. embodiments. 

20 the D1L3 variant may comprise with respect to SEQ ID NO:2 the mutation 

Y122A127delinsGCEPCGNN129T/S13 I N (SEQ ID NO: 20). 

In an exemplary embodiment, the D1L3 variant comprises 2 or 3 substitutions 

selected from the mutations with :respect to SEQ ID NO:2: 

Q36_145delinsIvISNATLVSY1, 	Y122_A127delinsGCEPCGN/V1291/S131N, 

	

25 	F275Y/F279_K280d.elinsV M/Q282.5305delinsK 

Thus, in sonic embodiments, the invention provides a DNase enzyme comprising 

an amino acid sequence that is at least 80% identical to the amino acid sequence of the 

enzyme defined by SEQ ID NO:2, and comprises at least one building block substitution 

from the amino acid sequence of SEQ ID NO: I. Building block substitutions between 

	

30 	SEQ ID NOS: I and 2 are illustrated and numbered in FIG. 31. For example, in some 

embodiments, the enzyme comprises the mutation F275Y/F279K280delinsVM/ 

Q282.5305delinsK, and which optionally comprises the amino acid sequence of SEQ 
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ID NO: 17. In some embodiments, the enzyme comprises the mutations 

Q36..145delinsMSNATL VSY I, Y122._A127delinsGCEPCGN, V129T, or S13 IN, and 

optionally has the amino acid sequence of SEQ ID NO: 19 or SEQ 1D NO: 20. 

Exemplary DI.L3 variants include those comprising the amino acid sequence of 

	

5 	SEQ ID Nos: 17 to 20. The invention in some embodiments, includes derivatives having 

from 1 to 10 (e.g., 1 to 5) amino acid insertions, deletions, or substitutions with respect 

to any one of SEQ ID NOS:17 to 20. In some embodiments. the D1L3 variant comprises 

one or more additional block amino acid substitutions from a homologous DNase (e.g.. 

from DD. Such block substitutions may replace at least 2, at least 3, at least 4, or at least 

	

10 	5 amino acids. In some embodiments, the black substitutions replace from 2 to 20 amino 

acids, such as from 3 to 15 amino acids, or from 3 to 10 amino acids, with the comparable 

building block from the homologous DNase. 

The engineered variants of DI L3 protein may comprise one or more additional 

amino acid substitutions, additions (insertions), deletions_ or truncations in the amino 

	

15 	acid sequence of human D I L3 (SEQ ID NO: 2) Amino acid substitutions may include 

conservative and/or non-conservative substitutions. 

For example. ''conservative substitutions" may be made, for instance, on the basis 

of similarity in polarity, charge, size, solubility, hydrophobicity, hydrophilicity_ and/or 

the amphipathic nature of the amino acid residues involved. The 20 naturally occurring 

20 amino acids can be grouped into the following six standard amino acid groups: (I) 

hydrophobic: Met, Ala. Vat, Leu, Ile; (2) neutral hydrophilic: Cys, Ser, Thr; Asti, Gin:, 

(3) acidic: Asp. Glu; (4) basic: His, Lys. Arg; (5) residues that influence chain 

orientation: Gly, Pro; and (6) aromatic: Trp, Tyr. Phe. "Conservative substitutions' are 

defined as exchanges of an amino acid by another amino acid listed within the same 

	

.75 	group of the six standard amino acid groups shown above. For example, the exchange of 

Asp by Glu retains one negative charge in the so modified poly-peptide. In addition, 

glycine and prolinc may be substituted for one another based on their ability to disrupt 

a-helices. As used herein. "non-conservative substitutions-  are defined as exchanges of 

an amino acid by another amino acid listed in a different group of the six standard amino 

	

30 	acid groups (1) to (6) shown above. 

In some embodiments. the D1L3 protein variant comprises an N-terminal or C-

terminal fusion to a half-life extending moiety, such as albumin, transferrin, an Fe, or 
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elastin-like protein. See US 9,458,218. which is hereby incorporated by reference in its 

entirety, In some embodiments, the D 1 L3 is dimerized by an immunoglobulin hinge 

region. For example, the engineered enzymes described herein may also include an Fe-

fusion domain (e.g. a hinge and CH2 domains and 0-13 domains of an itnmunoglobulin). 

	

5 	In other cases, the engineered D I L3 protein is fused to albumin, e.g., human albumin or 

a fragment thereof. See WO 2015/066550; US 9,221.896. which are hereby incorporated 

by reference in its entirety. Albumin can be joined to at the N-terminus or the C-terminus 

of the engineered DI protein, and may optionally comprise an amino acid linker. In some 

embodiments, D1L3 and D 1 are together dimerized by an Fe hinge region, creating a 

	

10 	dimeric molecule with synergistic functional properties for degrading NETS. 

In some embodiments, the recombinant D I L3 protein variant comprises one or 

more polyethylene glycol (PEG) moieties. which may be conjugated at one or more of 

positions or the C-tenninus. In some embodiments, the native amino acid at that position 

is substituted with an amino acid having a side chain suitable for crosslinking with 

	

15 	hydrophilic moieties, to facilitate linkage of the hydrophilic moiety to the peptide. In 

other embodiments an amino acid modified to comprise a hydrophilic group is added to 

the peptide at the C-terminus. The PEG chain(s) may have a molecular weight in the 

range of about 500 to about 40,000 Daltons. In some embodiments, the PEG chain(s) 

have a molecular weight in the range of about 500 to about 5M00 Daltons. In some 

	

20 	embodiments, the PEG chain(s) have a molecular weight of about 10,000 to about 20,000 

Daltons. 

In various embodiments, the D1L3 protein variant has increased protein stability, 

increased serum availability, and substantially the same or better NET-degrading activity 

(as determined in vitro or in vivo) as compared to wild-type D1L3 protein. In various 

	

25 	embodiments, the DI L3 variant comprises one or more of the following properties 

relative to wild type D I L3: higher protein-free DNA (naked DNA) degradation activity. 

the same or substantially the same (e.g., at least 50%) chromosomal DNA degradation 

activity, protease resistance, an increased half-life, and higher production levels with in 

vitro expression systems (e.g. Chinese hamster ovary cells and/or Pichia pastori.$) 

	

30 	DNA fragmentation can be measured using methods known to those skilled in 

the art such as gel electrophoresis and DNase activity assays. Methods for quantifying 

NETs. NET  degradation. and DNA fragmentation activity arc described in, for example, 

Hakkim et al., Prot, Nall. Acad. Sci USA, 2010, 107(21):9813-9818: Napirei -et al. 
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Biochem J, 2005.389: 355-364. Fuchs et al.. .1 Cell Biol. 2007. 176(2):231-241. Sisirak 

et al. Cell, 2016. 166:88-101, and Jimenez-Alcaz.ar et al../ Thromb Ha2most, 2015, 13, 

732-742. 

In some aspects, the invention provides DNasel (DI) variants engineered to have 

	

5 	physical, pharmacodynamic. and/or enzymatic properties more suitable for therapy, for 

►xample. to reduce or prevent NET accumulation in a subject. In some embodiments, the 

variant is more amenable to recombinant expression, thereby providing considerable 

manufacturing advantages. In various embodiments, the engineered DI variant 

comprises an amino acid sequence that is at least 80% identical to the mature enzyme 

	

10 	defined by the amino acid sequence of SEQ ID NO: I, with one or more amino acid 

substitutions, additions, or deletions resulting in one or more of a mutated DNA binding 

site, addition of a chromatin binding site, a mutated actin binding site, mutation of a 

glycosOation site, addition of a nuclear localization signal (e.g., having similarity or 

identity to NLSI or NLS2 of DIL3), and/or a C-terminal domain similar to the C- 

	

15 	terminal tail of DIL3. The D1 variant comprises an amino acid sequence with at least 

80% identity to the amino acid sequence of the enzyme defined by SEQ 1D NO: I, with 

one or more amino acid modifications with respect to SEQ ED NO:1 as described herein. 

In some embodiments, DI L3 variant comprises an amino acid sequence with at least 

90%. or at least 95%. or at least 97%, or at least 98% identity with the enzyme of SEQ 

	

20 	ID NO:1 

In various embodiments, the DI variant comprises one or more amino acid 

substitutions, additions, deletions. or truncations in the amino acid sequence of human 

DI (SEQ ID NO: I). In some embodiments, the amino acid substitutions. and may 

include conservative and/or non-conservative substitutions as described. For example, 

	

25 	the DI variant may have from I to 20 (or from 1 to 10, or from I to 5) amino acid 

substitutions, deletions. or insertions with respect to the enzyme of SEQ If) NO:l. 

In some embodiments, the D I variant comprises one or more additional block 

amino acid substitutions from a homologous DNase (e.g.. from DI L3). Such block 

substitutions may each replace from I to 24 amino acids. such as from 3 to 15 amino 

	

30 	acids, or from 3 to 10 amino acids, from the homologous DNase. In some embodiments. 

the Dl variant comprises from 2 to 5 block substitutions from the homologous DNase 

(e.g.. D1L3). In some embodiments 2 or 3 contiguous building block substitutions are 

transferred. 
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In various embodiments, the DI variant is engineered to comprise one or more of 

the following characteristics relative to the wild type enzyme: the substantially the sane 

or higher protein-free DNA (naked DNA) degradation activity (e.g.. at least 50% or 

better). higher chromosomal DNA degradation activity, similar or improved protease 

	

5 	resistance, actin resistance, an increased serum half-life, improved penetetration from 

blood into urine or bile, or a combination of such properties. 

In some embodiments, the engineered D 1 enzyme comprises an amino acid 

sequence comprising at least 50% (or at least 70%, 80%. 90%) sequence identity to the 

C-terminal domain of wild-type DI L3 protein (e.g.. amino acids 283 to 305 of SEQ 11) 

	

10 	NO:2). 

In some embodiments. the DI enzyme comprises an amino acid sequence having 

at least 50% or at least 75% sequence identity to the NI,S1 of wild-type D1L3 (amino 

acids 35 to 51 of SEQ ID NO:2), a nuclear localization signal 2 (NLS2) having 

substantial sequence identity to the NLS2 of wild-type D1L3 protein (amino acids 296 

	

15 	to 304 of SEQ ID NO:2). 

In various aspects, the recombinant Dl variant comprises one or more building 

block 	substitutions 	selected 	from: 	substitution 	of 	1-22 

(MRGMKLLGALL.ALAALLQGAVS) from SEQ ID NO:1 with 1-20 (MSRELAPLLL 

LLLSTHSALA) from SEQ ID NO:2; substitution of 23-27 (LKIAA) from SEQ ID NO:1 

	

20 	with 21-23 (MIMICS) from SEQ ID NO:2; substitution of 30-32 (IQT) from SEQ ID NO: I 

with 28-30 (VRS) from SEQ ID NO:2; substitution of 35-36 (ET) from SEQ ID NO:I 

with 33-34 (ES) from SEQ ID- NO:2; substitution of 38-47 (MSNATLVSYI) from SEQ 

ID►  NO:I with 36-45 (QEDKNAMDVI) from SEQ ID NO:2; substitution of 49-52 

(QILS) from SEQ ID NO: I with 47-50 (KVIK) from SEQ ID NO:2-; substitution of 54 

	

25 	(V) from SEQ ID NO:1 with 52 (C) from SEQ ID NO:2; substitution of 56-60 (IALVQ) 

from SEQ ID NO: I with 54-58 (IILVM) from. SEQ ID NO:2;substitution. of 62-63 (VR) 

from SEQ ID NO: I with 60-61 (1K) from SEQ ID NO:2; substitution of 65-72 

(SHLTAVGK) from SEQ ID NO:1 with 63-70 (SNNRECPI) from SEQ ID NO:2; 

substitution of 74-76 (LDN) from SEQ ID NO:1 with 72-74 (MEK) from SEQ ID NO:2: 

	

30 	substitution of 79-84 (QDAPDT) from SEQ ID NO: I with 77-84 (RNSRRGIT) from 

SEQ ID NO:2; substitution of 86 (H) from SEQ ID NO:1 with 86 (N) from SEQ ID 

NO:2; substitution of 88-89 (VV) from SEQ ID NO:1 with 88-89 (VI) from SEQ ID 

NO:2: substitution of 91-92 (EP) from SEQ ID Na 1 with 91-92 (SR) from SEQ ID 
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NO:2; substitution of 96-97 (NS) from SEQ ID NO:1 with 96-97 (NT) from SEQ ID 

NO:2: substitution of 101 (R) from SEQ ID NO:1 with 101 (Q) from SEQ ID NO:2; 

substitution of 103 (L) from SEQ ID NO: I with 103 (A) from SEQ I.D NO:2: substitution 

of 105 (V) from SEQ ID NO:1 with 105 (L) from SEQ ID NO:2; substitution of 107-110 

	

5 	(RPDQ) from SEQ ID NO:1 with 107-110 (KEKL) from SEQ ID NO:2, substitution of 

113-116 (AVDS) from SEQ ID NO:1 with 113-116 (VKRS) from SEQ TD NO:2; 

substitution of 118 (Y) from SEQ ID NO:1 with 118 (H) from SEQ ID NO:2, substitution 

of 120 (D) from SEQ ID NO:1 with 120 (H) from SEQ ID NO:2; substitution of 122-

128 (GCEPCGN) from SEQ ID NO:1 with 122-127 (YQDGDA) from SEQ ID NO:2, 

10 substitution of 130 (TF) from SEQ II) NO:1 with 129 (V) from SEQ ID NO:2; 

substitution of 132 (N) from SEQ ID NO:I with 131 (S) from SEQ ID NO:2: substitution 

of 136-137 (AI) from SEQ ID NO: I with 135-136 (FV) from SEQ ID NO:2; substitution 

of 139 (R) from SEQ ID NO:1 with 138 (W) from SEQ ID NO:2; substitution of 141-

144 (FSRF) from SEQ ID NO:1 with 140-143 (QSPH) from SEQ ID NO:2; substitution 

	

15 	of 146-149 (EVRE) from SEQ ID NO:1 with 145-148 (AVKD) from SEQ ID NO:2; 

substitution of 151(A) from SEQ ID NO:1 with 150 (V) from SEQ ID NO:2; substitution 

of 153 (V) from SEQ ID NO:1 with 152 (I) from SEQ ID NO:2: substitution of 157-158 

(AA) from SEQ ID NO:1 with 156-157 (TT) from SEQ ID NO:2: substitution of 160-

162 (GDA) from SEQ ID NO:1 with 159-161 (ETS) from SEQ ID NO:2; substitution of 

	

20 	164 (A) from SEQ 1D NO:1 w ith 163 (K) from SEQ ID NO:2; substitution of 168 (A) 

from SEQ ID NO:1 with 167 (E) from SEQ ID NO:2; substitution of 170-171 (YD) from 

SEQ ID NO:1 with 169-171 (VE) from SEQ ID NO:2 substitution of 174 (14 from SEQ 

ID NO:1 with 173 (T) from SEQ ID NO:2; substitution of 177-179 (QEK) from SEQ ID 

NO:1 with 176-178 (KHR) from SEQ ID NO:2: substitution of 181-182 (GL) from SEQ 

	

25 	ID NO:1 with 180-181 (KA) from SEQ ID NO:2; substitution of 184-187 (DVML) from 

SEQ ID NO: I with 183-187 (NFIF) from SEQ ID NO:2: substitution of 199-202 (RPSQ) 

from SEQ ID NO:1 with 198-201 (PKKA) from SEQ ID NO:2; substitution of 204-205 

(SS) from SEQ ID NO:1 with 203-204 (KN) from SEQ ID NO:2; substitution of 209 

(W) from SEQ ID NO:1 with 208 (R) from SEQ ID NO:2; substitution of 211 (S) from 

	

30 	SEQ ID NO:1 with 210 (D) from SEQ ID NO:2; substitution of 213 (T) from SEQ ID 

NO: L with 212 (R) from SEQ ID NO:2; substitution of 215 (Q) from SEQ ID NO:1 with 

214 (V) from SEQ ID NO:2: substitution of 219 (P) from SEQ ID NO:1 with 218 (G) 

from SEQ ID NO:2; substitution of 221-222 (SA) from SEQ ID NO: I with 220-221 (QE) 

from SEQ ID NO:2: substitution of 226-228 (ATP) from SEQ ID NO:1 with 225-228 
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(VKKS) from SEQ ID NO:2; substitution of 230 (H) from SEQ ID NO:1 with 230(N) 

from SEQ ID NO:2; substitution of 238-239 (VA) from SEQ ID NO: I with 238-239 

(LR) from SEQ ID NO:2; substitution of 241-246 (MLLRGA) from SEQ ID NO:1 with 

241-246 (QEIVSS) from SEQ ID NO2; substitution of 250-251 (D) from SEQ ID NO:1 

	

5 	1s. ith 250-251 (K) from SEQ ID N0,2; substitution of 252-254 (ALP) from SEQ ID NO:1 

with 252-254 (NSV) from SEQ ID NO:2; substitution of 256 (N) from SEQ ID NO:1 

with 256 (1)) from SEQ ID NO:2; substitution of 259-260 (AA) from SEQ ID NO:1 with 

259-260 (KA) from SEQ ID NO:2, substitution of 262 (G) from SEQ ID NO:1 with 262 

(K) from SEQ ID NO:2; substitution of 264-267 (SDQ) from SEQ ID NO:1 with 264- 

	

10 	267 (TEEE) from SEQ ID NO:2; 	substitution of 269-271 (QAT) from SEQ ID NO- 1 

with 269-271 (LDV) from SEQ ID 'NO:2; substitution of 275 (Y) from SEQ ID NO:I 

with 275 (F) from SEQ ID NO:2; substitution of 279-280 (VM) from SEQ ID NO:1 with 

279-280 (FK) from SEQ ID NO:2; and substitution of 282 (K) from SEQ ID NO:1 with 

282-305 (QSSRAFTNSKKSVTLRKKTKSKRS) from SEQ NO:2. 

	

15 	These building block substitutions from D1L3 results in variants of Dl, which 

feature 	one 	or 	more 	of 	the 	following 	mutations: 

IMS22delinsMSRELAPLIALLLSIRSALA, 	 L23 A27delinsMRICS, 

130_T32definsVRS, 	E35 J36delinSES, 	-M38 147delinsQEDKNAMDVI, 

Q49_552de linsKVIK, 	Y54C, 	156_Q60delinsIILVM, 	V62_R63delinsIK, 

20 S65K72delinsSNNRICPT, L74_N76delinsMEK, Q79 T84dclins.RNSRRGIT, H86N, 

V88_V39delinsVT, E9I_P92delinsSR, N96_S97delinsNT, R I 01Q, Ll 03A, VI 05L, 

R107_Q110delinsKEKL, 	A113 SI. 16delinsVKRS 	Y11811 
	

D12.0H, 

0122N128delinsYQDGDA. T130S, N132S, A136_1137delinsFV, R I 39W, 

F14 1_F I 44delinsQSPH, 	E146_E149delinsAVKD, 	A 151V, 	V1531, 

	

25 	A 157_A158delinsTT, 0160_A162delinSETS, A164K, A168E, YI70_1317 I delinsV E, 

L174T, Q177_K179delinsKHR, G18 I _L I 82dclinsKA, D184_L187dclinsN EN, 

RI 99_Q202delinsPKKA. S204_S205dclinsKN, W209R- S211 D, T2 I 3R, Q215V, 

P219G, S22LA222delinsQE, A226P228delinsVKKS, 1-1230N,.. V238 A239delinsLR, 

M241_A246delinsQEIVSS, 	D250K, 	A252_P254delinsNSV, 	N256D, 

	

30 	A259_A260delinsKA, 0262K, S264_L267delinsTEEE. Q269 J271delinsLDV, Y275F, 

V279_M280delinsFK, K282delinsQSSRAFTNSKKSVTLRKKTKSKRS. 

In some embodiments, a recombinant Dl variant comprises the following 

modifications with respect to SEQ ID N0:1.: Y275F, V279_M280delinsFK, and 
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K282delinsQSSRAFTNSKIKSVTLRKKTKSKRS (SEQ ID NO: 16). Such variants 

comprise a C: terminal tail„.and display higher affinity for DNA-lipid complexes. 

In some embodiments, a recombinant Di variant comprises the following amino 

acid modifications with respect to SEQ ID NO:1: Q79_1-84delinsRNSRRGIT (e.g., SEQ 

	

5 	ID NO: IQ); H86N. and/or, V88_V89delinsVI, and/or E91_1392delinsSR (e.g. SEQ ID 

NO: 11, which includes all three); A136_1137delinSEV (e.g., SEQ ID NO-  12); 

R199_Q202delinsPICKA, and/or S204S205delinsKN, and/or W209R, and/or S211D, 

and/or T213R, and/or Q215V, and/or P219a and/or S221_A222delinsQE (e.g,„ SEQ ID 

NO: 13. which includes all eight); and A226_P228delinsVKKS (e-.g., SEQ ID NO: 14). 

	

10 	In sonic embodiments, where the DI variant comprises the substitution 1186N, 

the variant comprises at least one addition modification. such as a building block 

substitution or other point mutation described herein (such as the addition of a cationic 

amino acid or substitution that results in resistance to actin). 

In some embodiments, the DI variant comprises-at least two adjacent, contiguous, 

	

15 	building block substitutions that result in mutations with respect. to SEQ ID NO:1 of: 

1-186NN88 V89delinsVI 	 SEQ 	ID 	NO: 	11); 

RI 99_Q202del nsPKKA/S204S205delinsKNAV209R/S211Drr213R/Q215V /P2 I 90/ 

S221_A22.2delinsQE 	 SEQ 	ID 	NO: 	13); 

Y275FN279_M280delinsFK/K282delinsQSSRAFTNSKKSVTLRKKTKSKRS (SEQ 

	

20 	ID NO: 16). 

In some embodiments, the invention provides a DNase enzyme comprising an 

amino acid sequence that is at least 80% identical to the amino acid sequence of the 

enzyme defined by SEQ 11.) NO:1, and comprising at least one building block substitution 

from the amino acid sequence of SEQ Ira NO:2, where the DNase enzyme has increased 

	

25 	chromatin-degrading activity as compared to the DNase enzyme of SEQ ID NO:1, In 

some embodiments, the enzyme comprises at least two adjacent building block 

substitutions from SEQ ID NO:2. Building block substitutions between Di (SEQ ID 

NO:1) and DI L3 (SEQ ID NO:2) are illustrated in FIG. 31. 

In some embodiments, the enzyme comprises the following. modification with 

30 respect to SEQ ID NO:1: Q79 T84delinsRNSRRGIT, and optionally comprises the 

amino acid sequence of SEQ TD NO: 10. 
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In some embodiments, the enzyme comprises the following modification with 

respect to SEQ ID NO:1: H86N/V88V89delinsVI/E91.292delinsSit, and optionally 

comprises the amino acid sequence of SEQ ID NO: .11, 

In some embodiments. the enzyme comprises the following modifications with 

	

5 	respect to SEQ ID NO:1: A1361137delinsFV, and optionally comprises the amino acid 

sequence of SEQ ID NO: 12 

In some embodiments, the enzyme comprises two or more of the following 

modifications with respect to SEQ ID NO:l.  R199 9202delinsPKKA, and/or 

S204LS205delinsKN, and/or W209R, and/or S2 1.1D, and/or T213R, and/or Q215V, 

	

10 	and/or P219G. and/or S221_A222delinsQE, and optionally compriSes the amino acid 

sequence of SEQ ID NO: 13 (which comprises all eight). 

In some embodiments, the enzyme comprises the following modifications with 

respect to SEQ ID NO:1: A226_P228delinsVKKS, and optionally comprises the amino 

acid sequence of SEQ ID NO: 14. 

	

15 	In some embodiments, the enzyme comprises two or more of the following 

modifications with respect to SEQ ID NO:1: Q79 _T84delinsRNSRRGIT. acid/or 

and/or V 88 V89delinsVI, and/or E9 I J92delinsSR„ and/or A136_1137delinsFV, and/or 

R199_Q202delinsPKKA, and/or S204_S205delinsKN, and/or W209R, and/or S21 ID, 

and/or 121311.. and/or Q2 I5V, and/or P2190, and/Or S221_8222delinsQE, and/or 

	

20 	A226_P228definsVKKS, and optionally comprises the amino acid sequence of SEQ ID 

NO: 15, 

In some embodiments, the enzyme comprises two or more the following 

modification with respect to SEQ ID NO:1:Y275F, and/or V279_M280delinsFK, and/or 

K282delinsQSSRAFTNSKKSVTLRKKTKSKRS, and optionally comprises the amino 

	

25 	acid sequence of SEQ ID NO: 16. 

Exemplary D l variants include those comprising the amino acid sequence of 

ID NO;5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8. SEQ ID NO:9, SEQ ID NO:10, 

SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:15, and 

SEQ ID NO:16. The invention in some embodiments, includes derivatives having from 

	

30 	I to 10 (e.g., 1 to 5) amino acid insertions, deletions, or substitutions with respect to any 

one of SEQ ID NOS: 5, 6, 7, 8, 9, 10. 11, 12, 13. 14. 15, or 16. In some embodiments, 

the D1 i ariant comprises one or more additional block amino acid substitutions from a 
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homologous DNase (e.g., from D1,13). Such block substitutions may replace from 2 to 

20 amino acids, such as from 3 to 15 amino acids, or from 3 to 10 amino acids of the DI 

variant with building block amino acids from the homologous DNase (e.g., D 113, SEQ 

ID NO:2). Building block substitutions between DI and Dl L3 are illustrated in FIG. 31. 

	

5 	In some embodiments, the DNase enzyme comprises an amino acid sequence that is at 

least 95% or at least 97% identical to SEQ ID NO:15. 

