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Overview

Who we are

To Automate or Not? At What Scale Does it Make Sense to Automate?

 Manual time commitment

Inherent Challenges of Molding Living Cells into the Finite, Automated
Environment

« Carrying Capacity
- The Machine, The Flask, The Plate

« Extending the assay window
» De-coupling of real-time cell culture from downstream automation.

Acknowledgements
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Who We Are:
NIBRI/CPC/LFP/HDG/Tools/Cell Biology

Novartis Institutes for Biomedical Research, Cambridge MA
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Who We Are:
NIBRI/CPC/LFP/HDG/Tools/Cell Resources

Cell biology and cellular resources supporting cell based
screening efforts and pre-clinical safety profiling at
Novartis-Cambridge.

* Cells for HTS

* Cells and membrane purification for radioligand binding assays
* Cells for early toxicology assays including electrophysiology

- Stable cell line development

- Media conditioning

* WAVE bioreactor
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Process Flow:

Applications Deferred to Automated Cell Culture

Characterization >

All Sectors Mean vs Time

A

-Cell line kinetics characterization (IncuCyte)
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Application

-Cryopreservation (Fill-It)

Expansion >

(SelecT)
-HTS

-e phys
-Membrane Isolation
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Process Flow:
1: Characterization

Prior to transitioning cells to the automated system, a new cell line or
new reagent lot is characterized using the IncuCyte (Essen Instruments).

- System measures cell growth under varying states of confluency and qualifies serum or
growth factor conditions

» Permits accurate design of SelecT programs to accommodate different cell kinetics
 Gives phenotypic evidence of DMSO intolerance in host cell lines

* Permits characterization using standard plasticware that will transition into robot




Process Flow:
2: Scale UE

[ T

Full Size SelecT

182 flask capacity

Integrated dispensing/96/384/1536
95,550cm? growth area

Integrated cell counting

440 plate capacity

105 empty flask capacity
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Process Flow:
3: Application

Cells from SelecT generally
follow one of two tracks:

’Z.res.-_,

[CEN—

" Fill It (The Automation Partnership)

HTS 1,2,and 3 (Thermo)

" NOVARTIS
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The Fickle Cell

“Some billion years ago, an
anonymous speck of
protoplasm projected the first
primitive pseudopodia into the
primordial slime. Perhaps then
arose the first uncertainty in
cell biology.”

« Cells are fickle.

+ Cells bring with them millions of
years of evolutionary
encumbrance.

« Cells by their genetic inclination
will invariably, do as they please.
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Of Cell Culture Evolution and Automation
The “800t” Lifetime

1 100 200 300 400 500 600 700 800

The 800t Life time- 50,000 years of the human experience
parsed into 800 “lifetimes”

Humans Live in Caves: 1st 650 lifetimes

The last 70 lifetimes: Humans achieve ability

to communicate from one lifetime to another via the written word.

Mammalian Cells Dependent on “Host”: 1st 798 Lifetimes

798t Lifetime: Wilhelm Roux
maintains Chick Embryo cells in

Saline for Three Days. Human Skin Survives

In Ascites . ~Last half of the 800 Lifetime:
First Continuous Human Cancer Cell

line grown Invitro (Hela)

Waning months of the 800t Lifetime: Perpetual
cell growth possible within the bounds of

automated platform
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To Automate or Not.
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To Automate or Not?

When does it make sense for us to transfer
cell lines to the automated system?

- When we have large numbers of flasks of an identical (or similar) cell
line

- When we have an established assay for a large screening campaign
that requires routine passage and large numbers of plates

* When we have cell lines that require a rigorous maintenance regimen
(i.e. daily splitting and/or media changes)

- When we have assay kinetics that require irreconcilable incubation
times. (i.e. cells must be plated at midnight for an 8 hr incubation prior
to next addition steps, or on weekends)
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To Automate or Not?

When does it make sense to remain In
manual cell culture mode?

* Assay development. (If we need to maintain only a small
number of flasks to provide a few plates) comprising:

- varying volumes per well
- varying cell densities per well
- varying plate types
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To Automate or Not?
Manual Time Commitment (MTC).

