
WO 2017/083327 	 PCT/US2016/061050 

COMPOSITIOAD METHODS FOR TREATMENT OF 'KOMOCYSTINURIA 

CROSS-REFERENCE TO RELATED APPLICATIONS 
10001 j 	This application claims priority to U.S. Application No, 14/935,690, filed 

November 9.2015; the contents of which are incorporated herein by reference in their 

entirety. 

SEQUENCE LISTING 

[0002j 	The present application is being filed along with a.Scquence Listing in electronic 

format. Thesequence listing file; entitled 2(116-.11-i)$ Sequence 

Listing '2089.1003PCT2.txt, was created on 'November.:8, 201.6.and is 26.2 kilobytes in size. 

The information in electronic format of the Sequence Listing is incorporated herein by 

reference in its entirety. 

FIELD OF THE INVENTION 
100031 	The present invention generally relates to enzyme replacement therapy (ERT) 

using human Cystathionine Beta-Synthase (CBS), or atriodified version thereof 	human 

truncated CBS (htCBS) or a variant themokto significantly reduce serum homocysteine 

(Hey)concentrations, and restore. levels of its downstream metabolites such as cystathionine 

and eysteirte, Further, ERT with CBS, InCBS or a modified version thereof, such as a htCHS 

Trintaitt CI SS, can be :used for treatment of diseases such as homoeystinutia and homocysteine 

temethyiation disorders. 

BACKGROUND OF THE INVENTION 
10#041 	Cystathionine beta-synthase(cBS) is the first enzyme: in.  the traassulfuration 

pathway, catalyzing the condensation of senile and hotnoeysteine (Hey) to eystathionine, 

which is then hydrolyzed to cysteine by cystathionine gal:n=434w- WOW, In systems 

biology, robustness of a biological system is defined as its ability 10 function properly in face 

of perturbations, and redundancy of elements in the system is one of the mechanisms by,  

which such robustness is achieved (Kitanc, 11.200$, Nature Reviews Genetics, 5:826-837). 

However, the biological transsulfaration system seems to largely lack redundancy of 

components, making this system prone to mutational perturbations. For example, the CBS 

enzyme is the only component that can process homocysteine to cystathioninc. A limited 

system redundancy partly exists as homocysteine, the first metabolite that funnels into the 

pathway, can alternatively be converted to methionine through the remethylation pathway, 

thus relieving the homocysteine load. In addition, cysteine, a downstream product, can be 

obtained directly from diet. Nevertheless, these pathways are limited in their capacity to 
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maintain normal levels of metabolites, and lack of CBS function has detrimental 

consequences for human patients if left untivated..Inactivation of CBS results in 

eystathionine beta-synthase-deficient homocystinuria (CBSDH), snore commonly rekrmi to 

as classical homocystinuria. 

pool 	'There exist limited therapeutic options to treat CBSDH and current treatment: 

options reduce bomoeysteine but do not tend to normalize eystathionino(Cth) or cysteine 

(Cys) and thus these treatment options may be inadequate for providing robust and effective 

treatment options. Thus, there remains a need in the art for more effective treatment strategies 

for individuals with homoeystinwia. 

90061 	The present invention addresses this need by providing compositions and methods 

of using these compositions for the treatment of CBSDH, 

SUMMARY OF THE INVENTION 
f0007] 	The present disclosure provides compositions suitable for enzyme replacement 

therapy comprising human truncated eystathioninc beta synthase {htCBS) and variants 

thereof which may also be PEGylated. The htCBS composition may be used triteduce 

homoeysteine levels and raise levels of downstream metabolites cystathionine and eysteine, 

may be used to treat conditions and diseases such as homocystinuria (cg., CBSDH) and 

homocysteine remethylation disorders and they also may be used to improve liverpathology. 

(0081 	Provided herein are methods for treating homocystirturiain a subject by: 

administering to a subject a composition comprising an isolated htCBS or htCBS mutant 

polypeptide. 'The htCBS or htCBS mutant polypeptide may be PEGylated with a low 

molecular weight or high molecular Weight PEG, In - certain embodiments, the htCBS or 

htCBS mutant polypeptide may he PEGylated with PEG molecules having various 

geometries and different chemistries for conjugation. In some embodiments, the htCBS or 

htCBS mutant polypeptides may be administered at a dose between 0.01 and it) mg/kg and 

may be administered at least once a week. The htCBS or htCBS mutant polypeptide may be 

administered at a dose between 5 and 7.5 mg/kg and may be administered at least twice a 

week. Further, the. htCBS:or htCBS mutant polypeptide.May be co-administered with betaine, 

or other known CBSDH 

100091 	Provided herein .ape methods for increasing the amount of a metabolite such as, 

but not limited to, CYStatbiMille and eysteine, in a subject by administering to a subject a 

composition comprising an htCBS or htCBS mutant polypeptide. 'The htCBS hICBS 

mutant polymtide may be PEGylatcd with a low molecular weight or high molecular weight 

PEG. In some embodiments, the htCBS or htCBS mutant polyp prides may be administered 
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at a dose between 0.01 and 10 nigske and may be administered at least once a week. The 

htCBS or MC :BS mutant polymtide may be administered at a dose between 5 and 7.5  mgikg, 

and may be administered at least twice a week. Further, the htCBS or htCBS mutant 

polypeptide May be co-administered with betaine. The amount of cystathionine may be 

increased to 0.005-0.35 AM. The amount of cysteine may be increased to above 140 jiM 

(eg„ between 200 UM to 400 p.M) 

100101 	Provided herein are methods for decreasing the amount of a metabolite such as, 

but not limited to, homocysteine, methionine S-adenosyl homoc),Iteine„ and S-adenosyl 

methionine in a subject by administering to a subject a composition comprising an htCBS or 

htCBS mutant polypeptide The htCBS or htCBS mutant polypeptide may be PEGylated with 

a low molecular weight or high molecular weight PEG. 1n some enibodimentsjhe htCBS or 

htCBS mutant polypeptides may be. administered at a dose between 0,01 and 10 :mg/kg, For 

example*  the dose is about 0.4 ingSkis The htCBS or htCBS mutant polypeptide may be 

administered at a dose between 5 and 7.5 nvig and may be administered at. least. twice a 

week. Further, the htCBS or htCBS mutant polypeptide may be co-administered with Maine. 

The amount of homoeysteine may be decreased to less than 100 04.1(e.k, about 10 AM), The 

amount of methionine :may be decreased to less than 50 Of (0,g, about 30 ph ),.The amount 

of S-adenosyl homoeysteine may be decreased to less than 0:14 tiMiosg„ about OJOS lap 

10011j 	Provided herein are methods for treating live; disease in a subject by 

administering to a subject a composition comprising an htCBS or WES  mutant polypeptide. 

The lita3S or htC.BS mutant potypeptide may be PE.Gylatud with a low molecular weight or 

high molecular weight PEG. In some embodiments, the htCBS or htCBS mutant 

polypeptides may be administered at -a dose between 0.01 and 10 ingikg and may be 

administered at least once a week. For-example, the dose is about 0.4 ingtkg. The htCBS or 

htCBS mutant polypeptide may be administered at a dose between 5 and 7.5 ms lg and may 

be administered at least twice a week. 

19012I 	Certain embodiments of the invention herein provide a method of treating 

homocystinuria in a subject, the method including the steps of administering to a stibjoct a. 

composition comprising an isolated human truncated eystathionine beta AlyntitasethteSS) 

mutant polypeptide comprising a mutation at amino acid position .l5 of SEQ ID NO: 3, such 

that the isolated htCBS mutant poiypeptide is PEGytated with an ME-MOOS-PEG :molecule. 

100131 	In some embodiments, the mutation is a substitution of a serine for a cysteine 

(WS). In some embodiments., the subject is a human. In some embodiments, the 
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composition is administered in a dose selected from the range of about 0.01 mg/kg to about: 

10 mg/kg. For example, the dose is about OA Ingikg. 

100141 	In some embodiments, the disease, disorder, or condition is selected osteoporosis, 

alopecia, thinning hair, or eye defects, the method comprising administering. to a subject a 

composition comprising an isolated human truncated cystathionine beta synthase (htCBS) 

mutant polypeptide comprising a mutation at amino acid. position 15 of SEQ.ID NO 3, 

wherein said isolated htCBS polypeptide mutant has been PEGylated with an ME-2t0GS 

PEG molecule. 

10015j 	Additional embodiments of the present compositions and methods, and the like, 

will be apparent from the following description, drawings, examples, and claims. As can be 

appreciated fiont the foregoing and following description, each feature described herein, and 

every combination of two or more. of such features, is included within the scope of the 

present disclosure provided that the features included in such a combination are not :mutually 

inconsistent. hr addition, any feature or combination of features may be specifically excluded 

from any embodiment: of the present invention, Additional aspects and advantages of the 

present invention are act forth in the following description and claims, particularly when 

considered. in conjunction with the accompanying examples and drawings. 

BRIEF DESCRIPTION OF TINE DRAWINGS 
100161 	FIG. I A-13 show enzyme retention in plasma. and in vivo, FIG. IA shows 

enzyme retention time in plasma is maintained suggesting thatrapid loss of activity in vivo is 

a result of clearance. FIG. 1B shows enzyme retention time is in-vh,o is enhanced for 

PEGylated WHS. Mouse 41 and Mouse 2 in FIG. B are also described as FIG. lB in 

International Patent Publication No. W02014120770, the contents of which are herein 

incorporated by reference in its entirety. 

100171 	FIG. 2 glows that repeated administration of non-PEGylated htCBS results in no 

changes in homocysteinc or eystathionine levels in HO mice. 

100181 	FIG. 3 shows a PEGylation time .nurse with the selected linear 2OkDa PEG 

molecule &snouted ME200MAB, 

10001 	PI r. 4A-4D show that long term repeated injection of the PEGylated htCBS 

significantly impacts hoinocysteine, cystathionine and eriteinc plasma and tissue levels 

100201 	FIG. 5A 5H illustrate:  that the PECiAated .htCBS mutant (also referred to as 

PEGC OS) and PEGylated htCBS prevents protein aegregation, forms mainly dinners and 

exhibits a Nproclacibie PEGylationpattern. FIG. 5A is also described as FIG. 5A in 

International Patent Publication No. W02014120770, the contents of which are herein 
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incorporated by reference in its entirety. FIG. 513 is also described as FIG. 3B in international 

Patent Publication No. W02014120770, the contents of which arc herein incorporated by 

reference in its entirety, FIG. SC is also described as HQ fiC in International Patent 

Publication No. - W02014120770, the contents of which are herein incorporated by reference 

in its entirety. FIG. SF is also described as FIG. 6A- in International Patent. Publication No. 

W02014120770, the *Intent& Of which are herein incosporated by rekrenee in its entirety. 

FIG. 5G is also described aspart.OfFIG. 7.A and FIG. 713 in International Patent Publication 

No. W02014120770, the •contents.of which are herein incorporated by reference in its 

entirety. 	SH is also described as FIG. CC in International Patent Publication No. 

W02014120770, the contents of which are herein incorporated by reference in its entirety. 

100211 	Fla 6A-6C show the effect of PEGylated htCBS Mutant (also referred to as 

PEGC I 5S) on homocysteine and its metabolites at 1, 4 and 24 hours post injection. 

100221 	FIG:7A-713 show that treatment With PEGylated htCBS mutant (also referied to 

as PEGC 55) and betaine synergistically reduce and maintain low horn ocysteine levels in 

HO mice and their effect on cystathionine 

100231 	FIG. $A-$B show that PEGylated htCBS mutant (also refemzd to as PEGC155) 

administration rescues CBS complete knockout mice from early lethality and ameliorates 

liver pathology, 

100241 	FIG, 9A-913 show the profiles of different PEGylated species for CI% PEGylated 

with a maleimidt PEG molecule (ME-200MAOB or ME-400MA) or an NHS ester PEG 

molecule (ME-200GS). 

[0025] 	FIG. 10A-10E show the specific activity and plasma metabolite levels and CBS 

activity after a single subcutaneous (SC) injection of?A. INTIS PEG-InCBS SS (htCBS CI 5S 

PEGylated with ME-2000S.PEG) or AXIMAKO-htCBS CI 55-(htCBS 	PEGylated 

with ME-400MA PEG) to HO mice. 

100261 	FIG. I I A-I IC show the changes in survival rates and metabolite levels in 1W 

mice after administration of C 15S PEGylated with either ME-200GS, ME-200MAOB or ME-

400MA. 

100211 	FIG. 2A-12E shows complete prevention and delay of onset of facial alopecia in 

groups of I2.781 homozygous mice that were continuously administered C l SS PEGylated 

with either ME-200MA0B, ME-400M.A or ME-200GS. 

wit 	PIG, 13A-11B shows improved liver disease in 2ONHS PEG-htCBS Cl 5S-treated 

K0 :mice compared to PBS-treated IC0 mice and a healthy control. 
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100291 	FIG. 14A-1413 show the liver samples in FIG. 13A-1313 as observed by electron 

microscopy. 

	

1:00301 	 51.) shows the effects of eontimious administration of 20N ES PEG- 

htCBS C1SS in HO mice on CBS activity and sulfur amino acid metabolites in plasma using 

diffetent models -of ALZETgh osmotic pumps. 

	

100311 	FIG. 1t A-I60 show results of the dual-energy X-ray absorptiometry (I3EwX.Aor  

DXA) study of continuous long-term administration of 20NHS PEG-W.01S C1.% in KO 

mica 

	

100321 	FIG. 17A-17F show results of the dual-otew X4ay absotptiometry (DEXA or 

DXA) study of continuous long-term administration oI2ONHS .PEGAitCHS -C15S in 12.781 

mice. 

	

glom 	FIG. 18A4813 show concentrations of selected liver metabolites analyzed using 

NIviltmetabolomies in 12781 .iniee after continuous long-tenn administration of 2O NHS 

PECAtCBS an and compared to healthy heterozygous and affected homozygous controls. 

	

1 	FIG. 19A-I9E show the effects of administration of 20NHSPEG-htCBS Cl5Son 

eye.defeetS in 12781 mice, 

	

1003:9 	FIG..20A-20D show plasma metabolite levels in12781 mice that are treated with 

20NIIS PEG-htCBS and are maintained on either a regular diet or on a metabolite restricted 

diet. 

	

00361 	FIG. 21A.21B show the specific activity of 20NHS-MCBS-C15S in male and 

female rats after an IV or SC bolus dose of 4 (IV), 8 (SC), and 24 (SC) mg/kg. FIG 21C 

shows specific activity of 20N115 PEG-htCBS Cl 5S after the Initial injection and at steady-

state levels for individual wild-type Sprague Attu ley rats receiving a total of 9 injections at a 

dose of 8 meks. 

	

100371 	fIG.-224-22B show the plasma concentration of Cth and the 	activity of 

20NES.PEG4tCBSCI SS in wild-type cynothelps monkeys (Macaw filsavikri$) after a 

single IV or SC injection of a dose of 2 or 6 trarfkg. 

	

100381 	FIG. 2M-23B the six:N.10c activity and plasma levels of eystathionine (Cth) in 

wild type.eynomolgus monkeys akicaeufitwieuloris) after multi plOSC administrations of a 

3,: +r 1il trksvikg dose of 20NIIS PEG4nCBSCI5S. 

	

100391 	FIG.- 24A-246 shows allometric sealing results to estimate an efficacious dose of 

20N.HS PEG-htCBS in humans based on the ncsults for the mouse, rat, and monkey models 

herein. 
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DETAILED DESCRIPTION 
(0040) 	Provided herein are compositions and methods for treating cystathionine beta-

synthaseAeficient homocystinuria (CBSDH). As a non-limiting example, CBSDH may be 

treated Sy enz,yme.replaeement. of CBS. or a variant thereof 

100411 	Inactivation of CBS results in cystathionine beta-synthase,deficient 

homoeystimuia.(CBSDH), more commonly referred to as classical homoeystinizia..CBSDH 

is an autosomal recessive disorder characterized by markedly elevated plaSma total 

homocysteine alicy) and methionine levels., and greatly reduced concentrations of 

cystathionine and cysteine; it is the most. common sulfur amino acid deka ffuntreated, 

CBSDH results in diseases, disorders and/or conditions in a variety of diffettnt organ systems 

and severe phenotypic changes. Non-limiting examples of diseases, disorders:and/or 

conditions from CBSDH include mental retardation, psychiatric disturbances„ central nervous 

system prOblems including seizures, cardiovascular disease with a predisposition to 

thromboembolic complications.resrilting in a. high. rate of mortality in untreated and partially 

treated individuals, and a range of connective tissue disorders affecting the ocular system 

(e.g., progressive myopia and lens dislocation, ectopia lentiS)., and skeletal system (e.g., 

marfanoid habitus, osteoporosis, scoliosis, fine 6ir hair and brittle, thin skin). 

100421 	There is a functional trichotomy in the nature of pathogenic mutations associated 

with. C.BS.Dli One-group of mutations is classified. as "pyridoxine-responsive,' where CBS 

enzymefurtetion may be partially restored by high dose Vitamin 134  therapy. This treatment 

can be effective, but does not always mitigate the pathological events in these individuals, 

and some of the events occur even in these individuals over -time. In a clinical setting 

Vimmin B6 responsive" is defined as a 20% relative drop in Hey that occurs 24 hours after 

an individual is given an oral dose of 100-500mg of B6, meaning that a B6 responsive 

individual may still have abnormally high hontocysteine levels. The second group of 

functional mutations is represented by the "C-terrninal CBS mutants" that are defective in 

their ability to respond to post-translational up-regulation by S-adenosylmethionine. 

Individuals with this class of mutations usually lack the mental retardation and connective 

tissue aspects of the phenotype.  This class is detected after measurement of plasma Hey. 

levels Wowing an idiopathic thrombotic event before the age of 40 years (Maclean et aL, 

2002., Matt Moats 19;641-55Sr, The final group of CBSDH mutations is "classical 

homorystinuria," Which represents the most severe form of the disease. For these latter two 

groups of individuals Vitamin B therapy in isolation does not effectively lower serum Hey 
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levels. These mutational groups may show plienotypic distinctions, but can be treated 

1:004311 	The most common imitated CBS allele is 833T>C (I2:78T), which is associated 

With pridoxine-tesponsive homocystinuria„ Thus, %responsive individuals account for 

approximately half of the homocystinuric patient population (Barber and Spaeth, 1%9; Mudd 

et a1.,1985); Of thek.Boesporisivei ttlividtaals, however, many are only partial responders, 

and in combination with lie non-responsive-individuals, them arises a need for additional 

therapeutic options. Unfortunately, such therapeutic options are currently limited to reducing 

intake of methionine by following a strict low protein diet with supplemented cysteine (now.  

essential) and decreasing homocysteint concentration via the use of beta (N,N,N-

trimethylglyeine), a methyl donor able to re-methylate homocysteine hack to methionine. 

Thcrefore,..cnzyme replacement therapy (ERT) using CBS (e.g.., PEGylated htCBS described 

hetein) may be the best therapy for both theikpartial and non-responsive patients. 

100441 	As a result of CBS dysfunction, homoeysteine (Hey) levels are dramatically 

altered in CBSDH patients, In healthy individuals, total Hey levels an.:,  in the range of --5-15 

1.41\4 (Stabler erot, 2002, ffitalvilsm, 51181.988), 98% of which is in the. form of disulfides 

otisprOtein-bound. Only 2% of the tlicy exists as a hee(nowprotein-bound) reduced. 

hornocysteine, which can serve as a substrate for CBS (Mansoor 	1992, AnaL Bivehem, 

200;21842.9; Mudd et at., 2(10„4rtedoseler, Throm& Yam Biol. 20:1704-1706), This 

balance is dramatically altered in CBSDH patients, With free-reduced homocysteine reaching 

10-25% of tHey values that ate observed in these patients (up to -400 	(Mansoor 41.,. 

1993, Metaboitxm, 42:1481-1485), 

10445.1 	Higher tHey levels (e g.., greater than 54 times the wild type levels) may also 

cause diseases, disorders and/or conditions such as, but not limited to, facial alopecia in mice, 

osteopomsis and reduction in: mean survival. As anon-limiting example, model mice having 

at. least 54 times higher tHey as compared to wild type demonstrated several diseases, 

disorders andlor conditions., including facial alopecia, osteoporosis and reduction in mean 

survival. However. no such signs were observed in mice which had tHey levels of about 30 

times the normal values and thus homocysteine elevation may only pathogenic only above a 

threshold level (Gupta et ed., 2009, PASEfi-,1. 23:883-893). In a multicenter observational 

study of CBSDH in humans, it was found that even though various treatment combinations 

failed to restore normal homocysteine levels in CBSDH. patients, and lift non-responders 

continued to exhibit homocysteine levels 3-5 times higher than the upper limit in the normal 
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1..lopulation, the risk of thromhoembolism.in these patients was significantly reduced (Yap ee 

2001,, 4r:6r/water, Thromb. Ktsc. .8.1oL 21, .2080.2084. Collectively„these-data indicate 

that to ameliorate the clinical. manifestation of CBS)H, an incomplete redact-lomat:Hey, if it 

is below a threshold 	may be-sufficient to treat disease. 

100,461 	While a low methionine diet can be efftvivein establishing and maintaining some 

metabolic control of homocysteine levels in patients. its effect may be hindered by lack of 

dietary compliance especially in late-diagnosed patients, resulting in a concomitant increase 

tax homocysteine accompanied by development of symptoms, especially in children (Walter el 

at, I99kEur. Pediatr, 157 Suppl 2, S71-76). Failure of dietary compliance causes 

increased. serum  -Hey, resurgence. of complications in the - vascular and connective tissue 

including fatal and incapacitating events, and risk of severe side-effects such as cerebral 

edema (from excessive serum Met concentration) or severe malnutrition (from lack of 

essential amino acids). The most effective therapeutic strategy is to increase enzyme activity, 

as is evident when given pyridoxine to Vitamin B6 responsive homocystinuria. This strategy 

is not possible for Vitamin II, non-responsive individuals due to the mutation status. &trine 

may help to achieve a metabolic control in less compliant patients and its cornbination with 

the diet may represent the best available treatment. However, current therapies for B non-

responders do not increase eystathionine, and. cyst:eine supplementation may be warranted to 

maintain proper levels. Increased enzyme activity its these individuals may therefore depend 

on the delivery of exogenous enzyme,. i.e. enzyme replacement therapy (ERT). 

100471 	Considerable evidence suggests a possible function for eystathionine independent 

sal its role as an intermediate in transsulfuration. A positive role for eystathionine has been 

suggested by studies of a particular transgenic 'mouse model of CB~ deficient 

homocystinuria. In this model of classical homocystinuria, the mouse 04 gene is inactivated 

and survives on low-level expression of the human CBShansgene under-the:control of the 

human CBS promoter; thus, it has been designated as "human only,;  (HO}. The HO moose 

exhibits severe elevations in both plasma and tissue levels of Hey, =thimble, 5-

adenosylmethionine, and S-adenosylhomocysteine and a concomitant decrease in plasma and 

hepatic levels of eysteine. However, in contrast to previous cm knockout models of 

classical homocystinuria (also known as CBS knockout mice (KO) which suffer a severe 

growth retardation and hepatopathy and most die within three weeks after birth, even while 

mothers are on betaine (Maclean et aL,i. 201%, Aloi, Genet Metal;. 101, 153462)), which 

suffer severe growth retardation and hepatopathy, incur hepatic steatosis, fibrosis, and 
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neonatal death within three weeks after birth even while mothers are treated with Ixtaine, the 

HO mice exhibit mild hepatopathy and approximately 90% of HO mice live for at least 6 

months (Maclean tit al., 2012,1 Biol. Chem. 287„.31 994-32005, the contents of which arc 

herein incorporated by reference in its entirety): Tail bleeding determinations indicate that 

HO mice are in a hypercoagulative state that is significantly ameliorated by hetaine treatment 

in a Manner that recapitulates the disease as it occurs in humans (Maclean eta. 2010b, 

Genet, Metab, 101, 153-162; the contents of which are herein incorpormoil by reference in its 

entirety): HO mice have high levels of they, but suffer only minor consequences. Them is 

little or no difference in metabolite levels between these two marine models, except the level 

of cystathionine, which is significantly elevated in HO mice (-10 tiM) as compared to KOs 

0): Thus, it has limn suggested that cystathionine may exert protective effects against 

.hepatic and renal lipid accumulation, tissue injury and apoptotic cell death induced by 

prolonged endoplasmiereticultur stress. 

100481 	Cystathionine may exert protective effects in a mouse model of acetaminophen-

induced liver injury by serving as a cysteine prodmg. The use of the COL inactivating 

compound al-2-amino-4-pentynoic acid in experiments to induce hypereystathioncmia by 

blocking the conversion of cystathionine to cysteine coupled with the observation that 

cystathionine exerts significant protective effects in a23 cells that are incapable of converting 

this compound to cysteine, indicate that the protective effects observed. au not a result of 

cystathionine acting as a precursor for cysteine synthesis. 

100491 	Cystathionine may be important to the normally functioning brain. It is possible 

that cystathionine specifically accumulates in the normal mammalian brain to serve as a 

cytoprotectant and that the abolition of its synthesis could contribute to mental retardation ire 

homocystinuria by increasing sensitivity of neural tissues to the toxic insult of elevated Hey 

andlor derivatives thereof (Maclean etat, 20121.3, Biol, Chem 287, 3199442005). There are 

considerable tegional difIlmnices in concentrations of cystathionine within the brain, and 

there is a higher concentration in white matter than in grey matter, suirgesting as possible role 

iii myel Maim Cystathionine has been found irthigher levels in occipital lobes of human and 

monkey brains than in the whole brain of lower animal specie, and the role of cystathioninc 

has been suggested to be more important in primate than in rodent brain (Volpe and Laster, 

1972, Ilia Neonate 20, 385-403; the contents of which are herein incorporated by reference 

in its entirety). 
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(0050l 	A number of indirect lines of evidence: support: ossible physiological roles for 

either cystathionine or a derivative thereof, In primate brain and central nervous system 

(CNS), there appears to be an imbalance between the relative activity levels of CBS and CGL 

leading to an accumulation of cystathionine. Similarly, during embryonic development, CBS 

is expressed in multiple tissues such as the heart and lungs that do not express any detectable 

CBS in adult tissues. A range of data indicates that- COL is not expreued during early 

mammalian development, in human liver samples for instance, COL activity is only detected 

in post-natal tissue whereas activity in fetal, premature and full-term neonatal. Iivertissue is 

essentially undetectable.. Collectively, these results indicate that at certain stages of 

development and in adult neural tissues, CBS is expressed specifically for the production of 

.eyttathionine distinct from its role as an intermediate in cysteine synthesis (Maclean et at, 

201Z1 	Chem.. 287, 31994-32005; the contents of which areherein incorporated by 

reference in its entirety). Taken With the knowledge that rigorous control over cystathionine 

y-lyase (COL) and CBS expression occurs during mammalian development, these 

Observations come tog ther to suggest a possible protective role for cystathionine in addition 

to being a precursor to cysteine. 

10051] 	Cysteine biosynthesis from cystathionine is catalyzed by CGL Cystathioninc 

present inside the cells, and it is believed to not exist as a plasma protein, Accordingly,.i.t.is.  

believed that the cystathionine produced upon injection of the PEGylated human truncated 

(htCBS) enzyine described herein may also serve as an intracellular substrate for CGL. 

Additionally, it may be possible that reduced levels of tHey may impede the formation of 

cysteine-homocysteine adducts (which can be. rapidly cleared in urine), generating higher 

levels of free cysteine in plasma (Gupta el at, 2014, FASEB J. 28:781-790), 

1905Zi 	Various aspects of the present invention now will be described more t all 

hereinafter. Such aspects may, however, be embodiedmany-different form and should 

not be construed as limited to the embodiments set fbrth herein; *Whet; these embodiments 

are provided so that this disclosure will be thorough and complete, and will fully convey its 

scope to those skilled in the an:. 

THE CRS ENZYME 
NON 	The CBS gene resides on human chromosome 21 at q22.3 (Skovby et 04, Hum. 

Genet. 65:291-294 (1984); Mtuike et (IL, Am. J., Mon. Genet. 42:550-559 (1988); the contents 

of which are herein incorporated by reference in their entirety). The nucleic acid sequence 

encoding human CBS and the amino acid sequence encoded thereby are available through 

(knew*. Accession No. L19501, and these sequences are also disclosed in U.S. Patent No. 
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.5,523,225, Which is incorporated herein by reference in its entirety. The nucleic acid 

sequence of the gcnornic DNA encoding CBS is: also publicly available through sequence 

databases such as GcnBank and at University of Colorado-Denver webpagc (Kraus 

Laboratory). 

100541 	While not wishing to be bound by theory, the protein encoded by the CBS gene 

acts as a. homotetramer to catalyze the conversion of homocysteine to eysta. thionine, the tint 

step in the transsulfunttion pathway. The encoded protein is allostetically activated by 

adenosyl-methionine and uses pyridoxal phosphate as a cofactor. Multiple alternatively 

spliced transcript variants have been found for this gene. 

00551 	CBS governs the 'unidirectional flow of sulfur from methionine to cysteinc by 

operating at the intersection of the transmerhylation, transsulfuration and re-methylation 

pathways.. h catalyzes a fi-replacement .reaction in which scrine condenses with homocysteine 

in a pyridoxal 3'-phosphate (PLP)-dependent manner, to form cystathionine ( Hiles-  and 

Kraus, 2004„/. Mat Chem. 279:29871-29874„ the contents of which ate herein incorporated 

by reference in itS entirety). Cystathionine can then be converted to cysteine by Cystathionine 

Gamma Lyase (OGL). Thus, proper function attic CBS enzyme is critical for the regulation 

of both cysteine and methionine metabolism (Mudd cat al., 2001, "Disorders of 

Transsulfuration." in the Metabolic and. molecular bases of inherited disease, C.R. Scriver„ 

AL. .Beudet, W.S. Sly, v. D., C. B., K.K. W., and V. B., eds. (New York: MeGraw-Hill),, pp. 

2007-2056; the contents of which are herein incorporated by reference in its entirety), and 

accordingly, a compromised CBS activity or la& thereof, leads to the biochemical and 

clinical manifestations of-CBS-deficient homocystinuria (CBSD11), 

(00561 	Inactivation of CBS results in cystathionine beta-synthase-deficient 

homocystinuria (CBSDH), more commonly referred to as classical homocystinuria Classical 

homocystinuria was first described by Carson and Neill-in- 1962 (Carson td Neill, 1962. 

Arch. Dis-Child 37:305-513; the contents of which are herein incorporated by reference in its 

entirety) and is recognized as the most common inborn error of sulfur amino acid 

metabolism. The underlying cause of homocystinuria, a deficiency of the Cystathionine (3-

Synthase (CBS) enzyme, was discovered shortly thereafter (Mudd Oal, 1964, Science 

143:14433-1445; the contents of which are herein incorporated by refeTcrice in its entirety). 

100571 	Misscnse mutations represent the most common. cause of cystathionine li-synthase 

(CBS) deficiency. Many of these mutations result in misfolded proteins, which lack 

biological function. The presence of chemical chaperones (e.g., such as ethanol, dimethyl 
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sulfoxide, or trimethylamine-N-oxide) can sometimes alleviate or even restore protein folding 

and activity of mutant proteins. Eight CBS mutant enzymes (P49L, P78R, M 14' ..R 

.E1.76K„.P422L, lost and S466L) were purified and characterized, and couid be rescued 

with chemical chaperones by improving their protein folding. The tetranteric mutant enzymes 

fully saturated with hem had the same or higher specific activities than wild type CBS. 

