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Overview of Animal Cell Culture

« Significant landmarks
— |Isolation
— Aseptic technique
— Disposable plastic-ware

— Cell line development Carrel Laboratory, ~1938
— Bioreactor
* Disposables Significant Landmarks in Cell Culture
Roux Carrel Hayflick Disposable
1885 1912 1962 Technology

2000’s
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State of the Art

R | [T

 Animal cell culture
— Well established

» Techniques
 Failure points/monitoring

« Range of products?
— Cells

» Muscle protein

— Maybe?
» Cells mixed with plant material
* Microcarriers?

— Edible or inedible

— Biomanufactured muscle
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Types of Products
Central Feature For Consideration

* Formed post-harvest into an edible “meat-like” product

— Upstream technology
» Established

— Avian embryonic stem cells
Selected cell lines adapted to suspension
Serum-free media
Qualified master cell banks
Guidance

— Vaccine production-2010

 Biomanufactured muscle

— Specific challenges
« Technology
» Regulatory
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Biomanufactured Animal Cell Protein

Anatomy of the Animal Cell

Mitochondria
Microfilaments 2

Rough
Endoplasmic
Reticulum

 General animal cell |
* Single nucleus N”p:m
 Red blood cell : .
— 6 to 8 microns s

Tubules

* White blood cell ok

) Apparatus
— 12 to 15 microns

! Rough
71 \ Endoplasmic
smoctt. 1) Reticulum
Endoplasmic Ribosomes Figure 1

* Muscle fiber/muscle cell

Motor end

Synaptic terminal

« Multinucleate - B
* 1 to 40 millimeters in length
e 10 to 100 microns in diameter @g
« Muscle architecture //: ‘/Aj;,nLQ\”\"“'i"ofiﬁi‘i‘iﬁ

— Connective tissue/scaffolds ((u “wef, ’”@@@B.. Nauromuscula
- Adipose (M R e
» Vasculature T

muscle fiber and its lone neuromuscular junction
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(between
fibers)

Muscle fiber
(cell)
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Review of Myogenesis

Muscle fiber

Satellite Cells (SC) lie in
close proximity to the
muscle fiber.

Myofibril

Rebuild Muscle

\.h____ B—
Quiescent
SC .
Physiological Return to Expansion y
stimuli quiescence (Symmetric Migration and &) Fusion and H
/ division) alignment 7 differentiation Donate nUCIeI
= o — Ly — F —
: Pax7(+) Myf5(+
Activated I Committed
SC SCs Myoblasts
Pax7(+) Myf5(+/-) Pax7(+/-) MyfS(+)  Pax7(+/-) MyfS(+) Myocytes
MyoD (+) Myog(-) ~ MyoD (+) Myog(-) Pax7(-) MyfS(-)

MyoD (+) Myog(+)

Hernendez-Torres et al. 2017




NC STATE UNIVERSITY

Myogenesis In Vitro

« Biomanufacturing challenge
— Myoblasts
— Differentiation
— Connective tissue
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Animal Cell Culture General Procedure

The Process To Culture Cells

* |solate cells

. . Harvest Cells
* Primary isolates !
 Establish cell lines ket ol T B

of appropriate enzymes

Apply the isolated cells on to an

— Potentially optional step I
— Flnlte Ce” IIneS appropriate growth media in a
culture dish

— Immortalized ** l -

* Natural Iy occurri ng Culture cells by placing the
— Select _cuhure dish in a cell incubator

— Stem cells/primordial germ cells \l/ l&l

Subculture cells to obtaina |

° M0d|f|ed pure culture or to bypass some |
problems (such as senescence) l
° MEdla Verify the cultured PRSI an -
cells are of the cell type| J
. of interest w ‘
— Classical !
— Serum free Cells are ready to be

manipulated or modified for|
experimental procedures
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Concept Of Immortalization

10%° L Transformation
" Primary g : Continuous
1ot | Culture Filsie Gl Ling / Cell Line
* Finite cell lines -
10 L {