In various embodiments, the enzyme exhibits one or more properties selected 

from: similar or higher affinity for protein-free DNA compared to the enzyme of SEQ 

ID NO:1, a higher chromatin degradation activity compared to the enzyme of SEQ ID 

	

10 	NO:1, an enzymatic activity that is resistant to inhibition by actin compared to the 

enzyme of SEQ ID NO:1, and a combination thereof. 

In some embodiments, the D1 variant comprises an Nkterminal or C-terminal 

fusion to a half-life extending moiety, such as albumin, transferrin. an  Fe, or elastin-like 

protein, as described for Di L3. in some embodiments, the DI enzyme is dimerized by 

	

15 	an Unnuinogiobulin hinge region. 

In various embodiment's, the DI valiant exhibits one or more properties selected 

from: the same or higher protein-free DNA (naked DNA) degradation activity. higher 

chromosomal DNA (chromatin) degradation activity_ similar or improved protease 

resistance. actin resistance, similar or improved penetration from blood into urine and/or 

	

20 	bile, and higher production levels in vitro expression systems (e.g. Chinese hamster 

ovary cells and/or Pichia pastons), and a combination thereof 

In various embodiments, the DNase enzyme comprises an amino acid sequence 

that is at least 80% identical to the amino acid sequence of the enzyme defined by SEQ 

ID NO:1, and comprises the substitution, insertion, or addition of one or more arginine 

	

25 	and/or lysine residues, wherein the DNase enzyme has increased chromatin-degrading 

activity as compared to the enzyme of SEQ ID NO:1.. In some embodiments, the one or 

more arginine and/or lysme residues are amino acid substitutions selected from 

substitutions at positions corresponding to positions 31. 41, 49, 52, 68, 76. 79. 81, 92, 

109. 114, 115, 164. 177. 181, 200, 201, 204, 209, 213. 227, 239, 250, 259, 262. and 280 

	

30 	of SEQ ID NO:l. Exemplary modifications at these positions include 'Q3 IR,. A41K, 

Q49R, S52K, T68R, N76K, Q79R, D80_A8 insR„ A8111. P92R, 0109K, V1I4K, 

D11511... A1.64K, Q177K, 0181K, P200K, S20 IK, S204R, W209R, T213R, 
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A226_T227insK. 1227K, A239R, 0250K, A259K, 0262K, and E.".280M. In various 

embodiments. the enzyme comprises substitution and/or insertion of at least two, or at 

least three, or at least four, or at least five, or at least six arginine and/or lysine residues. 

In some embodiments, DNase enzyme comprises an arginine or lysine at one or more 

	

5 	positions corresponding to positions 31, 49. 76, 79, 92, 109. 164, 177, 200, 201, 204, 

209. 213, and 262 of SEQ ID NO:1, which are optionally selected from Q3 IR, Q49R, 

N 76K, Q79R, P92R, 0109K. A 164K, Q177K, P200K, S201K, S204R„ W209R,1213R, 

W209R, and 0262K. These positions/substitutions can independently provide better 

activity, including activity for degrading chromatin. 

	

10 	In various embodiments, if the enzyme comprises a substitution of Q31R or 

1227K, the enzyme comprises at loast two amino acid modifications selected from 

Q31R, A41K, Q4911, 552K, 168R, N76K, Q79R, 	 A81R, P92R„ 0109K, 

V114K, D115R, A164K, Q177K, 0181K, P200K, S201K, S204R, W209R, 1213R, 

A226_1227insK, 1227K, A239R, D250K, A259K. 0262K, and K280114. In some 

	

15 	embodiments, the amino acid substitutions include Q31R and 1227K with respect to 

SEQ ID NO: l . 

In some embodiments, the DNase enzyme has an arginine or lysine at positions 

corresponding to positions 31, 49, 79., and 209 of SEQ iD NO:1, and may optionally 

comprise the following amino acid substitutions: Q31R, Q49K. Q79R, and W209R. 

	

20 	These positions harbor an arginine or lysine in murine DI, but not wild-type human DI, 

and can transfer chromatin-degrading activity to human 131. 

In some embodiments. the DNase enzyme has an arginine or lysine at positions 

corresponding to positions 31., 49, 79, 177, 209, and 262 of SEQ I.D NO:1, and may 

optionally comprise the amino acid substitutions Q31R, Q49K. Q79R. A136F, Q177K, 

	

25 
	

W209R, 0262K. Four of these positions harbor an arginine or lysine in rat DI, but not 

wild-type human DI. and together can transfer chromatin degrading activity to human 

In some embodiments, the DNaso enzyme has a lysine or arginine residue at 

positions corresponding to positions 31 and 227 of SEQ ID NO: I. 

	

30 	In some embodiments. the DNase enzyme has a lySine or arginine at the position 

corresponding to position 164 of SEQ rD NO: I. NN.  h ich is optionally lysine (A164K). 
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In various embodiments, the engineered D1 protein contains one or more amino 

acid modifications (e.g., substitutions, additions, and deletions) in the actin binding site 

(e.g. substitution of A136. such as A136F), and thereby hindering or preventing actin 

binding. As such, the engineered Dl protein can be actin-resistant or substantially actin- 

	

5 	resistant, See Ulmer et al., P NAS USA Vol. 93, pp 8225-8229 (1996). Thus, in various 

embodiments, the DNase enzyme comprises an amino acid substitution at position 136 

with respect to SEQ ID NO:1, and which is optionally A 136F. Mutations to D1 providing 

for actin resistance, such as mutations at position 136 (e.g., A136F, or substitution of 

another bulky, hydrophobic, cyclic or aromatic amino acid at this position), may be 

	

10 	combined with any other mutation described herein, including addition of cationic 

residues or building block substitutions. 

In some embodiments, the DI variant is resistant to actin-inhibition and capable 

of degrading chromatin. For example, the DI variant may comprise the following amino 

acid substitutions: Q31R, T227K, and A136F with respect to SEQ ID NO: I. in some 

15 embodiments, the DNase enzyme comprises the following amino acid substitutions: 

A164K and A136F. 

In some embodiments_ the DNase enzyme comprises a glycosylation consensus 

sequence that comprises a N4OS substitution and/or an N128S substitution with respect 

to SEQ ID NO:1. For example, in some embodiments the enzyme comprises the amino 

	

20 	acid substitutions: Q31R, N40S, Al 36F. N128S, and T227K with respect to SEQ ID 

NO:1. 

In various embodiments, the DI variant contains one or more amino acid 

modifications (e.g., substitutions, additions, insertions, and deletions) in the 

glycosylation sites, and thereby increasing affinity towards lipid encapsulated DNA. As 

	

25 	such, the engineered D l protein can degrade lipid encapsulated DNA in transfection 

reactions. See Wilber et al., Mo! Ther 6, 35-42 (2002). 

In various embodiments, the DI variant is glycosylated, or may be non-

glycosylated particularly where long circulating half-life is not needed. The amino acid 

alterations described herein can be made in the context of glycosylated or non- 

	

30 	alycosylated variants. 

In some embodiments, DI variant is resistant to actin-inhibition and capable of 

degrading chromatin within lipid vesciles. Exemplary DI variants comprise one or more 
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amino acid modifications selected from: Q31R. T227K, A1.36F, N400 or N40A„ and 

N1280 or N128S, with amino acids numbered according to SEQ ID NO:l. Such variants 

may lack glycosylation sites, which are beneficial from a manufacturing persepctive. 

In some embodiments, the DI variant is resistant to actin-inhibition and capable 

	

5 	of degrading chromatin within lipid vesicles, and comprises amino acid modifications 

Q3 IR, T227K. A136F, N401/ and N128D with respect to SEQ ID NO:1, 

Other modifications to DI can be as described in Pan et al. Blot Chem, 1998, 

273, 11701-11708 and in US 2014/0199329, the entire disclosure of which is hereby 

incorporated by reference in its entirety. 

	

10 	The engineered DI variant can have an increased or extended serum half-life 

compared to the wild-type Dl protein (SEQ ID NO:1). In some embodiments, the 

engineered DI comprises an Fc-fusion domain (c g. a hinge region, and/or and CH2 

domains and CH3 domains of an immunoglobulin). In some embodiments, the 

engineered D1 is fused to albumin, e.g., human albumin or a fragment thereof. Albumin 

	

15 	can be joined to at the N-terminus or the C-terminus of the -engineered D I enzyme, 

optionally through an amino acid a linker. 

In some aspects, the invention provides pharmaceutical compositions comprising 

the recombinant DIL3 arid/or DJ variants, or polynucleotides or vectors encoding the 

same, and a pharmaceutically acceptable carrier. In various embodiments, the 

	

20 	recombinant D I L3 protein variant is formulated for parenteral or pulmonary 

administration. In some embodiments, the composition is formulated for intravenous, 

intraarterial, intraperitoneal, intraarticular, intramuscular, topical, or subcutaneous 

administration, or other route described herein. In some embodiments, the composition 

comprises both DIL3 and DI, which are each optionally engineered variants described 

	

25 	herein. In some embodiments, the recombinant Di L3 variant and the recombinant DI 

variant are formulated for parenteral or pulmonary administration. 

The term "pharmaceutically acceptable carrier includes, but is not limited to. 

any carrier that does not interfere with the effectiveness of the biological activity of the 

ingredients and that is not toxic to the patient to whom it is administered. Examples of 

	

30 	suitable pharmaceutical carriers arc well known in the art and include-phosphate buffered 

saline solutions. water, emulsions, such as oil/water emulsions, various types of wetting 

agents, sterile solutions etc. Such carriers can be formulated by conventional methods 
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and can be administered to the subject at a suitable dose. Preferably, the compositions 

are sterile. These compositions may also contain adjuvants such as preservative, 

emulsifying agents and dispersing agents. Prevention of the action of microorganisms 

may be ensured by the inclusion of various antibacterial and antifungal agents. 

	

5 	Routes of administration include, for example: intraderrnal, intramuscular, 

intraperitoneal, intraarticular, intravenous, subcutaneous, intraarterial, oral, sublingual, 

pulmonary, or transdennal. In some embodiments, the administering is effected orally or 

by parenteral injection or infusion. In some embodiments_ the route of administration is 

topical, including as eye drops or mouth wash. 

	

10 	In still other aspects, the invention provides a method of making a pharmaceutical 

composition for reducing or preventing neutrophil extracellular trap (NET) 

accumulation. In these embodiments. the invention employs a genetically modified 

mouse deficient in Dl and D IL3 activity, and heterologous expression of a G-CSF 

polvnucleotide (e.g., in hepatocyte cells) or induction of a sustained endogenous G-CSF 

	

15 	expression (e.g., via repetitive administration of microbial compounds). This mouse 

model accumulates NETs and rapidly develops NET-related vascular occlusions. In these 

embodiments, the invention comprises administering a candidate NET inhibitor or 

candidate DNase enzyme (including a D1L3 or D 1 variant in accordance with this 

disclosure) to the genetically-modified mouse, and selecting a NET inhibitor or DNase 

	

20 	enzyme that reduces the accumulation of NETS. The selected inhibitor or enzyme is 

formulated (as described) for administration to a human patient. 

One skilled in the art recognizes standard methods for generating double 

knockout Dnase 14-Dnase1134" mice. Detailed descriptions can be found in, for example, 

European Application No. EP 17152528.0. 

	

25 	In some aspects, the invention provides a method for treating a subject in need of 

neutrophil extracellular trap (NET) degradation. The method comprises administering a 

therapeutically effective amount of D IL3 and/or DI (which may include variants 

described herein, or in some embodiments one or more wild type enzymes, including for 

D I L3 and D I combination therapy) according to this disclosure. The D I L3 or DI may 

	

30 	be administered as pharmaceutical compositions comprising the recombinant protein, or 

in some embodiments comprising the encoding DNA or RNA or vectors comprising the 

same. 
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In some embodiments, the method comprises administering a therapeutically 

effective amount of a D I L3 or variant thereof and a DI or variant thereof The D1L3 or 

variant thereof, and the D 1 or variant thereof, may be administered in a single 

pharmaceutical composition or separate pharmaceutical compositions. In sonic 

	

S 	embodiments, the ratio of D1L3 or variant thereof to D1 or variant thereof is in the range 

of 100:1 to 1:100 by mass. or 10:1 to 1:10 by mass, and is optionally about 1:1. 

In some embodiments, the subject exhibits impaired NET degradation and/or 

exhibits pathological NET accumulation. In some embodiments: the subject has a chronic 

or acute inflammatory disorder. In some embodiments, the subject has an acute or chronic 

	

10 	infection, 

In various embodiments, the present invention pertains to the treatment of 

diseases or conditions characterized by the presence or accumulation of 'NETs. Such 

diseases or conditions include, but are not limited to, diseases associated with chronic 

neutrophilia (e.g., an increase in the number of neutrophils). neutrophil aggregation and 

	

15 	leukostasis, thrombosis and vascular occlusion (e.g. sickle cell disease). ischentia- 

reperfusion injury (e.g. midgut volvulus, testicular torsion. limb ischemia reperfusion, 

vital organ ischemia-reperfusion, organ transplantation), surgical and traumatic tissue 

injury, an acute or chronic inflammatory reaction or disease. an  airtoimmune disease (e.g. 

systemic lupus erythernatosus (SLE), lupus neplintis, rheumatoid arthritis, vasculitis, 

20 systemic sclerosis), cardiovascular disease (e.g., myocardial infarction, stroke, 

atherosclerosis, venous thromboembolism, including thrombolytic therapy), metabolic 

disease (e.g., diabetes), systemic inflammation (e.g., systemic inflammatory response 

syndrome (SIRS), sepsis, septic shock, disseminated intravascular coagulation (DIC), 

and thrombotic microangiopathy (TMA)), inflammatory diseases of the respiratory tract 

	

25 	(e.g. cystic fibrosis. chronic obstructive pulmonary disease (COPD). acute lung injury• 

(ALI). smoke induced lune injury. transfusion induced lung injury (TRALI), acute 

respiratory distress syndrome (ARDS). and asthma, ateleetasis, bronchitis, empyema), 

renal inflammatory diseases (acute and chronic kidney diseases, including acute kidney 

injury (AKI) and chronic kidney disease (CKD), inflammatory. diseases related to 

	

30 	transplated tissue (e.g. graft-versus-host disease) and cancer (e.g. leukemia, tumor 

metastasis, and solid tumors). 

In some embodiments, the subject has or is at risk of NETs occluding dtictural 

systems. The present invention can be administered to a subject to treat pancreatitis, 
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cholangitis, conjunctivitis, mastitis, dry eye disease, obstructions of vas deferens, or renal 

diseases. In such embodiments, the method comprises administering a therapeutically 

effective amount of a 1)113 or variant thereof, and/or a therapeutically effective amount 

of DI or a variant thereof. For example, the subject may be administered an enzyme 

	

5 	comprising an amino acid sequence having 80% or more sequence identity with the 

enzyme defined by SEQ ID NO:2. and an enzyme comprising an amino acid sequence 

having 80% or more sequence identity with the enzyme defined by SEQ ID NO:l. In 

some embodiments. the enzymes comprise the amino acid sequence of the enzyme 

defined by SEQ ID NO;2 and the- amino acid sequence of the enzyme defined by SEQ 

	

10 	ID NO: 1. 

In some embodiments, the ductal system is bile duct, tear duct. lactiferous duct, 

cystic duct, hepatic duct, ejaculatory duct, parotid duct, submandicular duct, major 

sublingual duct, bartholin's duct, cerebral aqueduct, pancreas, mammary gland. vas 

deferens, ureter, urinary bladder, gallbladder, and liver. For example, the subject may 

	

15 	have pancreatitis. cholangitis (e.g., primary sclerosing cholangitis). conjunctivitis. 

mastitis_ dry eye disease, an obstruction of the vas deferens, or renal disease. In some 

embodiments, the DNase enzyme is administered by intravenous, intraarterial, or 

intraperitoncal administration. In various embodiments, the DNasc when applied, for 

example. intravenously, will be present in ,enzymatically active form in various ductal 

	

/0 	systems, such as in bile fluid. 

In some embodiments, the subject has or is at risk of NETs accumulating on 

endothelial surfaces (e.g. surgical adhesions), the skin (e.g. wounds/scarring), or in 

synoviai joints (e.g. gout and arthritis). The present invention can be administered to a 

subject to treat a condition characterized by an accumulation of NETs on an endothelial 

	

25 	surface such as, but not limited to, a surgical adhesion. In various embodiments, the 

present invention can be administered to a subject to treat a condition characterized by 

an accumulation of NETs on skin such as, but not limited to, wounds and scars. In certain 

embodiments_ the present invention can be administered to a subject to treat a condition 

characterized by an accumulation of NETs in a synovial joint such as, but not limited to. 

	

30 	gout and arthritis. 

In some embodiments, the subject has or is at risk of a vascular occlusion 

comprising NETs. In such embodiments, the method comprises administering a 

42 



therapeutically effective amount of a D I L3 or variant thereof and/or a therapeutically 

effective amount of DJ or a variant thereof. For example, the subject may be 

administered an enzyme comprising an amino acid sequence having 80% or more 

sequence identity with the enzyme defined by SEQ ID NO:2. In some embodiments, the 

	

5 	enzyme comprises the amino acid sequence of the enzyme defined by SEQ ID N0,2. In 

some embodiments. the subject is further administered an enzyme comprising an amino 

acid sequence having 80% or more sequence identity with the enzyme defined by SEQ 

ID NO:1, such as the enzyme defined by SEQ ID NO.1. 

In some embodiments, the subject has a condition relating to NETS as described 

	

10 	in WO 2016/118476 and US 9,642,822, which are hereby incorporated by reference in 

its entirety. 

In various embodiments, the subject has a disease that is or has been treated with 

wild-type DNases, including Dl and streptodornase. Such diseases or conditions include 

thrombosis, stroke. sepsis, Jim injury-, atherosclerosis, viral infection, sickle cell disease, 

	

15 	myocardial infarction, ear infection. wound healing. liver injury, endocarditis. liver 

infection, pancrcatitis, prima!),  grafi dysfunction_ limb ischemia reperfusion, kidney 

injury, blood cloning. alum-induced inflammation, hepatorenal injury. pleural 

exudations, hemolomx, intrabiliary blood clots, post pneumatic anemia, ulcers, 

otolarynnological conditions, oral infections, minor injuries, sinusitis. post-operative 

rhinoplasties. infertility, bladder catheter, wound cleaning, skin reaction test, 

pneumococcal meningitis, gout, leg ulcers, cystic fibrosis. Kartegener's syndrome, 

asthma, lobar atelectasis. chronic bronchitis, bronchiectasis, lupus. primary cilliary 

dyskinesia, bronchiolitis, empyerna pleural infections, cancer, dry eyes disease_ lower 

respiratory tract infections. chronic hematomas. Alzheimer's disease, and obstructive 

	

25 	pulmonary disease. 

In certain embodiments, the present invention pertains to the treatment of diseases 

or conditions characterized by deficiency of DJ, deficiency of DI L3, and deficiency of 

DJ and D1L3. In some cases, the subject has a mutation in the &Prase/ and/or the 

Dnase 13 gene. Such subjects can also have-an autoimmune disease (e.g., SLE, systemic 

30 sclerosis) or an inflammatory disease In some cases, the subject has an acquired 

inhibitor of DI (e.g., anti-DNasel-antibody and actin) and/or the D 1 L3 (e,g., anti-

DNase113-antibody). Such subjects can also have an autoinimune disease (e.g., SLE, 
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systemic sclerosis) or an inflammatory disease (e.g., sepsis and ischemia-reperfusion 

juju-1Y)- 

hi some embodiments., the subject has cystic fibrosis, and the DNase composition 

is administered by pulmonary delivery. 

	

5 	In various embodiments, for example, where the subject is at risk of, or exhibits 

symptoms of, NET-related vascular occlusion, the protein or composition (e.g., 

comprising DI L3. DI, or a variant of DI L3 or DI_ including variants described herein) 

may be administered intravenously, intramuscularly, subcutaneously. or intraartcrially, 

In various embodiments, the subject is monitored for the NET-degrading activity 

	

10 	of blood, plasma, or serum. For example_ the subject may be monitored for about one 

week to about four weeks, to reduce the risk of vascular or ductal occlusion by NETs, or 

NET-related damage to organs. In some embodiments, the subject may receive from one 

to four administrations over the course of from one week to one month (or 1-2 weeks), 

as needed to prevent or reduce intravascular NET accumulation (including NET-related 

	

15 	intravascular occlusions) during an acute infection or inflammatory event. In other 

embodiments, the subject may receive continuous infusion over the course of from one 

hour to one month (or 1-2 weeks). In some cases, the subject may receive at least one, 

e.g.. L 2, 3, 4 or more infusions daily, for example (without limitation), in the case of 

critical illness such as sepsis, stroke, or myocardial infarction. 

	

2(1 	The treatment of disease or conditions relating to NETs may involve 

administration of a.DI variant, a D1L3 variant, or a combination comprising a DI variant 

and a DI L3 variant. In some embodiments, two or more of variants of the D I protein 

described herein are administered. In some embodiments two or more of variants of the 

DiL3 protein described herein are administered. 

	

25 	The present DI protein variants and D I L3 protein variants can be administered 

as a prophylactic therapy, such as before the onset of one or more symptoms of the 

disease or condition. 

As used herein. "treatment" or -*treating" or "treated" refers to therapeutic 

treatment wherein the object is to slow (lessen) an undesired physiological condition, 

	

30 	disorder or disease, or to obtain beneficial or desired clinical results. Beneficial or desired 

clinical results include, but are not limited to, alleviation of symptoms, diminishment of 

the extent of the condition, disorder or disease; stabilization (i.e., not worsening) of the 
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state of the condition, disorder or disease; delay in onset or slowing of the progression of 

the condition, disorder or disease: amelioration of the condition, disorder or disease state: 

and remission (whether partial or total), whether detectable or undetectable, or 

enhancement or improvement of the condition, disorder or disease. Treatment includes 

eliciting a clinically significant response without excessive levels of side effects. In other 

embodiments, "treatment" or "treating" or "treated' refers to prophylactic measures. 

wherein the object is to delay onset of or reduce severity of an undesired physiological 

condition, disorder or disease, such as, for example is a person who is predisposed to a. 

disease (e.g., an individual who carries a genetic marker for a disease such as lupus). 

I 0 	In the methods of the invention, therapy is used to provide a positive therapeutic 

response with respect to a disease or condition. By • 'positive therapeutic response" is 

intended an improvement in the disease or condition. and/or an improvement in the 

symptoms associated with the disease or condition. For example. a positive therapeutic 

response would refer to one or more of the following improvements in the disease: (1) a 

15 	reduction in neutrophil extracellular traps; (2) a reduction in intravascular clots; (3) a 

reduction in ductural clots; (4) a reduction of accumulation of NETs in synovial joints; 

(5) an increase in the degradation of neutrophil extracellular traps: (6) an increase in 

degradation of extracellular protein-free DNA; (7) an increase in degradation of 

extracellular chromosomal DNA or protein-bound DNA: (8) an increase in the 

20 	degradation of neutrophil extracellular traps in the presence of autoantibodies; (9) a 

reduction in tissue/organ inflammation; (10) a reduction in tissue/organ injury; (11) a 

reduction in tissue/organ atrophy: (12) an increased patient survival rate; and (13) some 

relief from one or more symptoms associated with the disease or condition. 

Positive therapeutic responses in any given disease or condition can be 

25 	determined by standardized response cnteria specific to that disease or condition. 

Clinical response can be assessed for changes in vascular occlusion and the presence of 

NETs using screening techniques such as magnetic resonance imaging (MRI) scan, 

ultrasound scan. histology, and counting of NETs in the circulation. In addition to these 

positive therapeutic responses, the subject - undergoing therapy may experience the 

30 	beneficial effect of an improvement in the symptoms associated with the disease. 

Dosage regimens are adjusted to provide the optimum desired response (e.g.. a 

therapeutic response). For example, a single bolus may be administered, several divided 
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doses may be administered over time or the dose may be proportionally reduced or 

increased as indicated by the exigencies of the therapeutic situation. Parenteral 

compositions may be formulated in dosage unit forni for ease of administration and 

uniformity of dosage. Dosage ►snit form as used herein refers to physically discrete units 

suited as unitary dosages for the subjects to be treated, each unit contains a predetermined 

quantity of active compound calculated to produce the desired therapeutic effect in 

association with the required pharmaceutical carrier, 

In various embodiments, the present invention provides an expression vector_ 

comprising a nucleic acid encoding a wild type or D 113 or DI variant described herein. 

10 

	

	which can find use for genetic therapy. Genetic therapy can be useful for chronic illness 

such as a genetic deficiency of D1L3 and/or Dl (such as a deleterious mutation). In 

various embodiments, the expression vector comprises DNA or RNA. In various 

embodiments, the expression vector is a mammalian expression vector. 

In some embodiments, expression vectors comprise a nucleic acid encoding the 

15 

	

	protein variants operably linked to an expression control region, or complement thereof, 

that is functional in a host cell (e.g., prokaryotic. eukaryotic, or mammalian cell). The 

expression control region is capable of driving expression of the operably linked blocking 

and/or stimulating agent encoding nucleic acid such that the blocking and/or stimulating 

agent is produced in a human cell transformed with the expression vector. 

20 	Expression control regions are regulatory polynucleotides (sometimes referred to 

herein as elements), such as promoters and enhancers, that influence expression of an 

operably linked nucleic acid. An expression control region of an expression vector ofthc 

invention is capable of expressing operably linked encoding nucleic acid in a human cell. 