`Thermal stability measurements demonstrated that the purified mutants are equally or more 

thermostable than wild type CBS. The response to S-adertosyl-n-methiortine stimulation or 

thermal activation varlet The lack of response of R125Q and El 76K to both stimuli 

indicated that their specific conformations were unable to reach the activated state. Increased 

levels of molecular chaperones in crude extracts, particularly Ding, indicated-a rather indirect 

effect of the chemical chaperones on folding of CBS mutants (Mahan, et al., 2010,./ litaL 

Chem. 285(21):15866-15873; the contents of which are herein incorporated by reference in 

its entittiy);. 

100581 	The extent of misiblding of 27 CBS mutations previously tested in E. coil have 

been tested for the ability of chaperones to rescue the conformation of these mutations under 

the more folding-permissive conditions of mammalian CRO-K1 	Expression of 

mutations in 'mammalian cells increased the median activity 1.6-fold and. the amount of 

tetramers 3,2-fold compared with expression in bacteria. Subsequently, the responses of 

seven selected mutations to three compounds with chaperone-like activity were tested, 

Aminooxyacetic acid and 4-phenylbutyric acid exhibited only a weak effect. In contrast, 

home arginate substantially increased the formation of mutant CBS protein tettIMICTS (up to 

Six fold) and rescued catalytic activity (up to nine fold) of five out of seven mutations 

(p.A1I4V, RIK 102N, pit I25Q, p.R266K., and p3.369C). The greatest effectof here arginate 

was-observed for the mutation p.R125Q, whiehis non-responsive-WM viro treatment-with 

vitamin B6, Moreover, the hems: nesponsiveness ofthep.R125Q mutation was confirmed in 

fibroblasts derived from a patient homozygous for this genetic variant. Based on these data, a 

distinct group of hetne-responsive CBS mutations was proposed and the beme pocket of CBS 

was predicted to be an important target for designing novel therapies for homoeystinuria 

(Melenovska, 0 al., 2014„1. Inherit, Metals. Dis. 38(2); the contents of which are herein 

incorponand by reference in its entirety). 

100591 	Biochemically. CBSDH is characterized by highly elevated blood levels of 

hOmOeytteine.„ inethionine and S-adcnosyl-hornocysteine OW known as "SAW" or 

`Adolicy'), accompanied by low levels Of eystein and cystathionine. Some of the clinical 
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manifestations of untmaiaxi hornocystimaia include thromboembolism, cotmeetive tissue 

problems such as dislocation of the optic lens, marfanoid features and osteoporosis, cognitive 

impairment and other signs (Kraus, J.,,:and Kozieh, V. (2004 'Cystathionine beta-synthase 

and its deficiency." In Homocysteine in health and disease. J.D. Carmel R, ed. (New York: 

Cambridge UniVersity Press), pp. 223-243; Mudd eta.., 2001, Disorders of 

Innissulftuaticw"In the Metabolic and molecular bases of inherited disease. CI . Striver, 

Ai. Bender, W.S. Sly, V. :Cc:C. B. K.K. W., and V. R., as, (New York: McGraw-Hill)., pp. 

20072056). 

(00601 	Initial attempts to treat hommystitunia employed dietary restrictions to decrease 

the methionine intake, thus avoiding the build-up of the toxic homocysteine (Koniroutr et 

at, 1966, Arch. I. Child 41:666-6711 It waS.later tbund that: supplementation with the 

PLP-cofactor precursor, pyridoxine (vitamin BO, relieves the clinical manifestations for 

slightly less than half of patients. and a subset of these are only partial responders (Barber 

and Spaeth, 1969. J. Pediatr, 75:463-478; Mudd el at, 1985„4n Man. Genet 37:1-34 

The "% responders" need to take supplemental vitamin B for the rest of their lives. Inmany 

cues, even -MI B6-responsive patients requite a milder-protein restricted diet to be able to 

achieve a metabolic control (Picker, 	and Levy, 	(2004). for ocystiouria Caused by 

Cystathionine Beta-Syrithase Deficiency, In GeneReviews,R.A,Tagon, Mk Adam, 

Bird, C.R. Dolan, C.T. Fong, and K. Stephens, eds. (Seattle (WA): University of Washington,. 

Seattle; the contents of each of which are herein incorporated by refereneein their entirety). 

The remaining skthset, the non-responders, are subjected to an extremely limited diet, with 

which many patients poorly comply (Walter et at, 1998, Eur, J. Pe&Iiatr. 157 Suppl 2, 5717.76;, 

the contents of which are herein incorporated by rekrence in its entimty). The diet is 

combined with a mothioninc-ftee and cysteine enriched amino acid mixture along with. 

betaine, Which can serve as a methyl donor for the enzyme betainc-homocysteine 

methyltransferase (BHMT) to produce dimethylglyeineand methionine from homocysteinc 

(Finkelstein, 1990. J. Mar, Bioehem, 1:228-237). Glutadione is synthesized from cysteine, 

and thus the addition of cysteine can be important to reduce oxidative stress. Most patients 

are also treated with trimethylgiycine, and a normal dose &folio acid supplement. This 

improves the metabolic control by lowering homocysteine levels, in conjunction with the 

strict diet. 

100611 	Betaine (N,N,N-trimethylglycirie) is used to reduce concentrations of 

hornocysteine by promoting the conversion of honrocysteine back to methioninee  i.e., 
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increasing flux through the remethylation pathway independent of isolate derivatives (which is 

mainly-active in the liver and in the kidneys). A small portion of the re...fbrintA methionine is 

then gradually removed by incorporation into body protein The methionine that is not 

converted into protein is converted to S-adenosyknethiortine which goes on to form 

homocysteine again. Betaine is, therefore, most effective if the quantity of methionine to be 

removed is small Hence tivannent includes both betaine and a diet low in atethionine.. in 

classical homocystimrria, the plasma methionine level usually increases above the normal 

range of 30 mieromolesIL and the concentrations should be monitored as potentially toxic 

levels (more than 400 inieromole&L) may be reached. 

f0062I 	An alternative treatment strategy for CBSDH has long been sought to provide the 

136  non-responders and partial responders with a therapy that improves the metabolic 

abnormalities, reduces the accumulation of toxic homocysteine in circulation, and increases 

the levels of cystathionine mid cysteine. Such :metabolic changes may merse, or delay, the 

onset of CBSDH symptom, and allow this tirouP of affected individuals ln-ertinY an 

unrestricted or only mildly restricted diet and significantly improve their quality ollife. TO 

provide these benefits, a therapy must improve the core deficiency that underlies this 

condition, namely, aberrant CBS levels and/or function. Accordingly, systemic introduction 

of CBS, in the form of Enzyme Replacement Therapy (gRT),should be beneficial for 

homocystinurie patients. 

1.00631 	Without being bound by theory, a significant decrease in extracellular 

homocysteine due to CBS administration is believed to generate a concentration gradient., 

triggering a flux of homocysteine from Ultra- to extra-cellular spaces, whom the administered 

enzyme can further process it., and thus the extracellular CBS can serve as a hoinoeysteine 

"sink." 

(906411 	The -structure and mode of aetivatiortof native human CBS. which exists as a 

tetramer, comprised of four identical monomers may be difficult to use as ERT. This form of 

the enzyme has a high tendency for augreaation, which poses a major constraint on the 

purification efforts (Kraus and Roseriberg,1983,4mh. Mochon. .$19pkvs.1.22:44-52; the. 

contents of which are herein incorporated by rare= in its entirety). Additionally, CBS 

activation requires the binding of S-.Adertosyl-rnethiortine (SAM) to the C-terminal tail, in. 

order to relieve the auto-inhibihon exerted on the enzyme by its C.-terminal regulatory region, 

1906S1 	truncated recombinant human CBS (htCBS) is provided (SEQ.10 NO:: 3) where 

the C`-terminal regulatory region has been removed. In one embodiment, the htCBS may be 
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mutated Where eysteinc at amino acid position .15 has been charmed to scrim NCB  'S mutant 

or CI%) (SEQ ED NO: 13). 

100661 	In one embodiment, PEGylated hte13S or .PEGylated htCBS mutant enzyme 

improved the pharmacokinetic and pharmacodynamic properties of the enzyme in Wyo. 

Therapeutic proteins, unlike small molecules, are delivered via parentend routes, and 

treatment efficacy,  may be greatly impacted by their absorption distributiononetabolismand 

excretion ("ADME") (Vugmeyster -et al., 20.12, World Journal of 	Chemishy 313-

92; the contents of which are fierier) incorporated by reference in its entirety). High molecular 

weight compounds, such as enzymes, havelimited tissue penetration capability, and are thus 

mainly present in the plasma until they arenzmoved from circulation by atleast one 

mechanism. 

gi067) 	in. one embodiment, administration of litCBS. or htCBS mutant for ERT maintains 

high activity tat plasma for a period of time that is sufficient to deli'sw a steady and significant 

effect on -sulfur amino acid metabolism. Enhancing EWE- efficacy may require additional 

modifications to the protein, in order to increase retention time in vivo. This may be achieved 

by PEGYIation, the addition of Poly-Ethylene-Glycol (PEG) moieties onto the surface of the 

protein, in order to extend the retention time in a subject PEGylation was found to minimize 

proteolysis, immune response and. antigenicity, while increasing protein stability and size, 

andreduchur renal excretion (Kama eta, 2009, Expert opinion f> emergingdrur 14363-

380; the contents of which are herein incorporated by reference in its entirety). 

100681 	Cysteine biosynthesis-  from cystathiortineiscatalyzed solely by CU. 

Cystathionine is only present inside the cells, and does not exist as a plasma protect.. 

Accordingly, it is believed that the cystathionine produced upon injection of the. PEGylated 

luCBS orPEG,ylated htCBS mutant enzyme described hetein may also serve as an 

intratellular substrate:for-CU. Additionally, and not mutually exclusively, it: is also possible. 

that reduced levels of tHcy may impede the formation of cysteinebonaocysteine adducts 

(which can be rapidly cleared in wine), generating higher levels of free cysteine in plasma, as 

was recently suggested (Gupta. es al., 101-4, FASEB J. 28, 781-790). Normalizing cysteine 

levels without cysteine supplementation is another potential advantage of the presently 

described litCBS and htCBS mutant in ERT. 

100691 	in one embodiment, normalization of eysteine levels may be observed ibllowing 

administration of the PEGylated htCBS or PEGylated htCBS mutant enzyme. .in addition to a 

change in metabolite levels, another positive effectefhtCBS or htCBS mutant administration 
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may he predicted to be a significant impact on liver disease and survival olaffeeted CBSDH 

patients. 

WIMPS  VFUSYNO.PEGYLATEP 
00701 	In one embodiment, the compositions and methods described herein may be used 

to neat CBSDH. The: are three poops of pathogenic mutations associated -with CBSDH, (1) 

pyridoxine -responsive mutations, (2) C-terminal CBS mutants and (3) classical 

homocystinuria, 

100711( 	In one embodiment, htCBS and htCBS mutant enzyme replacement may be -used 

tO treat CBSDH. The htCBS and. htCBS mutant enzyme may be PEGylated by a method 

known in the art or described herein, As a non-limiting example, the PEG may be a low 

molecular wvight. (e4, 2.kDa) PEG or a high molecular weight (es., 40 kDa) four arm 

branched PEG. For 	the htCBS or htCBS mutant poly pride is PEGylated with one 

of the following PEG malecules: ME-200MA0B, ME-4100MA, ME-050GS, 014400MA, 

and ME-2(X)GS..ror example, the hiCBS:or htCBS mutant polypeptide PEG conjugate is a 

20NRS PEG htCBS COS conjugate, 

00721 	In one embodiment, PEGylated htCBS or PEClylated htCBS mutant and methods 

of using the PEGylated htCBS or PEGylated htC.BS mutant described he it may be used to 

treat subjects with pyridoxine.responsive mutations. PEGylated htCBS cr PEGylated htCBS 

mutant may be used alone or in combination with current therapies (e.g..,Vitamin B6 or 

Betaine) to treat subjects with pyridoxine-responsive mutations. As a non-limiting example, 

the PEGylated htCBS or PEGylated htCBS mutant may be used to mitigate or reduce 

pathological events in subjects with pyridoxine-responsive mutations. As a non-limiting 

example, the PEGylated htCBS or .PEGylated .htCBS mutant may be used to treat a subject 

with pyridoxine-responsive mutations who is a partial responder to ViturninB6 therapy. As 

another non4imiting example, the PEGylated btC,BS or .PEGylateii htCBS mutant 'may be. 

used to treat a subject with. pyridoxine-responsive mutations who is a non-responder to 

Vitamin 86 therapy. 

(00731 	in one embodiment., PEGylated htCBS of PEGylated htCBS mutant and methods 

of using the PEGylated htCBS or PEGylated htCBS mutant described herein may be used to 

treat subjects with C-terminal CBS mutations. PEGylated htCBS or PEGylated htCBS 

mutant may be used alone or in combination with current. thtlapies-(eig„ Vitamin B6 or 

Betaine) treat subjects with CUrtninat CBS mutations. As a non-LimitingexamPle, the 

PEGylated htC.BS or PEGyhtted htCBS mutant may be used to lower serum Hey levels in 

subjects withC4ermittalCBS mutations. As a non-limiting example, the PEGylated htCBS 
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or PEGylated htCBS mutant may be used to meat a subject with C-terrninal CBS mutations 

who is a radial responder to Vitamin B6 therapy. As another non-liiniting example., the 

PEGylated htCBS or PEGylated htCBS mutant may be used to treat a subject with C-terminal 

CBS mutations who is a non.responder to Vitamin B6 therapy. 

[Will In one embodiment, PEGylated htCBS or PEGylated htCBS mutant and methods 

awing the PEGylated htCBS or PEGylated htCBS Mutant described herein may be used to 

treat subjects with classical homocystinuria. PEGylated hiCBS or PEOylated InCBS mutant 

may be used alone or in combination with current therapies (e.g., Vitamin B6 or Betaine) to 

treat subjects with classical hornocystinuria. As a non-limitine example, the PEGylated 

htCBS or .PEGylated htCBS mutant may be used. to lower serum Hey levelsin subjects with 

classical homocystinuria. As a non-limiting example, the PEGylated InCBS tar PEGylated 

litCBS mutant may be used to treat a subject with classical homocystinuria who is a partial 

responder to Vitamin 06 therapy As another notkimitingexample; the .PEGylated htCBS or 

PEGylated WEIS-mutant may be used to treat a subject with classical .homoeystinuria who is 

a non-responder to Vitamin 136 therapy. In certain embodiments, the subject is a human, a rat, 

a Mouse, and a non-human primate. In certain embodiments, 2,0NIIS PEG -htCBS CI5S is 

used to treat at least one disease, disorder, condition, or clinical symptom selected -from the 

group consisting of osteoporosis, thinning hair, or eye defects, 

P0751 	:In one embodiment, the compositions and methods described herein may be used 

to reduce a symptoth, disease or disorder associated with CBSDH. The symptom, disease or 

disorder may be in an organ system or a severe phenotypic change, Non-liminnsexamples of 

diseases, disorders and/or conditions from CBSDII include mental retardation, psychiatric 

disturbances, central nervous system problems including seizures, cardiovascular disease 

with a predisposition to thromboetribolic complications muffing in a high rate of mortality in. 

untreated and partially treatedindividuals, and a range of connective tissue disorders 

affecting the ocular system (0:g., progressive myopia and lens dislocation., ectopia km4 

and skeletal system (e.g.-, marfanoid habitus, osteoporosis, scoliosis, fine fair hair and brittle, 

thin skin). 

(0076j 	In one embodiment, the compositions and methods described herein may be used 

to treat a disease, disorder andlor condition such as, but not limited to, thiorriboembolism, 

connective tissue problems such as dislocation of the optic lens, marfanoid features, 

osteoporosis, and cognitive impairment:. 
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(00771 	in one embodiment., the PEGylated htCBS ear PEGylated htCBS mutant enzyme 

described herein may reduce the effects and/or treat liver disease. The liver disease may be in 

a subject with CBSDH.. The treatment and/or reduction of the ell'ects of liver disease. may 

thus increase the rate: of survival of CBSDH patients. As a non-limiting example, PEGylated 

htCBS or PEGylated htCBS mutant may be used to reduce liver parenchyma damage. 

100781 	In one embodiment, PEGylated InCBS or PEGylated litCBS mutant may be used 

to increase cystathionine and treat or reduce the effects of liver disease or injury. 

100791 	in one embodiment„the compositions and methods described herein (e.g., enzyme 

replacement therapy (MTh  -using, the PEGylated. htCBS or PEGylated htClasS mutant 

enzyme can ameliorate the disease nuinifestations and metabolic abnormalities that 

characterize the homocystinuria. In some embodiments, the PEGylated htCBS or PEGylated 

luCBS mutant enzyme modulates toxic metabolites for at lea 24 hours, at least 48 hours, or 

at least 72 hours, In additional embodiments, The PEGylated htCBS or PEGylated MOBS 

mutant enzyme ameliorates the disease manifestations for at least 3 months, 6 months. 12 

months, or 24 months. 

(00801 	In one embodiment, ERT using .PEGylated htCBS or PEGylated htCBS mutant 

enzyme offers an effective therapy :for CBSDH patients to allow prevention and treatment. of 

andlor amelioration of symptoms of homocystinuria, and relieving the need to maintain such 

a strict- protein-excluding diet. Alternatively, a subject is administered a PEGylated htCBS 

C155, and the subject is on protein-excluding or on a Met-restricted diet. 

100811 	In one embodiment, P.EGylated htCBS or P.EGylated htCBS mutant may be used 

to increase cystathionine and treat or mime die of 	of mental retardation in 

homocystinuria subjects. The amount: of cystathionine may be increased in a region or area of 

the brain such as, but not limited to, occipital lobes grey matter and White matter. 

10082) 	In one .embodiment, PECiylated ht.CBS or PECrylated htCBS .mutant may be used 

to increase sensitivity-amoral tissues in the 	of homocystinuria subjects. The amount 

of cystathionine may be :increased in a region or area of the brain such as, but not limited to, 

occipital lobes grey matter and 'White matter. 

(00831 	In one embodiment, PEGylated htCBS or PEGylated htCBS mutant may be used 

to extend the life of a subject with CBSDII. 

(0841 	In one embodiment„PEGylated hteBS or PEGylated htCBS mutant is used as part 

of CBS enzyme replacement therapy BERT) for the treatment. of homocystinuria. The 
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administration of PEGylated btCBS and htCBS mutant may not necessitate introduction of 

the deficient enzyme into its natural intracellular compartment. 

100851 	Cn one embodiment, administration of PEGylated  htCBS or PEGylated IitCBS 

mutant decrease homocysteine levels by 5%, 10%, 15%, 20%, 25%, 30%, 33%, 35%, 40%, 

45%, 50%, 52% 55%, 60%, 65%,-61%, 69%,10%, 74%, 75%, 76%, 77%, 80%, 85%, 90%, 

95% or more than 95%. As a non-limitingexample, the decrease of homocysteine May be a 

decrease of about 69%, As a non-limiting example, the decrease of homocysteine may be a 

decrease of about 67%. As a non-limiting example, the decrease of homixysteine may be a 

decrease of about-52%. As a non-limiting example, the decrease of homocysteine may be a 

decrease of about 33%; 

100861 	in one embodiment, PEGylated htCI3S or PEGylated htCBS mutant may be 

administered before, after or concurrently with traditional betaine tmatment. The combination 

therapy-may result in synergistic effects on homocysteinc 

100871 	In one embodiment, administration of PEGylated InCRS-or PEGylated InCBS 

mutant to a subject may alter the extra- and intro-cellular equilibrium of sulfur amino acids. 

100881 	In one embodiment, the alteration of extra- and infra-cellular equilibrium may be a 

decrease in the.filasma homocysteine such as, but not limited to, a. decrease of about 5%, 

10%,15%, 20%, 25%, 30%, 33%, 35%, 40%, 45%, 50%, 52% 55%., 60%, 65%, 67%,, 69%, 

70%, 74%, 75%, 76%, 77%, 80%, 85%, 90%, 95% or more than 95%. As a non-limiting 

example, the decrease of plasma homocysteine may be a decrease of about 75%. 

t0089f 	In one embodiment, the alteration of extra- and intra-cellular equilibrium may be 

an increase in cystathionine such as, but not limited to, an increase of about 10%, 20%, 30%, 

40%, 50* 60%, 70% 80%, 90%, 100%, 110%, 1120%, 130%, 140%. 150%, 160%, 170%, 

180%, 190%, 200%, 210%, 220%, 230%, 240%, 250%, 260%, 270%, 280%, 290%, 300%, 

310%, 320%, 330%, 340%, 350%, 360%, 370%, 380%, 390%, 400%, 410%, 420%, 430%, 

440%, 450%, 460%, 470%, 480%, 490%, 500%, 510%, 520%, 530%, 540%, 550%, 560%, 

570%, 580%, 590%, 600%, 610%, 620%, 630%, 640%, 650%, 660%, 670%, 680%, 690%, 

700%, 710%, 720%; 730%, 740%, 750%, 760%, 770%, 780%, 790%, 800%, 810%, 820%, 

830%, 840%, 850%, 860%, 870%, 880%, 890%, 900%, 910%,.920%, 930%. 940%, 950%, 

960%, 970%, 980%, 990%, 1000% or more than 1000%. As a non-limiting example, increase 

in cystathionine may be about 900%. 
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(0090.1 	in one embodiment, the alteration of extra- and intrtt-cellular equilibrium may be 

the nomndization of eysteine concentrations that is reflected in improvement of 

bistopathological changes in the liver and increased survival. 

[00911 In oncembodiment, PEGylated htCBS or PEGylated htCBS mutant may be used 

to reduce diey levels in a subject withCBSDH, The tHey levels may be reduced to LI, 3., 4, 

5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 2021, 22, 23, 24, 15, 26, 27, 28, 29, 30, 31, 

32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 1-5, 1- 

10, 1-20, 1-30, 1-40, 1-50, 2-5, 2-10, 2-20, 2-30, 2-40, 2-50, 3-5, 3-10, 3-20, 3-30, 3-40, 3-50, 

4-6, 440, 4-20, 4,30, 440, 4-50, 5-7, 5-10, -5-20„ 5-30, 540, 5-50,164, 6-1Q, 6-20, 6-30, 6- 

-4(„ 6,-50, 7-10.7,20, 7-30, 7-40, 7-50,8-10, 8-20, 8-30, 3-40,&50, 9-10, 9-20,9-30, 940, 9- 

50,-1.0-20, 10-30, 10-40,10-50, 20;•30,- 204%. 20-50 30-40, 30-50 or- 40-50 tithes thewild 

type level. Asaoon-limiting example,_the tiiCY level_ is reduced to. about 30 times the wild 

type level. As a non-limiting example, the WY.  levet is reduced to about 3-i5 times tae wild 

type 
100921 . in one embodiment, PEGylated htCBS or PEGylated htCBS mutant may be used 

to lower tHev levels and thus twat or reduce the effects of diseases, disorders and/or 

conditions associated with high tHCY levels 	greater than 54 times the wild type level). 

Non-limiting examples, of diseases, disorder and/or conditions associated with high MY 

levels include facial alopecia, osteoporosis, dislocation of eye lenses, and reduction io mean 

survival. 

100931 	In one embodiment, the PEGylated htCBS or PEGylated htCBS mutant described 

herein may be used to normalizing eysteine levels without cysteine supplementation. 

100941 	In one embodiment, the PEGylated htCBS or PEGylated htCBS mutant desaibed-

herein may be usedin combination with Beta* tonduce concentrations of bonlocysteine M 

a subject. liontocysteine may be reduced -about 5%, 10%, 15%, 20%, 25%, 30%, 33%, 35%, 

40%, 45%. 50%, 52% 55%, 60%, 65%. 67%, 69%, 70%, 74%, 75%, 76%, 77%, 80%, 85%, 

90%,95% or more than 95% in a subject using the combination therapy. As a non-limiting 

example, homocysteine may be reduced 77%. As a non-limiting example, homocysteine may 

be reduced 76%. As a non-limiting example, homocysteine may he reduced 74%, As noon-

limiting example, homocysteine may bereduced 40%. 

10095E 	In one embodiment, the PEGylated htCBS PEGylated htCBS mutant described 

herein may be used to cause a change such as an increase and/Or decrease in metabolite. 

levels. 
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[00961 	j[tEal.te:atali.4mtmt, the PEG Mat ed tii0115:or PEGylatedlitCBS nrutmit:: &wawa 

tiercin may:be used to cause a change ;/.3c1:# at', an iniarqase in metabolite levels: As a opw 

example, :the nunsgisoilite may be eystathionine and cysteineWhiCh inay:be •ineteUsed 

5%, 10%, 15%, 20%, 25%, 30%, 33%, 35%, 40%, 45%, 50%, 52% 55%, 60%, 65%, 67%, 

69%, 70%, 74%, 75%, 76%, 77%, 80%, 85%, 90%, 95%, 100%, 110%, 1120%, 130%, 

140%, 150%, 160%, 170%, 180%, 190%, 200%, 210%, 220%, 230%, 240%, 250%, 260%, 

270%, 280%, 290%, 300%, 310%, 320%, 330%, 340%, 350%, 360%, 370%, 380%, 390%, 

400%, 410%, 420%, 430%, 440%, 450%, 460%, 470%, 480%, 490%, 500%, 510%, 520%, 

530%, 540%, 550%, 560%, 570%, 580%, 590%, 600%, 610%, 620%, 630%, 640%, 650%, 

660%, 670%, 680%, 690%, 700%, 710%, 720(VN  730%, 740%, 750%, 760% : 770%, 7.80%; 

790%, 800%, 810%, 820%, 830%, 840%, 850%, 860%, 870%, 880%, 890%, 900%, 910%;  

920%, 930%, 940%, 950%, 960%, 970%, 980%,:990%, 1000% or ihotultiat:1000%..As 

non-limiting example, the amount of eystathionine tr/ay ineremedir he aboke 0.00$.. 

0.015, 0.020, 0.025, 0.03, 0.035, 0.04, 0.045, 0,05 0,055, 0.06, 0.0f:'6, 0.07, 0 o75,  0,08, 

0.085, 0.09, 0.095, 0.1, 0.15, 0.2, 0.25, 0.3, or 0,35 iirvl or cvstathioninc, may he increased to. 

be between 0,0.5 and 0..3S nNI. As another non-limiting example, the arnount of eysteice may: 

W: increased o 	atxwe 140, i  50. 16 170, 1140, 190, 2.00, 2 	220,230, 240, 250, ,61),:  

2;70. 2.80, 290, 3110, 3lti 320. .33 340 351), 360 370, 380, 390, 4,00 or eysteine may IN 

itkreased to he between 200 p.?„1 <hld 400 

1130971 	in one embodiment, the- PEGylaA 	ot PEG y atd 	S iimiiant deF:cribc4 

herein may be i;;ed:0,trtuse a change soeft as'  . deer a'i,e 8:wtabolitc Itwls. As, a now 

exa.mple, the inuabolii,e may be homocysteine, meddenine and S-adenosyl 

honocysteine which may be deovkisozi by c%, 	1 0... 20%, 2.5%, M 	35%,,, 40%, 

.45%, 50%, ' 	60%, 65%,.67' 69%, 7f-N,,, 74% 7.”.;;,,, 7:6'.'4,„, 77%, X0%, 

:95?./„.. 99% or 1.%).%. As tsnon-ltniting example., the amennt of homocysteine may 1 e1 

decreased to be abmt (JO, 0.•F, <-)0, 	 , 65, 60 55  50, 45, 10.35 30. 

. 	„, or < 	As a nori-liima'fig example, the amount of methion Me may W. 	 1 

::decreased to be about 50,45., 40, 35, 30, 25. 20, I 5 	4, 	or 1 h M. As another nop.: 

13  M3  i3.i3i example, the amount of S-adenossil hoinocvsli. 	dcrnsz:d to 	about 0.15, 

0.14, 0.,12.)., 0:12, 11„:0,10; 0:095, 009, 	a08., 0,07, 0.07, 0M65, 0.06, 0.055, 0..05, 

0.045, 0.04, 0.035, 0.03, 0.025, 0.02, 0.015, 0.01, 0.009, 0.008 0.007, 0.006, 0.005, 0.004, 

0.003, 0.002, 0.001 or less than 0.0011,1M. 
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100981 	in one embodiment., the PEGylated htCBS ear PEGylated htCBS mutant described 

herein may be used to reduce levels of homocysteine, methioninc, Sadenosyl-methionine 

and S-adermyt-homocysteine in a subject. 

100991 In one embodiment, the PEGylated htCBS or PEGyinted htCBS mutant may be 

used to increase the levels of cysteine and eystathionine in a stibjetts 

1001001 In a further aspect, the presmtinvention Mates to a method to recombinantly 

produce and purify a human cystathionine syntheses The method includes the step of cloning 

a nucleic acid sequence encoding a human CBS enzyme or a truncated or mutated variant. 

thereof into an expression vector, As a non-limiting min*, the enzyme and method may 

be as set forth in International publication W02014120770„.  the contents of which aft herein 

incorporated by reference, and specifically as in SEQ ID NO: 01, SEQ NO:-  02, SEQ ID 

NO: 3, SEQ ID NO: 4, SEQ U) NO: 13, SEQ ID NO: .14, SEQ ID NO: 15, and SEQ ID NO: 

1!.:& 

ADMMISTRATION AND DOSING 
1001011 In one embodiment, PEGylated htCBS or PEGylated htCBS mutant may be 

administered to a subject by parenteral administration. 

10010.21 in one embodiment, .PECiylated InCBS or PEGylated htCBS mutant may be 

administered to a subject by subcutaneous (SC.),Intravenous (IV) or intraperitoneal UP) 

injection. As a non4imiting-example, PEGylated htCBS or PEGylatk.4.htCBS mutant may be. 

administered to a subject by subcutaneous administration. As a non-limiting example, 

PEGylated htCBS or PEGylated htCBS mutant may be administered to a subject by 

intravenous administration. As a non-limiting example, ;PEGylated htCBS or .PEGylated 

WC:BS mutant-my be administered to a subject by intraperitoneal administration. As a non-

limiting example, PEGylated htCBS or PEGylated htCBS mutant maybe administered to a 

subject by an osmotic pump. 

(001031 in one embodiment, the .PEGylated htCBS or PEGylated htCBS mutant may be 

administered to a subject at least 1, 2, 3, 4, 5, tS,, 7, 8, 9, 10,11 , 12, 11, 14,. 15, 16, 17, 18, 19., 

20.or Mort than 20 times. 

1001041 In -one embodiment, the administration of the PEGylated htCBS or PEGylated 

htCSS.mutant may be repeated every minute, 2 minutes, .3 minutes, 4 minutes, 5 minutes, six 

6, 7- minutes, .81minutes, 9 minutes,. 10 minutes, 15 minutes,. 20.minutes, 25 minutes, 30 

minutes, 35 minutes, 40 minutes, 45 minutes, 50minutes, 55 minutes, hourly, 2 hours, 3 

hours, 4 hours, 5 hours, 6 hours, 7 hours, 8 hours, 9 hours, 10 hours, 11 hours, 12 hours, 13 

hours, 14 hours, 15 hours, 16 hours, 17 hours, 18 hours, 19 hours, 20 hours, 21 hours, 22 
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hours, 23 hours, daily. 2 days, 3 days, 4 days, 5 days, 6 days, weekly, biweekly, 3 weeks, 

monthly, 2 months, quarterly, 4 months. 5 months, 6 months, 7 months, S months, 9 months, 

10 months, I 1 months, yearly, 13 .months, 14 months, 15 months, 16 months, 17 months, or 

18 months. 

1001051 in one embodiment, the administration of the PEGylated hiCBS or PEGylated 

htCBS mutant may. be a series of doses which are minutes, hours, days or weeks apart. The 

number of doses in a series may be 2;3, 4,5 or 6. As.a non-limiting example, a subject is 

administered 3 doses .24 hours apart. As another non-limiting example, a subject is 

administered S.doses 12 hours apart. 

