MO021 (rhGAA) Has an Optimal Oligosaccharide Composition That Allows for Efficient Reduction of Skeletal Muscle
Glycogen and Recovery of Grip Strength in a Pompe Mouse Model
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MO21 is a Unique rhGAA that contains High Levels of Bis-Phosphorylated MO21 Rapidly Normalized Muscle Grip Strength in Treated Pompe Mice to
N-Glyans when Produced with S1S3 PTase Co-Expression that of Wild-type while SOC did not

Pompe Disease

Pompe disease is an inherited disorder in which pathological levels of the complex sugar glycogen accumulates in cells. : : ] :
P P 8 P gar g1ycos Site-Specific Glycopeptide Mapping Fluorescently Labeled Glycan Animals Dose
¢ Infantile-onset Pompe disease has an onset age <12 months and affects the heart muscle (cardiomyopathy); muscle LC-MS/MS Chromatography Strain: GAAKC Pompe Mice ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
. . . . Gender: Mixed
weakness, enfarged flver and heart, cifficulty breathing and feecing occur Alglucosidase af o wontn 2 o ] vorina ] viorins ] vonino |7
& Late-onset Pompe disease has an onset age >12 months or onset age <12 months without cardiomyopathy; . 5x107 _ N: 5-11 per group ‘
. e . . . . ] Alglucoside alfa Age matched WT controls : l
progressive muscle weakness, difficulty breathing, chronic pain, enlarged organs, and other symptoms occur. 4x107~ T s Monthly Grip Strength Measurements
_ : EOL
Pompe is an ultra-rare autosomal recessive disorder. £ 2707 °8>
o , c 107‘ e SOC—20 mg/kg 1-0- Wild-type control e Grip st th oh N
Pompe disease is caused by low levels or absence of acid alpha-glucosidase (GAA), an enzyme that normally breaks down S M021 - Zanég/kg c 1 b mg&osidase At SOC) Fip strength phenotype was
. . . . Age matched WT [®)) iocnifi i
glycogen in the lysosome, due to mutations in the gene encoding GAA. s 2 : o 3 s & g 1¥1077 . S iSRSk Hages c 1-e- Vehicle significantly improved by M021
GAA deficiency leads to | gl lating in multiple ti ticularly cardiac and skeletal muscl o T o Z o I o WA L FOL 52 ERT by 2 months and
N140 N233 N390 N470 N652 N882 N925 o e . . . .
e Clency ea S 0 ysosoma g ycogen accumu a ng In mu p e Ssues’ par Cu ar y Car Iac an S e e a musc e. Glycan %Tooft:ilte Glycan %gtzilte Glycan %.I(_:’ft:ilte Glycan %:ftSiIte Glycan %_:_:)ft:ilte Glycan %.I%ft:ilte Glycan %;)ft:ilte D: g 8- L L L L L 14 dayS after IaSt dose (g_ 8 150_ IndIStlngU|Shab|e frOm
Treatments add ressing GAA enzyme deﬁciency: Fi(;él\z/l; sk || we | w3 M5 24.8% || A2G2s1 | 166% || FA2G2SL | 7151% | | FA2G252 | 40.2% | |FA2G2S2| 52.6% Q GAA + 5133 (M021) 1P 5 5 Wlld-type mice by 3 months.
2% 1|a16151M5|  10.4% A2G2S2 20.3% PM6 12.5% FA2G2S2 11.73% FA2G2S1 27.9% FA2G2S1| 18.9% ™ 6 4 LL
‘ WD | 2% M5 9.7% acsst 3% | A26292 | 110% || FA2GZ | B73% |k onns) 6sw | |FAIG3S2| 8.7% % O = .
FA2G2S2 9.5% i 9% 5 . 5% 7%
Enzyme replacement therapy (ERT) o | oo || Moo | sk | (o o | o] ssax | PRt | PRI ) 4 oot G E 5 125- e SOC was not able to improve
. . . . . . . T N [ overea Miono-Fu, Bis-PO, 1 1 1
® Multiple investigational products in development, including gene therapy 091 rhGAANE? eutra ¢ 0 A grip strength under identical
r . ..