In an embodiment, the expression control region confers regulatable expression to an 

75 

	

	operably linked nucleic acid. A signal (sometimes referred to as astimillus) can increase 

or decrease expression of a nucleic acid operably linked to such an expression control 

region. Such expression control regions that increase expression in response to a signal 

are often referred to as inducible. Such expression control regions that decrease 

expression in response to a signal are often referred to as repressible. Typically, the 

30 

	

	amount of increase or decrease conferred by such elements is proportional to the amount 

of signal present; the greater the amount of signal, the greater the increase or decrease in 

expression. 
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Expression systems functional in human cells are well known in the art, and 

include viral systems. Generally, a promoter factional in a human cell is any DNA 

sequence capable of binding mammalian RNA polymerase and initiating the downstream 

(3') transcription of a coding sequence into mRNA. A promoter will have a transcription 

	

5 	initiating region, which is usually placed proximal to the 5' end of the coding sequence, 

and pically a TATA box located 25-30 base pairs upstream of the transcription 

initiation site. The TATA box is thought to direct RNA polymerase fl to begin RNA 

synthesis at the correct site. A promoter will also typically contain an upstream promoter 

element (enhancer element), typically located within 100 to 200 base pairs upstream of 

	

10 	the TATA box. An upstream promoter element determines the rate at which transcription 

is initiated and can act in either orientation. Of particular use as promoters are the 

promoters from mammalian viral genes, since the viral genes are often highly expressed 

and have a broad host mnge. Examples include the SV40 early promoter, mouse 

mammary tumor virus LTR promoter, .adenovirus major late promoter, herpes simplex 

	

15 	virus promoter, and the CMV promoter. 

Where appropriate. gene delivery agents such as, e.g., integration sequences can 

also be employed. Numerous integration sequences =known in the art (see, e.g., Nunes-

Duby el al., Nucleic Acids Res. 26:391-406, 1998: Sadwoski, J. Bacteriol., 165:341-357, 

1986: Bestor, Cell, 122(3):322-325. 2005: Plasterk et at., 110 15:326-332, 1999; 

	

20 	Kootstra el al., Ann. Rev. Pharm. Toxicol.. 43:413-439., 2003). These include 

recombinases and transposases. Examples include Crc (Sternberg and Hamilton, J. !viol, 

Biol., 150:467-486, 1981), lambda (Nash. Nature, 247. 543-545, 1974). Flp (Broach, et 

al., Cell, 29:227-234, 1982), R (Matsuzaki, et al., J. Bacteriology, 172:610-618, 1990), 

cpC3 (see, e.g., Groth et cif., J. 	Biol. 335:667-678, 2004), sleeping beauty, 

	

25 	transposases of the mariner family (Plasterk et al., supra), and components for integrating 

viruses such as AAV, retroviruses, and antiviruses having components that provide for 

virus integration such as the LTR sequences of retrovinises or lentivirus and the ITR 

sequences of AAV (Kootstra et al., Ann. Rev. Pharm. Toxicol„ 43:413-439, 2003). In 

addition, direct and targeted genetic integration strategies may be used to insert nucleic 

	

30 	acid sequences encoding the chimeric fusion proteins including CR1SPR/CAS9, zinc 

finger, TALEN. and meganuclease gene-editing technologies. 

All cited references are herein expressly incorporated by reference in their 

entirety. 
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EXAMPLES 

Example 1: Host DNases prevent vascular occlusion by nentrophil extracellulai-

t raps 

Platelet and fibrin clots occlude blood vessels in hemostasis and thrombosis. Here 

5 we report a non-canonical mechanism for vascular occlusion based on neutrophil 

extracellular traps (NETs), antimicrobial DNA-fibers released by activated neutrophils. 

We show that two DNases. DNase1 and DNasel -like 3, degrade NETs in circulation 

during episodes of marine inflammation. In the absence of both DNases, intravascular 

NETs form clots that obstruct blood vessels and cause organ damage. Vascular 

10 	occlusions in patients with severe bacterial infections are associated with a defect to 

degrade NETs cx vivo and the formation of intravascular NET-clots. DNasel and 

DNase1-like 3 are independently expressed and thus provide dual host protection against 

deleterious effects of NETs in inflammation. 

Inflammation is an essential host response to control invading microbes and heal 

15 	damaged tissues (1). Uncontrolled and persistent inflammation causes tissue injury in a 

plethora of inflammatory disorders. Neutrophils are the predominant leukocytes in acute 

inflammation. During infections neutrophils generate extracellular traps (NETs), lattices 

of DNA-filaments decorated with toxic histones and enzymes that immobiliZe and 

neutralize bacteria (2). The relevance of NETs in host defense is illustrated by the fact 

20 	that extrace Hula DNases serve as virulence factors in several pathogenic bacteria (3, 4). 

However, inappropriately released NETs may harm host cells due to their cytotoxic, 

proinflannatory, and prothrombotic activity (5-7). Indeed, NETs are frequently 

associated with inflammatory or ischemic organ damage and the therapeutic infusion of 

DNases limits host injury in various animal models (8, 9). 

How the host degrades NETs in vivo to limit tissue damage during episodes of 

inflammation is poorly understood. Earlier work has shown that DNasel in serum digests 

the DNA-backbone of NETS in vitro (10). We analyzed serum from wild type mice by 

zymogrnphy and detected two enzymatically active DNases. DNase I and DNase 1-like 3 

[(DNase113) (FIG. 1A). Both enzymes are members of the DNasel protein family, but 

30 	differ in their origin and substrate affinity. DNase I is expressed by non-hematopoietic 

tissues and preferentially cleaves protein-free DNA (11,12). DNase113, also known as 

DNase 7, is secreted by immune cells .and targets DNA-protein-complexes, such as 
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nucleosomes (11,13). We generated mice that lacked DNA-degrading activity in -serum 

due to a combined deficiency of DNase 1 and DNase 113 (FIG. IA). In vitro generated 

NETs remained intact after exposure to DNaseliDNase113-/- sera, whereas sera from 

wild type. DNase -/-, and DNase 113- /- mice degraded NETs (FIG. 1B and FIG. 1C). 

► We used a hepatocyte-specific expression plasmid in conjunction with hydrodynamic 

gene delivery to stably express the cDNA of DNasel or DNasell3 in the liver of 

DNase 1; DNase 113-I- mice. Given that both enzymes contain a secretory protein signal 

sequence (11),. this approach restored the activity of DNasel or DNase113 in circulation 

(FIG. ID) and the capacity of sera from DNase 1 /DNase113-/- mice to degrade NETs 

10 	(FIG. IF: and FIG. IF). Taken together. these data show that two independently expressed 

host enzymes. ,DNascl and DNase 113. degrade NETs in vitro. 

To test the requirement of DNase 1 and DNasell3 for NET-degradation in vivo, 

we aimed to chronically stimulate wild type, DNasel.-/-, DNasell3-/-, and 

DNasel/DNase113-/- mice with the granulocyte-colony stimulating factor (G-CSF). G- 

15 	CSF triggers neutrophilia, a hallmark of acute inflammation, and stimulates a 

subpopulation of neutrophils to spontaneously release NETs ex vivo (14). We cloned the 

cDNA of CSF3, which encodes G-CSF, into the hepatocyte-specific expression plasmid. 

Hydrodynamic injection of wild type mice with the CSF3-plasmid resulted in chronically 

elevated levels of G-CSF in plasma (FIG. 5A). Consequently, the neutrophil blood count 

/0 	steadily increased and spontaneously formed NETS were detected in blood smears (FIG. 

2A and FIG. 2B). We furthermore observed an increased number of resident neutrophils 

in vital organs and splenomegaly (FIG. 5B and FIG. SC). Importantly, CSF3-injected 

wild type mice grew normally. did not develop organ injury, and did not show 

macroscopic signs of distress or abnormal behavior (FIG. 51) and FIG. 5E). Collectively, 

25 	these data suggest that chronic neutrophilia with concomitant NET formation is well 

tolerated in wild type mice. 

Next, we stably expressed CSF3 in the liver of DNase 1-/-. DNasel 13-/-, and 

DNasel/DNase 1134- mice. Mice with a single deficiency in DNase 1 or DNasell3 did 

not show signs of distress (not shown), whereas ail mice with a. combined deficiency died 

30 	within 6 days after CSF3-injection (FIG. 2C). DNasel/DNase113-/- mice receiving the 

control plasmid lacking CSF3 survived without showing any abnormalities (FIG. 2C, not 

shown). We co-expressed DNasel or DNase 113 with CSF3 in DNaseliDNasc113-/- mice 

to induce neutrophilia and NETs and simultaneously restore DNase I or DNase113 in 

49 



circulation. Expression of either DNase was sufficient for DNasel/DNase113-/- mice to 

survive without showing any signs of distress (FIG.. 2D). DNase1/DNase.113-/- mice co-

expressing C,S7:3-  with a control plasmid lacking DNasel and DNase 113 died within 5 

days after gene delivery (FIG. 2D). The mortality in these mice was preceded by a rapidly 

	

5 	progressing hypothermia, which was evidenced as a strong decrease in peripheral body 

temperature within i hours before exitus (FIG. 2E). Hypothermia was accompanied with 

hemolytic anemia shown by reddish plasma and urine and reduced blood hemoglobin 

(FIG. 2F and FIG. 26). Abundant schistocytes in blood smears indicated that the 

Hemolytic anemia was caused by erythrocyte fragmentation (FIG: 211). Furthermore, we 

	

10 	detected elevated plasma levels of lactate dehydrogenasc (r DH), liver transaminases, 

and the renal injury markers blood urea nitrogen and creatinine, which indicated multiple 

organ damage (FIG. 21. FIG. 6A, and FIG.. 6B). Coexpression of DNasel or DNase 113 

with CS73 maintained the body temperature and integrity of erythrocytes and organs 

(FIG. 2E to FIG. 21: FIG. 6A and FIG. 6B). In conclusion, these data indicate that either 

	

15- 	DNasel or DNase 113 is required to prevent host injury during chronic neutrophilia.. 

The histological analysis of DNasel/DNase113-/- mice with chronic neutrophilia 

showed intravascular hematoxylin-positive clots with entrapped erythrocytes that fully 

or partially occluded blood vessels in lungs, liver. and kidneys (FIG. 3A and B; FIG. 6C 

and FIG. 6D). Expression of DNase I or DNase 113 in circulation prevented these vascular 

	

20 	occlusions. The hematoxylin-positive clots showed an abundant light-violet staining 

pattern that was sporadically speckled with a dark-violet staining of individual leukocyte 

nuclei, suggesting that decondensed DNA is a main clot component (FIG. 3A). Given 

that nuclear breakdown and unfolding of tightly packed chromatin is a hallmark of NET-

formation (15), we stained the hematoxylin-positive clots for NET-markers. We 

	

25 	observed a robust staining with fluorescent double-stranded DNA-intercalating dyes and 

antibodies -against chromatin (FIG. 7A). The co-localization of decondensed chromatin 

with the neutrophil granule-derived enzyme myeloperoxidase. antimicrobial cathelicidin 

peptides, and the NET-surrogate marker citrullinated histories confirmed that the clots 

were composed of NETs (FIG. 3C. FIG. 7B and FIG. 7C). To identify components of 

	

30 	canonical thrombi, we stained NET-clots for fibrin and von Willebrand factor (vWF), a 

protein stored in the secretory- vesicles of platelets and the vascular endothelium. NET-

clots were very heterogeneous in their vWF and fibrin content (FIG. 3D and FIG. 3E) 

Cross-sections of NET-clots were covered on average with 46% of vWF, while 9% of 
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NET-clots did not stain for \ANT (FIG. 3E and FIG. 3F). Fibrin was largely absent and 

detected in less. than 23% of the occluded vessels (FIG. 3E). These data are in line with 

findings that NETs serve as a fibrin-independent scaffold to immobilize platelets and 

erythrocytes in vitro (6). The absence of vWF and fibrin in some clots suggests that NETs 

	

5 	may be sufficient for vascular occlusion. To corroborate this notion, 'kkr e aimed to generate 

NET-clots from pure neutrophils in vitro. We isolated neutrophils from blood and 

induced NET-formation. while exposing the cells to shear forces to mimic blood flow. 

In this setup, we observed macroscopically visible and DNase-sensitive clots (FIG. 8A), 

which resembled the appearance of NET— -clots within the murine vasculature (FIG. 8B). 

	

10 	Now, we depleted platelets from the circulation and pharmacologically inhibited 

thrombin to block fibrin formation in C.ST3-expressing DNase 1/DNase113-/- mice. 

Unlike DNasel- or DNasell3- expression, neither anti-thrombotic treatment could 

prevent mortality in these animals (FIG. 3H). Collectively, the data suggest that clots of 

NETs are sufficient to obstruct blood vessels during chronic neutrophilia in 

	

15 	DNase 1/DNase 113 -/- mice. 

The formation of NET-clots in DNasel/DNase113-/- mice is associated with 

features of infection-induced thrombotic microangiopathies (TMAs) and disseminated 

intravascular coagulation in patients, including schistocytes, hemolytic anemia, and 

organ failure due to vascular occlusions. We analyzed plasma from TMA patients with 

	

20 	hemolytic-uremit syndrome due to an infection with Shiga toxin-producing acherithio 

colt [STEC-HUS, (16)]. Sepsis and septic shock was a frequent complication in these 

patients (17). NETs generated in vitro remained intact after exposure to patient plasma 

collected in the acute disease state, whereas plasma from patients in remission degraded 

NETs (FIG. 9A and FIG. 9B). The data indicate an acquired and temporary defect in 

	

25 	NET-degradation, thus extending previous reports (18,19). Of note, the STEC-HUS 

patients were effectively treated with a regimen that included infusion of plasma from 

healthy donors (17), a source of DNases, which potentially restored NET-degradation. 

Large aggregates of NETs arc reportedly formed in the synovial fluid and 

pancreatic ducts of patients (21.22). but have not yet been described in other tissues. 

	

3l) 	Therefore, we aimed to identify intravascular aggregates of NETs in patients with severe 

inflammatory diseases. We screened lung tissue collected at autopsy from patients with 

acute respiratory distress syndrome and/or sepsis (FIG. 10). We detected hematoxylin-

positive clots in blood vessels of two septic patients (FIG. 11A and FIG. I IC). in both 
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cases, clots were comprised of chromatin and MPO (FIG. I 1B and FIG. 11 D), indicating 

that NETs can form intravascular clots in human sepsis. 

Septicemia is a potent and rapid trigger of intravascular NET-fonnatiOn in mice 

(7). We therefore hypothesized that a defect in NET-degradation may aggravate the 

	

5 	disease. Indeed, we observed that mice with a combined deficiency of DNasel and 

DNase113, but not wild type mice, were highly susceptible to low doses 

lipopolysaccharide and heat-killed 1 coil (FIG. 4A). Similar to neutrophilic 

DNasel/DNasell3-/- mice. blood analysis of septic DNasel/DNasell3-/- mice showed 

hemolytic anemia and hematuria (FIG. 4B and FIG. 4C), along with increased levels of 

	

10 	plasma LDH and schistocvtes in blood smears (FIG. 4D and FIG. 4E). Furthermore, we 

detected abundant partially or fully occluded blood vessels in the lung (FIG. 4F and FIG. 

4G). Detailed analysis of partially occluded vessels revealed clots of NETs within the 

vascular lumen (FIG. 4H). In fully occluded vessels the NET-clots were coneested with 

entrapped erythrocytes and letikocytes (FIG. 41; FIG. 12A and FIG_ 12B). Importantly, 

	

15 	hepatic expression of DNasel or DNasell3 in DNasel/DNase113-/- mice prevented 

vascular occlusion and restored. the wild type phenotype. Taken together, these data 

indicate that circulating DNasel or DNasell3 prevent the formation of NET-clots and 

host injury in septicemia.. 

In summary, while platelets and fibrin form hemostatic clots and pathological 

	

20 	thrombi (23), our data introduces NET-clots as a non-canonical mechanism for vascular 

occlusion in inflammatory states. Similar to fibrin strands, NETS are ultra-large and 

stable molecules (6). At high concentrations, such as found in chronic neutrophilia or 

septicemia, intravascular NETs may form clots. which are sufficient in size to obstruct 

blood vessels and thus cause damage to erythrocytes and organs. To maintain blood and 

	

25 	tissue integrity during inflammation, the host independently expresses DNasel and 

DNase113 as a dual protection system against intravascular NETs. Howe.yer, acquired 

and genetic defects in these host factors may delay the degradation of NETs and thus 

precipitate disease. Acquired defects may involve_ DNasel-inhibition by monomeric 

actin externalized from damaged tissue and inactivation of DNasell3 by serum proteases 

	

30 	(1!). Mutations in DNase 1 and DNase 1 13 have been identified in patients and are 

associated with systemic lupus ervthematosus. (SLE), a systemic autoimmune disease 

(24,25). Interestingly, DNasel and DNase 113-deficient mice spontaneously develop 

SLEAike disease with age (13,26). NETs are composed of prominent autoantigens and 
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neutrophils from SLE patients have an increased capacity to release. NETs (27). A 

reduced clearance capacity may increase the half-life NETs and thus promote the 

autoimmune disease (10,27). In conclusion, defects in host DNases may bring forward 

the deleterious effects of NETs in a plethora of inflammatory diseases. 

	

5 	Consequently, DNase I - and DNase113-mediated NET-degradation provides 

attractive therapeutic opportunity for patients suffering from inflammatory conditions. 

To test whether DNasel and DNase 113 degrade NETs by the same or via distinct 

mechanisms, we cross-linked proteins in NETs using fixative. Fixed NETs were-

efficiently degraded by DNase113-/- sera.. but were resistant to degradation by DNasel- 

	

10 	/- sera (FIG. 13A and FIG. I 3B). In line \ ith these results-, exposure of NETs to 

recombinant DNase I or ONase113 showed that both DNases degrade naive NETs (FIG. 

13C and FIG. 13D), whereas fixed NETs are resistant to DNasel 13 activity (FIG. 13E 

and FIG. 13F). Collectively, these in vitro data suggest that DNasel arid DNase 113 

degrade NETs via distinct mechanisms. 

	

15 	Finally, we compared the activity of DNasel and DNasell3 in the circulation of 

mice to humans. To discriminate DNasel and DNase 113 activity, we generated 

antibodies against human DNasel (a-hDNasel), which Mock DNasel activity in plasma 

from normal healthy donors (NHD) (FIG. 14A). Heparin is a known inhibitor of 

DNasell3 and was used to block the DNA-degrading activity by DNasell3 (FIG. 14B). 

	

20 	Murine plasma showed approximately 10-fbld higher total DNase activity (FIG. 14C), 

DNase 1 activity (FIG. 14D), and DNasell3 activity (FIG. 74E) than human plasma. 

Furthermore, DNase113 in marine plasma, but not in human plasma. degrades NETs 

efficiently (FIG. 14F and FIG. 4G). The data suggest that theconcentration of DNasell3 

in human circulation is not sufficient to degrade NETs. Therefore, enabling DNase113- 

	

25 	mediated NET-degradation in patients a novel and proniosing therapeutic strategy for 

inflammatory diseases. 

Materials and Methods 

Patient plasma 

Citrated plasma samples were obtained from patients during the STEC-HUS 

	

.30 	outbreak 2011 in Germany (16). The criteria for inclusion in our study were positive 

identification of STEC/enterohemonhagic E. coil or bloody diarrhea, platelet count .5_ 
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150 x 109 IL or decreased by a25% in 1 week, evidence of hemolysis (1.,Dfl above the 

normal limit, haptoglobin below the normal limit. or the presence of schistocytes) and 

acute kidney injury stage a: I. 

Human tissue 

Human tissues were fixed at room temperature overnight in 5% phosphate-

buffered fcmnalin. All tissues were collected at autopsy and originally submitted for 

diagnostic purposes to us and studied in accordance with national ethical principles. The 

cause of death of the patients is indicated in FIG. 10. 

Mice 

10 	All mice were on a C57BL/6 genetic background. We crossed previously 

described DNasel-/- and DNasel-like 3-/- nice (26,28) to generate DNasel/DNase113-

/- mice. This strain of DNase I -/- mice has been recently reported to contain an off-target 

mutation m the DAictse I overlapping gene Trap, .1-Isp75, which encodes a mitochondria' 

chaperone (29). We therefore included an alternative DNasel-/- strain (30) to generate 

15 	DNasel/DNasc113-/- Mice for control experiments (FIG. 15A-FIG. 15C) 

Detection of DNasel by denaturing polyacrylamide gel electrophoresis 

zyrnography (DPZ) 

We performed DPZ, as previously described with modifications (19).. In brief, 

sodium dodecyl sulfate (SDS)-polyacrylamide gels were preparedwi th 4%r(v/v) stacking 

20 	gels without DNA and 10% (v/v) resolving gels containing 200 pg/ml of salmon testes 

DNA (Sigma- Aldrich, Germany). For the detection of DNase 0,5 n1 of murinc serum 

were mixed with 14.5 1.11 of water and 5 1.11 SDS gel-loading buffer (BioRad. Germany). 

The mixture was boiled for 5 minutes and loaded onto the gels. Electrophoresis was 

carried out at 120 V using Tris/glycine electrophoresis buffer (25 mM iris. 192 mM 

25 	glycine, 0.1% (w/v) SDS, pH 8.7). After electrophoresis, proteins were refolded by 

incubating the gels overnight at 37°C in a refolding buffer containing 5% (\NA) milk 

powder, 10 mM Tris/HC1 pH 7.$, 3 mM CaCl2, 3 inIVI MgC12, 100 U/mL penicillin, and 

100 tg./nil, streptomycin. The gels were transferred to a refolding buffer• without milk 

powder and incubated for additional 24 hours at 37°C. DNA was labeled fluorescently 

30 	with lx SYBR Safe (Thermo Scientific, Germany) and fluorescent images of gels were 

recorded using a fluorescence scanner (Molecular Imager FX„ BioRad, Germany). 
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Detection of DNasei 13 by DPZ 

For the detection of DNasc113, 2 gl of serum were mixed with 12 ltl of water, 5 

1d SDS gelloading buffer, and I MI of beta-mercaptoethanol (13ME, Sigma-Aldrich). 

BME reduces the disulfide bridges.  of DNasel, which causes its inactivation (//). The 

	

5 	mixture was boiled for 5 minutes and loaded onto the gels. Electrophoresis was carried 

out as described for DNase 1 SDS was removed by washing the gels with 10 mM 

Ms/fit:1pH 7.8 for 30 minutes at 50°C twice. The proteins were refolded by incubating 

the gels for 48 hours at 37°C in a refolding buffer containing 10 mM Tris/HC1 pH 7.8, 1 

mM BMF, 100 Uhril, penicillin and 100 Lig/ML streptomycin. The gels were then 

	

10 	incubated for additional 48 hours at 37°C in refolding buffer supplemented with 3 mM 

CaC12 and 3 mM MnC12. The addition of Mn2' is required to enable efficient degradation 

of protein-free DNA by DNase 113 (II). DNA was labeled and imaged as described for 

DNase 1. 

Detection of total DNase activity by single radial enzyme diffusion (SRED) 

	

15 	assay 

To measure total DNase activity, we dissolved 55 µg/m1 DNA from salmon testes 

in a buffer containing M112' (20 mM Tris-HC1 pH 7.8, 10 mM Mna2, 2 mM CaCl2, and 

2x SYBR Safe). The DNA solution was heated at 50°C for 10 minutes and mixed with 

an equal volume of 2% ultra-pure agarose (Thermo Scientific). The mixture was poured 

	

20 	into plastic trays and stored at room temperature until solidification. Two al of murine 

serum were loaded into wells of 1.0 mm diameter, Gels were incubated for 4 hours at 

37°C in a humid chamber. The DNA fluorescence of the gels was recorded with a 

fluorescence scanner. 

In vitro NET-degradation assay 

	

25 	NET-degradation was analyzed as previously described (19). Purified human 

neutrophils in serum-free DMEM were seeded to sterile 96-well plates (Falcon, BD 

Technologies, Germany) coated with 0.001% polylysine (Sigma) at a concentration of 5 

x 104  cells per well. To induce NET-formation, neutrophils were activated with 100 nM 

phOrbol 12-myristate 13- acetate (PMA; Sigma-Aldrith) for 4 b at 37°C with 5% CO2 

	

30 	and humidity. We added phosphate buffered saline (PBS) and stored the 96-well plates 

overnight at 4 °C. NETs were washed with PBS, treated for 5 minutes with PBS 

containing 0.5%Triton X-100, and washed with PBS again: NETS were incubated with 
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10% murine serum or 10% citrated human plasma supplemented with 10 1.1.M PPACK 

(Santa Cruz. Heidelberg, Germany) in HBSS with divalent cations (H.E3SS+; Thermo 

Scientific). NETs were allowed to be degraded for 3 hours at 37°C with 5% CO2 and 

humidity. We discarded supernatants and stopped NET-degradation by adding 2% PFA 

	

5 	in PBS for 1 hour at room temperature. PFA was discarded and non-degraded NETs were 

labeled fluorescently by adding 2 !AM of the fluorescent DNA dye SytoxGreen (Thermo 

Scientific) in PBS. Images of fluoreseently stained 'NETs were acquired NV ith an inverted 

fluorescence microscope (Axiovert 200M, Zeiss, Germany). We quantified nondegraded 

NETS by recording the fluorescence intensity with a plate reader (Excitation: 485 nm; 

	

10 	Emission:. 535 nm) or by measuring the area coverage of NETs in microscopy pictures 

using ImageJ software (N11-1. USA). 