MTC. The overhead amount of time required by user intervention to
perform a unit of work (i.e. making cell plates, expanding flasks, etc.) by:

« Using an automated system
or

* Performing the same procedure manually

Though an automated cell culture system executes a set number of
articulations to perform a job, user mandated steps are required for:

 Loading consumables
* Programming jobs
« Scheduling jobs

A Job may consist of

* Trypsinizing one flask of cells;

« Counting said cells;

* Expanding cells and/or:

« Making one plate of cells for assay.
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To Automate or Not?
Manual Time Commitment for an Automated System

For our SelecT, we estimate that the MTC for any number
of flasks to be processed for the generation of any number
of plates, can be expressed by the arithmetic series:

(MT Cautomation) = 20+((n-1)(5/4)) + (p-1)(1/20)
Where:

*n=12,3,4... =the number of flasks processed
* 5/4 is the constant difference between each term

° P is the number of plates produced
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To Automate or Not?
Manual Time Commitment for Manual Processing

For purely manual handling of flasks, plates and cells, we
estimate that the MTC for any number of flasks to be
processed for the generation of any number of plates to
adhere roughly to the rules of proportion

(MTCmanuaI) = (1 flask +1 DlatE) a n+p

10 minutes X min

Where:

*n=1,273,4... =the number of flasks processed

* P = number of plates needed
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To Automate or Not?
MTC per Unit of Output- Automated vs. Manual

90 I\/I-I_Cmanual = an a an+1

80

70

MTC,.i,

60
50

40

. MTCtomation = 8n=20+(n-1)(5/4)+(p-1)(1/20)

MTC for small cell culture jobs generally not
efficient using automation.

20

10

1 2 3 4 5 6 7 8 9 10 L Hogan et. al. JALA 2008
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To Automate or Not?

General Summary- To Automate or Not:

* Manual Time Commitment is disproportionately high using automation
on small jobs requiring multiple parameters (i.e. assay development)

* The larger the jobs, and the less variability in cell lines maintained, the
more automation saves time over manual methods
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Harnessing Cell Kinetics In
the Automated
Environment



Harnessing Cell Dynamics in the Automated Environment
Inherent challenges of molding cells into the automated environment.

Carrying capacity. Thomas Malthus - An Essay on the Principle of
Population.

Populations expand at a geometric rate & food supply increases at an
arithmetic rate. Eventually a point is reached- The Carrying Capacity,

where population outpaces food supply.

Resulting “Malthusian Catastrophy” ensues- population will check itself by:

- War (colonize other areas)
- Disease or famine (population succumbs to overcrowding/limited resources)

Carrying
- Capacity of
Resources

— Population
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http://en.wikipedia.org/wiki/Image:Thomas_Malthus.jpg

Harnessing Cell Dynamics in the Automated Environment
Inherent challenges of molding cells into the automated environment.

Carrying Capacity —Defines the Boundaries of an
In-Vitro Cell Culture Environment.

* (1) carrying capacity of the system-Limits to production.

* (2) Carrying capacity of individual flasks- Cell density
effects phenotype as well as genotype

* (3) Carrying capacity of the assay plate- Has effect on
assay performance and scheduling
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Harnessing Cell Dynamics in the Automated Environment
Carrying capacity:Considering the boundaries of an in-vitro environment.

* (1)Exceeding carrying capacity of the system: Presents
limits to production.

- Standard SelecT: 182 slots x 175cm2/flask = 32,550cm2 growth
area. Triple flask option (525 cm?/each) X 182 slots = 95,500 cm?
capacity

- A single flask of cells, 50% confluent with a 12 hour doubling time
will out strip our system capacity in six days

- 30% of system resources used just culling cells- splitting, and discarding of
cells, attempting to maintain static operational level of flasks in the system.

- 50% of programs used to “maintain” cells at static level in the machine.
Never used productively. Most often due to un-forseen:
« schedule changes with down stream assay equipment or personnel
 Failed down stream assay equipment, plating components, liquid handlers etc.
 “Idle” days (cells confluent, but no assay performed i.e. weekends)
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Harnessing Cell Dynamics in the Automated Environment
Carrying capacity:Considering the boundaries of an in-vitro environment.

* (1)Solutions to system carrying capacity over rides
Include:

- Hardware modifications to accommodate more culture
vessels

- Higher density growth footprints (i.e. Hyperflask 1750cm,
growth area in T175 foot print x182 slots = 318,500 cm,,
growth area)

- Export out of system for use with manual techniques and
resources

- Purchase more instrumentation
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Harnessing Cell Dynamics in the Automated Environment
Carrying capacity: Considering the boundaries of an in-vitro environment.

(2) carrying capacity of the Flask: Excessive cell density affects
phenotype as well as genotype.

The assay window is comparatively narrow, and must be
captured to balance efficiency and optimal cell modeling in the
particular experimental design.

