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(57) Abstract: Disclosed are methods and compositions for determining immunodominant peptides of target enzymes used in en-
zyme replacement therapy for lysosomal storage disorders. More specifically disclosed are immunodominant peptides for N-
acetylgalactosamine-6-suifatase (GALNS). Also disclosed are methods of inducing oral tolerance towards a target enzyme through
oral administration of immunodominant peptides prior to commencing enzyme replacement therapy. More specifically disclosed is a
method of inducing oral tolerance for GALNS, by orally administering specific immunodominant peptides for GALNS; in subjects
suffering from mucopolysaccharidosis type IVA prior to commencing enzyme replacement therapy using GALNS.



WO 2013/119715 PCT/US2013/024997

Attorney Docket No. 120206PCT
Filed Via EFS-Web

DETERMINATION OF IMMUNOGENIC PEPTIDES IN LYSOSOMAL
ENZYMES AND INDUCTION OF ORAL TOLERANCE

CROSS REFERENCE TO RELATED APPLICATIONS
{00011 This application dlaims priority (o provisional application 81/5986,212,

filed February 7, 2012, and provisional application 81/675,770 filed July 25, 2012, both

of which are hereby incorporated by reference in ifs entirety.

GOVERNMENT SUPPORT CLAUSE
{00021  The work disclosed herein was supported by award no. ROSHD0647 49

from the Eunice Kennedy Shriver from the National Institute of Child Health & Human

Development. The U.S. Government has cerlain rights in this invention.

FIELD OF THE INVENTION
{60031 The invention relates o methods and compaosiiions for inducing oral

tolerance to enzymaes used for enzyme replacement therapy in the trealment of subjects
with lysosomal storages disorders. More specifically, the invention relates the
identification of immunodominant peptides of N-acelyigalaciosamine-6-sulfatase and
methods of use for inducing oral tolerance in subjects suffering from

Mucopolysaccharidosis type VA,

BACKGROUND
{0004] Mucopolysaccharidosis type IVA (MPS IVA) or Morguio A syndrome

(MIM 1D #253000) is an avtosomal recessive disorder due 1o the deficiency of N-acetyl
galactosamine-g-sulfale sulfatase (GALNS: £.C.3.1.6.4) that results in the lysosomal
accumulation of keralan sulfate and chondroitin 6-sulfate (Tomatsu et al. (2003) Hum
Mol. Genet.15;12 (24)3:3349-58). In MPS VA patienis the accumulation leads to a
chronic and progressive deterioration of affected cells, tissues and organs, with clinical
manifestations that include bone abnormalities, dysostosis multiple, joint pathology with

reduced mobility, organomegaly, coarse hair, respiratory pathology, cardiovascular
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disease and renal impairment {Tomatsu et al. (2003} Hum Mol Genet. 15;12(24).3348-
58; Futerman et al. (2004) Nat Rev Mol Cell Biol,;5(7):554-65). The patient phenotypes
vary from the classical form to milder forms. Phenolype-genotype correlation suggests
thai the severe phenotype depends mainly on the localization of the mutation in the
protein (Sukegawa et al. {2000) Hum Mol Genet. 22;2%{9):1283-80)). As in other
tysosomal storage disorders (LSDs), enzyme replacement therapy (ERT) is one of the
treatments of choice. ERT is already available for some LSDs: Fabry's disease,
Pompe’s disesase, MPS [, MPS H and MPS VI {Rohrbach et al. (20073Drugs
B7(18):2697-716.). GALNS deficiency has never baen nalurally reported in other
species different to humans. The absence of an animal model has restricted the
developmaent of potential therapies such as ERT (Tomatsu et al. (2008} Hum Mol Genel.
15;17(6):815-24. ). Three Morguio A mouse models have been developed (Tomatsu et
al. {2003) Hum Mol Genet. 15,12 (241:3348-58,; Tomatsu ef al. (2005} Hum Mol Genet.
15;14{22).3321-35; Tomatsu (2007} Mol Genet Metab.81(3):251-8.) and preclinical
studies of ERT in MPS VA mice have been accomplished, providing critical information
for the design of ERT in Morguio A patients (Tomatsu et al. (2008} Hum Mol Genet.
15;17(63:815-24.}.

{6005]  Immune response o the injected enzyme has been recognized as the
main limiiation during ERT in most of the patients and animal models (Ponder (2008} J
Clin invest. Aug; 118(8).2686-9; Brooks et al. {2003) Trends Mol Med . 8(10}):.450-3.).
Antibodies to the infused enzyme can cause hypersensilivity reactions, resistance to the
treatment and glomerulonephrilis due to the depositions of immune-complexes in kidney
{(Matzner (2008) J Mol Med. 86(43:433-42}. To diminish the immune response in these
patients, strategies for immunosuppression have been {ested. Although non-specific
imimune suppressive protocols have demonsirated good resulis in oblaining tolerance to
the infused protein, the well-established side-effects in those patients can be an issue in
their quality of life (Brooks et al. (2003) Trends Mol Med.& (10):450-3; Kakkis ef al.
(2004} Proc Natl Acad Sci U § AL 20;101(3)3:829-34;- Brady st al. {1997} Pediatrics
100(63E11; Bluestone et al. (2010} Nat Rev Immunol. 2010; 10(11).797-803.). The

new challenge is to replace chronic treatments of immunosupprassion and their
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associated toxicities with new therapies that induce specific immune tolerance in a safe
manner. {d. The Inventors have identified the most immunodominant regions in GALNS
protein. These regions may be used {o develop a peptide-based immunoctherapy to
induce specific tolerance to GALNS used in ERT. A peptide based immunactherapy may
also be more cost effective. The identification of immunodominant peptides will alfow
the establishment of a peptide-based immunotherapy for Morquio A syndrome which
may be applied o other LSDs in which the immune response hinders the development
of ERT.

[60068] Thus, immune response to ERT in LSDs are widely reported and
present one of the major complications of treatments (Brooks, Kakavanos el al. 2003;
Matizner, Matthes et al. 2008). This is due to different factors such as the nature of the
infused protein, genetic background of the patient, route of enzyme administration,
freguency, and dose of treatment, structural differences between the infused and the
defective protein and environmental factors {Brooks 1999; Brooks, Kakavanos et al.
2003). To induce immune iolerance, several immunosuppressive protocols have been
tried experimenially (Kakkis, Lester et al. 2004, Dickson, Peinovich et al. 2008, Joseph,
Munroe et al. 2008) and are under development. However (o date their effecliveness is

nof clear.

{60077  Alternatively, for suppressing the immune response o ERT without
adverse effects, the inventors have devised a protocol for adminisiering
immunodominant peptides to induce oral tolerance. Oral tolerance is defined as the
specific suppression of celiular and humoral immune responses to an antigen prior iis
administration by the oral route in order to obtain peripheral tolerance. Itis a natural
mechanism in which exogenous antigens gain access to the body by oral route as
internal components. As exemplified herein, the inventors discoverad that oral
tolerance may be induced in a subject by the oral administration of a target enzyms, or
immunodominant peplides of a target enzyme, prior 1o commencing enzyms
replacement therapy. Induction of oral {olerance has been tested in human
autoimmune diseases including multiple sclerosis (MS), uveilis, rheumaloid arthritis

(RA), diabetes, and allergies. After the oral iolerance is induced, the celiular response
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is observed by the increased regulatory T cell population (Th3, Trl, and CB4+CD25+7
Foxp3+celis) while production of cylokines related to oral tolerance such as TGF-f and
H~10 are up-regulated.

{80081 The Inventors have filled a long felt need by identifying peplide
sequences capable of inducing immune tolerance 1o GALNS in GALNS deficient
subjects when administerad through an oral protocol. it is expectad that the method
used in identifying these peptides and establishing oral tolerance in MPS IVA subjects
may be extended to enhance other ERT ireatiments especially those used in treating
other LSDs.

SUMMARY OF THE INVENTION

{00091 Isolated immunodominant peplides of N-acetylgalactosamine-6-
sulfatase, and fragments thereof.

{80101 A method of inducing oral tolerance to N-acetyl galactosamine-6-
sulfate sulfatase (GALNS} in a subject suffering from mucopolysaccharidosis type VA
comprising, administering by oral ingestion, one or more isolated immunodominant
paptides of GALNS.

{60111 A method of inducing oral tolerance to peplides of N-
acetylgalactosamine-G-sulfatase (GALNS) in a subject suffering from
mucopolysaccharidosis type VA comprising, administering by oral ingestion, GALNS, or
one or more fragments of GALNS wherein the fragment comprises one or more

immunodaominant peplides.

{00121 A method of delermining immunodominant peplides of target enzymes

administered to subjects during enzyme replacemaent therapy.

REFERENCE TO COLOR FIGURES
{60131 The application file contains at least one figure executed in color.
Copies of this patent application publication with color photographs will be provided by

the Office upon reguest and payment of the necessary fes.
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DESCRIPTION OF THE FIGURES

{0014] Figure 1 shows splenocyte proliferation after GALNS (150 ug/mi) or
peptide (100 pg/mi) in vitro stimulation of MKC mice treated by ERT ({in red) or PBS {in
blue). CPM {Counts per minute). Blue arrows show peptides 4, 8§ and 10.

{00151 Figure 2 shows IFN-y secretion after splenocytes in vitro stimulation
with GALNS {150 pg/mi) or peptide (100 pg/mi) in MKC mice treated by ERT-250 U/g or
1000 U/g (in green) or PBS (in blue}. Blue arrows show peptides 4, 8§ and 10,

[0016] Figure 3 shows IL-5 secretion after splenocytes in vitro stimulation
with GALNS (150 pg/mi) or peptide (100 pg/mi) in MKC mice treated by ERT-250 U/g or
1000 Uig (n orange) or PBS (in blue). Blue arrows show peptlides 4, 8 and 10.

{00171 Figure 4 shows the relationship between the number of weeks of
infusion {x-axis} and splenocyte proliferation {y-axis) afier in vilro GALNS or peptide (4,
8, and 10} stimulation.

{60181 Figure 5. Evaluation of immunodominant peptides. Morguio A mice
(MKC, C2, or MTol} or WT mice were treaied by ERT. One week after the last infusion,
splenocytes were stimulated with individual peptides or GALNS for cellular response
determination (proliferation and cytokines secretion).

{06019] Figure 8. BEvaluation of oral tolerance induction, MKC mice were fed
with peptide 110 or GALNS at three different concentrations. One week after the last oral
dose, mice received 16 weekly v, infusions of GALNS or PBS. Ten days after the last
infusion, splenocyies were stimulated with GALNS for cellular response determination
{proliferation and cytokines secretion). Humoral response was evaluated in plasma
samples.

{60207 Figure 7. Oral administration protocol for the induction of oral
tolerance followed by enzyme replacement therapy (ERT).

{60211 Figure 8. Differences in proliferation after splenocyles in vitro
stimulation with GALNS {150 ug/mi} or peptides (100 ug/mi). MKC mice were treated
with A, 16 iv. weekly infusions or B. 22 L.v. weekly infusions of human GALNS {filled

bars) or PBS (open bars). Each bar represents the average of two different mice. The
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background levels from unstimulated cells were sublracted. *p <0.05,; *"p <0.01
(statistically significant difference between treated and untreated mice). 1p <0.05
{statistically significant difference betwsen 16 iL.v. and 22 i.v. infusion treated mice).

{00221 Figure 9. Relagtionship between number of infusions and levels of
splenccyle proliferation. MKC mice were treated with 16, 22 or 24 Lv. weekly infusions
with human GALNS. Splenocytes were stimulated in vilro with human GALNS (150
ug/mi), or peptide 4, & or 10 (100 ng/mi). Each point represents the average of two MKC
mice treated by ERT.

