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1-10 mg/L, Florian Wurm, i, 11 g/L, Gmay,
EPO, FSH, BAEYIRR, 2000-L, 1.5g/L/Day,
EFXIIEE CHO®&H4 g/l chizt A 15 L, ImPRAME
A A A A
Q0] 2000F4] 2004 20064F 20094k 20174 2014-2015. 20194k
v v v v
1-2 g/mL, S/ 1%, i, 5.5 g/L BELBA Dl
R R, 1RES9.753/F, 1.6 5 FEF AR JAZ8-10g/L
Humira 2.4 g/L SCIOERIE

90F(LHIH, NAmBEMFIZL~m Ehr, FERE1-10mg/L, £5i£8-109/l, KREHRIZ

 ERMSANRELRER, ER~LEE~HIRIEEETETE.
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1976-1980 1987-1992 1998-2006 2008-2030

Four Waves of Biopharmaceutical Industry
1976-2017
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s o _\ » v
Stanley Cohen Bob Swanson & Herb Boyer George Rathmann Bill Rutter
Stanford University Genentech University Amgen CEO Chiron Founder
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BERY, FANUNRB : 2
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was at Amgen's Lucky Star: Saved by an IPO
Proc. Natl. Acad. 5ci. USA

Vol 76, No. 1, pp. 106-110, January 1979
Biochemistry

Alan Mendelson, the lawyer at Cooley
Godward who filed for Amgen’s 1983
‘ | IPO, recalls Amgen’s first day asa
| publicly traded company: “Gordon
- | Binder was on the Smith Barney trad-
ing floor in New York City. The stock
was priced at $18 a share. The first
trade came across at $16.75, and every-

Expression in Escherichia coli of chemically synthesized genes
for human insulin

(plasmid construction/lac operon/fused proteins /radicimmunoassay/peptide purification)

Ca b BT

DAVID V. GOEDDEL*!, DENNIS G. KLEID*, FRANCISCO BOLIVAR*, HERBERT L. HEYNEKER®,

AT T
" =

DANIEL G. YANSURA*, ROBERTO CREA*#, TADAAKI HIROSE!, ADAM KRASZEWSKIY, » ' body gasped, because they knew that it was
KENCHI ITAKURAY, AND ARTHUR D. Ricestt . G““; ERINE t;: e gjfd fay' Thfy qumk]’ﬁ.Shmed
o California 94080, and *Division of Biclogy, City of Hope : ordon out because clearly peaple were selling,
;mh‘:d mmm‘:m‘;m Pl Jea Brano Desbevrd, Soult Son Frs ; ight dumping the stock right away. And the stock closed
ler, October 3, 1978 —_— at $16.75.... It never traded art $18 until years later,
Communicated by Emest Beutler, J ‘ It just kept going down from there
ng B o T
4D and T4 had We barely made it with that IPO,” continues
ABSTRACT Synthetic lﬂﬂiﬂ! for !"-;-:"-; i"“i Ili;‘:;::‘: Enzyme:dl:lld DN-:::D‘filﬁmhsd;im(lém e Mendelson. “In fact, we were in the middle of a
chains were M"m' ' If ) nlphh“ Erchendlu oofh,.gx. i uclease EcoRI was purified by the procedure of Greene n major dispute with Abbott, which we were able to
lactosidase gene to m"ldﬂd{xi”t ""'““i “’“ and et al. (7); HindIll was purified by a method developed by D. a resolve at the very last minute. If we had priced it
::i]:n::dd a ﬂ'-l-bh llt‘l I b!"’ uclw li:“ 'ﬂ: Goeddel (unpublished). Restriction endonuclease BamHI ﬁ :e[e a week later, we might not have been able to do it
i fied. Congkle P\mﬂl.‘lﬂon of the A chain and i purc!\ased from Bethesda Research E“mk‘v;:::h':‘ng:g“& : s at all, and we probably would have raised anywhere
w‘ :su “;l.d ‘h:n& :idiud e achieved. These ﬁ:ﬁ?ﬂ*:: alkaline phosphatase \;;SP“H.‘{MB] wr:a::lhted bya ir from $12 to 15 million less,” says Mendelson.
reo presence Pmﬁ&. ilK‘_ll.Kﬂlls R322 E « . »
ﬂmd by udioimnumncr- arccedians () with somne modificatioas. Tha chemicil svnt Amgen might have run out of cash.” Bur the
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Dr. Stanley Cohen and Dr.
Herbert Boyer receive a U.S.
patent for gene cloning.