001061 In one embodiment, the administration of the .PEGylated htCBS or PEGylated 

hiCBS mutant may follow. a. dosing schedule of a series of doses that has a gap between the 

first series and die second series.of doses. The gap between the doses may be 2 hours, 3 

hours, 4 hours, 5 hours, 6 hours, 7 hours, 8 hours, 9 hours, 10 hours, I 1. hours, 12 hours, 13 

hours, 14 hours, 15 hours, 16 hours, 17 hours, 18 hours, 19 hours, 20 hours, 21 hours, 2.2 

hours, 23 hours, day, 2 days, 3 days, 4 days, 5 days, 6 days, week, 2 weeks, 3 weeks, 

moodily, 2 Months, quarterly, 4 months, 5 months, 6 months, 7 months, 8 months, 9 months, 

10 months, 11 months, 12 :months, 13 months, 14 months, 15 months, 16 months, 17 months, 

or 18 months. The number of doses in a series may be 2, 3, 4, 5 or 6, As a non-limiting 

example, a subject may be administered a first series of 5 doses 12 hours apart and then 14 

days after the first dose a subject is administered a second. series of 5 doses 12 hours apart. As 

another non-limiting example, a subject is administered two series of doses over a period of 8 

weeks where the first series is one dose twice a week for two weeks and the second series of 

doses is three dates a week. for 6 weeks. 

1001071 In one embodiment, .PEGylated htCBS or PEGylited htCBS mutant may be 

administered. at least once after a stihjectlias been administered Botanic The time between 

the Betaine administration the PEGylated biCBS maybe: 2- hours 3 hours 4 hours, 5 bows, 6 

hours, 7 bouts, 8 hours, 9 hours, 10 hours, II hours, 12 hours, 13 hours, 14 hours, 15 hours, 

16 hours, .17 hours, 18 hours, 19 hours, 20 howl, 21 hours, 22 hours, 23 hours, day, 2 days, 3 

days, 4 days. 5 days, 6 days, week, 2 weeks, 3 weeks, monthly, 2 months, quarterly, 4 

months, S months, 6months, 7 months, S months, 9 months, 10 months, 11 months, 12 

months, 13 months, 14 months, 15 months, 16 months, 17 months, or 18 months. As a non-

limiting example, the PEGylated htCBS may be administered 14 days after the subject was 

administered Betaine, As another non-limiting example, a subject may be administered two 
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doses after the subject was administered Betaine_ThePEGylated htCBS PEGylated htCBS 

mutant may be administered 14 and 15 days after Semitic administration. 

04.1081 In one embodiment, PEGylated htCBS or PEGylated htCBS mutant maybe 

administered in combination with Betaine to a subieet. The combination May' be administered 

at least 1, 2, 3, 4, 5, 6.7, 8, 9, 10, 11, 12., 13, 14,15 or more than 15 times, 

1001091 in one embodiment, PEGylated litCBS or PEGylatei:IlitCBS matantMay be 

administered in combination with Betaine to a subject after the subject has initially received 

Maine The time between the combination treatment: and the original .Betaine administration 

may be 2. hours, 3 hours, 4 hours, 5 hours, 6 hours, 7 hours, 8 hours, 9 hours, 10 hours, 11 

hours, 12-hours, 13 hours, 14 hours, 15 hours, 16 hours, 17 hours, 18 hours, 19 hours, 20 

hours, 21 hours, 22 hours, 23 hours, day, 2 days, 3 days, 4 days, 5 days, 6 days, Weck,.2 

weeks,.3 weeks, monthly, Imonths, quarterly, -4 months, 5 -months, 6.montbs, 7 months, 8 

months, 9 months, .10 months, 11 month. 12 months, 13 months, 14 months, 15 months, 16: 

months, 17 months, or 18 months. As a non-limiting example, the combination may be 

administered 14 days after the subject was first administered Betaine. As another non-

limiting example, a subject may be administered two doses after the subject was first 

administered Betaine. The combination may be administered 14 and 15 days after 'Betaine 

administration. 

100110j :lit one embodiment, the dose of PEGylated htCBS or PEGylated htCBS mutant 

administered to - a subjed may be between 5 and 8 mg/hg such as S  ingfkg, 5.5 trig/kg, 6 

melks,-6.5 mg/kg, T ni,g/kg, 7,5 mg/kg or 8 ingikg, in certain embodiments, the dose is 

selected from the range of about 2 mg4kg to about 24 mg/kg, For example, the dose is about 2 

mg/kg, about 6 trkg/kg, about 8 inglkg, about 10 in kg, or about 24 mg/kg. In certain 

embodiments, the dose is selected from the range of about 0.01 to about 10 trig/kg„ For 

example, the dose is about 0.4 mg/kg. In certain embodiments, the .PEGylated htCBS or 

PEGylated htCBS mutant polneptide is administered to a subject on a methionihe-restricted 

diet. Alternatively, the PEGylated htCBS or PEGylated htCBS mutant polypeptide is 

administered to a subject thatis not on a natthionine-restricted diet. 

001111 In one embodiment, the PEGylated htCBS or .PEGylated htCBS mutant 

polypeptide may be co-administered with another therapeutic for treating CBSDKI As used 

herein, "co-administered" means the administration of two or more components. These 

components for co-administration include, but are not limited to PEGylated htCBS, 

PEGylated htCBS mutant, bet tine or Vitamin186. Co-administration refers to the 
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administration of two or more components simultaneously or with a time lapse between 

administration such as 1 second. 5 seconds, 10 seconds, 15 seconds, 30 seconds, 45 seconds, 

1 minute, 2Minutes, 3 minutes, 4 minutes. 5 minutes, 6 minutes, 7 minutes, 8 minutes, 9 

minutes, 10 minutes, 11 minutes, 12 minutes, 13 minutes, 14 minutes, 15 minutes, 16 

minutes, 17 minutes, 18 minutes, 19 minutes, 20 minutes, 2.1 minutes, 22 minutes, 23 

minutes, 24 minutes, 25 minutes, 26 minutes, 27 Minines,.28 minutes, 29 minutes, 30 

minutes, 31 minutes, 32 minutes, 33 minutes, 34 .minutes, 35 minutes, 36 minutes, 37 

minutes, 38 minutes, 39 minutes, 40 minutes, 41 minuteik 42 minutes, 43 minutes, 44 

minutes, 45 minutes, 46 minutes, 47 minutes, 48 minutes, 49 minutes, 50 minutes, 51 

minutes, 52 minutes, 53 minutes, 54 minutes, 55 minutes, 56 minutes, 57 minutes, 58 

minutes, 59 minutes, 1 hour, 13 hours,- 2 hours, 2.5 hours, 3 hours, 4 hours, 5 hours, 6 hours, 

7 hours, 8 hours, 9 hetes, 10 hours, 11 hours, 12 hours, 13 hours, 14 hours, 15 hours, 16 

hours, 17  hourail$ hours, 19 hours, 20 hours, 21. hours, 22 hours;.23. hours, 1 day,..13-daysj 

days, or more than 3 days. 

DEE/MUMS 
100114 As used in this specification, the singular forms "a," "au,' and "the" include plural 

referents unless the context clearly dictates otherwise. Thus, for-example, reference to a 

"polymer" includes a single polymer as well as two or more of the same or different 

polymers, reference to an "excipient" includes a single excipicnt as well as two nr.  more of the 

same or different exeipients, and the like. 

1001131 Where a range of values is provided, it is intended that wit-intervening value 

between the upper and lower limit of that range and any other stated or intemening value in 

that stated range is encompassed within the disclosure and specifically disclosed. For 

example, if a range of 1 tun to 8 pm is stated, it is intended that-2 pm, 3 tun, 4 inn, 5 Inn, 6 

ttad 7µm are. alt0 explicitly disclosed, as well itS.diel Napa values motet than or 

equal to I pm and the range of values leas than or equal to 8µm:. 

1001141 "Coding sequence" refers to that portion of a Auclek acid (e.g., a gene) that 

encodes (i) an raNA that is translated into an amino acid sequence of a protein; or (ii) a 

functional RNA, such as an interfering RNA or antiseuse molecule. 

1001151 "Recombinant," when used with reference to, age, WI, nucleic acid; 

polypeptide, expression cassette or vector, refers to a material, or a material-comspondina to 

the natural or native forum of the material, that has been modified by the introduction of a new 

moiety or alteration of an existing moiety, or is identical thereto but produced or derived from 

synthetic materials. For example, recombinant cells express genes that are not found within 
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the native (non-recombinant) firm of the cell (i.e., "exogenous nucleic acids") or express 

native genes that arc otherwise expressed at a different levet, typically, under-expressed or 

not expressed at all, 

1001161 Recombinant techniques can include, e.g.., use of a recombinant nucleic acid. such 

as a eDNA encoding a protein or an antisense sequence, .for insertion into an expression 

system, such as an expression vector; the resultant construct is introduced. into a cell, and the 

cell expresses the nucleic acid, and the protein, if appropriate, Recorribinant techniques also 

encompass the ligation of nucleic acids to coding or promoter sequences from different 

sources into one expression cassette or vector for expression of a. fusion protein, constitutive 

expression of a protein, or inducible expression of a protein. 

10011.71 The terms *subject", "individual" or "patient" are used interchangeably herein and 

refer to a vertebrate, preferably a mammal. Mammals include, but are not limited to, humans. 

100118) "Associated" refers to coincidence with the development or manifestation of a 

disease, condition or phenotype. Association may be due to, but is not limited to, gems 

responsible for housekeeping functions whose alteration can provide the foundation for a 

variety of diseases and conditions, those that at part of a pathway that is involved in a 

specific disease, condition or phenotype and those that indirectly contribute to..the. 

manifestation of a disease, condition or phenotype. 

1901191 "Physiological conditions" or "physiological solution" refers to an aqueous 

envimment having an ionic strength, pH, and temperature substantially similar to conditions 

in an intact mammalian cell or in alissue-spec or organ of a living mammal. Typically, 

physiological conditions comprise an aqueous.solution having about 150 mM NaCI, pH 6,5-

7.6, and a temperature of approximately 22-37 degrees C. Generally, physiological conditions 

are suitable binding conditions fiat inwinolecular association of biological macromolecules. 

For example, physiological conditionsof l 50 mNi NaCI, pH 7.4, at 37 degrees C are 

generally suitable. 

1001201 "Pharmaceutically acceptable excipient or carrier" refers to an excipient that may 

optionally be included. in the compositions of the invention and that causes no significant: 

adverse toxicological effects to the patient. In particular, in. the present instance, such refers 

to an excipient that can be taken into the mammalian subject's body in association with an 

active compound (here PEGylated loCBS) with no significant adverse toxicological effects to 

the stibjcvt. 
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1001211 The term "excipiem" or "vehicle" as used herein means any substance, not itself a 

therapeutic agent, used as a carrier for delivery of a therapeutic agent and suitable for 

administration to a subject, e.g. a mammal or added to a pharmaceutical composition to 

improve its handling or storage properties or to permit or facilitate formation of a dose unit of 

the composition into a discrete article such as a capsule or tablet suitable for oral 

administration. Excipients and vehicles include any such materials known in the an, e.g., any 

liquid, gel, solvent, liquid diluent, solubilizer, or the like, which is nontoxic and which does 

not interact with other component; of the composition in a deleterious manner. 

Administration can mean oral administration, inhalation, enteral administration, feeding or 

inoculation by intravenous injection. The excipients may include standard pharmaceutical 

excipients, and may also include any components that may be used to prepare foods and 

beverages for human and/or animal consumption, feed or bait formulations or other 

foodstuffs„ 

1001221 "Petmeant," "drug," or 'phamiacologically active agent" or any other similar 

term means any chemical or biological material or compound, inclusive of peptides, suitable 

for administration by the methods previously known in the art and/or by the methods taught 

in the present disclosure, that induces a desired biological or pharmacological effect, which 

may include, but is not limited to (1) having a prophylactic effect on the organism. and 

preventing an undesired biological effect such as preventing an infection, (2) alleviating a 

condition caused by a disease, for example, alleviating pain or inflammation caused as a 

result of disease, andior (3) either alleviating:, reducing, or completely eliminating the disease 

from the organism, The effect may be local, such as providing for a local anesthetic effect, or 

it may be systemic. This disclosure is not drawn to novel permeants or to new classes of 

active agents.. Rather it is limited to the mode of delivery of agents or pollutants which exist 

in the state of the art or which may later be established as active agents and which are suitable 

for delivery by the present disclosure. 

190123i The term "about," particularly in reference to a given quantity, is meant to 

encompass deviations of plus or minus five percent. 

(001241 "Optional" or "optionally" means that the subsequently described circumstance 

may or may not be present or occur, so that the description includes instances where the 

circumstance is present or occurs and instances where it is not present or does not occur. 

10012.51 "Substantially absent" or "substantially free" of a certain feature or entity means 

nearly totally or completely absent the feature or entity. For example, for a subject 
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administered PEGylattx1 litCBS, the substantial absence of an Observable side effect means 

that such side effectis either non-detectable, or occurs only to a negligible degree, eg., to an 

extent or frequency that is reduced by about 50% or more when compared to either the 

frequency or intensity of the same side effect observed in an unmated patient. 

1001261 'The terms "pharmacologically effective amount" or "therapeutically effective 

311301.4hr as related to the present composition refer to. artowtoxic, but sufficient amount  of 

the active agent (or composition containing the active agent) to provide the desired level in 

the bloodstream or at the site of action (e.g. intracellularly)in the subject to be treated, and/or 

to provide a desired physiological, biophysical, biochemical, pharmacological or therapeutic 

response, such as amelioration of the manifestations of homocystinuria, The exact amount 

required will vary from subject to subject, and will depend on numerous factors, such as the 

active agent, the activity of the composition, the delivery device employed, the physical 

characteristics of the composition, intended patient use fie., the number of doses 

administered per day), as well as patient considerations, such as species, age, and general 

condition of the subject, the severity of the condition being treated, additional drugs being 

taken by the subj.-1, mode of administration., and the like. These factors and considerations 

can readily be determined by one skilled in the art, based upon the information provided 

herein. An appropriate 'effective amount in any individual ease may be determined. by one 

of ordinary skill in the art using- routine experimentation, based upon the information 

provided herein. 

1001271 The term "biological activity'-' refers to any biological activity typically attributed 

to a nucleic acid or protein by those skilled in. the art.. Examples of biological activities are 

enzymatic activity, abilitytadimerize, fold or bind another protein or nucleic acid molecule, 

1001281 The term "nucleic WC-  maybe in the form a RNA or in the .firrn of DNA,. and 

include messenger RNA, synthetic- RNA and DNA, eDNA, and genomie DNA. The DNA 

may be double-stranded or single-stranded., and if single-stranded may be the coding strand or 

the non-coding {anti-sense, complementaty) strand. 

1001291 As used herein, a "variant" is a nucleic acid, protein or polypeptide which is not 

identical to, but has significant homology (for example, WA, 85%, 90% 91%.9'%, 

94%, 95%. 96%, 97%, 98% or 99% sequence identity) over the entire length of the wild type. 

nucleic acid or amino acid sequence, as exemplified by sequences in the public sequence 

databases, such as GenBank. As used hemin, at "pmtein, polypeptide or peptide fragment 
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thereof" means the full-length protein or a portion of it having an amino acid sequence 

usually at least 5, fis  7, 8, 9, PO, t, 12, 13, 14or 15 amino acids in length, although 

&peptides, tripeptidet and tetrapeptidea ate also contemplated and encompassed by the 

present disclosure. 

1001301 As used herein, a "mutant" is a mutated protein designed or engineered to alter 

properties or functions relating to glytosylation, protein stabilization and'or ligand binding. 

loom] As used herein, the terms "IlatiVe" or "wild-type" relative to a given cell, 

polypeptide, nucleic acid, trait or phenotype, refers to the Rum in which that: is typically 

found in nature. 

f901321 As used herein, the terms "protein," "polypeptide," "otigopeptide" and "peptide" 

have their conventional meaning and are used interchangeably to denote a polymer of at least 

two amino acids covalendy linked by an amide bond, revirdleas'eflength or post- 

translational modification (eg„ glyeosylation, phosphorylation, lipidtstion, rnyristylation, 

ubiquitination, etc..), Furthermore, the polypeptides described herein are not limited to a 

specific length. included within this definition arc 13- and1.-amino acids, and mixtures of l)- 

and L-amino ac s. Thisterm also does not refer to or exclude post-expression modifications 

of the polypeptide, for example, glycosylations, acetylations, phosphorylations and the like, 

as well as other modifications known in *team both naturally occurring and non-naturally 

occurring. A polypeptide may be an entire protein, or a subsequence thereof. Polypeptides 

can also refer to amino acid subsequences comprising epitopes„ i.e., antigenic determinants 

substantially responsible for the immunogenic. properties of a polypeptide and being capable 

of evoking an immune response. 

(001331 "Position corresponding to" refers to a position of interest. (i.e., base number or 

residue number) in a nucleic acid molecule or protein relative to the position in another 

reference nucleic acid molecule.or protein. Corresponding positions tan be determined by 

comparing and aligning sequences to maximize the number of matching nucleotides or 

residues, for example, such that identity betuven the sequences is greater than 90%, greater 

than 95%, greater than 96%, greater than 97%, greater than 98% or greater than 99%. The 

position of interest is then given the number assigned in the reference nucleic acid molecule. 

For example, if a particular polymorphism in GeneA occurs at nucleotide 2073 of$EQW 

No. X, to identify the corresponding nucleotide in another allele or isolate, the sequences are 

aligned and then the position that lines up with 2073 is identified. &nee-various alleles may 

30 



WO 2017/083327 	 PCT/US2016/061050 

be of different length, the position designating 2073 may not be nucleotide 2073, but instead 

is at a position that "corresponds" to the position in the reference sequence. 

100.1341 'Percentage of sequence identity" and "percentage homolog" are used 

interchangeably herein to Mkt' to comparisons among polynueleotides and polweptides, and 

are determined by comparing two optimally aligned sequences over a comparison window, 

wherein the portion of the polymicleotide or polypeptide sequence in the Comparison window 

may comprise additions or deletions (Le., gaps) as compared to the reference sequel= 

(which does not comprise additions or deletions) for optimal alignment of the two sequences. 

The percentage may be calculated by determining the number of positions at which the 

identical nucleic acid base or amino acid residue occurs in both sequences to yield the 

number of matched positions, dividing the number of matched positions by the total number 

of positions in the window of comparison and multiplying-the result by .100 to yield the 

percentage of sequence identity, Alternatively,the-percentage may be ealculated by 

detertuntin . the number of positions at whit either the identical nucleic acid base or amino 

acid residue 	in both sequences or a nucleic acid base or amino acid residue is aligned 

with a gap to yield the number of matched positions, dividing the number of matched 

positions by the total number of positions in the window of comparison and multiplying,  the 

result by 100 tOyield the percentage of sequence identity.. Tilt= of skill in the art appreciate 

that there ate many established algorithms available to align twosequences. Optimal 

alignMent of sequences for comparison can be condueted,:.e.,g, by the local homology 

.algorithm of Smith &Waterman, Adv„,Ippi. Mirth. 2:482 (19&1), by the homology alignment 

algorithm of Needleman & Wunsch, J. Mot RV. 4:44109701 by the search for similarity 

method of Pearson & Lipman, Proc_Natii. /lead. $01. icAVA 85;2444 (1988), by computerized 

implementations of these algorithms (GAP, BESTFIT, 'PASTA, and TFASTA in the CrCG 

Wisconsin- So` ;> Package), or by visual inspection (Wee generally, Current Protocolain 

Molecular Biology, F. M. Ausubel et at, eds., Current Promeols, a joint venture between 

Greene Publishing Associates., Inc. and.  ohn Wiley & Sons, Inc., (1995 Supplement) 

(Ausubel.)). Examples of algorithms that are suitable for determining percent sequence 

identity and sequence similarity are the:BLAST and. BLAST 2.0 algorithms,. which are 

described in Altschul etal. (1940) ./..kfol. Biol. 215: 403410 and Altschul etal. (1977) 

Smelt* Acids NS. 3389-3402, respectively. Software for performing BLAST analyses is 

publicly available through the National Center for Biotechnology Infomiation website. This 

algorithni involves firstidentifying high scoring sequence pairS (LISPs) by identifying short 
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words of length W in the query sequence, which either match or satisfy some positive-valued 

threshold score T -when aligned with a word of the same length in a database sequence. T is 

referred to as, the neighborhood word score threshold (Altschul et*, supra). These initial 

neighborhood word hits act as "seeds" for initiating searches to find longmlISF's containing 

them. The word hits are then extended in both directions along each sequence for as far as the. 

cumulative alignment score can be increased. Cumulative scores are calculated using, ibr 

nucleotide sequences, the parameters M (reward score. fbr a pair of matching residues; always 

>0) and N (penalty score for mismatching midues; always <0). For amino acid sequences, a 

scoring matrix is used to calculate the cumulative score. Extension of the word hitsin each 

direction are halted when: the cumulative alignment score falls otlby the quantity X- from its 

maximum achieved value; the cumulative score goes to zero or below, date to the 

accumulation done or more negative-scorintresidue alignments; or the end of either 

sequel= is reathed. The BLAST algorithm parametersW, T, and X determine the sensitivity 

and speed of thealignment. The BLASTN program (for nucleotide sequences) uses as 

defaults a word length ON) of I I, an expectation (:) a:1°, M=5, N=-4, and a comparison of 

bothstrands. For amino acid sequences, the BILASTP program uses as defaults a word length 

(W) of 3, an expectation (E)-of 10, and the BLOSLIM62 scoring matrix (we Henikoff 

.Heitikoltfroc.-Mdi. Acad.-set USA. 89:1M15.0989).) 

1001.35i While all of the above mentioned algorithms and programs are suitable for a 

determination of sequence alignment and % sequence identity, for purposes of the disclosure 

heroin, determination of% sequence identity will typically be performed using the BESTFIT 

or GAP- program.in the.GCG Wisconsin Software package (Act:drys, Madison WI), using 

default parameters provided. 

100136] The term "NH2 Terminal Modifications" may be used to refer to the peptides 

described herein. -The terminus of the peptide compounds &the invention corresponding to 

the amino terminus, if present, may be in the "free" form (e4, HA), or alternatively may be. 

acylated with a group of the formula R2(7(0)- or"R2S(Q)2-, wherein R2  is as previously 

defined. In one embodiment01.2  is selected from the group consisting of W.:I-CO alkyl,-(C$,-

CIO aryl,.(Co-Ct4 arylaikyl, 540 membered hetemaryl or 6-16 membered betcromylaki. 

1001371 lit another embodiment, the amino terminus may be "blocked" with a blocking 

group designed to it apart the compound with specified-  properties, au& as a low antigenicity. 

Non-limiting examples of such blocking groups include polyalkylerie oxide polymers such as 

polyethylene *col (PEG). A variety of polymers useful-for inipartine compounds, and in 
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particular peptides and proteins, with specified properties are known in the art, as are 

chemistries suitable for attaching such polymers to the compounds. :Specific non-limiting 

exampks may be found in U,S, Patent Nos. 5,643,575; 5,730,990; 5,902,588.; .5,919A55:.; 

6,113)906; 6,153,655; and 6,177,087, the disclosures of Which ate incorporated herein by 

reference. 

1001381 The term "C.!arboxy Terminus Modifications" may bc used in relation to the 

peptides described herein, The.tenninus of the peptide compounds corresponding to the C-

terminus, if present, may be in the fonn of an underivatized carboxyl group, either as the free 

acid or as a salt, such as a sodium,:  potassium,:  calcium, magnesium salt or other salt of an 

inorganic or organic ion, or may be in the Eagan of a deriva. tized carboxyl, such as an ester, 

thioester or amide: Such derivatized forms of the compounds may be prepared by reacting a 

compound having a carboxyl terminus with an appropriate alcohol, thiol or amine. Suitable 

alcohols, thiols or amines include, by way of example and not limitation, alcohols of the 

formula R.10.1-1, thiols of the formula 11.2S1-1 and amines of the formula R'Nth., RR2NH 

NH 	where each R2  is., independently of the others, as previously defined. 

1001391 The term "L car D form amino acids" may be used in relation to the peptide 

described benzin. As will be recognized by skilled artisans, the various X' residues 

comprising the compounds of the invention may be in either the or D-configuration about 

their Cu  carbons. In one embodiment, all of-the Cu:carbons of a particular compound are in 

the same configuration. In some embodimen4-of the invention, the:eomponnds comprise 

Specific chiialities about one or more Cnr  carbon(s) an&or include non-peptide linkages at 

specified locations so as to impart the compound with specified properties, For example, it is 

well-known that peptides composed in whole or in part of 	acids arc more resistant 

to proteases than their corresponding L-peptide counterparts. Thus, in one embodiment, the 

compounds are peptides composed. in whole or in part of 1)-amino 	Alicrnatively, 

compounds having good stability against. proteases may include peptide analogs including 

peptide linkages of reversed polarity at specified positions. For example, compounds having 

stability against. tryptic-like proteases include peptide analogs havingpcptide linkages of 

reversed polarity before each L.-Arg or L-Lys residue; compounds having stability against 

ehymotrypsin-like proteases include peptide analogs having peptide linkages of reversed 

polarity before each small and medium-sized L-aliphatic residue or L-non-polar residue 

another embodiment, compounds having stability against: proteases include peptide analogs 

composed wholly of peptide bonds of reversed polarity. Other embodiments having stability 
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against proteases will be apparent to those of skill in the art. Additional. specific embodiments 

of the compounds are described herein. 

1:00.1401 As used herein, the term `"Long-tern administration" refers to administration of the 

CBS enzyme, InCBS, or latCBS mutant (e.g., with a Cl SS mutation) conjugated to a PEG 

moiety over a tithe-period of 6 weeks or longer. 

l001411 As used herein;  the term "continuous administration" refers to repeated 

administration of the CBS enzyme, htCBS, or 'KB'S mutant (e.g., with a Ci 5$ mutation) 

conjugated to a PEG moiety throughout the course of a study via SC injection or implanted 

osmotic pump. 

1001421 As used herein, the. term "127814', 1278T homozygous', or "1278T 

homozygous" mice refers to a mouse model- in Which the endogentais motise cbs gene has 

been knocked out: and a human CBS transpire having the most common mutation in the CBS 

aliele„.$331>C (1278T), which is associated with homecystinuria, has been inserted as a 

cDNA elope under the control of zinc-inducible promoter on a plasmid integrated to the 

mouse genomc, 

EXAMPLES 
1001431 The Mowing examples arrillustrative in nature and are in Po way intended to be 

Example :1 Experimental Procedures 

A. 	(bastruction $4fSequence...-O7nimize4, rnmaitid Human CBS in PE12909 rector 

1001441 Asprevionsly described in Intemational Publication No. W02014120770, the 

disclosure of which is incorporated herein by reference in its entirety, full length (551 an) 

human CBS coding sequence-was- optimized for bacterial expression and eloped into the 

pLIC5.7 vector following digestion with the EcoRV restriction enzyme, by GenScript USA 

Inc (NJ, -USA,). The CBS sequence was then amplified by KR. using primers Al and A2 to 

generate a sequence coding for the truncated enzyme (aa 1-413). The .PCR product was then 

digested with the restriction enzymes Ncol and Xhol, and ligated into the pET;284(+) vector 

that was digested with. the same enzymes. Cloning into the optimal Neol site of -0E1%28(+ 

results in a G to C mutation as compared to the CBS wild-type sequence. Site-Directed 

Mutagenesis kit (Stratagene.-CA, USA) utilizing primal 141 and B2, was used to Kt-generate 

the wild type sequence (hiCBS). The samestratep was used to generate the Ci 5S mutant (.1 

to .A mutation; btCBSCI.5)-by using primers  C l and C2. All sequences were verified by 

sequencing. Expression of the truncated CBS is controlled by an upstream T7 promoter in the 
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pET4.8a(+) vector, which requires transtbrmation into DE3 bacteria and induction by IPTO. 

Table I describes the primers and their sequence identifier. 

Table 'L. Primers 

Primer name SEQ ID NO. 
Al 7 
A2 8 
ii I 9 
132 10 
CI 11 
C2 )2 

DKK-P (Spit!) 5 
IIKK-R (14m 1) 6 

lapriosian and haVionion 

W14 1 The ti EX-1111(4-) vector, harboring the sequence coding for the truneated human 

CBS. was transfOnned into .DE3 bacteria, i.e„, EC** BL 2I (DE3) Or HMS.174(DE.,3), and. 

bacteria from kanamycin-msistant clones were grown in 5 ml of Luria-Bertani (LB) medium, 

with 30 Wail kanamycin, overnight at 37*C on a rotational shaker a275 RPM. One MI of: 

the overnight culture was added to a 100 MI Terrific Broth (TB) medium with 30 us-1ml 

kanamycin and grown overnight 10 ml of was then added to a 1 liter TB medium 'containing.  

0.001% of thiamine-HCI pH 8.0, 0.0025% of pyridoxine-WI pH 8.0, 0.3 mM 8-ALA pH 

8.0, 150 uM ferric Chloride, 30 ugfrid-of kanamyein. The culture was then grown at 30°C on a 

mtational shaker at'275 RPM until OD600 reached the value of-0,6-0,7 and protein 

expression was induced by addition of 1 ral44 MG. Fermentation was continued for 

additional 16 hours. Cells were harvested by a 10 minute, 6000 RCF ee.ntrifugation at -4'C... 

washed with ice-cold 0.9% NaC1, re-centrifuged as above, and frozen at 40°C. 4.45 -MI of 

lysis buffts-(20 mkt Nafi2PO4, plir47.2, 40 mNiliaCI, (X1 .mM PIP) per I gram of pellet was 

then added to the ea pellet and the latter waitothogenited iti.a Dounee homogenizer and 

treated with lysozyme (2 mend final), incubated for 1 hour tit- 4T On a reeking platform, 

sonicated to reduce viscosity, and centrifuged at 53000 RCF. The supernatant, comprising the 

soluble fraction was then stored at -80°C. The lysate was processed through a multi-step 

chromatographic procedure. The Core process consists of an anion exchange capture column 

(DEAF Sepharose-FF),.followed by an affinity column. This attains purity of approximately 

90%. The final purity of> 99% is achieved by the use of one or two polishing 

chromatography steps. The final column duate was diafiltered into PBS. 

C 	Enzyme Activity Assay 

1001466 CBS activity was determined by a radioisotope assay with 0-labeled wine as a 

substrate. Ten tit (total 490 mg} of pun: hiCBS in dilution buffer (0.1 M Tris-HCI 0441.6,1 
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mM DTI, 10 1.LM: PLF, 0.5 mgitel BSA) or It) gl of plasma were added to 85 IA of reaction 

mixture containing 0.1:M Tris-HCI p144.6, RIM L-serine, 0.5 	FLP, 0.5 mglail RSA 

and 0.3 pCi (for pure enzyme) or 0.45 pCi (for plasm° of 1,-(04(14)-Serine, Samples were 

incubated for 5 Mk at 37*C and reaction was initiated by addition of 5 glof 0:2 M Hey (10 

mM final concentration). Following 30 min of incubation at 37T, a 20 pi aliquot of the assay 

mixture was applied onto a grade 3 CM Whatman (N.l,MA)paper. Amy initiation and 

sampling of the resulting mixture were staggered so that each reaction time was 30 minutes. 