{00231 Figure 10. Cyiokine secretion after splenocyles in vitre stimulation
with GALNS {150 ug/mi) or peptide (100 ug/mi). Secrelion levels of AL IFN-y. B. 1L-4. C.
-5 DUL-13. MKC mice were treated with 16 Lv. infusions with human GALNS (filled
bars) or PBS {open bars). Each bar represents the average of three different mice.
The background levels from unstimulated cells were sublracted. "p<0.05; "p<0.01;
*0<(.001.

{0024] Figure 11. Humoral response against human GALNS used for ERT in
Maorguio A mouse models and WT mice. Tolerant mouse maodel (MTol}. Knock-out
mouse model (MKC). Knock -in mouse model (C2). Wild type mice (WT). Mice were
treated with 16 Lv. infusions with human GALNS (filled bars) or PBS {open bars).
“*0=0.003.

{0025] Figure 12. Comparison of splenocytes proliferation levels after in vitro
stimulation among the Morguio A mouse models and WT mice. Knock-out mouse model
(MKC), Knock-in mouse model (C2), Wild type mice (WT) and Tolerant mouse model
{(MTol) were treated with 16 weekly Lv. infusions of human GALNS (filled bars) or PBS
{open bars). One week after last infusion, splenocyies were stimulated with A, Peplides
C4 {100 ug/mi). B. Peptides E8 (100 ug/mi). C. Peptides 110 (100 ug/mil). D. GALNS
{150 nug/mi). The background levels from unstimulated cells were subtracted. Each error
bar denotles triplicates. *p<0.05; p<0.01 (statistically significant difference belween
treated and untreated mice, same strain). §p<0.05(statistically significant difference

between treated mice, different strain).
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{60261 Figure 13. Comparison of iFN-y secretion levels after in vitro
stimulation among the MPS VA mouse models and WT mice. Knock-out mouse model
(MKC}, Knock-in mouse model {C2), Wild type mice (WT) and Tolerant mouse model
{(MTol) were treated with 16 weekly Lv. infusions of human GALNGS (filled bars) or PBS
{open bars). One week after last infusion, splenocytes were stimulated with A, Peptide
C4 {100 ug/mi), B. Peptide E8 (100 png/mi), C. Peptide 110 (100 ug/mi) or D. GALNS
(150 ug/mi}). The background levels from unstimulated cells were subltracted. "p<0.05;
u<(.01; "p<0.001 (statistically significant difference between treated and untreated
mice, same strain). §p<0.05; 8§p<0.01 {statistically significant difference between

treated mice, different strain).

{00271 Figure 14. Comparison of iL-4 secretion levels after in vitro stimulation
among the MPS IVA mice models and WT mice. Knock-out model (MKC), Missense
modet (G2}, Wild type mice (WT) and Tolerant model (MTol} mice were freated with 16
weekly Lv. infusions of human GALNS (black {o gray bars) or PBS (open bars). One
weak after last infusion, splenocytes were stimulated with A, Peptide G4 (100 ug/mi}, B.
Peptide £E8 (100 ug/mi), C. Peplide MO (100 ugimib) or D GALNS {150 ug/mi). The
background levels from unstimulated cells were subtracied. "p<0.05; **p<0.01;
r0<(3.001 (statistically significant difference between treated and untreated mice, same
sirain).

{0028] Figure 15. Comparison of IL-5 secretion levels after in vilro stimulation
among the MPS IVA mouse models and WT mice. Knock-out mouse model (MKC),
Knock-in mouse model {C2), Wild type mice (WT} and Tolerant mouse model (MTol)
were freated with 16 weekly Ly, infusions of human GALNS (filled bars) or PBS {(open
bars}. One week after last infusion, splenocytes were stimulated with A, Peplide C4
(100 ug/mi), B. Peptide £8 (100 ug/mi), C. Peplide 110 (100 ug/mi) or D. GALNS {150
ug/mi). The background levels from unstimulated cells were subtracted. "p<0.05;
“o<(.01(statistically significant difference between treated and untreated mice, same
strain).

[6028] Figure 16. Comparison of IL-13 secretion levels after in vitro

stimulation among the MPS VA mouse maodels and WT mice. Knock-cut mouse model
7
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(MKC), Knock-in mouse maodel (C2), Wild type mice (WT) and Tolerant mouse model
(MTol) were treated with 16 weekly Lv. infusions of human GALNS (filled bars) or PBS
{open bars). One week after last infusion, splenocyites were stimulated with A. Peptide
C4 (100 ug/mi), B. Peptide E8 {100 ug/miby, C. Peptide 110 (100 ug/mi) or . GALNS
(150 ug/mi}. The background levels from unstimulated cells were subtracted. "p<0.05;
“p<0.01 (statistically significant difference between treated and unireated mice, same
strain).

{00301 Figure 17. Effect of tolerance induction on splenocytes proliferation
after in vitro stimulation with GALNS. Oral tolerance was induced by feeding MKC mice
with 50, 100 or 500 ug of peptide 110 {gray bars} or GALNS enzyme (striped bars).
Conirol groups were fed with PBS (black and open bars). One week after the last oral
dose, mice received 16 weekly Lv. infusions of human GALNS (filled bars) or PBS
{open bars). The background levels from unstimulated cells were sublracted. BEach error
bar denotes triplicates. "p <0.05; ™p <0.01 (statlistically significant difference between
tolerized and non-tolerized (PBS-ERT) mice). §p <0.05; §§p<0.01; 8§8p<0.001
{statistically significant difference belween ERT trealed mice and untreated (PBS-PBES)
mice).

{00311 Figure 18. Effect of tolerance induction on IFN-y secretion after in vilro
stimulation with GALNS. Oral olerance was induced by feeding MKC mice with 50, 100
or 500 ug of peptide 110 {gray bars) or GALNS enzyme {striped bars). Control groups
were fed with PBS {black and open bars). One week after the last oral dose, mice
received 16 weekly Lv. infusions of human GALNS {filled bars) or PBS (open bars). The
background levels from unstimulated cells were subtracted. kach error bar denotes
duplicates. *p <0.05 (stalistically significant difference between tolerized and non-
tolerized (PBS-ERT) mice). §p <0.05 (statistically significant difference between ERT
freated mice and unireated (PBS-PBS) mice).

{60321 Figure 19. Effect of tolerance induction on iL-4 secretion after in vitro
stimulation with GALNS. Oral olerance was induced by feeding MKC mice with 50, 100
or 500 ug of peptide 110 {gray bars) or GALNS enzyme {striped bars). Control groups
were fed with PBS {black and open bars). One week after the last oral dose, mice

8
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received 16 weekly i.v. infusions of human GALNS (filled bars) or PBS {open bars). The
background levels from unstimulaied cells were sublracted. Each error bar denoles
duplicates. "p <0.05; "p <0.01 (statistically significant difference between tolerized and
non-tolerized (PBS-ERT) mice). §p <0.05; §§p<0.01 (siatistically significant difference
between ERT treated mice and untreaied {(PBS-PBS) mice).

{0033] Figure 20, Effect of tolerance induction on IL-5 secretion after in vilro
stimulation with GALNS. Cral tolerance was induced by feeding MKO mice with 50, 100
or 500 ug of peplide 10 (gray bars) or GALNS enzyme (striped bars). Control groups
were fed with PBS (black and open bars). One week after the last oral dose, mice
received 16 weekly i.v. infusions of human GALNS (filled bars) or PBS {open bars). The
background levels from unstimulaied cells were sublracted. Each error bar denoles
duplicates.

{6034] Figure 21. Effect of tolerance induction on 1L-13 secretion after in vitro
stimulation with GALNS. Oral olerance was induced by feeding MKC mice with 50, 100
or 500 ug of peptide 10 {gray bars) or GALNS enzyme {striped bars). Control groups
were fed with PBS {black and open bars). One week after the last oral dose, mice
received 16 weekly Lv. infusions of human GALNS {filled bars) or PBS {open bars}. The
background levels from unstimulated cells were subtracted. kach error bar denotes
duplicates.

{0035] Figure 22. Effect of tolerance induction on 1L-10 secrstion after in vitro
stimulation with GALNS. Oral tolerance was induced by feeding MKC mice with 50, 100
or 500 ug of peplide 110 (gray bars) or GALNS enzyme {(striped bars). Control groups
were fed with PBS (black and open bars). One week after the last oral dose, mice
received 16 weekly Lv. infusions of human GALNS {filled bars) or PBS {open bars). The
background levels from unstimulaied celis were subiracted. Each error bar denotes
duplicates. "p <0.05 (statistically significant difference between tolerized and non-
tolerized (PBS-ERT) mice). §p <0.05; §§8p<0.001 (statistically statistically significant
difference between ERT treated mice and untreated (PES-PBS) mice).

{0036] Figure 23. GALNS specific IgG levels in mice treated by ERT (16 Lv.

infusions}. Oral wlerance was induced by feeding MKC mice with 50, 100 or 500 ug of
S
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peptide 110 {gray bars) or GALNS enzyme (siriped bars). Control groups were fed with
PBS {black and open bars). One week afler the last oral dose, mice received 16 weekly
Ly, infusions of human GALNS (filled bars) or PBS {open bars). IgG plasma levels were
determined in the samples obtained one week after the last infusion. Each error bar
denotes duplicates. *p <0.05; ™p <0.01 {(statistically significant difference between
tolerized and non-tolerized (PES-ERT) mice).

{00371 Figure 24, GALNGS specific igk levels in mice treated by ERT {16 iv.
infusions}. Oral tolerance was induced by feeding MKC mice with 50, 100 or 500 ug of
peptide 110 (gray bars) or GALNS enzyme (siriped bars). Control groups were fed with
PBS (black and open bars). One week after the last oral dose, mice received 16 weskly
Ly, infusions of human GALNS ({filled bars) or PBS {open bars). Igk plasma levels werg
determined in the samples ohtained one week after the last infusion. Each error bar
denotes duplicates. "p <0.05; "p <0.01 {(statistically significant diference between
tolerized and non-tolerized (PBS-ERT) mice). §p <0.05; §3p<0.01; 8§8p<0.001
{siatistically significant difference between ERT irealed mice and untrealed (PBS-PRS)

conirof).

{00381 Figure 25, Up-regulation of TGF-B expression after induction of
tolerance in mice PP. Oral tolerance was induced by feeding MKC mice with 50, 100 or
500 ug of peptide 110 (filled bars) or GALNS enzyme (open bars). Control groups were
fed with PBS. One week after the last oral dose, mice received 16 weekly Lv. infusions
of human GALNS. mRNA of PP was exiracted and the TGF-[ expression was
evaluated by real-ime PCR. The fold change in expression was related to the values of
non-tolerized group. GAPDH was using as a housekeeping gene for the data
normalization.

{00381 Figure 26. Up-regulation of CTLA-4 expression afler induction of
tolerance in mice PP. Oral tolerance was induced by feeding MKC mice with 50, 100 or
500 ug of peptide {10 (filled bars) or GALNS enzyme {open bars). Control groups were
fed with PBS. One week after the last oral dose, mice received 16 weekly Lv. infusions
of human GALNS. mRNA of PP was exiracted and the CTLA-4 expression was
avaluated by real-ime PCR. The fold change in expression was related o the values of

10
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non-tolerized group. GAPDH was using as a housekeeping gene for the data
normalization.

{60401 Figure 27. Delermination of GAGs accumulation afler oral tolerance
induction to GALNS. Oral tolerance was induced by feeding MKC mice with 50, 100 or
500 ug of peptide 110 (gray bars} or GALNS enzyme (striped bars). Conirol groups were
fed with PBS (black and open bars). One week after the last oral dose, mice received
16 weekly Ly, infusions of human GALNS (filled bars) or PBS {open bars). GAGs
accumulation was evaluated in liver samples. Each error bar denotes the values of
accumulation in three mice per group. *p <0.05; **p <0.01 (statistically significant
difference between tolerized and non-tolerized (PBS-ERT) mice). §p <0.05 (statistically
significant difference between ERT treated mice and untrealed (PBS-FRS) control).