, opening up
enormous possibilities for commercially
exploiting genetic engineering.

, which would later be used in
the 1989 cleanup of the Exxon oil spill at Prince
William Sound, Alaska.

The first automatic gene
machine, or gene synthesizing
machine, is developed in
California.

, Which
would grow to become the
world’s largest biotechnology
medicines company.

FREIELF XN, BEPEIVEREINIFSGenentech & Amgen
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Integrated CMC Organization

EHHDNAF AR CiRL R,

Cornell XZHAZEIZEd Wolf and

g Nelson Allen/&BB Y Gene Gun TJi&
EHDNAST\BYIER YRR,

KB — X AEHDNARNMETEE
JMMSELS, SHESE{EFBIRYINIAGE T
1789,
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R2FZ 5, REFEA, FmA%RB 7 =iH.

o N +FRRHNERERTFIINA (OKT-3)

® 2000, Scientists at Celera Genomics and the Human Genome Project complete a rough draft of the
human genome.

® 2001, Science and Nature magazines publish the human genome sequence, President Clinton
congratulated all scientists who worked on human genome sequencing and marked the event as
another giant step for mankind!
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: ¢ MERCK
- O

® The FDA approves the first
monoclonal antibody that is an
antiangiogenic, inhibiting the growth

of blood vessels—or angiogenesis—
for cancer therapy.

® The FDA approves a recombinant vaccine
against human papillomavirus, which causes
genital warts and can cause cervical cancer
(CSL, Merck).

A A AVASTIN
AETIURER Rituxan B bevacizumah

X Rituximab ﬁ?ﬁﬁ'

® The FDA approves Lucentus
for Wet Macular
Degenerative Disease.

Nutropin DEpdT

P [ e e st

Genentech :
Founded OPuImozygm

76 85 87 B0 B3 96 97 98 89 00 °

- X Herceptin'

: [ =
LUCENTIS

I tor i m““:' PANIATLIALS (RLIECTEIN

Nutropin AGY ase Tarceva

[sormavagin [1DMA erigin)injoction] erloti nib




Genentech

AN

$12B annual sales, 2009. = P >10,000 employee

Best company of Fortune j Fr Roche acquired Genentech
since 2005 times

BRREHRAIET , R . B AR ERISE LR R T !
MBS EDHIZSd A EREVIRABRRE2 1B LCRIFHHE.
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Market Opportunity for Biosimilar Drug Products

Betaseron®
. Lantus®
Humulin ® Humalog® Epogen® Avastin®
Novolin ® Neumega Novolog® :
Procrit® Neulasta®
Intron® A BeneFIX® NoveSeven ® . Rtuxan® x e
Remicade® Aranesp® Synagis®
Regranex ® Infergen® ® Kogenate Avonex® .
Human growth ® Rebif® Eniggi® Tysaiy ®
g Erbitux® Sandostatin
hormone Cerezyme® ®

Neupggen®

A

2008 2009 2010 2011 2012 2013 2014 2015

Source:Medco data,IMS(retail sales); manufacturers' annual report



BREH ERE/HNAE  HEE (BHET)

Harvoni (IJAE)E ABIPF 13864

HE PR I® 7088

= BRI 6799

L 1% I PETKE R R (BH) 6245

FhE % &M B BETE 5801

RF Rzt BEREMERR (&) 5364
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Unique NMEs in development by stage (August 2016)

o ehmer 2618

- Phase Il 2660
_________________ oD 932

Filed/Approved/Not 2
Marketed Yet ' 1 1 1

Report: Analysis Group/PhRMA.Data: EvaluetePharma
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Approved by EMA & FDA

