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€ SYSTIMMUNE confidential



Systimmune Introduction

e Founded in 2014

e Located near Seattle, WA, USA

 Subsidiary of Biokin Pharma headquartered in Chengdu (China)
e 25+ scientific staff
 Discover antibodies through own antibody discovery platform

* Develop multi-specific antibodies with focus in immuno-oncology
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Supporting Research and Process Development with State of The Art Mass
Spectrometry

Objective: Outcome:
e Speed up analytical turnaround times  * Confirm CQAs of drug candidates

* Reduce high-cost outsourcing of mass ¢ Confirm expected products

7 IR * Automated UNIFI software aids in

* Improve quality of analytical results to speeding data analysis

meet higher standards * Support research and process

* Flexibility in MS experimental design development programs

 MS results are included in CLD, UPD
and DPD data package

Waters XEVO G2 XS QTOF with
UNIFI scientific information system
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The Challenge in Monoclonal Antibody

Analytics

Trends that increase the mAb Workflow

number of mAb samples |2 RE L

e Target identification and validation
* Mab generation

Preclinical Dev.

Increase Mab » Cell line development

candidate #s * Clone screening

¢ Clone selection
Clinical Dev.

Cell culture o Cell culture
recovery and * Purification process

screening Pre-commercialization
automation

* Formulation
® Lot release tests
* Stabilitv studies

Post-commercialization

QbD guidelines
require Mab QA
monitoring  Product improvements
* Patents

* Biobetters
Goal of analytical team: speed, throughput and productivity

http://slideplayer.com/slide/4058103/

mAb analytics

Product titer

Purity/impurities

Product identification

*® |[ntact mass

* Sequence converge

Quality

* Charge variation

® Aggregates
* Modifications
® Fragments

DMPK/Metabolite

Glycans

I

€ SYSTIMMUNE

confidential



Overview of Cell Line Development Process

Transfected Expansion, Limiting dilutions Identify clonal lines w/titer
minipool screening (0.3 to 1 cells/well) Approx. 200-300 wells
Set up 40 plates
7% |
Plasmid §) -0
, —) )

Selection
marker

Upstream and
Downstream

Processing in bioreactor
of top 8 clones:

Cell growth, titer, protein
quality assessment,
manufacturability
assessment, etc

Lead Clone Pick up best clones (approx. 50)
to 24 W plate — analyze

selection titer/growth, cell staining

l Static expansion

Expand cell into 24W plate then

/ T25 and T75

Create RCBs ; 3] e =
Shake evaluation: ]

Mycoplasma test - Cell growth/titer assessment <= -y :

Freeze cell pellets for gDNA analysis Protein quality L

Shake adaption/expansion
30ml Fed-batch production run

Credit slide for Camilla Wang @ SYSTIMMUNE confidential



Summary of Cell Line Development &
Clone Selection for project X

2A3, 4A4, 10BS8 Mini pools, selected for titer clEF / 1EX - charge variants
SEC- HMW
@ CE-SDS— LMW & NG
33 Single Clone Best clone for titer selected N-Glycan— Glycosylation

Octet— Binding
Protein Tm - Stability

-

12 Single Clone Image assessment to ensure single clone (clonality)

@

8 Single Clone Sequence confirmation analysis, clonality, titer, and SEC analysis

@

3L Bioreactor Sequencing, clonality, titer, % LMW & HMW, and binding ELISA
Top Clone: 14G7 Acceptable titer, < 5% LMW, < 20% HMW

Credit slide for Amanda Mak @d SYSTIMMUNE confidential



1. CLD and Upstream Support-
by Intact and Reduced LC-MS
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Project X Clone Selection Samples

Bioreactor # Single Clone name | Sample Concentration (mg/mL)| Questions: Clone quality
109 Clone 1 7.22
110 Clone 2 7.35
111 Clone 3 6.85
112 Clone 4 7.25
113 Clone 5 7.35
114 Clone 6 7.95
115 Clone 7 7.96
116 Clone 8 7.31

