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Workshop 
Question

Autologous iPSC -derived cell therapies can address accessibility 
challenges associated with donor -derived regenerative medicines

What factors limit accessibility to novel cell- and gene-based therapies and how can they be addressed?

● no immunosuppression (more accessible for 
aging & immuno-compromised population)

● no donor matching (more accessible for 
genetically diverse population)

a range of diseases

therapeutic  cells and tissues

induced pluripotent stem cells (iPSCs) 

patient blood or skin cells

Be
ne

fit
s

4 INDs in effect, dozens of 
programs under development
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Workshop 
Question

Current manufacturing limited by expert manual operations, 
open bioprocesses, and high -grade cleanrooms

Visual inspection and decisions 
with a microscope

manual culture, scraping,
and transfers by hand

REPEATED OVER 30-140 days (depending on cell type)

What factors limit accessibility to novel cell- and gene-based therapies and how can they be addressed?

OPEN BIOPROCESSES IN CLEANROOMS
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Workshop 
Question

Recent advances in AI, optics, and fluidics enable the  
Cellino platform to be autonomous, closed, and modular

MANUAL 

Describe ways in which automated technologies and artificial intelligence/ ML algorithms have evolved in recent years 
and the resulting impact on the field of regenerative medicine manufacturing.

Optical Bioprocess Platform

Fluidic System

Control Algorithms

AUTONOMOUS 

CLOSED 

MODULAR
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Workshop 
Question

Cellino vision: Point -of -care, closed, and autonomous 
biomanufacturing to expand access to auto iPSC -derived therapies

Distributed 
~ 100,000s

Modular 
~1000s

Shared Clusters 
~100s

Cassettes
1s Patients

AUTONOMOUSBiomanufacturing 

What factors limit accessibility to novel cell- and gene-based therapies and how can they be addressed?

optical engine

incubator patient-specific 
liquid handler

Presenter Notes
Presentation Notes
Note for talk track, point of care is important to address accessibility but also need to substantially drop price and increase yield 
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Workshop 
Question

Cellino’s multidisciplinary team is building an autonomous 
biomanufacturing platform for patient access

How can a multidisciplinary team be composed so that it is best equipped to tackle current manufacturing challenges 
and capitalize on recent advancements and technologies? What does the ideal team look like?

Autonomous 
Biomanufacturing

Optics

Algorithms Fluidics

Biology

Biomanufacturing: preclinical/clinical/commercial manufacturing for cell therapies
Pharma/biotech: cell therapies, molecular biology, genomics
Med devices: 25 medical devices approved + serving over 500,000 patients
Photonics/semiconductors: w/ $500MM+ products shipped
AI/ML: high-resolution, image-guided AI technologies in defense
Fluidics: oil and gas, organ-on-chip

Industry Experience 
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Workshop 
Question

The platform makes in -process decisions using image -guided 
algorithms and removes unwanted cells using laser - induced bubbles

Cell Type A Cell Type B

Imaging and 
optical sensing

Laser-induced 
bubble cell 

removal
Cell assays

Predictive Models and 
Control Algorithms

Describe ways in which automated technologies and artificial intelligence/ ML algorithms have evolved in recent years 
and the resulting impact on the field of regenerative medicine manufacturing.

● passage-free 
culture

● minimal expert 
oversight

● single-cell 
precision

● closed-compatible
● …

Be
ne

fit
s
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Workshop 
Question

http://drive.google.com/file/d/1SqVJpANN-Eu1dQXDilFC2sklZNX9INs1/view





9
Workshop 
Question

TRADITIONAL APPROACH
Human operator prediction of colony 
quality, manual scraping

CELLINO APPROACH
ML-based prediction of high -quality colony, ML -
driven clonal management

Example case #1: replacing operator -driven selection of colonies 
with AI -based prediction of colony quality

800 µm

Describe ways in which automated technologies and artificial intelligence/ ML algorithms have evolved in recent years 
and the resulting impact on the field of regenerative medicine manufacturing.