{00411 Figure 28, Determination of immune-complex deposits in Kidney after
oral tolerance induction to GALNS. Oral tolerance was induced by feeding MKT mice
with 50, 100 or 500 ug of peplide 10 {gray bars} or GALNS enzyme (striped bars).
Control groups were fed with PBS (black and open bars). One week after the last oral
dose, mice received 16 weekly Lv. infusions of human GALNS (filled bars) or PBS
{open bars). Immune-complex deposits were avaluated in kidney samples. Each error
bar denoles the values of accumulation in three mice per group. *p <0.05; **p <0.01;
n<(3.001 {siatistically significant difference between {olerized and non-tolerized (PBS-
ERT) mice). §p <0.05; §88&p<0.001 (stalistically significant difference betwesn ERT
freated mice and untreated (PBS-PBS) control).

{60427 Figure 29. Correlgtion between GAGs accumulation in liver and
immune-complex deposits in kidney after oral lolerance induction o GALNS., Oral
tolerance was induced by feeding MKC mice with peptide 110 50 ug. One week after the
last oral dose, mice received 16 weekly Lv. infusions of human GALNS. GAGs
accumulation was evaluated in liver samples by light microscopy (40X} and immune-
complex deposits were evaluated in kidney samples by fluorescence {(100X).

{0043] Figure 30. Correlation between GAGs accumulation in liver and
immune-complex deposits in kidney after oral tolerance induction to GALNS. Cral
tolerance was induced by feeding MKC mice with peptide 110 100 ug. One week after
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the last oral dose, mice received 16 weeldy i.v. infusions of human GALNS. GAGs
accumulation was evaluated in liver samples by light microscopy (40X) and immune-
complex deposits were evaluated in Kidney samples by fluorescence (100X).

{6044] Figure 31. Correlgtion between GAGs accumudation in liver and
immune-complex deposits in Kidney after oral tolerance induction o GALNS, Oral
tolerance was induced by feeding MKC mice with peptide 110 500 ug. One wesek after
the last oral dose, mice received 16 weekly L.v. infusions of human GALNS. GAGs
accumulation was evaluated in liver samples by light microscopy (40X} and immune-
complex deposits were evaluated in kidney samples by fluorescence {(100X).

[0045] Figure 32 Correlation between GAGs accumulation in liver and
immune-complex deposits in kidney after oral tolerance induction o GALNS. Oral
tolerance was induced by feeding MKC mice with GALNS 50 ug. One week after the
fast oral dose, mice received 16 weekly Lv. infusions of human GALNS. GAGs
accumulation was evaluated in liver samples by light microscopy (40X) and immune-
complex deposits were evaluated in Kidney samples by flucrescence (100X).

{0046] Figure 33. Correlation between GAGs accumulation in liver and
immune-complex deposits in kidney after oral tolerance induction to GALNS. Oral
tolerance was induced by feeding MKC mice with GALNS 100 pg. One week after the
last oral dose, mice received 16 weekly Lv. infusions of human GALNES. GAGs
accumulation was evaluated in liver samples by light microscopy (40X) and immune-
complex deposits were evaluated in kidney samples by fluorescence {(100X).

{60471 Figure 34. Correlgtion between GAGs accumulation in liver and
immune-complex deposits in kidney after oral iolerance induction {o GALNS. Cral
tolerance was induced by feeding MKCO mice with GALNS 500 ug. One week after the
tast oral dose, mice received 16 weekly Lv. infusions of human GALNS. GAGs
accumulation was evaluated in liver samples by light microscopy (40X) and immune-
complex deposits were evaluated in kidney samples by fluorescence {(100X).

{0048] Figure 35. Correlation between GAGs accumulation in liver and
immuna-complex deposits in kidney after oral tolerance induction to GALNS. Oral

tolerance was induced by feeding MKC mice with PBS. One week after the last oral
12
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dose, mice received 16 weekly v, infusions of human GALNS. GAGs accumulation
was evalualed in liver samples by light microscopy (40X} and immune-complex deposits
were evaluated in kidney samples by fluorescence (100X},

{6049] Figure 36. Correlgtion between GAGs accumudation in liver and
immune-complex deposits in Kidney after oral tolerance induction o GALNS, Oral
tolerance was induced by feeding MKC mice with PRBS. One week after the last oral
dose, mice received 16 weekly Lv. infusions of PBS. GAGs accumuilation was evaluated
in fiver samples by light microscopy (40X) and immune-complex deposits were

gvaluated in Kidney samples by fluorescence {100X).

DETAILED DESCRIPTION OF THE INVENTION

{60501 The Inventors disclose a method that includes using bioinformatic tools
in combination with in vivo and in vitro immune reaclivity assays o identify
immunodominant peptides in enzymes administered for enzyme replacement therapy
(ERT}){see Figure 5 for overview). The Inventors have used this method o identify
immunodominant peplides for the enzyme o N-acetvigalactosamine-g-sulfalase
(GALNS), administered during ERT for treatment of MPS VA, The inventors further
disclose a method of inducing oral tolerance o GALNS in sensitive subjects using the
identified immunodominant peptides in combination with an oral administration protocol
{see Figure 8 for overview and Figure 7 for an example of an oral adminisiration
protocol in conjunclion with enzyme replacement therapy). The inventors believe that
this method may be applied {0 other enzymes used in ERT, practically those used to

treat lysosomal storage disorders (LSDs).

i identification of immunodominant peptides

{80511  The inventors have identified immunodominant peplides of a targst
enzyme, using bioinformatics tools in combination with target enzyme deficient animals,
and in vilre and in vivo humoral and cellular assays for immune response indicators.
The following method steps were applied using GALNS as a farget enzyme but itis

believed thatl the method is applicable {o other enzymes used in ERT, particular for
13
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other LSDs. Bioinformalic tools are first used to predict immunodominant peptides in
the target enzyme. Peplides are then synthesized and evalualed in target enzyme
deficient animals, for example mice, genetically engineered (o be deficient in the targst
enzyma. These targel enzymae deficient animals may be immunized or treated with the
target enzyme according to an enzyme replacement protocol. These animals will then
be immunoreactive towards the target enzyme or immunodominant peptide when
challenged. Predicled immunodominant peptides may be evaluated and compared by
challenging the immunogenic animal with a particular peptide and measuring indicators
of immune responses. indicators of immune responses include antibody production,
splenocyte proliferation, and/or cyltokine production which, may be measured and
compared using in vivo and in vitro assays. The evaluation of immunadominant
peptides by immune response indicators describe herein may be performed in any order
and/or repeated in one or more different immune reaclive animals as desired, to best
distinguish or differentiate the predicted immunodominant peptides relative (o one
another or {0 the target enzyme (FIG. 8). Once preferred immunodominant peptides are
identified they may be used or tested for the ability 1o induce oral tolerance in a subject,

and thereby enhance the cutcome of enzyme treatment therapy (FIG. 6).

{60521 1) Elimination of signal pepiide. If the enzyme for which identification
of immunodominant peptides is desired contains a signal peptide it may first be
necessary (o eliminate the signal peptide from the peptide sequence (o ensure that
apitopes are not identified within the signal peptide region. This may be done using a
bioinformatic {ool, by way of example: ExPASy Proteomics Server (http://au.expasy.org)
(Gasteiger el. al. (2003) Nucleic Acids Res. 31:3784-3788).

[0053] 2} Identificalion of predicled immunodorminant peptides. For an initial
identificalion of potential immunodominant peptides, bicinformatic {ools that may be
used including, by way of example, RANKPEP
{htip://bic.dici.harvard.edu/RANKPEP/){Reche et al. (2002) Human immunology, 63:
701-768.; Reche et al. (2004) Immunogenetics, 56:405-419; Reche and Reinherz
(2007} Methods Mol Biol,, 409:185-200) and/or Immune Epitope Data Base
(www.immuneepitope.org) (Vita et.al., (2010) Nucleic Acids Res. 2010 ;38:D854-62).

14
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Potential immunodominant peplide seguences that are identified with either or both of
these or similar bioinformatic {ools may then be selected for further evaluation. GALNS
immunaogenicity and prediction of B-cell epitopes were evaluated by the Immune
Epitope Data Base analysis resource. The algorithm is based on the predictions of
surface accessibility and flexibility of the molecule, and the presence of -lurns and
linear epitopes (Zhang et al. (20008} (JEDB-AR). Nucleic Acids Res. , 2008: p. W513-8).
MHC-H epltopes (H2-1Ab) were predicted by [EDB and RANKPEPR. Ten peplides were
selecied by the best scores of IC50 nM (concentration of peptide that inhibits binding of
a standard peptide by 50%) and binding potential, respeciively (Kim, et al. (2011} 374(1-
2Y p. 62-8).

{00541 3} Production of peptides. Predicled immunocdominant peptides may
be isolated or chemically synthesized. Many services are currently available for the
synthesis of peptides including commaercial services, by way of example, the Biomatik
Corporation in Wilmington, DE. Alternatively peptides may be produced through genetic

angineering, or fragmentation and isolation of intact GALNS molecules.

I00558] 4} Immunization of target enzyme deficient animals. Once predicted
immunodominant peplides have been identified and isolated or synthesized, they may
be further analyzed in targel enzyme deficient animals. Preferred examples of target
enzyme deficient animals include mice that have been genetically enginesred not to
axpress the target enzyme or epitome of inferest. Targetl enzyme deficient mice may be
immunized against the larget enzyme and thus made immune reactive against the
target enzyme and the associated immunodominant peplides or epitopes. Mice that do
not exprass the particular target enzyme or epitome, for which immunodominant
peptides are desired, are preferred as they are expected {0 be immune reactive when
axposed to the target enzyme or epitome similar to patients undergoing ERT. ltis not
necassary that the animals complelely lack expression of the target enzyme bul may
express enzymes with diminished aclivity. While not wishing to be bound by theory,
enzymes with diminished aclivity may be defeciive due to deletions or variations of
critical peptide sequences. These animals will mount an immune response {o this

critical region when presented with the corresponding wild type epitope. Examples of
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mice deficient in GALNS include: GALNS Knock-out mice {Galns-/-, MKLC) (Tomatsy, et
al. (2003) Hum Mol Genel 12(24): p. 3349-58); missense mutation mice {Galnstm
(C765)slu, C2), (Tomatsu et al. (2007) 91(3): p. 251-8); and tolerant mice {(Gainstm
(hC788mC788)slu MTOL}Tomatsu st al. {2005) Hum Mol Genel. 14(22}. p. 3321-35}.
These animals are derived from C57BLG mice therefore wild-type C57BLE mice may
sarve as appropriate controls. Mouse models for other L3Ds disorders include a
Heparan sulfamidase knockout mouse for MPS HIA, (Fu et al, (2007) Gene Ther
14:1065-1077) and a 3-D- glucuronidase knockout mouse for MPS VI, (Birkenmeier et
al., {1989} J Clin Invest. 83{41:1258-66).