* Goal: Rapid examination of LC and HC masses and comparison of heavy chain glycoforms
* Method: Characterize the clone by intact LC-MS experiment and reduced LC-MS
* All 8 experiments can be prepared, collected, processed, and reported within a single day!
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Intact LC-MS Bioreactors 113-114
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Comparison of 8 Bioreactors -

Deconvoluted Masses

[specra~ . T
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Comparison of Light Chain R109 and R110
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Reduced LC-MS: Component plot summary for LC response

Summary Flot = Bar v ¢ =

Summarized by: Response

deb

3eb

1eb
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Reduced LC-MS: Component plot summary for
pQHC+GOF and pQHC+G1F responses

HC Pyroglutamic Acid Q N-TERM [1/1), Glycosylation GOF N [1/298]
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2. CLD and Upstream support-
by released glycan LC-FLR-MS



Workflow for the Rapid Preparation of N-glycans Using the

RapiFluor-MS N-Glycan Kit

Denature 15 pg
aliquots of mAb with
1% Rapigest at 60°C
for 5 min

Release N-lined
glycans using rapid

PNGaseF for 5 min at
55°C

with RapiFluor-MS

UPLC-FLR-MS Analysis

=

p-elution plate. Dilute
queous eluent with DMF
and acetonitrile

Label glycans (released and
tabilized as glycosylamines

Purify samples using HILIC
a

GLYCOPROTEIN

-

Intact mAb Mass
Check Standard

~

,( = i
is ) o
O o°°°. Y '°.".:
- % %
RELEASED = LABELED ‘=
N-GLYCANS BY GLYCANS
DEGLYCOSYLATION GlycoWorks
GlycoWaorks™ Rapid RapiFluor-MS
PNGase F and Buffer, and Labeling Le®
RapiGest™ SF Surfactant has Y
Oo.‘: (-
'o‘
PURIFIED CLYCANS

INJECTION ON COLUMN ¢

FOR LC ANALYSIS

Glycan BEH Amide Column and
Glycan Performance Test Standard
Dextran Calibration Ladder

ANALYSIS ONLC -
WITH FLR DETECTOR

Alliance HPLC or
ACQUITY UPLC Systems

i

L] 3 z o E] 3T Ben

: GlycoWorks HILIC pElution
Plate or Cartridges

CHARACTERIZATION OR 4

MASS CONFIRMATION

ACQUITY® QDa® Detector
Xevo 62-XS QTof MS
SYNAPT GZ2-Si HOMS

L Resis g

— i > DATAPROCESSING

UNIFI, MassLynx, and
Empower Software
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Glycan FLR +MS Confirmation Workflow \W\aters

-~ Dextran ladder
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Waters RFMS mAb

|dentified Glycans using UNIFI

Chromatograms v O T e )
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Alternative

# |Glycan Oxford name

1 A2 GO

2 FA2 GOF

3 FA2B GOF+GN
4 A2G1 G1

5 A2G1 G1

6 FA2G1 G1F

7 FA2G1 G1F

8 FA2BG1 G1F+GN
9 FA2BG1 G1F+GN
10 A2G2 G2
11 FA2G2 G2F
12 FA2BG2 G2F+GN
13 FA2G1S1 G1F+SA
14 A2G251 G2+SA
15 FA2G2S51 G2F+SA
16 FA2BG2S1 G2F+GN+SA
17 A2G252 G2+SA
18 FA2G252 G2F+2SA
19 FA2BG252 G2F+GN+2SA

€ SYSTIMMUNE

confidential



Comparison Between Two Clones for Project Y
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Comparison Between Two Clones for Project Y
17-23 min
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Comparison Between Two Clones for Project Y

Enhanced view
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[ clone2
Clone 2 expressed increased amounts of sialylated glycans G2F+SA as well as G2F+2SA, G2F+GN and MAN7

Clone 1
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3.79

9.24
15.62

G2F+SA
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verlay of Project Y Single C

lone Selection

2|
- * : .
L ae\ . Summary of glycosylation effect.
- clone - -¥
= [ Y 2 : 5 =
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High Man effect:
* Enhanced antibody-dependent-cell-mediated-cytotoxicity (ADCC)
* Faster clearancerate