Antibody Biosimilars

Reference Health
Brand Name Antibody Company Year of Approval Authority

Remsima/Inflectra Infliximab Remicade Celltrion/Hospira Sep. 2013 EMA
Benepali Etanercept Enbrel Samsung Bioepsis May 2016 EMA
Truxima Rituximab Rituxan Celltrion Feb. 2017 EMA
Solymbic/Amgevita Adalimumab Humira Amgen Mar. 2017 EMA
Imraldi Adalimumab Humira Samsung Bioepsis Aug. 2017 EMA
Inflectra Infliximab Remicade Celltrion/Pfizer Apr. 2016 FDA
Erelzi Etanercpet Enbrel Sandoz Aug. 2016 FDA
Amjevita Adalimumab Humira Amgen Sep. 2016 FDA
Renflexis Infliximab Remicade Samsung Bioepsis Apr. 2017 FDA
Cyltezo Adalimumab Humira Bl Aug. 2017 FDA
Mvasi Bevacizumab Avastin Amgen Sep. 2017 FDA
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® Merck said a drug
that treats hepatitis C by 60% and reducing the price
of six other medications by 10% each.

® Merck said that it has "

® Last year, the average net price of all the medications
it sells in the United States

® New York University School of Medicine said that it
will pay the tuition of all its students regardless.

® Kenneth G. Langone, Cofounder of Home Depot

published in China.
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MN—PELR—PEGE—1M BRSNS

BEAPD-1 P47 Keytruda (BADZR) , 20148984H

20045 Avastin £, TR (BEZER) , iGTERIHEE 0 L
AR B, LSRR © EIRISBRILESAPD-1/PD-LIKZH T, HEIEBMSH)

Opdivo, EAiDZRAY Keytruda, BEGHY Tecentriq. FIERF|

#AVEGF \ o
R tREoHE R ERT TR tavecrsm,  €) LI, 52 i) e

R

20174 Opdivo $HE849.48{Z%%, Keytruda $§&38.09
(==

AvastinfE{HE ({Z2£%)
HILFBa1, B850 PD-AEREIRT 7 LiHHE,

2808 #O/0 Opdivo, Keytruda . LARERAIEL.

fBX. 1EEAPD-1UR, ERIRKRERIA32R, HEHE
80RZK.

2005%F 20065 20085 20174



[E|PD-1/PD-L1#ft & i &

BMS
Merck
Roche

Astrazeneca
SIEE
EXEY

1BIREED

ERizi:
2l
=LY

BRREY

RAEY

Nivo lumabj 5%
Pembrol i zumabjE 5%
Atezol i zumab;E 5T

Durva lumabF §tif&

IBI1308
JS001
SHR-1210 (camrel izumab)
SHR-1316
BGB—-A317
GLS-010
GB226 (NIEEH)
=40 N JBELIPD-1 B s I AE
51% (BAT13067? )
AK103
AK104
AK105
AK106

0 HERIER KilE/ E1EINFE

PD-1 BLA Medarex

PD-1 18R Organon

PD-L1 I11HA SEXT¥3

PD-L1 I'115A BEM.

PD-1 I115A BEME

PD-1 | 1EA BEME

PD-L1 I'11HA BEM4

PD-L1 IR R BEM4

PD-1 I11HA BEML

PD-1 | #A PHRARRTE

PD-1 | #A SEX:¥3

PD-1 IR R BEMf4

PD-1 o EIRR BEML, 8hEY
CTLA-4/PD-1 B | R HEME

PD-1 & R AT BEML

PD-L1 E23:0] 5ERE=541E

AR R REEHANEF-SEZE A

LA MSB2311 PD—L‘1 IND EEX¥3

ZRAEY) SS1-361 PD-1 17N FLFEES|3*
g EabH (Fri) #f%, 20185F4A %R
B[R Z5 & L I AR 3 IND
ARHEA PD-L1 Il R &7 20184232 IND

TELEHIZh AH PD-L1 Il PR Bl % [E|Kadmon3 | i3t
BIEZA AH PD-L1 Il PR Eif BEM4.