{0056] For the purposes of identifying or differentiating immunodominant
peptides, one or more of these enzyme deficient animals may be utilized. By way of
example, enzyme deficient mice MKC, CZ, and/or MTol as described above, may be
immunized using a classical immunization protocol, or by subjecting the animals o
ERT, using the target enzyme. Both MTol and wild type mice may be suitable controls
{0 evaluate the response of the enzyme deficient mice. Methods of immunization are
well known in the art, as are protocols for ERT. By way of example, mice that are
genetically deficient in the targel enzyme, may receive weekly intravenous {i.v.)
infusions of the target enzyme for 10, 12, 14, 16, or more weaeks at an amount adjusted
o provide an immune response. In the examples that follow, the Inventors
administered human GALNS intravenous weekly for 16, 18, 22, and 24 weeks at 250
U/g of body weight through the tail vein. A control group may receive PBS. After about
10 weeks from the last infusion, humoral and celivlar responses o the target enzyme or

predicted immunodominant peptides may be measured as describe below.

{00571 &) Evalualion of predicted immunodominant peptides. After
immunization with the target enzyme or ERT, the immunized animal, or cells derived
from the immunized animal may be used {0 evaluate predicted immunodominant
peptides. By way of example, after about after about 10 weeks from the last infusion,
the immunized animal may be challenged with a predicted immunodominant peptide,
and the blood, serum or plasma analyzed for spacific antibodies directed {o the

predicted immunodominant peptides. Alternatively, or in addition to, splenocyles

16



WO 2013/119715 PCT/US2013/024997

Attorney Docket No. 120206PCT
Filed Via EFS-Web

aseptically removed from the immunized animal may be challenged with a predicited
immunodominant peplide and the culture analyzed for splenocyte proliferation and/or
cytokine production. Non-limiting examples of cellular responses measured in vitro
included splenocyte profiferation and production of various cyiokines. Non-imiting
preferred examples of cylokines which may be measured alone or in combination to
indicate immune response include [L-4, 1L-5, [L-17, H-13, and [FN-y. Methods of
measuring cyiokine production are well known in the art including the use of cellular and
immunaochemical assays. Peptides which elicited splenocyte proliferation, or cylokine
production, may be considerad to be immunodominant peptides. Alternatively, orin
addition 1o, mice that are genelically deficient in the target enzyme may be examined for
a humoral response. After immunization or ERT with the target enzyme, thase mice
may be examined for the presence of specific antibodies against the fargst enzyme or
particular peplides. Specific antibodies may be easily detected in blood, plasma, or
serum using immunochistochemical techniques, including Enzyme-linked immunosorbent

assay (ELISA), against the target enzyme or a specific peptide.

{0058] Using the above methods as described in the examples, the Inventors
were able {o differentiale the predicted immunodominant peplides identified by
bioinformatics. Of the 10 peplides identified by bioinformatics techniques, 3 indicated
an increased immunodominant response relative (o the 7 remaining peptides, and a
significant response compared o the intact enzyme. This selection was done using
immunizing enzyme deficient MKC mice. Upon further screening, using immunized
MKC, C2, and MTol mice, 1 peplide indicated an increased immunodominant response
relative {0 the other 2 and was selected for use i an oral administration protocol to

esiablish oral tolerance in MKC mice.

i Establishing immunotolerance through Oral administration

{6059] s expecied thai an oral administration protocol will vary with the
amount administerad as well as the particular immunocdominant peptides selected and
the individual subject. The term subject as used herein is meant to include animal

subjects as well as human subjects. [ is necessary that the peplides are administerad
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before ERT commences to improve ERT outcome. it may be beneficial to administer
more than one immunodominant peplide sither separately or concurrently. By way of
example, immunodominant peptides mavbe adminisiered orally, for a period of time of
about 4 days o about 7 days, aboul 7 days o about 10 days, about 10 days to about 2
weeks, about 2 weeks, about 2 weeks to about 3 weeks, aboul 3 weeks 1o about 4
weeks, about 4 weeks 1o about 5 weeks, about 5 weaeks o about 6 weeks, about 6
weeks to aboul 7 weeks, about 7 weeks to aboul 8 weeks, about 8 weeks to about &
weeks, about 10 weeks o about 12 weeks, about 12 weeks to about 14 weeks, about
14 weeks to about 16 weeks, about 18 week 1o about 18 weeks, or longer, prior (o
commencing ERT {(also see Caminiti et ai, (2008)30: 4, pp. 443-448(6)).
immunodominant peplides may be adminisiered daily or weekly. A preferred period of
time for oral administration may be every other day for about 10 days prior to
commencing ERT. These periods of time may be referred 1o as effective periods of

time.

{00601  Non-limiling examples of enzyme replacement therapy are described
herein. However, il is recognized that enzyme replacement therapy may administerad
using other methodologies. By way of example, enzyme replacement therapy may be
administered using methodology commonly known as gene therapy, wherein an
oligonucieoctide encoding the target enzyme is administered to the subject in such a
manner that the target enzyme is expressed by the subject. The compositions and
methods disclosed herein may be applied {6 induce oral tolerance in a subject
regardiess of whether enzyme replacement therapy is administered by intravenous
injection of active enzymes, gene therapy, or other methodologies.

(306117  Amounts of immunocdominant peptides to be administered would also
be expected o vary with the particular immunodominant peptide selected and the
individual subject. Examples of amounts expectad o be effective may be about 100 ug
o about 200 ug, about 200 ug to about 400 ug, about 400 ug to about 600 g, about
600 ug to about 800 ug, about 800 ug to about 1000 ug, about 1000 ug to about 1200
ug, about 1200 ug to about 1400 ug, about 1400 ug to about 1800 ug, about 1800 ug to
about 1800 ug, about 1800 ug to about 2000 ug, about 2000 ug to about 5 mg, about &
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mg to about 10 mg, about 16 myg to about 20 mg, about 20 mg o about 30 mg, about 30
mg to about 40 mg, about 50 mg o about 50 mg, and about 50 mg to about 100 mg per
administration. Preferred amounts are expected o be about 500 ug per administration.

These amounts may be referred {0 as effeclive amounts.,

{60621 Immunocdominant peptides may be administrated orally as liquids,
capsules, tablets, chewable tablets, or in any convenient form. immunodominant
peplides may be administrated in oral formulations containing naturally occurring or
synthetic fillers, stabilizers, preservalives, buffers, rapid release, susiained release
components and alike. One or more immunodominant peptides may be administered
concurrently or sequentially. Immunocdominant peptides may be adminisiered in

formulations containing other therapeutic agents as well.

{00631 s expected the oral administration protocol will be administered by a
skilled praciitioner, typically a medical praciifioner who may monitor the subject and
may adjust the dosages and/or administration times accordingly. By way of example
subjects may be monifored by determining their humoral response after the oral
tolerance protocol has commenced. Alternatively, or in addilion to, any number of
indicators of inflammation may also be monitored, including those known in the ari for
monitoring avtoimmune or inflammatory diseases, by way of example, experimental

autoimmune encephaiitis, type 1 and £ diabetes, lupus, arthritis, and atherosclerosis.

{00641 An example of an oral tolerance protocol is set forth in Table £ and
Figure 7. In the examples that {ollow, the most immunocdominant peptide, 10 (110} and
intact GALNS were adminisiered in amounts according 1o Table 2, every other day
beginning 10 days prior o ERT as illustrated in Figure 7. The establishment of oral
tolerance was tested using in vivo and in vilro assays, describe in section |, and by
administering GALNS ERT, and comparing ERT outcome. The result was a decreased
humoral and cellular response towards GALNS with a significant improvement in of ERT

outcome compared to control mics.

{00651  In the examples that follow, the Inventors have demonstrated that an
immunodominant peplide disclosed in Table 1, specifically SEQ 1D NG:12, was effective
in inducing oral tolerance to GALNS in an appropriate subject. it is expected thai the
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remaining immunodominant peptides disclosed in Table 1 would be also effective in
inducing oral olerance, particularty SEQ D NO:6 and SEQ 1D NO:10. The inventors
have also demonstrated that the intact GALNS polypeptide (SEQ 1D NO:2), was
gffective in inducing oral olerance to GALNS when administeraed {0 an appropriate
subject. Therefore, it is reasonably expecied that fragmenis of the GALNS polypeptide,
or SEQ ID NO:Z, containing one or more immunodominant peptides identified in Table
1, preferably SEQ 1D NGO, SEQ ID NO:10, andfor most preferably SEQ 1D NOG:12,

would also be effective in inducing oral tolerance in an appropriate subject.

{60668] The Inventors also recognize that it may not be necessary {0
administer the entire 20 amino acid sequence of the immunodominant peptides
identifiad in Table 1 to induced oral tolerance and that smaller fragments of these
peplides are also likely o be effective. By way of example, fragments of the
immunodominant peplides identified in Table 1, preferably fragments of SEQ 1D NO:G,
SEQ D NGO, and most preferably SEQ 1D NO:12, that are aboul 8, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, or 18 amino acids in length, may be effective in inducing oral

tolerance when administered as described herein.

{00671  One embodiment of the invention are the immunodominant peptides
disclosed in Table 1: SEQ 1D NO:3, SEQ 1D NO:4, SEQ 1D NG5, SEQ 1D NG:8, SEQ
D NQ:7, SEQ D NQ:G, SEQ D NQO:9, SEQ D NGO, SEQ D NG, and SEQ D
NC:12, preferably SEQ 1D NGOG, and SEQ 1D NO:10, and most preferably SEQ 1D
NO:12.

{00681  In another embodiment of the invention are fragments of the peptides
disclosed in Table 1, preferably SEQ 1D NO:6, and SEQ 1D NGOG, and most preferably
SEQ 1D NO:12.

{00691 In another embodiment are fragments of the target enzyme GALNS
(SEQ D NQ:2), which contain one or mors of the immunodominant peptides disclosed
in Table 1, preferably SEQ 1D NO:8, and SEQ 1D NO:10, and most preferably SEQ D
NO:12.

{80701  In another embodiment are fragments of a polypeptide as substaintially
set forth in SEQ D NO:2, which contain one or more of the immunodominant peptides
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disclosed in Table 1, preferably SEQ 1D NO:6, and SEQ 1D NO:10, and most preferably
SEQ D NO:12.

{6071} In ancther embodiment of the invention is g method of using either the
immunodominani peplides of Table 1, fragmenis thereof, GALNS polypeptide, SEQ D
N2, or fragments of SEQ 1D NO:2 containing immunodominant peplides, preferably
SEQ D NO®B, and SEQ 1D NO:10, and most preferably SEQ 1D NO:12, to induce oral
tolerance in a subject suffering from Mucopolysaccharidosis type VA,

{80721  In vet another embodiment of the inventions is a method of
determining immunodominant peptides of a target enzyme used in enzyme replacement

therapy for treatment of a lysosomal storages disorder.

{60731 Preferred embodiments of the invention are described in the following
examples. Other embodiments within the scope of the claims herein will be apparent io
one skilled in the art from consideration of the specification or practice of the invention
as disclosed herein. It is intended that the specification, logether with the examples, be
considered exemplary only, with the scope and spirit of the invention being indicated by

the claims, which follow the examples.

EXAMPLES

Methods and Malerials for Examples 1-23

Production and purification of human GALNS

{6074] The enzyme was produced in Chinese hamstler ovary (CHQO) cells
gverexpressing recombinant human GALNS. The purification was made according {0
the protocol previously reported (Tomatsu st al. (2007) Mol. Genet Metab,; 91(1):69-
78.}. In brief, CHO clones expressing human GALNS were cultured in DMEM
supplemented with 15% FB&, 400 pg/mi G418 (Sigma), 2 mM L-glulamine, 34.5 ug/mi
of proling, 100 units of penicitin and 100 pg/mi of streptomycin at 37°C in 5% of CO2.

Cells were grown, in CHO PF protein free medium (EX-Cell™ 325; JRH Bioscience),
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after reaching confluence supplemented with 2 mM L-glutamine, 34.5 ug/mi of proline,
10 mM Hepes, 100 units of penicillin and 100 ug/mi of streptomyein at 37°C in 3% of
COZ. The media was collected every 24h, centiifuged (6,000 rpm for 20 min at 4 °C)
and stored at -20 °C until use.