Table Il. Impact of Fc glycans on safety/immunogenicity, biologic
activity/efficacy and clearance (PK/PD)

Clearance

Glycan species

Safery/

Immunogenicity

Biologic
activity/
efficacy

(PK/PD)

Galacrose

Unknown

+

Unknown

https://www.researchgate.net/publication/280998644 Fc_glycans_of therapeutic_antibodies
_as_critical_quality_attributes_CQAs

© sy

ol,3-galactose —_ Unknown Unknown
Fucose {—) -+ Unknown
S T e = ST
High mannose Unknown 4 —
ANLA LA [ P P PR
NGMNA —— (—) +
B1.2-Xylose/ —_— Unknown Unknown
al,3-Fucose
NGHC Unknown — (—)
+ Positive impact; — negative impact; ++ high positive impact; —— high

negative impacrt: (+/—) potenrtial impacr.
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N-Glycan overlay

* All clones from Mini pool C has low mannose

High Mannose: __
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3. Downstream support-
by peptide mapping
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IEX data @40C, acidic group increased
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Stability of Downstream Intermediate by Reduced Peptide Mapping

Chromategrams

Channel name: 1: TOF MS® (300-2000) 4eV ESI+ - Low CE (BPI)

Column: ACQUITY UPLC CSH €18 Column, 1304, 1.7 um, 2.1 mm X 150 mm [186005298]
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Heavy Chain Peptide X:

Chromatogram SN R A
Channel name: 1: TOF MS* (300-2000) 4eV ESI+ - Low CE (BP) ~
: 5{3.96
H
1 |
I | 0
s 1 i 4°CBPIMS
E 1
S 5335 , I sea7 i
E 5-1;ch) | :55‘3-, : |
| [ \ \
| \J L ; 58.24 50.46
T - -I. T - i LI ; = = T
s3 s4 55 i& 157 58 5 60

------

Channel name: 1: TOF MSE (300-2000) 4eV ESI+ - Low CE (BP)

%Deamid N,
Peptide Intermediate #2 -80°C

%Deamid
Intermediate #2 4°C

XXX

I <1 93

49.13

55.00 i vl 0
) \ ! t -80°C BPIMS
5 | 1 1
g 343 ' P osear ||
— A |1 [ |
a 4.70 | | . : Ao
0 J\__Z2 i)

5 5 55 5‘1 157 58 59 80
. : '
Channel name: 1: +1225.0808 (50.0 PPM) : TOF MSE (300-2000) deV EST = TowTE _800(: Xl C

5647

S 266 Non modified ||
= || modified
g I‘ || /
= o | \_ 5.-'..'__ .

53 54 55 56 57 58 59 80

Channel name: 1: 41‘225.0308 (50.0 PPM) : TOF MSE (300-2000) 4eV ESI+ - Low CE

- (~5637

49C XIC
2¢6 Non modified |

\ ( modified
- JN__J\&

-I T T T
57 58 59 60

Retention time [min)]

* Deamidation is confirmed for peptide X

on the heavy chain by MS/MS
» The %modified of Nyyy in the

intermediate 2 sample held at 4°C was
found to be ~4 times higher than in the

intermediate 2 sample held at -80°C
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MS/MS Confirmation for Deamidation

