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HUNTER SYNDROME: CHALLENGES TO ENZYME DELIVERY AND DISTRIBUTION

* Mucopolysaccharidosis Il (MPS I, Hunter
syndrome) is a rare inherited lysosomal storage

TARGET PATHWAY PATHOLOGY

Loss of activity of IDS causes IDS deficiency reduces lysosomal Lysosomal dysfunction

Hunter syndrome (MPS 1) function causes inflammation and neuronal cell loss
disorder caused by iduronate-2-sulfatase (IDS) e
deficiency g‘“skﬂ( ";;s
» Disease hallmark is accumulation of the L. 1\ - » - »
glycosaminoglycans (GAGs): Heparan and gggs senipprton = i

Dermatan Sulfate (HS and DS)

« Multiple tissues and organs are affected, and
two thirds have severe neuronopathic form

« Current standard of care is a weekly IV infusion

Accumulation and increased
Glycosaminoglycans (GAGs) in disease

Lysosomal dysfunction and increased lipids
(Gangliosides, BMP) in disease

Increased neurodegeneration with
increased Nf-L

of a recombinant form of IDS, which is unable to WETVIDS V1gG:IDS VDS ITIDS
cross the blood-brain barrier (BBB) and has no 8 w o o
. . IDS aTe paratope
discernible effect on neurodevelopment “ “ - * B
. . . . . v IT

Brain delivery is a critical unmet need in Hunter Testore =

110 o) (o] 265 76 76
Syndrome a o a Do

Molecules with different delivery routes and
different MoAs of biodistribution approved or
being evaluated in the clinic

Adapted from Munzer SSEIM 2022
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IDS enzyme fused to
engineered Fc with TfR
binding domain

monovalent TfR binding
(Kd = 200 nM)

Ullman 2020; Arguello 2022

Two IDS molecules fused
to 1gG with TfR binding
Fabs

bivalent Fab binding to
TfR (Kd = 2.6 nM)

Sonoda 2018; Arguello 2022

Elaprase — naked IDS
molecule dosed
intravenously

commercially approved
recombinant form of IDS

Elaprase — naked IDS
molecule dosed lumbar
intrathecally

Jafarnejad 2022, GRC



JENALI

DNL310 (ETV:IDS) ENGINEERED TO CROSS THE BLOOD BRAIN BARRIER

Enzyme Transport Vehicle (ETV)

Iduronate-2-

Transport Vehicle (TV) technology su::;;se
optimized to improve brain uptake of
biotherapeutics using the transferrin
receptor (TfR)
Enzyme
Transport Vehicle
sy i TR (ETV)
Capillary TfR expression in the f =t
brain facilitates widespread W] 771N endothetial cell membrane
| e

biodistribution of TV and cargo

Administration by
weekly IV infusion

Extensive tissue penetration

TfR is highly expressed
at the blood-brain
barrier. Design of the
transport vehicle is
optimized to enable
DNL310 to cross the
blood-brain barrier'-6

TfR may also facilitate IDS
delivery into tissues such
as bone, cartilage, and the
heart.27-9

DNL310 has the potential to treat neuronopathic and physical manifestations of MPS I

1. Jefferies WA, et al., 1984. 2. Qian ZM, et al., 2002. 3. Bakardjiev Al, 2021. 4. Arguello A et al., 2021. 5. Arguello A, Mahon CS
et al., 2022. 6. Ullman JC, et al., 2020. 7. Wang S, et al., 2020.8. Gammella E, et al., 2017. 9. Carlevaro MF, et al., 1997.

Denali Therapeutics Inc. Confidential

Munzer SSEIM 2022
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HEAD-TO-HEAD COMPARISON OF ETV:IDS WITH COMPETITOR MOLECULES:
MODEL-BASED DIFFERENTIATION IN BIODISTRIBUTION AND BIOMARKER RESPONSE

IV ETV:IDS

IDS

TfR epitope —e

110
kDa

IV IgG:IDS

265
kDa

IV IDS

T

IV

76
kDa

IT IDS

@:ﬁ:@\
IT

76
kDa

IDS enzyme fused to
engineered Fc with
TfR binding domain

monovalent TfR
binding (Kd = 200 nM)

Ullman et al. Science
Translational Medicine, 2020;
Arguello et al. Journal of
Experimental Medicine, 2022

2 IDS molecules fused
to IgG with TfR
binding Fabs

bivalent Fab binding to
TfR (Kd = 2.6 nM)

Sonoda et al. Molecular
Therapy, 2018;
Arguello et al. Journal of
Experimental Medicine, 2022