100

n= logb-logB
log2

60 80

Assay

20 40

Window

36 48 60 12 90
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Harnessing Cell Dynamics in the Automated Environment
Carrying capacity: Considering the boundaries of an in-vitro environment.

(2) Carrying capacity of the Flask

Over Confluence Problems:

» Genotype changes noted in stable and primary cell lines:
- Shedding of plasmids containing target constructs
- Contact inhibition induces apoptotic pathways, resulting in cell death
- Spontaneous or inopportune differentiation of cells to a different phenotype

Under Confluence Problems can also exist:

« Genotype changes particularly noted with cells of lymphoblastoid lineage:

- I.e. IL-2 secreted as autocrine factor by T-cells for T-cell growth. Optimal density 0.5
to 1e6 cells/ml.

- Wasted flasks, media, reagents, etc per cell plate recovered.
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Harnessing Cell Dynamics in the Automated Environment

Single Column Mean vs Time
% Myoblast 21

Colurmn 1

Over confluence
of mouse
myoblasts
results in
differentiation

into muscle fibrils
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Harnessing Cell Dynamics in the Automated Environment
Carrying capacity: Considering the boundaries of an in-vitro environment.

Capturing the assay window at large Automation standardizes the kinetics
scale, with multiple cell lines is a of the cell lines within the
challenge. environment.
s “Cell line A
Cell line B
Cell line C

Percent Confluency

//

0 2 4 6 8 O 2 4
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Harnessing Cell Dynamics in the Automated Environment
Carrying capacity: Considering the boundaries of an in-vitro environment.

(3) Carrying capacity of the assay plate: Has effect on assay
performance and scheduling.

- Each well of a plate displays the same geometric growth pattern as
any other closed cell system.

* The “plate run” is perhaps costliest endeavor. Assay must be
performed in the narrow window, or all bets off and plates discarded.

 The future of the final cell plate is subject to several discrete variables
separate from the cell culture automation:
- Integrity of plate readers
- Integrity of liquid handlers and compound transfer
- Integrity of incubators
- Integrity of personnel
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Harnessing Cell Dynamics in the Automated Environment
Carrying capacity: Considering the boundaries of an in-vitro environment.

Improving the carrying capacity of the assay plate

- When working at the large scale of an automated cell culture/HTS
platform one consideration is to extend the assay window of the cell
plate. This grants time for possible reconciliation of a failed piece of
down stream equipment

- Extending the window typically works by slowing cell growth

three approaches to extend window:

*Thermal adjustments to incubator temperature
Adding a compound to inhibit cell growth
*De-coupling exponential growth from the assay

=

Cell Density in plate
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Harnessing Cell Dynamics in the Automated Environment

Thermal Approach: Easiest. i.e. reduce plate incubator temperature
from 37°C to 30°C

* (Pros)
- Slows cell growth- lengthening assay window

- In some instances improves protein folding and ion channel expression/fxn
- Reduces edge effects

* (Cons)
- Some assays may not be amenable to low temp
- Deviation from an optimal physiologic model
- Signal may drop, requiring higher up front cell dispensing
- A single plate Incubator must be turned down for all cell lines
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Harnessing Cell Dynamics in the Automated Environment
Carrying capacity: Considering the boundaries of an in-vitro environment.

Division inhibiting strategy: two potential approaches
* DNA Cross linkers (i.e. Cisplatin and Mitomycin C)

*Works by interrupting DNA synthesis
and cell division.
* MRNA & Protein synthesis preserved \ u "

at low concentrations | rvﬁm\tn,f

*Tubulin de-polymerizers (i.e. vincristine salt, colchicine)

*Does not interfere with DNA synthesis
(hence protein conformation preserved)
*Works by interrupting division by
preventing cells from entering anaphase.
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Harnessing Cell Dynamics in the Automated Environment
Carrying capacity: Considering the boundaries of an in-vitro environment.

Division inhibiting strategy

* (Pros)
- Permits physiological temperature to remain for all cell lines

- Can be customized for each assay (i.e. MMC suitable for existing surface
ion channel binding assays).

- Compound addition and washing steps easily performed with the robot on
large scale

* (Cons)
- Compound may have rogue effects on target or other off target effects.

- MMC induces apoptosis. Can interrupt protein synthesis of target/reporter
proteins.

- Vincristine salt can cause spurious phosphorylation, induces apoptosis,
degrades cytoskeleton.
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Harnessing Cell Dynamics in the Automated Environment
Carrying capacity: Considering the boundaries of an in-vitro environment.