Descending paper chromatography was used to isolate the radioactive product (Oh) from a 

labeled substrate (Ser). The 0-cystathionine formed in the reaction was separated from C"-

senile by an overnight descending paper chromatography in 2-propanoliformic acidli.;10 (75: 

53: 189. v/v); Radioactivity in the area of the marker cystathionine (detected by staining the 

.marker lane with ninhydrin) was determined by cutting the ehromatogratninto strips that 

were submerged in 5 ml otOpti4Inorseintillation cocktail (PerkinElmer, MA. USA) and 

counted in a Beckman LS-3801 scintillation counter. An enzyme-free sample was used as a 

blank to monitor the background radioactivity that was then subtracted from each sample. For 

pure enzyme, specific activity values are expressed as enzyme units (the amount of enzyme 

that. produces I mot of cystathionine/hour) per tug of CBS, and for plasma samples as units. 

per ttI plasma. In the pharinacnkinerie MO studies, this has been designated: rtilifulof 

plasm& 

Adiviiy Asq40 

1001471 Protein samples were separated using Native Page (Rio-Rad., CA, USA)-. The gel 

was then incubated for 15-31) minutes in a staining solution (ItkiriM 	 20-rnM 

L-cysteine, 50 mM Natemmtoethartol„ t/1 niM PLP and 0.2 lead nitrate). Reaction 'was 

stopped by submerging the gel in 7%  acetic acid. 

F. 	Deennigation4moubolitecofiteenirations 

1001481 Plasma metabolites homoeysteine; cystathionine and cysteine were determined by 

stable.isotopodiludon liquid chromatography mass spectrometry as previously described, in 

(Allen et at., 1993; NfelOotion, 42: 1448-1460. Measurements of total non-protein bound 

homoeysteine and other aminothiols as well as of amino acids in tissue were performed as 

described in (Maclean et a, 2010b..M4 Cientt 4100. .101, 153-162), Metabolites were 

determined by stable-isotope-dilution liquid chromatography mass spectrometry. 

E 	.PEGytotton 

36 



WO 2017/083327 	 PCT/US2016/061050 

(001491 Polyethylene glycol molecules were purchased from the NOF Cc oration 

(Tokyo, Japan). PEGylation was carried out acconling to manufacturer instructions. For 

example, coupling of PEG maleimide derivatives to the SH groups of IUCBS (5 mg ml) was 

carried out in a 100 niM phosphate buffer pH=6.5 overnight at 4.C. M.olat Ratio between 

PEG molecules.to the CBS protein was 10:1 or 5:1. 

1001501 Alternatively, PEGylation was achieved by conjugation of 20kDa NHS-ester PEG 

(ME-200QS) with htC.BS C155 (truncated human CBS havinga C I5S mutation)> The protoetil 

below outlines the PEGyhttionprocedute.. 

1001511 Chromatogtaribleally purified litC135 C1.55 was buffer exchanged and formulated in 

10 0inM sodium pliosPhatehtifferpti 7 2 andeoneentrated to at least 10 art ml. The enzyme 

aliquot: was stored at -80°C, and was thawed oat in a 37142°C water bath with occasional 

mixing.. The enzyme aliquot was spun down to remove generated foam, if any, and kept on 

ice until needed. 

1001521 The PEGylation molar ratio was 1:10 (per htCBS C155 subunit), which translates 

into 431 mg of ME-2000S per 100 mg of htCEIS CI 5S. The calculated amount of protein, 

water, and 2x buffer (needed only if concentration of the errzytne was higher than 10 ingind) 

weir mixed in asterile -endotoxin-free 50 ml Falcon tube, For example. PECiylationof 200 

rrigofhtaiS CI 5Sof 20 rug/ml required 10 ml of the protein. 12 ml of sterile water, and. 10 

ml of 100MM Na-P 0172 buffer, The tube contained a total volume of 32 ml and was kept 

on iee, In a separatetube, 862 mg Of ME-200GS PEG was dissolved in sterile water or 

DMS0 by mixing, vortexing, or optional Warming up in a 37/42°C water bath for a brief 

amOunt of time. The PEG quickly dissolved into a clear, highlyviseous solution. Diluted 

enzyme was transferred into the tube containing dissolved PEG swiftly by either pouring or 

pipetting. The tube was closed tightly and immediately vortexed for 10-15 seconds to 

generate a homogenous mixture.. The tube was incubated. at RT on a rocking platromi for 4-6 

hours or at 4°C overnight. 

En2ymeStorage 

1001541 .PEGylated MCBS C.1.58 was fomnilatk.-d using PBS 017.4 and concentrated to 

approximately at least 5 ingiml, and.typically to a concentration between 10 and 25 mend, 

The enzyme was stored at -80"C in.(1,2 ml) aliquots. For each dosing day, a single uses  fresh, 

solution of enzyme was pr pared by dilution into PBS to a final concentration of I mgirtil. 

Any solution remaining upon completion of dosing was discarded. 

1 	.4nimal Procedurec 
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1001541 All animal procedines were approved by the Universityof Colorado- Denver 

IACUC, which is an AAALAC Accredited (00235), Public Health Service Assured (#A 

3269-01) and USDA Licensed (#84-R-0059) Institution, C576B1i6J and CBS .knotk out 

(KO) mice were obtained from the Jackson Labomtoty (ME, USA). Human Only (HO) mice 

were previously generated (Maclean (.4 al., 2010b. MaL Genet Meath. 101, l53-162) in the 

laboratory. Animals were maintained on extruded standard diet .2918. Oiarlan, CA, USA) with 

unlimited access to food and water. 

1001551 Representative pups were routinely analyzed for homuzygosity: A single-use 

lancet .for submandibular bleeding was used for blood collection: into Capiject. T-M1..1IG 

lithium heparin (12.5 .W) tubes with get ammo Medical Corporation, Ni, USA). Tales 

were then centrifuged at 120K1 for 10 min, fbilowed by collection of plasma to 15 ml tubes 

and storage at -80°C. 

1001561 Genotyving: Representative pups were routinely analyzed kr hounozygosity 

qPCR. Tail biopsies were generated by the DNcasy Blood and Tissue kit (Qinen, Widen, 

Germany). DNA quality was monitored by NanoDrop 1000.(fberino Scientific, DE, USA). 

Twenty ng samples  ofDNA were Turn single-pies. i.tt  triplicate using Applied Biosystem's 

(CA„ USA).Gette Expression master mix (item 0369016). Amplification was performed on 

Applied :ftiosystenfs 7500 Fast Insulin-tent using the standard curve method, Applied 

Biosystems` Ten (Item #4458366) or The (item 44458368) copy number tekivnce assays 

were used as the homozygous one copy calibrator. Applied Biosystem's assay Mr00299300 

was used to detect the Leo gene. 

1001571 Wild type. Sprague Dawley rats were housed in cages and maintained under 

standard conditions with unlimited access to food and water. 

(001581 Wild-type eynornolgus monkeys (hlacaenfiseieutori) werehopsed in sex-

segregated pens with unlimited access to :Rind and water Twelve-hour fight/dark cycles, 

temperature, and humidity were continuously monitored and controlled_ Additional. 

environmental enrichment in the lbrin both natural auditory background sounds and visual 

nature video enrichment wereprovided daily. All monkeys were screened for general health 

prior to the.study. 

,Semple collection 

(901591 After injection with a PECylated form of htCBS, such. as 20NBS PEG-htCBS 

COS, blood was collected at various time-points into Capijeet T-.M.11-16 lithium. heparin 

tubes 02.5 :11.1) with gel (Terumo Medical Corporation, NJ, USA) from the submandibular 
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vein &conscious study animals using a disposable lancet designed for submandibular 

sampling, Plasma was collected from blood samples after centrifugation at.12000 -for 10 

minutes and stored at -80°C in 1.5 iris Pikes. 

Phormaeokinefies 

1001641 'The pluumacokinetie (PK) parameters were calculate! using a non-compartmental 

curve stripping model which resolver a curve into a series of exponential terms 

corresponding to 'the absorption, distribution and elimination phases mewling during the 

time course of the enzyme in the blood. The curve stripping approach assumes that the 

disposition phases of the drug. follow apparent first-order kinetics, which is evidenced by the 

linearity in the terminal portion of a semi-log plot. These calculations were made using a 

modeling program called PK Solutions 2.0.(Surninir Solutions., Montrose; CO) using the 

mean plasma enzyme activity for each route ofachninistration. The bioavailability was 

calculated by dividing.the area under the curve (AUC) for-the-SC-or IP route by the AUC 

observed after IV administration. 

K. 	Prwaratian al sample:; lbr 2 1S PEGykition mapping 

pew] Each sample (300 pg), including thenon-P.EGylated CBS control, was diluted 

with HPLC water (Thermaisher) to 80 PL. The sample was then mixed I:I (v/v) with 024 

M CAPS buffer (Sigma).pill HS, and incubated at.37'C for 22 hours to remove the ?Ws. 

The de-PEGylated sample was transferred to Arnicon Ultra 30K Centrifugalfilter (Millipore),. 

and 320 At of 8M guanidine HCI solution (Sigma) was 	filter was spun at 13,000 

rpm fort() minutes, This process was repeated twice to buffer exchange: he samples into 8M 

guanidine HO andremove the residual fry PEG. 

1001621 The sample was combined with IM Tris HCI (pH 75) to a final concentration of 

100 tuM Iris. The sample was reduced with 10 raM DTT (Sigma) at 56 *C. for 45 minutes 

and cooled. Iodoacetamide was added to a final concentration of-30 MM. and the samples 

were incubated in the dark at room temperature for 1 hour. Thesample was then diluted with 

50 rnM iris (pH 75) solution to reach a nuanidine concentration of 1 M. The 

reducedialkylated samples were used for Asp-N endopeptidase digestion, 

(001631 Two fig of Asp-N was added to 100 pg of the reduced and alkylated sample 

(enzyme: protein ratio =1:50 (Wm)). The digestion was conducted overnight at 37°C. 

Preparation of samples fir histomthological am/pis 

1001641 The PBS-injected or PEGylated litCBS conjugate, such as 20NHS PEG-htCBS 

CI5S, treated KO mice were sacrificed on day 17-19 and liver samples were processed for 
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histological analysis by optical microscopy. The histological assessment was carried out in a 

blinded fashion. Livers were removed and were fixed for 24 hours with 4% 

paraforinaldehyde in PBS (pH 7.4).. Tissue blocks for histology were trimmed, dehydrated 

with an ethanol series followed by acetone, acetone-xylene mixture, and xylene, then 

embedded in paraffin. In parallel;  small tissue blocks (around 4 mm x 2 mm) fixed with 

paraformaldebyde were rapidly frozen in petrol ether cooled with thy iee, and stored at -50*C. 

for detection of apolar lipids. Paraffin sections 4 pm thick were deparaffirtized inn xylem,  and 

after isopropyl alcohol step rehydrated with ethanol (96%, 70%, 60%). Tissue sections were 

stained with hematoxylin and eosin (H&E) to evaluate 	changes. Masson 

trichrome staining was performed for detection of fibrosis. Steatosis was verified using Oil 

Red 0 staining for detection of apolar lipids in fixed-frozen sections that was 10 um thick 

and cut with a Leica Oyomierotome (CM 1850). The sections were viewed and 

photographed with a Nikon light microscope (E$00) equipped with Olympus digital camera 

(DP70), 

1001651 For electron microscopy, one third of each of the livers was processed for electron 

microscopy by cutting it into 1-2 min thief: slices and immersed post-fixation. into 3% 

glutaraldehyde. San** were subsequently embedded into an Epon-Araldite mixture, double 

stained, and examineduting aJEOL-1200 electron microscope at 3000x magnification. 

Datal-enery S4ay absoptiometfy (DJ A) 

[00166j A PIXImusll DEXA scantier (GE Lunar Medical Systems) specifically designed 

fur scanning small animals such as mice was used for DEXA analysis. 'This machine enabled 

quick and efficient determination of the body composition (lean, fat mass, and bone density) 

of a mouse before terminal tissue extraction procedures. Mice were fasted for 4 hours .prior to 

the DEXA measurement to remove food from the gastro-intestinal tract. Mice were then 

anesthetized using IP bolus inietion  of 60 mgle ketamine and 15 .rung/kg xylazine and 

placed on a tray in the DEXA machine. After the measurement was donep-s minutes), the 

mice were removed from the DEXA machine and used in terminal procedures, such as tissue 

extractions. 

Pre.pamtion rfftye, samples far oinerwMon by microsoyy 

[001671 Mice were subjected to perfusion fixation with 4% paraformaldehyde in lx PBS 

pH. 7.4 (4% PFA) to preserve the walls of the eye globe. Eyes were carefully surgically 

removed, submerged into 4% .PISA and a small hole was carefirtly made inn: the posterior globe 

of the eye right below the optic nerve to allow the fixative to permeate to the interior of the 
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eye and fixate the structures overnight at 4'C. The samples were waited 3 times using 

filtered lx PBS pH 7.4. After washitut, the posterior globe of the eye was carefully dissected 

down to the level aft! ciliary epithelium to expose the ciliary zonule. The sample was 

placed in 8% BSA blocking solution for 2 hours with shaking. After blocking, MAGPI  

antibodies (Sigma) diluted 1:50 in 4% BSA we.te added to the sample and stored at 4'C 

overnight. The next day;  the sample was washed 6 times using lx PBS pH 7.4, and Alexa 488 

secondary antibodies (.I:200, Invitrogen) were added to the sample and incubated fbr 2 hours 

at room temperature with -abating, The sample was wash 6 times and counterstained with 

methylgreen (nuclear staining) for 15 minutes. 

10$1481 A solution containing 4% agarose was heated, poured into a covered slip glass 

.petfti dish, and allowed to solidify at room temperature. The solidified gel served as an 

imaging chamber for the eye- A small hole was made in the gel to.serve as a secure chamber 

fin the eye. Toohserve the cilialyzontile, the chamber was filled with I x PBS, and the 

stained eye sample was placed in the hole with the posterior surface of the lens touchit die. 

gel bed. The 3-dimensional images were generated using an inverted LSM 510 confOcal 

microscope at I Ox magnification and 0.7x zoom. 

Example 2, litCBS retention time 

.4. 	Unnirdilied hiCBS.erhiints a Anil re'te'ntion time in circulation 

1001691 	The pharmacokinetic properties Of a pharmacologically active substance that is 

administered to circulation is greatly affected by natural mechanisms of AM E. Rapid 

clearance of the injected molecule may greatly impact treatment efficacy and thus longer 

circulating half-lives ate desired, which may transtateinto less frequent administrations or 

smaller doses that in tum minimize the side offects. To determine the pharmacokinetics of 

.InCBS in plasma. circulation, a single dose of mgikg was injected via subcutaneous (SO, 

intravenous (IV) orituraperitonea (IP) routes to C57111.41 mice. Administration.ofhtCBS 

via IV or Thoutes exhibited the highest specific activity values during the first 4 hours post 

injection (observed 'peak plasma levels of up to 123 and 76 raj/4, respectively; Table 2 

shows Area Under Curve (AUC) values). The pharmaeokinetic parameters calculated from 

plasma samples (Table 2) show that the half-life for htCBS was 2.7 hours, suggesting that 

after roughly §half-bves (less than 20 hours) htCBS levels should be undetectable. 

1001301 The bioavailablity of htCBS was 50% for SC routes suggesting that SC delivery 

may be a clinical option for this therapeutic approach. The slower apparent half-lives for SC. 

and. IP (Table 2) can. be  explained by a slow absorption phase that is occurring during the 
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elimination phase 'thereby extending the mean residency time and. apparent half-life, however, 

for the present purpose a much longer half-life was desirable and thus PEGylated derivatives 

of htCBS were tested. 

Table 2. Pharmacokinetic Parameters 

Phartnacaktiwtic 
Parameter  Unit% IP SC IV 
Dior A:Imam t mg:14 5 5 -5 
A1.r(11-t) robs are-a) raU.-131-.1.1. 932.4 500.9 1011 
BiNwoilabilitv 2.),,i.: 92% 50% -- 
E tialf-life 1w 4.3 6.1 2.7 
C.,  (offs) Maiiil., 75.9 34.5 - 
MR1' (are) hr  7.9 93 4.9 

1001711 The rapid decline in htCBS activity in vivo may be attributed to a facilitated 

clearance from circulation and may also. be  ithibuted to the loSS- Of enzymatic activity of 

htCBS once introduced to the environment intimidation. To test the latter, htCBS was 

incubated.in vfkri in Mouse plasma of wild-type-Or HO mice at 37t for up to 9,6 hours, with 

activity measured every 24 hours. As shown in.F10. 1A, no significant loss of activity was 

mcordedforup to 72. hours of incubation in the plasma of either mousemodel. A. modest 

25% loss of activity wamcorded after 96 hours- of incubation Purtnermore,-as. shown in 

FIG, 1B, western blot (Villa) analyses of plasma from the SC injected animals, .revealed that 

the amount of htCBS de reases as a function of time, hence, clearance accounts. for the rapid 

loss of .htCBS activity in circulation, rather than loss of .actiVity in plasma. 

B. 	PgGylation of hiCBS enhances plasma half,* In Wvw 

1901721 in order to determine the impact of PEG molecules on the pharmattikinctics CBS, 

htCBS was PEGylated with a low molecular weight (2 kDa) linear PEG, and with a high 

molecular weight (40 kDa) four arm branched PEG (designated ME020MA and G1.4-

-400MAJespcctively). As shown in Table .3, PEGylation did not affect the specific activity of 

the enzyme. Table :t shows the results of the Coo.massie-stained SDS-PAGE of the 

PEGylated and nott,,PEGylated htCBS with corresponding specific activity values showing 

that PEGylation does not influence the activity of the enzyme. Mice were injected SC as 

.described in A (n ;5),.  with the ME2tXIMA- car 0L4400MA-PEGylated htCBS as compared 

to the non -PEGylated htCBS. 

Table 3. Activity 

htCBS tested 	Specific Activity 
Non-PEG CBS 
	

1193 
ME-200MA.  CBS 	1184 
GU-400MA CBS 	t 1075 
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1001731 A dose of 5 mg/kg body weight (BW) of PEGylated .htCBS (PEGhtCBS) was 

administered to C5781161 mice via the SC and IV route, and CBS activity was monitored at 

different time points. Two experimental arms (tr.---5 each) were used for each injection route, 

Blood was collected post injection from group I at 0, I)  8. and 24 hours and from group 2 at 

, 4. 10, and 48 hours, 

1001741 As shown ban 113 (bottom panel) for the CiL4400MA PEGInCBS, the activity 

in plasma was significantly extended for Me PEGylated protein as compared to the non-

PEGylated counterpart. As shown in Table 4 the half: life increased. from 2.7 hours for the 

non-PEGylated htCBS:so 16.7 and 30.4 hours with the MB020MA and GL4400MA 

PEGylation, respectively.- 

Table 4. Pharmacokinetie Modeling Results 

Pharmacokinetic 'Modding Results PEG)136.11111CBS 
Mt' 020N1A 

PECylated htCl3S 
G 14110N1 A 

Puramtwr Units SC EV SC IV 

Dose Amount MI.....1Kg 5 4 5 5 

A I.4 (9..1.) (ohs area) Viii.1-11./pi . 1637,0 3193,2 2286.3 2836.5 

81(favailability ,k,  , 0 51,2%  - 80.6% 

E lialtAire h,r 15..t 1(.7 20.1 30.4 

c,,,,,+#obs) M:411.. 54..6 - 64.9 - 

MRT Om) hr 27.0 25.7 37.0 $3.1 

1001751 This means that the time of exposure after a single dose would. be 5 to 10-fold 

longer for the PEGylated forms. Additionally., the bioavailability after SC administration 

ranged tiom 50 to 80% suggesting that the SC tome would be mason able :for clinical studies. 

Example 3, Administration of MC:13$ and serum levels of homucysteine, eys(a binning 

and cvsteine.  

1001761 The ultimate goal for the use of htCatbr C.B$D.Hisio lower the-toxic tHey 

load, to elevate cystatttionine and. cystcinc levels, These changes are expected to prevent 

reverse or delay the onset of CBSDH symptom, -Homoeystinutia research, however, has long.  

been hindere=d by a lack of suitable animal model. Mice that aTe complete knockout for the 

mouse gene die within 2,3 weeks eller birth. The. HO (Human Only) mice are difilnerit from 

other knockout mice because, in addition to having-the mouse gene knocked out, they express 

. low levels of the human Rene which allows.  their survival to. adulthood (Maclean et at, 

.2010b, Mot .Gent Me0b, 101 , 153-142), HO mice exhibit severe elevations of Hey, 

methionine, S-adenosylmethionine, and Sadenosylhomocysteine and presort with a 

concomitant decrease in plasma and hepatic levels ofeysteine. Accordingly, these mice 

exhibit characteristics that in several aspects, recapitulate the disease as it occurs in humans. 
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A. ht.C8S administration does no, improve tiliyand cystathionine concentrations 

(001771 HO mice- administered non-PEGylated htCBS at 5mgskg for 5 consecutive days 

on weeks I and 3 .(10 days between sets of treatments) demonstrated no change in serum 

homoeysteine levels. FIG. 2 shows the mean homocysteine and cystathionitte levels in HO 

mice. This lack of metabolic modulation by non-PEG}lated htCBS further confirms the 

necessity to modify htCBS by covalent attachment of polyethylene glycol molecules. 

[001781 Several different chemistries of PEGS were tested as described in International 

Publication No. W02014120770, the contents of which are herein incorporated by reference 

in its entirety, (See Table 5) and the data indicate that. CBS that:is PEGylated with lower than 

20 kDa. Pals demonstrates a. more rapid loss of activity in plasma, than CBS with-PEGs of 

higher molecular weight: For that reason, the linear 20 kat PEG designated ME200MA0B 

was chosen for further analyses. FIG. 3 presents a Coornassie-stained. SDS-PAGE showing. 

the time coarse ofhtCBS.PEGylation with ME.200N4A0B. PEGylation reaction was initiated 

by adding the PEG, and samples were witildrawri from the tube at the indicated lime points to 

be analyzed. 

Table 5. PEG chemistry evaluation 

PEG molecule Structure Target group Size (k1)3) 

NI.E020MA linear -SH 2 

MEORIGS linear -NI-12, -OH, -SH 5 

ME200GS linear -NH2, -OH, -SH 20 

51E:200MAIIB linear -SH 20 

NIE400MA 
, 

linear -SH 
. 

40  

G12400MA 2. arm . -SH 40 

GL4400MA 4 aims -SH 40 

0...24300MA 4 aims -SH 80 

B. Repeats dPEGhiCBSadministration improves illay and cystatitionine concentrations 

and restores normal cysteine 

10017'9 The long term effect of PEGhtCBS administration was monitored using HO mite. 

The PEGhtCBS enzyme was administered to 8 HO mice at a dose of 7.5 €n kg. twice a week 

(Monday and Tharsday) for the first two weeks, and then three times a week (Monday, 

Wednesday and Friday) for 6 weeks.:Blood samples were collected 24 hours (Tuesday) and 

72 hours (Monday) post injection (FIG. -4A -4C). FIG. 4A shows that plasma tHey was 

reduced from 212 PAM attime 0 to an avenigein the range of 62-103 loaf. 24 hours after 

injections, and was at a range of 141-189 x 1 72 hours post the last weekly injection. From 
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day 28 on, the 72 hour post injections values were significantly lower than the time 0 value 

(Pc 0;02). Cystathionine and cysteine levels were positively influenced as well. Cystathionine 

increased from 6 ftivi to as high as 301.1M and cysteine was constantly above 200 p. b.4 24 

hours post injection (FIG. 4C). Interestingly, from day 24 on, fluctuations a a cystathionine 

concentration were much less pronounced as compared to the first three weeks of treatment. 

In addition to analysis of plasma metabolites levels, liver, kidney and brain tissue samples 

from the injected mice were analyzed as ix ell to determine the levels of non-protein bound 

homocysteine (free and disulfide-linked forms). As shown in FIG. 41), in the long term 

injected animals, a reduction of 44%, 63% and 47% was demonstrated for liver; kidney, and 

brain tissues, respectively, Thus, long term repeated injection of the PEGhtCBS significantly 

impacts homocysteine, cystathionine and cysteine plasma levels. 

Example 4. htCBS mutant lC 5S) shows preferential aotregatinn and PECvlatinn 

peat  

A. 	C. MS mutated hiCia ethibits no at 	and a unifirm PECiyiationpatiern 

1001801 Althoughit was previously reported that the htCBS enzyme is less prone to 

aggregation as comparvd to the fiat length protein (Frank et at, 2006, BiOchaosny 

45:11021-11029), it still .formstetramers and higher aggregates. This may Stimulate immune 

defensive mechaniSmsand lead toe.g. ainyloid deposition (Inman dal., 2014, "Antyloid: 

the international journal of experimental and clinical investigation. The official journal of the 

International Society of Atnyloidosis" 21'71-75), but also affect purification, handling, and 

consistency. FIG. 5A (previously disclosed as Fig:5A of W02014120770, the contents of 

which are herein incorporated by reference in its entirety) depicts a Coomassie-stained 

native-PAGE showing &indifferent batches of htCBS exhibited different dimeritenamer 

ratios, with vatying degrees of higher aggregates. FIG. SB:  (previously disclosed as Fig. 5B of 

W0201.4120770,:the contents &which are herein incorporated by reference in its entimty) is 

aninielactivlty assay demonstrated that these aggregates exhibit CBS activity. FIG. SC  

(previously disclosed as Fig. SC of W02014120770, the contents of which are herein are 

incorporated by reference in its entinety) shows that aggregation causes non-consistent 

PEGylation products. PEGylation resulted in two distinct bands, presumably reflecting 

varying  degrees of PEGylation as aggregation may act to obscure the, available .FEGylation 

sites. Accordingly, due to a more pronounced aggregation of batch 28 (FIG. SA) its 

PEGylation resulted in a More pronounced lower band, i.e less PEGylami, on SOS-PAGE 

(FIG. -5C),„wheteas PEGylation of batch 11.2, comprised of both tetramers and climes (Fla 
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5A), MINA in a more pronounced upper band as compared to batch 28 (F1G„ SC). FIG. SD 

shows a Coomassie-stained native gel, indicating that incubation of both enzyme batches 

with the reducing agent tris(2-carboxycthyl)phosphine(TCEP) converted much of the 

tetrarners and higher aggregates to a dimeric form. These data imply that aggregation is 

driven by exposed cysteines on the surface of htCBS. Thus, TCEP treatment was believed to 

also result in a more ostensive :PEGylation. as moteditners are generated from higher kW 

forms, giving rise to exposure of additional PEGylation site on the surface of htCBS. indeed, 

as shown in FIG. 5E the ratio between the upper lower PEGylation bands on a Coomassie-

stained SDS-PAGE is. significantly shifted towards the upper band following TCEP treatment 

as compared to PEGylation ira the absence of TCEP. Accordingly. htCBS aggregation is 

believed to he driven, at least partially, by formation of intramolocular disulfide bridges, 

Thus, CI 5 was mutated to scrim, generating the. Cl5ShtCBS mutant; C15 was previously 

Shown to be the.most reactive cysteine on the steam of CBS (Frank -et -01,, .2006, 

Biochemist*,  45:11021-11029). FIG. SF (previously disclosed as Fig 6A of W0201,4120770, 

the contents of which are herein incorporated by reference by its entirety) depicts a. 

Coemassic-stained native gel, in which. two main bands (dialers and tetranrers) are observed 

for htCBS whereas the Cl5S htCBS mutant exhibits a simile band, which as expected  is not 

affected by treatment With. TCEP„ This observation was further substantiated by !PLC size 

exclusion chromatouraphy(HPLC-SEC). CBS preparations were separated on a Yarra SEC-

3000, 30001.8 mm size exclusion column (Phe<nomenex, CA, USA). The column was 

calibrated and operated in .100 inlvi sodium phosphate 	at a flow rate of I inlimirt at 

room temperature. IIPIX-SEC analysis, FIG, 50 (previously disclosed as part of FIG. 7A 

and FIG; 73 of W0201412077% the contents of which ate herein incorporated by relative 

in its 	shows the differences in htCBS C155 (Fig. 50, left panel) and htCBS 

dimeritetramer ratio (F1G.:50, right panel) The single peak for the dimeric C.15S htCBS 

mutant eluted at 8.62 min while the train peals.  for.  the htCBS eluted at 79 min, conesponding 

to a tetramer. Figure 4H shows a Coomassie-stained SDS-PAGE gel showing reproducibility 

of htCBS:C15S PEGylation .betweendiftent batches and comparison to htCBS. The 

absence or aggregates in the (155 htCBS resulted in a more consistent PEGylation pattern 

between diffrrent batches with almost exclusively one PEGylated band that appears on SDS-

PAGE. Direct comparison between PEGheCBS and the PEGC155.bothin- vim and iltvdro 

showed :no difietence in performance. 
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f001$111 The ef&ctof PECCISS.on metabolites was also tested at 1, 4 and 24 hours post 

injection (PIG. 61410, 6C), The levels of tHey (FIG. 6A), cystathionine (FIG. 68), and 

cysteine (FIG. 6C) in HO mice injected with 73 meikg of PE'OC15S or PBS (n=5) 1, 4 and 

24 hours post injection were measured. Data is presented meanl-SEM and each time point 

is compared between the two groups using unpaired Student's t test *pzz0,05, *$.1351101, 

and. ***p 5.;0.001. The effect on tHey and cysteinc was observed only 24 hours post injedion 

(FIG. 6A and FIG. 6C), however a significant increase in cystathionine was already observed 

at .1 and 4 hours post injection (Fla 613). 

Example S. PEGCI 5S and betaine operate synemisticallv in vivo 

1001821 To: evaluate the effect of betaiae and the combination therapy, hetaine,--PEOCIA 

and a combination of betaine+PEGC15S treatments were conducted and metal)olites of-the 

tmtissulflimtion pathway were eon-mak-a 

1001831 The betaine and betaine+PEGC15S groups were treated with 2% betaine in the 

drinking water thlowliout the 18 days of the experiment., and the latter group was injected 

with 7.5inglkg PEGC15Sort.days 14 and 15. The PK-WM sing le 	group was 

maintained on regular; water and injected on days 14 and 15 as well. As shown in FIG. 7A, 14 

days of betaine treatment. resulted in a 29% and 32% decrease in tHey for the betaine treated 

groups. The betaine single treatment group maintained these levels of tlicy to day 18. 

Injection of the PEGC15S on the backyound of betaine resulted in a more pronounced 

reduction of 74%, 77%, 76% and 40% on days 15, 16, 17 and 18, respectively. Treatment 

with. PEOC15S alone resulted in a reduction of 69%,-67%,.52% and 33% on days 15, 16, 17 

and 18, respectively. According to these data, injection of PEGC1.55 with or without betaine 

treatment is far superior to betaine treatment alone. In addition, the combination of 

betaine+PEGC155 was. superior to treatment with KGC15S-alone, As shOwn FIG. 76, the 

difference between. these two groups became statistically significant -4.- hourspost second 

injection-(on day11). Thus, the combination of PEGC155 with .betaine allows for 

maintaining lower tHey levels for art extended period of time. 

1001841 Betaine treatment alone did not result in an increase of cystathionine throughout 

the 18 days of the experiment. In:contrast, an increase was observed for the two groups that 

were treated with the PEGC155 (with or without Caine). Interestingly, the combination of 

PECtel5S-with betaine, resulted in an increase which starting on day 16 and on, was 

significantly lower than in the group that received PEGC155 single therapy, This is due to the 

fact that treatment with PEGC1.55 alone channels homoeysteine to condensation with serine 
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to form cystathionine, Combination with betaine channels some of the available 

homocysteine through the re-rnethylation pathway to produce methionine, and thus less 

lietb30eySteibe may be available for PEGC155 to he converted to cystathionine. 