1st Subculture

i |
14 2nd Subculture f /
10" L | i

— Not Immortal
 Immortalize cell lines
— Selected

— Naturally occurring o |
e Stem cells - (S5 P—

10" L

Cumulative Cell Number

— Genetic modifications I
106 / I\’l [ 1 Scrliul I)“‘“a?c 1 - 1 El Y|
/ 0 l 2 ‘ 4 l 6 ‘ 8 ‘ 10 ‘ 12 l 14 ”100

Explantation Weeks in Culture
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Cell Line Development

« We I I e Stab I | S h e d Name Species and tissue Morphalogy Author and year of origin

. Ly Mlouse connective hsswe Fibroblast Earle, 1948
- S e I eCtI O n Hela Human cervix tl.lltlll.'lh.'ll Gay, 1951
- L CHO Chinese Hamsber ovary Epithelial-like Puck, 1957
* Not genetically modified o
MDCE Canine k.ldl:'.:':-' tl.lltlll.'lh.'ll Madin and L;'..l:rll_l'. 1958
— C2Cl2 and L6
WI-38 Humamn lung Fibrolblast Hayflick, 1961
— 1977 and 1970 _
BHE-21 5:.'r|..'||| Hamsder k:||J|1|.'_1.' Fibroblast :".1.J|.'_|1|II.'E.'\J.!'I1 and Shoker,
St | -
— e m Ce S Wero African Green Monkey Epithelial Yasumura and Kawakita, 1962
. .- kidmey
» Not genetically modified
MIH 3T3 Mouse embryvo Fibrolblast Todaro and Green, 1962

— Genetic modifications s R

SH-5Y5Y Human neuroblastoma Meuroblast Baedler, 1970
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Cell Line Development

 Induced Pluripotent Stem Cells (IPSC)

— Stem cell characteristics
 Immortalization

— Introduce genes

» Transfection reagents

 DNA
. KLF4, SOX2, c-Myc, Nanog, Oct-3/4, LIN-28 |

¢ T — o @ﬁfn
A,

o
P o

a, O,
Adult Fibroblast Cell l Reprogram Cells

iPS cells
- O & o & ©

i ‘e s a e Hematopoietic
(ardiomyocy?\ / j \\ Progenitor Cells

. Neural Cells ae Pancreatic [3-Cells
4 / \ % Motoneurons
NN

Dopaminergic Neurons gt
b ] S © R&D Systems, Inc.

Adipocytes
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Cell Line Development
e Clustered Regularly Interspaced Short Palindromic
Repeats (CRISPR)

— Transfection reagents
* Liposome, polymeric

« Genetically modified animals
 Remove specific DNA segments

— Add genes?
CRISPR Interference (CRISPRI)
2
O /%29 Transcription: encoding CRISPRI: roadblock
%, @ genetic information control to turn off genes

'%_,7 RNA Polymerase

MU Cas9/RNA complex

- -.l......' “ M

Genome DNA




How Human Embryonic Stem Cells Are Derived

Embryonic Stem Cells

In Vitro fertilization
Doy 0

« Avian embryo LN
— Simple isolation @ g
— Feeder layer’s o
Blastocos| astocys
* STO Trophectodem — “W o

— Inactivated Inner cell

« Sterile environment '
 Immortalized
— Not genetically modified

— Established technology
» Petitte et al. 2004 and Petitte et al., 1997
USPTO 5,656,470
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Derivation of avian EB66 cell°ljnes R &8
Phase I |so|at|on of avian ES cell .

From cells to therapeutics

CRITICAL PARAMETERS
No reports on endogenous » Cell Culture Medium

retroviral particles » Cell Growth factors
» Feeder Cells

!

S

» Temperature
» Cell Dissociation Agents...

