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Biological variability

Recombinant cell line development

Process

development
ConSiStency iS the Bioprocess development
key for successful .,
CEI I I i ne Purification process development
development m
Drug product
development

Target range

Reference

/ : product

variability

Biosimilars versus original biologics. Similarities and differences
from development to approval. Z Rheumatol. 2015

Dr. Alkholief
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Of interest Process
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Protein of Production

Interest

|

Sources of Variability

Host Cell Line Engineering
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Why do we need cells to produce biosimilars?

Nucleus
s D~ DNA
AN/ J./-Sb
g¥RARIZ" Y | Primary

5,"“’/‘“'\_/‘7\\'&_’4/ transcript

Processing Eitonl
| o

~ Ribosome

Nascent
protein

PROKARYOTE

Source: Biochemistry, 7t Edition. Freeman and Company

Transport mRNA
Y
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&) “ Ribosome
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protein
EUKARYOTE

Dr. Alkholief

1



. . <o ol 1 T
Cell Line Selection g clioll B

King Saud University

Types of cells that could be used:

. Mammalian [l Nonmammalian

, 80
Non-mammalian: -,
i : T 58
E.Coli 560 50 50 53 55
- Yeast a 50
Q
® 40
\330
Mammalian: °20
- Animal 10
0
- Human

Time period

Source: Biopharmaceutical benchmarks, 2014. Gary Walsh Dr. Alkholief
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Non- Mammalian Mammalian
Cell growth Rapid Slow
Complexity of growth Simple Complex
media
Cost of growth media Cheap High

Expression level High Low to moderate
Protein folding Refolding required Yes
Post tra.”?SlaFlonal Only for Yeast Yes

modification

Dr. Alkholief 10
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Selection Criteria:

High level production over long bioreactor incubation
times while maintaining high cell viability, density, and

genetic stability.

&0 & &
- Allow appropriate characterization for human safety. &) & & &
S
- Scalable.
& & &
- Able to perform the necessary &N & &N
& &E
post-translational o EHVENEN &
- & & &
modifications. "D, TN & &5 67 &9
Genome Transcriptome Proteome
~20-25,000 genes - --------- »  ~100,000 transcripts -==—===-—-——-3% >1,000,000 proteins
Alternative promoters Post-translational
Alternative splicing modifications

mRANA editina

Source: Thermofisher.com Dr. Alkholief 11
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; N-terminal heterogeneity
D Formation of Pyroglutamate
> Modifications of amino acids
Deamidation, Isomerization, Glycation, Oxidation

> Fragmentation
Cleavage in Hinge Region, Asp-Pro

Disulfide bonds
> Free thiols, disulfide shuffeling, thioether

Fab

FC

N-glycosylation
Fucosylation, Glalactosylation, Sialylation, Branching

P C-terminal heterogeneity
Lysine variants, Amidation

Effector function
Fc-receptor & Complement interactions

NGA2F NGA2F-GIcNAC NA2F NAIF NAIF NATF-GlcNAC Mann 5 Mann 6 Mamn 7

Source: N-glycosylation heterogeneity and the influence on structure, function and pharmacokinetics of
monoclonal antibodies and Fc fusion proteins. Eur J Pharm Biopharm. 2016 Mar.

Dr. Alkholief 12
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Cell Line Selection

o NGA2F =
NA1F GLYCOFORM >10
increase
Effector function o _ 5 e o———
Fc-receptor & Complement interactions 04, ey " - : ;
0 1 2 3 S 10 15
Day
NGAZF NGAZF GicAc N NATF NAIF NATF-GNAC Mamn5 Mam6, Mamn 7 M5 = NAIF—-GLCNAC
o — ~-= TOTAL MAN

"= NAIF TOTAL «-== NGA2F—GLCNAC

Dr. Alkholief

Source: N-glycosylation heterogeneity and the influence on structure, function and pharmacokinetics of
monoclonal antibodies and Fc fusion proteins. Eur J Pharm Biopharm. 2016 Mar.
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The goal: selecting a cell line that stably expresses the
protein of interest

Stable expression Transient expression
NN« Foreign DNA NS\ + Foreign DNA

Tranzfection Tranzfection

Expreszion :
P Expression

Host cell Host cell

Dr. Alkholief 14
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Random integration:

- High diversity in expression
and stability.
- Requires intensive screening.

Dr. Alkholief 15
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Site specific integration:

- High predictability in /
expression and stability. |
- Requires less intensive

screening.
- Enables shorter development

time.

Dr. Alkholief 16
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Polymers
TO O I S : Optoperforation e.g. Calcium Phosphate
lasc;r-as_sisted g + -y~ +
perforation o L é

Lipid Mediated
Origin of replication
Promoter - ==

liposome-DONA
MCS complexes

nuclear pore
complex

~ % 2 nuclear
=N membrane | |
)

7 cytosol

oL A

Microinjection |\
via microneedles |

Transgene Viral

Antibiotic resistance Transduction

gene

Electroporation

Source: Plasmid-mediated gene therapy for cardiovascular disease. Cardiovasc Res. 2011 Sep

Source: Genetic Engineering and Biotechnology news. Dr. Alkholief 17
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and further
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Adherent l Suspended -
Cells " cells
S Ty

Source: Maxcyte.com Dr. Alkholief 18
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Adherent
‘” — cells