Preparation of in vivo expression vectors 

We used the pLIVE plasmid (Minis Bio, USA) to express proteins in mice. The 

vector enables a long-lasting and hepatocyte-specific expression of proteins. We 

	

15 	generated pLIVE plasinids with murine frnasel.:  DAlavell.3„ and CS17.3. For murine 

DNasei, a PCR of the cDNA (Genbank Accession Number NM010061) was performed 

using the pair of primers DNase 1 -F 5'- GTCGACATGCGGTACACAGG (SEQ ID 

NO:27).and DNase -R CTCGAGTCAGAT1-1 I 1CTGAGTGTCA (SEQ ID NO:28) 

containing Sal' and Xhol restriction sites. For DiVose1/3, a PCR of the cDNA (Genbank 

	

20 	Accession Number AF047355) was perfonned using the pair of primers DNase113-F 5', 

GAAGTCCCAGGANITCAAAGATGT (SEQ ID NO:29) and DNasc113-R 

GCGTGATACCCGGGAGCGATTG (SEQ ID NO:30) containing BarnH1 and Sad 

restriction sites. Both cDNAs were cloned using the T4 ligase (New England Biolabs, 

Germany) into the multi-eloning site (MCS) of the pLIVE vector, which was predigested 

	

25 	with the appropriate enzymes. The pLIVE vector containing DNase113 was subjected to 

site-directed mutagenesis with the pair of primers mutDNasell3-F 5'-

AGTCGACTCCCGGCCACCATGTCCCTGCA (SEQ ID NO:31) and its 

complementary inutDNase1113-R 5'- TGCAGGGACATGGTGGCCGGGAGTCGACT 

(SEQ ID NO:32) in order to match the consensus Kozak sequence and optimize protein 

	

30 	expression, The generation of the pLIVE vector containing the eDNA of CSF3 was 

outsourced (Eurofins Genomics. Germany). The eDNA of CSF3 (Genbank Accession 

Number BC120761) was inserted in the MCS between restriction sites Sall and Xhol. 

Sequence of all the generated vectors was confirmed by double stranded DNA 
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sequencing. As a control we used the parental pLIVE plasmid without additional inserts. 

All plasmids were purified using PureLink HiPure Plasmid Maxiprep Kit and potential 

contaminations of endotoxin were removed using High Capacity Eudotoxin Removal 

Spin Columns (both Thermo Scientific), 

In vitro expression of murine DNasel and DNasell3 

plasmids containing the cDNA for DNasel or DNase113, described elsewhere 

were transfected into Human Embryonic Kidney (FIEK) cells with Lipofectamine 3000 

(Thermo Scientific) in senim-free conditions with DMEM media (Thermo Scientific) 

supplemented with 10% KnockOut serum replacement (Thermo Scientific). After 72 

10 

	

	hours, supernatants were collected, centrifuged at 500 xg  for 10 minutes, sterile filtered, 

and concentrated by ultracentrifugation with 3K columns (Amicon Ultra, Millipore, 

Darmstadt. Germany). 

In vivo gene expression 

The pLIVE-plasmids containing DNasel,. DNase 113, CSF3, or empty control 

15 

	

	plasmids were administered to mice via hydrodynamic tail vein injection. In brief, 50 ng 

of plasmid were diluted in 0.9% saline in a volume equivalent to 10% of the body mass 

of the mouse. Mice were anaesthetized with isoflurane and the plasmid solution was then 

injected intravenously over 5 to 8 seconds via the tail vein. In rare cases, mice did not 

fully recover from the injection within the first 24 hours and these animals were excluded 

20 	from the study. For coexpression studies, 50 pg of the C'SF3-plasmid were mixed with 

50 	of the empty control plasmid, or the plasmids containing DIVase I and DNose113. 

The solution containing both plasmids was administered via hydrodynamic tail vein 

injection. 

Chronic neutrophilia 

25 	Female mice at 4 weeks or 8-12 weeks of age were injected with 50 j.ig of the 

pLIVE-plasmid containing C'S/73 to induce G-CSF overexpression and neutrophilia. 

Mice were monitored every 8 hours during the first week after injection, and daily 

afterwards. Temperature was measured in the perianal area by a contactless infrared-

thermometer (Etckcity, Germany). For survival studies, mice were euthanized and scored 

30 

	

	as 'non-surviving" if the animals showed signs of distress (no spontaneous movement, 

closed eyes, occasional gasping). In all cases these signs of distress were accompanied 

‘‘. ith a rapidly progressing and severe hypothermia, defined as decrease in body 
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temperature of ?_4°C. compared to the body temperature before the plasmid injection. and 

with hematuria. Non-hypothermic mice did not show any signs of distress and were 

euthanized at the end of the experiment. For organ, blood, and urine collection, we 

analyzed four groups of three D 1 /D1L3-/- mice. Mice in each group were injected with 

	

5 	a mixture of CSF3 with empty plasma, DNase 1 , or DNase113. Each group of mice was 

euthanized for biosample collection, when the first animal of the group showed signs of 

distress, severe hypothermia. and hematuria. This time point was defined as "exitus" and 

occurred within 3 to 6 days after the injection. 

Platelet depletion 

	

10 	Mice received an intraperitoneal injection of 2 nig platelet-depleting antibody 

or isotype control antibody (both Emfret, .Germany. ). This treatment depletes > 95% of 

platelets from circulation. The treatment was started 24 hours after the injection of CSF3 

and repeated every -tg hours until completion of the experiment. 

Thrombin inhibition 

	

15 	Powdered dabigatran etexilate (Pradaxa, Boehringer bigelheini, Germany) was 

mixed with normal chow powder (Altromin. Germany) at a dose of 40 mg/g. Pellets were 

prepared by mixing the powder with distilled water and allowed to dry at room 

temperature. The feeding of dabigtran was started 24 hours after the injection of CSF3. 

WT mice fed with the dabigratan diet for 1 day showed a 6.48±1,19-fold (McanI SD, 

	

20 	N=4) increased activated partial thromboplastin time when compared to mice receiving 

normal chow without dabigratan (Student t-test; P < 0.001). 

Preparation of bacteria for septicemia 

Escherichia colt (XEN 14, Perkin Elmer) was grown overnight in lysogeny broth 

media containing 50 µg/ml kanatnycin. Bacteria were pelleted by centrifuging at 4000 x 

	

25 	g for 10 minutes. washed with and resuspended in PBS. Aliquots of 1.5 x 109  bacteria/nil 

were incubated at 70°C for 15 minutes to heat-kill the bacteria. Aliquots stored at -20°C 

until further use. 

Septicemia 

Male mice at 8-15 weeks of age received three daily intraperitoneal injections of 

	

30 	I itg/g of LPS from Salmonella enteric° semtype thyphnnurium (Sigma-Aldrich) in 0.9% 
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saline. Along with the third LPS injection, mice received an intravenous injection of 1.5 

-x 107 heat-killed Keowg. The shown survival time indicates the time after the injection 

of Eicoh. Blood and organs were collected at the time of euthanasia. Insufficient 

biosamples were obtained from two animals (Ix Dl/D1L3--/- + CYri. lx D I/DIL3-/- + 

D11.3) to perform the complete analysis shown in FIG. 4A-FIG 41. Mice were euthanized 

and scored as "non-surviving" if the animals showed signs of severe distress 

(irresponsiveness to touch). All non-surviving mice showed hematuria and paleness of 

extremities. All surviving mice were euthanized and scored as "surviving" 24 hours after 

the intravenous injection of heat-killed EcQ/i. 

I 0 	Mu rine blood, plasma, and tissue collection 

Blood was collected by submandibular puncture or by the rctroorbital sinus. 

Blood was collected into 200 n1 serum tubes (Monovette; Sarstedt, Germany) and 200 gl 

EDTA tubes (OK 150, KABE labortechnik. Germany). Plasma was obtained by 

collecting the supernatant ofblood after eentrifiagation at 3000 Ng for 15 minutes. Serum 

15 	was obtained by allowing the blood to clot for 1 hour at room temperature followed by a 

centrifugation for 15 minutes at 3000 x g. Serum and plasma samples were stored in 

aliquots at -20°C until further use. For organ analysis, mice were perfused by intracardiac 

infusion of PBS. Organs were collected and fixed for 24 hours in 4% HA at 4°C. Fixed 

organs were embedded in paraffin. 

20 	Analysis of blood and plasma 

LDH. AST, ALT, creatinine and BUN in plasma were quantified by using 

standardized kits (Biotron Diagnostics. CA, USA) following 'the manufacturer 

instructions. Mouse G-CSF was quantified with a Quantikine ELISA Kit (R&D, United 

Kingdom). Hemoglobin in EDTA blood was quantified by an automated hemocytometer 

25 	(Idexx ProCvte Dx Hematology Analyzer, Netherlands). To quantify neutrophils by 

FACS, whole blood was incubated on ice for 15 minutes with 0.2 ng of phycoerythrine-

label led anti-mouse CD I 1 b (M1/70, Biolegend. Germany) and 0.5 nit of Alcxa Fluor 488 

anti-mouse Ly6G (IAB, Biolegend. Germany). The blood was then diluted with 0.5 ml 

PBS and analyzed with a FACSCalibur (BD Bioscience, USA). Blood smears of EDTA- 

30 anticoagulated blood were prepared on polylysine-coated slides (Hecht Assistant, 

Germany). After air-drying were- incubated for 1 minute in methanol supplemented with 
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1µM SytoxGreen on dry ice or stained with Giemsa using commercial kit (In Vitro 

Diaguostikum, Germany). 

Immunofluorescence stainings 

Paraffin-embedded sections were de-waxed, rehydrated, and subjected to antigen 

	

5 	retrieval for 25 minutes at 100°C in citrate buffer (10 inM sodium citrate, 0.1% Tween, 

pH 6). Thereafter, sections were blocked for 30 minutes with 2.5% normal goat serum 

(Vector, United Kingdom) followed by incubation with a mouse-on-mouse blocking kit 

(Vector) for one hour. The sections, were then incubated over night at 4°C with 2 µg/m1 

of the primary antibody against MPO (A0398, Agilent. Germany). CRAMP (PA-CRLP- 

	

10 	100, Innovagen, Sweden), citmllinated histone 3 (ab5103. Abeam, United Kingdom), 

fibrin [clone 59D8 j. or the complex of histone H2A. H2B, and DNA to detect chromatin 

(2). Sections were incubated with anti-rabbit and anti-mouse lgG antibodies conjugated 

with Alexalluor488- AlexaFluor555 (all Thermo Scientific) for 1 hour. After washing, 

DNA was labeled with 1 mg/mIDAPI for2 minutes. Autofluorescence was quenched by 

	

15 	a 25-minute incubation with Sudan Black (0.1% in 70% ethanol), and sections were 

mounted With Fluoromount G (Southern Biotech, USA). Images of fluorescently labeled 

sections were acquired with an inverted fluorescence microscope (Axiovert 200M. Zeiss, 

Germany) or a confocal microscope (TCS SP5, Leica. Germany). Images of NET-clots 

were quantified using software (Imagei). A vWF or fibrin staining area of less than 3% 

	

20 	of NET-clots was considered negative.. 

Immunohistochemistry 

After antigen retrieval, deparaffinized sections were blocked for 30 minutes with 

2.5% normal horse serum (Vector). The sections were incubated over night at 4°C with 

2 µg/m1 of the primary antibody against neutrophil elastase (ab68672, Abeam). After 

	

25 	washing, sections were stained using the anti-rabbit IgG-AP kit, (ImmPRESS, Vector) 

according to manufacturer's instruction. Sections were counterstained with hemalum 

(Merck_ Gennany) and mounted with Neo-Mount media (Merck). Images of stained 

sections were acquired with an inverted microscope (Axiovert 200M, Zeiss). 

Generation of NET-clots in vitro 

	

30 
	

Purified human neutrophils were seeded to tissue culture plates at 3 x 107  cells / 

ml in DMEM supplemented with 2% BSA. The cells were activated with 0.1 !AM .PMA 

for 4 hours at 37°C. 5% CO2 with humidity and rotating conditions (300 rpm). We used 
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unstimulated neutrophils and neutrophils activated with PMA in the presence 10 Ll/m1 

recombinant human, DNasel (domase alpha, Roche, Germany) as controls. NET-dots 

were fixed With 2% PFA overnight at 4°C. Fixed NET-clots were embedded in paraffin 

and sections were stained for NETs as described above. 

	

5 	Statistical evaluation 

Data are shown as mean d: standard deviation. Statistical analysis was performed 

using Prism Software (Graph Pad, USA) and included Student's west, one-way and two-

way ANOVA followed by Bonferroni's multiple comparison test, and Log-rank test. 

Results were considered significant at P < 0.05_ 

	

10 	Movies 

Chronic neutrophilia is tolerated in wild type mice. A movie generated shows the 

wild type mice one week after the injection of a CSF3-expression plasmid (CSF3) or a 

control plasmid lacking CSF3 (Ctrl). Both animals show normal behavior and no signs 

of distress. 

	

15 	Chronic neutrophilia causes distress in mice lacking DNasel and DNase113. The 

movie shows DNasel/DNase.113-/- mice co-expressing CSF3 with a control plasmid 

(CSF3/Ctr1), with DNasel (CSF3/D1,), or with DNasell3 (CSF3/D1L3). Mice 

expressing circulatory DNases, DNase I or DNase113, show normal behavior. Mice 

lacking circulatory DNases (CSF3/Ctrl) show signs of distress (no spontaneous 

	

20 	movement, closed eyes, occasional gasping). 
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Example 2: Development and use of DNaselL3 and variants for therapy 

Introduction 

Uncontrolled inflammation causes a plethora of conditions (.1). Neutrophil 

	

5 	extracellular traps (NETs) are DNA filaments decorated with toxic proteins (2). NETs 

protect against microbial infection, but excessive NET formation triggers and 

exacerbates inflammatory and autoiminune diseases (3). [Wesel (Dl), a DNA-

degrading enzyme found in blood, has been widely used to disarm NETs in vitro and in 

vivo. Indeed, infusion of recombinant human D 1. an FDA-approved drug (domase alpha) 

	

10 	for cystic fibrosis (CF), prevents the pathological eftbcts of NETs in various disease 

models (3), supporting the use of DI for prophylactic therapi•. 

DiVasel-like 3 is novel drug candidate far NET-associated diseases 

In. Example 1, we found that in addition to DI, DNase I-like 3 (D1L3) also 

15 degrades NETs. Both enzymes maintain blood and tissue homeostasis during 

inflammatory responses. In brief, we showed that NETs are generated within blood 

vessels during neutrophilia, a hallmark of inflammation, under sterile as well as 

infectious conditions. Dl and DIL3 cleave NETs and thus prevent the aggregation of 

DNA-filaments of NE.Ts to vascular clots. In the absence of DI and DIL3, clots ofNETs 

20 obstruct blood flow and cause organ damage and death. NET-clots arc formed 

independently of platelets or fibrin and are therefore resistant to conventional anti-

thmmbotie therapy. Thus, we uncovered clots of NETs as a novel mechanism for 

vascular occlusion and DIL3 a new prophylactic therapy against NETs (see Example 

1). 

	

25 	Dl and D11..3 belong, along with DNasel-like 1 (D I L I ) and DN asel-like 2 

(DI L2), to the DNase I-protein family (4). D1 and DIL3 are expressed in a variety of 

species including, humans, primates, and rodents, DI is predominantly expressed in the 

gastrOintestinal tract and exocrine glands (5), whereas hematopoietic cells. namely 

macrophages and dendritic cellS produce DIL3 (6, 7) We found both DNases at low 

	

30 	concentrations in serum of mice and humans (Example I, FIG. 14), but the origin of DI 

and D 1L3 in circulation is unknown (7, 8). Di preferentially cleaves protein-free DNA 

(e.g. bacterial DNA. plasmid DNA), whereas Dl L3 targets chromatin, the complex of. 

DNA and histones, which is commonly found in the nucleus of eukaryotic cells (7. 9. 

10). Dl activity is inhibited upon binding to monomeric actin and sensitive to 
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physiological salt concentrations (11-13). In addition, DI is glvcosylated at N40 

(corresponds to N18 in the mature enzyme without signal peptide) and N128 (N106), 

which makes the enzyme resistant to inactivation by scrum proteases (0). In contrast. 

D 1 L3 lacks glycosylation and actin-binding sites, which causes its susceptibility towards 

	

5 	several proteases and resistance towards actin, respectively (9). 

DI was first discovered in body fluids of the gastrointestinal tract and urine, 

taking part in the digestion of DNA from food intake. We observed in the course of this 

disclosure that systemically administered DNase I (e.g., through intraperitoneal or 

intravenous injection)- has a relatively short half-life in circulation and is secreted in an 

	

10 	enzymatically active form into the urine and, unexpectedly into bile, Its secretion into 

the bile fluid opens up the opportomity to target extracellular DNA and/or NETs in the 

biliark.,,  duct via systemic DNase I therapy. 

D1L3 was first described in the context of programmed cell death (14). D1 L3 

features two nuclear localization sites (VLSI. NLS2). NLS2 is embedded within a C- 

	

15 	terminal tail that is unique to D1L3 and not present in DI. Both NLS target the enzyme 

to the nucleus during apoptosis (14). Indeed, intracellular DIL3 is required for 

fragmentation of nuclear DNA, within apoptotic and necrotic cells in vivo (15). DI L3 

requires its C-terminal tail to degrade extracellular DNA. namely lipid-encapsulated 

DNA, such as found in transfections, and chromatin within apoptotic bodies (7. 10). In 

20 transfections, eDNA and cationic lipids form a complex that penetrates through the 

plasma membrane of target cells. DI L3 interferes with transfections and the C-terminal 

tail is critical for this function (.10). Apoptotic bodies, lipid vesicles filled with chromatin 

from apoptotic cells, are physiological substrates of DI L3 ( 7). Here, the Cgenninal tail 

enables D I L3 to penetrate through lipid membranes of apoptotic bodies and degrade the 

	

25 	chromatin load. Importantly-•, the C-terminal tail is also required for the degradation of 

lipid-free extracellular chromatin by DIL3 (7). The C-terminal tail is believed to be 

critical for the functions of D 1L3 in the extracellular space, 

While bDl is effectively targeting NETs in animal models, mainly mice, it has 

shown limited or no therapeutic effect in clinical trials of Cr (16) and emphysema (17), 

	

30 	respectively. NETs are formed in CF (18), indicating that wild-type hDl is not optimal 

for targeting NETs in patients. Hyperactive variants have been generated to circumvent 

the therapeutic limitations of D1, but their clinical manufacturing is challenging (12). 

Notably. NET-DNA contains histones and is structurally organized like chromatin (2). 
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Thus, we speculated that the efficient degradation of chromatin is required for an optimal 

therapy against NETs. 

A combinational therapy of hD1 and tissue plasminogen activator (tPA. 

alteplase) of emphysema patients has been described (17). The data are in line with our 

	

5 	hypothesis because WA enables D I to degrade chromatin in vitro (19). US 9,642,822, 

which is hereby incorporated by reference, further discloses combination therapy with 

WA and D1 for therapeutic targeting of NETs (20). However, treatment with WA is 

commonly associated with an increased risk of bleeding due to its fibrinolytic activity 

(17). D1L3 may provide a safer strategy for targeting NETs without putting patients at 

	

10 	risk for bleeding, but a therapy with D I L3 protein has not been explored. 

Engineering olDNasel and DNase1-like 3 vuriants through amino acid tranYer 

In this Example we generated variants of DI and D1 L3 that are engineered for 

therapy against extracellular chromatin (including NETs). To design variants, we 

	

15 	hypothesized that the capacity Of human D1L3 to degrade chromatin is encoded by 

individual amino acids and/or amino acid sequences, which are absent in human DI, 

Furthermore, we speculated that transferring these individual amino acids and/or an 

amino acid sequence from human D1L3 to D I generates hyperactive DI variants NN ith 

increased chromatin-degrading activity. Similarly, enzymatic properties (e.g. 

	

20 	glycosYlation) can be transferred from D 1 to DIL3. To test our hypothesis. we employed 

conventional amino acid mutations and developed a novel building-block (BE) 

technology to engineer variants of DNases from the DNase I -protein family. 

To produce variants of D1 and D1L3, we used in vitro expression systems 'e.g. 

Chinese hamster ovary (CHO) cells, human embryonic kidne, (HEK) cells, Pichia 

	

25 	pastoris]. Enzymatic activity was characterized using the degradation of high-molecular 

weight (HMW)-DNA as a readout (FIG. 16). We chose two types of HMW-DNA: (a) 

double-stranded DNA (dsDNA) that was isolated from salmon testes. The degradation 

of HMV-dsDNA was analyzed by zymography; (b) chromatin of purified nuclei from 

HEK293 cells. To analyse its degradation. HMW-chromatin was first incubated with the 

30 DNase variants, followed by DNA isolation and visualization via agamse gel 

electrophoresis (AGE). Chromatin degradation was detected by low molecular weight 

(LMW)-DNA. in this setup, wild-type human DI (SEQ ID NO: 1) has approximately 

100-fold higher activity to degrade dsDNA than wild type D I L3 (SEQ ID NO: 2), 

whereas wild-type D1L3 degrades chromatin with approximately 100-fold more 
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efficiently than wild-type D1 (FIG. 16). We found synergistic effects of D 1 and. D 1 L3 

in degrading chromatin, but not dsDNA. If D1 and D l L3 are mixed at a ratio of 10:1 or 

1:I, we observed increased chromatin degradation_ compared to each DI or DIL3 alone 

(FIG. 16). Thus, we screened for Dl and/or DIL3 variants, which show increased 

	

5 	chromatin and/or dsDNA degrading activity, 

Selected D1 and D1L3 variants were further tested to degrade intravascular 

NETs. using an in vivo-expression system for members of the DI-protein family. See 

PCT/EP2018/051.444, which is hereby incorporated by reference in its entirety. The 

system is based on two components, (a) an expression plasmid that-enables the stable in 

	

10 	vivo transfection of hepatoeytes with eDNA of DI, D ID, and variants thereof in 

recipient mice. and (b) Dnase14-Dnase113-1-  deficient. mice, which arc characterized by 

the absence of DNase activity in serum. In brief, the c.DNA of candidate DNases is cloned 

into the hepatic expression vector. Next, the vector is co-expressed in Dnasel-i-Dnasen3' 

''deficient mice along with the eDNA of murine Csf3, which encodes for the granulocyte 

	

15 	colony-stimulating factor (G-CSF). The_ expression of OP induces neutrophilia with 

concomitant intravascular NET-formation, which in turn causes the aggregation of 

undigested NETs within blood vessels and death in Dnasel+Dnasell.34-  mice. To 

identify drug candidates, we screened for D1, 01L3, and variants. thereof that efficiently 

degrade NETs and thus prevent morbidity and mortality in this model. 

20 

Results 

Engineering 1_)Nase.i variants through conventiOna1 mina acid substitutions 

Our central hypothesis is that the capacity of human D 1L3 to degrade chromatin 

is mediated by amino acids that are not present in DI . Sequence alignment showed that 

	

25 	44% of the amino acids in human D1 and human DI L3 are identical (FIG. 17). We 

excluSively mutated only variable amino acids (56% non-shared amino acids) to generate 

D1 and DL3 variants. 

DIL3 is a cationic protein with an isoelectric point of 9,35. whereas DI and the 

other members are more basic proteins. We therefore speculated that the cationic nature 

	

30 	of DIL3 enables the enzyme to degrade chromatin. Through sequence alignment, we 

identified 37 arginine or lysine residues in the variable amino acids, which are absent in 

Di (FIG. 17). These amino acid residues arc located at the amino acid positions 29 

(position 9 with the signal peptide), 39 (9). 47 (7). 50 (30), 66 (46), 74 (54), 77 (57), 80 

(60), 81 (61), 92 (72), 109 (89). 114 (94), 115 (95), 163 (143), 176 (156), 180 (160), 199 
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(179), 200 (180), 203 (183), 208 (188), 212 (192), 226 (206), 227 (207), 239 (219), 250 

(230), 259 (239), 262 (242), 280 (260). 285. (265), 291 (271), 292 (272), 297 (277)„ 298 

(278), 299 (279), 301 (281). 303 (283), 304 (284) with respect to SEQ ID NO: 2. 

Twenty-six of these additional arginine or lysine residues in DIL3 correspond 

to the following amino acid positions in DI (SEQ ID NO: 1); 31 (position 9 with the 

signal peptide), 41 (19). 49 (40). 52 (30), 68 (46), 76 (54). 79 (57), 8.1 (59). 92 (70), 109 

(87). 114 (92). 115 (93). 164 (142). 177 (155). 181 (159). 200 (178). 201 (179), 204 

(182), 209 (187), 213 (191), 227 (205), 239-  (217), 250 (228), 259 (237), 262 (240), and 

280 (260). In addition, D1L3- features 3 sites of insertions of arginine or lysine residues: 

10 	R80. K226 and a C-terminal tail (after amino acid position 282 in SEQ ID NO: 2), which 

features 3 arginine and 6lysine residues. 

We aimed to transfer the arginine and lysine residues that are part of the core 

body of DILI to DI by introducing the following mutations into wild-type DI (FIG. 

18): Q31R, A4 IK, Q49R. S52K, T68R, N76K, Q79R, D80_A8 linsR, A81R. P92R, 

15 	D109K, VI 14K, D115R, A164K, Q177K, 0181K, P200K, S201K, S204R, W209R, 

T213R, A226 T227insK, T227K, A23911, D2 OK, A259K, 0262K, and 1(280M with 

respect to SEQ ID NO: I, thus. generating 28 variants of D I . 