ST Intermediate #2 (4°C)
e A B A L1 peegsa ¥ o PP delsem : :
‘ Lo bl e skota | 15 ! N L ! A R By ‘ !
) ; E ) :: i : | 691.8162 ¢ ?j 5; Q%J.iz'l ' ' : ' ] " | I | e
€ ' H ' ! [ . N ' B [l 1 Pt 1 [ 1 i 1 ' P
5] Vb mshnag, o 06,3866 : i i i 1 i i 16537854 i N ‘
216 - 5275 an.268 2184 S04 288 D ooaerd | | I Teaika Lo : vite | A sadsno
& . . i [ ' . y118 ' o . | | H 1 )
g o - :n_ 576.3019-65 ¥ : b8 : : :ng se33 : 1"’36335559 1524 1542 : 1758‘8551 ' : . 215010106
= " ‘ ' | 108115157 nee iyt b1s ' ; I ’ L
. 08 t9 el °11283.6093012 oe T et T
" | L1
oL | i e L1 : , ' . . , L ‘ L I Sl ; . . .
200 300 H 400 . 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300
E H Mass [Da]
| E , Ei | i H i v 15-005.4685 . Vo . : : v : :
boE o IS : L : b Loy s oot ! !
;426 : E . : : : sgn_isns -,51,?:532 9:;1-:322 | o o ' ' ' ! ' 18728856 ' 1
< Cor lidhe 509.4698 A A | |
Ezeé : P97 w s763021 | e : e 2esets 1 1453.}@5 : : ; Do 108510650 |
| 3001552 Bag i} 61 ! gt tsemesss ot 16878148 17588576 | o :
. ‘ : ‘ e 11085499 r ‘ ‘ T b6 b7 yir ! 22780736
0=+ ! E T s T | T T T T :l\ t;: | T ‘ T y T I] ‘ T | 3;8 T T T ; T
200 300 . 400 . 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300
: H Mass [Da]
Fragment ion Fragment ion mass (Da) Peak mass (Da) Mass error (mDa) |Retentiontime (min) Modifiers
y4& 418.2 418.2 -0.01 57.15 Deamidation N (1)
Fragment ion Fragment ion mass (Da) Peak mass (Da) Mass error (mDa) |Retentiontime (min) Modifiers
ya 417.2 417.2 -0.711 56.41
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Summary of Deamidation and Oxidation
Modifications

%Deamid %Deamid intermediate 2 |%Deamid intermediate 2
intermediate 2 (4°C) (-80°C) control
sequence modification chain
HC 2.85 nd 1.05
LC 0.32 0.22 0.74
HC 3.04 1.98 3.87
HC 0.27 nd 0.38
HC 0.4 nd 1.05
Deamidation N [21] HC 49.13 9.38 7.86
%ox intermediate 2 %ox intermediate 2 %ox intermediate 2
(4°C) (-80°C) control
Peptide modification site chain
HC 0.54 nd 1.08
HC 1.76 1.03 2.14
HC 5.28 5.07 6.88
HC 0.3 nd 2.05
HC 0.4 nd 1.27

* The %modified of N,,, on peptide X in the intermediate 2 held at 4°C was found to be ~4 times higher than in the intermediate 2 held at -80°C
* Thisis in agreement with IEX data which shows a decrease in main peak and an increase in acidic forms
* No major differences were detected for the oxidation modifications between the two intermediate 2 samples and control sample
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4. Stability Indicating Peptide Map



Sample info for Stressed PTM

Oxidation condition:

Sample PTM type Condition Incubation Temp (°C) Exposure time (hr)
mAb1 oxidation H,0, 250C 0
mAb1 oxidation H.0, 250C 2
mAb1 oxidation H,0, 250C 24
mAb1 oxidation H,0, 250C 72
Low and high pH conditions:

Sample PTM type Condition Condition Incubation Temp (°C) Exposure time (hr)
mAb1 Deamidation pH9 pH3 400C 0
mAb1 Deamidation pH9 pH3 400C 2
mAb1 Deamidation pH9 pH3 400C 24
mAb1 Deamidation pH9 pH3 400C 72

More PTMs were detected
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Oxidation stress conditions (6-34 min)

Black no H,0,
Red T=0 hr
Blue T=1 hrs

Green T=24 hrs

Met,ox

FFFFFF
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Oxidation Stress Summary

PTM Summary Oxidation Stress

120

100

B control BT=0 mT=2 m T=24 mT=72
80
60
40
20 I
o H -1 --I_I-IIII_____ S HuEnm

Met,ox Met,ox >

rel %

oxidation Deamidation/succin N-terminal
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Summary

e Waters G2 XS XEVO MS with UNIFI software is used routinely at
Systimmune to support CLD, upstream and downstream programs

» Total cost per sample analysis is reduced
* Quality of analytical results improved to meet higher standards

* Decisions on product quality are made quickly and as a result the
direction of the program is determined
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