De-coupling cell production from assay platform:
cryopreserving cells prior to assay

Bulk cryopreservation of cells

for “on demand” appl/ ti on.
Cryo- Thaw to well

The rationale being cells are Cells fro preservation of plate
thawed and plated when a total SelecT

“go” status is established. Easily -
I (t = hrs, days, weeks)

done with SelecT.
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Harnessing Cell Dynamics in the Automated Environment
Carrying capacity: Considering the boundaries of an in-vitro
environment.

Example: Nav1l.5 electrophysiology using lonWorks Quattro

[ el #44

= HT patch clamp platform
= 384 well system
= ~3000 data points per day

= Quattro assay requires large numbers of cells
= Heavy burden on cell culture: reagents, scheduling and FTE time
= Require preparation immediately before each run

= Channel expression levels and quality can vary from batch to batch
and passage to passage.

= Expression level reduced after the cell line reached to ~ 40" passage

34 | Presentation Title | Presenter Name | Date | Subject | Business Use Only U NOVARTIS



Harnessing Cell Dynamics in the Automated Environment
Carrying capacity: Considering the boundaries of an in-vitro

environment.

Example: Navl.5 electrophysiology using lonWorks Quattro

Preparation:

Fresh cells
 HEKs grown to 75% confluence
In T225 flask
» Detach using trypsin
* Spin
* Resuspend in 1xPBS to wash
* Spin
» Add buffer
» Count cells and Adjust to 1.5e6/ml
* Quattro cell boat
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Frozen cells (1 year supply made in-house)

* Rapid defrost a vial of HEK cells in
37C water bath

« 1XPBS wash

* Spin

« Add buffer, filter with cell sieve

 Quattro cell boat
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Peak Current (nA)

Harnessing Cell Dynamics in the Automated Environment

Carrying capacity: Considering the boundaries of an in-vitro
environment.

Results I: Navl.5 Current Level

Average current from control wells between the experiments are more
consistent for frozen cells.

Fresh cells Frozen cells

Peak current(nA)

week 0 week1 week?2 week3 week 0 weekl week2 week3 week4

Time
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Harnessing Cell Dynamics in the Automated Environment
Carrying capacity: Considering the boundaries of an in-vitro
environment.

Results Il: IC50 for Control Compound

Consistent pharmacology of control compound between fresh and frozen cells

IC50 for control compound between experiment is consistent for frozen cells — all
within 2-fold assay range

Amitriptyline IC50 on Nav1.5 Amitriptyline IC50 on Nav1.5

S 5
4.5 O Fresh 4.5 1
4 B Frozen 4 1
3.5 3.5 1
g 3 ’% 31
g 25 § 2.5
0 2 O 2
15 1.5 4
1 1
0.5 0.5 A

0 0

week1 week?2 week3 Fresh Frozen Frozen Frozen Frozen

week1 week?2 week3 week4
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Harnessing Cell Dynamics in the Automated Environment

Decoupling cell automation from downstream automation
* (Pros)
- Provides exceptional flexibility for scheduling of assays

- Eliminates much of the wasteful cell “maintenance” regimens. Everything
banked

* (Cons)
- DMSO activates heat shock proteins.
- DMSO toxic to Hematopoetic stem cells.

- DMSO found to potentiatiate cytotoxic and antiproliferative effects of
myeloid cells

- Requires more manual intervention in short term
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Final Summary

Automating cell culture does not necessarily perform work faster than a
person, but it does perform instead of one.

The larger and more homogeneous the cell load, the more sense it
makes to invest in automating cell culture.

If performing large HTS campaigns, think of expanding the assay
window. Effective management of carrying capacity in the system, the
flask, and the plate well improve efficiency and reduce cost. The
compromise in physiological relevance might be the cost of doing
business at large scale.
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Of Cells and Automation:

Automation and Cell Culture Intuition.
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Automation and Intuition
Inherent challenges of molding cells into the automated environment.

Cell culture, cell biology and inherent “art” will generally be learned manually.
Intuition and flexibility are taken for granted when manually:

» Counting & Splitting

 Transfecting,

* Dislodging cells from growth surface.
 Flask handling.

Automation of cell culture requires re-interpretation of the “artful”
components of the handling paradigm when programming the system to
accommodate:

» Working in the finite universe of an automation platform.
+ Limits attributed to the finite articulations inherent to the system.

Automation will bestow certain advantages over manual:

* Reproducibility of cells between flasks and plates

« Exemption of manual commitment to large repetitive handling process%.
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Automation and Intuition: (i.e. cell split)

Inherent challenges of molding cells into the automated environment.
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Automation and Intuition

Inherent challenges of molding cells into the automated environment.