{00751 The purification was made according to the protocol previously
reported {Tomaisu et al. (2007) Mol Genet Metab., 81(1): p. 68-78). Briefly, human
GALNS was purified from CHO cells culture media. Media was fillered through a 0.2 wm
membrane and adjusted to pH 5.5 with acelic acid. Using an Amicon stirred-cell
ultrafiliration unit, the filtered medium was concentrated 15-fold with an ulirsfilfration
membrane NMWL 30,000 (Millipore). The concentrated medium was loaded onto a CM-
sepharose column previously equilibrated {25 mM sodium acetate and 1 mM -
glycerolphosphate pH 5.5) at a flow rate of 25 mi/h. The enzyme was eluted with 200 mi
of a linear gradient of -0.1 M NaCl at a flow rate of 25 ml/h. The fractions with GALNS
aclivity were pooled, concentraled by microfiltration in a Cenlricon plus-70 {(Millipore)
and applied to a Sephacryl 5-100 HR at a flow rate of 25 mli/h. The enzyme was eluied
with equilibrium buffer (25 mM sodium acetate, 1 mM B-glycerciphosphate and 0.1 M
NaCl, pH 5.5). Fractions with higher GALNS activity were analyzed under denaturating
conditions in a8 12% SDS-PAGE gel. Selected fractions were pooled and concentrated
by an Amicon centrifugal filter (Millipore Ultracel}. Enzyme activily of GALNS was
determined according to the fluorometric assay previously reported {van Diggelen st al.
(1990} Clin Chim Acta., 187(2¥ p. 131-8). One unit of GALNS enzyme aclivity is
defined as the amount of enzyme that catalyzes the conversion of 1 nmol of 4

methylumbeliifervl-B-D-galactopyranoside-8-sulfate per hour.

{00761 The immunodominant peptides may be referred o herein, by their
sequence number, SEQ 1D number, or their experimental reference number. Table 1is

provided for identification and cross reference of the corresponding peptide sequence.,

Method and Materials for Examples 1-4
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Prediction of GALNS epitopes
00771 Human N-acetylgalaciosamine-6-sulfatase (GALNSHSEQ D NO:1)

saquence was available in the NCBI protein data base (www.nebinim.nih.gov)
{(Ascension No. P34058, P34058.1, G1462148). The signal peptide prediction was
made using the proteomics and sequence analysis tools of the ExPASy Proteomics
Server (hitp://au.expasy.org) (Gasteiger et. al. (2003) Nucleic Acids Res. 31:3784-3788)
{0 ensure that the epitopes were not located in the signal peptide region. Elimination of
the signal peptide from GALNS resulted in SEQ D NO:2. For the prediction of the
immunaodominant peplides in GALNS the Inventors use a combination of two
compuiational algorithms to predict polential epitopes: Immune Epitope Database
analysis resource (IEBD) (www. immuneepitope.org) (Vita et.al. (2010) Nucleic Acids
Res. 2010 ;38:D854-62.) and RANKPEP
{(htip://bio.dici.harvard.edu/RANKPEP/}{Reche et al. (2002) Human immunology, 63:
701-708.; Reche et al. {2004} Immunogenetics, 56:405-418; Reche and Reinherz
(2007} Methods Mol Biol., 409:185-200). Ten peptides predicted by these algorithms

were selected {Table 1)

Evaluation of immunodominant peptide

800781  The immunodominant GALNS peptides were evaluated by two
different approaches: Animals treated 1) by a classical immunization protocol {data not
shown)} and 2} by ERT. Mice (MKC) genetically engineered not to express GALNS were
usad in these examples. For the classical protocol of immunization, a group of 8 week
old mice (n=6) were immunized with 10 ug (n=2) or 20 yg (n=2) of GALNS emuisified in
Complete Freund’s adjuvant (CFA). 200 ul of the emulsion were administered as a
subcutaneocus injection. Two boosters were made at intervals of two weeks with 10 or
20 ug of GALNS emulsified in Incomplete Freund’s adjuvant (IFA). Control mice (n=2)
were immunized with PBS emulsified in CFA and IFA respectively {Chung et al. (2005)
d. Leukoc Biol.77{(6.806-13)). For the ERT, a group of 8 week old mice {(n=25) received
intravenous infusions of GALNS: 250 U/g of body weight (n=10) or 1000 UW/g of body
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weight (n=10) through the tail vein . A control group (n=53) received PBS (Tomalsu et al.
(2008} Hum Mol Genet. 1517(6).815-24).

Lymphocyie proliferation

{00791 Ten days after the last immunization or the last infusion, the mice were
euthanized and the spleen was aseptically removed. The lissue was homogenized with
a syringe plunger in complete RPMI 1640 meadium {10% fetal bovine serum, 2 uM
glutamineg, 50 U penicilliin/ml, 50 ug streptomycine/mi, 100 uM non-essential amino
acids, 50 uM Z-mercapioethanol). The suspension was centrifuged at 1000 rpm during
10 minutes. The red blood cells were lysed using a hypotonic lysis buffer (Sigma®
R7757). in a 96-well plate, 5 x 10° splenocytes/well were stimulated with the individual
peptides (10, 25, 50 or 100 ug/mi}, the complate GALNS {50 or 100 ug/mi) or ConA (3
ug/mit) in triplicates during 72h at 37°C, saturated humidity and 5% CQOZ2. Cells were
pulsed with 1uCi of [3H] thymidine for the last 18h of incubation. PHithymidine
incorporation was measured by B-Scintillation counter (Trilux Microbeta Counter). The
Stimulation Index (S} was calculaled as the mean value of the three wells for each
condition divided by the mean value of the unslimulated cells (Mirano-Bascos (2010} J
Virol, 84(7%:.3303-11).

Cytokine determination

{0083] The production of cytokines after peplide stimulation was evaluated as
intraceliular staining (by flow cvtometry) and secreted cytokines (by LUMINEX). In a 48-
well plate, 6 x 10° splenocytes/well were stimulated with 1) the individual peptides {10,
25, 50, or 100 pyg/mi), 2) the complete GALNS (50 or 100 ug/mi} or 3} Concavalin A (3
ug/miby in duplicales during 72h at 37°C, saturated humidily and 5% CO;. The cells were
treated with 1ul of a protein transport inhibitor BD GolgiPlug™ during 5 h at 37°C,
saturated humidily and 5% CO,. The suspension of cells was centrifuged at 1000 rpm
during 10 minutes. The supematants were collected by further analysis with LUMINEX.
The Fc receptors were blocked with 1yl of a-mouse CD16/32 {e-Bioscience) during 15
min at 4°C. After washing, the cells were stained with PE-Cy7-labeled anti-mouse CD4
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and Alexa7(0-labeled anti-mouse CD8 antibodies during 30 min at 4°C. After two
washes, cells were permeabilized with a BD fixation/permeabilization solution during 20
min at 4°C. Cells were washed two times and stained with a cockiail of antibodies for
intracellular staining {(PE-labeled anti-mouse iL-4, APC-labeled anti-mouse 1L-5 and
FITC-labeled anti-mouse IFN-y). After two washes, cells were analyzed by flow
cytomelry. Secreted cytokines (-4, 1L-5, {1L-13, H.-17 and {FN-y} in the collected
supernatanis were delected by using a bead immunoassay kit which allows the
measursment of multiple proteins simultanesusly (LUMINEX technology, using a
Millipore Milliplex ™ kit).

Materials and Methods Examples 5-8

Evaluation of predicted immunodominant peptides

[0081] The predicled peptides from Example 1 were revaluated in MKC mice
to reaffirm the selection of peptides 4, 8, and 10. The mice received 16, 18, 22, or 24
weekly infravenous {(Lv.} infusions of human GALNS: 250 U/g of body weight through
the tail vein. A control group received PBS. Ten days after the last infusion, the mice
were euthanized and the spleens were aseptically removed. The tissues were
homogenized with a syringe plunger in complete RPMI 1640 medium (10% fetal bovine
serum, 2 uM glutamine, 50U penicillin/mi, 50 ug streptomycin/mi, 100 uM non-essential
amincacids, 50 uM Z2-mercaptoethanol). The suspension was centrifuged at 1,000 rpm
during 10 minutes. The red biood cells were lysed using a Lysis buffer {(Sigma). The
specificily of cellular response against the peptides or the complele enzyme in the in
vitro stimulation was determined by splenocylte proliferation or cyiokine secretion in ERT

treated mice or PBS injected control mice.

Splenocyies proliferation

00821  In a 96-well plate, 5 x 10° splenocytes/well were stimulated with the

individual peplides (100 pg/mi), the complete GALNS (150 pg/mi} or concanavalin A
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(ConA} (3 pg/mb) in triplicates during 72h at 37 °C, saturated humidity and 5% COZ.
Celis were pulsed with 1 u0i of radicactive thymidine for the last 18h of incubation. 3H-
Thymidine incorporation was measured by B-Scintillation counter {Trilux Microbeta

Counter). Proliferation data are expressed as counts per minute {cpm) values (Fig. 5}.
(Mirano-Bascos et al. (2010) J Virol 84(7): p. 3303-11).

Detection of secreted cytokines

{80831 Cylokines were determined in the cell culiure supernatants. in a 86-
well plate, 1 x 10° splenocytes/well were stimulated with the individual peptides (100
ug/mib), the complete GALNS {150 pg/mi}, ConA (3 ug/mi) or media in triplicates during
72h at 37°C, saturated humidity and 5% COZ2. Cells were cenirifuged at 1,000 rpm
during 10 min. Secreted cytokines {iL-4, 1L-5, IL-13, and IFN-y} in the collected
supernatanis were delected by a bead immunoassay kit which allow the measurement
of multiple proteins simultanecusly (LUMINEX xMAP Technology, using a Millipore

Milliplex™ kit) according to manufacturer's instructions (Fig. 5).

Methods and materials for Examples 8-23

Evaluation of immunocdominant peptides 4, §, and 10, using celiular responses in
immune reactive mice.

{00841 Morguio A mouse models: a). Knock-out mice {Galns-/-, MKC)
{Tomatsu etal. (2003} Hum Mol Genet. 12{24): p. 3348-58). | b} Tolerant mice {(Galnstm
(hC788-mC768) SLU MTob) {Tomatsu et al, (2005) Hum Mol Genet. 14(22): p. 3321-
35).c). Missense mutation mice (Galnstm (C76S5) SLU C2)}Tomatsu et al. (2007} Mol
Genet Melab, ,81(3) p. 251-8), and wild-type C57BLE mice were treated by ERT. The
mice received 16 weekly iv. infusions of human GALNS: 250 U/g of body weight
through the tail vein. A control group received PBS.

Detection of mice plasma levels of IgG anti-GALNS
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[0085] An indirect ELISA tschnique was used (o detect plasma 1gG antibodies
against GALNS in treated and untreated mice. Ninety-six well polystyrene microplates
were coated with 2 ug/mi of GALNS enzyme in coaling buffer {15 mM NayCOs, 35 mM
NaHCOs, 0.021 NaN; pH 8.6) and incubated overnight at 4 °C in a wet chamber. The
plates were blocked with 3% casein in PBS during 1 h at room temperature in & wet
chamber. After two washes, first with TTBS (10 mM Tris, 150 mM NaCl, 0.05% Tween
20, pH 7.5), and then with TBS {10 mM Tris, 150 mM NaCi, 0.05%, pH 7.5), 100 mi of
mice plasma samples diluted (1:1,000) in TTBS were added to the plate and incubaied
2h at 37 °C in a wel chamber. Four washes with TTBS were performed. 100 ul of anli-
mouse IgG-Peroxidase {(Sigma) 1:5,000 dilution in TTBS were applied. After three
washes with TTBS, followed by one wash with TBS, the experiment was developed with
the substrate TMB (3,3°.5,5-Telramethylbenzidine, Sigma). The enzymatic reaction was
stopped with 1N HCI solution and the absorbance was measured at 450 nm in a
microplate reader Multiskan® ELSO0 (Bio-Tek Instruments). Plasma concentrations of
igG antibodies anti-GALNS were derived by extrapolation of the absorbance values
from a calibration curve using a mAb anti-GALNS.