' L experimental conditions.
o o a a o - * %
a a a a a 100 I I I [ [ [ I
ri N kl Im I ren W” r rren . ) Pretreat 1M 2 M 3M 4 M 5M 6 M
Cardiac and skeletal muscles are not well targeted by current SOC u 2w (16WK) (20wk) (24wk) (28wk) (32wk) (38 wid)
_ o Minutes Time Post Treatment
Pompe s a not a blood Less than 1% of the aqmlnlstereq dose reaches most severely 7 652 (Age in Weeks)
disease impacted tissues - 1 ' ] | ]
Endothelial cell Muscle fibers Table 1 Tissue distribution of rhGAA in Gaa KO mice post-intravenous administration i § § ";r u;g § §
Variable Liver Quad Tricep Gastroc Heart
N-140 N-390 N-652 N-882
Number of animals (n) 6 16 10 10 10 % of Site % of Site 9% of Site 9% of Site
P GAA activity in tissue h ; | 4-MU released/ 176 8 8 1 50 Glycan /Toftzlt /Toft:It vean ol /Toft:It Glycan /ToftZIt et
rhGAA ERT ac m:y in tissue homogenate (nmo released/mg 2PIM7 | 79.6% 2(PIM7 | 50.4% 2PIM7 | 413% || 2(P)M8 | 74.9% 2PM7 | 62.6% FA2G2S2 | 29.1% 2APM7 | 49.1%
. 1 protein/hr) 2APIME | 6.6% P8 | 17.0% PM6 | 13.0% || 2(P)M6 | 7.0% PM6 | 13.6% |[FAlG1S1PM6| 17.6% 2APME | 8.0%
)= Receptor mg total protein in homogenate/mg wet tissue 0.11 0.04 0.04 0.04 0.04 2PM8 | 5.1% PM8 | 85% || A2G252 | 10.5% | PM6 6.4% PM5 | 10.8% PMS5 17.3% FA2G2S2 | 6.1% . . . . .
o ity vl vt s o ow ow ow o el o] e T e Toxfome | oo et mar o] P o MO021 May Offer Altenative Dosing Strategies for Rapid Debulking and
Total wet tissue weight (mg) 1,077 125 81 148 110 2(Fme >-2% L F IVI . D .
y © Total GAA activity in tissue (nmol/tissue/hr)° 9.2x10° 40 26 65 220 e S S re u e nt a | nte n a n Ce O S | n
: : o : : :
9% of iHGAA doso in issus’ 5257 003 o2 004 o3 o Alglucoside alfa is composed of 70% complex-type N-glycans, whereas M021 is composed of mainly phosphorylated high mannose q 8
* amount of GAA enzyme activity as measured by release of 4-MU fluorescence and normalized per milligram of total protein in glyca ns. . |
..... @ tissue homogenate; °, amount of GAA activity in 1 mg of wet tissue normalized using determined amount of total protein in tissue Animals
homogenate/mg total protein in wet tissue; °, total amount of rhGAA normalized to the entire wet tissue weight; ¢, fraction of total rhGAA . . . . . . iNn- i
doseiitissued?eten‘nirf;d by dividing the measured GAA activity in tissue bythetotaIGAAactivityfromdosingiolution(1.75><105nmol4-MU o On average, there are >3 mO|€S Of M6P per mOIe Of M021, Iead|ng tO h|gh'afﬁn|ty b|nd|ng tO the CI‘MPR. Strain: GGGKO Pompe Mice l l l l l l
released/hr) and expressed as percent of total rhGAA dose. rhGAA, recombinant human acid alpha-glucosidase. Gender: Mixed
Blood Interstitial N:5-11 per gI’OL',Ip I\/Ionth 2
space space Do et al. Ann Transl Med 2019: 7(13):291 Age matched Wild-type
Treatment
MO021- 40 mg/kg l, l
MG6P . o e - . 6 weekly doses 2-wk  4-wk  6-wk
Natural M6P Receptor Pathway Enables Phosphorylated Exogenous MO021: rhGAAY" CI-MPR Interaction and Affinity is Dramatically Improved oL
ays arter 1as ose
I 1 Heart i uadriceps Triceps
Lysosomal Enzymes Cellular Uptake for Treatment of Lysosomal Storage with Optimal Glycan Structure s00- 300,  DiaPhragm 100, Quadricep 100- P
. .4 ] ] T 1 _
CI-MPR Affinity CI-MPR Binding S 2 6001 s ST 2. s
nD £ ] g S . ¢S 300] T o £ 300 |
ecrete . . 4 —e 1 o
__— Iysosomal Are Equal for Binding CI-MPR 80 12 Debulking in = Q400 X8 S8 50 > S 200]
Rough ER ’QéJ Frevme 1 73% — Alglucosidasealfa M6P - j > GRRe) ] O o _ Oe) ] L (Ole) '
Exc:::vtc:h}g TN T B 40_ KD=1°7 nM 12 thl-eks Old E g ] (\B g 1004 E § ] (\U § i - -
Sectre_tonf Cis Golgi 1 * ’ 60— —9 “i‘ —® Ice E g 200_ E 92 E g} 100_ E g 100'
protain N i L N— N— N— 1 N— eE—
.@ &-r P L WS S = ] é ]
rans-Golgi P ] = . r e 30- ] 1 1 ] T
m/" SR X o 32 w 6 3 < § = = ol = == ol = oL —
S H B <O ] - 3 PBS MO021 WT PBS M021 WT PBS MO021 WT PBS MO021 WT
" A E ' ' ( E
\E E:;:;lrén-e'ua s ._-. .-_'. : __.-. . - E(D S 20__ 27% ,' : __3 S €<D % 20- (40 mg/kg) (40 mg/kg) (40 mg/kg) (40 mg/kg)
& g _ |
S &
Lysosomal _ i ofzett - < < . . .