EHED FREN PD-L1 s R B EEX ¥4
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1980s'

0
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REMSIMA PRICE& MARKET SHARE IN NORWAY

120%

FDA Approved Therapeutic Antibodies 41

1990s'

W years

21

2000s'

100%
92.90%
80%

60%

40%

® 31%
20%
6%

2013 2014 2015 2016

0%

2010s'

—e— TO Remicade Price —— Market Share

g L
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Integrated CMC Organization
Billions of $, but very limited resources and technology
Drug Disc Clinical Dev Commercial Safe,Quality,
Fab Efficacy

Roche,Gmax......

» (Vv
® oA
\l! ) A.';] :
Facility W v Equipment
GE, ThermoFisher, H . g;@ ‘ GE, ThermoFisher, MD, etc.
MD, etc. f 5
| il
| [ ?3 —
{5
Consumables I f !V Raw Material

Merck, Pall, GE, etc. Gibco, GE, Merck, JS Bio, etc.
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Problem (% Main Peak) Was Resolved in 4 Weeks Thru Media Optimization (Be/5HIRL S ER)

e |dentified a JS Bio media that delivers high titer thru media screening for a CDMO
sroject CEX-HPLC

e Analytical results from CEX-HPLC showed that % Main Peak of the purified product *E'ﬁ:'gf"' Acidic Main Basic
generated from this high titer media did not meet the requirement AR Peak Peak Peak

(%) (%) (%)

Modified JS Bio in-house media formulation to meet protein product quality criteria
e Confirmed the manipulation of media formulation is SUCCESSFUL in shake flasks

. Standard

e Achieved comparable product quality results in 2-liter bioreactors

13.5 74.9 11.6

22.1 65.8 12.2

FRigsE

asic Peak - 27,876

Peak Mame RT Area % Area

1 - - 1| Acidic Peak | 25.900 | 272516 | 10.44 0
0“::“]- - ISI.IIZJI o I1ﬂltﬂ. o ‘lslml o IZ‘DIDOI o IQSHII!I o I.wli]}l o I:]GIOL‘: o PHUIC(]. b I:QS_ICOI o -5000 JSBtE%E m
Mutes 2 | Main Peak |26.686 | 2190782 | 83.92
o] SE & 3 | Basic Peak |27.876 | 136889 5.24
! ol 4 28.970| 10201| 0.39
1 33 3
2 002 o o o
] g ||§I| g g
000 “/‘f \\:’EE\ vﬁ-—u




Media Optimization thru DOE In-House (BFlEkZiEE F2/IRsti0 =)

Increase Titer by 8 Times in 5 Months

Utilized Design of Experiment for Media Optimization (In-House)

e Factorial Design

e Optimization #1 — Amino Acids and Inorganic Salts

e Optimization #2 — Vitamins
e Optimization #3 — Trace Elements

e Improved titer from 0.2 g/Lto 1.7 g/L (8 times) in 5 months

e Increased cell growth and Qp

e Developed scalable process in 2-liter bioreactors

14 - Viable Cell Density versus Time

Prediction Variance Surface Color

Map on Correlations

Viable Cell Density (x 10° cells/mL)

Culture Duration (Day)

O#47-CL320-C1
~+— O#47-CL320-C2
O#47-CL320-C3
—e— O#47-CL320-C4
—8— O#47-CL320-C5
—+— O#47-CL320-C6
—— O#47-CL320-C7
O#47-CL320-C8
—a— O#47-CL320-C9
O#47-CL320-C10
+— O#47-CL320-C11
O#47-CL320-C12
O#47-CL320-C13
—— O#47-CL320-C14
O#47-CL320-C15
O#47-CL320-C16
—m— O#47-CL320-C17
—#— 0#47-CL320-Control1
—m— O#47-CL320-Control2
- o~ -0#47-CL320-Control3

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Viability (%)
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€0
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10

Viability versus Time

3 4

5

6 7 8 9 10 11 12 13 14 15

Culture Duration (Day)

O#47-CL320-C1
—+— O#47-CL320-C2
O#47-CL320-C3
—o— O#47-CL320-C4
—a— O#47-CL320-C5
—+— O#47-CL320-C6
—=+— O#47-CL320-C7
O#47-CL320-C8
—a— O#47-CL320-C9
O#47-CL320-C10
4+ O#47-CL320-C11
O#47-CL320-C12
O#47-CL320-C13
—— O#47-CL320-C14
O#47-CL320-C15
O#47-CL320-C16
—=— O#47-CL320-C17
—m— O#47-CL320-Control1
—&— O#47-CL320-Control2

