
Figure 2. The Callisto system workflow comprises pre-treating the IFC with an 
extracellular matrix (i.e. fibronectin, Matrigel® etc.) and seeding cells followed by 
feeding or dosing the cultures to drive the cells to a desired fate. Chamber contents 
can be live stained, lysed bulk, dissociated and harvested or fixed and 
immunostained. Dissociated live cell samples are compatible with replating, single-
moww jzjw¦ t  ¤t¡s ¡so Q%Ђ btzrwo-Cell Auto Prep system or protein expression analysis 
¤t¡s ¡so Wowt{ Ђ yj   m¦¡{yo¡~¦  ¦ ¡oyα 

 

 
 
 
 
 

Introduction  
Stem cell biological models hold great promise for medical 
research and therapy development. However, an inherent 
problem for cellular models continues to be a lack of 
standardized tools and precise control. With this opportunity in 
ytznδ Tw¢tntry ~omoz¡w¦ wj¢zmson ¡so Qjwwt ¡{Ђ  ¦ ¡oy m{y|~t on 
of an integrated fluidic circuit (IFC) and an electropneumatic 
controller. The instrument is environmentally controlled and runs 
user-designed experiments with touchscreen controls. The IFC 
contains 32 independently addressable microchambers where 
adherent cells can be cultured, dosed, stained, lysed or live 
harvested. Here we present the latest data from the Callisto 
system using human induced pluripotent stem (iPS) cells, BJ 
fibroblasts and human embryonic stem (ES) cells showing sample 
compatibility with down-stream transcriptomic and mass 
cytometric analysis with single-cell resolution. 
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Figure 3. (a, b) hiPSCs were seeded and cultured on IFC for 3 days and then live 
stained with fluorescently-labeled Tra-1-60 antibody (scale bar = 500 µm). Cells stain 
evenly across all chambers and are comparable to well plate controls (not shown). 
hiPSCs cultured on Callisto IFC (n = 19) and well plates (n = 30) were harvested live 
and single cells were compared by the C1 specific target amplification (STA) workflow. 
Callisto chambers were lysed and harvested bulk, and preamplified off-IFC (n = 15). 
(c) Analysis using ¡so Tw¢tntry -*α-* R¦zjytm O~~j¦Ђ XTQ jzn a custom 96-plex panel 
of stemness and differentiation genes1 reveals similar gene expression profiles. 
(d) Similarly, gene expression of single cells harvested from Callisto show high 
correlation to both well plate single-cell samples (R2 = 0.97) and Callisto bulk-cell lysis 
samples (R2 = 0.94). 

Conclusions  
Callisto is a powerful cell culture system enabling fine control 
over cell treatments and conditions. Cells cultured in Callisto and 
well plates display similar gene expression profiles when 
analyzed with C1 STA and C1 mRNA Seq applications. We 
combined dosing on Callisto with downstream mass cytometry 
labeling and barcoding to reveal cell phenotype following 
targeted gene knockdowns. These single-cell analysis techniques 
complement the power of Callisto to standardize and explore 
new stem cell models for regenerative medicine.   
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Results  
Figure 1. Callisto system components and principle 
of instrument function  

Figure 1. Components and 
mode-of-action overview 
of the Callisto System. The 
system is composed of an 
instrument (Fig. 2) with full 
environmental control, 
(a) the Callisto IFC, (b) 
reagent kit and 
(c) software to design and 
execute experiments. 
(d) Cells are cultured on 
the IFC inside 100 nL 
individually addressable 
microchambers. Cells can 
be maintained and dosed 
with combinations of 16 
unique reagents. Chamber 
products can be stained or 
individually harvested for 
downstream analysis.   

 
 
 
 
 

Figure 2. Callisto fits into your desired workflow  
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Figure 3. Human iPSC cultured on Callisto and in 
standard well plates are similar  
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Figure 4. Characterization of human iPSC cultured on 
Callisto using C1 mRNA Seq application  

 

Figure 5. Callisto reagent delivery enables robust 
siRNA knockdown in confluent hiPSC cultures   

 Figure 5. hiPSCs were cultured 
in Callisto for 48 hr and then 
exposed to a series of doses of 
siRNA-POU5F1 in b¡oypom¡Ђ 
reagent. (a-c) After treatment 
chambers were fixed and 
immunostained stained or bulk 
lysed and analyzed by qPCR.  
(d) Metamorph® software was 
used for image quantification by 
determining the ratio of 
immunofluorescent Oct4 
expression to the number of 
DAPI-stained nuclei.  For qPCR 
samples a ̊ C̊t was calculated 
for POU5F1 by normalization to 
ACTB  expression.3 Both 
orthogonal methods reveal 
robust knockdown of OCT4 on 
Callisto. 

Figure 6. Single - cell protein analysis of gene 
knockdown on Callisto by mass cytometry  
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Figure 6. Using the method developed for siRNA knockdown shown in Figure 5, 
hiPSCs were treated for 24 hr in siRNAs against pluripotency genes POU5F1 and 
NANOG. iPSC were stained for live/dead discrimination with Maxpar® Cell-XRЂ 103Rh, 
harvested with Accutase® and collected in 8-tube strip tubes containing 25k K562 
sacrificial carrier cells. Each sample was incubated with a unique Pd-barcode4 then 
combined prior to staining for nuclear antigens with metal-tagged antibodies against 
Sox2, Oct3/4, Nanog and c-Myc. (a) Data was captured on the Fluidigm Helios System 
by vaporizing cells in an argon ion plasma, then detecting the liberated metal ions by 
time-of-flight mass spectrometry. Data was debarcoded and plotted as histograms for 
each unique group. (d, e) Mass cytometry expression analysis reveals efficient and 
specific knockdown of the target proteins (Oct3/4 and Nanog) expressed in hiPSCs. 
This experiment demonstrates that Maxpar Pd-barcoding and metal-tagged antibody 
staining workflows dovetail with the multifactorial dosing on Callisto, enabling multiple 
groups to be combined in a single sample.  
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Figure 4. Single-cell transcriptomes from Callisto-cultured cells BJ fibroblasts (n = 35), 
hESCs (n = 25) and iPSC (n = 26), and well plate-cultured hiPSCs (n = 24) were 
prepared using the C1 mRNA Seq protocol2 and compared using expression scoring 
and PCA. (a) Expression heat map results reveal that BJ, ES and iPS cell types are 
three distinct populations. (b) PCA reveals close clustering of ESCs and iPSCs 
populations relative to BJ and overlapping clustering of Callisto and well plate iPSCs. 
These results give strong indication that culture on the Callisto system does not 
adversely affect expression profiles.  
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