Example 6..PEGC.15$ rescues KO mice from early death and improves liver disease 

A. 	Rechtetion (11Early Daub 

1001851 The majority of complete:CBS-knockout mice (Ws) c ie within2-1 weeks after 

birth. A Kaplan Meyer survival curve ofKO mice injected twice-weekly with PEOCI5S 

WSW mite that were injected with PBS was plotted. Mice :we maintained onbetaine water 

until day 21,, and the ability of the Miected enzyme to rescue KO pups was tested. KO pups 

were injected. twice weekly with PEGC155 or with PBS. All mice were on betaine in 

drinking water tip to day 21 (imeaning-day).. As shown in FIG. SA, on day 21, only 18% of the 

mice survived Indic PBS-injected.group as opposed to 93% of those that were injected with 

the enzyme. NO PBS-injected animal survived to day 24 while 86% survival was recorded 

for the enzyme-injected group, From day 24 and on, the numbers of the etapne-iriected 
animals began to decline as well, with 45% survival on day 29 and 33% on day 35, although 

use of a different PEG molecule and dosing regimen was observed to greatly impact these 

results as shown in additional examples below (e.e., FIG. I 1 A and I IC). 

it. 	Liver Diseme 

1001861 It was previously demonstrated that KO mice suffer severe liver damage Nadeau 

et al., 2010a,:Mol Genet Metab 10-1, 163-171; Watanabe et al., 1995, P'ac. Natl. „km/ Set 

12 S. A. 02:15$5-i 589). Prolonged survival: of KO mice, may be thus correlated with: 

improvement in liver disease after CBS treatment Accordingly, histological analysis of liver 

sections from animals that were injected with PEUCISS fix-  35 days were performed. 

Animals were sacrificed on day 36 and liver samples were processed for histological analysis 

by optical microscopy. PBS-injected animals did not survive -to day 35, but liver samples 

were taken from two animals immediately after death, and were processed. The experiments 

were carried out in a blinded fashion. Livers were removed and were fixed for 24 hours with 

4% parafonnaldehyde in PBS (pH 7A). Tissue blocks for histology were trimmed, 

dehydrated with an ethanol series followed by acetone, acetone-xylem mixt= and .xylene 

and then embedded in paraffin. In parallel, small tissue blocks (around 4mtn x 2mm) fixed 

with paraformaldchyde were rapidly frozen in petrol ether cooled with dry' ice, and stored at - 

WC for detection of apolar lipids. Paraffin sections 4 1.01/ thick were depantftinized in 

xylem and after isopropyl alcohol step =hydrated with ethanol (96%, 70%, 60%). Tissue 
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sections were stained with hernatoxylin and eosin (H&13) to evaluate histopathological 

changes. Masson trichrome staining was performed for detection of fibrosis. amitosis was 

verified using Oil Red 0 staining for detection of apolar lipids in fixed-frozen sections, lOuni 

thick and cut with a Leica Cryomicrotortie (CM 1850). The sections were viewed and 

photographed in a Nikon light microscope (E800) equipped with Olympus digital camera 

(DP70), 

1001871 FIG, 8B shows the liver histology of two PEOC15$-injected KO mice sacrificed 

on day 35 imus livers from two PBS-injeettxl KO animals that died on days !land :24 

(hematoxylin and eosin stain). Low power views of the liver parenchyma MG; 8B, left 

cola:inns) show moderate changes with slightly irregular liver cell plates and mild to 

moderate steatosis in PEGCI5S-injected KO-1 and Kf)-2 contrasting with massive zonal 

=roses of hepatogytes (FIG. 8B, KO-3i.marked by arrowheads) and diffuse steatosis.with 

multiple dispersednecroses (FIG..813,..K0-4, necroses marked by arrowheads) in PBS-

injected KOs. A specific stain 'for apolar l aids in the cytoplasm of hepatocytes is shown in 

the inserts. Higher power views (right columns) demonstrate presence of frequent mitoses 

(marked by arrows and showed in a detail in inserts) and enlarged plciomorphic nuclei with 

prominent :nucleoli in PEGC15S-injecW KOs. Higher power views of the liver parenchyma 

in PBS-injected KOs demonstrate confluent hepatocellular necroses with a sparse 

inflammatory infiltration (FIG. Bit KO-3, marked by arrowheadS) or multiple dispersed 

necroses accompanied with a prominent resmptive inflammatory reaction (FIG. 8B, K04, 

marked by arrowheads). 'The remaining liver parenchyma displays micro and maerovesicular 

steatosis in PBS-injected KOs. (PT ttt: portal tract, CV central vein), 

6101881 PBSArtiected animals developed severe hepatopathy characterized by pronounced 

microvesicular to macrovesicular steatosis and. significant death of hepatocytes, with minimal 

or no fibrosis. Multiple mono or olip cellular necroses of hepatocytes dispersed throughout 

the liver lobate accompanied by a prominent inflammatory resorptive reaction utre found in 

one animal, whereas massive cc illuent necroses of hepatocytes mainly in periportal zones 

with .a sparse inflammatory 'infiltrate dominated a feature in the other. Sips of liver 

paienchymaletteneration were minimal in both animals. The two PEGC15S-iniccied animals 

showed moderate changes in the liver with minor signs of parenchyma damage but with 

prominent :regeneration, and. were correctly recognized by the examiner as receiving therapy. 

Changes indicative of liver parenchyma regeneration (slightly irregular architecture of the 

liver lobule, basophilic cytoplasm of hepatocytes, frequent mitoses and binucleated 
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hepatocytes, mid= pleonumphy and enlargement with prominent nucleoli) were the most 

conspicuous feature. The overall morphology was consistent with increased ptelifination, 

transcription and translation in liepatocytes. Besides, rare focal tictioses of hepatoeytes and 

mild steatosis of a mierovesicular type were detected and fibrosis was minimal. 

Example 7. Biochemical characterization of 20NRS PEG-WM Cl 5S  

104)1891 Biochemical characteristics of 20NHS P.ECi-htCBS C 1. 5 weir determined prior 

to studies on the effects of in vivo administration of the molecule. 

A. 	N-ienninalsequencing and intact mass analpis 

1001901 Five batches of Unmodified htCBS C155 were analyzed using N-terminal 

sequencing, The obtained sequences were identical :for all the batches, and compared to the 

reference sequence, they all lacked the initial Methionine residue. The N-terminus of luCBS 

CI5S was observed to be - PSETP, and not-MPSETP as is found in the sequence of the wild-

type CBS 

1001911 The intact mass determined by the &convoluted mass spectra of htCBS CI 5S 

corroborated results from the N-terminal sequencing by identifying only one major peak at 

45290 Da in the five batches.. This value matches the molecular mass of the htCBS C1.5S 

.monomer without dieN-tertninal methionine (theoretical molecular weight 0289.7 Da). 

1001921 Sequence alignment was Anther carried out by the software Gerieious 9.1,5 (Free 

Version), using the Geneious alignment type "Global all 	end gaps" and a Cost 

Matrix Blosum62 to compare the protein sequences of htCBS CI5S in humans, ratt-:,„ 

monkeys, and mice. Results confirmed that the N-terminus of 20NRS -PEG-htCBS. CiSS 

PSETP and not lv:PSETP as is found in the sequence of the wild-type truncated CBS in 

humans, monkeys, rats, and mice. htCBS C155 was observed to share a 96% sequence 

identity, including t gap (at the start codon), with truncated monkey CBS. -The following 

differences between the sequences were observed in the InCBS.CI5S used herein and

truncated monkey CBS based on UniProtKB/Swiss-Pnat Q581157. Amino acid position 

(based on the alignment of the sequences) 18 R41.. (htCBS CI 5S used bereitr->truncated 

monkey sequence), poSition 25 K4Q, position 32 $41„, position 34 .E G, position 69 

A 4 V, position 71 A4E, position. 9)-V41,.-position 1.33 D4A, position. 15.7 A4T, position 

242 Q4R, position 354 V4M, and position 403 T4V. 

pe1931 htCBS CI 5S was observed to share an 84% sequence identity, including 5 gaps 

(in the rat sequence), with truncated rat CBS. The following differences between the 

sequences was observed from the litCBS.C15S used herein and truncated nit CBS based on 
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UniProtKBAwiss-Prot: P32232, amino acid position (based on alignment of sequences) 4 

E$G (htCBS- C155- used hercin4truncated rat sequence), position 6 P45, position 8 A 4C, 

position 10 V4D, position 1.2 P4S, position 13 T4A, position 15 S4C, positions 17-24 

HRSGPHSA4QDLEVQPE, position 26 S4Q, position 32-34 SPE-MSG, position 38-42 

position 45 R4 S, position 48 .A4T, positions 60-62 ASE4MAD, position 

66.114Y, position 69 A4V, position 71 A4T, position 82 K4R, position 86 .D4N, 

'position 94 1(411, position 96 G95, position 98-99 ICF4NA,-position 133 D4A, position 

161 R4K, position 175 S4M, position 235 T4D, position 238-D4E, position 248 L4V, 

positon 255 V-*A, position 276 R4K, position 300 T4A, position 318 T4A, position 322 

K4R, position 329-331 EEA4DDS„ position 333 T4A,, position 340 and 350 A4S, 

position.353-354 TV4A.M., position 365 Q414., position $83 T4S, position .389 R4K, 

position 397.1..•41, position 401 D4-. position 403-404 TE4SV, and position 406.K4R, 

100.1941 WHS. 055 was observed to share an 84% sequence identity, including 5 -gaps 

(in the mouse sequence), with truncated rat CBS. The following differences between the 

sequences was observed from the MCBS C155 used herein and truncated mouse CBS based 

on UniPnotKR'Swiss-Prot Q91W9, Amino acid position (based on alignment of sequences) 4 

E40 (litCBS C.15$ used herein->trwicated mouse sequence) position $ P4S, position 8 

A4C,„ position 10 V4D, positions 12-13 PT4SA, positions 15-21 

SPHRSGP4GFQHLDM, position 24.A4E, position 36-27 (3S4RQ, positions 32-34 

SPE9PSG, positions 3742- EAK EPL4DR---V, position 48 A4T, positions 59-63 

PASE4AMAD, position 66 H4', positions 69-71 .APA4V1J, position 82 K4R, position 

86.1)4K, position 96 04S, :position 98-99 1(174NA, position 133 D4A, position 161 

R4K, position 175 S-*M, position 235 T4D„ position 238 D4E, position 255 V4A, 

position 276 .R4K, position 300 T4A, position 318 T4A, positions 330-331 EA4DS, 

position 333 T4A, position 350 A4S,, position 353-354 TV.4.AK position 383 T4S, 

position-389 R414.4"„ position 397 L3M, position 401 D4-, position 403404 TE9SV, 
position 406 K4R, and position $11 1-141Z, 

tot 951 'Results above show that rat and mouse sequences share many of the same 

dilierenees compared to the litCBS C1SS PEGy1ated with 20*1S PEG-InCBS CBS used itt 

the examples herein, The truncated monkey sequence shared the greatest similarity with the 

sequence of 2ONHS PEO-htCBS CASS. 

B. 	NHS oiler Pk.VKatin mapping.  OPEGC15S 
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041961 The PEGylation sites of dune lots of 2ONHS PEGhtCBS C.1 5S wein mapped: 

RC-64)7A (63 Ing/m1), RC-6-67B .(6.7 mglird)., and RC.-8-14 (3.8 mini1). The samples were 

de-PEGylated 	 and alkylated, digested with .Asp" N endopeptidase and 

analyzed by :GC/VV/MS. 

100-1,71 Reverse phase chromatogtaphy was performed for an injection amount of 33 agin 

a mobile phase A of 0.1% TFA (ThermoFisher) in water and a mobile phase B of 0,1% TFA 

(ThennoFisher) ita acetonitrile (Burdick and Jackson) with a XBridge BEH130 C18 3.5 pm, 

4.6 x150 mm column (Waters) at a column temperature of 60 T. Table 6 shows the gradient 

for high performance liquid chromatography (HPLC). 

Table-ft,. -IIPLC gradient 

tinftr Qtnin)  
0 	 
f.?  

i Sr*am 	W.:$ .. 	Flow Rau!  (ttklfroitii 	 
0,5 	 

05 

0.5 
W  
9.) i 

:-.1 	c 
qs 

0.5 
0.5 

0.5  	 
PI M] The ESI-QTOF mass spectnometer (Agilent, model 6538) was set to high-

resolution 4Calz and .pc sitiveion mode having a MS Sean -range of 330 to 3200 raiz 

prior- to-LC/UV/MS usingAgilent calibration tutting mix. Voltages were set as ibllows: 

fragmentor -250:V, skimmer -65 V, and octopolc-RF voltaic 750-V„ The au temperature 

was 350°C. All masses were calibrated to within:* I ppm before testing could proceed. 

Dynamic mass axis calibration was also employed throughout all. LCIMSIMS experiments by 

continuous laths-ion of a reference standard. Lock mass ions were employed: 922,0097W 

100199j A non-PEGylated InCBS CI55 protein was processed in parallel as a control The 

peptide map-Was-observed to cover 97.8% of the Arnitio acid sequence for each of the four 

samples, including all 30 lysine residues. Twelve- peptides were identified as having been 

PEGylated based on the mass additions of 1-2 PEG linkers, and the extent of PEGylation was 

estimated to be in the range of 4.5 to 5.5 PEGs/CBS subunit for these three lots. 

10201 The samples were first de-PECrylated under conditions (pH 11,5, 37 '1.C, 22 hours) 

optimized in PEGylation site-occupancy.  analysis of PEGylated bte.10$ C.1 5S by LC/WA% 

After de-PEGylation, the formerly PEGylated sites are left with a linker having the formula: 

CsH403  (monoisotopic molecular weight of 114.03.17 Da), which can be identified by peptide 
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mapping. The dt.N-PEGylated sample was reduced, alkylated, digested with Av-N 

endopeptidase and analyzed by LC/UV/MS as described above. 

1002011 The extent of PE.Gylatton was estimated using the Miming calculation: of 

PEGs per peptide= (Aburidance(l*Linker) + 2 x Abundance(2*Linko)) (Abundance n0 

Linker) + Abundance(l*Linker) + Ahundance(2*Linker)). Table 7 prOVides the LCIUV/MS 

results. 

Table 7. Extent.  of PEGylation in the three samples measured by estimated PEA/peptide 

Estimated PECVpeptick 
RC-8-14 Peptide RC-6-67A 	RC-6-67B 

234 1.06 	1.24 1.29 
9;34 0.84 	i 0.98 1.03 
35-46 .011 	0.18 0.22 
47-78 -  
/9-85 

- 0.26 	0.31 0.37 
.0.02 	0.03 0.03 

8Cw-106 034 	0.61 0.63 
19.8-220 .0.02 	. 0.03 0.03 
245-248 0.39 	0.48 	 0.49 
270-301 0.27 	0.29 0.39. 
321-327 0.21 	0.21 0.31 
8-400  -0.04 	0.05 0.05 
401-413'  0 59 	0.71 0.74 

1002021 Lysines 25, 30, 214.247, 271, and 405-406 were unegnivocally identified as 

PEGylated to a certain went in all three 20NHS PEG-htCBS CBS batches. Each of the 

groups of lysines 72 and 75; 82.and 83;- 94.97-98, and 102; 322 and 32.5 and 394 and 398 

were within the same peptide, and the analysis herein was not able to &tontine which lysine 

was .PEGylated to what extent. 

1002031 Some peptide cleavages not specific to Asp-N endopeptidase (*terminal of Asp 

and Gin) were also observed, for example 107 A-K 119 and 333. A-K. 348, which may be 

attributable to basic hydrolysis of the protein during de-PEGylation, A significant percentage 

of deamidation was observed for some peptides; *hid may also be attributed to the alkaline 

conditions used for the dePEGylation reaction. 

Example 8. Biochemical characterization of maleimide PEGylation 

1002041 SID-PAGE and native PAGE gel. were performed to compare the reproducibility 

of PEGylation patients for htCBS conjugated to ME-400MA and ME-200GS. Results 

showed aviniable ratio betwvoi. discrete PEG-CBS species and showed incomplete 

PEGylation when theinalchnide PEG moletutes ofME-400MA were used. Variable extents 

of PEGylation for the NHS.ester PEG ME-200GS generated a high molecular weight 

"smear" of inseparable PEGylated species on SDS-PAGE-(FIG, 9A).and native PAGE rls 

(FIG. 9B). 
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10020$1 Unlike PEGylation of InCB$ CISS with ME-200GS, PECiylation of hICBS Cl5S 

with. ME-400MA was observed to yield three defined species when separated on a native 

PAGE (PIG. 913). The heaviest species was observed to co-elute with the second species in 

htCBS C15S PEGylated with ME-2f. GS. The exact identity of the heaviest species was not 

determined because the relatively small amount of this species compared to others species 

and lack of separation precluded detailed pharmacodynamie (PD) characterisation. The 

second species was identified to carry I PEG attached to each subunit in the native dieter, 

otherwise known as the homoPEGylated species. The lightest .PEGylated species has been 

observed to carry only I PEG per dialer, otherwise known as the heteroPEGylated or 

hem 	species. 

A. 	Maleimide PEgykitiog mapping qf PI:VC:15S 

1002061 The first-step of peptide Mapping was accounting of each eysteinO-ccartaining 

peptide two samples of htCBS Cl5S PEGylated with ME-400MA: RC-643 POOL1 and 

RC-643 POOL2, RC,6-13 POOLI (Ea sample# 1127) represents the homoPEGylated 

species (most likely PEGylated on the same residue). RC-643 PG012 (BSL sample# 1128) 

represents the hemiPEGylated species, therefore on SDS-PAGE them was observed to be 

about an oval proportion of the PEGylated and unmodified bands. This example determined 

the location of attachment of a ME-400MA, when the :tamest accessible cysteine (C15) is 

replaced with serine. 

1002071 A Lys-C digestion was performed on the reference protein (UnPEG RC-6-09 

DIAFILIRATE) and simultaneously on the two PEGylated proteins (RC--€i:-13 POOLI, RC-

6-13 POOL 4 Eight cysteine-containing peptides were identified from a redueedialkylated 

LC/MS peptide map. Seven cysteine-containing peptides yielded similar relative abundances 

M al.l three samples as shown in Table 8 below., indicating these I cysteine peptides arc 

unlikely to have been PEGylated. 

1002081 Only one cysteine-containing peptide was observed to have significantly 

decreased relative abundance in each of the two PEClyiated samples. Table 8 provides the 

relative abundances of non-PEGylated peptides in each sample. 

Table 8. Relative abundance of non-PEG:4W cys-containing lys-C peptides 
Ptptitk Refereact. Kota/ red tip abundante 1127 relativv abundance 1128 rebttive aboadmatt 

40-72 0.40 0.36 0.40 
103-108 0.05 0.04 0.04 
109-119 0.07 0.06 0.07 
120-172 0.15 0.13 0.14 
212-247 0.21 0.20 0.21 
272-322 0.25 0.08 0.17 
326-359 0.14 0.12 0.13 
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i 360-31.4 	 0, 1 1 	 0.12 
1002091 Peptide 272-322 was observed to.contain two eysteine residues. PEGylated 

residues were observed atCys272 andier Cys275 residing on Lys-C peptide 272-322. *1-0 

further differentiate whether Cys272 and/or Cys275 are PEGylated, the two :reSidaes were 

separated onto diffenent peptides, the reformed (UnPEG RC-&09 DIAF1LTRATE) and the 

two PEGylated proteins (RC-6-13 .POOL1/ RC-6-.13 P00.1.2) were treated with reagent 2-

Nitro-5-thio-cyanoberizoic acid (NTCB). Because NTCB cleaves N-terrninally to free 

cysteine residues, PEGylated cysteine does not form the eyanylated end product and thus 

blocks the cleavage. 

19021.01 Seven cysteine-containing peptides were identified m: the LATCH treated C8 

LC-MS peptide map. As the chemical digestion efficiency was relatively lbw compared to 

enzyme digestion, the target peptide peaks were small in the chromatogram, and side 

reactions were also observed (results not shown)„ The cysteine-related peptide peaks were 

located and quantified using manual ion searching. Compared to the reference protein only 

one cysteine containing peptide showed a significant decrease in the RC-6-13 POOL1 

sample. The peptide, identified as residues 244-271., signifies that site 272 was blocked, 

lowering the yield for the 244-271 peptide, Two eysteine-containin peptides showed a 

decrease in relative abundance for the RC-6-13-POOL2 sample; however, the ratio is close 

between these two. It is possible both eysteines are involved in the PEGylation or that. the 

peak abundance is too low to draw a solid conclusion. Results in Table 9 provide evidence 

that the PEGylation resides are on Cys272„although Oys275 was not completely ruled out as 

the location. of PEGylation. 

Table 9. comparison of PEGylalion of Cyan and Cys275 

Reference protein 1127 RC-6-13 POOL1 1128 RC-6-13 P0012 
Peptide 

(amino  add 
eftidurs) 

Delta  
MASS 

ppm 

Reindire. 
obnndonce 

Delta  
MUSS 

PPm 

Relative 
anon (lame 

Ratio 
reference 

• .. 
nitripl€ 

Delta 
illaSS 

PPm 

, 
Motive 

a ill. lkiltianCe 

Ratio 
teterente 

vg. 
simple 

52-102 -1,25 .0.006 -1.92 0.0054 1.2 1,45 0,0054 1.2 
103-108 437 0:002 -1.M 0.0014 1.0 -3.00 0.0024 1.0 
244.271 1.28 .0.003 1 -0.90 0.0011 2.7 1.73 R0021 1.4 
275-345 076 0;001. 0.64 0.0006 1.6 0,03 0,0007 1.4 
370-413 0.67 0.045 	,, -US 0.037 11 0.31 0.040 1.1 
Example 9. Pharmatokinetia and oharnmeodynarnies of $OOMA PEG-btCBS CI5S ant 

20N t1S PEG-htCBS C:15S in HO mice 

10021.1.1 This example characterizes and compares the pharmacokinetie (PK) and 

.0.110,m-iacodynamie (pp) propertioof h(COSi- C15$ PEGylated with either 20 kDa linear NHS 

ester-activated .PEG.-(ME-200GS) or 40 kDa linear maleimide-activated PEG (ME-400MA). 
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Each of the PEGC1,55 were purified on DE .E sent/arose and buffer exchanged using 

tangential flaw 'filtration (TR) on a BioMax* 100 cartridge in1 x sterile PBS. 

1002121 MC:BS CI SS modified with ME-400M.A (400MA pEG-htCBS C15-S) was 

concentrated to 7ingitril. ThehomoPEGylated InCBS C155 modified withME-400MA (Peak 

) was concentrated to 43 ingtml, and* hemilhetenoPEGylated 'WM' C1.55 modified with 

ME-4001A (Peak -2) was concentrated to 5.1 	InCBS-C15S-modified with ME-20005 

(2.0N1IS PEG-htCB$ CI 5S) was concentrated -% 6 ingfral, 

1002131 For 20N1IS PEG-hICBS CI 5S, HO mice were administened SQ a dose of 5,10 or 

15 ingika dose or were administered IV a dose of 10 mitikg, For 400MA-InCBS -CISS,110 

,nice received a single dose of inglkg either SC or IV of one of the three formsji)a 

mixture of all species, where no separation of individual forms has been attempted (mix), (ii) 

a hoinoPEGylated specie (Peak .1), and (iii) a heterothemiPEGylatiA species (Peak 2). 

1002141 Beth mile and female HOmiee were used in this. example, and each group 

contained 3 to 4 mice, Two groups of mice designated "A"  and "Jr were used for each route 

of administration to minimize the blood volume taken from any one MOM For SC 

administration, blood was collected fr0131. group A at. 0.5., 3, 24, and 72 hours post-injection 

and from group B at 1, 6, 4$, and 9,6 hours post-injection, For IV administration, blood was 

collected from group A at 0.25, 1, -6, and 48 hours post-injection and from group 13 at 0.5, 3, 

24, and 72 hours post-injection. 

A. 	Phormacokinetics 

002151 The PK parameters calculated from the time-aetivity- eurves ate outlined in Table 

10 for the ME-20005 conjugate and in Table It for ME-400MA conjugate. The se mi-

lonarithmic plots were linear for the intravenous groups and thus confirmed that all forms of 

the htenel 55 enzyme cleared from the plasma by first order kinetics (data not shown), 

1002161 The bioavailability was caltulatedby.dividing the area under the curve (A:UC) for 

the SC or IP route:by the AUC observed after IV administration, Table :10 Foovides the PK 

parameters after IV and SC administration of 20NHS PEG-luCBS 0155. 

Table 10...PK parameters for experiments conducted with 20.NHS PEG-WAS 05$. 

PK Parameter Units SC SC SC. IV 

pow Amount NI giKg 3 10 IS 10 
AUC(O4) (ohs *rev) 	.nit -WO, 3062*158 47881-626 5754±160 7431±154 
AUC/dose 612 479 384 
Bloavoilability '' F1.2.6% 64.6% 51.6% NA 
E Half-life hr 137±95 17.5±1.27 22.0±1.7 47.6±14.6 

A Half-life hr 5.3±1.1 12.7±0.6 11.9±1.2 NA 
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c,„, ;sobs) mUlp.I., 5 i $ t3.7 89.9±10.2 104.2±11.3 371.6-111.2 

ca„, idow 193 9.0 6.9 

NIRT (area) hr 19411,2S 44.8±1.7 49.0±1.4 52±13 

CI.. (ohs ar) 
t
ublir 1636a:86 2113±280 260%172 1346±27.3 

'T 	w steady state' hr 343 

Peak at SS' roUltil„ 162 

Trough at SS*  • i tal.4 11., 85 

[002171 The indicates that the value was modeled for a 10 inglg dose wit a a 48 hour 

dosing -interval and a 173 hour half Life. 

1002181 For 2()NF1S FEG-bICBS WS*  the area under the curve was 30± 2.4788 and 5754 

for the 10, and 15 ragika doses, respectively. The fraction of InC.13S.C15, enzyme that 

rtathedthosysternie-circulation after extravascular (SC) dosing was 62.6% in the 5 ingskg 

2ONHS PEG-biCBS C155 SC dose-group but decreased to 64,6% and 51,6% :in the 10 and 

15 mg/kg dose groups. Thus, the increase was 'less than dose proportional which is reflected 

in the proportion of increase in AI X, 	and bionvailability. These results are likely 

explained by a slight decrease in the total absorption of 20NHS PEG-MC.8S CI 5S with 

increasing dose. 

1002191 Tice elimination half-life-in the IV dose ttroup was 48 hours meaning that hal' of 

the drug concentration in the plasma willelmr every $8 hours. The data were completely 

linear when plotted as concentration with time on a log scale with correlation coefficients of 

>0.98 suggesting that this is a close estimate of the elimination halMile for 2ONHS PEG-

litC13S CI 5S. The half-Li& determinations in the SC dose groups were variable, and ranging 

from 1.7.5 to 137 hours. These estimates are confounded by a slow biphasic 

absorption/distribution phase. The average circulating time of a single enzyme molecule,  

(MRT) was calculated to range. between 44 and 194- hours for 20N115 PEG-htCBS Ctn. 

[002201 The time to reach steady state (constant -peak and trough 'levels) was modeled 

from the IO mg/kg SC data set assuming a dosing interval. of 48 hours and a 17.5 hour half 

life.. The time to reach absolute steady state was estimated to lac 343 hours (i.e. after about 7 

SC injections every 2 days), but changes in the peak and trough plasma levels were very 

close to steady state levels by 144 hours. At steady state, the peak and trough levels were 

simulated to be 162 and 85 m1,14.11.: after a 10 mg/kg dose administered SC once every two 

days. However„Vety similar levels were reached in 144 hours post-injection i.e. after 3 SC 

administrations of PEGylated enzyme every 2 days. 

1002211 The plasma. levels of 400mA pEGATtais Cl SS for peak I representing the 

homoPEGylated species (2 PEG moieties per InCESSdimer), peak 2 representing the 
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hemiPEGylated species (a single PEG moiety per InCBS C i 5S dimer) were compared in 

FIG. 1.0A, The nix is represented as a solid line with squares indicating the collection points. 

Peak I. is represented by a dashed line with circus indicating the collection points, and peak 2 

is represented by a dashed line with diamonds indicating collection points. 

1002221 Table .11 provides the PK parameters calculated after SC and IV administration of 

al:mg/kg-of 400MA PEG-he:BS CI-5S: 

Table I I. PK parameters for experiments conducted with 400MA PEG-hteRS eln 

Pharmeakinetle 
Parameter Units 

SC 
Mixed 

SC 
Peak 1 

SC 
Peak 2 

11' 
Mixed 

Dow Amount Mg/Kg 10 10 10 10 

AU CVw7!)..(5?"nA!:'!i9 	 itiU-Iirilii, .3805*.656 5193±519 4201±436 6888±268 

Bitiavailability I. 55;2% NA NA NA 

E Half-fire kr 83.1is17 22.0±5.3 104.9±122.3 39.0-112.9 

A Half-lik hr ,,4114,8 12.1±1.26 6.3i-5.5 NA 

Tulin (or CO for IV) hr 10:5 24 18±10 NA 

sz,„, (ohs) tit 811.1L 75.8±12.3 94.6±8.6 75.8±14.5 330.64:40.0 
MRT (area) hr 993'154,0 50.6+.2.57 135±129 48.1111.4 

CL (abs area) glihr 2608*5.34 1939405 2398*250 1451*57.6 
1002231 The bioavailahility calculated for the tnixed 400MA 1;'EG-htCBS-CI5Swas 

observed to be 55.2%. T. is the time of c„, .{initial peak plasma level). The elimination 

half-life was calculated to be 39 hours from the IV dataset. The PK. parameters were not 

dramatically different for the individual PEGylated species designated as Peak 1 

(tanniPEGylated) and Peak 2 (homoPEGylated). 

B. 	Comparison of ME- 00C and ME40044 Pii:Vylaity, Prins of kiCIJS C155 

1002241 The PK parameters were not observed. to be perceptibly different for the two 

PEGylated forms ofhtCBS C15$ (ME-200GS and ME-400MA) compared herein. The 

specifit activity versus time curves for the 10 tug/kg IV and SC doses of each enzyme were 

also observed to be similar as shown in HO. 10B. The activities after IV dosing am shown as 

solid lines and after SC dosing are shown as dashed lines. The circles (IV) and triangles (SC) 

represent collection times for mice administered 20MIS .PEGS- itCBS CI55, and the 

diamonds (IV)and squares (SC) represent collection times for nieendministered. 400MA.- 

C I SS. 

1002251 However, the metal•kilite.  profiles depicted in FIG. 10C show that 20NIIS PEG-

htCBS C I5S .Was more efficacious in terms of normalizing plasma levels of homoeysteinc 

(circles) and eysteine (squares) after a single tO mg/kg SC dose. The levels of eystathionine, 

represented by the triangles in the graph of PIG. IOC. were not: significantly different: 
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between the two conjugates. Generally, the responses follow the plasma levels measured by 

the activity assay. 

100226.1 The response for 2O HS na-litCBS C155 was observed-to occur more rapidly 

and was observed to be more prolonged compared to the response to 400MA PEG-htCBS 

C155. Both PEGylated enzymes were observed to improve plasma levels of Hey. and Cyst-is 

roughly: the saute extent for 6 hours after SC administration, and plasma levels of Hey v‘ift: 

observed-to-remain decreased up to 72 hours after administration of 2.0NHS PEG-htCBS 

C15S compared to the gradual normalization from 24 hours and total return toprc-injection 

levels at 72 hours following administration of 400MA. PEG-hiCBS CISS. A.similar pan= 

was reflected by plasma levels of Cys for both PEGylatcd enzymes. 

1002271 increased dosing was not observed to significantly improve the P1) profile of 

either form of CBS suggesting that. maximal efficacy of the enzyme is not governed solely by 

its plasmalevel concentrations*  but is also influenced by factors such as enzyme kinetics, 

substrate availability, and concentration. 

1002281 - 21111FIS PEG-1.405.c1 55 was observed to provide the most favorable profile.  

after SC administration compared to 400MA PEG-htCBS CI5S. Specifically, the half-life in 

circulation was 47 hours for 20NtliS PEG-litCBS C155 compared to 39 hours (i.e. 20% 

longer half-life) for 400MA. PEGAtCBS C155, and bioavitilability alter.SC administration of 

equal amount (ID mg/kg) was 64.6% tbr 20NHS PEG-InCBS Cl5S compared to 55.2% for a 

mixture (i.e. 17% better bioavailability). 