Elaprase — naked IDS
molecule dosed
intravenously

commercially
approved recombinant
form of IDS

Elaprase — naked IDS
molecule dosed
lumbar intrathecally
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DNL310 QP MODELING INTEGRATES ANATOMY, PHYSIOLOGY & DRUG

DELIVERY

The different IDS molecules have different routes
of access to the brain

size-dependent
exchange — diffusion
& perivascular
transport

,Qg‘
éo ’
blood-CSF barne& / Blood-brain barrier

v [ ETV:IDS (DNL310)

Elaprase
IT

[gG:1DS (JR-141)
IDS (Elaprase)
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Brain size / anatomical relationships inform
physiological predictions of drug distribution

% of CSF Concentration
Depth into the brain (mm)

] 40 mm
0o 1 2
7 mm g‘qg—%
_ N
@ =&
mouse macaque

, S T_';_,' T

CNS endothelial space

Non-TfR TfR
molecules molecules

Circulation

Mohammad Jafarnejad



QSP MODEL STRUCTURE FOR PREDICTING BIODISTRIBUTION AND HS REDUCTION

Brain
HS HS HS : |
cSF < Brain,. . Brain,,, |\ Substrate - 4//? :
superficial deep turnover L7 : } I
k \ k // :Basal ' :
E E // ’ " '-"
IT 3 : e BBB 0 ) ETV:IDS
IDS » CSE <> Braingpegca  Braingee, R ‘5.1 it _—
¢ A \ \ P 7 7 :Apical ﬁ 7’ :‘I :
Spinal T T Rl | E
Cord _ : !
CSE CNS endothelial space :_p|_a§,11§__________________________.
turnover > P wiciulalinieliaiielil e ol
\L ifi TfR-mediated . o o° l
non-specific -mediate S | : 5 e 00 |
< lymph | cse uptake uptake \\\ : i i :
ETVIDS |V ¢ \\\ :Basal ' 4&» , d—b" ' :
N ¥ T = ¥
_ : : F % F
IgG:IDS » Circulation N BBB 0 o ® :
IgG:IDS > . ,&i 1’ 9 ! 1gG:IDS
IDS SO oka # i — f f .'
J ¢ \ \ \\\: Y v !
. . | i i :
Perlpheral tlssues nOﬂ-SpGleIC TfR mediated : V o0 ULG :
- clearance clearance | . |
(liver, spleen) \Plasma °¢C !

« Different valency / affinity in TR binding explains parenchymal:vascular ratios for ETV:IDS and IgG:IDS in mice (Arguello et al. JEM, 2022)
« The higher affinity and bivalent architecture partly explains differential systemic PK of ETV:IDS and IgG:IDS

6 ©2022 Denali Therapeutics. All rights reserved. HS, heparan sulfate (GAG biomarker of relevance in MPS II)



QSP MODEL STRUCTURE FOR PREDICTING BIODISTRIBUTION AND HS REDUCTION

1Brain !
HS HS HS : P o |
< CSF < Brai . Brai \ substrate - !
ralnsuperf|C|aI ralr-]deep turnover : t .
g ]
k \ k :Basal ' 1
IT _ BBB G’i f‘@ ETVIDS
ﬁ » CSF <P Bramsuperficial Brallﬂ'deep \ Parenchymal : % i
K A N ) o A 7’ : |
Spinal | 'C |
Cord : |
s CNS endothelial space Vascular \Plasma - :
tumover | A Ban T 6o T
non-specific TfR-mediated : A 00 00
< lymph | csr uptake uptake | 1 i :
ETVDS | oo 8 .&.y bl N
. : - ’, 3 A "
IgG:IDS >» Circulation BBB 0 o ® laG:ID
g 12 o t |lgGiDS
o2 N L V—V.R
“ b o = Y X
Peripheral tissues non-specific ~ TfR mediated i W o”o o0 i
- clearance clearance | . |
(liver, spleen) |Plasma o .

« Different valency / affinity in TR binding explains parenchymal:vascular ratios for ETV:IDS and IgG:IDS in mice (Arguello et al. JEM, 2022)
« The higher affinity and bivalent architecture partly explains differential systemic PK of ETV:IDS and IgG:IDS

7 ©2022 Denali Therapeutics. All rights reserved. HS, heparan sulfate (GAG biomarker of relevance in MPS II)
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PRECLINICAL MOUSE DATA UTILIZED TO QUANTITATE DIFFERENTIAL
EFFICIENCY OF BRAIN UPTAKE BETWEEN ETV:IDS AND IgG:IDS

Plasma and brain PK in TIR™Yhu K| mice Ratio of parenchymal and vascular PK in TfR™Whu K| mice
(model calibrated to data from Arguello et al. JEM, 2022) (model calibrated to data from Arguello et al. JEM, 2022)