- - 0#47-CL320-Control3




Media Panel Screening (& 3Lia =M fEliEF==panel) THOUSAND ) AKS
Increased Titer from 2.8 to 5.0 g/L after 1 round of experiment

Viable Cell Density versus Time

-
o

e JS Bio provide a Media Panel (7 different formulations come in different ratio of
nutrients) to customer for screening

~#@-GNTMO001

~=-GNTM002

e Customer identified a media that delivers ~ 5 g/L (increased by two times) and
60 pg/cells/day in Qp as compared to Control Condition (commercial media
from US Media Company) that only delivers 2.8 g/L in 14 days.

—=—GNTM003

~@-GNTM004

~#-GNTM005

e Product qualities (e.g. Purity, Charge Variants...) are also comparable.

~#-GNTM006

Viable Cell Density (x 10° cells/mL)
o - N w - o (-] ~ (-] ©

~=-GNTM007

Average Titer versus Time 4
Control
5500 | . . ‘ . . . . . . . . . . .
=E=GNTMO001 0o 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
5000 /l Culture Duration (Day)
4500 - —=—GNTM002
////. Viability versus Time
4000 100 — _
/ / =8=GNTMO003 m:ﬁ\ = ~m-GNTM001
3500 % 5
/// 80 ~=—GNTM002
T 3000 —=-GNTMO004
E‘) / / 70 —=—GNTM003
g 2500 —=-GNTM005 g e GNTMO0S
= 2000 - £ 50
—=-GNTMO06 S 0 e CANEE
1500 | >
30 ~m-GNTMO006
1000 = o/ ~#-GNTM007
( 20 ~=-GNTM007
500 10
Control Control
0 —
0 T T T T T T T T T T 0 1 2 3 4 5 6 7 8 9 10 1M 12 13 14 15
4 5 6 7 8 9 10 11 12 13 14 15 Culture Duration (Day)
Culture Duration (Day)




Media Optimization to Improve Titer & Product Quality (RP-HPLC) from 78% to 100%
(Clinical Phase Il at 500-Liter Scale)

Titer RP-HPLC ( I 3 = 65%)
(mg/mL) SEC-HPLC
it 1E AR E 2 Bk (ElgE=
I 1 g 2 % 3 95%)
ProATHPLC> 1 (p111-g285) (631-G285) (H1-G285)

Reference [Rigs5E  Ajinomoto  WCB 24.7 NA 21.23 78.77 96.64 99.20%
JSB 2 CD CHO 014 JSB MCB 1. 741 NA NA 100 96.15 96. 10%
TS 1, T Ajinonoto MCB 2. 299 NA 7.65 92.35  96.02 98.20%
Tt 2 FEFEE jinonote B 2,338 NA 6.97 93.03  96.37 97.10%
TSt 3 |, o T Ajinonoto RB 2,997 NA 7.68 9232 96.8  96.80%




ATF Perfusion - Cell Growth & Viability Profile

a 'r\“x/\,/
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Source: www.repligenatf.com

50
24

Viability (%)

e Daily productivity is stable between
1200 — 1600 mg/L

e Delivered > 250 g of protein using a 15

liter in 23 days

Process Technology and Media Enable High Titer Perfusion Process Development

(LEZBAREHEFENG S, Rt T /RZ-ENERLZ)

ATF Perfusion (23 days) Process Development — 15-liter bioreactor

High cell density growth in

Concentrated Fed-Batch Mode

(50-liter Bioreactor)
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Cell Growth Profile
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High Performing Cell Growth:

e Viable Cell Density reached >
85 x 106 cells/mL with viability
> 95% throughout the 20 days
process

e Final titer reached ~25 g/L




Perfusion Process and Batch Process for HEK293
suspension Cell

Cell Growth Versus Time
26 , 100
24
—_ 90
-l ag e
g 22 50 O Traditional Process: Batch
:(5 20 vcD .
D 48 - - O Improved Process: Perfusion
(8)
© @ .
= 1 60 < O Seeding: 1x10¢ cells/mL
X 14 s =
2 12 9 O After Perfusion, cell density can reached 20x106
2 10 40 ;E
A 3 30 cells/mL and more
% - <@~ - Viability . .
&) 2 20 O For Ad5 virus expression
[«})
2 10
> 0 0
0 1 2 3 4 5 6 7
Culture Duration (Day)