C 	Compariseor qfdttfrrent -46ves -420NHS PRahiCHS- C, Cl 5S 

1002291 The P1) response. generally was observed to OCeur in direct proportionality to peak 

plasma levels and decreases proportionally with half life. "However, the dose-relationship in 

peak responses was observed to approach maximal levels at 5 Ingle such that doses of 10 or 

.15 ingt.4 resulted inhale increase in the peak efficacy as determined by both.homocysteine 

and cystathionine levels as shown 'in PIG. 10D, A wavy pattern of elimination, was observed 

in each of the elimination phases that was the same in each curve, such that the plasma 

activity reached a trough at 48 hours and then recovered (or was similar) at 72 hours, only to 

drop off again at 96 hours, This unusual elimination pattern observed after SC dosing of 
htCBS ciss may be possibly due to the clearance of the biphasic absorption phase consisting 

of an early rapid and slower late absorption phase. 

1002301 Increased dosing of 201415 PEG-htCBS Cl 5S was observed to show a roughly 2 - 

fold higher CBS activity in plasma for dose of 10  nap;/kg compared to 5 ing/kg, but itwas not 

59 



WO 2017/083327 	 PCT/US2016/061050 

linear for the higher dose of 15 .mgikit, which is shown in FIG. 1011 There is discernable 

difference between the PD responses of the 10 and 15 mg/kg dose groups for each metabolite 

In fact, many of the time points in the higher dose group were observed to produce a response 

that trended below that of the 5 mg/kg dose group. These differences were not accounted for 

by the lower bloavailability (decreased absorption per unit dose) observed with increasing 

doses of 20NHS PEG, htCBS CI 5S, In conclusion, a single dose between 5 and If.) mg/kg 

was observed to produce a maximal efficacy response in the HO mouse model, 

Example .10. Pharmacodvnamics of PEGC15$ during long-term administration in .110 

mice 

(002311 This example assesses and compares the pharmaeodynamie efficacy andpotemial 

immunogenic. responses of king-term exownously administered .htCBS C.1 5S PEGylated 

with either ME-200MA013, ME-200GS,GI4-400MA, ME-400MA, or 114F-050GS in. HO 

mice. When human proteins are engineered into the mouse genome and espn.-ssed in neonatal 

animals, as is the case for 'the HO mouse, immune responses are more likely to have clinical 

relevance to the human response. See. Guidance for Industry, immunogenic assettsment of 

therapeutic protein products, CE1311. (August 2014). The HO mice express small amounts of 

the human CBS protein and ate likely to be more similar to human patients in terms of their 

adaptive immune response to PEG hiCBS enzymes than complete knock-out or wild-type 

Mice. 

100232) In one set of experiments, htCBS Cl 5S PECiylated with either ME-200MA0B, 

ME-200GS, 014-400N4A, or ME-4001VIA was evaluated.. Six groups Of.H0 mice were:used 

to conduct these studies:. two groups received 200MA0B PEG-htCHS CBS (Groups 1 and 3), 

one group received 2ONHS PEG-htCBS C15S (Group 4), one group received GL4.400MA 

PEG-htCBS C155 (Group 5), and two groups received 4410MA PEG•htCBS C.I.55-(Group 6 

and 7), Both male and female HO mice were used (total. n=6 to 8 mice per group) in these 

studies. 

190233) For Group 1., the mice received 2: outs of 5 daily subcutaneousinjections 

2.00M A08 PEO-litCBS CI 5S on days 1,2, 3,-4, and 5 (week 1) and days 1.5, 16, 	1.8, and 

19 (week 3). The dose for this experiment was 5 mgikg/day. A. saline control group (Group 2) 

was included in this experiment. All other groups maim! 3 bouts of 5 daily subcutaneous 

injections on days 1, 2, 3, 4,„ and 5 (week 1); days 1.5, 16,.17,18, and 19 (week. 3); and days 

29, 30,31, 32 and 33 (Week 5). The dose for these experiments was 73 mg:/kg/day. 
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10034l Ina separate set of experiments, htCBS  Cl 5S PEGylated with ME400MAOB or 

M11050GS was evalitated. Two groups of male and female HO mice (I1W5F) received 3 

bouts of 5 daily subcutaneous injections of either 2.00MA0B PEG-htCBS COS (Group 8) or 

050GS PEG-IttCHS (Group 9) on days 1.22, 3, 4, and S (week 1); days 15, 16, 17,18, and 19 

(week 3)4, and days 29, 30, 31, 32 and 33 (week 5). The dose was 7.5 ins/kg/day. 

14102351 In all sets of experiments, each 5-day dosing cycle was followed by a_10-day 

'washout period". Blood was sampled using a subtrumdibular lancet on Monday, Wednesday, 

and Friday of the dosing weeks (1, 3, and 5) and on the first day (Monday) of each 10-day 

washont period,. All blood sampling procedures and subcutaneous injections were conducted 

at 3 P.M, to avoid artifacts due to diurnal variations. On days where both blood sampling and 

injection were conducted the blood sampling procedure was conducted prior to enzyme 

administration, 

i00 	6t The phannacodynanne respoosein HO mice to each .PEGylated .httBSC1 5S 

conjugate was assessed for each bout of dositui by quantitatin plasma levels of metabolites 

homocysteine, cystathionine, and cysteine, which are associated with the transsulfuration 

pathway, at baseline and atter treatment. Quantification was performed by suthie-isotopc-

dilution liquid chromatography mass speettomeny (LC/MS) as described in Example L The 

maximal percent change of hommlicine, eystathionine, and cysteine was calculated 

compared to baseline values for each dose week. 

109237l ME-200MAOB: Three independent studies were conducted with 200MA013 PEG-

InCBS C15$ (Groups I., 3 and 8). In Group 1, plasma levels of Hey were observed to drop by 

68% compared to-baseline levels during the first week of dosing, but were observed to drop 

by only 24% compared to baseline levels during the second series of 200MAOB PEG-htCBS 

iSS injections - during 'week 3 with a 10-day washout period in between (Table In. A 

similar decline inefficacy was suggested. by attenuated elevation of both Ctband Cvs levels 

during the second round of injections.(Table 13. and Table. 14). A second. study (Group 3) was 

conducted to determine if attenuated efficacy was observed with a ditTetent set of naive HO 

mice. The- total Hey levels in Group 3 were observed to decline to 82% below baseline during. 

the first cycle of injections. During the second and third cycle of injections during week 3 and 

week 5, the Hey levels were observed to decline to only 57% and 50% of baseline values, 

respectively,, Similarly, the additional lot of 200MA0B PEG-htCBS CI 5S administered to 

Group S was observed to decrease plasma levels of:Hey by 80% compared to baseline levels 

in the first week of doSina, but only by 61% of the baseline values during week 3 of doting; 
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During week 5 of dosing, the plasma levels of Hey were Observed to drop to 50% of baseline 

%alum (Table 12). A similar decline in efficacy was wonted. by attenuated elevations of 

Cys levels during. week 3 and week 5 injections (Tabl.c. 13 and Table 14). compared to week 

A similar trend of attenuated efficacy was observed in Group 1, 3, and 8, although the 

magnitude of the attenuated response was observed to be more dramatic in Group I compared 

to Group 3 and 8. 

1002381 ME-200GS: Administration of 2ONHS .PEG-htCBS C1SS in experiment Group 4 

was observed to decrease plasma levels of Hey by 77%compared to baselinelevels in the 

first week of dosing, 70%-during the third week of dosing, and 66% during the fifth week of 

dosing (Table 12)„A similar decline in efficacy was shown by attenuated elevations of Oil 

and Cys levels during thelhird and fifth week of dosing (Table 13 and Table. 14) compared to 

week L. However, fir 2iINFIS PEG-htCBS Cl5S, the decline in efficacy &served in week 3 

and week of dosing was the least compared to the other PEG htalS Cl 5S conjugates and 

was Statistically insignificant 

(002391 (iL4-$OOMA: Administration of CiL4-400MA-InCEIS  Cl 5S in Group 5 resulted in 

an average of a. 75% decrease in plasma levels of Hey compared to baseline levels in. the &St 

week of dosing, but only 41% during the third week of dosing and 34%-daring week 5 of 

dosing (Table 12), A similar decline in efficacy was shown by attenuated elevation of Cth 

and Cys levels during week 3 and week 5 of dosing (Table 13 and Table /4) compared to 

week 1. 

1002401 ME-400MA: Two independent experiments were conducted with 300.MA PEG-

InCBS Cl 5$ (Group 6 and 7), In Group 6, the percent decrease of He levels was observed to 

be 73% compared tobaseline levels in week 1, and subsequently declined to 65% and 59% 

during week 3 and week:5 of dosing respectively. 'The magnitude of the decline in efficacy 

was more dramatic in Group 7 :ayshown by the attenuated decreases of Hey levels.during the 

thire.bouts of dosing (Table 12). Similar trends of attenuated efficacy welt observed in the 

changes of the Cth and Cys levels for Group 6 and Group 7 (Table 13 and Table i4) 

1002411 ME,0511GS: Administration of 0500S PEG-htCHS C15S in Group 9 was observed 

to decrease plasma levels otHeyby 75% compared to baseline levels in week 1 of dosing, 

but only decreased by 59% of baseline levels during week 3 of dosing. During week 5 of 

dosing, the plasma. levels of Hey was observed to decrease to 42% of baseline levels efable 

12)„ A similar decline in efficacy was shown by attenuated elevations of Cth and Cys levels 

during week 3 and 5 of dosing (Table 13 and Table 14) compared to week 1. 
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	  (11.4-400MA  114.5*.g..S 93%  48%  52%  

6 Mr.-400MA. 184.3i445.1 17%  6%  8%  

	  ME-4091v1A.  72% 44% 44%  

8 Mtl-200144A0ti 123. 77% 77% 58% 

9  ME.051XIS 128.5i:11.9 71%  75% 36% 

100245i The results of these studies show a decease to plasma Hey levels in concert with 

an increase in plasma Cth and Cys in all groups, suggesting a normalization of Inetabolites in 

resiponso.to the PEO-COS .tt earment„ In alI Groups, the maximal efficacy was observed 

during the first week of dosing. Hey levels were observed to decrease significantly (about 

68% to about 82%) below baseline tbr all experimental groups, as shown in Table 12. The 

peak percent increase in the Cth and Cys levels was also maximal during week I, as shown in 

Table 13 and Table 1$. The magnitude of the pharmacodynamic response declined during 

subsequent cycles of PEG-C I 5S injection during week 3 and further on. week.. Overall, the 

highest and most enduring pbarmacodynamic response was observed for 2ONHS PEG-MCBS 

CI5S. 

t00246] Attenuated efficacy was observed during the second bout of PEGylated htC'BS 

C.1 5S dosingadministered during dosing week 3 for all studied conjugates with the exception 

of 20NHS.PEG-htCBS C I5S, A further decline in efficacy was observed during the third 

cycle of dosing conducted during vied 5 compared to week.3„ilthough antibody formation 

was not measured directly in these studies, this stow dcctine.in efficacy followin repeated 

administration is a classic indication of adaptive immunity. Thus, the likely explanation for 

the attenuation was an immune response directed at the htCBS C1 S PEGylated with ME-

200MA0B, MA-400ME, GL4-400MA,.or ME-0S S: 

1002471 Of the conjugates tested, 20NHS PEG-htCBS CI5S was Observed to have the 

most robust and long-lived efficacy. The ME-2000S is hypothesized to be able to more 

efficiently mask: immunogenic epitopes on the btCBS CIS compared. to the other PEGs 

Therefore, 2ONHS PEG-htC.BS CI 5S form was observed to be the most potent and least 

immunogenic form of the various PEGylated MC:BS Cl 5S conjugates tested. 

Example 11. WC BS C I5S PEG sated with ME-200MM. ME-400MA. or ME-200GS  
rescues .K0 mice from early death 

1002481 A survival .study was performed M. the KO mouse model described herein to 

compare' the efficacy of various PEGylated. ht03S-  COS conjugates. 

A. 	Sunlval ofK0 pups- op to day.  2/135 

1002491 A Kaplan Meyer survivaleurve-was plotted of KO mice injected threetimes 

weekly with 7.$ mg/kg IuCRS Cl 5S PEGylated with ME-200MA0B (n-24), ME-400MA 
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+ I8M), or ME-200GS (riQtt.:14F 414M), and a group of KO miecOp44) that 

was injected with PBS as a control. Lactating mothers were maintained on betaine water, and 

after weaning, the pups (day 21) were put on regular water with. no betaine. The ability of the 

injected enzyme to rescue KO pups was tested. 

1002501 As shown in FIG. I I A, on day 21, only about 20% of the mice survived in the 

PBS-injected group as Opposed to about 92% of those that were infected with 200MAOB 

PEG-htCBS CI SS (CISSSME,200MA) and about: 97% of those that were injected with 

400MA PEG-htCBS C15.(C15S/400MA) or 20NHS PEG-WM CI SS (C155/2000S), 

Metaivlite tem& after a weekend washout (trough) and 24 hours after Moho! 

infteliOn (peak) 

1002511 Metabolite levels in surviving KO trier at age of about 4-5 weeks were measured 

after a weekend washout (trough) and 24.houts after the last injection (peak) using the 

experimental procedure in Example L 

1002521 The levels measured were compared to levels in similarly treated healthy KO +S-

lit-termites as shown in FIG. 11 B. The plasma levels of Hey in 400MA PEG-hiCBS C155-

treated KO Mice ranged 256.+.8 uM 72 hours post-4cm (ME-400 A) (bar on farleft for each 

metabolite) to 145±6 04 24 hours post-dose (ME-400MA.2411)-(bar second from left for 

each metabolite). The plasma. levels of Hey in-20MS Pd: O-htCBS Cl 5S-treated KO mice 

ranged 179110 uM at 72 hours post-dose (ME-200G5)-(bar third from lett) to 96±.$ uM 24 

hours post-dose (ME-200GS 24h) (bar fourth from left). Thus, the maximal response for both. 

InCISS C15S conjugates was observed 24 hours.post-dose and was observed to.decline 72 

hours post-dose. Tmatment with either cortjugate was observed to significantly (p<0.001)-

decrease the plasma levels of the toxic Hcy by about half In contrast, plasma levels of 

homocysteine in the treated healthy heterozygous littermates were observed to be about 5 uM 

at. both timepoints. 

1002531 Levels of Cth were observed within the range of 57 and 77 uM it .KO miee 

treated with FEGy hued. htCBS Cl 55 conjugates. These plasma levels were roughly-  12-fold 

higher than those observed in the untreated heterozygous mice. The diffaence between peak 

and trough plasma. levels of Cth was Observed to be small, which is evidence that the 

pharmacodynamic effect of the enzyme on e)-stathionine levels may persist beyond 72 hours 

and/or Oh may be more slowly etean....d from the plat= -compared with the other metabolites 

where larger differences were observed..Plasrna levels of Cys 72 hours post-dose in both. 

400MA PEG-htQBS 0155-treated and 20NHS FRI.:WEBS CISS4reated KO mice were 
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Observed to be significantly (p<0.001) dmreased tc 83*4 and 06±6 uM compared to healthy 

heterozygous littentates (:15.1.0), respectively. Plasma. levels of Cys were observed to be 

in, 	in treated ICO mice 24 hours post-dose for both conjugates indicating a partial 

normalization of circulating sulfur metabolites. Plasma levels cif Cys were observed to 

increase to .157*6 24 hours post-400MA PECAUCEIS CI SS adrinnistration and to 176.4:6 OM 

24 hours post-2ONHS PEG-htCHS C15S-administiation. Methionineplasma levels were 

slightly elevated in KO mice compared to healthy heterozygous controls and did not: change 

significantly between trough and peak levels. 

Lifr stkm after -an Wad or amtinnous treatment 

1002541 After an initial 35 days (5 weeks) long treatment to prevent neonatal lethality of 

KO mice, the KO mice treated with 20NHS PEG-htCBS C15S were divided into two groups. 

One group (5W) stopped receiving any treatment apart from the initial one, while the Other 

group ((.70NT) continued with the same regimen for up to 120 days of age (7.5-mg/kg„ 

a week). 

1002551 'The survival of these groups of KO pups for up to 4 months was observed and 

plotted in FIG. 11C> All KO mice that were continuously administered 20N.H.S PEG-WCBS 

C15S (CI5SME-2000S) survived. at least 119- dayS as shown in Fla 1 IC. Termination of 

the treatment afterinitial 35 days resulted in about 85% survival at 119 day=s o:# age. 

btai ntighi and weight gain CBS--treated KO mice m<. -4.1- healthy mice 

1002561 The total weight and amount of weight gain of the KO mice (male '£r:16 and 

female ot.1..1.). administered 20NHS PEO-1itC8S  Cl 5S three times weekly at a dose of 7.5 

mg/kg was determined and compamd with similarly treated +1- healthy littermates (males 

ri:::14 and females tr:13)..The total weight and weight gain were measured in mice after 

weaning from day 21 to day 36. 

002571 Heterozygous male mice were (observed to have the greatest total weight from 

days 23-35 ranging from about 10.5 g to about 18 g, although the 20NHS PEG4itCBS C 5S 

treated KO male mice had the highest total weight at day.  21 (about 10 g). The 20NHS PEG-

hte.8S-CISS7tieutod .K0 female mice had the lowest total weight after day 23 ranging from 

about 10. g to about 14 g. 

1002581 Healthy male mice (0,44) also had the greatest amount of weight gain starting at 

day 23 ranging from about 2 g to about .5 g. The amount. of weight gain in the 20NHS PEG- 

C1.55-treated KO =le mice (n=16) and 20NHS PEG-ht(78S C1.5S-urated KO female 

mice (0=1 I) was significantly lower than-the amount of weight gain for both control groups. 
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Example 1.2. PECvlated hiCBS CI 5S delays, prevents. and reverses facial alopecia in 

I278T mice model 

1062591 1278i homozyttous mouse model of homocystinuria was observed to exhibit 

specific phenotypic traits such as facial alopecia in addition to a typical metabolite's profile, 

unlike other homocystinurie mouse models. Facial alopecia is defined as a loss of hair from 

the five and head. The onset of facial alopecia is around. 90 dayt (WI2), typically hilly 

developed around .120 days of age (W17). 

1002601 Facial alopecia is hypothesized to be related to homocystinuria and the related 

metabolic profile; therefore, administration of enzyme replacement therapy (ERT; PEG-CBS) 

should rescue this phenotype by slowing the progress, preventing/delaying the onset, andfor 

reversing the damage already caused. 

A. 	Delay the °Mei (Okla' alopecia 

1002611. .-3W old mice not showing any signs of facial alopecia were split. into 2 groups. 

The first group (n =1 males) was injected with 7.5 mg/kg three times per week with 

2.00MA013 PEG-htCBS C1.5S fiar a period of 6 weeks. Physical look was recorded before the 

experiment and monitored weekly, then hi-weekly after the 6W injection reuirnen Metabolite 

levels were.eheeked before the experiment and 24 hours after the. lastinjeetion, i.e. after the 

6W injection regimen. 

1002621 Administration of 200MAOB PEG-htCBS CISS for a period of 6 weeks 	age 

3W was observed to delay the onset of facial alopecia in FIG, 12A, 1278T aftected (-I-) or 

healthy (+14 Mite were observed to be indistinguishable at that age, and the -1- mice had no 

signs of facial hair loss. Untreated 1278T *Ss- healthy heterozygous mice were not observed to 

suffer front a loss of facial hairs at IOW and only mild hair loss at 34W, unlike untreated 

I278T .4-affected tromop,,uous niice, which were observed to have fatly developed facial 

alopecia by 38W. Typically, facial alopecia. becomes apparent at 12W and is fully developed 

by the age of 1.7W, 

P02631 Administration of 200MAOB PEG4ACBS CI SS for 6 weeks (age of mice during 

injection was-4W-I OW) was observed to delay the onset: of alopecia for about the same time 

as the duration of the. treatment. (6 weeks) as evidenced by .12781 4-- affected homozygous 

mice being. observed to show no signs of facial hair loss at the age of 4M and only initial 

signs at the age of 7M, These results provide evidence that administration of 200M.A0B PEG--

htCBS C1.SS for 6:Weeks delayed the onset of facial alopecia in 12781 mice. 

lam, prevention ofdevalopingthq Adel alopecia 
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(00201 The second group In = -3;.2 males, 1 female) was continuously injected with 7.5 

mgase of 200MAOR 	CBS administered subcutaneously from 3W pine until 41 

weeks of age. Weight was initially monitored weekly. Physical look. was recorded bets= the 

experiment and was monitored weekly or bi-weekly after the initial 6W injection regimen. 

Metabolite levels were checked before the experiment and 24 hours after the last injection of 

initial 6W injection regiment and then followed weekly or bi-weekly. 

(002651 Continuous administration of 200MAOR PEG-htCBS C15$ to1278T 

homozygous mice was observed to completely prevent the onset and developtrient of fa;..-iai 

alopecia in mice observed at W19, W24. W31, and-  W35-of age as shown in. FIG. I NI The 

physical looks of such treated mice tesenible those typically observed for healthy12781 

heterozygous mice, and significantly differ from the physical looks of both untreated 12781 

1- controls and 12781 -1- homozygous at age W3'6 and older treated for a 6 week period only.  

1002661 Metabolite measurements in FIG. 12C-show that continuous administration of 

200MAOB PEG-htan- C15S resulted in a significant decrease of hey levels 'compared to the 

levels before the treatment (about 300 pM) and stabilization et levels of around 100 rM of 

total Hey (middle line), Cys levels (top.  line) were normalized with the treatment (from about 

130 UM to about 240 04) and maintained throughout at levels around 2.30 AM, 

C 	Rawrsabinormalizaam of plienotype once the facial atop:via has been fitity 

developed 

100267) The 1278T mice, which were at least 120D (W17) old and had visible, fully 

developed facial alopecia, were split into 2 groups, Group A (n=2,4 3 males and 3 females) 

was injected 3 times per week with 400MA PEG-1ttCBS.05S,.and Group B (n 	2-malcs„ 

2. fbmales) was injected 3 times per week with 20NHS PEG-htCBS C.ISS up to an age of 

about year. Metabolite 'levels were determined prior to the treatment initiation and 

measured during the study 24 hours after the injection, and weight and physical look were 

monitored weekly, and latex bi-weekly. 

1002681 For the 'several of facial alopecia in 12.781 homozygous mice (otherwise 

known as normalization of phenotype), the treatment of mice already fully expressing facial 

alopecia phenotype was initiated. The age of animals at the beginning of the study ranged 

from W24 to W28 of age, which is beyond the typical age for onset of alopecia (120D or 

W17). 

1902691 Continuous administration of Ober of the PEO-CBS conjugate for ,3 times a week 

significantly ameliorated the facial alopecia as shown in FIG. 12D., even: though it did not 
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completely normalize: it compared tothe untreated unaffected12781 +/- heterozygous 

controls. 20NIIS PEG-htaiS COS was observed to perform better than 400MA PEG-InCBS 

COS because all animals treated with 2O HS PEO-htCBS C.I5S responded to the treatment 

(4 out of.-4),. while only 5 out of 6 animilS responded to treatment With 400MA PEG-11.C13S 

C15S. In addition, a subjective observation of the mice provides that thickness and glossiness 

Of the mice coat was better for those administered 20NHS.PECiAtCBS el5S. 

pant] Furthermore, .metabolite measurements in En 12E shows that, while both PEG-

CBS :molecules were effective, 20NIIS PEG-htCBS CI.5S(Group B) was Observed to 

decreaselicy levels and increase Cys levels more substantially than400MA.PE(RitCBS 

CIS (Group A). 

Conclusions 

100271.1 Administration of PEG-CBS regardless of the PEG. moiety resulted. 

improvement of facial alopecia, which is a phenotypic nalttypical- foruntreateda78T 4-

homozygous mice as mentioned above. ERT administration for :0 weeks resulted in delay in 

onset of facial alopecia. Continuous ERT administration to the mice behave the onset of facial 

alopecia cowlettlyptevepted its development and such animals were indistinguishable .from 

unaffeewd healthy 1278T +/- hetetozygous mice. Continuous ERT administration to the mice 

with already :Mb( developed facial alopecia resulted in significant improvement of their 

physical looks. in all cases, the positive effed On facial alopecia was accompanied withor 

caused by at least partial (Hey) or 	(Cys) normalization of plasma metabolites levels. 

Examnie 20N11S PEG-litCBS CIS initDrov(!s liver disease in 1C0 mice 

1002721 Histological analysis was performed tbr liver sections from KO mice that had 

been subeataneously(SOinjected with 73 mark of 20NHS PEG-MCBSC15S or PBS tree 

times a week from 2 days of agc and enthanized it age of 1749 days and compared to livers 

of age-matched. +1- healthy control mice, 

f. 1sight microscopy 

1:002731 Animals were sacrificed on day 17-19 and liver samples wIneprocessed for 

histological analysis by optical microscopy. The liver parenchyma of the PBS-injected KO 

mice, as shown in FIG. 13.A., Was observed to have slightly irregular architecture of liver 

lobules with moderate to severe steatosis, tbcal-  hepatocellular necroses, and resotptive 

inflammatory reaction, which. is indicated by thearmw, 'flue liver parenchyma of the healthy 

heterozygous trice and 20NHS PEG-htCBS Ci5S4reated KO mice, also gremlin NG. I 3A, 

were observed to have regular liver architect= and minimal anizOkaryosis. 
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1002741 The gamer detail provide,d by a higher magt, nfication of the identical liver section 

shown in FIG.13A are shown in FIG. 1313 with insets showing Oil Red 0 staining for lipids. 

PBS-injected KO mice were-ebserv0 to have micro- and macro-vesicular steatosis, 

anizokaryosis, focal necroses of hepatecytes, and a msorptive inflammatory reaction. These 

features are pointed out by the WOWS, The liver parenchyma of the 20MIS PEG-htCBS 

05S-treated KOmite teas observed to have minimal anizOkaryosis, as evidenced by the 

n lei ofthe 201411$ PEG-htc13$ CI SS-treated KO and the healthy heterozygous mice both 

having regularly sized and shaped with fine chromatin and inconspicuous nucleoli. The 

discrete lipid droplets seen in the cytoplasm of hepatocytes of the treated and healthy mice 

were detectable using Oil Red 0 stain (see inserts in FIG. 13B), 

B. 	Ekciron Itliattwopy 

1002751 Liver tissue froma healthy heterozygous (+/) mouse, a PBS-treated KO mouse, 

and a 400MA PEO-htCl3S CI5S-treated KO- mouse-was also observed using electron 

microscopy at. 3000x magnification. Captured electron microscopy images are shown in FIG. 

14A, in PIG. I4A, the black arrows indicate the rough endoplasmic retieulum (ER), and the 

white arrows indicate mitochondria (MT.) The black asterisks indicate eytmolie glycogen, 

and the double black asterisks indicate nuclei. The white asterisks indicate lipid.(koplets. 

1002761 The +1- mouse was observed to have a binucleated hepatocyte with normal: 

cytoplasm composition and nuclei with normal. morphology. The cistemae of rough ER were 

observed to be slim and regularly organized, and the MT were observed to be normally sized 

and shaped. The nuclei were observed to be regular and normochromatic with inconspicuous 

ITUCW1i. 

1002771 The PBS-treated KO mouse was observed to have steatosis, an increased number 

of cytoplasmic organelles, and. an  irregular hyperchromatic nucleus of the hepatocyte. The 

cytoplasm was observed to be rich in organelles and to contain numerous lipid droplets 

(White asterisks) and. edematous MT. The nucleus was obsetved to have coarse chromatin, an 

irregular outline, and a prominent nucleolus. 

1002781 The 400MA PEG-htCBS -C15S-treated mouse was observed to have a normal 

cytoplasm composition in the hepatocyte and a regular nonnochromatic nucleus. Like the +/-

mouse, the cisternac of the ER were observed to be slim and regularly organized, the MT was 

normally sized and shaped, and the nucleus appeared normal with fine chromatin. 

100279j Electron microscopy images at 8000x magnification confirm these findings in 

greater detail, as shown in FIG. I 4B. In FIG. 1413, the black arrows indicate the endoplasmic 
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retictilutn(ER), and the white arrows indicate -mitochondria (MT). The black: asteriSks 

indicate eytosolie glycogens The 400MA PEG-htCBSCI5S-treated and +/- mice were 

observed to have slim and normally organized rough ER eiSternae and regular MT. The PBS-

treated KO mouse Was observed to be rich in cistemae and wattles. The ER cisternae were 

observed tO have variably increasing widths. The MT were observed to be pkiomotphie and 

swollen-With disorganized CriStat. 

Coinparison of metabolite ituds in plasma and tissues in KO mice rat 18-19 dap ty' 

age 

(002801 Plasma and tissue metabolites were measured in the: groups of Wild-type mice 

(control), untreated homozygous affected KO mice, and ,100M ,A PEG-hta3S CI5S-heated 

1(0 mice. The treated group was administered sUbentimeous injections of 400MA PEG-

.htalS CM- 3.. times per wts.e.k. at a dose of 7.$. mg/kg from the age of '2 days. Plasma and 

tissues were harvested 24. hours after the last injection. Table 15 shows the levels- of Hey, 

qs, Cth, and Met in plasma. 