In this Example, we were able to generate DI variants that contain 23 of the 28 

amino acid substitutions. We expressed the eDNA of these DI-variants in HEK.293 cells 

20 	and analyzed the dsDNA and chromatin degrading activity in the culture supernatants. 

We observed that the following amino acid modifications partially increased the 

chmmatin degrading activity, while no major differences in dsDNA degradation were 

observed (FIG. 19): Q31R. Q49K, N76K, Q79R, P92R, D1-09K, A164K, Q177K, 

P200K, S201K„ S204R. T213R. Interestingly, mouse and rat DI (SEQ ID NO: 4). which 

25 	share 79%and 78% of the amino acids of human DI, respectively. feature several of the 

analyzed amino acid substitutions, including Q31R, Q49K. and Q79K (FIG. 20).. 

Analysis of supematants from HEK293 cells.. expressing marine DI and human DI 

showed that murine DI has an increased activity to degrade chromatin, when compared 

to human Dl (FIG. 21). We injected Dnase 1-/-Dnase 1134-  mice with a mixture of Csf3 

30 	and murine DI (mDnas e 1 SEQ ID NO: 3), human DI (hDneise I SEQ ID NO: 1), or an 

empty control plasmid (OH). Mice receiving the control plasmid died w ithin 7 days. 

whereas the expression of aniline DI provided a full protection for at least 28 days (FIG. 

21). Unexpectedly. the expression of human DI showed only a partial protection from 

death and more than half of the animals died within 14 days (FIG. 21), indicating that 
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human D I is less efficient in degrading intravascular NETs than murine Dl. We now 

Mutated Q3 1R Q49K, Q79R, and W209R in human Dl to generate a murine-like D1--

variant (SEQ ID NO: 5). A total of six mutations (Q3 IR_ Q49K, Q79R,, Q177K, W209R. 

G262K.) were made to generate a rat-like DI-variant (SEQ ID NO: 6). Both rodent-like 

Dl variants were cloned into the hepatocvte expression vector and delivered along with 

Csf3 into Drioseti'Dnase113-1-  mice. We observed that gene therapy with the murine- and 

rat-like variant •of DI provided a full protection against NET-mediated vascular 

occlusions and death (FIG. 22). Importantly, in vitro expression of the rodent-like human 

Dl-variants showed an increased activity to degrade chromatin (FIG.. 22). Collectively, 

10 	the data illustrate that (a) human D I has a limited capacity to degrade NETs in vivo; (b) 

transferring multiple cationic amino acids from human D11,3 to human DI generates 

hyperactive variants. 

Several attempts have been made to generate hyperactive variants of Dl (6, 12, 

13, 21-29). We found 184 mutations. which altered 82 of the 282 amino acids of wild- 

15- 	type. human DI (FIG. 23). Alignment of amino acid sequences of wild-type human D I 

and human D lL3 revealed three gain-of-function mu 	Lions in human DI that are already 

present in wild-type human D1.1.3 (FIG. 23): Q3 IR (corresponds to Q9R. in DI without 

signal peptide), T227K (T205K), and  Al 36F (A 114F). While the mutations Q31R and 

T227K may alter the DNA-binding properties of hD I. and thus cause hyperactivity. 

20 	A136F confers resistance to inhibition by monomeric actin (21-24, 26. 29). 

We 	designed a new DI -variant that carries the combination of 

Q3 I PJT227K/A136F (SEQ ID NO! 7) and compared its enzymatic activity to wild type 

DI (SEQ ID NO: 1), as well as to DI-variants carrying single mutations in Q3 IL T227K, 

A136F. or a combined mutation in Q31R and T227K (SEQ ID NO: 8). We characterized 

25 	the dsDNA and chromatin-degrading activity in the culture supernatants of transfected 

HEK293 cells. We observed no major differences in dsDNA-degrading activity with D1-

variants carrying single or combinational mutations of Q31R and T227K (FIG. 24). 

Interestingly, chromatin was partially and fully degraded in A136F mutants and the 

combinational mutation of Q31R/T227KJA13617-, respectively (FIG, 24). Next, we tested 

30 	whether the Q31R/T227K/A136F variant of DI is capable of preventing NET-mediated 

lethal vascular occlusions in neutrophilic Dnasel-I-Dnase113-1-„ All mice receiving a 

control plasmid without DNases died, whereas all mice expressing the D I-variant (SEQ 

ID NO: 7) survived until the end of the experiment without showing signs of distress 

(FIG. 24). Using purified proteins, we observed that the triple amino acid substitution 
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increases the chromatin degrading activity approximately 10-20 fold compared to wild-

type DI without detectable -differences in dsDNA degrading activity (FIG. 25). 

Chromatin from nuclei and NETs contains actin (30, 31). The data suggest that chromatin 

degradation by Dl variants requires cationic amino acid substitutions as well as 

	

5 	mutations that confer actin resistance — two features which are present in wild-type 

DI L3. To further corroborate this notion, we generated a DI variant which features the 

combination of the mutations Al64K and A136F (SEQ ID NO: 9). Indeed, we observed 

a strong increase in chromatin degrading activity in the D 1 variant with both mutations 

(FIG. 26) .suppoiting our hypothesis. 

10 

Development of building block engineering of DIVasel -protein family members 

D 1 L3 features three sites that contain additional amino acids: the C-terminal tail 

starting after Q282 (N1.2-SSRAFTESKKSVTLRKKTKSKRS-00011) (SEQ ID 

N-0:33.), and at two sites within the enzyme at S79/R80 and at K226 (FIG. 17). The 23 

	

15 	amino acids of the C-terminal tail Of D1L3 have been attached to the C-terminus of Dl 

(JO, 28). We observed that the insertion of an arginine-residue at position 226 of DNase I 

(A226 T227insK) generated a DI-variant with reduced enzymatic activity to degrade 

dsDNA, while no such effect was observed with the substitution T227K (FIG. 27) Thus. 

an insertion of a K/R-residue goes along with a risk of reducing DI function. The 

	

20 	insertion of a charged amino acid may influence the local protein structure. Given that 

D1 is a globular enzyme that comprises one amino acid chain [FIG. 28, (27)], it is 

conceivable that such local alteration may render the whole enzyme inactive. Indeed, 

numerous non-conservative mutations throughout the D I amino acid sequence inactivate 

the enzyme (12. 25, 26). We hypothesized that the transfer of local protein structures by 

	

25 	implanting not only single arginine and lysine residues but also the neighboring amino 

acids sequences reduces the risk of inactivation. We searched within DI and DI L3 for 

conserved amino acids in the vicinity ofA2267227insK that can be used as anchors for 

the insertion. We identified a D223/T224/T225 motif and a conserved T229 in DI as N-

terminal and C-terminal anchors, respectively (FIG. 27). We replaced 3 amino acids 

	

30 	within Dl (ATP) with 4 amino acids_ including K226, from DIL3 (VKKS) in silico. 

Expression of the eDNA of the new DI-variant (A226_P228delinsVKKS) in NEK239 

cells revealed a functionally active enzyme with a similar dsDNA-degrading activity. 

when compared to wild-type D I (FIG. 27). The data suggest that the variable amino 

acids between conservedamino acids an interchangeable between DI and D I L3. 
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We conceptualized a building block-technology to transfer enzymatic properties 

from one member of the D 1 -protein family to another. The following cardinal steps 

characterize the technology (FIG. 29): 

	

5 	(1) Provide protein-protein alignment of donor and recipient DNase 

(2) Identify variable amino acid or amino acid sequence for transfer 

(building block) 

(3) Identify conserved amino acids in donor and recipient DNase that are located 

up and downstream of building block (anchors):  respectively: 

	

10 	(4) Replace cDNA encoding for building block between C- and N-anchors in recipient 

DNase-, with eDNA between the anchors in donor DNase. 

(5) Synthesize eDNA of chimeric DNase, followed by in vitro/in vivo expression into 

a recipient organism that is. preferably deficient in both donor and recipient DNase 

(e.g. CHO cells or DnasePl)nase1134-  mice). 
15 

Engineering Mosel variants through building block technology 

A multiple-species alignment of Dl and DIL3 from human, mouse, rat, and 

chimpanzee (FIG. 30), showed that N- and C-terminal anchors are conserved among 

these species, These anchor amino acids or amino acid sequences flank 62 building 

	

20 	blocks of variable amino acids and amino acid sequences, which include the amino acid 

sequence in DI (ATP) and DI L3 (VKKS) from the above-mentioned experiments as 

building blocks #49 (FIG. 31). 

The transfer of these- building blocks from D I L3 into DI generates DI-variants 

with the following mutations (FIG. 31): IM_S22delinsIVISRELAPUILLLSIFISALA, 

	

25 	L23A27clolinsMRICS, 	130 T32delinsVRS. 	E35 TI6delinsES. 

M38_147delinsQEDKNAMDVI, Q49_S52delinsKVlK, Y54C, 156_Q60delinslILVM, 

V62R63delinsIK, 	S65...K72delinsSNNRICPI, 	1,74_N76delinsMEK, 

Q79 J84delinsRNSRRGIT, 	H86N, 	V88_V89delinsVI, 	E91_P92delinsSR, 

N96_597delinsNT, 	R.10-1. Q. 	1,103A„ 	V1051,, 	R107_Q 11.0delinsKEKL, 

	

30 	A113_S I I6delinsVKRS, Y 1 18H, D 1 20H, G1221\1128delinsYQDGDA, TI30S, 

N132S, 	A I 36_I137delinsFV, 	R139W, 	F141_F144delinsQSPH, 

E I46_E149clelinsAVICD, Al5 IV, V1531, A157_A158delinsTf, Q160_A162delinsETS, 

A 164K , 	A168E. 	YI70_D I 71ddinsVE, 	L1 74T_ 	Q1-77_K 1 79delins.KHR, 

G181 1,182delinsKA, 	D184 LI 87delinsNF1F. 	RI 99_Q202delin.sPKKA„ 

	

:35 	S204.205delinsKN. W209R, S211D, T21 3R, Q2 15V. P219G, S221_A222delinsQE, 
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A226_P228delitisVKKS, F1230N, V238_A239delinsLR, M241 A246delinsQE1VSS, 

D230K. A252_P254dclinsNSV, N256D, A259_A260delittsICA, G262K, 

S264_L267delinsTEEE, Q269 I271delinsLDV, Y275F, V279_M280delinsFK, and 

K282delinsQSSRAFTNSKKSVTLRKKTKSKRS. 

	

5 	The following DIL3-variants are generated if the building blocks are transferred 

from D1 to D1L3 (FIG. 31): M 1 _A2OdelinsIVIRGMKLLGALLALAALLQGAVS, 

M21_S25delinsLKIAA, 	Nr;  2 8 _S 3 0 d el insiQT, 	E33 S34delinsET„ 

Q36_145clehrisMSNATLVSY1, K47_K5OdelinsQILS, C52Y, 154_1\158delinsIALVQ, 

160_1(6IdelinsVR, 	S63_170delinsSHLTAVGK, 	M72_K74delinsLDN, 

	

I0 	R77_T84delinsQDAPDT, 	N86H, 	V88189delinsV V. 	S9 I_R92delinsEP, 

N96 T97delinsN S. 	QI01 R, 	A103L, 	L 105V, 	K I 07_1.110delinsRPDQ„ 

V113_S116delinsAVDS, H118Y, H120D, Y122_A127delinsGCEPCGN. V1291, 

S13 IN, 	135F 136VdelinsAL 	W13811. 	Q140H143delinsFSRF, 

A1.45_D148delitisAVKa 	VI50A, 	1152A, 	7156 T157delinsA.A, 

15 E159_S161delinsGDA, K163A, E167A, V169E170delinsYD, T173L, 

K1763178delinsQEK, 	KI8O_A 18 Idol insGL, 	Ni 83_F186cielinsDVML, 

P 1 98_A2OldelinsRPSQ, K203_N204delinsSS, R208W, D210S, R212T, V214Q. 

Ci218P. Q220_E221delinsSA, V22.5_S228delinsATP, N230H, L238_R239delinsVA, 

Q24 I_S246delinsIVILLRG A. 	K2500. 	N252_V254delins ALP, 	D256N, 

	

20 	K259_A260delinsAA, K262G, T264_E267delinsSDQL, L269 _V271deliiisQA1, 

F275Y, F279K280delinsVM, and Q282_S305delinsK. 

Next, we conceptualized a sequential approach to engineer D l -variants with 

DI L3 activity that starts with the transfer of multiple adjacent building blocks (clusters), 

continues with the transfer of individual building blocks, and ends with a transfer of 

	

25 	individual amino acids or the combination of multiple building blocks into new chimeric 

enzymes (FIG. 32). This approach reduces the number of D 1-D 1 L3-chimera in the initial 

screening. 

To test our method, we designed a total of 19 D 1-variants comprising either 

individual building blocks or clusters of building block cluster from DIL3 (FIG. 31). 

30 These DI-variants feature the following amino acid mutations: 

1M_S22delinsMSRELAPLLLLLLSIHSALA, 

L23_A27delinsMRICS/130 J32delinsVRS/E35 T36delinsES, 

M38_147delinsQEDKNAMDVI, Q49_S52delinsKVIK/Y54C/156_Q60delinsIII.VM. 

V62_R63delinsIK/S65_K 72deliiisSNNRICPUL74_N76del ins MEK, 
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Q79_T84delinsRN SRRG IT, 	 H86NN88_V89dclinsVI/E9:1_P92delinsSR, 

N96597delinsNT/R101Q/L103A/V105L, 

R107_Q I 1(klelinsKEKL/A1 I 3_S1 I 6delinsV KRS/Y 1 ISI-VD120H, 

G122 NI 28delinsYQDGDA/T130S/N132S. 	 A136_1137delinsFV, 

R139W/F14 l_F144delinsQSPH/E146E149delinsAVKD/A151VNI5311A157A158d 

elinsTVG I 60A162delinsETS/A I 64K, 	A 168E/Y 1701)17 1 delins VE/L174T, 

Q177_K179delinsKHR/G181_1,182clelinsKA/D184_L187delinsN FIF. 

R199Q202delinsP K KA/S204S205delinsKN/W209R/S2 1 D/T21311/Q215V/P219G/ 

$22I_A222clelinsQE, 	 A226_P228delinsVKKS, 

10 	H230NN238A 239delinsLR/M24 I _A 246delinsQEIVSS/D250KJA252_P254delinsNS 

V, 

N256D/A259A260delinsKA/0262K/S264_L267delinsTEEE/Q269 J27IdelinsLDV, 

and Y275FN279_10280delinsFKIK282delitisQSSRAFTNSKKSVTLRKKTKSKRS. 

Next, we cloned the cDNA into an expression vector, which was transfected into 

15 	HEK293 cells. Analysis of the cell supernatants showed dsDNA degradation by all 

samples (FIG. 33). Furthemore, we observed that the transfer of building blocks (BB) 

II (sec SEQ ID NO: 10), BB 12-14 (see SEQ ID NO: 11), BB 26 (see SEQ ID NO: 12), 

B13 41-48 (see SEQ ID NO: 13), and BB 49 (see SEQ ID NO: 14) from D I L3 to DI 

resulted in enzymes with increased climmatin degrading activity. All these chimeric 

20 	enzymes exhibited the same or more activity to degrade dsDNA substrates than wild-

type D I, The building blocks 11 (RN SRRGI in SEQ ID NO: 2) and 49 (VK.KS in SEQ 

ID NO: 2) from DI L3 contain R80/R8 I and K227, respectively, which are not present in 

Dl. The DIL3-BB cluster 41-48 (PKKAWKINIRLRTDPRFVWLIGDQE from SEQ ID 

NO:2) features 5 additional arginine and lysine residues than its counterpart in D1 

25 	(RPSQWSSIRLWTSPITQWLIPDSA of SEQ ID NO: I ). These additional cationic 

amino acids may be responsible for the hyperactivity. The DI-building blocks 12-14 and 

26 contain the amino acid sequences H86 to R95 and A136 to VI38 in SEQ ID NO: 1, 

which includes amino acid residues that are required for binding of the Di-inhibitor actin. 

Thus, replacement of these amino acid sequences with the respective building blocks 

30 	from Di L3, which do not interact with actin, likely generates actin-resistant variants of 

M. We now combined BB 11, 14, 26, 41-19 in one novel DI-variant (SEQ1 D NO: 15). 

We observed that the combination of these gain-of-function BBs increased the chromatin 

degrading of the D I variant to levels of wild-type D 1 L3 (FIG. 33). Thus, the BB 

technology provides a robust method to generate hyperactive DI variants. 
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Engineering DNasel-like 3 variants through building block technology 

The BR cluster 60 to 62 of. DI L3 includes the amino acid from its C-terminal 

tail (FIG. 33). The tail starts after L28-1 (FIG. 34) and comprises the amino acid sequence 

	

5 	QSSRAFTBSKKSVTLRKKTKSKRS (SEQ ID NO:33), which includes a hi-partite 

NLS. D1L3 requires the C-terminal tail to degrade DNA within lipid vesicles including 

transfeetion reagents and apoptotic bodies (7, /0, 28). Furthermore, the C-terminal tail is 

required for degradation of lipid- and cell-free chromatin by DI L3 (7). Both findings are 

based on a D I L3-variant that lacks the amino acids after Q282 and is thus inactive in 

	

10 	degrading these substrates. Wilbert et al, attached the C-terminal extension of DIL3 to 

the C-terminus of Dl and thus transferred the capacity to degrade DNA within lipid 

vesicles to D1 (10, 28). Here, we employed our BB technology to transfer the C-terminus 

from DIL3 to DI and vice versa. We used the conserved S272/D273/H274 motif, which 

is located in front of the terminal beta-sheet in DI (FIG. 28),. as a N-anchor and 

	

15 	exchanged the. terminal 3 building blocks between DI and Di L3 (FIG. 34). This 

approach generated a D I-variant that features the C-terminal extension of D1L3 due to 

the 	 mutations 

Y 275 FN279_M280del i n sFK/K282del sQ S SRA FTN SK KSVTLRKKTKSK RS (SEQ 

ID NO: 16) and a truncated DIL3-variant due to the mutations 

	

20 	F275Y/F279_K280delinsVM/Q282_5305delinsK (SEQ ID NO: 17). We expressed both 

variants and the wild-type enzymes in HEK.293 cells and characterized the DNase 

activity in the supernatant. Unexpectedly, we observed that the DI -variant with the C-

terminus of DIL3 did not degrade chromatin, while the D1L3-variant lacking the C-

terminus of the wild-type enzyme was still able to cleave chromatin (FIG. 34). In fact, 

	

25 	we observed an increased chroniatin degrading activity with this D1L3 variant. To 

corroborate this finding, we tested whether the truncated variant of D I L3 in vivo and 

observed that its expression of protected from NET-mediated mortality of neutrophilic 

Dflase/÷Dizase/134-  mice (FIG. 34). In conclusion, the deletion of the C-terminal does 

not inhibit, but rather increases the function of DIL3 to degrade lipid-free and cell-free 

	

30 	chromatin. 

Serum proteases, in particular plasmin, degrade DIL3, but not DI (9). The.  

sensitivity of DIL3 towards protease activity would limit its use in clinical practice. 

Glycosylated proteins display an increased protection against proteases (32). Using 

software analysis, we could not identify a known consensus sequence for glycosylation 

76 



in human and murine D 1 L3. Software analysis of human D 1 revealed 2 glycosylation 

sites, as observed both in silico and in vitro (9). We hypothesized that glycosylated 

variants of DI L3 may increase the 	in circulation due to an improved resistance 

towards serum proteases. A glycosylation site requires a minimal consensus sequence.of 

	

5 	N-X-T/S. DI contain two known N-glycosylation sites, N40 (N I S- without signal 

peptide) and N128 l(N106 without signal peptide, (9)]. The amino acids of the D1- 

glycosylation sites N40-X-T42 and NI28-X-T130 correspond to the D38-X-N40 and 

A l 27-X-V129 in D I L3. Thus, a glycosylated version of D1L3 needs to feature the amino 

acids mutations D38N, N40T, A127N, and V129T (see SEQ ID NO: 18). Instead of using 

10 conventional point mutations to insert these amino acid substitutions, we used BB 

technology to transfer the D -glysylation sites N40-X-T42, which lies within BB4 

(MSNATLVSY in SEQ ID NO: 1), and N128-X-T130, which lies within the BB duster 

23-25 (GCEPCQND`ITN in SEQ ID NO: 1), from D1 to DIL3 (FIG. 35). Thus. we 

generated two new D1L3 variants, which feature the mutations 

	

15- 	Q36 J45delinsMSNATLVSYI 	(SEQ 	ID 	NO: 	19) 	and 

Y122 JA127delinsCCEPCGN/V129T/S13 IN (SEQ ID NO: 20), respectively. We 

expressed these D1L3 variants along with the WT enzyme in HEK293 cells. Next, we 

analyzed the supernatant by Western Blot using a polyelonal antibody targeting an 

epitope in the C-terminal tail of the WT enzyme to detect the WT enzyme as well as the 

	

20 	DIL3 variants. As expected the DIL3 variants showed bands of a higher molecular 

weight presumably to glycosylation, when compared to the -WT enzyme (FIG. 35). D 1 L3 

variant with glycosylation at N40 or N128 retained their chi-6=6n degrading activity 

(FIG. 35). In conclusion, the data suggest that BB technology can be used to transfer the 

glycosylation sites from DI to DI L3. which may generate DIL3 variants with increased 

	

25 	protease-resistance and half-life in patients. 

Therapy with DNasel-like 3 and a variant thereqf 

Finally, we tested the therapeutic effects of DJ L3 in vivo. Histological analysis 

of vascular clots of NETs show dense aggregates of chromatin (FIG. 36A),. indicating 

	

30 	that histone-free cleavage sites for Dl are rare in vivo. Thus. we hypothesized that an 

acute therapy with wild-typo D J L3 is more effective in degrading intravascular NETs 

than wild-type Dl. To test our hypothesis_ we expressed C.f3 in Dnase I'ljnase113-1-

deficient mice to induce vascular clots of NETs. Importantly, preceding exitus, mice with 

vascular occlusions by NETS develop hematuria and hypothermia, which can be detected 
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non-invasively. Therefore, the animal model allows identifying and hence selecting 

mice, which have formed NETs, to test drug candidates for an acute therapy against 

NETs (FIG. 36B). Here, we tested purified wild-type human D 1 (domase alpha; SEQ ID 

NO: 1), wild-type human D1L3 (SEQ ID NO: 2), and a hyperactive D1L3 variant 

[D1L3v; (SEQ ID NO: 17)1 for an acute therapy against NETs. We injected 0)9 into 

MK/set /13,mo //34-  deficient mice. After 72 hours, the first individual animals started 

to develop hypothermia and hematuria. We used a drop in body temperature of 4°C or 

more and the presence of red urine as inclusion criteria. Mice, which developed these 

phenotypes, were randomized into the different treatment groups. Animals received a 

10 	single dose, intravenous injection via the tail vein of 1 mg/kg of D1, D113, or vehicle. 

After 30 minutes, the animals were euthanized to collect biosamples (blond and organs) 

Quantification of clots of NETs in the vasculature of lungs showed that NETs occluded 

blood vessels in mice receiving vehicle or D1 therapy (FIG. 36D). ImpOrtantly, mice 

injected with DIL3 and DIL3v showed no or few clot of NETs (FIG. 36D). In patients, 

15 circulating DNA has the size of DNA in mono-nucleosomes [180 base pairs. (33)1, 

indicating that it is a degradation product of high-molecular weight DNA in chromatin. 

Circulating DNA is commonly used as a surrogate marker of intravascular NET 

formation, but can also derive from damaged and necrotic tissue (34). We quantified 

DNA in serum using a fluorescent DNA probe. We observed that the injection of D1L3 

20 	and D I L3v, but not DI or vehicle, caused a strong increase in levels of circulating DNA 

(FIG. 36E). Isolation and visualization of circulating: DNA showed muitimers 180 base 

pair fragments, indicating the presence of mono- and oligo-nucleosomes in serum from 

in mice receiving the DIL3 therapy (FIG. 36F). Mice receiving D1L3v  showed only 

mono- and di-nucleosomes. The data confirm the hyperactivity of DI L3v in vivo. DNA 

25 	isolates from serum of mice receiving D 1 therapy showed faint DNA smears of various 

sizes, whereas no DNA could be isolated from serum of mice injected with vehicle (FIG. 

36F). Thus, DI L3 may be used, not only for prophylaxis, but also for acute therapy of 

diseases that associated with NETs. 

We further explored the therapeutic application of D1L3v in a model of 

30 	ischemia-reperfusion injury (FIG. 37A). In brief, one testicle of male wild-type rats was 

subjected to testicular torsion as previously described by us (35). The procedure causes 

an ischemic tissue injury. After randomization and dc-torsion of the testicle, the rats 

received three daily injections of vehicle dornase alpha. (DI, ling/ke.), or a purified 

DNase l L3 variant (SEQ ID NO: 17, DIL3`'', Img/kg). After 7 clays the ischemic testicle 
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and untreated testicle were collected. The therapy with the DI 13", but not saline or DI, 

significantly reduced the testicular atrophy (FIG. 37B). Moreover, therapy with the 

DI.L3v, but not saline or DL substantially reduced the tissue injury and majority of 

animals no signs of injury (FIG. 37C). Collectively. the data identify DIL3 as a potent 

	

5 	therapy against ischemia-reperfusion injury. 