500 μM 500 μM 500 μM

200 μM

100 μM
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Workshop 
Question

Example case #2: replacing operator -driven well - to -well 
passaging with ML -driven laser -based cell removal

TRADITIONAL APPROACH
Manual well - to -well passaging

CELLINO APPROACH
Autonomous, label - free, PASSAGE-FREE bioprocess

Describe ways in which automated technologies and artificial intelligence/ ML algorithms have evolved in recent years 
and the resulting impact on the field of regenerative medicine manufacturing.

cell prediction
map

colony 
tracking 

box

area (mm2)
circularity

legend
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Workshop 
Question

We are advancing our foundational platform towards clinical
manufacturing to support clinical programs

ULTRA-SCALABLE PLATFORM IN EARLY PROTOTYPE FOUNDATIONAL PLATFORM OPERATIONAL (Autonomous 1.0)

What is the future of these technologies and how will their use, including their benefits and challenges, continue to change?
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Workshop 
Question

Entity Cells 
Disease

IND Ph 1/2a Ph 2 Ph 3 Commercial

National Eye 
Institute
NCT04339764

Retinal Pigment Epithelial Cells 
Age-related Macular Degeneration

Presenter Notes
Presentation Notes
In the month of August this year, the number of INDs cleared in this space DOUBLED. A tidal wave is coming. 
Need frequent engagement between manufacturers and the FDA here, would be great to have an emerging technology program at CBER, look at this incredible progress, we need to solve manufacturing 
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Workshop 
Question

Robust academic/industry/regulatory/biomanufacturing 
collaborations needed to support rapidly advancing programs

● How do we establish a new standard approach 
compared to manual biomanufacturing?

● How do we define a “good” iPSC cell?
● How do we accelerate the path of 

standardization to meet clinical trial timelines?
● How do we implement good machine learning 

practices for AI-based biomanufacturing 
processes? 

What are the most critical automation-related challenges that need to be address in regen med?
What are key considerations around data acquisition, management, validation, sharing in the context of a decentralized mfg model?

Scaling 
Clinical Programs

Regulatory

Academic Industry

Biomanufacturing
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Workshop 
Question

Gen1 System Running Optical Bioprocess 
WORKCELL + LASER SYSTEM CUSTOM CONSUMABLE SOFTWARE OVERSIGHT

Collaboration 
to differentiate 
to Retinal 
Pigment 
Epithelial cells

iPSC DATA THUS FAR IS PROMISING COLLABORATION WITH DR. KAPIL BHARTI’S GROUP AT NEI
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Workshop 
Question

Cellino’s Full -stack Autonomous Optical 
Bioprocess 

Optical Bioprocess Platform

Fluidic System

Control Algorithms

cell prediction
map

colony 
tracking 

box

area (mm2)
circularity
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Workshop 
Question

Gen2: Cassette System Development Started

OPTICAL ENGINE FLUIDICS iPSCs

Multiple Cassette Architectures for Biomanufacturing 

both reprogramming and differentiation capabilities 
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Workshop 
Question

Cellino’s Novel Optical Bioprocess For Scale

Transmission 
imaging

AI-driven cell and 
phenotype 
mapping

Cell removal 
map generation

Pulsed laser -
induced 
microbubble cell 
removal

Washing → 
healthy reduced 
colony
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Workshop 
Question

2023 BOLD GOALS FOR U.S. BIOTECHNOLOGY AND 
BIOMANUFACTURING

decrease health 
inequities

expand
access

decrease 
cost 10-fold

address our increasingly aging, 
and diversifying population

reach patients living everywhere

be affordable 
(not cost up to $3M per patient)4

be patient-specific to minimize risk 
of immune rejection

be POINT-OF-CARE at hospitals 
2

address major public health 
sectors / diseases

1
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2017 - 2020 2021 2022 2023