Evaluation of celiular response

{00861 The specificily of cellular response against GALNS used in ERT was
avaluated in vitro by splenocyte proliferation or cytokine secretion in ERT treated mice
or PBS control mice. Ten days after the last infusion, the mice were euthanized and the
spleen was aseptically removed. The tissue was homogenized with a syringe plunger in
complete RPMI 16840 medium (10% fetal bovine serum, 2 uM glutamine, 50U
penicillin/mi, 50 pg streptomycin/mi, 100 uM non-essential amine acids, 50 pM 2-
mercaptoethanct). The suspension was centrifuged at 1,000 rpm during 10 minuies.

The red blood cells were lysed using a Lysis buffer (Sigma).

Splenocyies proliferation
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00871  In a 98-well plate, 5 x 10° splenocytesiwell were stimulated with the
individual peptides (100 pg/mi), the complete GALNS (150 ug/mi) or ConA (3 ug/mi) in
triplicates during 72h at 37°C, saturated humidity and 5% CQO.,. Cells were pulsed with
1uCi of radicactive thymidine for the last 18h of incubation. Thymidine incorporation was
measured by B-Scintiliation counter (Trilux Microbeta Counter) Mirano-Bascos, ef al.

{2010) J Virol. 84(7). p. 3303-11}.

Detection of secreted cytokines

{0088] Cyiokines were determined in the cell culture supernalants. in a 96-
well plate, 1 x 10° splenocytes/well were stimulated with the individual peptides (100
ug/mi}, the complete GALNS {150 ug/mi), ConA (3 ug/mi) or media in triplicates during
72h at 37°C, saturated humidity and 5% CQO,. Cells were centrifuged at 1000 rpm during
10 min. Secreted cytokines (-4, 1L-5, IL-13, and IFN-y} in the colleciad supernalants
were detected by a bead immungassay kit which allow the measurement of multiple
proteins simultaneously (LUMINEX xMAP Technology, using a Millipore Milliplex™ kit)

according to manufacturer’'s instructions.

Protoco! for induction for induction of orgl {olerance and evaluation.

{00881 For an overview of oral tolerance and evaluation see Figure 6. Six
week old MKO mice (GALNS-/-} were divided in 8 groups, three mice per group {Table
23. All animals were maintained in the animal facilily at the Saint Louis University. Oral
tolerance was induced by feeding mice with 50, 100 or 500 ug of peptide 110 or GALNS
anzyme {groups 1 to 8). Control groups (7 and &) received PES alone. The mice were
ireated by oral gavage every other day over a period of 8 days. One week after the last
oral administration, the mice were treated by weekly i.v. infusions of GALNS enzyme at
250 LHkg of body weight through the vein of the {aill {groups 1 1o 7}, or PBS {group 8)
during 4 months {(Figure 7).

Table 2. Groups of mice and amounts used oral tolerance induction.

28



WO 2013/119715 PCT/US2013/024997

Attorney Docket No. 120206PCT
Filed Via EFS-Web

1 50 mg GALNS
2 100 myg GALNS
3 500 mg GALNS
4 50 mg | GALNS
5 100 mg | GALNS
& 500 mg | GALNS
7 PBS GALNS
8 PBES PBS

Splenocytes proliferation

{00801 Ten davs after the last infusion, the mice were suthanized and the
spleens were aseptically removed. The tissue was homogenized with a syringe plunger
in complete RPMI! 1640 medium {(10% fetal bovine serum, 2 uM glutamine, 50U
penicillin/mi, 50 pg streptomycin/mi, 100 1M non-essential amino acids, 50 pM 2-
mercaptosthanol). The suspension was centrifuged at 1,000 rpm for 10 minutes. The
red blood cells were lysed using a Lysis buffer (Sigma).

100911  in a 98-well plate, 5 x 10° splenoccytes/well were stimulated with
GALNS enzyme (150 ug/mi), ConA (3 ug/mi) or media in triplicates during 72h at 37°C,
saturated humidity and 5% C0O-. Cells were pulsed with 1 of radioactive thymidine
for the last 18h of incubation. Thymidine incorporation was measured by 3-Scintillation

counter {Trilux Microbeta Counter} (Fig. 6).

Detection of secreted cyiokines

{60921 Ina 96-wellplate, 1x 10° splenocytes/iwell were stimulated with
GALNS enzyme (150 ug/mi), ConA (3 pg/mi) or media in triplicates during 72h at 37°C,
saturated humidity and 5% CO2. Secreted cytokines (IL-4, 1L-5, 1L-10, H.-13 and IFN-y}
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in the collected supermatants were detected by a bead immunoassay kit which aliow the
measurement of multiple proleins simultaneously ( LUMINEX xMAP Technology, using

a Millipore Milliplex™) kit according manufacturer’s instructions (Fig. 6).

Detection of igG and Igk antibodies against GALNS by ELISA
[0063] An indirect ELISA technigue was used to delect plasma IgG and igk

antibodies against GALNS in treated and untreated mice. Ninety-six well polystyrene
microplates were coaled with 2 ug/mil of GALNS enzyme in coating buffer (15 mM
NayCOs, 35 mM NaHCO,, 0.021 NaNj pH 9.6) and incubated overnight at 4 °C in a wel
chamber. The plates were blocked with 3% Casein in PBS for 1 h at room temperature
in a wet chamber. After two washes, first with TTBS (10 mM Tris, 150 mM NaCl, 0.05%
Tween 20, pH 7.5), and then with TBS (10 mM Tris, 150 mM NaCl, 0.05%, pH 7.5}, 100
mi of mice plasma samples diluted 1:500, for Igk and 1:1,000 for IgG, in TTBS were
added 1o the plate and incubated Zh at 37 °C in a wet chamber. Four washes with
TTES were performed. 100 ul of anti-mouse IgE-HRP {Thermo Scientific} 1:1,000 in
TTES or lgG-Peroxidase {Sigma) 15,000 dilution in TTBS were applied. After three
washes with TTBS, followed by one wash with TBS, the experiment was developed with
the subsirate TMB (3,3,5,5 - Telramethylbenziding}. The enzymatic reaction was
stopped with 1N HCOI solution and the absorbance was measured at 450 nm in a
Multiskan® ELS00 (Bio-Tek Instruments). Plasma concentrations of IgG antibodies anti-
GALNS were derived by extrapolation of the absorbance values from a calibration curve
using a mAb anti-GALNS.

Comparison of ERT Efficacy between Tolerized and Non-Tolerized MPS VA
Knock-Out Mice.

[0084] Efficacy of ERT was tested by histopathology. Liver tissues from 24
mice used in the oral (olerance protocol were evaluated for GAGs storage. Tissues
were fixed in 4% paraformaldehyde / 2% glutaraldehyde and embedded in Spurr’s resin.
Sections of tissues were stained with Toluidine blue and evaluated by light microscopy

(x40} (Tomatsu et al. (2003) Hum Mol Genet. 12(24): p. 3349-58). Kidney biopsies
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were fixed in Hollande's fixative (3.7% formaline, 40% picric acid, 25% copper acetate
and 1.5% acelic acid} and embedded in Spurr’s resin. Seclions were stained in Harris’
unacidified hematoxylin and an alcohol solution of eosin for immune complex detection
by flucrescence microscopy (450-490 nm excitation filter and 515 nm suppression filter)
{(x100} (McMahon et al. (2002) Mod Pathol. 15(8): p. 888-87). A comparison between
tolerized and non-tolerized MKC mice treated by ERT was performed.

Statistical analysis

{0085] The resulls are expressed as the mean sd. for each for each mouss
or group of mice. Statistical analyses were done with Statistix 9.0, Two sample T-Test

was used {0 compare the significant difference among mice or group of mice.

Example 1

{60961 The Inventors applied the bioinformatic tools RANKPEP and immune
Epitope Data Base, o N-acetylgalaciosamine-G-sulfaiase {(GALNS). The sequences in
Table 1 were used as an initial selection of potential T and B epitopes or

immunodominant peptides.

Table 1. Predicted immunodominant peplides. The immunodominant peplides,
referred to herein, by their sequence number, SEQ 1D number, or their experimental

reference number, may be identified and cross referenced according to the following

table.
No. | Location Sequence SEQID Exp. | Algorithm
NO: Ref.
No.

1 477-496 | KLGKTLTPPESIPKKTLWSH (SEQ ID 41 i=DB
NOLE)

o |18-37 | GDLGVYGEPSRETPNLDRMA | seqp A2 | iEps
NO:4)
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3 |75:94 | NAHARNAYTPQENGGIPDS | geqp B3 | Eps

NO:5)
IEDB
4 | 135154 | PNCHFGPYDNKARPNIPYYR | seqin | C4 | /RANKPEP
NO:6)
IEDB
5 215234 | ASKPELGTSORGRYGDAVRE [ (SEQID |5 | /RANKPEP
NO:7)

6 285-284. | AALISAPEQGGSNGPFLTGK (SEQ D G | epR
NO:8)

7 321-340 | TTSLALAGLTPPSDRAIDGL (SEQ 1D H7  iepe
NO:9)

g |200-219 | FFLYWAVDATHAPVYASKPF | ceap  |E8 | RANKPEP
NO:10)

o |180-199: | TQIYLQEALDFIKROARHHP | ceqp | D9 | RANKPEP
NO:11)

10 | 447-466 | QQHOEALVPAQPOLNVTNWA [ (sEQ i |0 |iEpB
NO:12)

Example 2

{00871  Evaluation of potential immunodominant peptides using by
splenocytes proliferation assay. The Inventors harvested and cullured splenocytes
from mice (MKC) treated with enzyme replacement therapy by infusion of GALNS. After
freatment of cultures with the potential immunodominant peplides, it was found that
three peptides Nos. 4, 8, and 10, elicited a strong response as indicated by splenocyte

proliferation {Figure 1).

Example 3
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{00388] Evaluation of potential inmunodominant peptides by cyiokine
production assay. Splenocytes were harvested from MKC mice afler treatment with
gnzyme replacement therapy using GALNS, and maintained in culture. After treatment
of cultures with the potential immunodominant peplides, analysis of the supernatant
from these cultures revealed that three peptides, Nos. 4, 8, and 10, eliciled a strong
response as indicaled by the secration of cytokines {L-5 and [FN-y {Figures 2 and 3).

Example 4
{00831 The proliferation of splenocytes stimulated by GALNS or peplides Nos.
4, 8, 10, was examined relative (o the age of the animal and length of treatment. The

results show the highest response at 16 weeks (Figure 4).

Evaluation of predicted immunodominant peplides

(0010607  In Examples 5-7, the immunodominant sequences predicied in
Example 1 were relested in MKC mice. Cellular response was evaluated by
splenocytes proliferation and secretion of proinflammatory cytokines (IFN-y, IL-4, IL-5
and 1L-13) after in vitro stimulation with individual peptides or GALNS in MKC mice
treated by ERT.

EXAMPLES

{00101 Screening of peplides by splenccytes proliferation The cpm values of
3H-thymidine incorporation after in vitro stimulation of splenocytes with individual
peptides or GALNGS in treated mice by 16 or 22 i.v. infusions of human GALNS were
evaluated. The mean of proliferation of GALNS treated MKC mice (186 Lv. infusions) was
statistically significant when compared {0 the values of PBS treated mice afler in vitro
stimulation with peptides C4, E8, 110 or GALNS (p=0.024; 0.022; 0.042 and .0243
respectively) (Fig 8A).