Table 1S..Metabolite levels in plasma 1p,M* SEMI 

Genotype Treatment Ilotonc”teine Cystat hi onine Cy tine Met hittAint° 

Wad type None 10.1+0.7 211011 237.9;b9.2. 87.7+5.6 

10+1-  Nom 11 .7:::{1.7 1.7.2-'0.1 2.16.8i2.7 93,44;12.6. 
KO Nom*  

20N1TS PtitAnCBS C15S" 
261 4+12.9 0.06:K102 05.4a8.1 41117*51,7 

KO 52.8:6.11 13120.1  211 .7a11 .5 A _99.2+5 
* a'.. a$. t)-valoe 0.0001 0,001 0.0001 00018 

1002811 Table 16 shoe 5 the levels of Hey,.Cys, C di, and Met in liver tissue. 

Table 16. Metabolite levels in liver tissue fintiolsig SEMI 

(;enotype Treatment tiosnoeysteine 4.--:  Cystathiortine c 	Cysteloe   Methionine  
Wild type  Nolte 	  

None 	
1 

9..140.4 24.9:i:7  .g 	  + 	 
257.g :...:13 .7 ; 	"59...7..±2.1 

g..0.ti- 8,4.65,2 204:193 	1 326.7i:147.9 26.9,-;.9.8 

KO 	 None* 63.4.8.6 0410.0,1  1.10.6t13.0 511.1466.8 
K() -20N1IS PR/ -1a1CB14 C155** 22,4i-.3 A 1 8..9tkl.g. 	'g205.2:47.4 .. '.,15.:WA 
* VS:. *46, p-value. 001 0,0005 	I 0.0355 , 00019 

1002821 Table .17 shows the levels of Hey, C:ys, Ctb., and Met in kidney tissue. 

Table 17. Metabolite levels in kidney tissue (moist I SEMI 

Irealment flotuocritetne eysta 	
7 

thiouitie i 	(...:41teitie
"") 
 Methlwahn 

Now: 5, 	0,18 0.67..+1.01 	225.6*10.8 612+132 
Nem 0.920,04 538:0.10 	i 370i:1024 03:9±6.2, 

None* XL 6:47.1 0.47.1:0.06 	1139.8..1/4.34.5 466.2:Al2.8 
20141S PEG-itteali CI 5Ss* 6.16r1:4.42 2560177.5 282.8=t17.1 53.3+2.9 

00460 0.0300 0.3285 0.0216 
(00283j Table 18 shows the levels of Hey, Cys, Ctly, and Met in brain tissue, 

Table 18. Metabolite levels in brain tissue. iiimolsig* SEMI 

71 



WO 2017/083327 
	

PCT/US2016/061050 

Genotype Trtattnettt liolil ocyste t no C sta t h to ni me 	Cyst:Atte Nlet It ion int 
Wild type None +0:0.9 69.0:- I 8.3 	55.t3 3.6 6 Utt El 
KO'" Nom 0.174.02 34,3-..t.-5.0 	5434.1,5 SC6241.2. 
KO None 24./W13 Ll0,3 	51 AO A 616,4i-71,1 
KO 2011:1S1s1F.G-MCBS C15S" 1,1*0.1 83i1,1 	5(8&.3.0 6842K7 
4̀  vs.. *4', p value 003811 001)27 	10,17(0 00015 

Example 14, Effects of continuous administration of .20NHS PEG-MC.8S CISS usintl.an 

ALZETO osmotiejantrip in HO mice  

1002841 ALZEIg osmotic pumps provide steady, controlled delivery of the 20NHS. PEG-

htel3S CBS for a prolonged period of time in fresh and nave HO mice. The litCBS CI5S 

PEGylated with ME-20tX3S. was administrated using four different models of micro-osmotic 

ALZET* pumps, which continuously dispensed a volume of enzyme per how instead:of 

repeated subcutaneous injections: Model 1002 (0.25 Ail% Model 200210.5 014 Model 

2004 (025 glib), and Model 2006 (0.15 p 

[002851 For pain relief, pre- and post-operackely, animals were also administered 

TYLENOL O (2 mglint) ht water bottles ad libitum for 48 hours before and after surgery for 

implantation of theALZETO pump. In addition, the animals meeived 5 mgykg of carpnalen 

subcutaneously every 24 hours, and for 48 hours postoperatively. For anesthesia during 

surgery, 5% 'willow was administered by inhalation and maintained at-2-3%.during 

surgery. While mite were anesthetized, they each received a medical grade ALZETIO 

osmotic pump implanted under sterile conditions in a biological safety cabinet. Pumps were 

implanted subcutaneously in the loose skin area on the ventral side of the neck. Prior to 

implanting the pump, the mice were shaved and the skin area was prepped with 

BETADINE4P, Pump implantation required a small surgical incision (5 mm) made with 

sterile scissors, The incision was closed with wound clips, Which were :ntmoved after 1 week 

when the skin had fully healed. Blood samples were taken at: 4.3, 6, 9,17, 15,19, and20 

days for pinups Model 1002 and 2002. Models 2004 and 2006 of the pumps were surgically 

removed at the end of designated life cycle of the pump (4 and 6 weeks for Model 2004 and 

2006, resp tively)..Collection of blood samples was therefore adjusted for each pump: 1, 3, 

5, 12,19, 26.3'1, 32, 33, and 36 days for Model 2004 explained at study day 30 and 1, 3, 5, 

12,19,.26, 33, 40, 45, 46,, 47 and 50 days for Model 2006 explained at study day 44. Plasma 

samples were used fiu.  determinationof CBS activity inplasma and measuring Hey. C.th, and 

Cys 

1002861 The administered enzyme for :Models 1002 and 2002 was 20M-Ei PEG-11103S. 

C15S at a concentration of 21 uglul and having a specific: activity of 673.9+13.2 IThitg.. 
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these.  experiments, Model .1002:had a.mean pumping rate of 0.2.540.01 ulthr for a period of 

1.4 days and the mean fill volume was 110,7+6,5 pl. The rate of administration of the enzyme 

was 5.25 ftwin of the enzyme,.whieh is equiv.,aleat to 126 pg/day or about 	Iiihr equaling: 

35 Ulday: 

1002871 Model 2002 had a mean pumping rate of 0,48A.02 ullkir for a period of 14 days 

and. the mean fill volume was.207*7 tl. The rate of administration was 0.5 nein of the 

enzyme, which is equivalent to 2$2 Kstiday or about 7 Lithr equaling '168 tliday, 

1100288) FIG.  15A is a graph-  cOmparing the plasma levels of Hcy and Cya between 'HO 

mice implanted with either a Model 1002 or a Model 2002 .ALZEn osmotic: pump. An 

overlap of metabolite levels in the plasma of both groups was Observed: FIG. 158 is a graph 

comparing the specific activity of the 2ONHS PEG-htCBS 5S in plasma atler continuous 

administration with either a Model 1002 era Model 2002 AU:En osmotic pump. CBS 

activity in plasma of:HO:mice implanted with Model 2002 pumps was Observed to be 

roughly doubled compared to the mice implanted with Model 1002. However, twice the 

amount of CBS activity in plasma of mice implanted with the Model 2002 pump resulted to a 

similar improvement: of plasma metabolites as was achieved in mice implanted with the 

Model 1002 pump and having roughly half of the plasma CBS activity compared to Model 

2002 group. 

1002891 The administered enzyme for Models .2004 and 2006 was ME-200GSPEGylated 

htCBS C1.55 at a concentration of 18 n/ ' and having a specific activity of 6232+16A 

Wing. Model 2004 had a mean pumping rate of 023+0.01. plAir for a period of 28 days and 

the mean fill volume was 237.7+0 i.d. The rate of administration of the enzyme was 4.5 

ngittr of the enzyme, which is equivalent to 103 ugiday or about. 2.8 TAT equaling 67 liiday. 

The AtzEiv osmotic pump Model 2004 was explained at 30 days. 

1002901 Model 2006 had a mean pumping rate was 0.15+0M pt/hr for a. periOd of 42 

days, and the mean fill volume was 237,2+3.0 ul, The rate of administration of theetazyrno 

was 2.7 ggshr of the enzyme, which is equivalent to 65 us/day. mahout 1.7 Mir equaling 40 

U/day. The .ALIETO osmotic pump Model 2006 was explained at 44 days. 

10412911 MG. I SC and FIG 1 51') show graphs comparing metabolite levels and CBS 

activity, respectively, in the plasma of mice that: have been.  administered20NOS PEG-InCBS 

C:1  5S with either Model 2004 or Model 2006 ALZETli osmotic pumps. Despite Model 2004 

dispensing 67% more enzyme than Model 2006 pump, both groups of mice were observed to 

have similar plasma. metabolite, profiles. The plasma KIWIS of Hcy were observed to be 
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substantially reduced its 20N1S PEG -htCBS C l5S-treated mice, yet there was only a modest 

increase in Cys plasma levels. 

Example 15. Loun-term continuous administration of 20NIES PEG-litCBS CMS  

prevents osteoporosis in 1(0 and 1275' mice 

[002921 'The effects of long-term continuous administration of 20NHS PEG-htCHS CBS 

in KOandI278T mice was analyzed using dual-energy x-ray absorptiOntetty (DEW using 

the protocol in Example 1. 

A. 	Bop m mineralization and in* composition in KO mice 

(Q M" The bone mineral density (BMD) and bone mineral content (BMC) were analyzed 

by. DEXA for three groups of 	healthy heterozygous controls (ir--44M-i-61), affected 

KO controls (n=5M+13F), and 20NHS PEG41nCBS 0155 (C15S/ME,2€0GS)-treated1(0 

mice (n=6M+15F). The 2ONHS PEG-InCBS 5S-ntated mice were administered 7.5 mg/kg 

subcutaneously (SC) time times a week from day 2 to about- 5 .months, All -/- KO mice were 

treated for :theinitial. ..5W (from 2 to 35 days of age) to prevent neonatal lethality. 

1002941 Ha 16A, Fla .168, -FIG. 16C, Fla 16D, and 'Fla 16E are graphs comparing 

BMD (glont2)-, BMC (g). total mass (g), lean mass (g),. and fat content (%), respectively, 

among the three groups of mice. Table 19 provides the P-values used to determine 

significance for the difterices in the treated group eompated to. the two control croups. 

Table 19. P-Nalues for DEXA determined parameters in KO mice 

I 	BMD .BMC Total mass Lean mass Fat content ' 
+/- ttimitliy vi. -;•• a1TecWil 	1 	7:11.001. 

i 
0.011 0.043 0.675 <0.001 

+;‘• heal 	y mgrols v.i. tmtti...d 	1  0..006 0,609 0.749 0.160 0.071 
i- affected ixmtrols vs. to 	red 	1 .'11.001  <0,001 0.027 0.049 0.045 

1002951 A P-value of 0.05 was set as a threshold to determine significance. The treated 

group had a significantly higher BMD than both control groups. The treated group also had a 

significantly higher 'SW, total mass, lean mass, and fat content than the knock-oat control. 

Therefore, treatment of KG mice with .20N.H.S PEG-htCBS CI5S completely prevented 

profound osteoporosis and improved body composition (total mass, lean mass & fiat content). 

Pkunta meiabolitas in KO mice 

1002961 In 7.0NRS PEG-ht ES C1.55-treaterl1C0 Mice, the *mita levels of Hey, C.0), and 

Cys were measured biweekly over the course of the study and are shown in FIG.. 1.6/7„ A 

blood sample was initially taken atday 41 (does not represent: a true time zero, rather 

metabolite levels 72 hours after inieetiOn), then beginning at day 45, a sample was taken 

every two weeks. The level of Hey (middle line) was observed to decrease from about 180 

WA at day 45 to about 90 tilvi attar 45 and remained steady at those levels throughout the 
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study. The level of Cvs (top line) normaliml with the treatment from less than 100 fiN1 at day 

45 to about 200 jiM at day $5 and sustained over the course of the study. The level of Cth 

(bottom line) oscillated around 50 uNI throughout the duration of the study. 

100297) Plasma metabolites were determined wing the same mice/;groups as described 

above. The endpoint levels of metabolites Hey, Cth, CNys, and Met were determined 24 hours 

after the last injection to the 2ONHS PECi-htCBS C1.5S-treated KO- Miee (right bar for each 

metalxilite) and compared with untreated healthy +1- (left bar) and affected KO mice 

(middle.bar), as shown in. PIG. 160. Table 20 provides the P-values used. to determine 

significance for the differences in metabolite levels in the treated group owed 	two 

control groups. 

Table 20..P-values for metabolite level changes in KO mice 

I Hey COI Cvs Mrt 
bealtiw cootro1s vs. -frtnttted controls (1).001 <9,001 0.1B 
btAllw cortirol 	fivate.ti 4.3:001 0.024 0.039 

affecW controls is. 4- UMW 0.005 0,005 0,005 0.016 
1002981 A P-value of 0.01 was set as a threshold to determine significance. The levels of 

Hey were observed -to drop significantly, eth levels were observed to increase significantly, 

and Cys levels were normalized in KO mice receiving 2ONHS PEG-InCHS C-1 5S compared 

to the untreated KO mice. The Met levels were observed to be slightly elevated in untreated 

KO mice, but not significantly different among the groups. 

1002991 Therefore, continuous long-term administration of 2ONHS PEGAUCHS CI SS to 

KO mice was observed to significantly improve Hey, Cth, and Cys plasma levels compared 

to the untreated KO mice. Plasma levels of Cys were normalized (i.e. not significantly 

di Bent from) to the healthy •ti-- mice values. Metabolites data were observed to correlate 

with the determined phenotype by DEXA. 

Bone mineralization and bodycomptisition rn .1278nsice 

003001 1.11e bone mineral density (BMD) and bone mineral content (I3MC) were analyzed 

by DEXA for three groups of 12781 mite: healthy heterozygous connols.(n.--10M+1 IF), - 

S.- affected homozygous.12781 controls .(ti=6M-4-8F),..and2ONHS Pair-htCBSCISSAreated 

12781 mice (tr6M+6F), The 2ONHS PECi-htCBS-C15S (C15SIME-2000S)-tteated 

mice were administered 7.5 mg/kg subcutaneously (SC) 3 times per week from the age of 6 

months IT 14.) the age of 13 months, Fla 17A, Fla 1713, FIG. 17C, MG. 17D, andFIG. I 7E 

are graphs -comparing HMO (glen?), .BMC (g), total mass (g), lean mass (g),-andfat content 

e, o, respectively, among the three groups of mice. Table 21 provides the P-values used to 

determine significance of the differences in the treated group compared to the control groups. 
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Table 21. P-vaittes for DENA determined parameters in 1278T mice 

RAID BBC Total Lego MUSS 
moss  

• ... 	  
Fat contou 

ti- healthy k.' 	̂i• Armlet.) 	 -•:0.1101.  A 001  `^0001.00)1  <0 MI  
+/- Imaittly contivhi vt 4.- trealoil 0.473 0.812 <0.001 	Ta7 <0.001 

. afTecto.t controb n. -/- Ovaitti <:#1.(C 4).001 0,027 	0.331 <UM 
1.003011 A P-value of 0.05 was set as athreshold to determine significance. All DEXA 

determined parameters were siunificantly decreased in affected-12781 mice compared to 

healthy heterozygous mice. The treatment of 1278T mice with 2ONFIS. PEG;htCBS CI.5S 

resulted in a significant correction of all parameters except amount of lean mass compared to 

untreated 1278T mice. In fact, bone mineralization (BMD) values were observed to be 

indistinguishable between healthy heterozygous controls and 2ONEIS PEG-WM.0,5Sr 

treated 1278T mice. Therefore, treatment of 12781 mice with:20NHS PEG-htCBSC15S-also 

prevented profound osteoporosis and improved body composition (total mass, tem). mass & 

fat content). 

11 	Plasma metaboliia-in12781miee 

1003021 Plasma metabolites were determined in the same mice groups as described above 

and compared to each other. The plasma levels of metabolites Hey, Cth, Cys. and Met are 

shown in FIG. 171. The left bar represents the level of metabolite for +/ healthy controls, 

and the middle bar represents the level of _metabolite for -/- affected controls. The levels of 

each metabolite in ?t31 }IS PEG-htCBS CI 5S-tivatcd mice is represented by the right bar. 

Table 22 shows: the P-values used to-determine significance for the differences in plasma 

metabolite levels among the 4.11444 controls; 4-affected controls, and 2ONHS PEG. 

htCBS CBS-treated  :1278T mice. 

Table 22: P.values of changes in plasma metabolites 

He v 	4, 	 C.111   Cv s  
4'  0.02) bita1tIty v6. 	ffeettui 	<0.00) 	0 667 	<0.001  

-t•i- healthy controls. v nv s. atod 4).001  
:,;.:(1)Z1 	

,4).001  0  
,•:0.011t 	

. 140 
arktted controls vs.. twatt\I 	<PAM 

1003031 A P-value of 0.01 was set as a. threshold to determine significance. T.tH)(e.'.'11(:s1,els 
Hey were observed to decrease significantly, Cth levels were observed to increase 

significantly, and eyszlevels were significantly improved, but not normalized, ira T2781 mice 

receiving 20NRS PEG.htcBS CBS compared to the untreated affected 12781 controls. The 

Met levels were slightly elevated in untreated affected 12781 mice and were significantly 

normalized to -1-1- hetemzygous mice levels in 112781 mice after treatment. 

1003041 These results arc similar to the results in the DEXA study with KO mice,. except 

that normalization of Cys levels to +S. levels was not observed in the treated 12781 group. 
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Therefore, continuous long-term 2ONHS PEG-htCBS CI 5S administration to 1278T mice 

significantly improved Hoy, Oh, Cy; as well as Met plasma levels compared to untreated -/-

homozygous affected mice. These metabolite data were observed to corroborate the 

phenotype assessed by DMA. 

1003051 'Therefore, long-term continuous administrationof2ONHS PEG-InCBS CBS 

prevents osteoporosis and. improves body composition ittherth KO and 12781' mousemOdels, 

and is efficacious to improve metabolite levels that: are associated with homocystinuria. 

Example 16. Continuous lone-term administration or 'AMAMI PEG-htCBS Cl5S 

improves liver metabolism and function, reduces inflammation, and normalizes plasma  

lipids in 1278T mice 

1003061 Administration of 200MA0B PEG-InCBS CI5S to 1278r mice was observed to 

improve liver glucose metabolism, redox. status, and methylation potential as well as lipid 

metabolism. Liver fitnerion was observed to be unaffected, and the inflammatory cytokines 

and plasma lipids were observed to be normalized by the treatment. 

A. 	gifixis of tang-Senn adminionnion Q120044A0BPE04001S Cl5S on liver finctiim 

and lip hi metabolism in/278T mire 

1003071 Plasnia biotnarkers were. measured in 12781 mice following long.-team treatment 

with-200MAORPEGAtCBS_CI5S to analyze liver funetion, inflamnurtion, and plasma lipid 

!Oki& Three groups of12781 mice were analyze& 41- healthy heterozygous control (ir::3). / 

affected homozygous control (rP3), and 200MAOB PEG-htCBS CI5S-treated 12781 mice 

(n 3). The ?AMAMI PEG-MC.8S CI 5S-treated mice were administered 7.5 ritylg 

subcutaneously (SC) 3 times per week from the age of61nonths- up to the age of 13 months.. 

The enzyme activities of Martine aminotransferase (ALT), aspadateaminotransferase (AST), 

and alkalinephosphatase (ALP); the concentrations of cytOkincs 	(p40), 1142 (p20). 

1L-13, G-CSF, MC.P-1_, and TN F-n; and the. concentrations of 	lipids (totaL_HDL and 

LDL cholesterols, and triglyearideS) were measured in plasma (results not shown).- Liver 

function was observed to be unaffected as the AST, ALT and ALP plasma aetivitierwere 

within the reference range. The inflammatory cytokines, particularly 11.:42 (p40).and1143, 

were observed. to be elevated in untreated 1278T mice and norm alind with the treat group. 

The plasma lipid panel showed that untreated 12781 mice has significantly higher total, HDL 

and LDL cholesterols, while substantially decreased triglyeerides compared to healthy +/_ 

controls. The lipid profile was entirely normalized in 200MAOB PEG-MCBS C155-treated 

1278T mice. 
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B. 	Effreis`'tang-ierm 	 0,1100M:40B PEGACBS 0,5 'tin liver 

melabolism.ik 1.2782' !WM 

1:(03081 In addition to biomarkers described above, nuclear magnetic resonance (NMR) 

metaholornica was perfonned to analyze liver tissue of the same mice to investigate the effect 

of 	treatment with 200M 0B PEG-InC.BS C15S on 1278T mice. Metabolites from 

liver tissues wen extracted into bydrOphilie and lipophilic solvents and quantified separately 

rasing MAR. 

I00309 The concentrations of glycogen, glucose, glatathione -KISH), total ulutathione, and 

methyt-groups in the hydrophilic fraction are shown in FIG. 18A. The left bar represents the 

concentrations in +/- healthy controls, and the middle bar represents the concentrations-

affetted controls. The concentrations in 20NHS PEG4nCBS Cl5S4reated miceare 

represented by the right bar. For the hydrophobic fractionohe total unsaturated fifty acids 

(UFA), wilyunsaturatr...d fatty acids (RNA), t-fatty 	(CH2)„ lipids, and total lipidsare 

shown in FIG. 1813. The left bar represents the concentrations in +- healthy controls.. and the 

middle bar represents the concentrations in affected controls. The concentrations in 

20NFIS PEGcbta3S C1.5$-treated mice arc represented by the right bar. Administration of 

200MA0B PFD-htCBS CI 5S 10.1278T mice was observed to improve liver glucose 

metabolism, redox status, and methylation potential as well as lipid metabolism. 

Example 17. Lone-term treatment with 2ONHS PES-InCBS COS improves eve defects 

in 1278T mice  

(003I01 The changes in metabolite levels in plasma were measured in 1278T(+0 healthy 

heterozygous control mice, untreated affected homozygous control mice, and `2ONHS 

PEG-htCBS CI5S-treated -I- homozygous 12781 mice. The 2ONHS PEG-htCBS C I5S 

(C15SPME-20905)-treged mice vo7ere administered 7.5 ma/kg subcutaneously (SC) 3 times 

per week. from the. age of2 days up to the age of4 months. Changes in plasma metabolite: 

levels front 6 weeks to 4 months arc shown in .FIG. 19A. Levels 	beginning at 72 

hours after the injection as mice were on the treatment from 2 days of age. 

1003111 As expected, the untreated homozygous 12781 control had significantly elevated. 

Hey level and reduced Cri level compared to the healthy heterozygous controls as shown .in 

FIG. 19A. The Hey level in the untreated homozygous-1278T mice fluctuatedaround 4001.1M 

to 440 ttN1 during the study, which is evidence of a continuous accumulation of Hey dud to 

the lack of functional CBS. In the 2ONHS PEG-InCBS Cl5S-treated.1278T Mice, Hey level 

decreased from 230 11M. to about 70 gait: and maintained this level throughout the rest of the 
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study, In addition., activity of 20M1S PEG4nCBS CI 5S resulted in ziccumulation of plasma 

Cth to around 50 nM throughout: the study and more importantly normalization of plasma 

Cys levels to around 230 MM, which was maintained throughout the study. 

100312j Eyes from 1278T mice were analyzed and compared among the three:groups. The 

healthy heterozygous control and the untreated -b-affected 12781 control are competed in 

FKI. 1913 and FIG. .19C, respettively, the untreated homozygous control was observed to 

have. fewer and thinner zonular fibers;  which terminated at: the lens equator just above the 

meridional rows and did not Vow on the posterior surface of the lens, in the samples from the 

20NHS PEG-htCBS C OS-treated mice shown in FIG. 19D and FIG, 19E, enrichment of the 

density of zonular fibers and signs of "regrowth" of zonular fibers onto the back surface. of 

the lens were observed. These observations are evidence that long-term treatment with 

20NHS P.EG-ht.C.13S C l SS  had a positive effect on the eye defects in the 1278T homozygous 

mice< 

Example 18. Combination of administration of 20N'HS PEG-htCBS CI5S and a Met-

restrkted diet normalizes Hex levels in 12781 mice 

1003131 Adietstudy was .performed in 12781 mice and. analyze them Plasma metabolites 

of 10. weeks 	+/- 1278T (control). 127131 (negative. control), and treated with 

20NHS-PEG-htPBS (0148) niiee, Each group was further diykled. into subgroups; one on a 

regular diet (82 g/kg Met TDM1084 diet ÷-zine. water) (REG) and one on arnethionine 

restricted diet (0.5 sikg :Met ID.110591 diet betainc water)-(MRD), Treatment was begun 

at W.5 Of age, 

10(13141 FIG. 20A. shows the levels of Hey among the 6 groups. A high level of Hey (356 

AM, which is consistent with the experiments above using 1278T mice) were observed in -I-

mice on a REG diet. Tice level of Hey was observed to be substantially lower (51 1,1W:in-the 

treated group on the REG diet,„krelatively high level of Flo (41 RAI) was also observed in.- 

mice on a MRD diet, which was normalized by the O1'-58 treatment (2 AM versus 4 gIVI its 

+1- on MRD). 

1003151 HU. 2013 shows the levels of Cth among the 6 groups. A high level of Oh was 

observed in the -/- OT-58-treated mice on both diets, 113 AM for REG vensus 10 AM for the 

MRD diet, and the level was higher in mice on REG diet due to substrate availability. A 

similar trend between REG versus MRD diet was observed for the remaining groups, 

is evidence that high levels of Cth (particularly in on REG) oesult from the diet I. believe. 
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1003161 FIG, 20C shows thelevels of Cys among the 6 groups. Cys levels were observed 

to be substantially decreased only in mice on a REG diet, while a MRD diet and/or 0T-48 

treatment was observed tonormalize plasma levels of Cys. 

1003171 FIG. 20D shows the levels of Met among the 6 groups. Plasma levels of Met were 

observed to be high (1313 Am) in mice on a REG diet, which had not been previously 

observed. in .1278T-mice on a standard diet. Such a bigliesh level of Met had only been 

pnviously observed in Di 7-19 untreated CBS KO mice. The high Met levels in -/-1278T 

mice on a REG diet receiving PBS injections was likely the result of a higher content. -of Met 

in REG -diet used as.control diet in this experiment compared to the STD diet: provided by the 

animal facility, 

1003181. Nevertheless, OT-58 ntatment in 4- mice on a REG diet was observed to decrease 

the level of Met (201 gMito fifi tM) substantially, though it did not TIOMIaline the leve/s. Met 

levels in mice on MRD diet were observed to he normal or lower than normal showing only a 

slight effect from treatment 

1003191 Therefore, the conahination of a Mc restricted diet and administration Of 20NHS 

PEG-htCBS CI 5S was observed to normalize metabolite levels.M:1278T mice. Co. 

administration of 20N11$ PIX1-.1uCBS CI.S$ (OT-58) withan unrestricted (not just eased) diet 

in homocystinurie subjects. resulted in a reduction of Hey to 59 04. 

Example 19: Pharmacokineties of 20M  IS PEG-IttCBS 0135 in rats 

A. 	Single dose phannacokinetim 

1003201 In order to assess the pharmacokinetica of 20NHS PEG-htcBS CM in rati„..:*ikl. 

type Sprague Dawley rats were injected with a single dose of 20NHS PEG-htCBS 

through intra-vascular (IV) or sub-cutaneous (SC mutes. Three separate single dose PK. 

studies wen, combined using an identical or very similar study design as those shown in 

Table 23, The design of a third (repeated dose) PK study (groups 7-9) was adjusted to allow 

extraction of data after the first dose and thus their combination with a sinale dose PK study 

(groups 1-6). Plasma was collected at designated times as listed in Table 23 and analyzed for 

CBS activity rasing methods detailed in Example 1. 

Table 23. The design of single dose (groups 1-6) and repeated dose (groups 7-9) PK 

studies on Sprague Mosley rats using .20 MIS PEG-MC.8S CI SS 

Group Raft ominy,)  Route DOW 
(tuol1ag1 

Sampling 
(hours po4 first Infection) 

I. IV 4 (% 0.0C1, 0.167,. 0.25., 0,5, 1.2, 4, 8, 12, 24, 72.120 
2:1412F SC  

SC  2,4 
+ 
	,8 	 

0, 0.5, 2. 4, 8, 12, 24, 48, 7Z 96, 120, 168 
_ 	 

4  3 MA)F €V 4 I, 0.083, 0.167, 0.25, 0.5, 1.2, 4, 8, 12, 24, 72, 120 
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. 	.. 
i:-. 	

:., 
6 
	 SC  

SC 
8  

 24 0, 0.5., 1 	, 12,12, 24, 48, 72, 96, .120, f 68 

7 311413F  
8 Onaiii) + SC 8 Main sup 	0, 24„48., 240, 264, 2$8, 312, 336, 360; 3'84, 405 

3M,I F • • Rt.v..6very glows:: 0, 8, 12, 32,38, 404, $32,IN 527, .577  f 
SC 24  (sv.towly) 

1003211 The specific activity of 20MIS PEG-InCBS C I5S in maic and &vale rats after a 

single IV or SC bolus dose of 4 (IV), 4 (SO, and 24 mg/kg (SC) are shown in FIG. 2IA and 

FIG. 21B. Results from administration of 20NHS PEGilitCBS COS via IV infection  -to male 

and female rats was almost superimposable. However, substantial differences were observed 

between males and females after a single administration of 8 or 24 nag/kg of2ONHS PECI 

htCBS C1.55 Via SC route. PK. parameters- for bothIV and. SC routes in miles and females 

calculated from the results in FIG. .21A (4 nigikg IV) and FIG.21B (8 mg kg and 24 .144 

SC) are Shown in Itible24. The bioavailability 20NHS PEG,htCBS CISS from SC in rats 

was strongly sex-dependent with males absorbing less (19-2 1%) than females (about 36%), 

and the bioavailability was substantially lower in rats compared to what was observed in HO 

mice (52-83%). 

Table 24. PK parameters of 20NIIS PEG-lita$ CMS in Sprague Dawley ritts 

PK Parameter Unit SC 
Milt% 

SC 
Tema le4 

SC 
nolo 

SC 
rtittitleg 

IV 
mak* 

IV 
tOtrittlet 

Dow '3.V.I8 $ $ 24 24 4 4 

	

A1.1C04 (okn mu) 	ii11-14t1 
- 	- 

2703 4505 9269 13135 7231 6165 

A..;t444.w,. 	rOU-Wpikaigli.g) 338 563 386 547 1808 1541 
%Availability 	".?4 

tf,:,,k 	 lh  

18.7 

14.6 

36.4  

8.0. 

21.3 

13.6 

35.5 

13.0 

100 

N/A 

100 
N/A 

1.1,,?.,t 	
i
th 44,2: 40.1 51.2 41.1 40.0 34.8 

1:1br; AO 	Jt ot- 24 38 48 N/A N/A 
1 	. 

cm: 	 irtillipl 32,7 58.2 110.0 166.3 N/A N/A 

co 	 ish13.1.0 N/A. N/A N/A N/A 182.1 186.2 

.i....m.v,doe 	rd1111111(114410 4,1  7.3 4.6 6.9 N/A N/A 

Nita Om) 	ill 65.6 76.8-  66:1 	- 70.8 52.9 45.5 

B. 	Repeated dose phormacokindics 

1003221 To further evaluate rats as a species for conducting long-term toxicity studies, the 

.pharmacokinetics of 20NHS PEO-htCBS CI SS was determined in three groups of Sprague 

Dawley rats.receiving a total of 9 SC igiections every 48 hours of either 4 raglks (low), it 

tam//kg (mid), or 24 mg/kg (high) 2ONHS PEG-htCBS C155. The study design is outlined in 

Table 23. The experiment was conducted for a length of 24 days. Plasma was collected and 

analyzed for CBS activity using methods detailed in Example 1. 
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1003231 The CBS specific activities for the repeated dose PK study plotted over time are 

exemplified on mid-dose 8 ing/kg, as shown in Fla 21C (Similar phenomena was Observed 

for low (4ingikg) as weft as high dose (24 naglkg groupS). The arrows indicate an injection. 

No accumulation of CBS activity was observed in plasma, and a substantial decline in peak 

CBS activities was observed after the first 6 injections was obserVed. This unexpected 

inability of rats to achieve predicted steady-state levels of CBS activity in plasma was 

observed to be more profound in males than .females, most likely due to their decreased 

bioavailability (see the single dose PK data above). The substantial attenuation of CBS 

activity in the subsequent administrations of 2ONHS PEG-htCBS C155 was likely due to an 

immune response, which was evidence that rats arc not a suitable species for long-term 

toxicity studies. 

Example 20. Ph a rata okinetics and nharmacoavnamics of 20MS PEG-KtCBS ..15S in  

mottkey§ 

1003241 To evaluate a non-human primate model for long-term toxicity studies and to 

estimate of human efficacious dose via allometric scaling, pharmacokinetic and 

phannacodynamic studies of 20NHS PBGAtCB$ COS were conducted in wild type 

cynomolgus monkeys (MacocofasvcicutortS). 

A. 	Single &no phonnacokineties and phdrmacoclvnamic 420MISPEG411CMCI SS is 

monkey 

1903251 For the single dose PK study, three experimental groups of 4 (trz2M+2F): 

monkeys each were used to conduct the experiments.. The first-group received 2 mg/kg 

2ONHS PEG-MCBS C 155 via IV injectiOn. Blood was collected at 0, 0.083, 0.16, 0,25.0.5, 

1,2, 4, -8. 24, 72, 120, and 192 hours post IV injection. The second and third groups-received 

either 2 ingle or 6:  mg/kg NHS PEG.-InCOS CI55 via SC infection. Bloodwas collected at 

0, 1,2, 4, 8, 24, 48, 72, 96, 120,192, 240, and 336hours post SC injection. Collected plasma 

was analyzed for CBS activity and. sulfur amino acid metabolite (homocysteine, cysuithionine 

and cysteinc) levels were determined using, methods described in Example 1. 