2017
Cellino 
founders met -
laser 
processing of 
cells with 
custom 
consumables 

● Cus t om c ons uma b le  p la t e s
● La s e r s c a nne r2

● Workc e ll # 1: Aut oma t e d  c e ll c u lt ure
● La s e r s c a nne r3 & h ig h  t hroug hp ut  

c ons uma b le s

● Workc e ll # 1: Aut onomous  c e ll 
c u lt ure

● Workc e ll # 2: a u t oma t e d  QC p re p
● La s e r s c a nne r4  & f lu id ic  c ha mb e r 

p ro t o t yp e

D
AT

A

● Cha ra c t e riza t ion  o f  IPSC10 1/ 
a u t oma t ic a lly  g e ne ra t e d  iPSCs  
t ha t  ha ve  und e rg one  la s e r- b a s e d  
c lona l is o la t ion : s t e rilit y , 
p lurip o t e nc y , func t iona lit y , 
g e nomic  s t a b ilit y , e t c .

● Furt he r c ha ra c t e riza t ion  o f  iPSCs  
und e rg o ing  p a s s a g e - f re e  la s e r-
b a s e d  c e ll ma in t e na nc e  p roc e s s : 
ka ryo t yp ing , p lurip o t e nc y , e t c  

● Diffe re n t ia t ion  t o  RPEs

H
AR

D
W

AR
E

AI
 M

O
D

EL
S ● Built  c us t om AI c loud  

inf ra s t ruc t ure
● Inc orp ora t e d  AI/ML in t o  b iop roc e s s

2020
De c is ion  t o  
foc us  on  
p e rs ona lize d  
iPSC-b a s e d  
c e ll t he ra p ie s

● De t e c t  c e lls , d e t e c t  c o lonie s , 
t ra c k c o lonie s  ove r t ime , c a lc u la t e  
c onf lue nc e , a nd  a u t oma t e  c o lony  
s e le c t ion

● Ca lc ula t e  c e ll d e ns it y , id e nt ify  
p lurip o t e n t  vs  non- p lurip o t e n t  
c e lls , t ime - s e rie s  me t ric s  s uc h  a s  
g rowt h/ p ro life ra t ion  ra t e s

● iPSC10 1 - d e ve lop e d  f irs t  
a u t oma t e d  Ce llino  iPSC p roc e s s

○ La s e r- b a s e d  c lona l is o la t ion
○ 250  d a ys  o f  a u t oma t e d  c u lt ure
○ 60  iPSC line s  f rom 7 d onors
○ Se t  up  q ua lit y  c ont ro l me t ric s

● iPSC10 2 - d e ve lop ing  p ro t o t yp e  o f  
p a s s a g e - f re e  c lin ic a l- g ra d e  
p roc e s s

○ Pa s s a g e - f re e  p roc e s s
○ Huma n in  loop → a ut onomous  fo r 

60  d a ys
○ Sc a le  q ua lit y  me t ric s

BI
O

PR
O

C
ES

S

● Te s t e d  re p rog ra mming  t e c hniq ue s  
ma nua lly  

● De ve lop e d  la s e r re mova l 
t e c hniq ue s  (re moving  ind ivid ua l 
c e lls  & e nt ire  c o lonie s )

● He a lt h  a nd  via b ilit y  o f  c e lls  p os t -
la s e r re mova l

● POC iPSC c o lony g e ne ra t ion  f rom 
t e s t e d  re p rog ra mming  t e c hniq ue s  

Cellino’s Roadmap Towards Our Biomanufacturing Moonshot 



21

Does the laser have a negative impact on stem cell phenotype or oncogene expression of the remaining cells?

RNAseq showed laser - isolated iPSCs display stem cell signatures and do not have differentially expressed oncogenes.

Self -Renewal Gene Expression
Differential Gene Expression:

Laser -Isolated & Manually -Picked iPSCs

C
on

tro
l

C
on

tro
l

C
on

tro
l

C
on

tro
l

C
on

tro
l

C
on

tro
l

RNASEQ DATA SHOWS CELLINO LASER-
ISOLATED IPSCS HAVE STEM CELL 
SIGNATURES & DO NOT HAVE 
DIFFERENTIALLY EXPRESSED 
ONCOGENES

iP
SC

 C
lo

ne

iP
SC
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ne
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Does use of the laser have negative impacts on cell health? 