Intuitive obviousness: catching a ball
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Automation and Intuition

XML code for 1:

<SelecT_Protocol>
<properties>
<description> Cell havest and
Plate </description>

<flaskingtime units="s">0</flaskingtime>

<platingtime units="s">0</platingtime>
</properties>
<steps>
<new flasktypegroup = "Single">
<putdown name = "pool"/>
<fetch maxrepeat = "3" interleave = "3">
<dump pause = "5s"/>
<dispense liquid = "PBS"
"25ml"/>
repeat = "1"

volume =
<swir|l
pause = "0s" capped = "no"/>
<dump pause = "6s"/>
<dispense liquid = "trypsin"
volume ="4ml"/>
<swirl repeat = "1" speed = "20%"
pause = "0Os" capped = "yes"/>
<incubate period = "4m"/>
<dispense liquid = "MEMa"
volume ="7.2ml"/>
<dispense liquid = "fbs"
volume =".8"/>
<shake repeat = "8"
pause = "0s" capped = "yes"/>

8 cell split

"5ml/s"/>
<pipette  fromname = "source 1"
toname = "pool"
volume ="12ml"
fromheight = "2mm"
toheight = "50mm"
a%pirazltesgegd():%gml/s"
dispensespeed =

"2ml/s"/>

<pickup name = "source 1"/>

spee

<dispose/>
</fetch>
<pickup name = "pool"/>
<swirl repeat = "2" speed = "30%"
pause = "Os" capped = "yes"/>
<putdown name = "pool"/>
<new repeat = "1"
flasktypegroup = "Single">
sP e<(<3:Iigpen:se Iiau1|d0=q‘h%ﬁﬂa"
volume = "30ml"/>
<dispense liquid = "fbs"

volume ="3ml"/>
<putdown name = "Daughter"/>

<putdown name = "source 1"/> 4mix name = "pool"
<mix name = "source 1" volume = "10ml"

volume ="10ml" repeat = "2"
repeat = "3" fromheight = "2mm"
fromheight = "2mm" toheight = "10mm"
toheight = "50mm" mixspeed = "5ml/s"
mixspeed = "5ml/s" finaldispensespeed = "5ml/s"/>|
finaldispensespeed = <pipette fromname = "pool"

‘new repeat = "4"

toname = "Daughter"”
volume ="1.5ml"
fromheight = "2mm"
toheight = "50mm"
aspiratespeed = "5ml/s"
dispensespeed = "5ml/s"/>
<pickup name = "Daughter"/>
<store passage = "yes"/>

</new>

flasktypegroup = "Single">
<dispense liquid = "MEMa"

volume = "30ml"/>
<dispense liquid = "fbs"
"3ml"/>

<putdown name = "Daughter"/>

volume =
<pipette  fromname = "pool"
toname = "Daughter"”
volume ="1.5ml"
fromheight = "2mm"
toheight = "50mm"

<pickup name = "Daughter"/>
<store passage = "yes"/>
</new>
<new repeat = "1"
flasktypegroup = "Single">
<dispense liquid = "MEMa"
volume ="30ml"/>
<dispense liquid = "fbs"
volume ="3ml"/>
<putdown name = "Daughter"/>
<mix name = "pool"
volume ="10ml"
repeat = "2"
fromheight = "2mm"
toheight = "10mm"
mixspeed = "5ml/s"
finaldispensespeed =
"5ml/s"/>
<pipette  fromname = "pool"
toname = "Daughter"
volume ="1.5ml"
fromheight = "2mm"
toheight = "50mm"
aspiratespeed = "5ml/s"
dispensespeed = "5ml/s"/>
<pickup name = "Daughter"/>
<store passage = "yes"/>
</new>

new repeat = "2"

aspiratespeed = "5ml/s"
dispensespeed = "bml/s"/>
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flasktypegroup = "Single">
<dispense liquid = ”MEMa"U
volume ="30ml"/>

<dispense liquid = "fbs"

volume ="3ml"/>
<putdown name = "Daughter"/:
<pipette  fromname = "pool"
toname = "Daughter"”
"1.5ml"
fromheight = "2mm"
toheight = "50mm"

aspiratespeed = "5ml/s"

volume =

dispensespeed = "bml/s"/>
<pickup name = "Daughter"/
<store passage = "yes"/>
</new>

<pickup name = "pool" />

<dispose/>
</new>
</steps>
</SelecT_Protocol>
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