enzyme feoyetngot . f ALV @R ®m 0 m AL e L < 10 Heart Diaphragm Quadriceps Triceps
B/ MeFosptor SO | - 0") X § e M021 800- 1,000 T Phrag 600 : -~ P
[ [ o4 " Tuep 12 - Alglucosidase alfa ] ] E
ospharylate ] — I ~ =~ 80n] ~ 500 -~ 7
Eﬂiusaz?nartl-szme @ . ] GAA+ 8183 (M021)' . B 0 rrro rrrrrrr o rrrrpr1 §§ 600_: — g))% 800_: é% §§ 500—;
: 8is-PU. mono-FO, complex-type 60- | 0 25 50 75 100 Debulking | - S'S 600- S 5 400 S'S 400
(& N-glycan N-glycan N-glycan 25 = €OUlKINg In 2 4p0 a8 1 = =S 5 8 ;
MEP receptor Clathrim mated é: ) GAA (nMO/ar) 12'M0nth5'0|d (Ole)) - ) 03400 OlEe)) O > 3004
pit ) é() § %0 3 . ~ o . . . Mice 8 \g) E %.’ E § %200 8 %200_
< g d T <8 | St 3 Only a portion (~ 27%) of alglucosidase alfa contains M6P and thus, only this S 2 2001 S 2 50 S % R
— Li ] . S . . : : . ] 1003
thrmm Transport vesicle igan (Apparent K; nM)* S 20 M6P elution minor fraction is able to bind to CI-MPR to enable cellular uptake. The poor ’ i 5 = . — . —_
vesicle Uncoated te endosome i . . . . . . T ——
XSy yonspon h‘?m o) bis-phosphorylated N-glycan o l 1, affinity of Alglucosidase alfa (>100 nM) for the CI-MPR dramatically limits PBS MO021 WT PBS M021 WT PBS MO021 WT PBS M021 WT
o th‘gt ol 1  Lacks M6P Contalns M6P { i ” I t k f ” . th (40 mg/kg) (40 mg/kg) (40 mg/kg) (40 mg/kg)
fsubumtﬂ_/_ mono-phosphorylated N-glycan >6000 0 S 5 S 10 - 1'5 ' cellufar uptake 1ollowing therapy.
- - Heart Diaphragm Quadriceps Triceps
Lodish H, Berk A, Zipursky SL, et al. Molecular Cell Biology. 4th edition. New York: W. H. complex type N-glycan No binding ( ' J Volume (mL)Y ) ® In contrast, >99% of M021 contains M6P and has a Strong aﬁ:lnlty (17 nM) for 600+ 600- phrag 500 P 800+ P
Freeman; 2000. Section 17.7 Do et al. Ann Transl Med 2019: 7(13):291 Cameiberdslivsred  Compstentior dlfvery the CI-MPR which enables efficient cellular uptake at relevant tissue levels = o 500 < o 500- S 2 500 e ]
o lysosomes o lysosomes . O = ] 0 = ] 0 = 0 = 600
following therapy 8 403 > 9 400- > 9 8
' g Q" 8 S "3 8 S 400 3%
Debulking & & 2 300- ol E)aoo-; 5 %300 5 = 400
Re-Accumulationin < & 1 = & o] 5 & = & E
: - : S ; 11-Months-Old 5 3“3 5 %7 3 9 200 - = S 9 200 |j
$1S3 Variant Has Key Attributes That Enable Its Use for Development of MO021 is Significantly Better than SOC for Reducing Accumulated Glycogen Mice = 100 = 10 = = 100 T T =
) . . o . 0-—= % ? -T- I 0‘:# % T T T 0 -T- T T T T 0- -|!
Best-In-Class Recombinant Enzymes and Gene Therapies in Short-term Efficacy Studies I e WT 246 pompe 246 pompe WT 246 pompe
€exs Weeks Weeks Weeks
Heart Glycogen Quadriceps Glycogen Tiicep Glycagen Post Dose M021 Post Dose M021 Post Dose M021 Post Dose M021
b B banit Y subunit Animals 800 400 500 _ . _ . . .