Fig.1 Cell Growth for Perfusion

THOUSAND®AKS™ JS I 2 =1

Biopharmaceuticals IOSCIENCES JS Biosciences Confidential. . . o
Reproduction of any kind is prohibited without special permission




Perfusion Process and Batch Process for HEK293
suspension Cell

20
15 e e .
® After the process optimization, use
rocess perfusion for adenovirus, the virus
10
Virus Content . . .
increase 10~ content is 10~20 times higher than the
m Batch Process « o
. original batch culture process
0 [ ]
Culture Duration (Day)

Fig 2. Virus Expression for Perfusion & Batch
TI{O‘ISAND@SAI(S® JS B®E “lﬁ gE ﬁi]@ JS Biosciences Confidential.

Biopharmaceuticals IOSCIENCES Reproduction of any kind is prohibited without special permission




2L-Bioreactor ATF Process Development

® 2L|-Bioreactor ATF, conduct bleeding on day3
® 1st- 4thexperiments: ATF process development, the cells reached stationary phase, but the cell density can't be

maintained
® 5th- 6th experiments: ATF process optimization and validation, the cell density can be maintained after cell stationary

phase

Cell Growth Profile
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3rd 1st —a— 2L ATF 3rd
—=— 2L ATF 4th
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== 2L ATF 6th

N
o
1

Viable Cell Density (x10¢ cells/mL)
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Culture Duration (Day)
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2L-Bioreactor ATF Cell Growth Profile in Tech-transfer

@® Viability can be maintained >90% throughout the 31 days process
® The cells reached stationary phase on day10, and the viable cell density can reach 50x106 cells/mL and maintained
about 60x106cells/mL in 11 days

VCD&Via Profile

100 100

90

©
o
1

Viable Cell Density (x10¢

cells/mL)

o]
o
|

~
o
1

w
o
1

N
o
1

-
o
|

[=2]
o
1

(&)
o
1

N
o
1

= Viability

—#- Viable Cell Density

-80

70

-60

50

40

30

-20

o
o

0123456 7 8 91011121314151617 18 192021 22 23 24 2526 27 28 29 30 31 32 33 34 35

Culture Duration (Day)

THOUSANDGDAKS ™ JS I B L1

Biopharmaceuticals IOSCIENCES



Biopharmaceuticals

THOUSANDGDAKS ‘

SHIRARRESZER: IRSETE

-

Prod lots 25 | 5
MCOG $400 '

Media cost $32 $32
Media % 8%  40%

15-25%, Vaccine




THOUSANDGDAKS

Biopharmaceuticals
N e gl — kv — - =]
WEEFmRERKE
BRI U =BT mRER
Tglucose Tglucose a0
! ﬂ I ¢ Expt %HM
‘_>”~ ' E o,
| S B is - o F.IH %HM
2 8 2 —-> Linear (Expt %$HM)
| | w
o ¥ v i -
lactic acid g pyruvate llaaic aCid 4= pyruvate 30 o &
6\\ A * : =
TN ~ 3 o
R R o 2= :
g | { \ E I ( \ = I i22-45 : § 2205
§ TCA / § - TCA / 20 i ; - e, . *
0 . . *
E ' \ NH4+T E 5 I e
N i \_r/ NH,* i N
: 2 v : 15
| | 5 ( I
aspartic acid glutamic acid glutamineT aspartic acid glutamic acid glutamine l .
T glutaminolysis glutaminolysis 10 ' :
T , " . 1 2 3 4 5 6 7
asparagine asparagine
_ Experiment # BD

Metabolism Directed Media Development
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Patients Focused

Contact

Cell Culture Media Services
market@jianshunbio.com
CDMO Services
services@tobiopharm.com