001021 For GALNS treated MKC mice {22 v, infusions) only the mean values
of splenocytes proliferation after in vitro stimulation with peptide E8 or GALNS were

statistically significant when compared with PBS treated mice or GALNS treated mice
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(16 iv. infusions) {p=0.0004 and 0.0433; p=0.0041 and p=0.0353 respectively) (Fig.
88}

EXAMPLE 6

801031 There is a relationship belween the number of weekly Lv. infusions (16,
22 and 24} and the cpm values of splenocytes proliferation after in vitro stimulation with
peptides C4, E8 and 10 and the complele protein in the MKC mice treated by ERT {Fig.
). With higher number of infusions, lower levels of proliferation were obtained. This
result suggesis onset of desensitization and/or an age-dependent effect on the immune

response towards the treatment.

EXAMPLE 7

8001041 Determination of cylokines profile  CD4+ T cells play a significant role
in the development and performance of cellular and humoral responses of adaptive
immune system. There are different linages of effector T helper (Th) celis, which
differentiate from naive CD4+ T celis. Th1 cells are characterized by the production of
iFN-y and Th2 by the secretfion of iL-4, IL-5 and H.-13 (Amsen et al. (2008) Curr. Opin.
immunol. 212} p. 153-80}. In order to differentiate the capacity of the peptides {o
modulate a Th1 or Th2 response, a profile of cylokines was characterized. [FN-y IL-4,
iL-5 and IL-13 were measured as Th1 or ThZ markers. In accordance with the
proliferation resulls, the profile of secreted cylokines showed that only peptides C4, E8
and 110 and the complete protein in the in vilro stimulation of splenocytes of MKC mice
freated by ERT showed statistically significant difference when compared with PBS

treated mice (Figure 10).

{001058] The levels of secreted IFN-y in ERT treated MKC mice were
statistically significant different when compared with PBS conirols for peptides C4, E8
and 110 and for GALNS (p= 0.0048, 0.0029, 0.0101 and 0.036 respectively} (Fig 10A).
Peptide C4 induced the highest levels of secreted IFN-vy among the group of peplides
and even compared with GALNS in the in vitro stimulation. This result indicales that

peptide C4 modulates a stronger Th1 response.
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{00106] Secretion of iL-4 was observed in the in vilro stimulation with the three
peptides (C4, E8 and 110) or with GALNS in the ERT MKC mice. The differences were
statistically significant when compared with PBS controls (p= 0.0016, §.038, 0.0005 and
(0.0026 respectively) (Fig. 10B). Higher levels of iL-4 secretion were detected for
GALNS or peptide 110 stimulation.

(001077 For iL-5 secretlion, only peptides C4 and 110 and GALNS protein
axhibited a statistically significant difference after the in vitro stimulation in ERT treated
MKC mice compared with the PBS controls {p= 0.028, 0.0094 and 0.0029} {(Fig. 10C.}.
Higher levels of secretion were detected for GALNS and peptlide 10 stimulation.

Stimulation with peptide £8 did not induce a significant IL-5 response.

001081 Statistically significant difference in 1L-13 secrelion was observed
exclusively for peptide 110 and GALNS after the in vitro stimulation in the ERT ireated
MKC mice when compared with the PBS controls (p= 0.0002 and 0.0152). The levels
obtained after C4 or B8 stimulations were not stalistically significant (Fig. 10D).

Determination of Humoral and Celiviar Response of Morguio A Mice Models and
Wild Type Mice Treafed By ERT

EXAMPLE S

{60108] Humoral response in mice treated by ERT. Humoral response
against GALNS used in ERT was evaluated in Morquio A mice and WT mice. After 16
v, infusions of GALNS or PBS, the concentration of IgG anti-GALNS in plasma was
determined by ELISA. MKO mice presented a stronger and more homogenesous
response than to C2 and WT mice, which had a heterogeneous humoral response
against GALNS. As expected, MTol mice showead the lowest levels of response to the
therapy (Fig. 11). Only MKC mice treated by ERT presented a statislically significant
difference in the levels of GALNS-specilic IgG plasma levels when compared with
treated MTol mice {p=0.003)
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Evaluation of Levels of Proliferation by in vitro Stimulation of Splenocyies in Mice
Treated by ERT

EXAMPLE S

801101 Cellular response against GALNS or the most immunogenic peptides
(C4, E8 and 110} was evaluated in the Morguio A mice models (MKC, C2 and MTol) and
in WT mice treated by ERT (16 Lv. infusions of GALNS) or PBS controls in terms of
splenocyle proliferation and profile of cyitokine secretion. As seen in the humoral
response, MKC mice presented a higher and more homogeneous celiular response.

Whereas, the response observed in the C2 and WT mice was more helerogenaous.

001117 Levels of splenocytes proliferation observed after the in vitro
stimulation with the three peplides (C4, E8 and 1M10) or GALNS enzyme among the
Morquio A mouse models was higher for MKC mice treated by ERT and the difference
was statistically significant when compared with MKC PBS controls (Fig. 12). As seen
in the humaoral response, MTol mice treated by ERT presented the lower levels of
proliferation among the group. The difference in splenocyles proliferation was
statistically significant only after in vitro stimulation with peptide C4 when compared with
MTol PBS controls (p= 0.0056). The diferences between the proliferation levels of the
MKC and MTol mice treated by ERT were statistically significant for peptides C4 and E8
and for GALNS enzyme {p= 0.045, 0.02 and 0.023 respectively). WT and C2 ERT
freated mice had a statistically significant difference in proliferation values when
compared with the PBES controls {of each strain) after the in vitro stimulation with the
three peptides and GALNS enzyme.

Cytokines profile after splenocytes in vitro stimulation in mice freated by ERT
EXAMPLE 10

{00112] The profile of cylokines secretion after splenocytas in vitro stimulation
with peptides C4, E8 and 110 or the complete enzyime was evaluated. Peptide C4
induced the strongest response in the IFN-y secretion if compared with the other stimuii.

The difference in levels of IFN-y secretion for MKC mice reated by ERT was statistically
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significant when compared with MTol mice treated by ERT after in vitro stimulation with
peptides C4 and 110 (p= 0.0033 and 0.044 respectively). The differences for peptide 8
or GALNS stimulation in these two groups (MKC and MTol) were not statistically
significant. In vitro stimulation with peptide E8 induced sialistically significant levels of
iFN-v secretion in all mice treated by ERT when compared with the PBS controls of the

same sirain {(Fig 13).

EXAMPLE 11

001131 MKC mice reated by ERT presenied the highest levels of IL-4
secrefion among the treaied mice. The differences compared with the MKC PBS
controls were statistically significant after the stimulation with the three peptides {(C4, £8
or 110} or GALNS (p= 0.0016, 0.0387, 0.0005 and 0.0026 respectively). For C2 and WT
mice the differences were slalistically significant only for peptide 110 (C2 mice p= 0.02
and 0.012; WT mice p= 0.0015) and GALNS stimulation (C2 mice p= 0.021 and 0.022;
WT mouse p= 0.045). MTol mice did not present secretion of [L-4 in any case {Fig. 14).

EXAMPLE 12

(601141 Stimulation with peptide E8 did not induce 1L-5 secretion in any of the
mice models treated by ERT with a statistically significant difference if compared with
the PBS controls. In the case of peplide C4 stimulation, it presented a lower but still
siatistically significant difference in the secrelion of IL-5 in MKC (p= 0.028) and WT mice
{p= 0.023 and 0.0019) treaied by ERT if compared with the PBS controls. The profile of
-5 secrelion was higher and the difference was statistically significant for MKC, C2
and WT mice ireated by ERT after stimulation with either peptide 110 (MKC mice p=
3.0084; C2 mice p= 0.0088 and 0.0083; WT mice p= 0.0154 and 0.049) or GALNS
(MKC mice p=0.014; C2 mice p=0.030 and 0.0099; WT mice p=0.0028). MTol mice did
not present secretion of 1L-5 in any case (Fig. 15).

EXAMPLE 13
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(001157 IL-13 secretion was induced only after stimulation with peptide 110 and
the compiete protein. For 110 stimulation, MKC ERT treated mice showed statistically
significant difference after the in vitro stimulation {(p= 0.0002). One outl of two C2 and
WT mice treated by ERT presented 1L-13 secretion with statistically significant
differences {p= 0.0069 and 0.0261 respectively). Stimulation with GALNS showed
induction of IL-13 secretion in MKC (p= 0.0152), C2 {(p=0.028) and WT mice {(p=0.002
and 0.012). MTol mice did not show any secretion of 1L-13 (Fig. 16).

Induction of Oral Tolerance in MKC Mice

{00118] The Inveniors evaluated the induction of tolerance to GALNS used in
ERT by oral administration of the complete protein or an immunodominant GALNS
peptide. According 1o the evaluation of the immunogenic regions of GALNS, three
peptides (C4, E8, and I10) demonstrated specific cellular response after splenocyiss in
vitro stimulation in mice treated by ERT. Peptide M0 induced a response very similar (o
the one observed by in vitro stimulation with GALNS. Therefore, in this first approach
the Inventors selected the peptide 110 in the induction of oral tolerance. MKC mice
received GALNS or peptide 110 by oral gavage at three different doses (Table 2) prior to
ERT. Control groups were fed with PBS. One control group was treated by ERT {non-
tolerized group) and the other one received Lv. infusions of PBS (untreated
group).EXAMPLE 14

(001171 Evaluation of oral tolerance effect in the splenocytes proliferation
after GALNS in vitro stimulation. The effect of tolerance induction to GALNS on
splenocytes proliferation from tolerized and non-tolerized mice treated by ERT was
evaluated. Oral gavage administration of peptide 110 showed a statistically significant
decrease in the levels of splenocyltes proliferation for two of the groups (50 ug, p=
0.0033; 500ug, p= 0.0068) when compared with the values of the non-tolerized mice.
The three groups of mice that received GALNS orally, presented a statistically
significant decline in the cpm values of proliferation (50 ug, p= 0.0105; 100 ug, p=
0.0084; 500ug, p= 0.0028}. On the other hand, compared with the untreated group, all
the tolerized groups (bul GALNS 500 ug) and the non-tolerized group exhibited
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statistically significant differences in the ¢pm values (110 50 ug, p= 0.026; 110 100 pg,
p=0.0002; 110 500ug, p= 0.0144; GALNS 50 ug, p= 0.048; GALNS 100 ug, p= 0.0089
and ERT-PBS p= 0.0018) (Fig. 17).

Effect of Tolerance Induction on the Secreted Cytokine

{00118] Cytokine secretion was evaluated in culture supernatants after in vitro
stimulation of splenocytes in tolerized and non-tolerized mice treated by ERT. The
results demonstrated that there was an effect in the profile of cylokines in mice orally

treated.

EXAMPLE 15

(001197 Evaluation of IFN-y secretion after induction of tolerance. As seen
in figure 18, secrelion in the production of IFN-y {Thi-type cyiokine) was down-
regulated in mice trealed orally with the peptide 110. The decrease was siatistically
significant when compared with the non-lolerized group for the mice that were fed with
50 ug (p= 0.0123) or 500 ug (p= 0.0197) of the peplide. Interestingly, the mice that
received GALNS orally did not show any modulation in the IFN-y secretion after
splenocytes in vitro stimulation with GALNS. In comparison with unireated mice, only
the non-telerized mice showed a statistically significant difference in the levels of [FN-y
secretion {p=0.0074).