A & suount — Strain: GaaKO Pompe Mouse e Cardiac and diaphragm glycogen levles were normalized to Wild-type levels after M021 dosing, and very little glycogen had
1210 2 171 P I;l 400
17| w2 4B S5 g 6 s S 07| 149 1165|1256 ||5 R 2?7395 Model = 600- < 3007 E = re-accumulated when measured 6 weeks after dosing.
GNPTAS I G ©  TIVESEGTA ; DVAP__ > Gender: Mixed 5 S 5 2 52 -
S5 = = S = . . . . .
Age: 12-14 weeks g 5 40- g § 200 g 5 o A e Glycogen in quadriceps and triceps were reduced 75% and 62%, respectively after M021 dosing compared to untreated
N: 6 per group, 30 total S35 %I S S S 5 2007 p :
T - 2 2 2 ompe mice.
5153 I o) o ' 2 H: ~<EN-: o Age matched Wild-type wo{ B = 100- 5 .y = P
o and B must be cleaved at the 928 position to achieve the active conformation g Treatment - = e After glycogen debulking with M021, the rate of glycogen re-accumulation in skeletal muscle is slow (re-accumulated to ~50%
¢ v subunit must bind here to achieve active conformation PBS 0—— T T O-—F—T—7T T 71— o177 T T 1 i
of untreated Pompe mice 4-6 weeks after last dose).
B Cytoplasic and Transmembrane Stealth ] Notch repeat [} Spacer SOC: Alglucosidase alfa % SZC?C WI E % 82000 |%02120| E % 82C§)C % E p )
I DMAP interaction EF hand B Signal peptide MRH domain 20 mg/kg (mg/kg)  (mg/kg) (mg/kg)  (mg/kg) (mg/kg) — (mg/kg)
M021:
e Wild-type GIcNAc-1 Phosphotransferase (PTase) is an inactive s1-s3 5,10 and 20 mg/kg COnCI usions
%ymog(-an thgaztgseqwr?]s proteolytic cIea\:cage at a precise location PTase PTase 7 Doses Diaphragm Glycogen Psoas Glycogen Brain Glycogen
at residue to achieve its active conformation. . e . _ _
, _ Western Blot Activity EOL 0 600 o0
e No known way to increase proteolytic cleavage and enzyme B " 14 days after last dose
o ay, . ) . . s R - : . : :
activation within cells for increasing enzyme activity and g = 40l = 400 = 0 @ 5153 PTase efficiently and reliably phosphorylates soluble lysosomal enzymes, including those that are typically poorly
h h | 10 20 1 25 5 10 D = oD ¢
improving phosphorylation. o : - s S s 8 s 8 .
—20 £ 2000 - S8 S8 S S hosphorylated, like GAA.
. . . . . .o a / - > S Q S S
e S1S3 PTase is a truncated, pre-activated variant with significant orecursor -0 Se s 22 . _ o o
advantages: = 1000 > 2- 2 200- i 2aodg= = i @ On average, there is >3 mol of M6P per mole of M021, resulting in high affinity binding to the CI-MPR receptor.
Has proper anformaho.n. W'th.oyt need for gamma subunit v B e il = @ Pre-clinical studies of M021 in the Pompe mouse model demonstrated robust efficacy as measured by in-life grip strength and
e Has 20-fold higher specific activity. S 100 uuar - ol | I o , oL o glycogen reduction.
. . . ) = — —
e Enables efficient phosphorylation of soluble lysosomal enzymes. - B o T2 = B o e = R soc a2 _ _ _ _ _
e Small gene size enables its incorporation into expression psubunit s WS : . (makg)  (ma/kg) (mahkg)  (mg/ko) (k) (mg/ko) € MO021 effectively reduces glycogen, even in aged Pompe mice with advanced disease phenotype.
- 1 1 1 =50 I WT IS1-S3I . . . .o . . . . .
constructs for S153 PTase co-expression with therapeutic * In the cardiac and skeletal muscle, M021 (20 mg/kg) is significantly better at reducing glycogen after 2 doses. Unfortunately @ These promising results suggest that M021 warrants further development as a potential next-generation treatment for Pompe
enzymes within cells for ERT and gene therapy applications. . di
Lin Liu et al. Engineering of GIcNAc-1-Phosphotransferase for Production of Highly Phosphorylated the braln glycogen was not rEd UCEd. ISEASE.
Lysosomal Enzymes for Enzyme Replacement Therapy, Mol Ther Methods Clin Dev. 2017 Jun 16; 5: 59-65.