EB66 CELLS

v SUSPENSION
v "NO SERUM
v LARGE SCALE
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Suspension Embryonic Stem Cells

(Lavial and Pain, 2010)

£
& —

Stage X

STOcells

Chlcken ESCs
Static culture

 Adapt to suspension i i

— Grow under agitation g ol ootrel fcrieonun couon
° NO modifications Dehnedculturccondmon- |
* Bioreactors

« Serum free media

S

Stem cell culture in feeder/serum-free condition

— Buffers omamicuture \
— Amino acids &d
— Vitamins db | 4
— Recombinant growth factors goVeccne ik
it o, 2015, Over att, 200y SuopenaloncuRuref

eRickean eteam rolle
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Cell Banking

General Procedure

« Master cell bank
« Working cell bank

Master
Cell Bank
Mother
o :
Freeze .
L] —_—
Ul Expand
culture .G
1
|
1
Test, Pool and
validate freeze

Cell bank system description will include:

» Size of the bank;

« Container and closure;

» Detailed cryopreservation protocol —
including reagents used and
conditions used for freezing and
storage;

«» In-process controls

Thaw, test,

! Working
validate

Cell Bank
(MCB)

New Cell Line
(Handled under
Quarantine Conditlons)

Token freeze
of 3-5 ampoules an

Fall

Initial mycoplasma

QUARANTINE test
FACILITY
* o
MAIN CELL CULTURE
FACILITY Resuscitate one ampoule Abandon banking

and expand In culture

procedure

!

Cryopraservation of
Master Bank
{10-100 ampoules)

Quality Contro

Tests
(% Ciall count & wiakility
{10 Microbial QC inciuding

opiasma
(I Authentication,

Pass

Fall

w

Resuscitate one ampoule
and expand In culture

Repeat Banking

!

Cryopreservation of
Working Bank
(20-200 ampoules)

Quality Coniro

Tests
i} Call count & wiakility
0 Micobial QO irciuding
mycoplasma
{1N) AuEnscation

Pass

Fail

k-

Release for use

Repeat Banking
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Process at Scale
« Grow cells

— Suspension efficient for scale-up
« Seed on scaffolds
« Use directly

 EB66 duck embryonic stem cells
— Bioreactor
— Contamination

L‘" : ~360 x 10° cells "
4 oy
° Personnel 20x106cells _{\ i (5 ¢ ’i
: 3 £ L- Infection
7 ‘ 180L
45mL 2x100mL  2x400mL ao 1R -""L;‘Zz'.’_}.,‘,!"

2x Mobius Bioreactor (3 L)

~4,200
x 10° cells

O v
|

20 x 10¢ cells

»iiam =

45mL  2x100mL 2 %400 mL
3 J:!\
Q‘(“'

2x Mobius Bioreactor (3 L)

oo b
1x Mobius Bioreactor (50 L) 1x Mobius Bioreactor (2,000 L)
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Future

« Embryonic stem cells
— Regulatory framework exists

— Serum-free media exists
« Avian
« Animal component free
« EX-CELL® EBx™

« Other production platforms
— Technological issues

— Regulatory issues
» Cell source
e Serum

 Process
— Contaminants
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Biomanufactured Muscle
* Cells committed to forming muscle

« Mammalian species are not immortalized
* |ssues
— Animal

— Harvest
* Collection fluid

— |solation of cells

 Enzymes
— Trypsin
— Collagenase
— Pronase
— Dispase
— Recombinant or classical
— Routine cell culture

— Validated cell lines
 Master cell banks
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. Basal medium Classical Media
— Empirical
» Dulbecco’s, Ham’s, Eagle’s
— Defined

* Vitamins, amino acids, lipids, nucleosides, inorganic salts

— Bicarbonate buffer
 Carbon dioxide

« Serum undefined

» Growth factors
Lot to lot variation
Viral contamination
Commercial interest?
Mycoplasma

« Antibiotics
» Penicillin-Streptomycin
« Gentamicin
e Zero
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Serum-Free Medium
« Components of classical media

— Additionally

« albumin, transferrin, fibronectin,
* recombinant derived arowth factors

— Defined

— Proliferation
e Serum-based
 Serum-free

Conventional Seed Train

Standard WCB
TmL@2x107 ceIIs/mL

E- o“o" l -

J

50-L SS batch 250 L batch 2,500-L batch ~ 10,000-L SS batch
125-mL to 10-L (n-3) (h-2) (n=1) production
glass spinners

Improved Seed Train
HD WCB

45mL@ 10 x 107 cells/mL
1]
* — = * ..m_v “7...