EXAMPLE 16

{00120] Effect of induction of tolerance on -4 secretion {L-4 (ThZ-biased
cytokine) production by splenccytes after in vilro stimulation with GALNS was
evaluated. The resuils showed a statistically significant decrease in the secreted IL-4 by
splenocytes of the tolerized groups with 110 50 ug (p= 0.0053), 110 500 ug {(p= 0.0186),
GALNS 100 ug (p= 0.0123) and GALNS 500 ug (p= 0.0046) if compared with the non-

tolerized mice. The difference in the 1L-4 levels of the untreated mice was statistically
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significant when compared only with the mice treated by GALNS 100 ug (p= 0.0321)
and the non-tolerized group {p=0.0046) (Fig. 19).

EXAMPLE 17

{00121] Determination of IL-5 and IL-13 after induction of tolerance. The
induction of tolerance did not show any effect on the levels of the Thi-blased secreted
cytokines {IL-5 and 1L-13). All tolerized groups presented elevated values of 1L-5 and 1L-
13 without statistically significant difference when compared with the values obtained in

the non-tolerized mice {Fig. 20-21).

EXAMPLE 18
{00122] Effect of tolerance on the IL10 induction. Surprisingly, the levels of

iL-10 were not increased in some of the tolerized groups that showed inhibition in the
GALNS-specific splenocytes proliferation (Fig. 13) The difference was statistically
significant for the groups treated with peptide 110 50 ug (p= 0.0368) and GALNS 500 ug
{p= 0.0301), when compared with the non-tolerized mice. The increased levels of {L-10
in the non-tolerized group could be explained as a mechanism to counteract the
induced levels of Th1 and Th2-type cytokines (Fig. 18-21). The induction of this
mechanism was not seen for the mice ireated with GALNS orally, which presented

induction of IFN-g secretion with down-regulation of 1L-10 {Fig. 22).

Effect OF Oral Tolerance In Humoral Response: GALNS Specific igG And IgE
Levels in Plasma In Mice Treated By ERT.
EXAMPLE 18

(001231 GALNS specific lgh plasma levels. IgG plasma levels against
GALNS were determined in the samples obtained one week after the last infusion by
ELISA. IgG antibodies of untreated mice did not show cross-reaction 1o GALNS. The
GALNS specific IgG values were compared {o the oblained levels in the non-lolerized
mice. The reduction in the 1gG values was statistically significant only in the groups
treated orally with 110 50 ug (p=0.0086), GALNS 100 ug {(p=0.033) and GALNS 500 ug
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{(p=0.0048). The mice trealed orally with peplide 110 100 pg and 500 pg or GALNS 50
ug, showed same levels or in some cases higher levels of IgG antibodies against

GALNS when compared with the values in the non-tolerized group (Fig. Z3).

EXAMPLE 20

[00124] GALNS specific IgE plasma levels. Igk plasma levels against
GALNS were determined by ELISA in the samples obtained one week after the last
infusion of GALNS or PBS. In accordance with the results of GALNS specific 1gG levels,
the reduction when compared with the IgG values in the non-tolerized group, was
statistically significant only for the groups treated orally with peptide 110 50 ug
(p=0.0184) and GALNS 500 ug (p=0.0057). Furthermore, a comparison belween mice
freated by ERT (tolerized and non-tolerized) and untreated mice was performed. The
increased levels of GALNS specific Igk was statistically significant for the groups
treated orally with peplide 110 100 ug (p=0.0061), 10 500 ug {(p=0.0057) and non-
tolerized group {(p= 0.0042) (Fig. 24).

EXAMPLE 21

{00125] Regulatory markers evaluation in Peyer Patches {PP) after
induction of tolerance. One week after the last Lv. infusion of GALNS or PBS, PP of
mice were dissected and mRNA was extracted in order to evaluate the expression of
regulatory markers: cytotoxic T lymphocyte antigen 4 (CTLA-4) and TGF-B. Most of the
mice presented up-regulation of these regulatory molecules when compare with the
non-tolerized group. CTLA-4 was predominantly up-regulated in mice treated orally with
peptide 110, while the expression of TGF-J was observed in both groups (Fig. 25 and
26).

Comparison of ERT Efficacy between Tolerized and Non-Tolerized MPS iva
Knock-Out Mice.
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{00126] The effect of oral tolerance on the efficacy of ERT was evaluated
pathologically by two different approaches. 1). Determination of GAGs accumulation in
liver as a result of GALNS enzyme deficiency and 2. Evaluation of immune-complex

deposits in kidney as a secondary effect of immune response to ERT.

EXAMPLE 22
(001277 Evaluation Of Gags Accumulation. Pathological evaluation GAGs

accumulation of mice treated by ERT after induction of oral tolerance was performed in
mice livers. These sectlions of lissues were stained with Toluidine blue and evaluated by
light microscopy. The pictures of each slide were qualified from zero to five according o
the level of accumulation. Where, zero means no accumuilation and five, highest level of
accumulation {usually found in older and untreated Morquio A mice). The level of
accumulation for each mouse resulted as an additive value of each qualification. Most of
the tolerized groups showed an improvement in the reduction of GAGs accumulation
compared with the non-tolerized or the untreated group. The difference was statistically
significant for the groups treated with peplide 110 50 pg (p= 0.0038), M0 500 ug (p=
0.0022}, GALNS 50 ug {p= 0.0114), GALNS 100 ug {(p= 0.0314) and GALNS 500 ug
{p= 0.0027} {(Fig. 27).

EXAMPLE 23

001281 Determination of immune-complex deposits. Antibodies against
proteins used for ERT cause, in some of the cases, glomerulonephritis which results
from the immune-complex deposits in kidney. The pictures of each slide were gualified
from zero to five according to the level of immune-complex deposits. Where, zero
means no deposits and five, highest level of immune-complex. The level of
accumulation for each mouse resulted as an addilive value of each qualification. The
pathological evaluation showed a statistically significant decline in the immune-complex
depositions inside of the glomerular. Compared with the non-tolerized group there was

a statistically significant reduction in the levels of immune-complex deposit for the
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groups treated by peptide 110 50 ug (p=0.0002), 10 100 ug {(p=0.0042}, 110 500 ug
{(p=0.0275), GALNS 100 ug (p=0.0012) and GALNS 500 ug (p=0.00863) (Fig. 28).

{00128] There is a direct correlation between the amount of immunoglobulins
against GALNS used in ERT, the levels of immune-complex deposits and the grade of
GAG's accumulation. This correlation is demonsirated pathologically in figures 28-36.
The lower the levels of immune-complex deposits, the lower the levels of GAG's

accumulation.

(601307 Al publications and patents cited in this specification are hereby
incorporated by reference in their entirety. The discussion of the references herein is
intended merely to summarize the assertions made by the authors and no admission is
made that any reference constitutes prior art. Applicants resarve the right to challenge

the accuracy and pertinence of the ciled references.
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CLAIMS

What is claimed is:

S o e

. An isolated peplide selected from the group consisting of SEQ D NOH2, SEQ

D NGOG, SEQ 1D NO:B, fragments of SEQ 1D NGH1Z2, fragments of SEQ 1D
N 10, and fragments of SEQ 1D NO:6, wherein said fragments consists of 6
amino acids or greater and said fragmentis are effective in inducing oral
tolerance to N-acelyl galactosamine-G-sulfate sulfalase in a subject suffering
from mucopolysaccharidosis type VA,

The isclated peptide of Claim 1, wherein said fragments consist of 12 amino
acids or greater.

The isolated peptide of Claim 1, wherein said fragments consist of 16 amino

acids or greater.

The isolated peptide of Claim 1, consisting of SEQ 1D NO:12.

The isolated peptide of Claim 1, consisting of SEQ 1D NO:10.

The isclated peptide of Claim 1, consisting of SEQ 1D NGB,

The isolated peptide of Claim 1, further comprising fillers, binders, stabilizers,
preservatives, buffers, rapid release, or sustained release components.

A method of inducing oral tolerance to N-aceiyl galactosamine-8-sulfate
sulfatase in a subject suffering from mucopolysaccharidosis type VA,
comprising, administering by oral ingestion, an effective amount, for an
gffective period of time, one or more peplides seleciad from the group

consisting of the isolated peptides of Claim 1 and SEQ 1D NO:2,

The method of Claim 8, wherein the one or more peptides consists of SEQ 1D
NG:12.

10. The method of Claim 8, wherein the one or more peptides consists of

fragments of SEQ 1D NOG:12 of 6 amino acid residues or greater.
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11. The method of Claim 8, wherein the one or more peptides consisis of
fragments of SEQ 1D NO:12 of 12 amino acid residues or greater.

12. The meathod of Claim 8, wherein the one or more peptides consists of
fragments of SEQ 1D NO:12, of 16 amino acid residues or greaier.

13. The method of claim 8, wherein the one or more peptides consists of SEQ 1D
NO:10.

14. The method of Claim 8, whergin the one or more peptides consisis of
fragments of SEQ 1D NGO, of 6 amino acid residues or grealer.

15. The method of claim 6, wherein the one or more peplides consists of SEQ D
NO:B.

16. The method of Claim 8, wherein the one or more peptides consisis of
fragments of SEQ 1D NO:8, of 6§ amino acid residues or grealer.

17.The method of Claim &, wherein the one or more peaplides consists of SEQ 1D
NO:2Z.

18. The method of Claim 8, wherein, an effective amount consists of about 500 ug
per administration, and an effective period of time consists of consist of about
every other day for 10 weeks.

19. An isolaied peplide consisting of a fragment of SEQ 1D NO:2, the fragment of
SEQ D NO:2 comprising one or more immunodominant peplides selected from
the group consisting of SEQ 1D NO:12, SEQ 1D NGOG0, and SEQ 1D NO:6.

20.A method of inducing oral lolerance to N-acelyl galaciosamine-6-sulfale
sulfatase in a subject suffering from mucopolysaccharidosis type VA,
comprising, administering by oral ingestion, an effective amount, over an

effective period of time, one or more of the peptides of claim 18

21.The method of Claim 20, wherein, an effective amount consists of about 500 ug
per administration, and an effective period of time consist of about every other

day for 10 weeks.
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22.An isolated peptide selected from the group consisting of SEQ 1D NO:3, SEQ
ID NO4, SEQID NGO, SEQID NO7, SEQ D NG:8, SEQ 1D NG9, SEQID
NO: 11, fragments of SEQ 1D NO:3, fragments of SEQ 1D NO:4, fragments of
SEQ D NG5, fragments of SEQ D NGI7, fragments of SEQ 1D NO:8,
fragments of SEQ 1D NO:9, and fragments of SEQ 1D NO:11, wherein said
fragments consists of 6 amino acids or greater and said fragments are effective
in inducing oral tolerance 1o N-acetyl galactosamine-8-sulfate suliatase in a
subject suffering from mucopolysaccharidosis type IVA.

23. A method of identifying immunodominant peptides for a target enzyme of a
lysosomal storage disorder comprising:

a} identifying predicted immunodominant peptides of the target enzyme
using biocinformatic {ools,

b} chemically synthesizing or isolating the identified predicied
immunodonminant peptides,

¢} injecting the synthetized predicted immunodominant peplides into a
target enzyme deficient animal that is immunized against the target
enzyme,

d} evaluating the predicted immunodominant peplides by comparing
humoral or cellular immune responses of said animal, whereby
greater humoral or celiular immune response indicates a greater
immunocdominant peptide.

24.The method of claim 16 wherein, the celiviar immune response is splenccyle
proliferation.

25.The method of claim 16 wherein, the celiular immune response is the secretlion
of cytokinss.

28. The method of claim 18 whersin, the cviokines are selected from the group
consisting of [L-4, 1L-5, 1L-13, IL-17 and IFN-y.
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