Mouse (10 mg/kg)
I

Plasma PK - Mouse Total Brain PK - Mouse
T T T T
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1024 ~——— TfR-KI Mouse - 3mg/kg | & T ! L
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; : 0 >
0 1 2 3 0 1 2 3 < 7 - [
Time (day) Time (day) LC) 7 [
© 0.05 f} =
S i L
4 Plasma PK - Mouse Total Brain PK - Mouse o B r
10 T T E 15 T T I L
——— TfR-KI Mouse - 1 mg/kg | [ 7 b T
. ~——— TfR-KI Mouse - 3mg/kg | £ ] [ = |
2 ) —— TfR-KI Mouse - 10 mg/kg | | 2 | [ 0
0 @ 3 * 3 3 10 ] 0 1 2
5 t L 5 Time (day)
2\ g 1% N .
8 . 8% ——— TfR-KI Mouse - 10 mg/kg ETV:IDS
e P8 —— TfR-KI Mouse - 10 mg/kg 1gG:IDS
0

Time (day) Time (day)

Monovalent TfR binding of ETV:IDS with optimized affinity for brain delivery, resulting in increased
parenchymal distribution compared to IgG:IDS

©2022 Denali Therapeutics. All rights reserved. Mohammad Jafarnejad



JENALI
QSP SIMULATIONS FOR THE 4 DIFFERENT IDS ERT MODALITIES IN HUMANS

Clinically measured

Unmeasurable in clinic

simulations include 12 week pretreatment with IV Elaprase to mimic clinical scenario

©2022 Denali Therapeutics. All rights reserved.

5 Plasma PK - Human Superficial Brain PK Deep Brain PK
10 ‘ ‘ ‘ ‘ ‘ 102 \ T T T T 102 \ \ \ \ \
s =S =
£ 2 10° - 210 :
g S S
8 5 g
o 10° = $ $
al g 107 = Q107 3
f'\ Clinically relevant doses for
N N - AN 104 ] N the IDS ERT modalities:
01 3 _?_ 7(d *; 11 13 01 3 5 7 9 11 13 01 3 5 7 9 11 13
Ime (day Time (day) Time (day) _
3 mg/kg QW ETV:IDS
100 | CSE HS | 100 Superficial Brain HS 100 Deep Brain HS 100 Total Brain H
4 T T T T T —— T T T -
] * i 2 mg/kg QW IgG:IDS
807 80 | 80 T g0
g 0 o 0 | 0.5 mg/kg QW IV IDS
g % g 607 g 60 g 60
g S s = 10 mg Q4W IT IDS
a ] i ]
@ 407 @ 407 § 40- - & 40
Y ] N ] S ] S ]
20 20 1 20 - 20
: : : 0 1 | | | 0 ] | | | | | 0 ] | | | | |
0 60 120 180 240 300 0 60 120 180 240 300 0 60 120 180 240 300 0 60 120 180 240 300
Time (day) Time (day) Time (day) Time (day)

Molecules binding TfR are taken up by brain microvascular endothelial cells, accessing deep and superficial brain to varying degrees
Modeling predicts total brain HS reduction in the following order: ETV:IDS (QW) > IgG:IDS (QW) > IT Elaprase (Q4W) > IV Elaprase (QW)
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ETV:IIDS CLINICAL DOSE SELECTED TO ACHIEVE HEPARAN SULFATE
NORMALIZATION IN PATIENTS

_ _ Dose response of CSF HS reduction using PK/PD model
« ETV:IDS shows robust reductions in CSF heparan

—~ 40 —102 S

sulfate (HS) = vz
- : . : : D 507 G

« Modeling suggests normalization is achieved at g8 5
. ) -ou T 110 o

doses of approximately 1.5 mg/kg and greater : s o
o =

g 807 normalization 1107 §

S -90¢ i

S o

~— -100 — 40! O

0.1 0.3 1 3 710 30
Dose (mg/kg)

CSF HS reduction with 15 mg/kg weekly dosing
0 , : ;

« Clinical doses selected to account for high anti-
drug antibodies (ADAS) in a small subset of
patients (~10% of patients)

No ADA effect on PK
With ADA effect on PK ]

1

0 50 100 150 200
Time (days)

)
o

A
<)

15 mg/kg QW dose is predicted to yield robust heparan
sulfate reduction in patients, even those with ADAs

&
S

N
o
o

CSFHS
(% change from baseline)

10 Denali Therapeutics Inc. Confidential
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CONCLUSIONS

-

A

ETV:IDS
Circulation

Peripheral tissues
(liver, spleen)

Circulation

Peripheral tissues
(liver, spleen)

Circulation

Peripheral tissues
(liver, spleen)