Drug development of DNase 1 variants, 1.)Alase1 -like 3 and variants 

Nearly 70% of all protein therapeutics are produced using Chinese Hamster 

Ovary (CHO) (Xi). Indeed, wild-type DNase (dornase alpha) is produced in CHO cells, 

	

1,0 	Despite significant advantages, cell line development and large-scale production in CHO 

still remains a huge. challenge due a considerable degree of variability and no reliable 

methods for predicting or modeling cell growth characteristics (36). Importantly, CHO 

cells were not able to stably produce- hyperactive variants of D1, which prevented their 

clinical manufacturing (12). The manufacturing properties of D 1 L3 arc unknown. Thus,. 

15 we developed stable CHO cell lines producing wild-type DI. (SEQ ID NO: 1), a 

hyperactive DI variant (SEQ ID NO: 7), wild-type DI 13 (SEQ ID NO: 2) and a 

hyperactive D113 variant (SEQ ID NO: 17). We cultured the cell lines in bioreactors and 

observed a stable protein expression with wild-type D 1 and the D1 variant, with the latter 

having strongly increased expression levels (FIG. 38). illustrating the feasibility of 

	

20 	producing a hyperactive DI variant in CHO. Unexpectedly, we observed only minor 

protein levels of wild-type-  Dl L3 and the 0113 variant (FIG, 38). pointing towards a 

major challenge for clinical manufacturing D 113 and variants thereof 

Due to high cell densities in large-scale bioreactors, cells compete for resources, 

and undergo cellular stress leading to increased cell death called apoptosis, a cell death 

	

25 	program used by multi-cellular organisms, including mammals (37). D 113 targets DNA 

in apoptotic bodies (7). We speculated that the. low levels of D113 are due to scavenging 

of the enzyme by these apoptotic vesicles. To overcome these limitations, we tested the 

production of D1, D 11.3 and their variants using the microbial expression system, Pidna 

pastoris. an  established, FDA approved and Generally Recognized As Safe (GRAS) 

	

30 	organism with protein secretory abilities (38. 39). .A key limitation of this approach is 

that proteins produced by P. pcistoris are often hype rgl cosylated and may result in 

enhanced immtmogenicity (40). The composition of D113 and its variant are non-

glycosylated and optimal for expression in P. pastor/s. We mutated the glycosylation 

sites in Di and its variant at N4OS and N 1285 respectively to generate deglycosylated 
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proteins (SEQ ID NO: 21. 23). Protein expression in P. pastor's is generally achieved by 

coupling proteins of interest to secretory signal peptides of various origins. We omitted 

this step to avoid the generation of immunogenic chimeric proteins. We speculated that 

the native signal peptide of DI and/or D I L3 is recognized by P. pastor's. After codon- 

	

5 	optimization was performed, we expressed the cDNA in P. pastoris (SEQ ID NO: 22, 

24-26). We achieved expression of Dl and the DI variant (not shown). Importantly, this 

approach furthermore enabled the expression of D113 and the D 1 L3 variant, with the 

latter showing increased expression levels (FIG. 38). We purified the proteins and 

confirmed that the D1L3 has increased activity (FIG. 38). In conclusion, the data suggest 

	

10 	that using non-mammalian expression systems. such as P. pastor's. enables clinical 

manufacturing of D 1 L3 and variants thereof. 

Discussion 

Two DNA-degrading enzymes have been widely used therapeutically in 

	

15 	experimental models and patients Streptodomase. a secreted DNase from Streptococcus 

spp., has been tested in disease models of skin homograle bladder clots, wound 

debridement meningitis. ONasel (including pancreatic DNase I) has been used 

therapeutically in experimental models of cancer, cystic fibrosis_ lupus, thrombosis. 

stroke, sepsis. lung injury. atherosclerosis, viral infection, sickle cell disease. inyocardial 

	

20 	infarction. car infection, wound healing, liver injury, endocarditis, liver infection, 

panematitis. primary graft dysfunction. limb isehemia reperfusion, kidney injury. blood 

clotting, asthma, alum-induced inflammation, hepatorenal injury. Streptodornase has 

also been used to treat patients with pleural exudations, hemotomx, immbiliary blood 

clots, post pneumatic anemia, ulcers. otolaryngological conditions. oral infections_ minor 

	

25 	injuries, sinusitis, post-operative rhinoplasties. infertility, bladder catheter. wound 

cleaning, skin reaction test. Importantly., DNase I has been tested therapouticailly in 

patients with pneumococcal meningitis, gout_ leg ulcers, cystic fibrosis, Kartegener's 

syndrome, asthma, lobar atelecta,sis, chronic bronchitis, bronehiectasis, lupus, primary 

dvskinesia, bronchiolitis, empyema, pleural infections, cancer. dry eyes disease, 

	

30 	lower respiratory tract infections. chronic hemaionias, Alzheimer's disease. and 

obstructise pulmonary disease. In this example, we identified D11.3, vananIS thereof. as 

well as DI -variants as novel candidates fora DNase therapy (FIG. 39). 
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Methods 

Detection of chromatin degrading activity 

To measure chromatin degrading activity, we mixed samples with nuclei isolated from 

5 	H11(293 (1,500,000 -- 3,000,000-per reaction), 20 mM Tris-HC1 pH 7.4, 2 mM MgC12, 

2 in1V1 CaCl2 , 50 mM NaCI and protease inhibitors. After incubating the samples for 1 

hour at 37°C, they were heated up to 65°C for 10 minutes. We proceeded with DNA 

isolation using the ()Ramp DNA Blood Mini Kit (Qiagen) according to the 

manufacturer's protocol. The eluent was then loaded onto an agarose gel and the DNA 

10 	fragments were separated by gel electrophoresis. The DNA fluorescence of the gels was 

recorded with a fluorescence scanner. 

Further methods are described in Example 1. 
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Sequences of wild-type DNases 

SEQ ID NO: 1 

Human DNasel (P24855), Amino acid sequence (Signal Peptide: Mature Protein): 

MRGMKLLGALLALAALLQGAVEL KIAA FN IQ T FG E T MENAI' LITE Y I VQ I L S RY DIA_L 

VQEVRDSIiLTAVGle‘LLENINQDAPDTY F{YVVSE PLGRNSYKERYL EVY RPDQVSAVDS 

YYYDDGCEPCGNDTENREPAIVREFERFTEVP,E FAIVP1,147-1APGDAVAE I DALY DVYL 

DVQEKWGLEDVMLMGDFNAGCSYVRPSQWES RLWT S PT FQWLI PDSADTTATPTHCA 

Y DR I VVAGMLLRGAVVP DSALP EN FQA.A.Y GLS DQ LAQA I SDHY PVEVMLK 

10 

SEQ ID NO: 2 

Human DNaselL3 (Q13609), Amino acid sequence (Signal Peptide: Mature-  Protein): 

MSRELAPLLLLLLS I HSALAMRICS F1\1VRS FGESKQEDENAMDVIVKV I MC DI ILVM 

15 	El KDSNNRICPILME KLNRNS RRG TYNYVISSRLGRNTYKEQYAFLY KLITSVi<RS 

Y HYHDYQDGDADVFS RE P FITVWFQS PliTAVKDEVII PLFITT PETSVKE I DELVE VYTD.  

VKFIRWKAEINEIFMGDrNAGCSYVPRKAwIGNIRLRTDPREVVIL IGDQE DT TVEKSTNCA 

Y DRI VLRGQE VESVVPIcSI\ISVED R2KAYKLT EE EALDVSDH FPVEFICLQSSRAFTNS 

ICKSVTLRKKT KS ICRS 

20 

SEQ ID NO: 3 

Murine DNasel (P49183): Amino acid sequence (Signal Peptide., Mature Protein): 

IvIRYTGINGTLLTLVNI4LQLAGT  DR IAAFNI RT'FGE•TKMSWATLSVY EVI{ I LS RY DIAN- 

-)5 	IQEVRDSHLWAVGIC,LDELNRDKPDTYRYVVSEPLGRICSYKEQYL PTY.  RPDQVS IL DS 

YQY DDGC EPCGNDT FSRE PA IVK IF ESPY TEVQE FAI V PURAPT EAVS E IDALY DVYL 

OVWQKWGLEDIM ENG DENAGC SY VTS SQII S S IRLRT SP I ENLIPDSADTIWTSTHCA. 

Y DRIVVAGALLQAAVVPNSAV P F D EQAE Y GL SNQLAEA I Y PIT EVT L R 

30 	SEQ ID NO: 4 

Rat DNasel (P21704), Amino acid sequence (Signal Peptide; Mature Protein): 

MRYTGLMGILLTL'VNLLQLAATLP-IAAFNIRT FG DT KMSNATLS SY IVICILS RY DIAV 

VQEVRDTH LVAVGKLLDEZN RDI PUNY RY I I SE PLGRE S YKEQYL EVY RPSQVSVLDS 

Y HY DDGCEPCGNDT FSREPAIVREFSPYTEVRE FAIVPLII SAPTEAVS E I DALYDVYL 
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DV R.QKWG LE DINFMGD FNAGC SY vr S SQW SS I R.LR11  S P I EQW L P DS ADTTAT ST HC "A 

Y DR IVVAGALLQAAVVPS SAVP F D FQAEY RLTNQMAEA I S DHY PVEVTLRKT 

SEQ ID NO: 34 

	

5 	Murine DNaselL3 (055070): Amino acid sequence (Signal Peptide;  Mature Protein): 

..1SLHPAS PRLASLLL F LALH DTLALRLC7S FN-VRSTGASKKENHEAMDI IVKI KRCD 

LILLMEI KDS SNNIC PMLMEKLLIGNS RRSTT YNY VI S SRLGRNT Y KEQ YAFVY KEKLV 

SVKTKY HY HDYQ DGDTDV FS RE PFVVW PH S P FTAVKDPVIVPLHTTPET SVK E I DELV 

	

10 	DVY TDVRSQWKT EN P I EMG D FNAGCS YVPKKAWQN I RLRTDPKETWL IGDQE DTTVKK 

STSCAYDtIVLCGQEIVWSVVPRSSGVFDFQKAYDLSEEEALDVSDHFPVEFKLQSSR  

AFTNNRKSVSLKKRKKGNRS 

SEQ ID NO: 35 

	

15 	Rat DNaselL3 (080107): Amino acid sequence (Sign& Peptide;  Mature Protein): 

LvISLY PAS PYLASLLL F I LALHGALSLRLCS ENVRSE'GESKKENHNAMDIIVKI I KRCD 

LI LLNIEIKDSNNN IC 2MLMEKLNGNS RRSTTYNYVISSRLGRNTY KEQYAPLY KEKLV 

SVKAKYLY HDYQDGDTDVFSREPEVVWFQAP ETAAKDPVI VPLHTTP ET SVKE I DELA 

	

20 	DV YT DVR RH; KAEN E I ENG!) ENAGC S YV PKKAWKN I RLRT DPN FVWL G DQE DTTVKK 

ST SCAY DRIVLRGQE IVNSVVPRSSGVFD FQKAY EL S E EEALDVS DH FPVEFKLQS SR 

AFTNSRKSVSLKKKKKGSRS 

SEQ ID NO: 36 

	

25 	Chimpanzee DNase 1 (142QAH1): Amino acid sequence (Signal Peptide:  Mature 

Protein): 

i`41RSDIKL LGALLALAALLQGAVSLK I AAFN I QT FG ET KM S NATLVSYIVQI LS RY DIAL 

VQ E V RD S H LT AVG KLLDNLNQ DAP DT Y HYVVSE PLG RN SYKERY L FVY RP DQVSAVDS 

	

30 	YYY DDGC E PCGN DT FNRE PA I VRFFS R FTEVR E FA_T V PLHAAPGDAVAE I DALY DVY L 

DVQEKWGLEDVNILNG D FNAGC SY VRPSOWSSI RLRT SPAFQWL I P DSADTTAT PTHCA 

Y DR I VVAGMLLQGAVVP DSALP EN PQAAYGI, S Dc) EAQA I SDHY. PVEVMLK 

SEQ ID NO: 37 
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Chimpanzee DNaselL3 (H2QMU7): Amino acid sequence (Signal Peptide:  Mature 

Protein): 

MSRF.ELTPIALLLIALSI HSTLALRICS FNVRS FGESKQEDQNAMDVI VKVIKRC DI ILVM 

E IKDSNNRIC P ILMEKLNRNSRRG IT YNYVI SSRLGRI\IT Y KEQYAFLY KEIg../VSVKRS 

	

5 	YHDYQ DGDADV FS RE P FVVWFQS PHTAVKD FV II PLHTTP ETSVKEI DEL VE VY TD 

VKHRWKAENE I FMGDFNAGCS YVPKIKATIMIRLRTDPRFVWL IGDQEDTTVKKSTNCA 

Y DR IVLRGQE V S SVVPKSNSVE'D FQKAY Pa,TEEEIALDVSDH FPV E FKLQSS RA FIATS 

KKSVTLRKKT KS KRS 

	

10 	SEQ ID NO: 38 

Human DNasel-like 1 (NM 006730)' Amino acid sequence (Signal Peptide;  Mature 

Protein): 

MHY PT ALL•F LILANGAQAFRICAFNAQRLTLAKVAREQVMDTLVRILARCDIMVLQEV 

VDS SG SKI PLLL RELN RFDGSGP Y ST LS S PQLGR STYMET YV Y n RS HKTQVLS SY VY 

15 NDEDDVFAREPFV.AQFSLPSNVLPSLVINPLHTTPKAVEKELNALYDVFLEVSQHWQS 

KDVILLGDFNADCASLT KKRLDKLELRTEPGFHWVIADGEDTTVRASTHCTY DRVVLH 

GERCRSLLHTAAA FDPPTS FQ LT EEEALNISDBY PVEVELKLSQAHS PI,SLTVL 

LS LLS PQLC PAA 

	

20 	SEQ ID NO: 39 

Human DNasel-like 2 (NM 001374:  Amino acid sequence (Sinnal Peptide;  Mature 

Protein): 

-MGG PRALLAP.,LWAL F.1AAGT AALR I GA FN IQS FGDS KVSDPACGS I IAKI LAGYDLALv 

QEVRDPDLSAVSALMEQ INSVS E HEY S FVSSQPLGRDQY KEMYLFVY RKDAVSVVDTY 

	

25 	L PDPEDVFS RE PFVVIK FSAPGTGER,APPLP SRR.A_LTP PPLPAAAQNLVLIPLHAAPH 

QAVAEIDALY DV YL DV I DKciiGTDOML FL GD FNADCSYVRAQDWAAI RL R.SS E V FKW L 

PDSADTTVGNSDCAY DR I VACGARLRRS LKPQSATVHD FQ E E FGLDQTQA_LAI S DH FP.  

VEVTLRFHR 

	

30 	 C.-terminal tail of human )Nasel L3 

SEQ ID NO: 33 

Amino acid sequence: 

S S P.AFTN S KKS VT LRKKTKS KRS 
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Sequences of Masei variants 

SEQ 	NO: 5 

	

5 	Amino acid sequence (Signal Peptide;  Mature Protein): 

MRGMELLGALLALAALLQGAVSLKIAAENIRTFGETKMSNATLVSYIVKI LS RY DIAL 

VQ,EVRDSHLTAVGKLLDNINRDAPDTY HYVV SE PLGRNSYKERYL FVY RPDQVSAVDS 

.YY YDDGC E PCGN DT FNRE PAIVRFFSRFTEVRE FAI V PL H AAPG DAVAE :E DALY DVYL 

	

10 	DVQEMGLEDVMLMGDFNAGCSYVRPSQWSS IRLRT SPTFOWLI PDSADTTAT PTHCA 

Y DR I VVAGMLLRGAVVP DSAL Pr.+) EQAAYGLSDQ LAQA I SDHY PV EVIviLK 

SEQ II) NO: 6 

Amino acid sequence (Signal Peptide;  Mature Protein): 
15 

MRGMKLLGALLALAALLQGAVS  L K IAAFN I RT FGET KMSNAT LVS Y IVK I LS RY DIAL 

VQEVRDSHLTAVGKLLDNINRDAPDTYHYVVSEPLGRNSYNERYL FVYRPDQVSAVDS 

YY YDDGC E PCGNDT Fl1RE PA I VR EFS R FTEVR E FAI V PLHAAPGDAVAEIDALY DV YL 

DVECEKWGLEDVMLNGDFNAGCSYVRPSQW SS IRLRT SPTFQWLI PDSADTTATPTHCA 

	

20 	Y DR I VVAGMLLRGAVVPDSM P E'QAAY i).5 LAQA I SWAY PVEVIYILK 

SEQ lD NO: 7 

Amino acid sequence (Signal Peptide;  Mature Protein): 

MRGMKLLGALLALAALLQGAVSL RIAAFN IRT FGET KMSNATL17SY IVQ RY DIAL 

VQEVRDSH LTAVG KLLDNLNQDAP DIY HY. VVSEPLGRNISYKERYL E'VY R PDQVSAVDS 

Y YDDGCEPCGNDITNREPFI VR FFSR FTEVRE FAIN/ PLHAA.PGDAVAE :E DALY DVY L 

DITQEMGLEDVMLIKGDFNAGCSYVRPSQWSSIRLWTSPTFQWLIPDSADTTAKPTHCA. 

Y DR I VVAGMLL RGAVVP DSALP EN EQAAYGLSDQ LAQA I SDF{Y PVEVMLK 

30 

SEQ ID NO: 8 

Amino acid sequence (Signal Peptide;  Mature Protein): 

MRGIvIKLLGALLALAALL QGAVSLKIAAFNIRT FG ET KNISNATLVS Y IVQ ILS RY DIAL 

35 	VQEVRDSH LTAVGKLLDNLNODAPDTY HYVVSEPLGRNSYKERYL FVY R.PDQVSAVDS 
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Y YDDGC EPCGN DT IFNRE PAIVR F FS RFTEVRE E'AIV PLHAAPGDAVAE I DALY DV Y L 

DVQEKWGL EDVMLMG DFNAGCSY VRPSQWSSI RLWT SPT FQWLIPDSADTTAKPTHCA 

Y DRIVVAGMLLRGAVITPDSALPENFQAAYGLSDQLAQAISDHY PVEVIvILK 

	

5 	SEQ ID NO: 9 

Amino acid sequence (Signal Peptide: Mature Protein): 

MRGMKLLGALLALAALLQGAVSLK AAFN I QT FG ET KM SNAT LVSY IVQ ILSRY DIAL 

VQEVRDSHLTAVGICLLDNLNQDAPDTYHYVVSEPLGRNSYKERYL FVYRPDQVSAVDS 

	

0 	YYYDDGC E PCGN DT FN.RE P 1' I VB F PS R FT EVR E FA I: VPL H AA.PG DAVKE I DALY DV YL 

DVOEKWGLEDVMLMGDFNAGCSYVRPSQWSS I RLWT SPT FQWL I P DSADTTAT PTHCA 

Y DR I VVAGiv.P..:4LRGAVVPDSALPFN FQ.AAYGI, DQ LAQA I SDHY PVEVMLK 

SEQ ID NO: 10 

	

15 	Amino-acid sequence (Signal Peptide: Mature Protein): 

M RGMKLLGALLALAALLQGAVSLK AAFN I QT FGET NAT LIT 3 Y I VQ S RY DI AL 

VQEVRDS 1-EgTP-VGKLLDNLNRNS RRG IT YHY VVS EPLGRN SY KERYL FVY RP DQVSAV 

DS 	DDGC E PCGN DT FNREPAIVR F. FS RFTEVREFA I V PLHAAPGDAVAE I DALY DV 

	

20 	Y LDVQEKWGL EDVIMMG DFNAGC SYVRPSQW SS RLWT 3 PT FQWL PDSADTTATPTH 

CAY DR I VVAGMLLRGAVVPDSALP EN EQAAY GLS DQL A QA I S DHY P VE WILK 

SEQ W NO: 11 

Amino acid sequence (Signal Peptide: Mature Protein): 
25 

MRGMKLLGAL LALAALLQGAV S  L KI AAFN IQT FG ET KMSNATLVSY VQ ILS RY DIAL 

VQ EVR DS HLTAVGKLLDNLNQ DAPDT YNYVI S S RLG RN S Y KE RYL FVY RP DQVSA.V DS 

YYYDDGC E PCGN DT FN RE PAI VRFFSR FIEVR.E FAIN PLHAA.PGDAVAE IDALY DV YL 

DVQEKWGL EDVMLMGDFNAGCSY VRPSQWS S IRLWT S PT FQWLI PDSADTTATPTHCA 

	

30 	Y DR I VVAGMLL RGAVVP DSALPFN FQAAY GL SDQL AQAI DHY PVEVNLK 

SEQ ID NO: 12 

Amino acid sequence (Signal Peptide: Mature Protein): 

	

35 	MRGMKLLGALLALAA LLQGAVSLKI AAFN QT FG ET KM NAT LVSY IVQ I LS RY DIAL 

VQEVRDS HLTAVGKLLDNLNQ DAPDT Y H YVVS E PLG RN S Y KERYLEVY RP DQVSAV DS 
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Y Yl)DGC EPCGN DT EN RE P FVVRF FS R FT EVRE E'AI V PLHAAPGDAVAE I'DALY DV Y L 

DVQEKWGLEDVMLMGDFNAGCSYVRPSQWSSI RLItiT SAT FQWL I P DSADTTAT PT HCA 

Y DRI VVAGMLLRGAVVPDSALPFN EQAAYGLSDQLAQAT SDHY PVEVMLK 

	

5 	SEQ ID NO: 13 

Amino acid sequence (Signal Peptide:  Mature. Protein): 

MRGMK L LGAL LA LAALLQGAV SL K I AA EN 1 Q T FG ET KMSNATLVSY IVQ I LS RY DIAL 

VQEVRDS HLTAVC-K.:LDNLNQ DAPDTYHYVVSEPLGRNSY KERYL FVYRPDQVSAVDS 

	

10 	Y YDDGC EPCGNDT E'NRE PA I VR F ES R ET EVRE FAT VPLH AAPGDAVAE I DALY DV YL 

DVQEKWGLEDVMLMGDFNAGCS Y VPKKA.W KV I RLRT DP REVIIL IG DQEDTTAT PTHCA 

YDRIVVAGNEILRGAVVPDSALPFN FQAAYGL SDQLAQA I SDHY PVEVMLK 

SEQ ID NO: 14 

	

15 	Amino acid sequence (Signal Peptide:  Mature Protein): 

Ivl RGMKLLGALLALAALLQGAVSL K I AAEN QT FGET KMS NAT LV S Y I VQ L S RY DIAL 

VQEVRDSHLTAVGKLIDNLNQ DAPDTYHYVVSEPLGRNSY KERYL FVY RP DQVSAV DS 

YYYDDGC EPCGICDT FNRE PA I VRF FSR FT EVRE FA I: V PLii AA PG DAVAEI DALY DVYL 

	

0 	DVQEKWGLEDVMLMGDFNAGC SY VRP SQW S S I RLWT SPT FQWL I P DS ADTTVKKST HC 

AY D RI VVAGMLLRGAVV PDSAL P FNEVAAYGLSDQLAQAISDH Y PVE K 

SEQ ID NO: 15 

Amino acid sequence (Signal Peptide:  Mature Protein): 
25 

MRGMKLLGAL LA LAAL LQGAV SL K I AAFN IQ T EGET KMSN AT LVS Y I VQ ILS RY DIAL 

VQEVRDS HLTAVGKLLDNLNRN S RRG IT YNY VI SSRLGRNSY KERYL FVY RP DQV SAV 

DSYYY DDGCE PCGN DT FNRE P EVVR EFS R FT EVRE E'A V P LHAAPGDAVAE DALY DV 

YLDVQEKWGLEDVMLMGDFNAGCSYVPKKAWKNIRLRTDPRFVWLIGDQEDTTVKKST 

	

30 	HCAY DRIVVAGMLLRGAVV PDSAL P FNIFQAAY GLSDQLAQAIS DHYPVEVML K 

SEQ ID NO: 16 

Amino acid sequence (Signal Peptide:  Mature Protein): 

	

35 	MRGMKLLGAL L A LAA LLQGAVSLKI AAFN QT EGET KM SWAT LVSY IVQ I LS RY DIAL 

VQEVRDSHLTAVGKLLDNLNQDAPDTYHYVVSE PLG RNS Y KERYL FVY RP DQVSAVDS 
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Y YDDGC EPCGN DT ENRE PAIVR F FS R FTEVRE FAI V PLHAAPGDAVAE 1 DALY DVYL 

DVQEKWGLEDVMLMG DFNAGC SY VRP SQWSS1 RLWT SAT FQWLIPDSADTT AT PTH CA 

YDRIVVAGMLLRGAVVPDSALPFNFQAAYGLSDQLAQAISDH FPVEFKLQS SRAFTNS 

KKSVT LR KKT KS KRS 

5 

Sequences of DNasel L3 variants 

SEQ ID NO: 17 

Amino acid sequence (Signal Peptide:  Mature Protein): 
10 

MS RELAPLLLLLLSI HSALAMR  I CS FNVRS FGE SKQEDI\NAMDVI VKVIKRC D I ILVM 

E I KDS UN RIC P I Li,v1E KfARNS RRGIT YN YV I S SRLGRNTY. KEQYAFL YKEKL VS VIERS 

Y HYHDY QDGDADVES RE PFVVW FQSPHTAVKDEVI IPLI•ITTPETSVKEI DELVEVY TD 

VKHRttiKAENFI FMGD FNAGCS Y VPKKAWKNI RLRTD PR FVWL IGDQEDTIVKKSTNCA 

15 	YDRIVLRGQE IVSSVV PKSNS V FD FQKAYKIT EEEALDVSDHY PVEVivILK 

SEQ ID NO: 18 

Amino acid sequence (Signal Peptide:  Mature Protein): 

20 	MS RELAPLLL LLLS H SALAMRI  C S FNVRS FG E SKQ EN KTAMDVI VKV1KRC DI I LVM 

EI I KIDS NIV  R IC P I LIME KLNRNS RRG IT YN YV I SSRLGRNTY KEQYAFL YKEKL VS VKRS 

Y HY HDYQDGDNDIFS RE PFVVIIFQS PHTAVKDEVI I E'LHTT PET SVKE DELVEVYT D 

VKH RtiKAENF I FMGD FNAG:CSIVPKK.AWKNI KART D PR FVWL IGDQEDTIVKKSINCA 

YDRIVLRGQE IVSSVVPKSNSVFDFQMYKLTEEEALDVSDHFPVEFKLQSSRAFTNS 

25 	KKS VT LRKRTKSKRS 

SEQ ID NO: 19 

Amino acid sequence (Signal Peptide;  Mature Protein): 

30 	MS RELAPLLLLL LS HS ALAMRICS  ENVRS FGEsEmsNATLVSY I VKV I KRC DI IL VM 

E I KDSNNRICP ILMEKLNRNS RRGIT YNYVI S SP,LGRNTY KEQYAFLY KEKLVSVK.RS 

Y .HY HDY QDGDADVFS RE PFVVW FQS PHTAVKDEVI I PLHTTPETSVKEI DELVEVYTD 

VKHRWKAENFIFMGDFNAGCSYVPKKAWKNI RLRTDPRFVWL IGDQEDTIVKKSTOCA 

YDRIVLRGQE IVSSVV PK S NS'VED FQKAYELTE EEAL DV S DH FPVE EKLQSSRLAFTIJS 

35 KKSvTLREKTKSERS 
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SEQ ID NO: 20 

Amino acid sequence (Signal. Peptide; Mature Protein): 

	

5 	MS RE LAPLLLL LLS HS11.,LAMR1 CS FN VHS FGES KQ ED KNM1DV IVKVIKRC DI I LVM 

EIKDSNNRIC PILME KINRNS RRG IT YNYVI SSRLG 	KEQYAFLYKEICNSVICRS 

Y HY HDGC EPCGNDT FNREPFVVWFQSPHIAVKDFVI I Kiri= P ET SVKEIDELVEVYT 

DVIcHRWKAEN F I EMGDFNAGC SY V PKKAWKN I RLRT DPRFVWL I GDQEDTTV KESTNC. 