A third -party vendor characterized laser - isolated iPSCs and manually -picked iPSCs and showed they were comparable 
for a range of assays.
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Does use of the laser have negative impacts on cell health? 

A third -party vendor characterized laser - isolated iPSCs and manually -picked iPSCs and showed they were comparable 
for a range of assays.
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Does use of the laser have negative impacts on cell health? 

A third -party vendor characterized laser - isolated iPSCs and manually -picked iPSCs and showed they were comparable 
for a range of assays.
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Does use of the laser have negative impacts on cell health? 

A third -party vendor characterized laser - isolated iPSCs and manually -picked iPSCs and showed they were comparable 
for a range of assays.
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Does use of the laser have negative impacts on cell health? 

A third -party vendor characterized laser - isolated iPSCs and manually -picked iPSCs and showed they were comparable 
for a range of assays.
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Experiments Status Days of LCM 
in single well

Wells 
processed

Cell lines Results

1. Human determined laser 
scanning using laser scanner

✓ 30, 60 4 The rmo  line Ka ryo t yp ing  4/4 PASS
Flow 3/4 PASS (¼ p roc e s s ing )

2. Human determined laser 
scanning us ing  Ce llino  vie we r

✓ 30, 60 16 The rmo  line
Ce llino  line

Se V (p roc e s s ing )

3. Human determined laser 
scanning us ing  Ce llino  vie we r

✓ 30, 60 16 The rmo  line
Ce llino  line

Ka ryo t yp ing  D58  7/8 PASS, 1/8 FAIL
Flow D57 7/8 PASS, 1/8 FAIL
WES (p roc e s s ing ), RNA- Se q  
(p roc e s s ing )

4. Limited autonomous 
determined scanning, human -
assisted (s c a n  ob je c t  a t  c ount e rc loc kwis e  
ro t a t ion) us ing  Ce llino  vie we r

Ongoing 30, 60 (Ongoing) 96 The rmo  line
Ce llino  line

Ka ryo t yp ing  (ong o ing )
Flow (ong o ing )
Se V (ong o ing )

5. Fully autonomous determined 
laser scanning (s c a n  f re q ue nc y a nd  
d ire c t iona lit y )

Future 60 TBD
(> 96)

The rmo  line
Mult ip le  
c e llino  line s

Ka ryo t yp ing
Flow, Se V, WES, RNA- Se q

In
cr

ea
si

ng
 A

ut
on

om
y

Does repeated use of the laser have negative impacts on cell health? 

LATEST DATA: Laser cell management for 30 -60 days showing promising results in key assays
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Does repeated use of the laser have negative impacts on cell health? 

LATEST DATA: Laser cell management for 30 -60 days showing promising results in key assays
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3. What is new about your approach? Why do you think you can be successful at this time? 

We collected extensive data on iPSCs generated with Cellino bioprocess (clonal selection)

2022 IPSC LINE GENERATION MODEL TO AUTOMATE COLONY SELECTION

AUTOMATION STATS

MANUFACTURING READINESS

60 clonal iPSC lines generated & cryopreserved
7 donors: 2 African-American, 1 Latino, 4 Caucasian

500 um

IPSC101-RPEs

86% of time, model’s #1 choice matched SME
trained on 3284 images of colonies

250 days automated operations
520 wells underwent laser colony isolation
Imaging capacity: 3456 96-wells/day
laser colony isolation capacity: 576 96-wells/day

3 QC vendor relationships established
1 expansion partner relationship established
9 internal QC assays developed
2 blood cell vendor relationships established

COLLABORATION WITH NEI (DR. KAPIL BHARTI)
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3. What is new about your approach? Why do you think you can be successful at this time? 

We collected extensive data on iPSCs generated with Cellino bioprocess (clonal selection)
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3. What is new about your approach? Why do you think you can be successful at this time? 

We collected extensive data on iPSCs generated with Cellino bioprocess (clonal selection)

mycoplasma endotoxin residual vector testing karyotyping g -banding 

short tandem repeats (STR) flow cytometry trilineage differentiation colony morphology metrics

time -series image of colony growthviabilitywhole exome sequencing
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3. What is new about your approach? Why do you think you can be successful at this time? 