4
e ?—)
Endothellal —)
.
IV Elaprase

« IDS platform QP model can predict biodistribution of IDS ERT modalities

« Simulation results support the superiority of brain biodistribution and predicts robust HS reduction
for ETV:IDS (optimized TfR affinity / valency) in comparison to other IDS ERT modalities

11

©2022 Denali Therapeutics. All rights reserved.
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QSP SIMULATION COMPARISON OF EQUAL DOSE ETV:IDS & IgG:IDS IN HUMANS

. Plasma PK - Human ) Vascular Brain IDS ) Parenchymal Brain IDS Parenchymal:Vascular Ratio
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Clinical simulation comparison for an arbitrary dose of 3 mg/kg QW IV

« Simulations predict improved systemic exposure for ETV:IDS relative to IgG:IDS
« Simulations predict biodistribution to brain parenchyma for ETV:IDS with significantly better efficiency relative to IgG:IDS

©2022 Denali Therapeutics. All rights reserved.
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QSP MODEL PREDICTIONS OF HS REDUCTIONS IN CSF AND BRAIN

Clinically measurable Unmeasurable in the clinic

CSF HS Brain HS

120 120

100 - 100

% 80 - %) 80
£ o g o QW ETV:IDS
;.\: wl § 0 QW IgG:IDS
ol . QW IV IDS
. . QAW IT IDS

0 0.5 1 2 0.5 1 2 0.5 1 2 0.34 0 0.5 1 2 0.5 1 2 0.5 1 2 0.34

Doses (mg/kg) Doses (mg/kg)

QSP model simulations for weekly 1V dosing of ETV:IDS, IgG:IDS, and Elaprase at 0.5 mg/kg, 1 mg/kg and 2 mg/kg and
intrathecal dosing of Elaprase at a flat dose of 10 mg (equivalent to 0.34 mg/kg for a 30 kg subject)

Model prediction:

Elaprase accesses brain tissue primarily via the CSF and therefore penetrates only the superficial brain region; CSF biomarker changes do not
reflect the activity of the entire brain tissue due to the lack of penetration into the deep brain region

ETV:IDS and IgG:IDS access the superficial and deep brain regions via TfR-mediated transcytosis, but to varying degrees (ETV:IDS > 1gG:IDS)

©2022 Denali Therapeutics. All rights reserved.



HUNTER SYNDROME: CHALLENGES TO ENZYME DELIVERY AND DISTRIBUTION

TARGET PATHWAY PATHOLOGY

Loss of activity of IDS causes IDS deficiency reduces lysosomal Lysosomal dysfunction
Hunter syndrome (MPS II) function causes inflammation and neuronal cell loss
mutations
IDS in IDS
accumulated
gGAGsbq(

N Iﬁ\ o »

catgi)\oGllied ‘ Reduced IDS Cognitive
& activity/protein impairment
IDS! IDS Gangliosides
Accumulation and increased Lysosomal dysfunction and increased lipids Increased neurodegeneration with
Glycosaminoglycans (GAGS) in disease (Gangliosides, BMP) in disease increased Nf-L

* Hunter Syndrome (Mucopolysaccharidosis type II, MPS 1l): an X-linked recessive disorder affecting 1 in ~100,000 males

« Mutations in the iduronate-2-sulfatase (IDS) gene - IDS deficiency & resulting toxic accumulation of glycosaminoglycans
-Disease Hallmark-

« Lysosomal dysfunction occurs throughout the body including the CNS

« Existing widely approved ERTs do not effectively cross the BBB & do not address the neurodegeneration process

15 ©2022 Denali Therapeutics. All rights reserved.



PREDICTED PENETRATION DEPTH FROM CSF INTO ADJACENT BRAIN

Brain size / anatomical relationships inform Non-TfR binding molecules (i.e. naked enzyme)
physiological predictions of drug distribution access mainly the ‘superficial’ brain
% of CSF Concentration
Depth into the brain (mm) L —
> 10° 10' 10° 107

o 1 2 5 10 20 30
0 1 2 5 10
o 1 2

Braingeep

B |

CNS endothelial space

—————
9]
2
M
@
L
=}
]
i
1]
=h
[x}
o

N _——

_om Non-TfR TR
7 mm molecules molecules
@ 2 w .08 . .
mouse ' Circulation

macaque

human

Predicted gradient based on a one-dimension diffusion model, assuming negligible Brain -
contribution from perivascular transport for simplicity; Sources for brain sections: Taslul'l':emﬂ (%) | 100% 50% 25%
DeFelipe. Frontiers in Neuroanatomy, 2011; brainmuseum.org; Franklin & Paxinos, 2007 total

©2022 Denali Therapeutics. All rights reserved.
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