2-L and 20-L Wave bioreactors 50 L SUB + ATF 500-L SUB + ATF
(h=1) production
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 Bioreactor Scaling-Up

Roller bottle

Scaffold

Differentiate

— Reduce serum/growth factors
Coatings

— Roller bottle or scaffold
» Collagen
» Fibronectin
* Laminin
« ECM components

Myogenic precursors

in somites Myoblasts Myotubes Myofibres
Pax3 and Pax7 MyoD, Myf5 Myogenin, MyoD Myogenin, MRF4
- -
e - — e -
e e, s’ —_ = - . - -
Cell Proliferation @ Differentiation Matiratici — - -
cycle $ and determination \ cycle and fusion — -

miR-27 (Pax3) miR-1 (Pax3 and Pax7)
miR-206 (Pax3 and Pax7) miR-133
miR-13%
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Myogenic Cell Lines

Scaffold degradation

« Scaffold e“‘( ‘s i
— Interest in plant materials . { l ~

— Hydrogels @ 0 ... T @
[t G,

- Edible materials I "'""‘""_'f_'.f?[
S ~ ﬂ 7

=7
 Alginate, agarose, collagen, fibrin ?r,

Collagen  0.01M acid

flakes solution adjust pH with 2% WIV 3 mg/ml ascularization and Innervation
o Mix 1-2 hours DI water LF 10/60FT CaCo, e

D2 &'

ek

= L:%:;»

7
Fibrillar collagen-
hydrogel composite




n =451 Cell Lines *

Contamination -
 Biological o Jw

— Personnel 7?4"*‘7’“"""% 0

: ‘{0’ :=.V'»f~r..‘n;.
— Bacteria

* Yeast

— Mycoplasma
— Viral

« Validated cell banks
* Post-production media test
e Chemical

— Uncommon
* Plasticizers
 Metals
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Contamination

(Report exit) Sample entry

Submission number

 Cell-line authentication

— Cross-contamination
« HELA catastrophe

— Short-tandem repeat analysis
— Next-gen Sequencing

STR methodology

human cell line accessioning DNA isolation

internal lot charge replenishment
external authentication service

STR fragment analysis “PCR amplification

Size separation

Timeline | Key milestones in the effort to address cell line misidentification

=

Hela cell Bne establithed ATCC starts Netson-Rees confirms and (1981-2005) Cross-contemination NIH issues guidelines to avoid
oxtonds Stan Gartler's findings

speeads beyond Hela cells the use of maidentified coll Gines

from Honeiotts Lacks Lrum!intj(rll[inr'.

1974

Interspecies cross Stan Gartler shows intrespecies John Maddox deswcribes NIM terminates Roland Nardone starts the Nature calls for o
contamination cross-contamination between wdividuals like Nelson Rees contract of second crusade ogainst global database of
shown | human cell lines | o3 “seli-appointed viglantes™ | Nelson-Rees | CrOSS-CONtamination cell line STR profiles |

ATCC, American Type Culture Collection; NIH, National Institutes of Health; STR, short tandem repeat
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Harvest and Downstream Processing

 Harvest ol
— Enzymes \

« Post-harvest ” - DFD beef
— Tenderness i \

— Enzymes?
X Normal pork
« Microbial contamination Mbreast
— Critical control points | oo
_ Other mater|a|S . 0 é :1 ('5 é 1'2 1'6 2'0 2'4 28

Hours postmortem

« Packaging
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Some Final Thoughts

« Established technology
* Production platforms

— Cell lines
* Food intersections with biomanufacturing

o0
b té :@ Everything was going along fine until they discovered

Biomanufacturing Training their HeLa cell line expressed Y chromosome markers.
and Education Center