~ Microcarrier

surface
Microcarrier Cells grown on
suspension microcarrier by ise
Q
chemometec

Dr. Alkholief 19
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Clone screening and

Expansion further expansion
’ \ \ [ A \
= |
[\
e
\ v ;
4 I Process 4 I
Serum-rich optimization Serum-free
Protein-rich Protein-free
media l media
o J AN )
Optimum Inconsistent quality Sub-optimal Consistent quality
performance  Regulatory Challenging performance Regulatory accepted

Source: Maxcyte.com Dr. Alkholief 20
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Y
Process
optimization
Hundreds of clones One clone

Source: Maxcyte.com Dr. Alkholief 21
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Hundreds of clones One clone

Selection criteria | _ g pyst cell growth

- Cell-specific and
volumetric productivity

- Clone stability

- Glycosylation profiles

- Development of charge
variants

- Aggregate formation

- Protein sequence
heterogeneity

Dr. Alkholief 22

- Robust cell growth
- High productivity
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Hundreds of clones One clone
Selection criteria

- | Robust cell growth

- | Cell-specific and

volumetric productivity

7 600 - Clone stability

150 - Glycosylation profiles

- Development of charge
variants

- Aggregate formation

- Protein sequence

0 5I0 1(;0 150 2(IJO 25IO 3(I}O 350 h ete roge n e Ity

Time (hours)

1000 700

100

400

300
10 4

- 200

Product concentration (mg/L)

+ 100

Viable cell concentration (1 0"’ImL)

== Generic Process =l Improved Process

Source: Development of Mammalian Cell Bioreactor Processes: Increasing

Productivity and Process Robustness . J. Wavne 2010 Dr. Alkholief
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Hundreds of clones One clone
Selection criteria

- | Robust cell growth
- | Cell-specific and

Fed batch process

- volumetric productivity
2] / _ - Clone stability

10 Afewcompanies - Glycosylation profiles

8 // - - Development of charge
6

variants
4 / Jlnmsmau average - Aggregate formation

P—— - Protein sequence

e heterogeneity

12 3 45678 91011121314151817181920

Recombinant antibody (g/l)

1990 Time (years) 2010

Source: Biosimilars of Monoclonal Antibodies: A Practical Guide to

Manufacturing. Preclinical. and Clinical Development. R Sodover 2017. Dr. Alkholief
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Hundreds of clones One clone
Selection criteria Robust cell growth

Cell-specific and

volumetric productivity

[Clone stability|

- Glycosylation profiles

- Development of charge
variants

- Aggregate formation

- Protein sequence

heterogeneity

»
>
|

b}
|

SPR ortiters
o O o

T
30—40 generations
Generation (days)

Source: Biosimilars of Monoclonal Antibodies: A Practical Guide to .
Dr. Alkholief

Manufacturing. Preclinical. and Clinical Development. R Sodover 2017.
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Hundreds of clones One clone

Selection criteria | _ g pyst cell growth

- Cell-specific and
volumetric productivity

- _Clone stability

- | Glycosylation profiles

- | Development of charge

variants

- | Aggregate formation

- | Protein sequence

heterogeneity

Dr. Alkholief 26
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1- Overexpressing anti-apoptotic genes:

100 2500
— —&— Total 1
e o ool 30Kes ' | —8— without 30Kc6
CAe fable (30K 20001 —O—  with 30Kc6
) —/— Viable (30Kc6) o) ]
E E
wro 60 1 D 1500
o - =
> 5
% 40 1 E 1ooo 1
q=, Medium Exchange | 2 ]
= 20 / 500 -
[ ]
(&
0 gr T T \_/ ‘C} T 0 é} T T T T T
0 1 2 3 4 5 6
0 2 4 6 8 10 - .
Culture Time (day) Time Post Medium Exchange (day)

Dr. Alkholief
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2- Altering the glycosylation profile:

Antigen-binding activity
0.5
Both
04 | fucosylated
and non- Sialic acid
g fucosy'ated GalACHOSE v
03 .
S N-acetylglucosamine-
z ; & 7"".......Mannose ................................ _._J..:;f “
3 02} >
~Core fucosyl residue -
01 Glycan-bound peptide
o L ' 1l
10° 102 10" 10° 10 . @ Target ‘
; ' Cell

Antibody concentration (ug mi')

Source: Production of therapeutic antibodies with controlled fucosylation. MABs 2009 Dr. Alkholief 28
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2- Altering the glycosylation profile:

ADCC activity
80
non-
fucosylated
% Sialic acid
;\-o\ Ga'actose ............................ : ) &
% N-acetylglucosamine-
% 40 [~ A 7“'-,,,,...Mannose ................................ "
2 kY
O
=
(O]
~Core fucosyl residue
20 |
Glycan-bound peptide---

0 i 1 1 1 1 . T ‘
arget
10% 104 10° 102 10" 10° 10' @ C;JII ®

Antibody concentration (ug mi')

Source: Production of therapeutic antibodies with controlled fucosylation. MABs 2009 Dr. Alkholief 29
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e Cell line and cell culture:

- The most critical component in biosimilar
manufacturing processes.

- The greatest source of variability.
- Always accompanied with strict analytical tests.

Dr. Alkholief 30
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Thank you!

Dr. Alkholief 31