1003261 The CBS specific activity over time curves in monkeys after leceiving a single 2 

mg/kg dose of W.administration or a 2. twig or 6 mg/kg dose of SC administration of 

20NH$ PEG-htCBS C.15$ are shown in FIG. 22A. The calculated PK parameters for both IV 

and SC administration after a single injection are summarized in Table 25.. The bioavailability 

of 2ONHS PEG-htCBS Cl5S in monkeys was calculated to be approximately 80%, which is 

almost identical to the bioavailability in HO mice administered with. SC dose of 5 maikg 
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(83%), The elimination balf-life of :20NFIS PEG-InCBS CISS from plasma in monkeys was 

calculated to be 6'7 hours from the IV dataset and 73 hours from the SC dittaset. e F  was 

calculated to be 40.8 miNul., at an SC dose 2 ingiks and il4„9.mUipt, at an SC dose of 6 

naglkg., 

1003271 Table .25 lists PK. parameters.obtained from a single dose experiments conducted 

with,20NHS PECAUCBS Cl5Sin monkeys. 

Table 25: PK. parameters atter a single IV and SC injection 01•20MIS PEG-htalS CISS 

to a evnomolgus monkey 

PK Parameter Unit: SC SC IV 

Dose Ing;kg 2 6 2 

AUCO-1 (hs area) rata-hitil 3261499 15743±629 5942±156 

AUCO-Ctiose tatj40.11/(sogrkg) 270±160 2727±119 2971±78 

Bloar$silubility % :80144.7 
e. 	 

79.9±3.5 100 

Ma-A h . 7.9+1.0 9.7±1.0 N/A 

ill.1-E h 719±1.1 72.8±1.7 66.7±1.2 

tom fitbs) h 2621+:2.6 32.4±2.4 N/A 

gossa. tnil/A1 40.$4.0 114.9*7.5 N/A 

cp0 a£41 NIA N/A 96.5±2.8 

tmt,/(lew O3Li=AL/Ong:4!) 20.4i=1.0 19,211.3 N/A 

>Wirt Oren) h 11634:2.4 1162i5A 894314 

[. CL (Om wren) 1414 NA N/A 933-43 

(003281 Since the inimted monkeys were healthy wild-types and bad naturally low-Hey 

levels (3-5 PA compared to I 50-5(a) ltM in marine models of houtocystitunia),, a 

pharmacodynamics effect after a single IV or SC use of 201\11-IS PEO-htClIS C I5S was not 

expected. No significant changes in plasma levels of Heyand-Cys were observed in injected 

monkeys. Flowever„significant spikes were observed in plasma of Cth 8 .hours after IV 

administration, and 8 and 48 hours atterSC administration compared to the initial levels, 

which was evidence of a PD effect even in unaffected healthy monkeys (FIG. 2213).. The 

spikes in Cth plasma. levels likely originated from the administration of 20NIIIS PEG-titCEIS 

C1SS because CBS is the only enzyme known to form Cth. In. addition., CBS enzyme does 

notoottnally divulge and function in the plasma. Cth formed in plasma by administered 

2ONVIS PEO4itCBS CISS was observed to be cleared more slowly than Cys or Hey. 

Theteforeclhe metabolites; particularly Cth, were further monitored in a multi-dose study to 

determine Whether the observed Pi effect were more pronounced or dose-dependent. 
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B. Repeated dose pharmacokinencs mid pharmacodynamies of 2.01171.S IWG-hICBS 

C. 1 5S in monkeys 

I:003291 Repeated dose experiments were peribrmed in which three groups of 4 monkeys 

(IM+IE in Main subgroup and 1M+ If in resod 3,  subgroup) received a total of 6 

conseentive SC doses every 72 hoUrs of either I rivikg (low), 3 ma/kg (Mid), or 10 mgt 

(high) 2O NHS PEG-htCBS.C15S. BlOodwas tolleeted from monkeys in main subgroups at 0, 

32, 72, 104,144, 176, 216, 248, 288, 320, 360, 392, and 408 hours post .first injection, while 

the animals in recovery subgroups were bled at additional times of 432, 456, 480,.528, and 

696 hours post first injection. Plasma was collected and analyzed for CBS acth'ity and sulfur 

amino acid (homocysteine, eystathionine, cysteine, lanthionine, and homolanthionine) levels 

using .methods described in Example 1. 

003301 The 20N IS PEG-htCBS CISS specific activity over time curves for low (I 

aigiks), mid (3 nag/ kg) and high (.10 tnelks) dose groups after 6 consecutive W.I./14=6ms 

evt,sry 3 days are shown in Fla 23A. The subcutaneous administration of 20NIIS PEO-

htCBS C15.S.to cynomolgns monkeys led to predictable and dose-dependent: plasma levels of 

CBS activity after 6 doses given every 3 days for 16 days. In contrast to results in the rat 

repeated dose PI study,. no attenuation of CBS activity was detected after repeated 

administrations of 20NHS PEG-htCBS C15S-  to wild-type monkeys., Each subsequent 

administration of the enzyme resulted in a completely predictable accumulation of CBS 

activity in plasma and essentially reached steady state levels after first: three dose& Further 

dosing was observed to maintain the steady state, where the rate of elimination was' 

equivalent to. the rate. of absorption leading to constant peak and trough plasma levels. The 

mean peak plasma concentration at steady state (c„...,,) was normalized for doses ranging 

from 361039-niU/01 and the trough plasma levels normalized for doses at steady state (emi„. 

„.„) ranging from 23 to 28 mu/pl. The elimination rate of 2.0NHSPEG4HCBS CI.SS was 

observed to be loplinear thus conforming to 'first order kinetics such that- the time required 

for half the plasma 2ONHS PECi-htCBS CISS activity to decrease was constant (data not 

shown). The elimination half-life was estimated* the recovery animals after the last dose at 

day 16 and was between 49 and 6$ hours, 	similar to the half-hie observed in monkeys 

after a single SC dose of 20N/IS PEG-htCBSC15S (73 hours), which was evidence that 

multiple doses did not. change the elimination rate. 

100331
.
1 The plasma levels of cystathionine, a biomarker &lurid indicative of .0NHS PEG-

htCBS.C15S-actrVity evatin .unaffected healthy monkeys (see single dose monkey data). 
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Results in monkeys receiving 6 injections 72 hours apart for low (1 mg k, mid (3 mufkg), 

and high (10 mm/keg)  doses arc presented in FIG. 23B, The levels of Cth correlated well with 

peaks and troughs of 20 NHS 'PEG-hteBS Cl5S activity in plasma and were observed to be 

dose -dependent as welt. No clear differences were observed between dose groups for 

homocysteine and cysteine (data not: shown), 

1003321 ln addition to thicedier cyStathionine pioduced. by CBS, two thioethcrs lanthionine 

and homolanthionine, Mt/eh- wen! chow as surrogate markers of hydrogen sulfide 

production, were :measured. in monkey plasma samples from repeated dose study at selected 

time poins. Hydrogen sulfide is an emerging. and Minot-Wt. signaling molecule in many 

physiological processes and thus has been studied extensively in meft years for 

therapeutical applications., 

1003331 Table 26 presents the plasma levels of cystathionine, lanthionine, and 

homolanthionMe in wild-type monkeys after repeated administration of 2f1NHS-PEG4atCBS 

C 1 SS at different doses via the SC. route, Metabolite levels at 0 hours (pre-dose), 176 hours 

and 39.2 hours after the first iniv.nion are reported. Data are presented as mean -zt: standard 

error of the mean (SEM) in tM (n=4). 

Table 26. Plasma levels of thioethers eysthathionine, lanthionine and homolanthionine 

in monkeys after repeated administration of 20N IS PEG,MCBS CBS 

Metabolite 
I mg/kg 3 tnt/kg lit mgiIig 

0h 1761t 392 It 0h 1'71h ' 	3',4211 _ 	0h 176h 1  392h i— 
9$2 4010 4272 9n. 5629 5503 952 709R 931$ 

#Cyst*tttkvim X72 •.:Q.36 *313 *72 *284 *WO *72 *I 2 *288 
Imithionitte 25*2 1 460 6%7 25,+,2 103:3:7 10% 25*2 2k1 1,:z43-  353•08 
flonuAanthionine 38*$ . 6,67 126:5 ?g :5 64*4 60i:10 IR*5 50*3 530 
[0033411 Repeated administratio t of 20NHS PEG-htCBS, CI 5S to wild-type monkeys was 

observed to increase plasma. levels of cystathionine and-lambionine, but levels of 

homolanthionine were not significantly affected. The increase of -cystathionine and 

lantinoninemazi---obsvmd. to be directly proportional to the dose, and the dose dependency 

was observed to be Wore prorni:nent for Ianthionine than cystathionine. 

LCAISAIS CMS activity 0$440-,  

LOOM The .bioanalytical method developed using LC'/MS/MS for the detomination of 

cystathionine M+41 as:produo of the CBS activity,  using cystathionine M+8 (QD) as an 

internal standard has been developed and validated for both monkey and human plasma 

.samples and those= be used to determine CBS activity in samples front pharmacokinetic 

and toxicology studies as well as clinical trials, The enzymatic assay,  was essentially 

performed as described in Example .1 with thefollowing- Modifications. Deuterated D,L« 
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boinocysteine 	 as riset initi.ate theTc!pOiti:widt.:0143P*11.,-setitm.itt dip:mg:40p. 

mixture. After 30 min inettbation at 37T, tila...t.tnzyinatic reaction was stopped by 

_acidification  using 6.N MCI 	labeled pmduet of the reaction. (cystathiouine Nit-4) WU 

4-,:.xtracted using EX. finst kit (Pherionicuex, USA). Briefly, 50 	of sample (calibraion 

standard, QC sampk s:>E' erizyinatic re:,iction) was mixed in tube on ice and protected frott.. 

light with J. 00 	attelualloodayd sohition fcystathimaitleAl.i., 0.2.5 ot,s4II) and 250 

.•*tittr. The mix ** eAtt-amd 	MCX cartri4t:., cohftegts (Watus). Einied medium. (61'4 

Immhnia moht.tnel/ t,N.:as evaporated to dryness at 45T 'rho dly residue was disso/ved a. 

:titient medium of the EZ: faast kit, dc ri:iiiized. and liquid-liquidoltaOte:d followitv'the 

mantnItotit's protoc-o. 	phaselrotractiona5,.twfomativ..;x1:.with es_trxtioo platesto: 

throughptit.mild'ave time. Matsui:able e.om...-c.itrations of evstathioninc M44 

.:ObseNaregardies00 origiu of thQ)e 	(laCBS C.I5S or CI 5S ATE-200GS pmentiii 

tasma,..sampics wpm tuo s o trams.of end ogem4 t 	nyilmman CBS M plasma:sown:let), 

Much litesitio11 was paid to the calibration range S 	d1C, ircmrmd tietcrminxiom wciv 

higher part of the concenua:sinn rarle..gnalified (.5.00 to 1500 n.M.), 

1003361 Tables 7-14 below show the comparison °Ise i5SSNT.E-2006S specific activity. 

dclarn incd 	?N IS 	•foinocysteine NI-t-4 as a ,,m/-.tstr.ate and 	radiometric. 

n:SSay tISIttg 
	

I serine 	a suns MI 	enzyme s specific aczivit. 	preseutod 

II, The 'n. d. stands for "not determined". Table 27 shows comparisola oftheCISSIME 

200GS sp.v.ific activities in a set of plastraun/pic:.=; froi Cynoinolps:wp Py CC d IV 

with a 	e dose of 2 Ag. 

Table 27, Comparison of Cl SSA:1E-200GS specific activities del ern inv.! by lwo tilays 

iatmeakey plasma samples after a single. TV dose of • 

7 AK i 0,0.K4 gSr.MS : 95.  +41 
0.167 81.065 90.049 9.977 

0.25 80.315 88.891 9.648 

0.5 81.815 85.342 5.243 

1 75.415 80.992 6.887 

2 71.765 78.984 9.140 

4 67.415 77.809 13.359 

8 61.715 70.357 12.283 

24 47.815 55.865 14.411 

72 28.915 31.601 8.500 

120 17.180 18.908 9.142 

192 8.490 9.182 7.534 

$6 
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f003.311 Table 2.8 shoye:$ coroTarism of ate 	5SS?Mr.-2i 	specific activities in it set- of 

plasma samples from cvnotrfl9,of,: rm<f.skey i'MCCICd SC' wiill a solf k dose of 2 .mf.4: 

Table 28. Comparison of CBSIME-200GS specific activities deterntined by two essays 

in monkey plasma Siimples after a single SC dose of 2 trekg 

Titii4 (IQ 
1. 

LOMSAIS,:itisay: 	. 
rz.d. 	 I 

RmlioinglAklUU4 
2.842 

bartraitt:4,"*) 
31 Ct. 

2 6.479 5.801 11.694 

4 11.108 11.207 0.884 

8 19.913 22.164 10.155 

24 n.d. 40.293 nd. 

48 32.538 36.658 11.238 

72 

hiC----------------  

1.2 

27.888 

2 )7f=1.F------------- 	- 

30.670 

Is 	.3r`A-T---------------  

9.069 

I. L75$: 

6,958 18.608 8.866:: 

063 	 1  9.4,96 4.551 

240 

3 34..) 

5,9118 .) 963 
-.." 4, 

. 	(1.91$ 

.5.8i11 

(00331q 'Tnbie 	comparison ot the CUSSIME:200CiS vecifie activitiOs 
:.^s>  'a set 

plaona Othiptes from .oyntatiotgasritOtitkty injected SC with it stngle dog e of 3nai4 (retatt 

ExarT:,ic 

Table 29. Comparison of CBS/ME-200GS specific activities determ fled by two assays 

In monkey plasma samples after a single SC dose of 6 mg/kg 

Tinitik) LON 	i.i S:t3f.., y: R3diotflettit a, -Uy Diffineeacli• V14if 

175.1)6; .i 1S.029 

• 7440 180 16 7n 

4 18.365 22.263 17.877 

8 41.090 50.194 18.138 

24 85.190 111.081 23.308 

48 86.090 109.292 21.229 

72 74.840 95.772 21.815 

96 59.940 73.072 17.971 

120 56.310 56.:- 27 0.154 

192 -1.191.1 31.5 113 7 	. 	1 	.. 

240 4.440 .203 „4.801 

3.36 .784 .; 	, i7.6(1,  
ES:amok 21., 'Extrapolation of PK/PI) data from animals to hum MIS 

1003391 	1_:',"; most cases, the plasma levels of a drag requircd :so elicit a. •pharmaeodynamk 

3:espse 	lue •aeSp d 	 -o 	 n O 	 spe.eic,-vocir segtleriee vikriatioin in.  the 

:receptor Ot eazyroc:target, FOr:07(arapits amantibody agaiost a:liontaso pr.oteinmay havt::vety. 

...different at 	for the tharine.and :M"<' O/ i.arget protein due 10 species dilIetoces ii. tilt 

targeprottho .sequciKt., 	the,c.aw 	20NIAS PEG-htCLiS C.155, the biological. tatiag..t .tstm. 
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amino acid, Hey, which is identical across species. Furthermore, the distribution of a drug to 

the target tissue may vary across species and may not be easily predicted by drug plasma 

levels due to species specific. biodistribution However, the "target tissue" for 2ONES 

PEGIC15S is the plasma lending a high degree of certainty to the prediction of extrapolated 

human values from  interspecies comparison of the pharmacokinetic parameters in plasma.. 

1003401 Studies herein -were conducted in Mice-Using -a SC dose of 7.5 trolkg, and deite, 

response studies demonstrated that a dose of 5 mg/kg maximizod efficacy in Wats of 

modulating the plasma levels of him/micas:: Heys  Cth and Cys. Using a close of 5 mg/kg and 

correcting for the difikrenec i.n body surface area between humans (7i} kg) and mice (0.Q25 

kg), a dose of 0,4 mg/kg was estimated to be the efficacious human equivalent dose (HEM. 

At this dose the peak plasma levels were 50 .mtifuL in mice with an AUC of "3060 trilMilml, 

Since the substrate for 20NHS PEG-htCBS Minetivity (Hey and serine) was the same 

across species and-the-site- ofaction was the Wood pool itself,.thcse parameters provide an 

accurate estimate of the target human plasma. levels required for efficacy in a 20NIIS PEG,  

htCBS clinical trial.. 

1003411 Pharmacokinetic studies were conducted in murinc animal models of CB SDK 

normal Sprague Dawley rats, and normal eynomolaus monkeys after either single and 

multiple Seinjections at various dose-levels:. In addition, single dose pharmacokirtetic 

studies were conducted. in all 3 species after IV administration of 20N}{S PEG-htC13S Cl 5S 

to evaluate bioavailability in all 3 species after SC administration. A summary of the 

pharmaeokinetic parameters bioavailability (P%) corrected for dose :in mouse, rat and 

monkey models after SC administration are provided in Table 

Table 30. PK. parameters for OT 58 (hiCDS Cl SS ME-200GS) across specks and the 

predicted human values from body surface area scaling 

Parameter: 
Units:  

jrciesiSex 
mouso)olii. se:xeN  

RANA 1e 

1 	$., 
1 	h  

48 

AtiCitlase 
,,(tatAtiraLl/(tVls) 

..- 
612  	 
3{4 0432)* 

C..0  40$t 
 	LVEL11-41(1011. kg/ 	 

‘,,,, h F% 

10 14  

35 

83% 

-20r-., 4A (17)** 

Rat/Fen:We 41. $5.5 0233)* 71 ( 16)" 29 36% 

Mookeykott SeNtti 	"IN 2744 20 29 81% 

Hainan  piediet4t1 value  177 7474 	  >4   NA  NA 
1003,121 * indicates that the average AUCidose in rats SkLIS corrected to 80% bioavailability 

equaling 1343 OrtU-himLY(ing/kg), ** indicates that the average c„,,„/dose in rats was 

corrected to 80% bioavailability equaling 16-.5. (mUfUL)/(mgikg). 
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(003431 According to these result, 2ONHS PEQ-htCSS C138 was slowly absorbed into 

the bloodstream after SC administration in all.3 species The absorption halt-life was similar 

across species ranging between 5 and 12 hours in the mouse, between 10 and 16 hours in the 

rat, and between 8 and .10 hours in the monkey after a single SC injection, which led to T,;„, 

values that ranged between 24 hours and 48 hours in individual animals. The elimination 

half-life (Fla) was 20 'Wart in. Mice, 44.5 hours in rats, and 73 hours in Monkeys. The 

percentage of 20N118 PEG,IgCBS C15S absorbed into the blood after SC administration 

(F14)-w as >80% in bothmouse(5 mg?kg dose) and monkey (at doss of .1, 3 or 10 mg/kg) 

models. However,,the perzentageof 2ONHS PEG-htC13$ C158 absorbed into theblood. was 

only 20% in male rats and 36% in female rats. in Table 30, the AUC/dose and Cmax//dose in 

rat were corrected to 80% bioavailability (parenthetic values in Table 30) to allow 

interspecies comparisons to be made at the same F%, 

1003441 buerspecies comparisons were conducted based upon body surface area scaling 

assuming an 80% bioavialability in all 3 species (mouse, rat and monkey) to determine if a 

linear correlation existed between the log body weight and the log of various PK. parameters 

(AUC/dase, Cmax per dose and Tr 2). A linear correlation in these parameters indicated that 

the pharmacolduetic parameters for 2ONHS 	CISS were scaled to body surface 

area, and thus would likely be predictive &human values. Linear correlations allow 

predictions of the clinical dose and dosing regimen from the preclinical data to be made. 

1003451 A linear correlation was observed for the pharmacokinetie parameters AUC, 

Cinax and 71s.,:t across species for 20NHS PEG-hte8S.C15S< As shown in HQ 24A 

(AUC/dosc), FIG; 248 (Cmaxidose), and FIG. 24Cf1'O, an excellent linear correlation was 

observed between log body weight of each species against their associated PK parameters 

corrected for dose. By extrapolating to the log body weight for humus (70 kg) for each 

parameter, the AUCidose, entaxidose,anciT was calculated for human subjects. The 

predictive human values are provided in Table 30, 

100346) The extrapolated/predicted half-life in humans was about 175 hours or 7.3 days. 

The human predicted efficacious dose was calculated from the efficacious dose in mice (5 

mg/kg) by allometric scaling to be 0.4 mg/kg in a 70 kg human. Using the predicted human. 

c. of 34 traPpl.: (per mg/kg) and a T. range of 4$ to 72 hours, a hypothetical curve was 

constructed fbr a single dose PK curve in humans, which is shown. in. FIG. 24.0. The E 

intercept was 43,079 ingtul„ and the half-life was 176.737 hours. Data from mice and 
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monkeys are also shown for comparative purposes in FIG. 24D..Tabte: 31 provides the 

extrapolated concentrations estimated for humans. 

Table 31, Extrapolated concentrations for humans 

Time hours Concentration m 	L 
0 0 
1 0.9 
2 EMIIIIIIIIIIIIIIIIIIIIIII 
4 4.3 
8 
20 
48 El11=11 

rallillIIIIIIII1311 
13111111111111110111.1111111111111111 
IMINIIIIIM=1111111111111111111 
336 	i 12 
408 	 	 $.5 

P03471 From the PK. parameters derived from FIG. 24D, almatiple dose PK.eure was 

modeled assuming first order kinetics in humans, which is shown in FIG.. 24E, 

A. 	Hypothefical ?treated Amen' curtv inlittingns 

(1)9348] FIG. 24F shows predicted PK values for 243N171S PEG-htCBS CI 5S in humans at. a. 

SC dose1:ingskg administered once Per week during the approach to steady state plasma 

levels and the predicted peak and trough levels at steady state (light gray), HO. 24G shows 

predicted PK values for 20NHS PEG-htCBS Cl SS in humans at a SC does al tang/k-g 

administered twice per week during the approach to steady state plasma levels and the 

predicted peak and trough levels in humans at this dosing interval. (light gray). Table 32: 

compares the predicted peak and trough plasma levels of 20NHS PEG-ht BS C15S in 

humans at SC doses 0033,0.66, and I ingike administered once per week and twice per 

week (assuming 	hioavailability in humans). 

Table 32, Predicted plasma levels in humans (assuming 80% bioavailability) 

Human dose '1 Om 0.66 ingfkg 	: 	0.33 miss a• 

D  oittg interval lx/ wk 
(168h) 

Itiwk 
WO 

ivi week 
(WA) 

24/week 	I 	hi week 
(114) 	(168h) I 

2x/week 
(84h) 

Initial (....innottliaL l. 34 34 22.6 216 	i 11,3 11.3 	 
Peak i"i.0 SS. intligt. 67.9 123 45.2 82 	I 22.6 41 	 

L Trous! ii.}. SSoritlitsI.. 	 
CI 	in 

40..2 	 
22.3 
38.2 i 

109 
..9 0 
27.4 

30.a 0 	15.4 43  

.,,..,tai 4P. SS (hr) 1 
(00349i From these calculations, a dose of 0.66 mg/kg 20N1.1S PEG- tCBS Ci$S 

administered SC to human patient once a week was predicted to result inplastna levels that 

range between 31 and 45 KRA., at steady state. Similarly, a dose of 0333 administered twice 

weekly was predicted to result in plasma levels ranging. between 35 and 4.1 inU/pl., at steady 

state (after about 8 doses). These predictions assume a subcutaneous bioavailability of:80% 
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as was observed in both mice and monkeys. These doses of 2ONHS PEG4 ICBS-C.15$ are 

also expected to produce peak and trough plasma levels in the efficacious range for the 

plasma levels similar to those in mice (peak levels of SO intlint). Additionally, these. doses 

correspond to the human efficacious dose predicted from the tuorine studies alone of 0A 

nigikg. The linear correlation of body weight and the PK parameters across the preclitical 

speciete  allowedallometric sealing (body surface area. sealing) to predict the PK parameters 

.RUC, Cox and the elimination half-life in humans by comparing values across species. 

100350] Roth methods of predicting the efficacious dose in humans (directly fnam the 

mouse data and allometric scaling across-3 species) were observed to agree in terms of 

efficacious dose predictions -(11ED); Thus, assuming an 80% bioavailabdity, a -proposeddose 

of 0.33 mg.:kg administered twice weekly or 0.66 mg/kg administered once Weekly will likely 

be.effective doses in human clinical trials. 

100351j The. foregoing examples of the related art and litriitations related therewith are 

intended to be illustrative and not exclusive. Other limitations of the related art will become 

apparent to those of skill in the art: upon a reading of the specification and a study of the 

drawings. 

(003521 While a number of exemplary aspects and embodiments have been discussed 

above,, those of skill in the art will recognize certain modifications,:  permutations, additions 

and sub-combinations thereof It is therefore intended that the following appended claims and 

claims hereafter introduced as interpreted to include all such modifications, permutations, 

additions and sub-combinations as are within their true spirit and scope. 

100353] All patents, patent applications, patent publications, 'scientific articles and the like, 

cited or identified in this application are hereby incorporated byrefen nee in their entirety in 

order to describe more fully the state of the art to which the present application pertains. 
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CLAIMS 
We Claim: 

1. 	A method of treating homocystinuria in a subject:, said method comprising 

administering to a subject a composition comprising an isolated human truncated 

eystathioutne beta synthase (WM) mutant polypeptide, wherein the isolated htCRS 

polypeptide mutant has been PEGylawd, and wherein the isolated htCBS mutant polypeptide 

is administered. in a dose between about 0.01 and about 10 tang/kg at least once a week. 

The method of claim 1, wherein the PEG is a low molecular weight linear PEG. 

The method of claim 1, wherein the PEG is a high molecular weight four arm 

branched PEG. 

4. The method of claim 1, wherein the dose is an amount selected from the group 

consisting, of: about 0.05, about 0,1, about 0.5, about 1, and about 5 mg/kg. 

5. The method of claim I. wherein the dose is about 0.4 .mg/kg. 

6. The method of claim 1, wherein isolated htCBS mutant polypeptide is eo-

administered with betainc. 

7. The method of claim 1, wherein betaine is administered prior to the isolated hteRS 

mutant polypeptide. 

8. The method of claim 1, wherein the htCBS mutant polypeptide is administered at least 

twice a week. 

9. The method of claim I., wherein the subject is a human. 

10. The method of claim 1, wherein the isolated htel3S mutant polypeptide is PEGylated 

with at. least one selected from the group consisting of: ME-200GS, ME-200M.AOB, ME-

400MA, GL4-400M.A, and ME-050GS. 

11. A method of increasing thecystathionine and/or cysteine in a subject, said method 

comprising administering to a subject a composition comprising an isolated human truncated 

cystathionine beta synthase (htCBS) mutant polypeptide, wherein said isolated htCHS mutant: 

polypeptide has been PEGylated, and is administemd in a dose between about 0.01 and about 

10 mgle, at least once a week. 

12. The method of claim 11, wherein the htCHS mutant polypeptide is administered at 

least twic.e a week 

13. The method of claim .11, whemin.tbe subject is a human. 

14. The method of claim 11, wherein the PEG is a low molecular weight linear PEG. 

15. The. method of claim II, wherein the PEG is a high molecular weight four arm 

branched PEG. 
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16. The method of claim 11, wherein the isolated hiCBS mutant polypeptide is PEGylated 

with at least one selected from the gnaup consisting of ME-200GS, ME-200MA0B, ME-

4IX1MA, 01.4-400M A., and: ME 05005. 

17. The method of claim 11, wherein the dose is an amount selected from the group 

consisting of: about 0,05, about 0.1, about 0,5, about 1., and about 5 mt.Vkg. 

1g..: The method of claim 11, wherein the dose is about 0,4 mg/kg. 

	

19. 	The method of claim 11, wherein the amount of cystathiortine is increased to above 

0,008 

20,, The method of claim 19; whereinthe amountof cystathionine is increased to between 

0.005-0.35 M. 

21. The method of claim 19, wherein the amount of cysteine is increased to above .140 

AM, 

22. The method of claim 19, Wherein the amount of eysteine is increased -to- betwcw 2.00 

AN 't to 400 AM, 

23. The method of claim 11, wherein isolated htCBS mutant polypeptide is co-

administered with betaine. 

24. The method of claim 11, wherein Waite is administered prior to administration of the 

isolated htCl3S mutant polypeptide. 

25. A. method of decreasing hotnocysteine, methionite, andlor S-adettosyl homocysteine 

in a subject, said method comprising administering to a subject a composition comprising an 

isolated human truncated eystathionine beta synthase (tatCBS) mutant polypeptide, wherein 

said isolated htaiS mutant polypeptide has been PEGyiated, and is administered in a dose 

between 0.01 and 10 Ingikg at least once a week. 

	

26,. 	The method of claim 25, wherein the PEG is a low molecular -weight-linear PEG. 

The method of claim 25, wherein the PEG is a high molecular weight four arm 

branched PEG. 

28. The method of claim 35, wherein the dose is an amount selected from the group 

consisting of: about 0.05, .about 0.1 , about 0.5, about. , and about 5 mg/kg. 

29. The method of claim 25, wherein the. dose is about 0.4 nvfkg. 

30. The method. of claim 25. wherein the athount of homocysteine is less .than100 AM. 

31. The method. of claim 30, wherein the amount Of homocysteine is about 10 M. 

The. method of claim 30, Wherein Theatnountamethionine is...less than 50 tM. 
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33. The method of claim 32, wherein the amount emethionine is about .30 ph& 

34. The method of claim 32, wherein the. amount of S-adenosyl homoeysteineis 

decreased to less than 0.14 

35. The method of claim 34, Wherein the amount of S-adenosyi hotnocysteine is 

de cicased to about0.015 AM. 

36. The method of claim 25, Wherein isolated 1t :;BS.-is co-administered with betaine. 

37; 	The method of elaim.23, wherein betaine is administered prior to the isolated htal$ 

mutant polypeptide. 

38. A method of treating liver disease said method. comprising administering to a subject 

a composition comprising an isolated human truncated cystathioninc beta synthase (btCBS) 

mutant polypeptide, wherein said isolated hiCBS mutant polypeptide has been PEGylattxl, 

and wherein the isolated htCl3S mutant polypeptide is administered in a dose between 0.01 

and It) mekg at least once a day -Rn• at least 4 weeks. 

39. The-method of claim 38, wherein the PEG is a low molecular weight linear PEG. 

40 	The method of claim 38, whereinthe PEG is a high molecular weight four arm 

bianched PEP. 

41. The method of claim 38, wherein the dose is an amount selected from the aroup 

consisting of about 0.05, about 0.1, about 0,5„ about and about 5 ingiks. 

42. The method of claim 38, wherein the dose is about 0.4 mgikg. 

43. The method of claim 38, wherein damage to the liver parenchyma is reduced. 

44. A method of treating homoeystinuria in a subject, the method comprising 

administering to a subject a composition comprising: an isolated human truncated 

cystathionine beta synthase (WM) mutant potypeptide comprising a mutation at amino acid. 

posiOon15 of.SEQ Ii) NO: 3, wherein said. isolated ittCBS mutant .polypeptide :is PEGylated 

with an- IVIE21000S PEG molecule. 

45. The method of claim 44, wherein the mutation is a substitution of a serine for a 

cysteine. 

46. The method of claim 44, wherein the subject is a human. 

47. The method of claim 44, wherein the composition is administered in a dose selected 

&am therange of about 0.1 rogikg to about 24 mg/kg. 

48. The method of claim 44, wherein the composition is administered in a dose selected from 

a range in the group consisting of. about .0,01. mg/kg to about. 0.5 mg/kg, about 0.3 .ate/kg to 
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about 0.7 ingikg, about:0.5 ingikg to about 0.9 ntg/kg, and about 0.7 nag/kg to about 1. 

frigiks. 

49.. 	A method of treating at least one disease, disorder, or condition selected from. the 

woo consisting of osteoporosis, thinning hair, or eye defects, the method comprising 

administering to a subject a composition comprising an isolated human truncated 

cystathionine B synthase (htil:MS). mutant polypeptide comprising a mutation at amino acid 

position 15 of SEQ ID NO: 3, whemin said isolated htCBS polypeptide mutant is PEGylated 

with an ME-200GS PEG molecule. 

50. The method of claim 49, wherein.thesubject is not on a methioninc restricted diet. 

51. The method of claim 49, wherein the subject is on a methion Me restricted diet. 
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