AY DRIVLRGQE IVS SVV PIKSNISV FD FQICAY KLT E 'LEAL DVSDH FPVE FIKLQS SRP-FTN 

	

1.0 	SKKSVTL RKKIKS KR S 

Sequeuces used in Pichitt pastoris 

SEQ ID NO: 21 

	

15 	Amino acid sequence (Signal Peptide; Mature Protein): 

MRGMKLLGALLALAALLQGAVSLKIA—kFNIQT FGEITKMSSATLVSY IVQ ILSRY DIAL 

VQ EVROS HLT AVGIKLLDNILNQDA PDT YVVSEPLGRNSY KERYL FVYRPDQVSAVDS 

YYYDDGCE PCGS DT FNRE PAIVRF FSR.FT EVRE FAIVPLHAAPGDAVAE I DALY DVYL 

	

20 	DVQEKWGLEDVMLMGD Fl\TAGC SY VRPSQWSS IRLWT S PT FQWLIPDSADTTATPTHCA 

5(D RIVVAGMLLRGAVV PDSAL PFN FQ AAYGT.ISDQI.AQAIS DH PVEVML K 

SEQ ID NO: 22 

Codon-optimized cDNA of SEQ ID NO: 21 (Start radon. Signal peptide), 
25 

ATGAGAG GTAT GAAGCT CC TT GGIGCCCTCC TGGC TCT CGCT GCT CT CCTCCAAGGAG  

CAGITICTCTAAAGATIGCTGC'PTTCAATATTCAAACCTITGGCGAGACTAAAA`.PGIC 

CT CGG CAACATTAGT AT C T MCAT TGT T CAGATCCT TT C T CGT TACGAC ATAGC TTTG 

GTCCAGGAGGTTAGAGACICCCACITGACTGCCGTCGGTAAGCTGCTAGACARFCTTA 

30 ACCAAGACGCACCTGACACCIACCACTACGTTGITAGTGAGCCTCTCGGTAGAAACTC 

CTACAAGGAGAGATACCTATTTGTCTACCGTCCAC-ATCAGGTGTCTGCTGTGGACTCT 

TACTACTATGACGAC GGTT GT GAACCTT GTGGTICAGA CACC TICAACAGAGAACCAG 

CIATCGITAGATTrTTCTCCAGATTCA' CCGAGGTCA.G_AGAGITCGCCATCGTTCCATT 

GCACGCTGCGCCTGGAGAT GCAGTGGCCGAAATTGACGCT CT CTATGAT GTCTACCIG 

	

35 	GACGTTCAGGAAAAATGGGGT CT AGAAGATGTTATC. CTGATGGGAGACTTCAACGCTG 
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GTTGCTCI"FACGTTAGGCCATCTCAATGG'ECAAGOATCAGACTATGGACTTCCCCAAC 

GTTCCAATGGCTTATTC CT GACTCCGCTGATACTACCGCCACTCCCACT CATTGTGCA 

TATGACAGAATTGTTGTCGCTGGIATGCTACTGCGTGGAGCTGTCGTACCAG.kTTCTG 

CTCTGCCATT TAACT TC CAAGCCGCATATGGTCTTT CT GACCAACTGGCTCAAGCCAT 

5 CTCTGANCACTACCCTGTGGAAGTTATGCTTAAG 

SEQ ID NO: 23 

Amino acid sequence (Signal Peptide; Mature Protein): 

10 VRGMKLLGALIALAALLQGAVS .KIAAFNIRTE'GETKMSSA`PLVSYIVQILSRYDIAL 

VQEVRDSHLTAVGKLLDNLNQ DAPDT YHMSE PIG RN SY KERY FVYRPDQVSAVDS 

Y YYDDGCEPCGSDT FNRE PF IVRF FS RFTEVRE FAIVPLHAA.PGDAVAE I DALY DVYL 

DVQLKWGLE D VMLFIGDENAGC SY VR PSQW SS I RIAIT S PT EQWL I PDS ADTTA EPTH CA 

YDRIVVAGMLLRGAVVPDSALPFNFQAAYGLSDQLAQAISDHY PVEVIALK 

15 

SEQ ID NO: 24 

Codon-optimized cDNA of SEQ ID NO: 23 (Start codon. Signal peptide): 

ATGAGAGGTATGAAGCTCXTT GGTGCCCTCCTGGCTCTCGCTGCT CCTCCAAGGAG 

20 CAGTTTCTCTARAGATTGCTGCTTTCAATATTAGAACCTTTGGCGAGACTAAAATGTC 

CTCGGCA.ACATTAGTATCITACATTGTTCAGATCCTTTCTCGTTACGACATAGCTTTG 

GTCCA.GGAGGTTAGAGACTCCCACTT GACTGCCGTC GGTAAGCTGCTAGACAATCTTA 

ACCAAGACGCACCTGACACCTACCA'Z'A'ACGTTGTTAGTGAGCCTCTCGGTAGMACTC 

CTACA.AGGAGAGATACCTATTTGTCTACCGTCCAGATCAGGTGTCTGCTGTGGACTCT 

25 TACTACTATGACGACGGTTGTGAACCTTGTGGTTCAGACACCTTCAACAGAGAACCAT 

TCATCGTTAGATTTTTCTCCAGATTCACCGAGGTCAGAGAGTTCGCCATCGTTCCATT 

GCACG CT GCG CCTGGAGATGCAGTGGCCGAAATTGACGCTCTCTATGATGTC TACCTG 

GACGTTCA.GGAAAAATGGGGTCTAGA.AGATGTTATGCTGATGGGAGACTTCAA.CGCTG 

GTTGCTCTTACGTTAGGCCATCTCAATGGTCAAGCA.TCAGACTATGGACTTCCCC,AAC 

30 	GT T CCAATGGCT TAT TCCTGACTCCGcr GAT ACTAC CGCC A_AGCCCACTCAT T GTGC A 

TAT GA CAGAA TT GTT GT CGCT GG TAT GC TACTGCGT GGAGCT GTCGTACCAGATTCTG 

CTCTGCCIVTTTAACTTCCA-kGCCGCATATGGTCTTTCTGACC:AACTGGCTCAP-GCCAT 

CTCTGATCACTACCC TGTGGAAGTTATGCTTAAG 

35 	SEQ ID NO: 25 
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Codon-optimized cDNA of SEQ ID NO: 2 (Start codon, Signal peptide): 

ATGTCTAGAGAGCTTGCTCCACTCCT TACTCCTTCT TAGT ATCCACTCTGCACTCG  

CC 'ATGAGAAT T TGTAGCT TCAATGTAAGATC CT TCGGTGA ATCT AAGCAGGAGGACAA 

	

5 	AAACGCTATGGACGTTATTGT GAAGGTCAT T AAGAGATGTGATATCATTCTAGT TATG 

GAGAT CAAGGACTCTAACAACAGAAT TTGCCCCATC CT TATGGAA-AAGCTGAAT AGAA 

ACTCTAGAAGAGGAAT TACT T ACAACT ACGT T ATCT CT TCTAGGCTGGGTAGAAACAC 

TT ACRAGGAGCRAT ATGCATT TCTATACAAGGAAA_AGCTAGT TTCCGTTAAGCGT T CT 

TACCACTATCATGAC TACCARGACGGCGATGCTGAC GT T T TCTCC AGAG.AAC CAT TCG 

	

10 	T TGTT TG GTT TCAGT CT CCTCACACCGC `MT TAAGGACT T CGTG2-VIT AT CCCACTACA 

CACT ACGCCAGAAACCT CTGTCAAGGAA_AT AGATGAACT T GT TGAAGTTTACACCGAC 

GTGAAGCACAGATGGAAGGCCGAGAATT TCAT T TTCATGGGT GATT T CAACGCCGGAT 

GCTCATATGT CCCTAAAAAGGCTTGGAAAAACATCC GT TTGAGAACC GATCC TAGATT 

TGTCTGGCTCATCGGTGACCAAGAGGACACCACAGTCAAAAAGTCTACCAACTGTGCT 

	

15 	TACGACAGAATTGTTCT GCGT GGTCAGGAGATT GTT TCAT CT GT T GTCC CAAAGTCCA 

ACTCCGT CTT TGAT T TCCAAAAGGCT T ACAAACTGA.CTG'AGGAGGAAGC T TT AGACGT 

GTCCGAC CAC T TCCC TGTAGAGT T TAAGCTGCAATCC TCC AGAGCAT TCACTARC TCT 

AAAAAGTCAGTCACTTTGC GT AAAAAGAC7.`AAGTCTAAGAGATCG 

	

20 	SEQ ID NO: 26 

Codon-optimized eDNA of SEQ ID NO: 17 (Start codon. Signal peptide): 

ATGTCTAGAGAGCTTGCTCCACTCCTCCTACTCC.1"17CTTAGTATCCACTCTGCACTCG  

CCATGAGAATTTGTAGCTTCAATGTAAGATCCTTCGGTGA-ATCTAAGCAGGAGGACAA 

	

25 	AAACGCT ATGGACGT TAT T GTGAAGGTCATT A AGAGATGT GATATCATT CTAGT TATG 

GAGATCAAGGACTCTAACAACAGAATTTGCCCCATCCTTATGGAAAAGCTGAATAGAA. 

ACTCTAGAAGAGGAATTAC TTACAACTACGTTATCTC7TTCTAGGCTGGGTAGAAACAC 

TT ACAAG GAGCAATATG CATTTCTATACAAGGAAAAGCTAGT T TCCGT T AAGCGT TCT 

T ACCACT ATC AT GAC TACCAAG AC GG CGAT G CT GAC GT TT TC T CC AGAGAACCAT T C G 

	

30 	TT GTT TGGT T T CAGT CT CCTCAC AC C GC T GT T AAGG AC TT CGT GATT AT CCCA.CTACA 

CA_CTACGCCAGAAACCT CT GT CAAGGAAAT AGATGAACT T GT TGAAGTT TACACCGAC 

GTGAAGCACAGATGGAAGGCCGAGAAT T TCAT T TTCATGG GT GAT TTCAACGCCGGAT 

GCTCATATGTCCCTAAAAAGGCTTGGAAA_AACATCCGTTTGAGAACCGATCCTAGATT 

TGTCT GGCTCATCGGTGACCAAGAGGACA.CCACAGTCAAA AAGTCT ACC AACTGTGCT 

	

35 	TACGA.CAGAATTGTTCTGCGT GGTCAGGAGATTGTT TCATCT GT T GT CCCAAAGTCCA 
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ACTCCGTCTTTGATTTCCAPAAGGCTTACAAACTGACTGAGGAGGAAGCTTTAGACGT 

GTCCGACCACTACCCTGTAGAGGTCATGTTGAAG 
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WHAT IS CLAIMED IS:: 

1.. 	A DNase 1-like 3 (D I L3) variant comprising an amino acid sequence that is at 

least 80% identical to the enzyme defined by SEQ ID NO: 2, with one or more 

modifications as compared to SEQ ID NO:2 selected from: a mutated DNA binding site 

or mutated chromatin binding site, a glycosylation site, inactivation of a nuclear 

localization signal, and deletion of all or part of a C-terminal tail. 

2. The D 1L3 variant of claim 1, wherein the DI L3 protein variant has increased 

protein stability, increased protease-resistance, increased bioavailability, increased half-

life in circulation, higher production levels with in vitro expression systems, and/or 

substantially the same or better DNA and/or chromatin and/or NET-degrading activity 

as compared to wild-type D1L3 protein of SEQ ID NO:2. 

3. The D1L3 variant of claim 1, wherein the variant is fused or conjugated to a 

protein or carrier moiety.. 

.4. 	Thd DIL3 variant of clairn 1, wherein the variant comprises one or More 

glycosylation consensus sequences of NX(T/S), 

5. 	The D1L3 variant of claim 4, wherein the glycosylation consensus sequence 

includes a D38N substitution and an N4OT or N4OS substitution, and/or an A127N 

substitution and a V129T or V I29S substitution, with amino acid positions 

corresponding to SEQ ID NO:2. 

6, 	The D1L3 variant of claim L wherein the variant comprises an inactivated 

nuclear localization signal (NLS). 

7. The DI L3 variant of claim 6, wherein an NLS is inactivated by deletion of all or 

part of NLS I and/or NLS2 of SEQ ID NO:2, 

8. The D1L3 variant of claim 6, wherein an NLS is inactivated by substitution 

and/or deletion of amino acids within NLS I and'or NLS2. 

9, 	The D1L3 variant of claim 8, wherein NLS2 of SEQ ID NO:2 is deleted. 
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10. The D1L3 variant of claim 1. comprising deletion of all or part of the C-terminal 

tail defined by SEQ ID NO: 33, andior substitution of amino acids in the C-terminal tail. 

11. The D1L3 variant of any one of claims 1 to 10, wherein the variant has at least 

one building block substitution from DNasel (DI). 

12. The DI L3 variant of claim 11, wherein the variant has one or more building block 

substitutions selected from: M1_A2OdelinsMRGMKLLGALLALAALLQGAVS, 

M21_S25delinsLKIAA, 	V28 S3OdelinsIQT, 	E33_S34delinsET, 

Q36 I45delinsMSNATLVSYI, K47 K5OdelinsQILS, C52Y, I54_M58delinsIALVQ. 

160_K61delinsV R. 	S63 170delinsSHLTAVGK, 	M72 K74delinsLDN, 

R77 T84definsQDAPDT, 	N86H, 	V88_I89delinsVV, 	S91_R92delinsEP, 

N96 T97delinsNS, 	QIOIR, 	A 1 03L, 	L1 05V, 	K107_L I 10delinsRPDQ, 

V113_S116delinsAVDS, HI 18Y, H120D, Y122_A127delinsGCEPCGN, V129T, 

S131N, 	135F_136VdelinsAl, 	W 138R, 	Q140H143delinsFSRF. 

A145 D148delinsAVKD, 	V150A. 	I152A, 	T156_T157delinsAA, 

El 59_S161delinsGDA, 	K163A, 	E167A, 	V169_E170delinsYD, 	T173L, 

K176R178delinsQEK, 	KI80_A181delinsGL, 	N183_F186delinsDVML, 

P198 A201delinsRPSQ, K203 N204delinsSS, R208W, 0210S, R212T, V214Q, 

G218P. Q220_E221delitisSA, V225_S228delinsATP, N230H, L238_R239delinsVA, 

Q241_S246delinsMLLRGA. 	K250D. 	N252 V254delinsALP, 	D256N, 

K259 A260delinsAA, K262G, T264 E267delinsSDQL, L269_V27 I del insQAI, 

F275Y, F279_K280delinsVM. and Q282_S305delinsK in SEQ ID NO:2. 

13. The DI L3 variant of claim 11, comprising the following amino acid modificatons 

with respect to SEQ ID NO:2: F275Y/F279_K280delinsVM/Q282_S305delinslc 

14. The D1L3 variant of claim 11, comprising the following amino acid 

modifications with respect to SEQ ID NO:2: Q36_145de1insMSNATLVSYL 

15. The D1L3 variant of claim 11. comprising the following amino acid 

modifications 	with 	respect 	to 	SEQ 	ID 	NO:2: 

Y122_A127delinsGCEPCGN/V I 29T1S131N. 
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16. The D1L3 variant of claim 11, comprising 2 or 3 modifications with respect to 

SEQ ID NO2 selected from: F275Y/F279_1(280delinsVM/Q282_S305delinsK, 

Q36_145delinsMSNATLVSYI. and Y122_A127delinsGCEPCGNN129T/S131N. 

17. A DNase enzyme comprising an amino acid sequence that is at least 80% 

identical to the enzyme of amino acid sequence of SEQ 11) NO:2. and comprising at least 

one building block substitution from human DNasel.. 

18. The DNase enzyme of claim 17, wherein the enzyme comprises building block 

substitutions F275Y/F279_1(280delinsVM/Q282_S305de1insK, and which optionally 

comprises the amino acid sequence of SEQ ID NO: 17. 

19. The DNase enzyme of claim 17, wherein the enzyme comprises the following 

modifications with respect to SEQ ID NO:2: Q36_145delinsMSNATLVSYI/ 

Y122 A 127delinsGCEPCGNIV129T/S131N, and optionally has the amino acid 

sequence of SEQ ID NO: 19 or SEQ ID NO: 20. 

20. A DNase enzyme comprising an amino acid sequence that is at least 80% 

identical to the enzyme of SEQ ID NO:2, wherein the enzyme has a substitution of 

asparagine at the position corresponding to position 38 and/or 127 of SEQ ID NO:2, and 

the N38 and/or N127 asparagine is glycosylated. 

21. An isolated polynucleotide encoding the D1L3 variant of any one of claims 1 to 

20. 

22. A vector comprising the polynucleotide of claim 2 I. 

23. A host cell comprising the vector of claim 22. 

24. A pharmaceutical composition comprising the D1L3 variant of any one of claims 

1 to 20, the polynucleotide according to claim 21, or the vector according to claim 22, 

and a pharmaceutically acceptable carrier. 

25. The pharmaceutical composition of claim 24. comprising the D1L3 variant 

formulated for topical, parenteral, or pulmonary administration. 
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26. The pharmaceutical composition of claim 24, formulated for intradermal, 

intramuscular, intraperitoneal, intraarticular, intravenous, subcutaneous, intraarterial, 

oral, sublingual, pulmonary, or transdermal. 

27. The pharmaceutical composition of any one of claims 24 to 26. comprising a 

DI L3 variant produced in a non-mammalian expression system. 

28. The pharmaceutical composition of claim 24, wherein the non-mammalian 

expression system is Pichia pastoris. 

29, 	The pharmaceutical composition of claim 28. wherein the Pichia pasioris 

encodes a D I L3 variant that comprises the signal peptide of wild-type human D I L3 of 

SEQ ID NO:2. 

30. 	The pharmaceutical composition of any one of claims 24 to 29, further 

comprising a DNasel protein or variant thereof, an isolated polynucleotide encoding a 

DNasel protein or variant thereof, or a vector comprising said isolated polynucleotide. 

31.. 	The pharmaceutical composition of claim 30, comprising the DI L3 variant and 

the DNasel protein or variant thereof, at a ratio (m/m) of from 100:1 to 1:100. 

32. The pharmaceutical composition of claim 31, wherein the ratio is from 10:1 to 

1:10, and is optionally about 1:1. 

33. A DNasel (D I) variant comprising an amino acid sequence that is at least 80% 

identical to the enzyme of SEQ ID NO:1, and having one or more modifications with 

respect to SEQ ID NO:1 that are selected from: one or more mutated DNA binding sites 

or mutated chromatin binding sites, a mutated actin binding site, a mutated glycosylation 

site, addition of a nuclear localization signal, addition of a C-terminal tail having at least 

50% sequence identity to the C-terminal tail of wild-type D I L3 protein of SEQ ID NO:2; 

and/or an N-terminal or C-terminal fiision to a half-life extending moiety. 

34. The Dl variant of claim 33, comprising one or more building block substitutions 

selected from: IM_S22delinsMSRELAPLUILLS1HSALA, L23_A27delinsMRICS, 



130 T32delinsVRS, 	E35_T36delinsES. 	M38_147delinsQEDKNAMDV1, 

Q49_852delinsKVIK, 	Y54C, 	156 Q60delinsIILVM, 	V62_R63delinsIK, 

S65_K72delinsSNNRICPI. L74_N76delinsMEK, Q79 T84delinsRNSRRGIT, H86N, 

V88_V89delinsV1, E91_P92delinsSR, N96_S97delinsNT, R 101 Q. L1 03k V105L, 

R107_Q110delinsKEKL, 	Al 13 S116delinsVKRS. 	Y 118H, 	D120H, 

G122_N128delinsYQDGDA. T130S. N I 32S, A136 II 37delinsFV. R 1 39W. 

F141 F144delinsQSPH, 	E146 E149delinsAVICD. 	Al 51V, 	V1531, 

A I 57__A158delinsTT, G160_A I 62del insETS. A 64K. Al 68E. Y 170_D17 I delinsVE. 

L174T. Q177_K179delinsKHR, GI 81_L182delinsKA, Dl 84 L187delinsNFIF, 

R199_Q202delinsPKKA, S204_S205delinsKN, W209R. S211D, T213R, Q215V, 

P219G, S221_A222delinsQE, A226 P228delinsVKKS. H230N, V238_A239delinsLR, 

M241_A246delinsQEIVSS, 	D250K, 	A252_P254delinsNSV. 	N256D, 

A259_A260delinsKA, 0262K, S264_L267delinsTEEE, Q269_127 I delinsLDV, Y275F, 

V279_M280delinsFK, and K282delinsQSSRAFTNSKKSVTLRKKTKSKRS in SEQ 

ID NO:1 

35. The DI variant of claim 34, comprising the following modifications with respect 

to SEQ ID NO:1: Q79 T84delinsRNSRRG1T. 

36. The D I variant of claim 34, comprising the following modifications with respect 

to SEQ ID NO: l: 1486Ni V88V89delinsVI/E91_P92delinsSR. 

37. The DJ variant of claim 34, comprising the following modifications w ith respect 

to SEQ ID NO:1: A136_1137delinsFV, 

38. The DI variant of claim 34, comprising the following modifications with respect 

to SEQ ID NO:1: 

RI 99 Q202del insPKKA/S2045205delins KN/W209R)S2 I 110/T213RIQ215V/P2 I 9G.1  

S22 lA222delinsQE, 

39. The DI variant of claim 34, comprising the following modifications with respect 

to SEQ ID NO: l: A226_P228delinsVKKS. 

40. The DI variant of claim 34. comprising the following modifications with respect 

to SEQ ID NO:1: 
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Y275F1 V279 M280delinsFK/K282delinsQSSRAFTNSKKSVTLRKKTKSKRS. 

41. A DNase enzyme comprising an amino acid sequence that is at least 80% 

identical to the enzyme of SEQ ID NO: I, and comprising the substitution, insertion, or 

addition of one or more arginine and/or lysine residues, wherein the DNase enzyme has 

increased chromatin-degrading activity as compared to the enzyme of SEQ ID NO:l. 

42. The DNase enzyme of claim 41, wherein the one or more arginine and/or lysine 

residues are amino acid substitutions selected from substitutions at positions 

corresponding to positions 31, 41. 49, 52, 68, 76, 79, .81, 92, 109, 114, 115, 164, 177, 

181. 200, 201, 204, 209, 213, 227, 239, 250, 259, 262, and 280 of SEQ ID NO:1 

43. The DNase enzyme of claim 41, comprising substitution and/or insertion of two 

or more arginine and/or lysine residues. 

44. The DNase enzyme of claim 43, comprising substitution and/or insertion of three 

or more arginine and/or lysine residues. 

45. The DNase enzyme of any one of claims 41 to 44, comprising an arginine or 

lysine at one or more positions corresponding to positions 31.49, 76, 92. 109, 164. 177. 

201, 204. and 213 of SEQ ID NO:l. 

46. The DNase enzyme of claim 41, comprising an arginine or lysine at positions 

corresponding to positions 31, 49, 79, and 209 of SEQ ID NO: I . 

47. The DNase enzyme of claim 41, comprising an arginine or lysine at positions 

corresponding to positions 31, 49, 79, 177, 209, 262 of SEQ ID NO:l. 

48. The DNase enzynie of claim 41, comprising a lysine or arginine residue at 

positions corresponding to positions 31 and 227 of SEQ ID NO: I. 