We collected extensive data on iPSCs generated with Cellino bioprocess (clonal selection)
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3. What is new about your approach? Why do you think you can be successful at this time? 

AI infrastructure in the cloud to track cells and run processes autonomously

400 µm

Time-series tracking images of 4 iPSC colonies from automated reprogramming process 



34

How did you develop the algorithm to predict colony selection? 

We developed a cluster ranking algorithm to autonomize the selection of iPSC colonies (typically done by an SME)

Collect image training data

What we did: We build an initial model that can, based on images of a colony, predict whether a colony would have been 
selected by a subject matter expert (SME) for downstream processing. How we did this:

Determine correlation between image-able 
features and whether a colony is selected 
by an SME

Build probability model to predict, based on 
imageable features, which colony is likely 
to be selected by an SME

Test model on images of colonies

1

4

2

3

● 112 96-wells
● 3284 colonies total; 57 colonies 

selected by SMEs
● metrics: area, edge smoothness, 

density, circularity, perimeter, 
position w/in well, etc.

Point-biserial correlation
Used to correlate continuous features (eg area) 
w/ binary outcome (eg selected or not)

Bayes rule
Used to calculate probability of colony being selected 
based on morphological features

Testing: tested on a different batch run, 
w/ different donor material:

86% of time, model’s #1 choice matched SME



35
Workshop 
Question

Cellino ML Models - Dataset Scales
Model name 4X Confluence Model 4X Density Model 4X Pluripotency Model Cluster Ranking Model

Signal used for extraction of 
"Ground Truth" Calcein AM Live Stain

Genetically encoded nuclear 
fluorescence (EGFP tag on 
endogenous HIST1H2BJ 
protein)

Calcein Red-Orange AM Live Stain + 
Alkaline Phosphatase (AP) Live Stain Colony object predictions

Contents of 1 datapoint
1 4X BRT image
+ 1 4X Confluence Map

1 4X BRT image
+ 1 4X Density Map (Derived 
from Nuc Segmentation)

1 4X BRT image
+ 1 4X Pluripotent cell map

Colony features (density, 
edge smoothness)
+ SME-based selection 
labels 

Number of available raw (full 
well) datapoints 59 137 75 171

Number of (full well) datapoints 
used for training current version 44 27 N/A (training in progress) 112
Number of cell lines covered in 
dataset 3 1 3 2

Names of cell lines used

A18945 (ThermoFisher Episomal line);
AICS61 (Allen Institute Sendai Line w/ Nuc. 
EGFP);
PBMC-derived iPSC Line (Cellino In-House, 
new)

AICS61 (Allen Institute Sendai Line 
w/ Nuc. EGFP)

A18945 (ThermoFisher Episomal line);
AICS61 (Allen Institute Sendai Line w/ Nuc. 
EGFP);
PBMC-derived iPSC Line (Cellino In-House)

2X CD34+ Cell-derived iPSC 
clones (Cellino In-House)
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Workshop 
Question

Cellino ML Models - Performance Metrics

Model Name 4X Confluence Model 4X Cell Density Model (In 
Progress)

Colony Ranking Model

Evaluation 
Metric

Precision Recall Pearson’s r Classification 
Accuracy

Mean 
Reciprocal 
Rank

% Match to 
Expert 
Selection

Explanation Fraction of true 
positives over 
predicted positives 
( i.e. how good is 
the model in only 
detecting true 
cells?)

Fraction of true 
positives over all 
positives (i.e. how 
good is the model 
in detecting all true 
cells?)

Strength of linear 
relationship 
between true and 
predicted local cell 
density (between -1 
to 1)

Fraction of correct 
region 
classifications as 
empty, normal 
density, or high 
density

Average of 
reciprocal of 
predicted rank of 
SME-selected 
colony (1 for perfect 
model, lower for 
worse performance)

Percentage of 
cases where model 
also selects SME-
selected colony

Average value 
for test dataset

%98.98 %95.24 0.9-0.95 70-87% 0.9 %83.3
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