49. The DNase enzyme of claim 41. wherein the enzyme has a lysine or arginine at 

the position corresponding to position 164 of SEQ ID NO:1 
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50. The DNase enzyme of any one of claims 41 to 49, comprising. an amino acid 

substitution at position 136 with respect to SEQ ID NO:1, and which is. optionally A136F. 

51. The DNase enzyme of claim 42, comprising one or more amino acid 

modifications selected from Q31R, A4IK, Q49R, S52K, T68R, N76K, Q79R, 

D80A81insR, A81R. P92R, D109K, V114K, D115R, A164K, Q177K, G181K, P200K„ 

S20IK, S204R, W209R, T213R, A226 T227insK, T227K, A239R, D250K, A259K, 

G262K, and K280M, and optionally with a modification that results in actin resistance, 

wherein the modification that results in actin resistance is optionally Al 36F with respect 

to SEQ ID NO: I. 

52. The DNase enzyme of claim 42, wherein, if enzyme comprises a substitution of 

Q31R or T227K, the enzyme comprises at least two amino acid modifications selected 

from Q31R, A4IK, Q49R, S52K, T68R, N76K, Q79R, D80_A8linsR, A81R, P92R, 

D.109K, V114K, D115R, A164K, Q177K, G181K„ P200K, S201K, S204R, W209R, 

T213R, A226_1227insK, T227K, A239R, D250K, A259K, G262K, and K280M. 

53. The DNase enzyme of claim 52, comprising the amino acid substitutions Q31R 

and T227K with respect to SEQ ID NO:1. 

54. The DNase enzv me of claim 51. comprising the amino acid substitution A164K 

with respect to SEQ ID NO:l. 

55. The DNase enzyme of claim 45, comprising one or more amino acid substitutions 

selected from Q31R, Q49K, N76K, Q79R, P92R, 0109K, A164K, Q177K, P200K, 

S201K, S204R, T2 I3R, and G262K. 

56. The DNase enzyme of claim 55, comprising the following amino acid 

substitutions: Q31R, Q49K, Q79R, A164K, and W209R. 

57. The DNase enzyme of claim 55, comprising the following amino acid 

substitutions: Q3I R, Q49K, Q79R, A136F, Q I 77K, W209R, G262K. 

58. The DNase enzyme of claim 48, comprising the following amino acid 

substitutions: Q3 I R, T227K, and A136F. 
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59. The DNase enzyme of claim 49, comprising the following amino acid 

substitutions: A1641( and Al36F: 

60. The DNase enzyme of any one of claims 41 to 59 wherein the enzyme comprises 

a glycos I ation consensus sequence that comprises a N4OS substitution and/or an N128S 

substitution with respect to SEQ ID NO:1. 

61. The DNase enzyme of claim 60, comprising the amino acid substitutions Q31R, 

N40S, A136F, N128S, and T227K with respect to SEQ ID NO:1, 

62. The DNase enzyme of any one of claims 41 to 61, wherein the enzyme is at least 

90% identical to the enzyme of SEQ ID NO:1, or at least about 95% identical to the 

enzyme of SEQ ID NO:1, or at least about 97% identical to the enzyme of SEQ ID NO:1.. 

63. A DNase enzyme comprising an amino acid sequence that is at least 80% 

identical to the enzyme of SEQ ID NO:1, and comprising at least one building block 

substitution from the amino acid sequence of SEQ ID NO:2, where the DNase enzyme 

has increased chromatin-degrading activity as compared to the DNase enzyme of SEQ 

ID NO:1. 

64. The DNase enzyme of claim 63, wherein the enzyme comprises at least two 

adjacent building block substitutions from SEQ ID NO:2. 

65. The DNase enzyme of claim 63, wherein the enzyme comprises building block 

substitution Q79 T84delinsRNSRRGIT, and optionally comprises the amino acid 

sequence of SEQ ID NO: 10. 

66. The DNase enzyme of claim 64, wherein the enzyme comprises building block 

substituations H86NN88_V89delinsV1/E9 I_P92delinsSR, and optionally comprises the 

amino acid sequence of SEQ ID NO: 11. 

67. The DNase enzyme of claim 63, wherein the enzyme comprises building block 

substitution A1361137delinsFV, and optionally comprises the amino acid sequence of 

SEQ ID NO: 12. 
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68. The DNase enzyme of claim 64, wherein the enzyme comprises building block 

substitutions 

R I 99_Q202delinsPKKA/S204S205delinsKN/W209R/S211117213R/Q215V 'P2 19G' 

S221_A222delinsQE, and optionally comprises the amino acid sequence of SEQ ID NO: 

13. 

69. The DNase enzyme of claim 63, wherein the enzyme comprises building block 

substitution A226_P228delinsVKKS. and optionally comprises the amino acid sequence 

of SEQ ID NO: 14. 

70. The DNase enzyme of claim 63, comprising building block substitutions 

Q79_T84delinsRNSRRGIT. 	 H86NN88_V89delinsVI/E91_P92delinsSR. 

A1361137delinsFV. 

8199 Q202delinsPKKA/S204_S205delins KN/W209R'S211D/T213 R/Q215V/P2 19G/ 

S221A222delinsQE, A226 P228delinsVKKS, and optionally comprising the amino 

acid sequence of SEQ ID NO: 15, 

71.. 	The DNase enzyme of any one of claims 41 to 70, comprising building block 

substitutions 

Y275F/V279 M280delinsFICK282de1insQSSRAFTNSKKSVILRKKTKSKRS. 

72. The DNase enzyme of any one of claims 41 to 71, wherein the enzyme exhibits 

one or more properties selected from:.  similar or higher affinity for protein-free DNA 

compared to he enzyme of SEQ ID NO: I, a higher chromatin degradation activity 

compared to the enzyme of SEQ ID NO:1, an enzymatic activity that is resistant to 

inhibition by actin compared to the enzyme of SEQ ID NO:l. and a combination thereof 

73. A DNase enzyme comprising an amino acid sequence that is at least 95% 

identical to SEQ ID NO:15. 

74. An isolated polynucleotide encoding the DNase enzyme of any one of claims 41 

to 73. 

75. A vector comprising the polynucleotide according to claim 74. 
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76. A host cell comprising the vector according to claim 75. 

77. A pharmaceutical composition comprising the enzyme of any one of claims 41 to 

73, the isolated polynucleotide according to claim 74, or the vector according to claim 

75, and a pharmaceutically acceptable carrier. 

78. The pharmaceutical composition of claim 77, comprising the DNase enzyme 

formulated for parenteral or pulmonary administration. 

79. The pharmaceutical composition of claim 77, formulated for intradermal, 

intramuscular, intraperitoneal, intraarticular, intravenous, subcutaneous, intraarterial, 

oral, sublingual, pulmonary, topical, or transdermal administration. 

80. The pharmaceutical composition of claim 77, wherein the enzyme is produced in 

Chinese hamster ovary cells. 

81. The pharmaceutical composition of claim 77, wherein the enzyme is non-

glycosylated and produced in a non-mammalian expression system. 

82. The pharmaceutical composition of claim 81. wherein the non-mammalian 

expression system is Pichia pasloris 

83. The pharmaceutical composition of claim 82, wherein the Pichia pasloris 

encodes the enzyme, along with the signal peptide of SEQ ID NO: 1. 

84. The pharmaceutical composition of any one of claims 77 to 83. further 

comprising a DNase I-like 3 protein (DIL3) Or variant thereof. 

85. A method for treating a subject in need of extracellular DNA degradation, 

extracellular chromatin degradation, extracellular trap (ET) degradation and/or 

neutrophil extracellular trap (NET) degradation, the method comprising administering a 

therapeutically effective amount of the DIL3 variant according to any one of claims 1 to 

16, or the DNase enzyme according to any one of claims 17 to 20, or the composition of 

any one of claims 24 to 32. or the DI variant according to any one of claims 33 to 40, or 
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the DNase enzyme according to any one of claims 41 to 73, or the composition of any 

one of claims 77 to 84. 

86, 	The method of claim 85, wherein upon treatment the subject exhibits extracellular 

DNA degradation, extracellular chromatin degradation, extracellular trap (ET) 

degradation and/or neutrophil extracellular trap (NET) degradation. 

87. The method of claim 85 or 86. wherein the subject has a chronic or acute 

inflammatory disorder 

88. The method of claim 85 or 86, wherein the subject has an acute or chronic 

infection. 

89. The method of any one of claims 85 to 88. wherein subject has or is at risk of a 

Vascular occlusion comprising NETs. 

90. The method of claim 85, wherein the subject has chronic neutrophilia (e.g., an 

increase in the number of neutrophils), neutrophil aggregation and leukostasis. 

thrombosis and vascular occlusion (e.g. sickle cell disease), ischemia-reperfusion injury 

(e.g. midgut volvulus, testicular torsion, limb ischemia reperfusion, vital organ ischemia-

reperfusion, organ transplantation), surgical and traumatic tissue injury. an acute or 

chronic inflammatory reaction or disease, an autoimmune disease (e.g. systemic lupus 

erythematosus (SLE), lupus nephritis, rheumatoid arthritis, vasculitis. systemic 

sclerosis), cardiovascular disease (e.g., myocardial infarction, stroke. atherosclerosis. 

venous thromboembolism, including thrombolytic therapy), metabolic disease (e.g„ 

diabetes), systemic inflammation (e.g., systemic inflammatory response syndrome 

(SIRS), sepsis, septic shock, disseminated intravascular coagulation (DIC), and 

thrombotic microangiopathy (TMA)), inflammatory diseases of the respiratory tract (e.g. 

cystic fibrosis, chronic obstructive pulmonary disease (COPD), acute lung injury (ALI), 

smoke induced lung injury, transfusion induced lung injury (TRALI), acute respiratory 

distress syndrome (ARDS), and asthma, atelectasis, bronchitis, empyema), renal 

inflammatory diseases (acute and chronic kidney diseases, including acute kidney injury 

(AKI) and chronic kidney disease (CKD), inflammatory diseases related to transplated 

tissue (e.g. graft-versus-host disease) and cancer (e.g. leukemia, tumor metastasis, and 

solid tumors). 
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91. The method of any one of claims 85 to 90. wherein the protein or composition is 

administered 	intravenously, 	intraarteri al ly , 	intraarticular. 	intramuscularly, 

subcutaneously, topically, or by pulmonary administration. 

92. The method of claim 85, wherein the subject has or is at risk of a ductal occlusion 

in a ductal system. 

93. The method of claim 92, wherein the ductal system is bile duct, tear duct, 

lactiferous duct, cystic duct, hepatic duct, ejaculatory duct, parotid duct, submandicular 

duct, major sublingual duct. bartholin's duct, cerebral aqueduct, pancreas. mammary 

gland, vas deferens, ureter, urinaly bladder, gallbladder, and liver. 

94. The method of claim 93. wherein the subject has pancreatitis, cholangitis, 

conjunctivitis, mastitis, dry eye disease, an obstruction of the vas deferens, or renal 

disease 

95. The method of any one of claims 90 to 94, wherein the DNase enzyme is 

administered by intravenous, intraarterial, or intraperitoneal administration. 

96. The method of claim 95. wherein the subject has primary sclerosing cholangitis. 

97: 	The method of claim 85, wherein the subject has or is at risk of NETs 

accumulating on endothelial surfaces (e.g., surgical adhesions), the skin (e.g., 

wotmds/scarring, uclers), or in synovial joints (e.g.. gout, arthritis). 

98. The method of claim 97, wherein the subject has had or is having an invasive 

medical procedure, and is at risk of surgical adhesions. 

99. The method of claim 98. wherein the DNase therapy is administered during 

surgery to prevent or inhibit the formation of surgical adhesions. 

100. The method of claim 97, wherein the DNase therapy is administered topically to 

the skin to prevent or treat wounds and/or scarring. 
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101. The method of claim 97. wherein the DNase therapy is administered to synovial 

joints to prevent or treat gout and arthritis. 

102. The method of claim 85, wherein the subject has thrombosis, stroke, sepsis, lung 

injury, atherosclerosis, viral infection, sickle cell disease. myocardial infarction, ear 

infection. wound healing, liver injury. endocarditisjiver infection, pancreantis, primary 

graft dy s function. limb ischemia reperfusi on, kidney i nj ury blood clotting, alum-induced 

inflammation. hepatoreanal. injury, pleural exudations. hemotorax, in trabi I ary blood. clots. 

post pneumatic anemia, ulcers, otolaiyngological conditions, oral infections, minor 

injuries, sinusitis, post-operative rhinoplasties, infertility, bladder catheter, wound 

cleaning, skin reaction test, pneurnococcal meningitis, gout, leg ulcers, cystic fibrosis. 

Kartegener's syndrome, asthma, lobar atelectasis. chronic bronchitis, bronchiectasis, 

lupus, primary' cilliary dyskinesia, bronchiolitis, empyema, pleural infections, cancer. dry 

eyes disease, lower respiratory tract infections, chronic hematomas, Alzheimer's disease, 

and obstructive pulmonary disease. 

103. The method of any one of claims 85 to 102, wherein the subject further exhibits 

a coronary artery disease. 

104. The method of claim 102. wherein the subject has cystic fibrosis. 

105. The method of any one of claims 85 to 104, comprising monitoring the NET-

degrading activity of blood, plasma, or serum from the subject. 

106. A method for treating a subject exhibiting or at: risk of intravascular occlusion 

involving NETs, the method comprising administering a therapeutically effective amount 

of a D11,3 or variant thereof, and/or a therapeutically effective amount of a D I or a 

variant thereof. 

107. The method of claim 106, wherein the subject is administered an enzyme 

comprising an amino acid sequence having 80% or more sequence identity with the 

enzyme defined by SEQ ID NO:2. 

108. The method of claim 107, wherein the enzyme comprises the amino acid 

sequence of the enzyme defined by SEQ ID NO:2. 
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109. A method for treating a subject that has or is at risk of a ductal occlusion in a 

ductal system, comprising administering a therapeutically effective amount of a D I L3 or 

variant thereof, and/or a therapeutically effective amount of DI or a variant thereof 

110. The method of claim 109. wherein the subject is administered an enzyme 

comprising an amino acid sequence having 80% or more sequence identity with the 

enzyme defined by SEQ ID NO:2, and/or an enzyme comprising an amino acid sequence 

having 80% or more sequence identity with the enzyme defined by SEQ ID NO:l, 

11 L The method of claim 110, wherein the enzyme comprises the amino acid 

sequence of the enzyme defined by SEQ 1D NO:2, and/or comprises the amino acid 

sequence of the enzyme defined by SEQ ID NO:l. 

112. The method of any one of claims 109 to 111, wherein the ductal system is bile 

duct, tear duct, lactiferous duct, cystic duct, hepatic duct, ejaculatory duct, parotid duct, 

submandicular duct. major sublingual duct, bartholin's duct, cerebral aqueduct, pancreas, 

mammary gland, vas deferens, ureter, urinary bladder, gallbladder, and liver. 

113. The method of any one of claims 109 to 112, wherein the subject has pancreatitis, 

cholangitis, conjunctivitis, mastitis, dry eye disease, an obstruction of the vas deferens, 

or renal disease. 

114. The method of any one of claims 109 to 113. wherein the DNase enzyme is 

administered by intravenous, intraarterial, or intraperitoneal administration: 

115. The method of claim 114. wherein the subject has primary sclerosing cholangitis. 

116. A method for treating a subject in need of extracellular DNA degradation, 

extracellular chromatin degradation, extracellular trap (ET) degradation and/or 

neutrophil extracellular trap (NET) degradation, the method comprising administering a 

therapeutically effective amount of a D1L3 or variant thereof and a D l or variant thereof 

117. The method of claim 116. wherein the D1L3 or variant thereof, and the D l or 

variant thereof, are administered in a single pharmaceutical composition or separate 
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pharmaceutical compositions, and wherein the ratio of D1L3 or variant thereof to 1)1 or 

variant thereof is optionally in the range of 100:1 to 1:100 by mass, 10:1 to 1:10 by mass. 

and optionally about I I 

118. The method of claim 117. I‘herein upon treatment the subject exhibits 

extracellular DNA degradation, extracellular chromatin degradation, extracellular trap 

(ET) degradation and/or neutrophil extracellular trap (NET) degradation. 

119. The method of any one of claims 116 to 118. wherein the subject has a chronic 

or acute inflammatory disorder. 

120. The method of any one of claims 116 to 118, wherein the subject has an acute or 

chronic infection. 

121. The method of any one of claims 116 to 120, wherein subject has or is at risk of 

a vascular occlusion comprising NETs. 

122. The method of claim 116 or 117, wherein the subject has chronic neutrophilia 

(e.g., an increase in the number of neutrophils), neutrophil aggregation and leukostasis, 

thrombosis and vascular occlusion (e.g. sickle cell disease), ischemia-reperfusion injury 

(e.g. midgut volvulus, testicular torsion, limb ischemia reperfusion, vital organ ischemia-

reperfusion, organ transplantation), surgical and traumatic tissue injury, an acute or 

chronic inflammatory reaction or disease. an autoimmune disease (e.g. systemic Iupus 

erythematosus (SLE), lupus nephritis, rheumatoid arthritis, vasculitis, systemic 

sclerosis), cardiovascular disease (e.g., myocardial infarction, stroke, atherosclerosis, 

venous thromboembolism, including thrombolvtic therapy), metabolic disease (e.g., 

diabetes), systemic inflammation (e.g., systemic inflammatory• response syndrome 

(SIRS), sepsis, septic shock, disseminated intravascular coagulation (DIC), and 

thrombotic microangiopathy (TMA)), inflammatory diseases of the respiratory tract (e.g. 

cystic fibrosis, chronic obstructive pulmonary disease (COPD), acute lung injury (ALI), 

smoke induced lung injury, transfusion induced lung injury (TRALI), acute respiratory 

distress syndrome (ARDS), and asthma, atelectasis, bronchitis, empyema), renal 

inflammatory diseases (acute and chronic kidney diseases, including acute kidney injury 

(AKI) and chronic kidney disease (CKD), inflammatory diseases related to transplated 
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tissue (e.g.. graft-versus-host disease) and cancer (e.g. leukemia. tumor metastasis, and 

solid tumors), 

123. The method of any one of claims 116 to 122, wherein each of the D1L3 or variant 

thereof and the DI or variant thereof is administered by a route independently selected 

from intravenously, intraarterially, intraarticular, intramuscularly, subcutaneously. 

topically, and pulmonary administration. 

124. The method of claim 123, wherein the subject has or is at risk of a ductal 

occlusion in a ductal system. 

125. The method of claim 124. wherein the ductal system is bile duct, tear duct, 

lactiferous duct. cystic duct, hepatic duct, ejaculatory duct, parotid duct, submandicular 

duct, major sublingual duct. bartholin's duct. cerebral aqueduct, pancreas, mammary 

gland, vas deferens, ureter, urinary bladder, gallbladder, and liver, 

126. The method of claim 125, wherein the subject has pancreatitis, cholangitis, 

conjunctivitis, mastitis, dry eye disease, an obstruction of the vas deferens, or renal 

disease. 

127. The method of any one of claims 124 to 126, wherein the DNase enqmes are 

administered as a single composition administered by intravenous, intraarterial, 

intraperitoneal or administration. 

128. The method of claim 127, wherein the subject has primary sclerosing cholangitis. 

129. The method of any one of claims 116 to 118, wherein the subject has or is at risk 

of NETs accumulating on endothelial surfaces, the skin, or in synovial joints. 

130. The method of claim 129. wherein the subject has had or is having an invasive 

medical procedure, and is at risk of surgical adhesions. 

131. The method of claim 130, wherein the DNase therapy is administered during 

surgery to prevent or inhibit the formation of surgical adhesions. 
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132. The method of claim 129, wherein the DNase therapy is administered topically 

to the skin to prevent or treat wounds and/or scarring. 

133. The method of claim 129, wherein the DNase therapy is administered to synovial 

joints to prevent or treat gout and arthritis. 

134. The method of any one of claims 116 to 118, wherein the subject has thrombosis, 

stroke, sepsis. lung injury, atherosclerosis, viral infection, sickle cell disease, myocardial 

infarction, ear infection, wound healing, liver injury, endocarditis. liver infection, 

pancreatitis, primary grail dysfunction, limb ischemia reperfusion, kidney injure blood 

clotting, alum-induced inflammation, hepatorentil injury, pleural exudations, hernotorax, 

intrabiliary blood clots. post pneumatic anemia, ulcers. otolaryngological conditions, oral 

infections, minor injuries, sinusitis, post-operative rhinoplasties. infertility. bladder 

catheter, wound cleaning, skin reaction test. pneumococcal meningitis, gout, leg ulcers, 

cystic fibrosis, Kartegener's .syndrome, asthma, lobar atelectasis, chronic bronchitis, 

bronchiectasis, lupus. primary cilliary dyskinesia. bronchiolitis, empyema, pleural 

infections, cancer, dry eyes disease, lower respiratory tract infections, chronic 

hematomas, Alzheimer's disease, and obstructive pulmonary disease. 

135. The method of any one of claims 116 to 134. wherein the subject further exhibits 

a coronary artery disease. 

136. The method of claim 134, wherein the subject has cystic fibrosis. 

137. The method of any one of claims 116 to 136, comprising monitoring the NET-

degrading activity of blood, plasma, or serum from the subject, 

138. A method for treating a subject exhibiting. or at risk of intravascular occlusion 

involving NETs, the method comprising administering a therapeutically effective amount 

of a D1L3 or variant thereof, and/or a therapeutically effective amount of D1 or a variant 

thereof 

139. The method of claim 138, wherein the subject is administered an enzyme 

Comprising an amino acid sequence having 80% or more sequence identity with the 

enzyme defined by SEQ ID NO:2. 
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140. The method of claim 139, wherein the enzyme comprises the amino acid 

sequence of the enzyme defined by SEQ ID NO:2. 

141. A method for treating a subject that has or is at risk of a ductal occlusion in a 

ductal system, comprising administering a therapeutically effective amount of a D1L3 or 

variant thereof, and/or a therapeutically effective amount of D l or a variant thereof. 

142. The method of claim 141, wherein the. subject is administered an enzyme 

comprising an amino acid sequence having 80% or more sequence identity with the 

enzyme defined by SEQ ID NO:2, and/or an enzyme comprising an amino acid sequence 

having 80% or more sequence identity with the enzyme defined by SEQ ID NO:l. 

143. The method of claim 142, wherein the enzymes comprise the amino acid 

sequence of the enzyme defined by SEQ ID NO:2, and/or the amino acid sequence of the 

enzyme defined by SEQ ID NO:1. 

144. The method of any one of claims 141 to 143, wherein the ductal system is bile 

duct, tear duct, lactiferous duct, cystic duct, hepatic duct, ejaculatory duct, parotid duct, 

submandicular duct, major sublingual duct, bartholin's duct, cerebral aqueduct, pancreas, 

mammary gland, vas deferens, ureter. urinary bladder, gallbladder and liver. 

145. The method of any one of claims 141 to 143, wherein the subject has pancreatitis, 

cholangitis, conjunctivitis, mastitis., dry eye disease, an obstruction of the vas deferens. 

or renal disease. 

146. The method of any one of claims 141 to 145, wherein the DNase enzyme is 

administered by intravenous, intraarterial, or intraperitoneal administration. 

147. The method of claim 146_ wherein the subject has primary sclerosing cholangitis. 

148. A method of making a pharmaceutical composition for reducing neutrophil 

extracellular trap (NET) accumulation, comprising: providing a genetically modified 

mouse deficient in DNasel and DNasel-like-3 activity, and expressing a heterologous 

GCSF polynucleotide or is repetitively stimulated with microbial compounds, wherein 
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said genetically modified mouse accumulates NETs; administering a candidate NET 

inhibitor or candidate DNase enzyme: selecting a NET inhibitor or DNase enzyme that 

reduces the accumulation of NETs; and formulation the NET inhibitor or DNase enzyme 

for administration to a human patient. 

149. The method of claim 148, wherein the composition is formulated for parenteral 

or pulmonary administration. 

150. The method of claim 148, formulated for intravenous, intraarterial, intraarticular. 

intramuscular, subcutaneous, topical, or pulmonary administration. 

15L 	The method of claim 148, wherein the genetically modified mouse expresses a 

heterologous G-CSF polynucleotide in hepatocytes. 

152. A method for recombinant production of a DNase enzyme selected from human 

Dl, human D1L3, or a variant thereof, comprising: culturing a Pichia pastoris host cell 

encoding the DNase enzyme with the native signal peptide; and recovering the DNase 

from the culture media. 

153. The method of claim 152, wherein the DNase enzyme is human DI L3 or a variant 

thereof having at least 80% sequence identity to the enzyme of SEQ ID NO:2. 

154. The method of claim 153, wherein the DNase enzyme is human D1L3. 

155. A method for DNase enzyme engineering, comprising: 

providing a protein-protein alignment of donor and recipient DNase enzymes; 

identifying variable amino acid sequences for transfer, the variable amino acids 

being flanked by one or more conserved amino acids in the donor and recipient DNase 

enzymes; substituting the variable amino acids of the recipient DNase with the variable 

amino acids of the donor DNase to create a chimeric DNase; recombinant!),  producing 

the chimeric DNase. 

156. The method of claim 155, wherein the DNase enzymes are selected from human 

DI, human DNasel -like 1 (D1L1) defined by SEQ ID NO: 38, human DNasel-like 2 

(D1L2) defined by SEQ ID NO: 39. and human DI L3. 
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157, The method of claim 155 or 156, wherein the building block substitution has at 

least two amino acids, or at least three amino acids, or at least four amino acids, or at 

least five amino acids. 
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